View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

arXiv:0810.1312v2 [hep-ph] 10 Oct 2008

provided by CERN Document Server

P roceedings
of

SuperB W orkshop VI

N ew Physics
at the

Super F lavor Factory

Valencia, Spain
January 7-15, 2008

A bstract
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Introduction

The Sixth SuperB W orkshop, held at the IFIC in Va-
lencia, Spain from January 7-15,2008,w asconvened to
update our understanding of the physics capabilities of
the SuperB pro gct, proposed for construction on the
cam pus of Rom e University Tor Vergata. In particu—
lar, the W orkshop addressed several questions posed
by m em bers of the Intemational Review Comm ittee
appointed by INFN to review the profgct. The work—
shop was organized into several working groups; this
docum ent com prises the reports from these groups.
It is not Intended as a com prehensive review of the
physics capability of SuperB ; rather, it should be read
as a supplam ent to the physics section of the SuperB
Conceptual D esign Report (CDR)[1].

Them otivation for undertaking a new generation of
e' e experin ents is, of course, to m easure e ects of
New Physics on the decays of heavy quarks and lep—
tons. A detailed picture of the observed pattem of
such e ects w ill be crucial to gaining an understand-
ing ofany New Physics found at the LHC . A sdetailed
herein, m uch of the study of the capability of the LHC
to distinguish between, for exam ple, m odels of super—
symm etry breaking have em phasized inform ation ac—
cessible at high pr . M any of the existing constraints
on m odels of New Physics, however, com e from avor
physics. Im proving lin its and teasing out new e ects
in the avor sector will be just as in portant in con-
straining m odels after New Physics has been found
as it has been in the construction of viable candidate
m odels In the years before LHC operation.

In confronting New Physics e ects on the weak de-
caysofb,cquarksand leptons it iscrucialto have the
appropriate experim ental sensitivity. T he experin ent
must m easure CP asymm etries in very rare decays,
rare branching fractions and Interesting kinem atic dis-
tributions to su clent precision to m ake m anifest the
expected e ects ofNew Physics, or to place constrain—
ing lim its. T here is a strong consensus in the com m u-
nity that doing so requires a data sam ple correspond—
Ing to an integrated lum inosity of 50 to 100 ab b
T here isalso a consensus that a reasonable benchm ark
for obtaining such a data sam ple is of the order of ve
years of running. M eeting both these constraints re-
quires a collider Ium inostty of 10°®* cm ? s ' orm ore,
yieding 15 ab ! /Snowm assYearof15 10 seconds.
Tt is these boundary conditions that set the um nosity
of SuperB .

Reaching this lum inosity with a collder design
extrapolated from PEP-II or KEKB, such as Su-
perK EK B, is di cult; beam currents and thus power

consum ption are very high, and the resulting detec—
tor backgrounds are form dable. The low em ittance,
crabbed waist design of SuperB provides an elegant
solution to the problem ; SuperB can reach unprece—
dented lum inosity w ith beam currents and pow er con-—
sum ption com parable to those at PEP-IT . A test of
the crabbed waist concept is underway at Frascati; it
is procead ing very w ell, producing in pressive Increases
in the speci ¢ um inosity at DA NE .M ore rem ains to
be done, but the results are very encouraging.

Tt is In portant that results w ith sensitivity to New
Physics be obtained in a tim ely way, engendering a
\conversation" with the LHC experim ents. SuperB
can con dently be expected to produce a very large
data sam ple before the end of the next decade. The
m ore gradual Superk EK B approach to achieving high
peak lum inosity cannot produce com parabledata sam —
ples until close to the end of the follow ing decade [2].

physics w ill likely assum e great In portance as a
probe of physics beyond the Standard M odel. SuperB
includes In the baseline design an 85% Ilongitudinally
polarized electron beam and spin rotators to facilitate
the production of polarized  pairs. T his polarization
is the key to the study of the structure of lepton— avor-
violating couplings n  decay, aswellas the search for
a EDM ,orforCP viclation in  decay. SuperK EK B
does not incorporate a polarized beam .

T he recent observation of large D % m ixing raises
the exciting possibility of nding CP violation in
cham decay, which would aln ost certainly indicate
physics beyond the Standard M odel. SuperB can at-
tack this problem in a com prehensive m anner, with
high um inosity data sam ple in the (4S) region and
at the (3770) resonance, as the collider is designed
to run at low er center-ofm ass energies, at reduced lu—
m nosity. W ith very short duration low energy runs,a
data sam ple an order of m agnitude greater than that
of the nal BES-IIT sam ple can readily be obtained.
SuperK EK B cannot run at low energies.

The follow ing is a brief resum e of the capabilities
of SuperB . In som e instances, com parisons are m ade
betw een physics results that can be obtained w ith the

veyear,75 ab ' SuperB sam pleand a 10 ab ' sam -
ple such as could perhaps be obtained in the st ve
years of running of SuperkK EK B .M ore detailed discus-
sions w ill be found In the ensuing sections.

B Physics

B physics ram ains a prim ary ob gctive of SuperB .
W ith BABAR and Belle having clearly established the
ability of the CKM phase to account for CP <violating
asymm etries In treelevel b ! ccs decays, the focus
shifts to the study of very rare processes. W ith a
SUSY mass scale below 1 TeV, New Physics e ects

P roceedings of SuperB W orkshop VI, Valncia, Jan 7-15, 2008



in CP —violating asymm etries, In branching fractions

and kinem atic distrbutions of penguin-dom inated de-

cays and in leptonic decays can indeed be seen in the
veyear SuperB data sam ple.

TABLE I:Com parison of current experin ental sensitivities
with a 10 ab * sam ple and the ve year SuperB 75 ab !

sam ple. Only a an all selection of observables are shown.
Q uoted sensitivities are relative uncertainties if given as a
percentage, and absolute uncertainties otherw ise. An \X "
m eans that the quantity is notm easured at this integrated
um inosity. Form ore details, see text and Refs. [1,3,4].

M ode Sensitivity
Current 10ab ' 75ab ‘!
BB ! X ) 7% 5% 3%
Acp B ! X&) 0.037 001 0.04{0.005
B@E" ! ') 30% 10% 3{4%
B@"! ") X 20% 5{6%
BB ! XsI'1) 23% 15% 4{6%
Arg (B ! X 1I'1 ), X 30% 4{6%
BB ! K 7) X X 16{20%
SK?2 %) 0.24 008  0.02{0.03

Table I show s a quantitative com parison of the two
sam ples for som e of the in portant observables that
w illbem easured at SuperB , ncluding all the socalled
\golden processes" of Tabl IT (see the follow ng sec—
tion). W e list below som e additionalcom m ents on the
entries of Table T

The measurements of B (B ! X ) and
B®B" ! ) are particularly inportant in
m Inimal avor violation scenarios. Tt is crucial
to be able to search for am alldeviations from the
Standard M odel value. T herefore the in prove-
m ent is sensitivity provided by SuperB is highly
signi cant (see F igure 5).

A 10 ab’ sam pleisnotsu ciently large to take
advantage of the theoreticalcleanliness of several
Inclusive observables, such as the zero-crossing of
the forwardbackward asymmetry nb ! s/
Resultswith 10 ab ' would notm atch the pre—
cision from the exclusivemodeB ! K ° ,
which willbe m easured by LHCb. Furthem ore,
these exclusive channel m easurem ents will be
Iim ited by hadronic uncertainties. SuperB can
provide a much m ore precise and theoretically
clean m easurem ent using Inclusive m odes.

Several interesting rare decay m odes, such as
B! K ,cannotbe observed w ith the statistics
of10 ab * ,unlessdram atic and unexpected N ew
Physics enhancem ents are present. Prelin nary
studies are underway on several other channels

in this category, such asB ! and B ! Invis-
Ible decays which are sensitive to New Physics
m odels w ith extra-din ensions.

A nother area for com parison is the phenom eno—
logical analysis w ithin the M SSM  w ith generic
m ass Insertion discussed in the SuperB CDR.
Fig. 1 shows how well the ( 13)1 can be re-
constructed at SuperB and with 10 ab Lom-
provem ents in Jattice Q CD perform ance, as dis-
cussed in the A ppendix ofthe CDR ,are assum ed
in both cases. T he rem arkable di erence In sen—
sitivity stem s mainly from the di erent perfor-
m ance in m easuring the CKM param eters and

-0.06 -

-0.15 -

S N R Bt
-02 -015 -01 -0.05 O 005 0.1 015 02
d
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FIG .1:D eterm ination of the SUSY m ass-insertion param —
eter (13 )1, with a 10 ab R sam ple (top) and w ith SuperB
(bottom ).

Charm Physics

The in uence of New Physics on the chamm sector is
often overlooked. C onstraints on avor-<changing neu-
tral currents from new physics In the up quark sector
arem uch weaker than in the down quark sector. T hus
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high sensitivity studies of rare charm decays o er the
possibility of isolating New Physics e ects in D D ©
m ixing, in CP violation and in rare decay branching
fractions.

T he recent observation of substantialD D © m ixing
raises the very exciting possibility of m easuring CP
violation in cham decays. M any of the m ost sensi-
tive m easurem ents rem ain statistics lin ited even w ith
SuperB size data sam ples, providing a substantialm o—
tivation for gathering 75 ab L

In severalspeci ¢ cases, CP violhtion In m ixing can
be studied m ore precisely by taking advantage of the
clean environm ent provided by exclusive D D © pro—
duction at the (3770) resonance. W e have therefore
Included in the SuperB design the unigue capability
of munning at this center-of m assenergy. Long data-
taking runs are not required; a run of two m onths du-
ration at the (3770) would yield a data sam ple an
order of m agnitude larger than the total BE S—IIT sam —
ple at that energy.

Tau Physics

It is not unlikely that the m ost exciting results on
New Physics in the avor sector at SuperB will be
found n decays. W ith 75 ab! SuperB can cover a
signi cantportion of the param eter space ofm ost N ew
P hysics scenarios predictions for lepton  avorviolation
(LFV ) In tau decays.

T he sensitivity in radiative processes such asB (!

) (2 10°)and nB( ! ) decays (2 10'7)
gives SuperB a real chance to observe these LFV

decays. These m easuram ents are com plam entary to
searches or ! e decay. In fact, the ratio B( !
)=B( ! e )isan Inportant diagnostic of SUSY —

breaking scenarios. If LEV decays such us !
and ! are found, the polarized electron beam
of SuperB provides us with a m eans of detemm ining
the helicity structure of the LFV coupling, a m ost ex—
citing progpect. T he polarized beam also provides a
novel additional handle on backgrounds to these rare
processes.

T he longitudinally polarized high energy ring elec-
tron beam ,which isa unigque feature of SuperB , isalso

[11M .Bona etal.,arX v:0709.0451 hep-ex].

[2]1Y .0 hnishi, SuperK EK B M eeting, A tam i, Izu, Japan,
January 24-26, 2008. See also K . K inoshita, BEACH
2008, C olum bia, SC , June 2328, 2008.

the key to searching for CP violation in tau production
ordecay. An asymm etry in production would signala

EDM , with a sensitivity of 10'° ecm , while an
unexpected CP <violating asymm etry in decay would
be a clear signature of New Physics.

T hepolarized beam and the ability to procurea data
sam ple of su cient size to nd lepton avorwiolating
events, as opposed to setting lim its on LEV processes
are unique to SuperB .

Spectroscopy

O ne of them ost surprising results of the past decade
has been the plethora of new states with no ready
quark m odel explanation by the B Factories and the
Tevatron. T hese states clearly indicate the existence of
exotic com binations of quarks and gluons Into hybrids,
m olecules or tetraquarks.

These studies, which prom ise to greatly enhance
our understanding of the non-perturbative regin e of
QCD, are at an early stage. M any new states have
been found. These may be com binations involving
light quarks or cham ed quarks, but only In the case
of the X (3872) have there been observations of m ore
than a single decay channel. Tt is crucial to increase
the available statistics by of the order of one hundred-
fold in order to facilitate searches for additional decay
modes. In the case of the X (3872) state, for exam —
ple, it is particularly critical to observe both decays to
cham onium and to D orD | pairs, the Jatter having
very sm allbranching fractions. It is also In portant to
provide enhanced sensitivity to search for additional
states, such as the neutral partners of the Z (4430).

Bottom onium studies are quite challenging, since
the expected but not yet observed states are often
broad and have m any decay channels, thus requiring
a large data sam ple. Leptonic decays of bottom onium
states also provide, through lepton universality tests,
a unigue w indow on New Physics.

D ata sam ples adequate for these studies, which in
som e cases require dedicated runs of relatively short
duration, In both the 4 and 10 G &V regions, are ob-
tainable only at SuperB .

B1T.Browder, M . Ciuchini, T. Gershon, M . Hazum i,
T. Hurth, Y. Okada and A . Stocchi, JHEP 0802
(2008) 110 [arxX 07103799 hep-phll.

[4]T.E.Browder, T. Gershon, D.Pirpl, A. Soni and
J. Zupan, arX v:0802.3201 hepph].
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B Physics

The physics case for SuperB has been discussed
In some detail n the SuperB Conceptual D esign

Report (henceforth CDR) [1]. In the CDR, and in

the follow ing, we consider the discovery potential of
SuperB in two scenarios: whether or not the LHC
nds evidence for New Physics.

LHC discovers new particlkes

Ifthe LHC nds physicsbeyond the Standard M odel,
the essential, and unique, role of SuperB will be to
determ Ine the avor structure of the New Physics.
In that sense, m easurem ents from SuperB that are
consistent w ith the Standard M odel are as valuable
as those that show signi cant deviations { in either
case these m easurem ents provide inform ation about
the New Physics avor structure that cannot be pro—
vided by other experin ents. In this context, the m ea—
surem ent of theoretically clean rare decays, even w hen
found to be Standard M odeldlike, will yield valuable
insights into the structure of New Physicsm odels, pro—
viding inform ation com plem entary to LHC results.

Tt is, of course, generally regarded asm ore valuable
to nd deviations from Standard M odel predictions
than to nd a result that agrees w ith the Standard
M odel. In fact, many New Physics avor structures
do produce measurable e ects. As shown in the
discussion on benchm ark points below , there are also
scenarios in which avor e ects can be very am all,
and perhaps barely visble, even with SuperB . The
great precision reached at SuperB can still provide
positive inform ation on the underlying theory, even
In a Standard M odellke avor scenario. Indeed,
we an phasize that m easurem ent of the New Physics

avor couplings are the prim ary discovery goal of
SuperB ; results from both LHC and SuperB are
required to reconstruct the New Physics Lagrangian.

There is no New Physics discovery at LHC

Ifevidence orNew Physicsdoes not readily appear at
LHC , the goalof SuperB woul then be to em phasize
m easuram ent precision to search for deviations n

avor observables. In this scenario, nding such
an all e ects could provide the rst evidence of New
Physics! The absence of know ledge about the New
Physics scale from LHC would m ake it In possible to
reconstruct the New Physics Lagrangian, but a New
Physics discovery at SuperB would provide a sold
indication that the New Physics scale is only slightly
above the reach ocfLHC .

T he chapter isorganized as follow s. W e rst present
a description of work done since the writing of the
CDR [1], concentrating on som e particularly interest-
ing channels that were only partially covered or not
covered at all. W e then update the phenom enologi-
cal studies presented in the CDR , ncluding a classi -
cation of golden m odes, perform ance at LHC bench-
m ark points, the in pact of SuperB on explicit m odels
of SUSY breaking, and a briefdiscussion on the Inter—
play of avor and high pr physics. W e concentrate on
B physics at the (4S), sihce we have little to add to
previous studies of the potential for B ¢ physics at the

(55) 21

1. Studies of selected B decay
channels

In this section we present new studies on a selected
set of B m eson decay channels, updating the determ i-
nation of the follow Ing processes:

The CKM matrix element 3,3 This m easurem ent,
crucialto them odelindependent determ nation of the
CKM matrix, can only be done at an €" e m achine.
W e update the calculation of the SuperB reach, as
suggested by the IntemationalR eview Comm ittee.

The rare Jbranching fractons B® ! X ),
BB ! X' ). These channels were not thor—
oughly studied in the CDR, as they are lin ited by
experin entaland theoretical systam atic uncertainties.
In the CDR we concentrated on other observables,
such as the photon polarization and CP and isospin
asymm etries. However B(B ! X ), at present one
of the most powerfuull New Physics probes, rem ains
a powerful constraint, even in the M inin al Flavor
Violation case. W e have therefore reassessed the
experin ental and theoretical sensitivities for these
m odes at SuperB . W e have also done a prelin nary
sensitivity study orB | K () F

The branching fraction B(B ! X5 ~ ). A new detailed
study has been perform ed on this m ode, evaluating
the possibility of m easuring the branching fraction
w ith the full SuperB data sam ple. This inform ation
com plam ents the measurements of B ! X and
B ! X "’ in accessing New Physics that can
contribute to B = 1 box, photon penguin, and z °
penguin diagram s.
Leptonic decay m odes. T he precise m easurem ent of
BB ! ‘) isparticularly nteresting In New Physics
scenarios w ith a charged H iggs at high tan . Follow —
ing the suggestion of the IRC, we discuss possible
In provem ents In signal e clency and system atic
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uncertainties at SuperB. W e also present a new
study of radiative leptonic decays and som e discuss
considerations relevant to LFV m odes.

P recise determ ination of the CKM elem ent Vupj

T he precise m easurem ent of 37,1, jis a crucial ingre-
dient In the detemm ination of the CKM param eters
and In the presence of New Physics. At the tine
SuperB com m ences operation, LH Cb w illhave already
provided precise m easurem ents of sin2 and . This
willallow for an in proved determm ination of CKM pa—
ram eters w ithin the Standard M odel. H ow ever, in the
presence of generic N ew Physics contributions, this in—
form ation alone is not su cient to obtain the same
precision. As precise Inform ation on CKM param e—
ters is essential for any New Physics avor analysis in
the K and B sectors, an in proved determ nation of
VupJjtums out to be quite In portant in New Physics
searches.

T he precise study ofboth inclusive and exclusive B
sem ileptonic branching fractions is a unigue feature
of SuperB .

Inclisive decays

The current 5{10% theoretical error on the inclusive
determ nation of 3/, jisduem ainly to uncertainties in
the bquark m ass, in weak annihilation (W A ) contribu-—
tions, In m issing higher order perturbative corrections,
and in the m odeling of the shape functions.

At the tine SuperB takes data, new calculations
should decrease the perturbative error, and hattice cal-
culations, together w ith in proved analysesofe’ e !
hadronsand m easurem ents of them om ents of sem ilep—
tonic and radiative B decay spectra should provide
better determ inations of m ,; a precision of 20 M &V
on my is possble. W eak annihilation contrbutions
are relevant only at high o, and can be e ciently
constrained by studying the of spectrum . T he shape
functions can also be betterconstrained by studies of
theB ! X,’ gpectra, but their in portance w ill de—
crease as the m easurem ents becom e increasingly m ore
inclusive. A pioneering analysis in this area has re—
cently been published by BaBarR [3]. In this analysis
the M y cut is raised to values for which the shape
flunction sensitivity becom es negligible. Such m easure-
m ents are not com petitive now , but the situation w ill
be quite di erent at SuperB .

As a result, we expect the theoretical uncertainty
on the inclusive determ ination of ¥/, to eventually
be dom Inated by the uncertainty in the b quark m ass.
In this regpect, it should be stressed that in current
analyses, VypJjdepends quite strongly on the precise
valie ofm . Typically, ora cutofM yx < 17 G&V,

the relative error on Vy, scales as 4( mp)=m . Cur-
rently, with mp = 40 M &V, the error induced on Vy;
is about 3:5% . If the error on m , were halved, 3upJ
extracted In this way would have a param etric uncer—
tainty below 2% . However, the presence oftheM y cut
increases the sensitivity to m ,, because the distribbu—
tion functions also strongly depend on m . Increasing
the M x cut (as m entioned above) reduces the sensi-
tivity to m . Indeed, the total rate is proportional to
m i, and for a totally nclisive m easurem ent one has

Vap=Vup 7 2:5( mp)=m . T herefore, ifone could m ea—
surethe totalB ! X ,’ rate,theuncertainty induced
by mp= 20M eV on V,yp,jwould beonly 1% .

A prom ising way to dealw ith the hrge B ! X ./
backgrounds w ith no cut on the Inclusive B ! X’
decays phase space is to reconstruct the sem ileptonic
decays in the recoil against the other B fully recon-—
structed In a hadronic nalstatene'e ! (4s) !
BB events (the socalled \hadronic tag technigue").
T his technique provides fiill know ledge of the event,
including the avor of the B, and allow s the precise
reconstruction of the neutrino fourm om entum , sig—
ni cantly in proving background refction against, for
exam ple. events w ith several neutrinos or w ith one or
moreK ; mesons. A tpresent, these m easurem ents are
lin ited by low signale ciency, and have large statis—
tical uncertainty. At SuperB however, the statisti-
cal uncertainty will be less than 1% . The leading
system atic errvors will also be reduced: those due to
detector e ects could reach 2% using the large data
control sam ples available. T he current analyses have
uncertaintiesduetoB ! X .’ background (branching
fractions and form factors) as low as4% { it ispossible
to reduce thisby a factor oftwo. Indeed , higher statis-
tics and In provem ents in the detectorand analysisw ill
yield better m easurem ents of these quantities. M ore-
over, the enhanced hem eticity and superior vertexing
capability of the SuperB detector w ill further in prove
background repction through m ore precise neutrino
reconstruction and the detection of the digplaced D
meson vertex. A total experin ental uncertainty on
Vupjofapproxin ately 2{3% can thusbe achiesved w ith
thism ethod.

Combined with the theoretical uncertainty dis-
cussed above, an overall precision of 3% on the
determ ination of j/,,j usihg inclusive B ! X’
decays at SuperB w ill be possble.

Exclusive decays

The m easurem ent of V¥,,Jj using exclisive decays is
presently lim ited by theoretical uncertainties on the
form factors (about 12% ). Lattice calculations are ex—
pected to in prove signi cantly In the next ve years,
mainly due to an increase of available com puting
power. Results from these calculations w ill decrease
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the uncertainty to approxim ately 2{3% in the case of
them ost prom ising decay B ! Y (see the A ppendix
ofthe CDR [1]).

U sing the hadronic tag approach (asin Refs. [4,5]),
the statistical uncertainty on V,,jwill be below 1% .
T his m easurem ent being alm ost background-free, the
system atic uncertainties are dom inated by detector ef-
fects, and should be of the order of 2% . A total ex—
perin ental uncertainty of 2{3% on V,pjcan thus be
achieved, leading to an overall precision as good as
3{4% .

These guresbasically con m the sensitivities pre-
sented in the CDR for the m easurem ent of ¥/, 3.

R are radiative decays

The branching fraction B(B ! X )

T he inclusive branching fraction B(B ! X
been m easured at the B factories [6{8, 10?
current experim entalworld average is [111]:

) has
i the

BB ! Xs )i »16cev = (355 026) 10 :
The 7% error on the branching fraction is a m ixture
of statistical, system atic and theoretical contributions,
where the latter com es prin arily from extrapolating
the partial branching fraction, typically m easured for
photon energies above 19 G &V ,down to the value of
1:6 G &V usad for the theoretical prediction.

Severaldi erent experin entalapproacheshave been

pursued to m ake a m easurem ent of the inclusive B !
X s branching fraction. T he approach that yields the
m ost precise m easurem ent depends on the available
statistics. Untagged inclusive analyses, In which only
the high-m om entum photon is reconstructed, have
been carried out at B factories, but are 1 ited by
system atic errors that will m ake them uncom petitive
in the SuperB era. Sin ilarly, the sam iHnclusive ap—
proach, which attem pts to reconstruct asm any excli-
sive m odes as possible, and then applies a correction
due to the m issing rate, is already lin ited by the X ¢
fragm entation properties, ie., by uncertainty in the
estin ate of the fraction of the totalrate that isnot re-
constructed. T his system atic uncertainty am ounts to
about 15% on the branching ratio [? ]. M ore detailed
studies are needed to evaluate how much this system —
atic could be reduced with the statistics available at
SuperB .

The most prom ising approaches for SuperB are
those that m ake use of recoil analysis, In which the
\other B" in the BB event is tagged in either a
sem ileptonic or hadronic decay. This allows back—
grounds to be reduced to acceptable levels without
putting constraintson theX g systam . Them ost recent

sem ileptonic tag analysis [10] currently has com para—
ble statistical and system atic uncertainties (about 8%
each), but a sizable portion of the system atic uncer—
tainty is actually statistical in nature, since it depends
on the size of control sam ples derived from the data.
The current system atic uncertainty of the hadronic
tagged analysis [12] is larger, but it seem s probable
that re nem ents to this relatively new technigque will
be able signi cantly to reduce the system atic error.

W ith the data sam ple of SuperB , all approaches
will be system atics-lin ited. W e estin ate that the
hadronic and sam ileptonic tagged analyses will be
able to reduce system atic uncertainties to about
4{5% . Since the system atics are m ostly uncorrelated,
the com bined branching fraction can be expected to
have a system atic error of around 3% .

T he Standard M odel prediction of B(B ! X
E > 16GeV is

) for

0:23) 10* [13]
0:26) 10* [141:

(3:15

BB ! X, o8

)E >1:6 Gev —

T he two predictions di er In their use of resum m ation
of log-enhanced term swhich are included in the result
of [14]. There is no consensus on the consistency of
the resumm ed result [15]. W e therefore quote both
predictions pending clari cation. For both results,
the overall uncertainty consists of non-perturbative
(5% ), param etric (3% ), higherorder (3% ) and m .-
Interpolation (3% ), which have been added in quadra—
ture.

T here are other perturbative NN LL corrections that
are not yet included in the present NNLL estin ate,
but are expected to be an aller than the current uncer—
tainty, producing a shift of the central value of about
16%.

W hile the uncertainties due to the input param eters
and due to the m. interpolation could be further
reduced, the perturbative error of 3% will rem ain
until a new mapr e ort to com pute the NNNLO is
carried out. However, the theoretical prediction has
now reached the non-perturbative boundaries. The
largest uncertainty is presently due to nonperturba—
tive corrections that scalewith s gcp=myp. A local
expansion is not possible for these contrdbutions; it
is not clear if the corresponding uncertainty of 5%
(based on a sinple dinensional estim ate) can be
reduced. Recently, a speci ¢ piece of these additional
nonperturbative corrections has been estin ated [16],
and found to be consistent with the dim ensional es-
tin ate. It isalso included in the prediction ofR ef. [14].

T w o explicit exam ples should dem onstrate the strin-
gent constraints that can, with these uncertainties,
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be derived from the measurement of the B ! X
branching fractions.
Fig. 2 shows the dependence of B(B ! X ) on

the charged H iggsm ass in the 2-H iggs-doublet m odel
(2HDM —II) [13]. Thebound on M 5+ = 295G €&V at

4.5
4.25

500 750 1000 1250 1500 1750 2000

FIG.2:BB ! Xgs ) 10 4 as a function of the charged
HiggsbosonmassM 5+ (GeV)in the2HDM Ilfortan =
2 (sold lines). D ashed and dotted lines show the Standard
M odel and experin ental results, respectively.

95% CL, shown in Fig. 2, is currently the strongest
available lower lin it on the charged H ggsm ass.

Sin ilarly, the bound on the Inverse com pacti cation
radius of them inin aluniversal extra dim ension m odel
MACD)derived from B(B ! X ) [17]is1=R > 600
G eV at 95% con dence kevel, as shown in Fig. 3.

0.8

15 :

0.6
1=R [TeV]

04 1.0

FIG .3: Branching fraction forEy = 16 G eV asa function
of 1=R . The red (dark gray) band corresponds to the LO
mUED result. The 68% CL range and central value of
the experin ental/Standard M odel result is indicated by
the yellow /green (light/m edium gray) band underlying the
straight solid line.

B! X.‘ decay modes
Thedecay B ! X "’ isparticularly in portant

to the SuperB physics programm e, due to the sensi-

10

tivity to New Physicse ectson kinem atic observables,
such as the dilepton Invariantm ass spectrum and the
forw ard {backward asymm etry Arg .

In the B ! X ’* systan, one has to rem ove
contributions from coc resonances that appear as large
peaks in the dilepton Invariantm ass spectrum , by ap-—
propriate kinem atic cuts. It is conventional to de ne
\perturbative w indow s" with s = q2=mk2) away from
chamm onum resonances,nam ely the low dilepton-m ass
region 1 GeV < ¢ < 6 GeV and the high dilepton—
mass region with o > 144 GeV . In these windows
theoreticalpredictions for the invariantm ass spectrum
are dom inated by the perturbative contributions; a
theoretical precision of order 10% is, In principle, pos-
sble.

In the ollow Ing, we collect the m ost accurate pre—
dictions for observablesin B | X ° decay. For-
m ulae for the electron case should bem odi ed to take
iInto account the experim ental resolution for collinear
photons.

The valie of the dilepton invariant mass ¢, for
which the di erentialasymm etry A 5 vanishes, is one
of the m ost precise predictions in avor physics, w ith

a theoretical uncertainty of order 5% [181:
@) = h3-50 010ce 0002, 004 ¢
00%, 003_u,, 0:001, O:Ol2lGeV2
= (350 0i12)Gev: @

T his accuracy cannot be reached with the analogous
exclusive observable n B ! K ‘" ‘ ,due to the un-
known ¢cp=my corrections.

T he latest update of the dilepton m ass spectrum ,
Integrated over the low and the high dilepton invari-
antm ass region in the m uonic case, leads respectively
to [191:

B = h1-59 008 006, 0024 5.
0:01%, 002 4 ,, 001%ky omz@R: 10°
= (159 0:11) 10° (2)
and
BMR = 240 107 1+ YO0+ YOY  00%,
n +Oo:600036 . 005 , + +Oo:6000102 0:002 x 1
002, 005, 0419, 014, 002,
= 240 107 17750 3)

In the high s region, the uncertainties are larger,
due to the breakdow n of the heavy-m ass expansion at
the endpoint. H ow ever the uncertainties can be signif-
dcantly reduced by considering quantities nom alized
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to the sam ileptonic b ! u’
sam e s interval [20]:

rate integrated over the

| R
o de(B.;(Ss )
R (snm)= K7 d Bl x. ) ° (4)
ds————
Sm in ds

T he num erical analysis show s that the uncertainties
due O (1=m ) power corrections which correspond to

the parameters ,, 1, £} + f5 and £ £ are now

under control [18]:

R (sen)9" = 229 10° 1 004eae 002,
00k n. 0006, 0005. 00%xu
0003, 005, 0030,¢ 0050 ¢,
= 229 10°@ 0:13): (5)

The lrgest ram aining source of error is now VupJ,
which will be further reduced with the precise CKM
determ ination at SuperB. As in the B ! Xg
case, additional uncertainties, such as the still un—
known non-perturbative corrections that scale with

s ocp=Mp,areabout 5% . The cuts in the hadronic
Invariant m ass spectrum lead to additional uncertain—
ties of order 5% , which correspond to the e ects of
subleading shape functions [21? 1.

Published analyses for B !

XI'1 [23, 24] have

used a sam iHnclusive approach (X s = 1K +n ;n 3).

This technique is a ected by large system atics aris-
ing from uncertainties on the ratio used to extrapolte
from the sam iHnclusive to the inclusive branching ra—
tio. T his type of analysis is expected to be system atics
dom inated, w ith statistics around 1 ab i

W ith larger statistics, a fully inclisive analysis
using sem ileptonic or hadronic tags is lkely to be
m ore sensitive. Feasibility studies for such an analysis
show that about 40 signal events per ab ! can be

expected with a signalto-background ratio of 1:5.

At SuperB , a few percent statistical error on the
Inclusive branching ratio can be achieved, well below
the present theoretical errvor (see Egs. 2 and 3).
No detailed studies are available for the system atic
uncertainties, but they are likely to becom e dom inant
over experin ental statistical uncertainties at this level
of precision.

B! K"’ decay m odes

The branching ratio of B ! X4 * is am aller by
a factor of about 20, with respect to B | X" *
(‘= e; ), n the ow ¢ region, but is expected to be

11

about 2{3 107, com parable to B !
Eq. 3), in the high ¢ region.

An inclisive experin ental determ ination is essen—
tially in possible, but an analysis of the exclusive
decaysB ! K ()  might be possible. T hese decays
are predicted tom akeup 50{60% ofthe totalinclusive
rate [25]. Prelin nary sinulation studies using the
hadronic tag technigue indicate that the Standard
M odel branching fractions could be measurable
with the full SuperB integrated lum inosity. O ther
interesting m easurem ents such as the polarization
asymm etry [26]are under study.

Xsl+1 (See

B! K’ 7 decay m odes

Theraredecay B ! K () 7 isan interesting probe
rNew Physics n 2 ° penguins [27], such as chargino—
up-squark contributions in a generic supersym m etric
theory. M oreover, since only theb ! s+ m issing en—
ergy process can be detected, the m easured rate can
bea ected by exotic sources ofm issing energy, such as
ITight dark m atter [28]or \unparticle physics" [29, 30].
Notice also that New Physics e ects can m odify the
kinem atics of the decay, which m plies that any selec-
tion applied on kinem aticalvariableshasan in pact on
the theoretical interpretation of the m easured branch-
ing ratio. The best upper lin it am ong the exclusive
decay channelsisB(B* ! K* T )< 14 10° [31],
still far above the Standard M odel branching fraction
of4 10° [27].

D ue to the undetected neutrinos, it isnotpossible to
rect background by m eans of the usual kinem atical
constraints, so the search for these decays must be
perform ed using a recoil analysis.

IntheB* ! K* 7 analysis, only one track is re—
quired on the signal side. A selection on the kaon
mom entum is usually applied. A nalselection is ap-—
plied on the extra energy E cxtrs ,de ned as the sum of
the energies of the neutral electrom agnetic calorin eter
clusters that are not associated with the B g or the
signal side. Current analyses em ploy a counting tech—
nique,butam axin um lkelhood (M L) ttotheE cyira
distrdbution can be used to in prove perform ance. To
be conservative, we assum e the current analysis tech-
nique. From toy M C sinulations, com bining the re-
sults from the sem ileptonic and the hadronic recoil,
the observation of the decay is expected w ith between
10 and 20 ab ' with an expected error 0o£18% , in the
m ost conservative scenario, at 50 ab L Thein prove—
ment in the precision as a function of lum nosity is
shown In Fig. 4.

In the B ! K % = analysis, the K ° is recon-
structed n thek % ! K* channel, w ith no cut
on the kinem atical variables. A m axinum lkelhood
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FIG . 4: Expected precision of the m easurem ents of the
branching fractions of (top) B* ! K°© and (bottom )
B! K ° K " ! Ks ) evaluated as a fiinction of
the Integrated lum inosity, assum ing e ciencies and back-
grounds as In the current BABAR analyses. T he bands in—
dicate the range of the Standard M odel predictions.

t is used to extract the signal yield from the E cyira
distribution. O bservation of this decay is expected be-
tween 10 and 20 ab * with an expected error of 20% ,
in the m ost conservative scenario, at 50 ab L

T he sam e approach isadopted in theB ! K
analysis,whereK ! KJ orK ! K ‘.The
observation is expected around 40 ab ! with an ex-
pected error of 25% , iIn the m ost conservative scenario,
at50 ab ' (seeFig. 4).

An irreducible background contribution from B !

decays is expected n the B ! K analy—
ses. However, the e ect of this background can be
controlled w ith in provem ents in the analyses (such
as using a maximum lkelhood t). M oreover, the

12

perform ance of the recoil technique w ill be in proved
by the in proved hemm eticity of the SuperB detector,
m aking the cuts usually applied on the track multi-
plicity of the signal side m ore e ective. Prelin inary
studies have shown that a 30% reduction in the back-
ground contam nation with the baseline SuperB de-
sign is possible. For background dom inated channels
such asB ! K () 7 ,a reduction in background of
30% can be shown to be roughly equivalent to an in—
crease in statistics of 1=0:7, ie. about 40% . T here-
fore, such an in provem ent has a signi cant e ect on
the sensitivity.

If the background can be reduced su clently, twill
bepossble to do higherm ultiplicity studiesofb ! s
decayssuch asB* ! K; ;K ! K* * . This
nform ation could be used to m ake a sem Hnclusive
measurement of B! s ). Further background re—
Fction can come from an Im proved vertex detector,
that allow s to apply vertexing requirem ents (poorly
used now ) and secondary vertex nform ation. The
sem Hnclisive approxin ation may provide the best
possble analysisof B ! X g ~ decay. Owing to the
com plete absence of any pow erful constraint to be ap—
plied on the signalside, the fully incluisive analysis ap—
pears to be di cult in the face of large backgrounds.
If a fully inclusive analysis could be perform ed at
SuperB , it m ay be possble to m ake a test of the the-
oretically clean Standard M odel prediction [32]

BB ! Xq ) Va & ;
BB ! Xs ) Ve ©)

Studies of corresponding ratios using exclisive m odes
are less theoretically clean, how ever the prospects for
measuring B ! at SuperB look good [1].

Leptonic B decays

T he branching fraction ofB !

The decays B 1 can be used to constrain
the Standard M odelm echanism ofquark m ixing. New
P hysics contributions can enhance the branching frac—
tions of B ' 4 , as descrbed In the SuperB
CDR [l]. Precision m easurem ents of the branching
fraction of B ! where ‘= e; ; can beusad to
constrain New Physics.

R ecent m easurem ents have provided evidence for
B ! [33{35] These m easurem ents rely on recoil
analyses in which fully (partially) reconstructed B m e-
son decays to hadronic (sam ileptonic) nal states of
the non-signalB in the event (B(.y) are used to help
reduce background for the partially reconstructed sig—
nal. This approach is required for the B ! analy—
sis, in which there are at least two m issing neutrinos
in the nalstate. ForB ! and B ! e [36{38],
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on the other hand, the high m om entum Ilepton alone

provides a characteristic signature. Nevertheless, re-

coilanalyses appear preferable also for these channels,

due to the additional kinem atic constraints and the

reduction in background.

A num ber of possble iIn provem ents to the B !
analyses are being explored. T hese include

Vi

1. A Il existing BABAR m easurem ents rely on recon—
structing B ag modeswithaD orD in the nal
state. H owever it is also possible to increase the
signale ciency by including charmm onium decay
modeswith aJ= in theBg nalstate.

2.The By categories all have di erent purities.
Tt is a natural extension of the existing analy—
ses to Investigate the gain in precision that one
can obtain by subdividing the data according
to the B oy purity In a m ultidin ensionalm axi-
mum lkelhood t,and if necessary,exclude any
B tag Category In which system atic uncertainties
are not under control. (Sin ilar strategies have
been successfully em ployed in tin e-dependent
CP asymm etry m easuram ents at the B facto-
ries.)

3. In thecaseofB ! + Bsig has contrdbutions
from severalreconstructed decay channelsthat
have di erent purities; so one should subdivide
the data according to B g and B gy purity.

4. Existing analyses rely heavily on a variable con—
structed from the sum of electrom agnetic energy
unassociated w ither w ith the B g5 OrB ¢y to iso—
late signal (E cxtra ). In order to do this reliably,
one has to understand, and accurately sin ulate,
noise in the calorim eter as well as the geom et—
ric acceptance of the detector to backgrounds
In which nal state particles escape down the
beam pipe, or into uninstrum ented regions of
the detector. Not only does this rely on accu-
rate accounting ofm aterial in the inner parts of
the detector, but also in the calorin eter itself,
and a nely-tuned understanding of the produc—
tion m echanism s for all types of B and non-B
backgrounds. It is not clear if the continualuse
of such a variable would facilitate a precision
measurem ent of B !/ branching fractions.
Tt would be possible to in prove control of sys—
tem atic uncertainties by lim iting the analysis to
high purity B,y sam ples and/or to By chan-—
nels only. During the detector R& D stage, one
should also consider the e ectsofnon-activem a—
terialin the calorim eter, and m aterial in front of
the calorim eter, as it is critical that this is cor—
rectly accounted for in GEANT sinulations of
SuperB .

13

5. T he current analyses that extract the yield from
a t of the E exira distrbution determ ine the
shape of the signal PDF using a control sam —
ple of sam ileptonic B ! D ()* decays on the
recoil of B g . W ith SuperB statistics it would
be possible to use hadronic B decays for the
control sam ple, which could lead to a reduc-
tion of system atic uncertainty. This approach
has been used as a system atic crosscheck in one
search for B ! [38], and has also been
em ployed by CLEO in the m easurem ent of f |
ushgD! ! *  [39]

6. There are altematives to the E cxtra Variable that
do not rely so critically on our understanding of
the detector m aterial, acceptance, response and
details of the background kinem atics. E xam ples
of such variables include the highest energy clus—
ter unassociated w ith B gy Or B g -

7. In provem ents in the detector hemm eticity would,
aswellas increasing the signale ciency, lead to
an aller backgrounds due to particles that travel
down thebeam pipe. Sin ilarly, In provem ents In
thee clency with which K 1 m esonsaredetected
would help to reduce the background.

T he em phasis in these In provem ents is on increas—
ing the signal e ciency, and on better control of
system atic uncertainties associated with m easuring
B ! branching fractions. It must be en pha-
sized that, while the Standard M odel expectation for
the branching fraction of B ! is signi cantly
lower than that of B ! , the experin ental
signature, a high momentum muon with m issing
energy, is much cleaner than that of a lepton.
T herefore, at very high lum inosities, B !
is expected to provide a more precise branching
fraction m easurem ent, as it will not be system atics
Im ited. M easurem ents ofB ! and B !
are central to the New Physics search capability
of SuperB . The phenom enological In pact of these
m easurem ents is discussed in Section 2.

Radiative leptonic decays

Vi

Radiative leptonic decays, namely B, ! ,
Ba(s) and Bgg) ! , do not contain any
hadrons except the B meson. This sin ple observa-
tion drastically reduces theoretical uncertainties orig—
inating from the strong interaction, such as nalstate
interactions. SuperB m ay be able to observe these ex—
trem ely rare processes, due to its good e clency for
reconstruction of the radiative photon.

| 14
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Tt has been shown that, In the Standard M odel,

the strong interaction factorizes at the large m
lin it, m aking it possible to describe these three pro—
cesses In term s of an universal non-perturbative form —
factor [40]. Rough estin ates of the branching ratios
vied BB, ! ‘) 0(10°), BBy ! ““ )
0 (10 *°C2) )y and B (B4 ! ) 0 (10% e ). T
should be em phasized that the helicity suppression,
which din inishes the branching ratio of the pure-
leptonic processes corresponding to the rst two chan-
nels,B, ! ‘ and By, ! ‘‘, does not occur here,
due to the additional photon. A s a result, one can
take advantage ofall three nalstateswith ‘= e; ; ,
which have sim ilar decay rates.

A strategy to search for New Physics with these
channels would be to rst detem ine the form factor
through the tree levelB* |/ process [41]and then
use it to extract New Physicse ects from the loop level
Bae ! and By (e ! processes. In the fom er,
the m ost recent experin ental results [42] are already
close to the Standard M odel expectation. SuperB can
m ake a precise m easurem ent of this decay; theoretical
uncertainties due to the restricted phase space used
in the analysis (necessary to reduce backgrounds from

nal state radiation photons) m ay then becom e a lin —
iting factor. T he current experin entalupper 1im its on
By ! “* areatthel0’ level [43]; since these are not
background—lim ited, SuperB can in prove the lin its to
close to the Standard M odel level. O nce observed,
kinem atical distrdbutions in these processes provide
additional New Physics sensitivity. New Physics ef-
fects on the branching ratio and the forw ard-backw ard
asymm etry of the B g ! process have been in-—
vestigated, eg. In [44, 45]. For exam ple, those e ects
could com e from an anom alous bd(s)Z coupling, that
coud bealsoseen thein B ! K '““and By, ! “*
processes.

O n theotherhand, thenew physicse ecttoB 4 !
processcould com e from tw o kinds of shortdistance

contributions: anom alous bs coupling and the bs
coupling. In particular, the later contribution has
not been explored yet and SuperB sensitivity will re—-
veal these couplings for the st tine. Tt should be
noted that this contridbution can be also studied in
B! K [46]. Detailed investigations of the super—
symm etric contributions to B¢ ! and B ! Xg
have been perform ed [47]. A sdiscussed in theCDR [1],
B! could be observed at SuperB after accum u-
lating about 1 ab L atthe (53). E xtrapolating from
existing upper lin its on the By ! decay [48, 49],
SuperB could probedown to the Standard M odel level
of this New P hysicssensitive decay.

14

2. Phenom enology

G olden processes

At SuperB , a golden channel is any channel that
is very well known in the Standard M odel. This in—
cludes \null tests" (observables that are zero, at least
approxin ately, in the Standard M odel) but also other
channels predicted w ith sm allerrors. T hisplacesm ore
em phasis on inclisive m odes than on exclisive decays.
W hile there are probably speci c channels that can be
selected In charm and in = physics, In B physics there
are so m any golden channels that selecting one or two
risksm issing the point. In addition processes that are
goden (ie:display a m easurable deviation from Stan-
dard M odel) for given New Physics scenario could be
uninteresting in a di erent scenario. T he rationale for
buiding SuperB based on the New P hysics-sensitivity
of any individual channel can certainly be challenged
{ the m otivation is the large range of golden channels
forwhich SuperB hasunsurpassed sensitivity. W e w ill
nonetheless, In response to the IRC, select som e spe-
ci ¢ channels for which SuperB has unigue potential.
H ow ever, the argum ent given abovem akes it clear that
golden m odes are de ned only in the context ofa lin —
ited and non-orthogonal set of New Physics scenar-
ios. W e thus want to stress once m ore that one of the
m ost sensitive searches forNew Physicsw illbe the 1%
determ Ination of CKM param eters; the possibility of
perform ing such a precise determ nation In the pres-
ence of New Physics is a unique feature of SuperB .
T he precision m easuram ents required to achieve this
goal are ¥,pjand the CKM angles. In the spirit of
indicating the golden m odes, we select yypjand ,
being and  precisely measured at LHCb. In the
follow ing, we denote by CK M those places in which
the In provem entson the CKM param etersachieved by
SuperB are crucial to the corresponding New Physics
searches. W e do not include rare kaon decays in which
a precise CKM m easurem ent is also extrem ely in por—
tant. N otice that w henever a high precision CKM de-
termm ination is required, progress on Lattice QCD cal-
culations, asdiscussed in the Appendix ofthe CDR , is
needed. In Table ITwe show the result of our selection
of goden m odes In di erent New Physics scenarios.
For each scenario, \X " m arks the golden channelw hile
\O " m arks thosem odes which can display m easurable
deviation from the Standard M odel.

A few comm ents are In order on this selection. N o—
tice rstthatB (B ! X ) isinmportant in severalsce-
narios, in particular in the M FV scenarios, and there-
fore we put it in the list, even though at SuperB it
is lin ited by theoretical errors, unless a m a pr break—
through in non-perturbative calculations of pow er sup—
pressed corrections is achieved. In som e of the scenar-
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TABLE II:G oden m odes In di erent New Physics scenarios. A \X " indicates the golden channel of a given scenario. An
\O " m arks m odes which are not the \golden" one of a given scenario but can still display a m easurable deviation from
the Standard M odel. The labelCK M denotes golden m odes w hich require the high-precision determ ination of the CKM

param eters achievable at SuperB .

H" M inimal Non-M ininal Non-M ininal NP R ight-H anded
high tan FV FV (13) FV (23) Z-penguins currents

BB ! Xs ) X 0 o]

Acp B ! Xs ) X o]

BB ! ) X-€KM

BB ! X:I'1l) 0 o] o]

BB ! K ) 0 X

SKs %) X
X-€KM o)

Jos considered, of course, this list is far from com plete;
m any otherm easurem ents are expected to show devia—
tions from their Standard M odelvalues. For exam ple,
in the case of non-m inin al avor violation in the tran-
sitions between third and second generations, the en—
tire cohort of b ! s penguins-dom inated non-leptonic
m odes could show a deviation In the m easured value
of tin edependent CP asym m etries com pared to those
measured In b! ccs transitions.

B enchm arks

The problem of de ning proper benchm arks for
SuperB has not been addressed yet. In fact bench-
marks for avor physics clearly require the speci —
cation of the New Physics avor structure, which is
not needed (at least at rst approxin ation) for high—
pr physics. Nonetheless, stin ulated by the IRC , we
estin ate the relevant avor observable m easured at
SuperB within the m SUGRA models at the SPSla,
SP S4 and SP S5 benchm ark pointsde ned forthe LHC
In [52]. T he purpose of this exercise is to evaluate the
deviation from the Standard M odel of avor observ—
ables in a M FV scenario where LHC can reconstruct
a large part of the SUSY spectrum . W e consider a set
ofm easurem ents which are Ikely to be a ected In the
M FV m odel under consideration.

In term s of the fundam ental param eters at the high
scale, the SP S considered points are de ned as:

SPSla : mo= 100G&V; mq,_,= 250GevV; (7)
Ag= 100GevV; tan = 10; > 0

SPS4 mo= 400G&V; mq_, = 300G¢€V ;
Ay= 0; tan = 50; > 0;

SPS5 : mo= 150G&V; mq_, = 300GeV;
Ag= 1000; tan = 5; > 0:

Note that SPSla, a \typical" m SUGRA scenario
with interm ediate tan , is extrem ely good for LHC

and indeed the m ost studied - the pattem of sparti-
cle m asses allow s them all to be m easured w ith very
good accuracy [53]. By contrast, the relatively high
sgquark masses and the low value of tan  suppress
e ects on avor observables. SPS4 is an m SUGRA

scenario w ith large tan . Unfortunately, no detailed
studies are available at LHC for this point. Never-
theless we roughly estim ated the LHC perform ance by
studying the decay chain starting from the com puted
SU SY gpectrum . W e found a single study at SPS5 [54],
a param eter con guration with relatively light stop
quark and low tan . Hereagain the LHC perform ance
iIn m easuring the SUSY spectrum is rather good.

Based on these studies, and using the tools devel-
oped at the recent CERN-W orkshop \F lavour in the
LHC Era" [55]we produced the predictions presented
in Table IIT.

T hem ost strking feature of this result is that SPS4
is already ruled out by the present m easurem ent of
BB ! s )with high signi cance, show ing the in pact
of avor observables on the SUSY param eter space
even in a M FV case. Indeed, from Egs. (1) and (1)
one cbtains R¥P B ! X, )= 113 0:12. In the
absence of a detailed analysis, we have not attem pted
an estin ate of the errors associated w ith the predic—
tions of Table III at SPS4. Nevertheless, even as—
sum Ing an error of 50% , much larger than the other
points, RB ! X )=025at SPS4 ismore than 5
away from the present experin ental value. SPS5 is
m arginally com patible with present m easurem ent of
BB ! s ). Clearly this point will produced a m ea—
surable e ecton B(B ! s ) at SuperB . Considering
these results, it isnot surprising that the recentM SSM
analysis in [55]found that the best t to presentdata,
usihg B(B ! s ) among the constraints, resem bles
SPSla.

SPSla is clearly the least favorable point from the

avor point of view. However, even here SuperB
could see a de nite pattern of 12  deviations from
the Standard Model n R (B ! ), Rb ! s )

P roceedings of SuperB W orkshop VI, Valncia, Jan 7-15, 2008



16

TABLE IIT: Predictions of avor observables based on expected m easurem ents from LHC inm SUGRA at SPSla, SPS4,
SP S5 benchm ark points. Q uantities denoted R are the ratios of the branching fractions to their Standard M odel valies.
Q uoted uncertainties (when available) com e from the errors on the m easurem ent of the New Physics param eters at LHC .
U ncertainties on the Standard M odel predictions of avor observables are not included. For the SPS4 benchm ark point
the sensitivity study at LHC are not available.

SPSla SPS4 SPS5
RB ! Xs ) 0919 0.038 0248 0.848 0.081
R (B ! ) 0968 0.007 0436 0997 0.003
R(B ! XsI'l) 0916 0.004 0917 0995 0.002
RB! K 7) 0967 0.001 0972 0994 0.001]
BBq! * )=10'° 1631 0038 169 1979 0012
R(m s) 1050 0.001 1.029 1.029 0.001
BBs! * )=10° 2824 0063 293 3427 0.018
RK ! %7 0973 0.001 0977 0994 0.001]
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assum e that the result is consistent w ith the Standard M odel

FIG . 6: D istrbution ofR B (B
m easured in 5 years at SuperB .
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) in 2HDM ,usingm (H* )=500G eV and tan =30 as it would be
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and R B ! X I"1 ), although this does depend, to
som e extent, on In provem ents in theory. In any case,
SuperB avorm easurem ents are required to establish
that the New Physics avor couplings are am allas pre-
dicted by m SUGRA , since LHC alone cannot establish
which m odel is behind the m easured SUSY spectrum .
O ne of the lessons of this exercise is that the bench-
m arks for avor physics, if needed, should m ainly ad-
dress the problem ofde ning a \typical" non-m inin al
avor structure w ith an econom icalnum ber of param —
eters. A possible way to further investigate is using
m odels of SU SY breaking as discussed below .

Update on the B ! ‘ predictions

W e update In this section the analysis of the decay
B! *“ inthe2HDM .Thecase of SUSY ,discussed in
the CDR , is very sin ilar.

Figure 5 show sa com parison of the exclusion plot in
them (H " ){tan plane com Ing from a m easurem ent
of BB ! ) with di erent data sam ples, 2 ab*' , 10
ab'!,75ab ! and 200 ab ! ,assum ing that the result
is consistent w ith the Standard M odel.

N ote thatm oving from 10ab ' to 75ab ! the chan—
nelB ! begins to give a signi cant contribution
to the average, and the scale is then larger than the
naive statisticalgain. W ith further increases in the in-
tegrated um inosity beyond 75 ab * ,B ! becom e
system atics-dom inated but B ! still scales w ith
statistics.

To give an exam ple of a positive signal as seen at
SuperB , Figure 6 show s the deviation ofB(B ! * )
w ith respect to its Standard M odel value com puted
in the 2HDM form (H* )=500GeV and tan =30 as
it would be measured with a ssmple of 75 ab 1. It's
clear that the deviation is established w ith very high
signi cance.

SU SY breaking m odels

W ithin supersym m etric extensions of the Standard
M odel, the avor structure isdirectly linked to the cru-
cial question of the supersym m etry-breaking m echa-
nism . Indeed, the buk of soft SU SY -breaking tem s is
given by the sferm ion bilinear and trilinear couplings,
which are m atrices in avor space. T hus, once som e
SU SY particles have been found, the m easurem ent of
the avor sector can provide in portant inform ation for
distinguishing am ong m odels of supersym m etry. T his
is a m anifestation of the com plem entary nature of a-
vor physics and collider physics. At the LHC direct
searches for supersym m etric particles are essential in
establishing the existence ofnew physics. O n the other
hand, there are a variety of possibilities for the origin
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FIG.7: Tinedependent CP asymmetry of B ! K 0
and the di erence between the tin edependent asymm e-
tries of B ! Ks and B ! J= Kgs modes for three
SUSY breaking scenarios: m SUGRA (left), SU (5) SUSY
GUT with right-handed neutrinos in non-degenerate case
(m ddle), and M SSM with U (2) avor symm etry (right).
The SuperB sensitivities are also shown.

of SUSY breaking and of avor structures w ithin su-
persym m etry. F lavor physics provides an unigue tool
w ith which fundam entalquestions, such ashow super-
symm etry is broken, can be addressed.

A com prehensive analysisof the avor pattemsgen-—
erated In SUSY m odels w ith di erent SU SY -breaking
sector has been recently presented in Ref. [56]. The
m odels under study arem SUGRA ,M SSM w ith U (2)

avor symm etry, M SSM w ith right-handed neutrinos,
and SU (5) SUSY-GUT with righthanded neutrinos.
D i erent scenarios for the neutrino m ass spectrum and
Yukaw a couplings have also been considered. For our
purpose, it issu cient to considera few exam ples. W e
refer the reader to the original publication for all the
details.

SUIS¥Bvg, Non-degenerate vy (1)

mSUGRA tan =30 =410 Gev tan =30 U(2HFS tan =30
a5 : 45 ' 45 ' ;

(At 120

. 5 L . L . .
40 50 60 0 80 ) 50 60 0 80 0 4 50 60 o 80 90
3| degree | | degree | 0y | degree |

FIG.8: Correlation of m s=m 4 and ( 3) for three
SUSY breaking scenarios: m SUGRA (left), SU (5) SUSY
GUT with right-handed neutrinos in non-degenerate case
(m ddle),and M SSM with U (2) avor symm etry (right).
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Figs. 7{8 from Ref. [56] are exam ples of the power
of SuperB in discrim nating di erent SU SY -breaking
scenarios. Additional inform ation can certainly be ob—
tained from a system atic study of correlations am ong

avor observables. It is interesting to notice that the
plt In Fig. 8 calls for a detemm ination of ( 3) with
a sub-degree precision, which could be obtained at
SuperB with 100 ab ! .

3. Interplay of avor and high p:
physics

In this section we want to report som e result of the
recent workshops \F lavour in the LHC era" [57{59]
from the perspective of SuperB .

W e have already com m ented on the com plem entar—
ity of the physics goals of avor and high pr physics,
which are both necessary to dentify the structure of
the New Physicsm odels.

T hree analyses out of these reports should dem on-
strate the iIn portance of the Interplay in our future
new physics search:

In the context of this workshop the study of sev—
eral SU SY breaking m odels, along the sam e lines of
the previous section, have been presented to show the
capability ofcom bined avorand high pr data in den-
tifying the SU SY Jbreaking m echanism .

Another study that started at the workshop con-
cems the e ects of avor violation on direct searches
at LHC ,which are often not fully taken into account.
It hasbeen shown that avor violation could, In som e
cases, change the decay chainsused at LHC to recon-
struct the New Physicsm ass spectrum , possbly m ak—
ing the analysism ore involved [57, 601.

The workshop result most relevant to SuperB
physics com es from a rst attem pt at combining of

avor and high pr physics on the sam e New Physics
param eter space. Based on existing avor physics and
high-energy com puter codes, a so-called m aster tool
was developed w hich com bines calculations from both
low -energy and electroweak observables In one com —
m on code. T he details of the analysis presented at the
workshop can be found In [58].

T he com plam entarity of avor physics and high pr
physics is shown in Figure 9. Tt is clearly dem on-
strated that, w ithout the inclision of both the avor
and electrow eak constraints, the param eterstan  and
M » aremuch lesswelldeterm ined. It can be seen, as
well, that LHC mahly constrains the m ass, whereas

avor physics constrains the avor coupling (ie: the
tan -enhanced Yukawa coupling). Even in a m odel
such asCM SSM w ith only a few New P hysics param e-
ters, both constraints are required to e ectively bound
the param eter space.
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scenario that includes the low -energy and electrow eak con—
straints, while the blue (darker) contour m akes the sam e
assum ptions about the assum ed LH C discoveries, but does
not include any extemal constraints.

A working group on the \Interplay between high—
pr and avor physics" has been set up [61]; the st
m eeting was held at CERN in D ecem ber 2007 [62].
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Charm Physics

New Physics, in general, generates avor<hanging
neutral currents (FCNC ). Those could be much less
suppressed in the up-type than the down-type quark
sectors. Among the up-type quarks, only cham al-
low s the full range of probes for FCNC, and thus
New Physics, in oscillation phenom ena, In particular
those Involving CP violtion. The Standard M odel
m akes nontrivial predictions for CP violation in cham

transitions: direct CP violation should occur only in
C abibbo-suppressed m odes at an observable level

0 (10 ).

T he recentevidence for D D © oscillations { w ith Xp
yvp 7 0.005{0.01 { does not prove the presence of N ew

Physics. H ow ever it greatly w idens the stage on which
CP violation can appear as a m anifestation of New

Physics. W ithin the Standard M odel, tim e dependent
CP asymm etries could reach the 10 ° [10 * ] level :n

C abibbo-allow ed and once [doubly Fsuppressed m odes,
whereas New Physics could enhance these asymm e—
tries by aln ost three orders of m agnitude. A search
forNew Physics should then ain at sensitivity levelsof
0 (10 * ) orbetter and O (10 ? ) or better in C abibbo-
allow ed or oncesuppressed nonleptonic channels and
in doubly Cabibbo-suppressed or w rong-sign sem ilep—
tonic m odes, respectively. Signals for New Physics
m ight actually be clearer in D than in B decays: for
while conventionalNew P hysics scenarios tend to cre—
ate larger e ects In the latter than the fom er, those
signalsm ust also contend w ith a m uch larger Standard
M odel \background" in the latter than the fom er.

T hese searches can be done at the (4S) using D
tagging and tracking of the D production and decay
vertices. R elatively short runs in the cham threshold
region can provide unigue and in portant inform ation
on strong phases needed for a proper interpretation
of results obtained in (4S5 ) runs. They m ight reveal
signi cantly enhanced e ects that can be seen only in
e"e | DO exclusive production.

1. New Physics in charm decays:
mainly CP violation

T he landscape

New Physics In general generates avor chang-
ing neutral currents (FCNC ). The Standard M odel
had to be crafted carefully to suppress them in the
strangeness sector down to the observed level. T hose

20

FCNC could actually be much less suppressed In the
up-type than the down-type quark sectors. Am ong
the up—type quarks, only cham allows the filll range
of probes for FCN C , and thus,New Physics in oscilla—
tion phenom ena, in particular those involving CP vio-
lation: (1) Top quarksdecay before they can hadronize;
w ithout top hadrons T ° oscillations cannot occur. Fur-
therm ore the sheer size of phase space in top decays
greatly reduces the coherence betw een di erent am pli-
tudes needed to m ake direct CP violation observable.
(ii) Hadrons built with u and u quarks, like the °
and ,are their own antiparticle; thus there can be no
0 Y etc. oscillations as a m atter of principle. T hey
also decay very rapidly. In addition, they possess so
few decay channels that CP T nvariance largely rules
out CP asymm etries in their decays.
Strong evidence for D % ° oscillations has been re—
cently found [1]. The most recent averages for the
m ixing param eters are

M p

Xp = 0:0097" 5% ; (8)

D

D

o = 0:0078" 20018 . 9)

D
According to our present understanding { or lack
thereof { these quantities could be produced by Stan—
dard M odeldynam ics, yet xp could still harbour sub-
stantial contributions from New Physics. It will re-
quire a theoretical breakthrough to resolve this am bi-
guity In the interpretation of the data.

Wewillbe on much m er ground in interpreting
CP asymm etries. For on one hand, D D ° oscillations
greatly w iden the stage on which CP violation can ap-
pear as a m anifestation of New Physics; on the other
hand, the Standard M odel m akes nontrivial predic-
tions for CP violation in cham transitions. In CKM
dynam ics there isa weak phase In C = 1 transitions
entering (in the W olfenstein representation) through
Ves, vet it is highly diluted:

1, Loa2 4 .

Ves 7 1 > i 47097 6 1bi: (10)
Furthemm ore two di erent, yet coherent, am plitudes
m ust contribute to the sam e channel to produce a di-
rect CP asymmetry. W ithin the Standard M odel this
can happen at an observable level only In Cabibbo-
suppressed modes { even In these channels, CP
asymm etries can be no more than O (10 3). This
m eans that any observation of direct CP violation In
C abibbo-allow ed or doubly-suppressed channel estab-
lishes the intervention of New Physics. The only ex—
ception to this general rule is provided by m odes like
D ! Kg , Where one becom es sensitive to (i) the
interference between D" ! K% * andD* ! KO *
and (ii) the slight CP im purity in the K 5 state. The
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latter e ect dom inates, inducing a CP asymm etry of
33 16.

W ith xp , vp 0.005 { 001 the possibilities for
CP asymm etries proliferate. In addition to the afore-
m entioned direct CP violation one can encounter tim e
dependent CP asymm etries. The latter can be in-
duced by CP viclation in C = 2 dynam ics, or even
by CP -conserving contributions to the latter that can
m ake the weak phase in a C = 1 am plitude ob-
servable. In both cases an educated Standard M odel
guess points to tin e-dependent CP asym m etries of or—
der10°® %  10°.

The m enu

T here are three classes of CP asym m etries:

1.Direct CP violation can lead to a di erence in
theratesforD ! fandD ! f:

Ae] (11)

AD ! £)j8 3] AD ! £)]:

Strong phase shifts due to nal state interac—
tions, are required to produce such asym m etries
In partialw dths. Since cham decays proceed In
an environm ent populated by m any resonances,
this requirem ent will not, in general, represent
a Im iting factor; it m ght m ake, however, the
Interpretation of signals a m ore com plex task.

2. Indirect CP violation { ie., that which occurs
only In C = 2 transitions. O nem easure for it
is provided by

P s yex 6 1 : (12)

M p

P=pj 1+

T he sam e educated Standard M odelguessm en-
tioned abovepointsto . f=pj several 10 .
O ne should note here that the factor p=M p
apparently is close to unity and thus providesno
suppression to this observable, unlke the case
of BY mesons. Thus one has practically undi-
uted access to a weak phase due to the in-
tervention of New Physics n D D ° oscillations.
A s discussed below , such an asymm etry can be
searched for cleanly In sem ileptonic decays of
neutral D mesons. W hile we already know the
ratio of wrong-sign leptons is sm all, their CP
asymm etry could conceivably be as large as sev-
eral percent! W hile the rate of wrong-sign lep-—
tons oscillates with tine, the CP asymm etry
does not.

3.CP vioclation in the interference between m ix-—
ing and decay: In qualitative analogy to By !
J= KSO, a tim edependent CP asymm etry can

21

arise due to an interference between an oscilla—
tion and decay am plitude:
|

A
c=arg 225 60 (13)
PAf
A CP asymmetry generated by ¢ 6 0 is also

proportionalto sin M p t’ xp (&= p ) and thus

e ectively bounded by xp ; ie:, the present lack

of a signal for a tin edependent CP asymm etry

inD! K*'K on aboutthe 1% lvel is not
telling at all, in view of xp 1% . Yet any in —
provem ent in experim ental sensitivity could re—
veala genuine signal.

Searching for CP violation in cham decays is not
a \w id goose chase". W e know that baryogenesis re—
quires the presence of CP <violating New Physics. Sig-
nals for such New Physics m ight actually be clearer
in D than in B decays: for while conventional N ew
Physics scenarios tend to create larger e ects In the
latter than the fom er, those signals would also have
to contend w ith a m uch larger Standard M odel \back—
ground" in the latter than the fomm er; ie:, the theo-
retical \signal-to-noise" ratio could be better in charm
decays.

T he required searches can be undertaken very prof-
itably in runs at the (4S) by tagging the D® avor
atproduction tineusingD * ! DY * decaysand re-
constructing the proper decay tim e and its error. T his
is done by tracking the D production and decay ver—
ticesw ith constraints provided by the position and size
of the tight €' e interaction region. R elatively short
runs in the cham threshod region,eqg: (3770),can
provide unigue and in portant inform ation on strong
phases needed for a proper interpretation of results
obtained In  (4S) runs. In the latter D° avor tag-
ging exploits the quantum correlationsat (3770);the
poor proper tin e resolition (about the D ¢ lifetin e)
w illm ake tin e-dependent m easurem ents challenging.

In summ ary: C om prehensive and precise studies of
CP invariance in cham decaysprovide sensitive probes
for the presence of New Physics.

€ om prehensive’ m eans that one analyses non—
leptonic as well as sam ileptonic channels on all
C abibbo kevelsin asm any m odesaspossibl;ie:,
including nalstates containing neutrals.

P recise’m eans that one achieves sensitivity lev—
elsof 10 ° orbetter.

Cham decays provide another highly prom ising av-
enue towards nding CP violation, namely in nal
state distribbutions, rather than in partialw dths con—
sidered so far. T his issue w i1l be addressed separately
below .
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Side rem arks on rare decays

T he obviousm otivation form easuring the branching
fractionsforD *=D! ! * , * decaysisto extract
the decay constants fp and fp, in order to com pare
them with lattice Q CD calculations and, hopefully, to
validate these calculationsw ith high accuracy. A m ore
am bitious goal is to probe for contrbutions from a
charged H Iggs eld, as an indication of New Physics.

ThemodeD% ! arises w ithin the Standard
M odelm ainly through a tw o photon interm ediate state
{DY ! pot { and can reach the 10 '?
level. W ith the present experim ental upper bound of
13 10° there isa search w indow ®rNew Physics of
six orders ofm agnitude. M ultiH iggsm odels or SU SY
m odels with R parity breaking could conceivably in—
duce a signal in a range as \large" as few 10° and
10 © , respectively.

Channels such asD ! h,I1h,I1 hh,, wih
h denoting a hadron, receive relatively sizable contri-
butions w ithin the Standard M odelfrom long distance
dynam ics. Thus a search for New Physics contribu—
tionsare not very prom ising there, unless one can m ea—
sure precisely the lepton spectra in the nalstates.

One can probe a rather exotic variant of New
Physics by searching for twodody modes D* !
K *= " f; the charge neutral £ denotes a “am ilon’,
which could arise as the Nam bu-G oldstone boson re-
sulting from the spontaneous breakdown of a global
fam ily symm etry. It has been searched for in K * and
B* decays, but apparently not yet in D © decays.

2. DD %mixing at (4S) and
energies

(3770)

The param eters descrbing cham m xing can be
m easured In tin edependent studies of D m esons or
with tin edntegrated observables of D m esons pro—
duced coherently near charmm threshold.

T he tim edependent D D ° m ixing orm alisn and a
sum m ary of recent experim ental results can be found
in Ref. [2]. M any di erent cham decay m odes can be
used to search for charm m ixing.

The appearance of \wrong-sign" kaons in
sem ileptonic decays would provide direct evi-
dence ©or D D © oscillations (or another process
of beyond Standard M odel origin).

T he m ost precise lin its are obtained by exploit-
ing the tin edependence of D decays produced
ine" e collision near 10 GV .

{ The wrong-sign hadronic decay D9 !
K" is sensitive to Iinear com binations of
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the m ass and lifetin e di erences, denoted
x®% and y". The relation of these param e~
ters to xp and yp is controlled by a strong
phase di erence
{ Direct measurem ents of xp and yp in-
dependent of unknown strong interaction
phases can also be made using time-
dependent studies of am plitudes present in
multibody decays of the D ¥, for exam ple,
D! K *

{ Direct evidence of yp can also appear
through lifetin e di erences betw een decays
to CP eigenstates. T he m easured quantity
in this case ycp , Is equivalent to yp in the
absence of CP violation.

Another approach is to study quantum corre-
lations near chamm threshod [3] in e'e !
DDO %) and e'e 1 DDY (%) decays,
which yield C -odd and C -even D 050 pairs, re—
goectively. Taken together, the tim e-integrated
decay rate to sam ileptonic, K , and CP eigen—
states provide sensitivity to xp ,yp ,and cos

Several recent results provide evidence that cham
m xing is at the upper end of the range of Standard
M odel predictions.

BaBar [4]and CDF [5] nd evidence for oscilla-
tbnsinD® ! K* ,wih 39 (LogL) and 3.8
(Bayesian), respectively. T he m ost precise m easure-
ment is from Belle which excludes x® = v’ = 0 at
21 [6] (Feldm an-€ ousins).

Belle [7]and BaABaAR [8]see 32 and 3 e ects, re—
spectively, ®ryep M D% ! K*'K . Themost pre-
cisemeasurement of yp st D% ! KJ * from
Belle O9land isonl 1.2 signi cant. From the same
analysis,Belle also reportsa 24 signi cant result for
Xp . The current situation would greatly bene t from
m ore precise know ledge of the strong phase di erence

;thiswould allow one to unfold % and yp from the
D?%! K*'  measurem entsofx® and y°, and directly
compare them totheD? ! KJ *  results.

A1l m ixing m easurem ents can be com bined to ob-
tain world average (WA ) values for x and y. The
Heavy F lavorA veraging G roup (HFAG ) hasdone such
a com bination [10, 11]. The resulting 1 -5 contours
are shown In Fig. 10 and Fig. 11. The ts exclude
the nom ixing point (x=y= 0) at 6:7 for both the
no CP violation scenario and the case allow iIng for CP
violation. O ne-dim ensionallikelihood functions forpa—
ram eters are obtained by allow ing, for any value of the
param eter, all other t param eters to take their pre—
ferred values. T he resulting lkelhood functions give
centralvalues, 68.3% C L. intervals,and 95% C L. in—
tervals as listed in Table IV .
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From the results of the HFAG averaging, we can
conclide the follow ing:

The experin ental data consistently indicates
that DY mesons undergo m ixing. The e ect
is presum ably dom inated by long-distance pro-
cesses, and unless Kj Jj Lt may be di cult
to dentify New Physics from m ixing alone.

Since yp Is positive, the CP-even state is
shorter-dived, as in theK °K © system . H owever,
since x appears to be positive, the CP -even state
is heavier, unlke in the K °K © system .

T here is no evidence yet for CP violation In the
D%D Y system .

TABLE IV:HFAG Cham M ixing A verages.

Fit Param eter HFAG Average 95% C L. Interval

CPV x(%) 097" 027 (039:1.48)
v(s) 0:78" 0¥ (0.41:1.13)
Rop (%) 0335 0009  (0.316:0.353)
x () 219" 1 (-6.3:44.6)
« o) 324" 20 (20382.7)
Ap (%) 22 25 (-7.102.67)
F=p3J 0:86" 8 (059:1 23)
() 96" 57 (3036.5)
2 2 [T |
i e ‘ CPV allowed |
2..

1.5]

0.5+
4o
| f B 5a
-1 0.5 0 05 1 15 2 25

x (%)

FIG.10: Two-dinensionall -5 contours for (x;y), ob-
tained from a global t to the m easured observables for

X, Yy qupjl Arg(@=p), x K 0, and Rp from mea—
surenents ofD° ! K*“ ,D° ! h*nh ,D° ! K* ,
D! K* °p°! K* * ,andD®! K °

decays, and doubletagged branching fractionsm easured at
the (3770) resonance (from HFAG [12]).
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FIG. 11: Twodinensional 1 -5 contours for (f=pj
Arg(g=p)), obtained from a glbal t to the m easured
observables for x, y, 3= Arg(d=p), x , x o, and
Rp from measuraments of D’ ! XK*“ ,D° ! h'h ,
DO 1 K+ ,DO 1 K+ O,DO 1 K+ + ,

and DO ! Kg * decays, and double-tagged branch-
Ing fractions m easured at the (3770) resonance (from
HFAG [12]).

The interpretation of the new results in term s of
New Physics is nconclusive. It isnot yet clearw hether
the e ect iscaused by xp 6 O oryp & 0 orboth, al-
though the latter is favored ,as shown in Table IV . Fur-
themm ore, there is no single 5 observation of cham
m ixing nor is one anticipated from the current B Fac—
tories. T his situation w illbe rem edied by results antic—
pated from SuperB . TableV show s the sensitivity to
mixihginD®! K* ,K'K ,andK{ *  chan-
nels from the (45 ) data isin excessof5 if the life—
tin e and m ass di erences in the D ¥ system lie at the
upper end of the range of Standard M odel predictions.

Table V also show s the sensitivity to m ixing from
twom onths of unning at cham threshold. T he sensi-
tivity to the m ixing param eters is com parable to ve
yearsat (4S),w ith di erent sourcesofsystem atic un—
certainties. The (3770) data provides unique sensi-
tivity to cos x . A lthough cos ¥ can be detem ined
from a global tto (4S) results, the direct m easure-
ment from  (3770) data allow y° and x% determ ined
from D% ! K* to contribute to the precision de-
termm ination of x and y.

A Ythough theD mesonsfrom (3770) decay are pro—
duced nearly at rest In the center-ofm ass fram e, the
asymm etrice’ e collisionsm ake tin e-dependentm ix—
ing analyses possible. However, since the production
rate of charm during threshold runningand  (4S ) run—
ning is com parable, the statistical pow er of the tim e~
dependent analyses near threshold is am all.
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TABLE V : Expected precision (
an integrated lum nosity of 75 ab
SuperB ,and LHCbwith 10 fb * [13].

at SuperB at 10 GeV, 300 o g (

24

) on the m easured quantities using m ethods described in the text for SuperB w ith
g two months) running at cham threshold w ith

M ode 0 bservable (4s) (3770) LHCDb
(75ab ') @E00HT) (@A0H?T)
D! K* x® 3 10° 6 10°
y° 7 10°¢ 9 10°
D°! K*K Vep 5 10° 5 10°
D% K¢ ¢ x 49 10°
% 35 10 °
¥=pj 3 10°
2
(3770)! D°D " x? 1 2) 10°
% @ 2 10°
cos (001 0:02)

A serious Ilm itation in the interpretation of cham

3. CP violation

oscillations in termm s of New Physics is the theoretical
uncertainty on the Standard M odel prediction. H ow —
ever, the recent evidence for oscillations opens the w in—
dow to searches for CP asymm etries that do provide
unequivocal New Physics signals. The sensitivity to
these New Physics signals is shown In Fig. 12.

Future B faclory: 75 ab™
True value =(@.00,0)

Arg(ap)

75 08

FIG .12: Progcted twodin ensionall -5 contours with
75 ab ' for (¥=pJ, Arg(g=p)), obtained from a global t
to the observables or x, vy, 3=pJ Arg(@=p), x /, x ©,
and Rp from the sensitivity estin ates in TableV . A \true
value" of f=pj= 0290, Arg(g=p)= 0 is assum ed.

D irect CP violation

Searches for CP violation in C = 1 transitionscan
be perform ed by m easuring asym m etries in the partial
widths or in nal state distribbutions.

G olden m odes are the Cabilbbo-suppressed decays
D° ! h'h ,h = K; , and the doubl Cabibbo-
suppressed decay D® ! K * . These studies can be
perform ed either tin e-integrated or by analyzing the
tin e dependence of the D ® and D decay rates, al-
though in both cases tim e-integrated asym m etries are
measured. D ata atthe (4S) providesthe largestdata
sam ple w ith excellent purities (as large as 99% ).
The contam ination from BB decays can be virtually
elim Inated by In posing a 2:5 G &/=ccuton theD m o-
mentum In the center-ofm ass fram e, which preserves
m ore than 85% of signalevents.

The m ost precise analysis to date [14] com pares
timentegrated D° ! h*h and D° ! h'h rates,
a??, = [Npo ND—0]=[ND0+ND—O},whereNDo (ND_O)
isthe number of D % (D °) m esons decaying nto h™ h

nalstate. In this construction, allCP violation con-
tributions, direct and indirect are present. D irect CP
violation in one or both m odeswould be signaled by a
non-vanishing di erence between the asym m etries for
D°! K*K andD®! * ,a5X 6 a., . There
are two m ain experin ental challenges in these m ea—
surem ents. F irstly, the experin entalasymm etry in D °

avor tagging. T his asymm etry ism easured by deter—
m Ining the relative detection e ciency for soft pions in
data, using the C abibo-allowed decay D° ! K
w ith (tagged) and w ithout (non-tagged) softpion a-
vor tagging, as a fiinction of the pion-m om entum and
the polarangle in the lab fram e. For the azin uthalde-
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pendence, an integrated scale factor is su cient, since

cham production isuniform in azin uth. Since the re-
constructed m odes are CP -even, this is the only detec—
tor asym m etry. Secondly, the forward-backward (FB)
asymm etry in cc production at (4S), a consequence
ofthe =2° interference and higher order Q ED correc—
tions (both at the percent level at this energy), cou-
pled w ith the asym m etric acceptance of the detector,
which produces a di erence in the num ber of recon—
structed D Y and D © events. Thise ect isdirectly m ea—
sured by determm ining the num ber ofD © and D © events
(after soft pion asymm etry correction) as a function
of cos M and decom posing these events Into even
(representing the CP asymm etry and independent of
Jjoos SM Jj) and odd (representing the FB production

asymm etry) parts. T he associated system atic uncer—
tainties are therefore not a lim iting factor, and are
m ostly statistical n nature. O ther potential sources
of uncertainty are highly suppressed because the -
nalstates are reconstructed identically forD ® and D °.
W ith a SuperB data sam ple of 75 ab ' , sensitivities
at3 10* and 4 10? level, braff and a., re-
spectively, are foreseen.

A tim edependentD -m ixing analysisofDCS (w rong
sign) D% ! K * and D% ! K * decays can be
used to separate the contributions of D C S decays from
DD m ixing, separately for D ° and D°. A direct
CP asymm etry can then be constructed from the dif-
ference of DCS D and D° decays, Ap = ([Rpo
R0 )=Rpo+ Ry ), whereRpo (R5 ) istheD? (D ?)
DCS rate. The m ain experin ental di culties in this
analysis are accurate proper tin e reconstruction and
calibration, together w ith asymm etry in the D ° avor
tagging and the m odeling of the di erences between
K* and K absorption in the detector. At SuperB ,
them uch am aller lum inous region and the signi cantly
enhanced vertexing capabilities provide proper tin e
signi cances at the 10 Jlevel (34 tim es better than
in BaBar [15], with decay length resolition of about
80 m, 3 ), signi cantly reducing the systam atic
uncertainties associated w ith the m odeling of the long
decay tin e com ponent and possible biases. System —
atic uncertainties related to the asym m etry in the soft-
plon tagging can be keep under controlusing a sin ilar
procedure to that outlined above. C orrections due to
the FB production asymm etry and kaon hadronic in—
teractions can be perform ed relying m ainly on data,
through untagged D° ! K * andD°! K* de-
cays m easured as a function of cos SM . Scaling the
statistical uncertainty from the BABAR analysis to 75
ab ' we obtaln a sensitivity on Ap of4 10°. To
reach or in prove this sensitivity level, system atic un—
certainties, currently 15 10 3, willhave to be reduced
by a factor of ve or better, which is feasible since the
uncertainty ofthe system atic corrections scale w ith the
size of the data sam ple.
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Forasymm etries In nalstate distrdbutions, the sin —
plest way is to com pare CP conjigate D alitz plots for
3body decays. D i erent regions of the Dalitz plot
may exhibit CP asymm etries of varying signs that
largely cancel out when one integrates over the en-
tire phase space, therefore subdom ains of the D alitz
plot could contain signi cantly larger CP asym m etries
than the whole phase space. Since understanding the
dynam ics is not an easy goal to achisve, one could
try up to four strategies, three of which are m odel-
independent. First, quantify di erences between the
D ? and D ° D alitz plots in two din ensions. Secondly,
Jook for di erences in the angular m om ents of D °
and D ° intensity distributions. Thidly, in a m odel-
dependent approach, look for CP asymm etries in the
am plitudes describing interm ediate states in the D °
and D ° decays. Finally, ook for the phase-space in—
tegrated asymm etry. Asymm etries in the D° avor
assignm ent and FB production asymm etries only af-
fect the last m ethod, and can be kept under control,
as discussed above. From the pioneering BABAR anal-
ysis usihg D ° ! * %andD® ! K K* % [16]
sensitivitiesat3 10% and 9 10? level, respectively,
are anticipated.

Form ore com plex nal states other probes have to
be em ployed. A goldden exam ple is discussed below .

Indirect CP violation at the (4S) and (3770)

CP violation in m ixing can be investigated from the
data taken atthe (4S)and atthe (3770) resonances
in sem iHeptonic transitions. In both cases one m ea—
sures an asymm etry from events n which the D° or
D 9, previously avor tagged, has oscillated (signaled
as a wrong sign decay),

N o N @wf P
asy = — = = — (14)
N @+ N** @) 3f+ b
where N (N ) represents the number of D !
‘X @1 “* ¥ ) decays w hen the other D m eson

wastagged asD © (D V) at production tin e. D ata at the

(3770) bene tfrom a very clean environm entw ith al-
m ost no background. Severaldecay channels can be
exclusively reconstructed to Increase the asymm etry
sensitivity. C onsidering the D  and D ° both decaying

intox *,k * % ** K & ,K * ,
K & ,K *,K e , & , * ,K K*
and *,and using recent results for the D D ® m ix-

ing param eters x and y [1], a sensitivity to CP vi-
olation of 2.5% in one month of running at thresh-
old is expected. The quantum correlation ensures
that the sam esign com binations can only be due to
m ixing; thus hadronic m odes can be treated lke the
sem ileptonic decays (no DCS contribution). Control
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of system atic uncertainties is expected at the percent
level, dom inated by channels with ° and parti-
cles [17, 18]. M issing m ass techniques with full re-
construction of (3770) ! DD events, om itting one
of the product particles, can be used to evaluate the
accuracy in the reconstruction. Large control sam ples
of decay channels w ith unequivocal particle content
keD?! K2 * and D" ! K ' ¥ will reduce
the uncertainty on PID e ciencies. O ther sources of

system atic uncertaintiesw illalso bene t from the pre-
cise m easuraem ent of the beam energy and in proved
detector perform ance.

At the (4S), the soft pion com ing from D de-
cays (D © ! DY ) can be used to tag the avor of
the D°. The m easuram ent of wrong sign leptons in

sem ileptonic decays then provides a clear signature of
a m ixed event. Data are taken from the continuum .
Background events from B decays can be reduced by
mposinga 2.5 G&/=ccuton theD momentum . W ith
this m ethod, the statistical sensitivity in the decay
asymm etries would reach the 1% level In one year of
data taking. System atic uncertainties are foreseen to
arise from the control of backgrounds and PID m an-—
agem ent (m ainly lepton identi cation),which w illben—
e t from the vertex capabilities to suppress the back—
ground and large control sam ples to study the PID .

CPV in the interference ofm ixing and decay

CP violation In the interplay of C = 1;2 dynam —
ics can be searched for through tin e-dependent anal-
ysesofD? ! K*K andD? ! ¥ decays. CP
viokation and D D ° m ixing alter the decay tin e dis-
tribution of D ° and D ° m esons that decay nto nal
states of gpeci ¢ CP , and a tin edependent analysis
of the tagged D © and D ° intensities allow s a m easure-
mentofthe ¢.Toagood approxin ation, these decay
tin e distrbutions can be treated as exponential, w ith
e ective lifetines |, and ., .

The e ective lifetin es can be com bined Into the
quantities ycp and Y :

1; Yy = = -A
hhhl

Yep = hopd

where hppi = (., + ,,)=2 and A = (.,

on )= ( gh + o). Thegodenmode isD% ! K*K ,
since the com binatorial background is 10  amaller
than in the * channel, and the selected sam ple is

2 hrger.D ! K? istead hasa large (  10% )
contribution from S wave, so it is better analyzed us-
ing the D alitz plot technique (see Sec. 4).

The SuperB sensitivity to yep and Y In theK K
and m odes can be extrapolated from the current
BABAR analysis [14], assum ing that the system atic er-
rors can be kept under control. Provided that CP vi-
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olation in m ixing is am all, the sensitivity to the CP —
violating phase is dom inated by the rst term in the
expression foryep and Y .

P=ajxsin ;

2ycp = (FFpJj+ P=aj)y cos (3=pJ

2Y = (p] P=ajlycos (F=pj+ P=alxsh ;
therefore we can estin ate the sensitivity as  (cos )’
(wp)=y ' 3 10%=y, (sh )’ (Y)=x' 3

10 4 =x.

M ost of the system atic errors a ecting the signal
cancel in the lifetin e ratio. T he errors associated w ith
the background are unrelated between D © and D © and
do not cancel; however they do In prove w ith statis-
tics. Tn addition, the superior resolution of the vertex
detector w i1l further reduce the system atic errors as-
sociated w ith the position m easurem ent. W e therefore
expect that the systam atic ervors can be kept under
control.

O ne underlying assum ption in the recent BaBAR
analysis [14]is that the resolution bias is the sam e for
all the channels K ,KK, ) and does not depend
on the polar angle . This could introduce a bias in
the m easurem ents, because of the di erent polar an-
gle acceptance In the various channels. W ith a higher
statistics sam ple, however, this systam atic e ect can
be overcom e by splitting the sam ple Into polar angle
(or other variable) Intervals. T he production asym m e~
try is not Im portant w ith BABAR statistics, but could
becom e signi cant at sensitivities of the order of few

10 . However this can be handled using control
sam ples, such as the untagged D °, which have about
5 tin es m ore events (assum ng D ° and D have the
sam e asym m etry), as discussed in Sec. 3.

T odd correlations

A1l CP asymm etries observed so far have surfaced
in partial widths { with one notable exception: the
forwardbackward asymm etry "MAi in the * and
e"e planes n K ! Y ete . MAi’ 14% had
been predicted { and con m ed by experin ent { asbe-
ing driven by the Indirect CP impurity 7, j’ 023% .
T he reason for thism agni cation by tw o ordersofm ag-
nitude iswellunderstood: MA 1 is induced by the inter-
ference between a CP -violating and a CP —conserving
am plitude, both ofw hich are suppressed , albeit fordif-
ferent reasons. T his explains why the enhancem ent of
theCP asymm etry com esat the expense of the branch-
ing ratio, which isabout 3 10 ; ie:, one has traded
branching fraction for the size of the asym m etxy.

Tt is possible that a sin ilar e ect and enhancem ent
occurs In the analogousmode Dy ! K 'K * ,
where D |, denotes the \long-lived" neutral D m eson.
Thism ode can be studied uniquely at SuperB operat-
ing atthe (3770) by CP -tagging the other neutralD
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m eson produced as a \short-liv

DD

"Dsl

ee | !

K*K }D. (15)

There is a more general ksson from the K !

e" e example, namely that CP violation could
surface in an enhanced fashion in multibody nal
states. This could tum an apparent vice in chamm
decays { the preponderance of m ultibbody nal states
{ Into a virtue. T his issue w ill be addressed in detail
in Sec. 4.

T hese considerationsalso apply to fourbody m odes,
although less experience w ith such studies has been
accum ulated so far. Som e Intriguing pilot studies have
been perform ed on a com parison of D ° ! £ and DO !
f,f=K**K * channels. Denoting by  the
angk between the * and K "K plnes, one has

+

d

d—(D0 I f)= jcof + ,sh? + sc0s sin ; (16)
d —o — - ., = .

d—(D ! f)= 1c052 + ,sin scos sin @ (17)

Upon Integrating over ,the 3 and _3 term s cancel;
(15 2)6 ( 1; 2) thus represents a CP asymm etry
in the partial widths. The 3 and ", tem s can be
pro gcted out by integrating over two quadrants:

R _ R
0 ‘a & _d ?i_ 2 3
i= B = ; (18)
0 d T <l+ 2
R _ - R —
— 072d i_ d - 2 3
Mmi= = = = — — (19)
o d i— (1+ 2)
W hile ;5 and s represent T -odd m om ents, they do

not necessarily signalT violation, since they could be
induced by strong nalstate interactions. Yet
36 3 =) CP viohtion: (20)

Such an analysis is theoretically clean, since the depen—
dence on the angle is gpeci cally predicted, which in
tum allow s cross checks to control experin ental sys—
tem atics.

A Yematively, one can de ne another T -odd correla—
tion am ong the pion and kaon m om enta,nam ely C
) forD ¢ and GT B (P

-  (® P p+)

®£DO. Sin ilar to the previous case one has: Cp &

Cr =) CP vickhtion. One can then construct

T -odd m om ents

Cr >0 Cr <0

Ap = (Cr ) (Cr ); 21)
(Cr>0)+ (Ct <0)
— C: >0 Cr < 0

A = (_T ) (_T ) ; 22)
Ct>0)+ (Crt<0)
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and therefore

Ar )6 0 =) CP viclation: (23)
A prelin nary study based on 380 fo ' of BABAR data
suggests a sensitivity of 533  10° in Ay that would
extrapolte to 4 10* for 75 ab ' . W ith such a
sam ple one can analyze even tim e slices ofAg . These
are very prom ising sensitivities.

Sin flar CP studies can be perform ed for other four-
body m odes, and one can also com pare YLO m om ents
and even fi1ll am plitude analyses.

Charm baryon decays

Cham baryons decays are sensitive only to direct
CP violation. Longitudinally polarized beam s { m oti-
vated m ainly by CP studies in  production and de-
cays { provide an intriguing handle for CP studies
in cham baryon decays, since cham baryons woull
be produced w ith a net longitudinal polarization that
would allow the fom ation of novel CP -odd correla—
tions with the m om enta of the particles in the nal
state. T he controlof the sign of longitudinal polariza—
tion provides an excellent handle on system atics.

4. M ixing and CPV in 3-ody decays

A DalitzpbtanalysisofD? ! K *  eventspro-
vides a godden m ethod for studying m ixing and CP
violation in m ixing/decay/interference. If D alitz plot
m odel system atics can be kept under control, direct
CP <violation can also be Investigated. P resent BABAR
data [19] show that at the (4S), signal events from
thedecay chain D * ! D? * withD® ! KO *
can be selected at a rate close to 1000/ fo * w ith a pu-
rity 0f97.0% ,and am istag probability of 0.1% . K 0 are
reconstructed in the * nal state; a requirem ent
thattheKSO proper tin e be 85 allow s us to reduce
K ? contam ination to a level of 10 ° . R econstructing
theD? ! K9 *  decay vertex, the D ° proper tim e
( p ) can bem easured w ith an average errorof 02 ps
In BABAR and 0: psatSuperB , to be com pared w ith
the D 0 lifetim e of 0 4 ps.

W e use the Invariant mass of K pairs: mi =
m?®?; ")andm? =m?®?; ),andwede nethe
follow ing D alitz plot am plitudes (fp ) and probabilities
(pp ), which also depend on t:

2

250 % @m?;m? ;07 D tag (24)

F m?;m?;0F Dtag (25)

po (m 7 ;m
By, m?m? ;1)

T he signatures for interesting processes are the follow —
ing ones:
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M ixing w ithout CP violation

oo M2 m?;t) = B m?;m?;t) 8t but(26)
o

pp mZ;m?;0) 6 m?m?;t) (27)
CP viclation in m ixing

@m?2;m?;0) and (28)
(m?m? L) (29)

pp m2;m?;0) = B,
pp mZ;m?;t) 6 By

D irect CP violation

ppmZ;m?;0)6 P, m?;m?;0) (30)
and the quantities, to be m easured, that enter in the
previous D alitz plot distribution functions, are: x, v

(m ixing param eters), P=pjor = ifgi}j and =
arg(gif ) (CP -violation param eters).
x,y, and can be extracted in a Dalitz m odel-

dependent analysis with the isobar or K -m atrix ap-
proach, using global ts. Exam ples are described in
references [19, 20 ]. For them odeldependent approach,
we conservatively estin ate the SuperB sensitivity at
75 ab ! by extrapolating from the current analyses.
Statistical errors can be scaled with the square root
of lum inosity. T he result exceeds the desired goal of
10 3, a level not reachable by BES-III. The second
source is from system atic errorsdue to the experin ent.
They are m ainly due to background param etrization,
e clency variation over the D alitz plot, experin ental
resolution biases on D alitz plot variables, decay tin e
param etrization, and m istag fractions. Background
param etrization is checked w ith sidebands (according
to the M onte Carlo, the background does not peak
in the D ° m ass signalregion), and scales w ith statis-
tics. E ciency variation studied with M onte Carlo
events scales w ith the M onte C arlo statistics. Biases
on D alitz plot variable m ass resolution are negligible.
D ecay tin e param etrization in proves w ith the size of
the data sam ple and due to the tim e resolution at
SuperB . M istag fractions can be checked w ith other

nal D states; their contribution is negligible. Tt is
thus plausibl that the errors arising from experin en—
tal sources can be scale with statistics as well, but
we prefer to be conservative, and evaluate these sys—
tem atic errors using an additional safety factor oftwo.
T hese errors are shown in Table VI; we can see that
they are am aller than the statistical errors.

The last, but not the least in portant, source of
system atic errors, is the m odel used, typically isobar
or K -m atrix m odels or a partialswave analysis. Un-—
certainties arise from radius param eters, m asses and
w dths of the resonances, and the choice of resonances
Included in the t. Recent results from CLEO and
Belle [9, 20] have, however, dem onstrated that the

28

TABLE V I: Current Belle errors with 054 ab ' on rele-
vantm ixing and CP violation param eters.
Par. Stat. Exp. Syst. M odel Syst. Total
x (10 %) 300 8.0 12.0 333
vy (10 %) 240 10.0 7.0 269
(10%) 150 25 40 15.7
(deg) 170 40 3.0 17.7

TABLE V II: SuperB errorswith 75 ab ! on relevant
m ixing and CP violation param eters.

Par. Stat. Exp. Syst. M odel Syst. Total

x(10%) 25 14 40 49

v (10%) 20 1.7 23 35
(10%) 13 04 13 19
(deg) 14 0.7 10 19

m xing and CP violation param eters are not very sen—
sitive to D alitz m odel variations. The sensitivity to
m odels w ill be checked using two m odel independent
approaches:

W ith a very large data sam ple, a partialwave
analysis is capable to determ ine the am plitude
and phase variation over the phase space directly
from data.

D ita collected at cham threshold w illm ake the
D D ? relative phase accessble [21].

Even if it is extram ely di cult to m ake predictions
on the D alitz m odel system atics at SuperB , it is rea-
sonable to assum e that these w ill be substantially re—
duced w ith respect to the present errors from Belle [9].
By com paring the CLEO analysis based on 9.0 fb !
w ith the Belle analysis based on 540 fb ! we realize
an in provem ent of the D alitz m odel system atic error
of more than a factor of four on average. This in —
provem ent is m ainly due to the fact that the larger
statistics data sam ple allow s a better determ ination of
the D alitz m odel param eters. C ontam plating a factor
of three in provem ent for the m odel error at SuperB
seem s conservative, since it does not take into account
the bene ts of partialiwave analysis, and the use of
data collected at chamm thresholdd. Sensitivity pre-
dictions for m ixing and CP violation param eters at
SuperB are shown in Table V II.
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Tau P hysics

Searches for lepton avor violation in tau decays con—
stitute one of the m ost theoretically and experin en—
tally clean and pow erfiil probes to extend our know -
edge in particle physics. In this speci ¢ area, SuperB
has clear advantages over the LHC experin ents and
SuperK EK B, and it is com plem entary to muon LEV
searches. E xperin ental investigations on CP violation
in tau decay and on the tau EDM and g 2 provide
SuperB w ith additional experim entally clean tools to
shed light on unexplored territories, w ith the ability
to test som e gpeci ¢ New Physics scenarios. Further-
m ore, precise tests of lepton universality can reveal
new phenom ena, although attaining the required pre-
cision is challenging, SuperB is once again the best-
positioned pro gct, due to its very high um nosity.

W ith an integrated lum inosity of 75ab ! , SuperB
will be able to explore a signi cant portion of the
param eter gpace of most New Physics scenarios by
searching for LEV in tau decays. W hile the M EG
experiment [1]willsearch for ! e with great sen—
sitivity, SuperB w ill uniguely explore transitions be-
tween the third and rst or second generations, provid—
ing crucial Inform ation to determ ine the speci ¢ New
Physics m odel that produces LEV . The LHC experi-
m entsare, in general, not com petitive in LFV searches;
SuperK EK B ,w ith 10ab b, willalso be ablke to explore
LFV in tau decay, but with a sensitivity that does
not challenge the maprity of New Physics m odels.
SuperB has the advantage of higher lum inosity, w hich
increases its tau LFV sensitivity by a factor 2.7 in the
worst hypothesis of background-dom inated analyses,
even assum ing no in provem ent in analysis technigues.
For analyses which are background-free, SuperB will
have a sensitivity at least 7.5 tim es better, and will
also pro t from reduced m achine background. Fur-
therm ore, SuperB can have a 85% linearly polarized
electron beam , which will produce tau leptons with
known and wellde ned polarization that can be ex-—
ploited either to in prove the selection of LEV nal
states, given a speci ¢ LFV interaction, or to better
determ Ine the features of the LFV interaction, once
they are found.

E xperin ental studies on CP violation in tau decay
and on thetau EDM and g 2 are especially clean tools,
because they rely on m easurem ent ofasym m etriesw ith
relatively am all systam atic uncertainties from the ex-—
perin ent. The beam polarization also in proves the
experin ental sensitivity fortau EDM and g 2 determ i-
nations, by allow ing m easurem ents of the polarization
of a single tau, rather than m easurem ents of correla—

30

tions between two taus produced in the sam e events.

w ith this technigue, SuperB can test whether super—
symm etry is a viable explanation for the present dis—
crepancy on themuon g 2. A Ithough them ost plausi-
bleNew Physicsm odels constrained w ith the available

experin entalresults predict CP violation in tau decay

and the tau EDM In a range that is not m easurable,

SuperB can test speci ¢ m odels that enhance those

e ects to m easurable levels.

1. Lepton Flavor V iolation
P redictions from N ew Physicsm odels

In the follow ing, we discuss the size of LFV e ects
on decays and correlations that are expected In su-
persym m etric extensions of the Standard M odel and,
in particular, in the socalled constrained M SSM , T he

avor-conserving phenom enology of this fram ew ork is
characterized by veparam eters:M ;_,,M ¢,A(,tan ,
sgn . We will discuss a subset of the \Snowm ass
Points and Slopes" (SPS) [2], listed in Table V ITI, in
this ve-dim ensional param eter space to illustrate the
m ain distinctive features of the m odel as they relate
to lepton avor violation.

Specifying one such point is su cient to determ ine
the phenom enology of them odelrelevant forthe LHC ,
but it isnot su cient to unam biguously com pute LEV
rates. The amount of avorwiolation is controlled
by other param eters, which play no role in high-pr
physics. N onetheless, specifying the avor-conserving
param eters allow s us to sin plify the description of
LFV decays and, in particular, to establish clear cor-
relations am ong di erent processes.

TABLE VIII:ValuesofM ;_,,M o,Ap, tan , and sign of
for the SPS points considered in the analysis.

SPS M., (GeV)M,y (GeV) Ay (GeV) tan

la 250 100 -100 10 > 0
1b 400 200 0 30 >0
2 300 1450 0 10 > O
3 400 90 0 10 > 0
4 300 400 0 50 > 0
5 300 150 -1000 5 >0

At all the SPS points, LFV decays are dom inated
by the contrbution of dipoletype e ective operators
of the om (L LF ). DenihgR ) = B( !
a)B( ! Db), The dipole dom nance allow s us to es-
tablish the follow Ing relations,

R 10 102 ! B( ! é&e 101

) )< 5
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R, 25 10° 1 B( ! %< 101°
Rf )) 22 10° ! B( ! 3 )< 10%°
R <103 1 B( ! y< 5 10%;

)

where the bounds correspond to the present lim it

B( ! )< 45 10 . Sinilar relations hod for
! e transitions. A s a result, n such a fram ework
only ! and ! e decays are within experi-

m entalreach.
To estin ate the overall scale of ' ( ;e) rates,
wem ust specify the value of the LEFV couplings, since
they are not detemm ined by the SPS conditions. In
the m ass-insertion and leading—log approxin ation, as-
sum Ing that the leading LEV couplings appear in the
left-handed slepton sector, we can w rite
2
B(Li! L ) ’
B! Li4)

me
ji 2
tan ; (31)
8 14
M S

~2
F

w here, to a good approxin aijon,MS8 " 0:5M 02M 12:2

M§&+ 06M7,). InaGrand Unied Theory (GUT)

w ith heavy right-handed neutrinos, the o -diagonal
entries of the slepton m ass m atrix m; are lkely to

be dom inated by the avorm ixing in the (s)neutrino
sector. T hese term s can be expressed as
2
5 6M 2+ 2A%

m — 5 ij7r

e 5 16 2 (32)

where ;5= YYY ji]oc_;j(M cutr=M g ) In tem s of the
neutrino Yukawa couplings (Y ), the average heavy
right-handed neutrinomass (M ) and the GUT scale
M gur 10°{10'® GeV). Given the large phe-
nom enologicalvalue of the 2{3 m ixing In the neutrino
sector (and the corresponding suppression of the 1{3
m xing) we expect j 323 js1jhence B( ! )
B( ! e ). Forsu clntly heavy righthanded neu-
trinos, the nom alization of Y issuch thatB ( ! )
can reach valies in the 10 ° range. In particular,
B( ! )> 10 ° if at Jeast one heavy right-handed
neutrino hasam assaround orabove 10'* G eV (in SPS
4) or 10" Gev (in SPS 1la,lbR2,3,5).

A key issue that must be addressed is the role
of B( ! e ) In constraining the LFV couplings
and, m ore generally, the correlations between B ( !

( ;) )and B( ! e ) in this framework. An ex-—
tensive analysis of such questions has been presented

in Ref. [3, 4], under the hypothesis of a hierarchical
spectrum  for the heavy right-handed neutrinos.

T he overall structure of the B (! yvs.B( !
e ) correlation in SPS la is shown in Fig. 13. A s an-
ticipated, B( ! ) 10° requires a heavy right-
handed neutrino around or above 10'* G eV . T his pos-
sbility is not excluded by B( ! e ) only if the 1{3
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m xing in the lepton sector (the 13 angle of the neu—
trino m ixing m atrix) is su ciently small. This is a
general feature, valid at all SPS points, as illustrated
In Fig. 14. In Table X we show the predictions for
B( ! ) and B( ! 3 ) corresponding to the
neutrino m ass param eters chosen In Fig. 14 (in par-
ticularM y, = 10** G eV ), for the various SPS points.
Note that this case contains points that are within
the SuperB sensitivity range, yet are not excluded by

B( ! e ) (asilustrated in Fig.14).
108 . . . . — . ‘
SPS 1a 1
10°F M= 10%° GeV, my, = 10! Gev ']
my; =107 eV
jperss 0<|6, <4 3
- 0<10, <4 !
> 6,=0 L
T LN e ECC. CEEEEEER -/ SR
1 |
- ‘
= 12| 1
x 10 !
0 1
10BE i
013=:1° . |
14 [ 7 13 e133 530 ¢ :A
10 ' mys =10 Gev | B13= 5° . [
_ 1012 | ‘ 6;3=10° « |
1015 Myg = 107" Gev ( . . . — ; .
10 108 10 10™ 10 109  10%8 107
BR(T - py)
FIG.13: B( ! yvs.B( ! e )in SPS la, for three

reference values of the heavy right-handed neutrino m ass
and several values of 13. The horizontal dashed (dotted)
line denotes the present experin ental bound (future sen-
sitivity) on B( ! e ). A 1l other relevant param eters are
set to the values speci ed in Ref. [3].
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FIG.14: B( ! e )asa function of 13 (in degrees) for

various SPS points. The dashed (dotted) horizontal line
denotes the present experin ental bound (future sensitiv—
ity). A 1l other relevant param eters are set to the valies
speci ed in Ref. [31].
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TABLE IX : Predictions for B( ! yand B( ! 3 )
corresponding to the SPS points. The values ofmy, and
m , areasspecied in Fig. 14 [3].

SPS la lb 2 3 4 5
B( ! ) 10° 4279018 026 97 0.019
B( ! 3) 10" 9.4 18 041 059 220 0.043
LFV in the NUHM scenario
At large tan and not too heavy H iggsm asses, an—

other class of LFV interactions is relevant, the ef-
fective coupling between a { pair and the heavy

(scalar and pseudoscalar) H iggs bosons. This cou-
pling can overcom e the constraints on B( ! )
and B( ! ) dictated by B( ! ) In the dipole-

dom inance scenario. Such a con guration cannot be
realized in the CM SSM , but it could be realized in the
socalled NUHM SUSY scenario, which is also theo—
retically wellm otivated and rather general. In such a
fram ew ork, there are speci ¢ regions of the param eter
space in which ! could have a branching ratio
in the 10 ° {10 '° range, com parable or even slightly
lrger than B( ! ) B

Finally, In m ore exotic New Physics fram ew orks,
such as SUSY without R parity, Little Higgs M od—
els with T parity (LHT) or 7’ models with non-
vanishing LEV couplings (Z ’ ‘1'5), the ! rate
could be as large as, or even larger than !
(see eg., [6]). In this respect, an in provem ent of
B( ! ) at the 10'° level would be interesting
even with B( ! )< 10 7.

SuperB experim ental reach

SuperB experim ental reach

A sensitive search for lepton avorwiokhting de-
cays at SuperB requires signal to be selected with
as high an e ciency as possble, whilk allow ing m in—
In al, and preferably zero, background. A candidate
efe 7 events obtained from an initial screen—
ing selection isdivided into hem ispheres in the center—
ofm ass fram e, each containing the decay products of
one lepton. Unlke Standard M odel decays,which
contain at least one neutrino, the decay products from
a LFV decay have a com bined energy in the center-of-
m ass fram e equalto = s=2 and am ass equalto that of
the .A requirem enton the two din ensionalsignalre—
gion in the E ¢ {M ¢ plane therefore provides a pow —
erfiil tool to refect backgrounds, w hich arise from well-
understood Standard M odel decays. Consequently,
residual background rates and distributions are reli-
ably estim ated from M onte C arlo sin ulations and vali-
dated using quantitative com parisonsw ith data asvar-
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Jous selection requirem ents are applied. G lobal event
properties and an explicit denti cation of the non-
signal decay can be applied to suppress non— back-
grounds w ith only m arginal loss of e ciency.

The considerable experience developed In search-—
ing for these decays In the 0:5 ab! data set at
BaBarenables us con dently to estin ate background
levels to be expected w ith 75 ab ' for selection strate-
gies sin ilar to those of the existing experin ents. T hese
lead us to classify the LFV decay m odes into two cat—
egories for the purposes of estin ating the experim en—
tal LFV discovery reach of SuperB : (i) m odes hav-
ng \irreducible backgrounds" and (ii) m odes that do
not have irreducible backgrounds. For lum inosities of
10%°*cm st , [ decays fall into category (i),
whereas ! “‘ and I * h® genemally &1l into
category (ii), where / is either a m uon or electron and
h® is a hadronic system . The hadronic system m ay
be ddenti ed as a pseudoscalar or vectormeson ( %, ,

9K g , !, K etc.) ora non—resonant system of two
plons, two kaons or a pion and kaon.

The category (i) decay m odes have the property
that w ith perfect particle identi cation no known pro-
cess or com bination of processes can m In ic the signal
at rates relevant to SuperB . T he challenge In search-
ing for these decays is thus to rem ove allnon—- back—
grounds and to provide as pow erfill a particle denti-

cation as possible. For category (i) m odes, however,
even w ith perfect particle identi cation, there exist
backgrounds that lin it the discovery sensitivity. In
fact, there areno v Standard M odelprocesses
expected at these lum inosities, but there are com bi-
nations of processes that can m in ic this signal, even
w ith perfect m easurem ents. In the case of ! ;
for exam ple, the irreducible background arises from
events having a ! decay and a  from initial
state radiation (ISR ) In which the photon com bines
with the muon to form a candidate that accidentally
falls into the signalregion in the E . {M x plne. At
su ciently higsh rates, ! “ %and ! “ ( ! )
searches w ill su er the sam e problem s when two hard
ISR photonsaccidentally reconstructtoa © or mass,
but the rate for two hard-photon ISR eam ission w illbe
roughly 100 tin es low er than the rate for a signalhard
photon em ission and lower still when requiring a
mass to match that ofa ° or . Consequently, this
is not expected to be an issue at SuperB lum inosities.
Similarly, ! ede and ! &e can, n prin—
cple, su er a background from ! &e events
w here the ISR photon undergoes intemal pair produc—
tion. Such background events are expected to start to
Just becom e m easurable for lum inosities roughly 100
tin es higher than current experim ents, and so m ight
Just begin to in pact the experin ental bounds placed
on those m odes at SuperB .

Vi
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T he experim ental reach is expressed here In temm s
of \the expected 90% CL upper lin it" assum ing no
signal,aswellas in tetm sofa 4 discovery branching
fraction in the presence of pro fcted backgrounds. In
the absence of signal, for large num bers of background
events N pyq, the 90% CL upper lin it for the num ber
of signal events can be given as N §* 164 Nypkg,
whereas for snall Ny, a value for N J is obtained
using the method descrbed in [7], which gives, for
Npxg 0, Ng" 24. If a signal is determ ined from
counting eventsw ithin a signalregion rather than from
a t,the 90% CL branching ratio upper lim it is:

pur_ NE NG )
SN 2L
where N = L is the number of —pairs pro—

duced in €' e collisions; L is the Integrated um inos-—
ity, =0.919 nb [8] is the —pair production cross
section,and  is the signale ciency.

The ! progcted sensitivity is based on
the published BABaAR analysis [9], but incorporating
changes designed for a very high lum inosity data set
and using the in proved muon particle denti cation
e clencies that becam e available w ith a hardw are up-
grade to the BABAR m uon system . T he published anal-
ysis explicitly denti esthe non-signal decaysas spe-
ci ¢ Standard M odel decay m odes. In the published
analysis, this setoftagm odes includes ! ,which
has a disproportionate am ount of -pair background
com pared to the other tag m odes. For SuperB um i-
nosities it would appear that a m ore optim al analysis
would not Include thism ode. T he consequence is that
the e clency for a 2 signal ellipse region su ers a
decrease from dropping the -tag, but increases from
the other in provem ents to both the analysis and the
hardw are, so that thenet e ciency is 7.4% . T he back—
ground levels for 75 ab ! areprofcted from theM onte
Carlo to be 200 50 events from the ! () irre—
ducible background. T his leads to an expected 90% CL
upper lin it of 2:3  10° and 4 discovery reach of
56 10° . It is in portant to note that further in —
provem ents can be obtained using the SuperB polar-
ized electron beam . For a 100% polarized electron
beam , the polar angles of the signal decay products
provide additional background suppression, as is evi-
dent from Figure 15. The \irreducible background"
would be cut by 70% for a 39% loss in signal e —
ciency. Thiswould result in approxin ately a 10% in —
provem ent in the sensitivity: an expected upper lim it
of 21 10° and 4 discovery level of 50 107 .
However, by far the m ost In portant aspect of hav-
ing the polarization is the possibility to determ ine the
helicity structure of the LFV coupling from the nal
state m om enta distributions (see for nstance R ef.[10]
forthe ! process). Note that fora data sam ple
of 15 ab ! using a m achine w ith no polarization, the
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sam e analysis and detector can be expected to yield an
expected upper lim itof52 10° w ith a discovery po—
tentialof1:3 10°% . Sin ilar analyses can be expected
to yield com parable sensitivities for the I e
LFV decay m ode, based on the published BABAR anal-
ysis [111].

T he situation for the other LFV decays, ! 4177
and ! ‘'h, is di erent, as these m odes do not suf-
fer the problem of accidental photons w ith which the

[ searches m ust contend. In these cases, one
can pro jct sensitivities assum ing N x4 com parable to
backgrounds In existing analyses for approxin ately the
sam e e ciencies. For illustrative purposes, we dem on—
strate how this is accom plished for the ! *
based on m odi cations to the published BABAR analy—
sis [12]. The published analysis m anaged to suppress
the backgrounds for the data set w ithout explicitly
dentifying the Standard M odel decays for the non—

signal and using the loosest m uon denti cation al-

gorithm s.

«
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FIG .15: D istrbution of the cosine of the signalside m uon

m ultiplied by the m uon charge for signal and background

events w ith and w ithout electron beam polarization in the
! search analysis at SuperB .

Table X summ arizes the sensitivities for various
LFV decays.

TABLE X :Expected 90% CL upper lim itsand 4 discovery
reach on ! and ! * LFV decays w ith
75ab ' with a polarized electron beam .

P rocess Expected 90% CL 4 D iscovery
upper lin ited R each

B( ! ) 2 10° 5 10°

B( ! )2 10%° g8 10'°
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2. Lepton universality

Treelevel H ggs exchanges in supersym m etric new
physicsm odels can inducem odi cations of lepton uni-
versality of order 0.1% [13], an aller but close to the
present experin ental accuracy of 02% [14]. As
discussed In Ref. [15], SuperB can probably m easure
lepton universality to 0:1% or better. However the
m easurem ent is lin ited by experin ental system atic
uncertainties on the m easurem ent of the tau leptonic
branching fractions and the tau lifetin e, as the m od—
est progress provided by the existing B Factories also
con m s [16]. Therefore it cannot be advocated that
the SuperB advantages in term s of um inosity are cru—
cial and necessary for the advancem ent of this partic—
ular sector, although large statistical sam ples w ill be
an advantage to reduce experin ental system atic un—
certainties.

3. TauCPV ,EDM and g 2

P redictions from N ew Physicsm odels

CP violation and T -odd observables in tau decay

CP violation in the quark sector has been observed
both In the K and in the B system s; the experin en-—
tal results are thus far fully explained by the com -
plex phase of the CKM matrix. On the contrary,
CP violation In the lepton sector has yet not been
observed. W ithin the Standard M odel, CP <violating
e ects In charged-lepton decays are predicted to be
vanishingly sm all. For instance, the CP asymm etry
rate of ' K 0 is estinated to be of order
0 (10 ') [17]. Evidence for CP viohtion in tau de-
cay would therefore be a clear signal of New Physics.
In one instance, the ! Kgs rate asymm etry, a
snallCP asymmetry of 3:3 102 is induced by the
known CP -iolating phase of the K % Om ixing am pli-
tude [18]. This asymm etry is known to 2% precision.
T hus, thism ode can serve as a calbration, and in ad—
dition, any deviation from the expected asymm etry
would be a sign ofNew Physics.

M ost of the known New Physics m odels cannot
generate observable CP wviolating e ects in decays
(see eg., [6]). The only known exceptions are R
parity-violating supersymm etry [19] or speci ¢ non—
supersym m etric m ultiH iggsm odels. In such a fram e~
work, the CP asymm etries of various -decay chan-—
nels can be enhanced up to the 10 ' level, w ithout
con icting w ith other observables, and saturating the
experin ental lin its obtained by CLEO [20]. Sim ilar
comm ents also apply to T -odd CP <violating asymm e-
tries in the angular distrbbution of decays.
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Tau electric dipole m om ent

In natural SUSY fram eworks, lepton EDM s (d:)
scale linearly with the lepton mass. As a result, the
existing lin its on the electron EDM generally preclude
any visble e ect in the and cases. In multiH iggs
m odels, however, EDM s scale with the cube of the
lpton masses [21], d can thus be substantially en—
hanced. However, in this case the electron and m uon
EDM s receive sizable two—loop e ectsvia BarrZeedi-
agram s, which again scale linearly with the lepton
masses. As a result, one can derive an approxin ate
boundd < 01 (m =m )@ =m.)de which is still
very strong. From the present experim ental upper
bound on the electron EDM , de < 10 7 ean , it ok
owsthatd < 10 *?eam .

Taug 2

The Standard M odel prediction for the muon
anom alous m agnetic m om ent is not in perfect agree-
m ent w ith recent experin ental results. In particular,

a =a" g (3 1) 10 .W ithin theM SSM,
this discrepancy can naturally be accom m odated, pro—
vided tan > 10 and > 0.

A measuram ent of the  anom alous m agnetic m o-
m ent could be very usefiill to con m or disprove the
Interpretation of a asdue to New Physics contribu-
tions. T he natural scaling of heavy-particle e ects on
lepton m agnetic dipolem om ents, Inplies a = a
m?=m?. Thus, if we Interpret the present m uon dis-
crepancy a = a®*P M (3 1) 10 asasinal
of New Physics, we should expect a 10° .

In the supersymm etric case, such an estin ate holds
for allthe SP S points (see Table X I) and , m ore gener—
ally, in the Im it of alm ost degenerate slepton m asses.
Ifm? << m? (as happens, for instance, I the
so—called e ective-SUSY scenario), a
hanced up to the 10 ° level.

could be en—

TABLE XI:Valuesof a and a forvariousSPS points.

SPS
a 10 °
10 ©

lalb 2 3 4 5
313216144811
0909505041403

SuperB experim ental reach

CP violation and T -odd observables in tau decay

A rstsearch for CP violation In tau decay hasbeen
conducted by the CLEO collaboration [20], looking
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for a tau-chargedependent asymm etry of the angu-
lar distrdbution of the hadronic system produced in

' Ks . In m ultiH ggs doublet New Physics, the
CP <wviolating asymm etry arises from the H iggs cou-
pling and the interference between S wave scalar ex—
change and P wave vector exchange. The Cabibbo-
suppressed decay m ode into K g has a largerm ass—
dependent H iggs coupling; the events in the sidebands
of the K 5 m ass distrdbutions can thus be used to cal-
brate the detector response. W ith a data sam ple of
133H ' (122 10 tau pairs), the m ean of the opti-
m alasymm etry cbservableish i= ( 20 1:8) 16.
A s the above m easurem ent relies on detector cali-
bration with sidedband events, it is conceivable that
SuperB with 75ab ! would notbe lin ited by system -
atics and would therefore reach an experin ental reso—
ution h i 24 10°.

Tau electric dipole m om ent

The tau electric dipole moment (EDM ) in uences
both the angular distributions and the polarization of
the tau produced In €" e annhilation. W ith a polar—
ized beam , it is possible to construct observables from
the angular distrbution of the products of a single
tau decay that unam biguously discrin nate between
the contrbution due to the tau EDM and other ef-
fects [22, 23]. Recent work has provided an estin ate
of the SuperB upper lin it sensitivity for the realpart
of the tau EDM <Refd gj 72 10°° ean with
75ab ! [22]. The result assum es a 100% polarized
electron beam colliding w ith unpolarized positrons at
the (4S) peak, no uncertainty on the polarization,
and perfect reconstruction of the tau decays !
Studies have been done assum Ing m ore realistic condi-
tions:

an electron beam with a linear polarization of
80% 1% ;

80% geom etric acceptance;

track reconstruction e ciency 97:5% 0:1%
(sin ilarly to what has been achieved in LEP
analyses [24]and BABAR ISR analyses [25].

1 +

The process €' e is sinulated w ith the KK

generator [26] and the Tauola package for tau de-
cay [26]; the simulation includes the com plete spin
correlation density m atrix of the initialstate beam s
and the nalstate tau leptons. Tau EDM e ects are
sim ulated by weilghting the tau decay product angular
distributions. The studies are not com plete, and do
not yet include uncertainties in reconstructing the tau
direction. T he prelin inary indicationsare that the tau
EDM experin entalresolitionis 10 10%° ean ,cor-
responding to an angular asymm etry of 3 10° ; the
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uncertainties in track reconstruction givea 1 10%°
system atic contribution. A sym m etries proportional to
the tau EDM depend on events that go into the sam e
detector regions but arise from tau leptons produced
atdi erent angles,m Inin izing the in pact ofe ciency
uncertainties. It m ust be added that all the hadronic
tau channels have at least theoretically the sam e sta-
tistical power as the ! m ode In m easuring the
tau polarization [27], and can therefore be used to in —
prove the experin ental resolution.

A search for the tau EDM w ith unpolarized beam s
has been com pleted at Belle [28]. In this case, one
m ust m easure correlations of the angular distributions
of both tau leptons in the sam e events, thereby losing
in both reconstruction e ciency and statistical pre-
cision. The analysis show s the in pact of Ine ciency
and uncertainties in the tau direction reconstruction,
and also dem onstrates that all tau decays, including
leptonic decays w ith two neutrinos, provide statisti-
cally usefiil inform ation for m easurem ent of the tau
EDM .W ith 295 * of data, the experin ental reso—
Jution on the realand in aginary partsofthe tau EDM
is[0:9 1:7] 107 ean, ncliding system atic e ects.
An optin istic extrapolation to SuperB at 75ab b as
sum Ing system atic e ects can be reduced according to
statistics, corresponds to an experin ental resolution of
17 34] 10%°.

Taug 2

In am anner sin ilar to an EDM , the tau anom alous
moment (g 2) in uences both the angular distribbu—
tion and the polarization of the tau produced in " e
annihilation. Polarized beam s allow the m easurem ent
of the realpart of theg 2 form factor by statistically
m easuring the tau polarization w ith the angulardistri-
butions of its decay products. Bemabeu et al. [29] es-
tin ate that SuperB with 75ab ! willm easure the real
and In agihary partoftheg 2 form factoratthe (4S)
w ith a resolution in the range [0:75 1:7] 10°.Two
m easuram ents of the realpart ofg 2 are proposed,one

tting the polar angle distribution of the tau leptons,
and one based on the m easurem ent of the tau trans-
verse and longitudinal polarization from the angular
distrdbution of its decay products. A lleventsw ith tau
leptons decaying either in or are considered,
but no detector e ects are accounted for. For the tau
polarization m easurem ents, electron beam s w ith per—
fectly known 100% polarization are assum ed. Studies
sim ulating m ore realistic experin ental conditions are
ongoing. W hile the polar angle distribution m easure-
m ent w ill conceivably su er from uncertainties in the
tau direction reconstruction, the prelin inary resultson
thetau EDM m easurem ent,m entioned above, indicate
that asym m etries m easuring the tau polarization are
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least a ected by reconstruction system atics. Trans-
posing the prelin inary results obtained with sinula-
tions for the tau EDM to the real part of the g 2
form factor, one can estinate that a = (g 2)=2
can bem easured w ith a statisticalerrorof2:4 10°,
w ith system atic e ects from reconstruction uncertain—
ties one order of m agnitude lower.
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Spectroscopy and the
D ecays of Q uarkonia

A lthough the Standard M odel is wellestablished,
QCD , the fundam ental theory of strong interactions,
provides a quantitative com prehension only of phe-
nom ena at very high energy scales, w here perturbation
theory ise ective due to asym ptotic freedom . The de-
scription of hadron dynam ics below the QCD dim en—
sional tranam utation scale is therefore far from being
under fi1ll theoretical control

System s that nclude heavy quark-antiquark pairs
(quarkonia) are a unigue and, in fact, ideal labora—
tory for probing both the high energy regim esofQCD ,
where an expansion in term s of the coupling constant
ispossible, and the low energy regin es, w here nonper-
turbative e ects dom inate. For this reason, quarkonia
have been studied for decades in great detail. The
detailed level of understanding of the quarkonia m ass
spectra is such that a particle m In icking quarkonium
properties, but not tting any quarkonium level, is
m ost likely to be considered to be of a di erent na-
ture.

Tn particular, In the past few years the B Factories
and the Tevatron have provided evidence for states
that do not adm it the conventionalm esonic interpre-
tation and that instead could bem ade ofa largernum —
ber of constituents (see Sec. 2). W hile this possibility
has been considered since the beginning of the quark
m odel [1], the actualidenti cation of such stateswould
represent a m a pr revolution in our understanding of
elem entary particles. Ttwould also In ply the existence
ofa large num ber of additional states that have not yet
been observed.

Finally, the study of the strong bound states could
be of relevance to understanding the H iggs boson, if
it tums out to be itself a bound state, as predicted
by several technicolor m odels (w ith or w ithout extra
dim ensions) [2].

T he m ost lkely possible states beyond the m esons
and the baryons are:

hybrids: bound states ofa quark-antiquark pair
and a num ber of constituent glions. T he lowest-
Iying state is expected to have quantum num bers
JFC = 0" . Since a quarkonium state cannot
have these quantum num bers (see below ), this
a unigue signature for hybrids. An additional
signature is the preference for a hybrid to decay
nto quarkonium and a state that can be pro-
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duced by the excited glions (eyg:,
seeeyg:, Ref. 31].

pairs);

m olecules: bound states of two m esons, usually
represented as D qllg’Q ], where Q is the heavy
quark. The system would be stable if the bind—-
ing energy were to set the m ass of the states
below the sum of the two m eson m asses. W hile
this could be the case forwhen Q = b, this does
not apply for Q = ¢, the case for which most
of the current experin ental data exist. In this
case, the two m esons can be bound by pion ex-—
change. This means that only states decaying
strongly into pions can bind w ith other m esons
(eg:, there could be D D states), but that the
bound state could decay into its constituents [4].

tetraquarks: a bound quark pair, neutralizing
its color with a bound antiquark pair, usually
represented as [Q gllg®Q 1. A fullnonet of states is
predicted for each spin-parity, ixe:, a large num —
ber of states are expected. T here is no need for
these states to be close to any threshold [51].

In addition, before the panoram a of states is fully
clari ed, there is always the lurking possibility that
som e of the observed states are m isinterpretations of
threshold e ects: a given am plitude m ght be en-
hanced when new hadronic nal states becom e ener—
getically possible, even in the absence of resonances.

W hile there are now severalgood experin ental can—
didates for unconventional states, the overall picture
is not com plete and needs con m ation, as well as
discrin ination between the altemative explanations.
A much lrger dataset than is currently available is
needed, at several energies, to pursue this program ;
this capability is uniguely w ithin the reach of SuperB .

Finally, bottomoniim decays also allow direct
searches for physics beyond the Standard M odel in
regions of the param eters space that have not been
reached by LEP.

1. Lightm eson spectroscopy

T he problem of the interpretation of the light scalar
m esons, nam ely fy;a0; ; , is one of the oldest prob-
lem s in hadronic physics [6]. Form any years the ques—
tion of the existence of the m eson as a resonance in

scattering hasbeen debated [7]; only recently hasa
thorough analysis of scattering am plitudes shown
that the (500) and (800) can be considered to be
proper resonances [8].

R econsideration of the was triggered by the E791
analysisofD ! 3 data [9]; a num ber of papers have
com m ented on those results,eg:,Ref. [10]. The role of
the scalarm esons In several exclisive B decays could
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be rather relevant: for exam ple, in the perspective of
a high precision m easurem ent of the angle at the
SuperB factory, the hadronic contributions, lke the
one of the isoscalar In B ! rho , must be prop-
erly controlled [11]. A Iso diverse studies on light and

heavy scalarm esons could be perform ed analyzing the
D alitz plots of exclusive decays lke B ! KK K and

B! K . In this regpect, having su cient statistics

to clearly assess the presence of a scalar (800) reso—
nance, would certainly be a m a pr result for hadron

Spectroscopy .

Beyond the \taxonom ic" interest In the classi ca-
tion of scalarm esons, the dea that thesem esons could
play a key role in our understanding of aspects of non-
perturbative Q CD has been raised; see, for exam ple,
the interesting paper,Ref. [12].

In what ©llow swe would lke to underscore the lat-
ter point by observing that:

Light scalar m esons are m ost lkely the lightest
particles w ith an exotic structure, ie:, they can—
not be classi ed as ggm esons.

T heirdynam ics is tightly connected w ith instan—
ton physics. R ecent discussions have shown that
Instanton e ects facilitate the creation ofa con-
sistent m odel for the description of light scalar
meson dynam ics, under the hypothesis that
these particles are diguark-antidiguark m esons.

Therefore, new modes of aggregation of quark
matter could be established by the experinen—
tal/theoretical nvestigation of these particles, further
expanding the role of instantons in hadronic physics.

The dea of fourquark m esons dates back to the
ploneering papers by Ja e [13], w hile the discussion of
exotic m esons and hadrons in tem s of diquarks was
Introduced in Ref. [14]and then extended In Ref. [15]
to the scalarm eson sector.

In the follow ing, we will assum e that the scalar
mesons below 1 G&V are indeed bound states of a
sedn 0 diguark and an antidiguark (we w ill often call
this a tetraquark). A spin 0 diguark eld can be w rit-
ten as:

A = g R osd g (34)
where Latin indices Iabel avorand G reek letters label
color. T he color is saturated, as in a standard ggm e-
son:q q . Therefore, since a spin zero digquark isin a
3— avor representation ,nonets of qq statesare allow ed
(crypto-exotic states). The sub-G &V scalar m esons
m ost likely represent the low est tetraquark nonet.
The qq m odel of light=scalars is very e ective at
explaining the most strkking feature of these parti-
cles, nam ely their inverted pattem, with respect to

38
that of ordinary ggm esons, In the m ass-versus-I; dia—
gram [13],as shown in Fig.16.

M(Mev) MMev)

— 2(980)
1000) (1020 (980

— — " (80)

800 (782
—

— — (770

FIG .16: Vectorm esons (qg states) and the sub-G €V scalar
mesons n theIs m plne.

Such a pattem is not explhined in a gg model,
In which, for exam ple, the £;(980) would be an ss
state [10]whiletheI = 1,a,(980),would bea uu+ dd
state. If this were the case, the degeneracy of the two
particles appears rather unnatural.

Besides a correct description of them ass-I5 pattem,
the tetraquark m odelo ers the possibility of explain—
ing the decay rates of scalars at a level never reached
by standard gg descriptions. The e ective decay La-
grangian into two pseudoscalarm esons, eg:, ! ,
is w ritten as:

i jtu r s .
Ce S P I

Lexcn: = irs@ (35)
where i;9 are the avor labels of gt and g7, whik
r;s;t;u are the avor labels of the quarks q*;q" and
q ;9. ¢ isthe e ective coupling w eighting this Inter—
action term and S; are the scalar and pseudoscalar
m atrices. This Lagrangian describes the quark ex—
change am plitude for the quarks to tunnel out of their
diquark shells to form ordinary m esons [15]. Such a
m echanisn is an altemative to the color string break—
ng g WA 9 ! BB, ie., a baryon-anti-
baryon decay, which is phase-space forbidden to sub-
G eV scalarm esons.

The main problem with eg. (35) is that it is not
able to describe the decay fp ! , since f =
@*g® + q'ql)= 2, being 1;2;3 the u;d;s avors so
that, see equation (34), ' = Mds]and g° = [sul. An
annihilation diagram would be needed to replace the s
quarks, nducing a sm all rate that does notm atch the
observation.

A fematively, one can suppose the m ixing between
thetwo isoscalarsfy and isatwork,the com ponent
(@>g’) providing the  decay. H ow ever, as discussed
in [16], such m ixing is expected to be too am all, <
5 , to account for the structure of the inverted m ass
pattem (a precise determ ination of the masswould
be crucialto x thispoint).

A solution that in proves the overallagreem ent w ith
data of all light scalar m esons decay rates has been
found [16]. In low energy Q CD , instantons generate a
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quark interaction term that can be w ritten as:

L; = det(q gl ); (36)
i;9= 1;2;3 being avor indices. Such a leftxrightm ix-
ing Interaction is screened at high energies, the Instan—
ton action scaling as S exp( 82%=g?). In addition
to the quark-exchange diagram s, described at the ef-
fective theory levelby the Lagrangian ofeg. (35), (see
Fig.17 (a)), there are also contributions such as those
n Fig.17 (b) [171].

[gql > > < M, [qd] ;: M,
X B <4
Ga < >, A M,
(@) (b)

FIG . 17: Decay of a tetraquark scalar meson S in two
ggmesonsM 1M ;: (@) quark rearrangem ent (b) instanton-
induced process.

T he quark-level instanton interaction,Fig.17 (o), re-
ects Into an e ective m eson interaction of the kind:
@ )?);

Li= cTr(S (37)

cr being an e ective coupling asce in (35). A ssum ing
that the low energy dynam ics of Iight scalarm esons is
described by:

L = Lexen:+ L1; (38)

one can reach a rem arkably satisfying description of
Jight m eson decays [16]. Nam ely:

Such a good description ofdecays ispossible only
if the assum ption is m ade that sub-G &V light
scalars are diguark-antidiquark m esons (see Ta-
ble X IT). In the gg hypothesis, the agreem ent of

ap ! % with data appears very poor.

T he inverted m ass spectrum of superG eV scalar
m esons can be explained by assum ing that they
form the lightest gg scalarm ultiplet, deform ed In
the m ass1; pattem by m ixing with the lowest
exotic multiplet of sub-G eV scalar m esons (see
Fig.18 [16]).

O ne of the isoscalars in the decuplet in Fig. 18 is
likely to be the lowest gluelkall; there are argum ents
favoring the f; (1500) as the m ost probable glueball
candidate.

W e quote a table from [16]descrbing at what level
one can t the decays of the lightest scalar m esons in
a diquark-antidiguark picture:

A relative of the low est lying scalarm esonsm ay have
been found very recently by BaBar : the Y (2175), a
particle rstobserved in thedecay Y !  £,(980) [19].
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FIG .18: SuperG eV scalarmesons in the Iz m plne.

TABLE X II: Num erical results, am plitudes in G €V . Second
and third colum ns: results obtained with a decay Lagrangian
including or not including instanton e ects, respectively (La-
bels I and no-I m ean that we add or do not add the instanton
contribution.). No fy m ixing isassum ed in this table. Fourth
colum n: best t, see text, w ith instanton e ects included. F ifth

colum n: predictions for a gq picture of the light scalars. The
0

singlet-octet m ixing angle assumed: . = 22 [18].
Data for and decays are from [8], the reported am plitudes
correspond to: tot( )= 272 6, tot( )= 557 24.
Proc. A ([ggllgal) Awm(@g) Aexpt
I no-I best t I
(' ) iputiput 1.7 nput 227(0:03)
"®°% ") 50 55 36 44  52(01)
fo(* ) dnput O 1.6 nput 14(06)
fo(K 'K ) 48 45 3.8 4.4 38(11)
a( %) 4:5 54 3.0 8.9 2:8(0:1)
ac K"K ) 34 3.7 24 3.0 2:16(0:04)

This obpct could be a radial excitation of the low -
est lying scalar m esons, of the kind q'q! + g°g? and
could strikingly m anifest all the three tetraquark de-
cay m echanism s: the instanton (Y ! (1020)£, (980)),
the quark rearrangement (Y ! KK ), and the string
breaking (Y ! KK )mechanisn s. It is to be noted
thatonly the rstdecaym ode hasbeen observed ;there
are only hints of the other two.

W e tend to exclude the possibility ofa ¥ (2175) built
asq’q® because, though it would contain four s quarks
as the observed nal state, it would Involve spin 1
diquarks, because of Femm 1 statistics. Spin 1 digquarks
are thought to be energetically disfavoured , but, w orse,
they are in the 6+ representation, thus requiring a large
num ber of exotic particles: 6 6 = 1 8 27. The
search for otherdecay m echanism swould be quite cru—
cial to test this hypothesis.

Searches of radially excited partners of the scalar
m esons In the high statistics data sam ples from a Su-—
perB factory,would deeply in prove the com prehension
ofthe tetraquark picture. To give an exam ple, consider
that predictions of lighter partners of the Y (2175), to
be found in ISR ,are at hand. A re the good, spin zero,
diquarksthe only relevant building blocks, orbad, spin
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one, diquarks are also e ective degrees of freedom to
describe statesat higherm ass than the standard scalar
nonets? It isdecisive to understand to w hat extent the
actualm odels for m ultiquark particles are predictive.

2. Charm onium

In the past few years the B Factories have observed
several states w ith clear cc content, which do not be—
have like standard m esons, and that are therefore an
indication of new spectroscopy.

The X (3872) was the rst state found that did not
easily t into cham onium spectroscopy. It was ini-
tially observed decaying into J= * with a mass
jast beyond the open charm threshod [20]. The *
nvariant m ass distribution, the observation of the
X ! J= and the fullangularanalysisfrom CDF [21]
and Belle [22] favor the assignm ent of JF¢ = 1** for
this state, and of B ! J= as its dom inant decay.
T here are therefore several indications that this isnot
a cham onium state: the m ass assignm ent does not
m atch any prediction of long-veri ed potentialm odels
(see Fig. 19); the dom Inant decay would be isospin-—
violating; and the state is relatively narrow (less than
a few M &V ) despite that fact that its m ass is above
threshold for the production of two chamm ed m esons.

@S+S% SR R R m no b b n,
0 A T T T T T
S e L

2 > 1
= — ]
=

X E ]

- ]

Z(4430)

050 |-

gl XY —

4000 \:‘;‘:': b
ey =

Open charm thr.
o=

w(3770) |

® exp

S — [ Theory n
Jy (pot. Models) |

2500 | | | 1 1 1 | | [
. R -JFC

FIG.19: M easured m asses of the new ly observed states,
positioned in the spectroscopy according to their m ost
likely quantum numbers. The charged state (Z (4430))
clearly hasno C quantum num ber.

A nother aspect of interest of the X (3872) are the
m easuram ents of its m ass, the m ost recent of which
is Ref. [23]: there is an indication that there are two
di erent particles, one decaying into J= and one
intoD °D 9, their m asses di ering by about 4.5 stan—
dard deviations. T his observation m akes the X (3872)
a good tetraquark candidate: diquarksw ith an heavy
meson are, in fact, avortriplets, and therefore pairs
give rise to the sam e nonet structure as conventional

mesons. There should therefore be two states w ith
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S = I3 = 0 very close n mass [5]. W ithout this
evidence, the closeness to the D °D 0 threshod sug—
gests the hypothesis that this is a m olecule com posed
of these two m esons.

Furthem ore, the B Factories investigate a large
range ofm asses for particleswith J°¢ = 1 by look—
ing for events where the Initial state radiation brings
the e’ e center-ofm ass energy down to the particle’s
mass. W hile in principle only particles already ob—
served n R =  n,q= scans could be produced, the
high um inosity has allow ed the observation of several
new particles: the Y (4260) ! J= * [24], the
Y (4350) [25] and the Y (4660) [26], both observed in
theirdecay to (2S)

The invariant m ass of the two pions in these de-
cays is a critical observable In disceming the nature
of these particles, which are unlkely to be chamm o-
nium , since their m asses are above the open-chamm
threshold, yet they are relatively narrow . Further-
m ore, their decays to two chamm ed m esons have not
yet been observed, the m ost stringent lin it being [27]
B(Y (4260) ! DD )=B(Y (4260) ! J= * ) < 1:0@
90% con dence level.

Figure 20 show s the dipion invariant m ass spectra
for all regions in which new resonances have been ob-
served. T here is som e iIndication thatonly theY (4660)
has a wellde ned intem ediate state (m ost likely an
£y ), while others have a m ore com plex structure.

T hese observationsm ake the Y (4260) a good hybrid
candidate, and the Y (4350) and Y (4660) good candi-
dates for [ad]lcd]and [cs]ics] tetraquarks, respectively.
The latter would, In fact, prefer to decay into an fy,
while the m ass di erence between the two states is
consistent w ith the hypothesis that the two belong to
the sam e nonet.

The tuming point in the query for states beyond
cham onium was therefore the observation by the
Belle Collaboration of a charged state decaying into

(2S) [28]. Figure 21 shows the tto the (29)
Invariant m ass distribbution In B ! (25) K decays,
retuming amassM = 4433 4M &V =& and a width

= 44"V Mev.

In term s ofquarks, such a statem ust contain a cand
a c,butgiven itscharge itm ust also contain at leastau
and ad. T he only open options are the tetraquark, the
m olecule or threshold e ects. The latter two options
are viable due to the closeness of the D 1D threshold.

F inding the corresponding neutral state, observing
a decay m ode of the sam e state, or at least having
a con mn ation of its existence, are critical before a
com plete picture can be drawn.

T here are several reasons why a run at fty to one
hundred tim es the existing integrated lum inosity is
critical to convert these ofhints into a com plete, solid
picture:
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FIG . 20: D ipion invariant m ass distrbbution in Y (4260) ! J= * (left), Y (4350) ! 2s) * (center),
and Y (4660) ! (2s) * (right) decays.

T T T than the observed m odes. Furtherm ore , several
of these states decay into particles (in particular
neutral pions and kaons) that have a low detec—
tion e ciency.

3
S
§ 3. Bottom onium
Exotic states with two bottom quarks, analogous
to those with two cham quarks, could also exist.
In this respect, bottom onium spectroscopy is a very
good testbench for speculations advanced to explain
the cham onium states. O n the other side, searching
fornew bottom onium states ism ore challenging, since
FIG. 21: The (2S) nvariant mass distribution in  they tend to be broader and there are m ore possible
B ! (2S) K decays.

allthe new states,apart from the X (3872),have
been observed in only a single decay channel,
with signi cance that are barely above 5 . a
hundredfold increase In statistics would allow
searches in several other m odes. Tt is in partic—
ular critical to observe both the decay to char-
monium and to D -m eson pairsand/orD ¢ m eson
pairs. Since the branching fraction of observable

nal states for the D and especially for the D ¢
m esons are particularly low ,current experin ents
do not have the sensitivity to observe all the de—
cays.

the m odels predict several other states, such
as the neutral partners of the 7 (4430) and the
nonet partners, for instance [cd]lcs] candidates
decaying into a cham onium state and a kaon,
at a signi cantly lower rate (see eg:, Ref. [29])

decay channels. T his explains w hy there are still eight
unobserved states w ith m asses below open bottom o-
nium threshold.

Am ong the known states, there is already one w ith
unusual behavior: there has been a recent observa—
tion [30]of an anom alous enhancem ent, by two orders
ofm agnitude, oftherateof (55 ) decaysto the (1S)
ora (2S) and two pions. This indicates that either
the (5S) itself or a state very close by in m ass has
a decay m echanism that enhances the am plitudes for
these processes.

In order to understand w hether the exotic state co-
incides with the (5S)) or not, a high lum inosity (at
least 20 b ! per point to have a 10% error) scan of
the resonance region is needed.

In any case, the presence of two decay channels to
other bottom onium states excludes the possibility of
this state being a m olecular aggregate, but all other
m odels are possible, and would predict a large variety
of not yet observed states.
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A s an exam ple, one can estin ate possible resonant
states w ith the tetraquark m odel, by assum ing that
them asses of states w ith tw o bquarks can be obtained
from one with two ¢ quarks by adding the m ass dif-
ference between the (1S)) and the J= . Under this
assum ption , w hich works approxin ately for the known
bottom onium states,we could expect three nonets that
could be produced by the (3S) and decaying into

(15) and pions. A ssum ing that the production and
decay rates of these new states are com parable to the
cham onum states, and assum Ing a data sam ple of

(35 ) events com parable in size to the current (4S)
sam ple is needed to clarify the picture, we would need
about 10° (35 ) m esons, corresponding to an inte-
grated lum inosity of 03 ab * .

A s already m entioned, searching for bottom oniim —
like states would require higher statistics than the cor-
responding charm onium ones; this therefore represents
an even stronger case for SuperB .

4. Search for Physics Beyond the
Standard M odel in B ottom onium
D ecays

Tn spite of intensive searches perform ed at LEP [31],
the possibility of a rather light non-standard H iggs bo—-
son hasnot been ruled out In several scenarios beyond
the Standard M odel [32{34],due to the fact that a new
scalarm ay be uncharged under the gauge sym m etries,
sim ilar to a sterile neutrino in the ferm ion case. These
studies indicate that itsm ass could be less than tw ice
the b m ass, placing it within the reach of SuperB .
M oreover, the LHC m ight not be able to unravela sig—
nalfrom a Iight H iggsboson whosem ass is below BB
threshold, since it w ill be di cult for the soft decay
products to pass the LHC triggers. D ark m atter m ay
also be Iight, evading LEP searches if itdoesnotcouple
strongly to the z ° [35{38]. SuperB w illbe required i
m ost of these cases to precisely determm ine its m asses
and couplings, and will play an in portant discovery
role.

Light H iggses

A HiggshwithM, <M canbeproducedin (nS)
decays via the W ilczek m echanism with a branching
ratio approxin ately given by the lead ing-order form ula
391

EG m 2
- T bp g2
( (ns)! ) M s)

where X 4 is a m odeldependent quantity containing
the coupling of the H iggs to bottom quarks,m ,, is the
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bottom quark m ass, and Gy are the electroweak
param eters, and E = (M (5)=2)(1 Mh2=M 2(nS)))
is the photon energy.

From a theoreticalview point, the existence ofa light
pseudoscalar H iggs is not unexpected in m any exten-—
sions of the SM . A s an especially appealing exam ple,
the N ext+to-M Inim alSupersym m etric Standard M odel
(NM SSM ) hasa gauge singlet added to theM SSM tw o-—
doubletH iggs sector (see [40 ]and references therein for
a short sum m ary of other scenarios leading to a light
H iggs boson) leading to seven physical H iggs bosons,

ve of them neutral, ncluding two pseudoscalars.

In the lm it of either slightly broken R or Peccei-
Quinn (PQ ) symm etries, the lightest CP -odd H iggs
boson (denoted by A1) can be much lighter than the
other H iggs bosons. Interestingly, the authors of [32]
interpret the excess of Z *+ b—ft events ound at LEP
asa signal, in this form alism ,of a Standard M odel-like
H iggs decaying partly into o, but dom nantly into s
via two light pseudoscalars.

Let us w rite the physicalH iggs boson A; as am ix-—
ture of singlet (A 5 ) and non-singlet (Ay ssy ) fractions
param etrized by the angle , , according to

A= 008 aAmssy + S aAg

The A, coupling to down-type ferm ions tums out to

be proportionalto X g = cos p tan ,wheretan de-
notes the ratio of the vevs of the up—and dow n-type

H iggs bosons. For cos , close to zero, the A; alm ost

com pletely decouples from  avor physics. H ow ever, if

coS a 01 0:5,present LEP and B physics bounds
can be sin ultaneously satis ed [41],while a lightH iggs

could still show up In  radiative decays Into tauonic

pairs:

(nS) ! A (07 y; n= 1;2;3:

A s this light H iggs acquires its couplings to Stan—
dard M odel ferm ions via m ixing with the Standard
M odel H iggs, it therefore couples to m ass, and will
decay to the heaviest available Standard M odel
ferm ion. In the region M, > 2M , there are two
m easurem ents which have sensitivity: lepton univer—
sality of decays, and searches for a m onochrom atic
photon peak in tauonic  decays.

The m easurem ent of lepton universality com —
pares the branching ratios of toe'e , * and
+ [42, 43], which should all be dentical up to
kinem atic factors In the Standard M odel, due to the
gauge symm etry. It is relevant especially when the
A1 mass is within about 500 M &V of an m ass, so
that the m onochrom atic photon signal is buried under
backgrounds. It is also the best m easurem ent when
Ma, > M ,which causes there to be a photon spec-
trum , rather than m onochrom atic line.

P roceedings of SuperB W orkshop VI, Valncia, Jan 7-15, 2008
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FIG.22: Pt of X4 = cos » tan (blue points) and A,
mass In GeV (red crosses) versus tan . A1l points were
generated using theNM HDECAY code [44 ]satisfying both
LEP andB physics constraints using a particular set of
NM SSM param eters [45].

Using the NM HDECAY code [44], we have ran—
dom Iy generated m asses and couplings for the A;
H iggs below the BB threshold, under the condition
of passing all current LEP and B physics bounds
built into the NM HDECAY [41]. W e actually chose
a physically-m otivated set of NM SSM param eters fa-
voring the existence of a scenario with of a light A
[34, 45].

In Fig. 22 we plt the resulting points of our scan
for the A1 mass and X 4 values as a function of tan
Let us stress that, In view of the available large X g4
values, such a light CP -odd H iggs could provide a sig—
nalin  leptonic decays,whose rsthintwould be an
apparent breaking of lepton universality, eg. at the
few percent level. Indeed, the tauonic m ode would be
(slightly) enhanced by the New Physics channel w ith
respect to the electronic and m uonic m odes, because
of the large leptonic m ass di erence [40, 42, 43]. The
degree of enhancem ent of the tauonic channel (ie:, of
the New Physics contribution) obviously depends on
the assum ed set of the NM SSM param eters (notably
tan )but seam ssizeable for reasonablevaluesofthem ,
as can be seen from Fig. 22.

M oreover, the observation (non-observation) of a
m onochrom atic photon from the radiative process
would becom e the sn oking gun pointing out (exclud—
ing) the existence of such a Iight non-standard H iggs
boson.

In the search form onochrom atic photons the

rstrelevantdecaym odeis (3S) ! (1s) * rst,
ollowed by (1S) ! + , which has only a 4.5%
branching fraction, but has low background. T he sec-
ond decay mode is (3S) ! * , which su ers

43

5 o Discovery limit on X in Y->ytt

F 31

[ [—v@9->vyagnm >nmyt

P Yey >yt 1
Q- E 0.1
5 |
o
g E 40.01
nof ]

-
X R e E 0.001
L L L L L L 1 ] 0.0001

FIG. 23: Plot of the 5 discovery potential of SuperB
with (3S) data, in themode (3S) ! * (1s) !
* * (solid black) and (35) ! * (dashed
red). An integrated lum inosity of 1 ab ' was assum ed.

from much worse backgrounds from e"e | ¥

events, but also has a rate that ism ore than a factor
of ten higher. The corresponding exclusion plots are
n Fig.23.

Invisible decays and light dark m atter

Finally, if Dark M atter is Iighter than 5 G&V, it
w ill require a Super B Factory to detem ine its prop—
erties. Generally, in this m ass region one needs two
particles, the dark m atter particle , and a boson
that couples it to the Standard M odelU . The m ost
prom ising searches are in invisible and radiative de-
cays of the , which can be measured In the m ode

3s) ! * (Is) ! * + invisible, which is
sensitive to a vector U . H ow ever, to substantially in -
prove on existingm easurem ents from Belleand CLEO ,
farforward tagging m ust be incorporated into the de-
sign of the detector. This is needed to veto events in
which the (1S) decays to a two-dbody state, w ith de—
cay products that disappear down the beam pipe [371].

The second m ost prom ising signature is radiative
decays ! + invisible. T his is probably the m ost
favored m ode theoretically, and is sensitive to a scalar
or pseudoscalar U . The m ediator coupling the Stan—
dard M odel particles to nalstate ’'scan be a pseu—
doscalarH iggs, U = A, ,which can be naturally light,
and would appear in thism ode [38]. Tn such m odels
the D ark M atter can be naturally be a bino-lke neu—-
tralino.
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5. Summ ary

SuperB w ill open a unigue w indow on this physics
because it allow s a high statistics study of the current
hints of new aggregations of quarks and glions. Be-
sides the physicsone can study In running atthe (4S)
resonance, the follow ing altemative energies are of in—
terest: (3S) (atleast0.3ab ! )and a high um inosity
scan between 4-5GeV (5M eV stepsof 0.2 b ! each
would require a totalof40 fb * ) [46]. W hile this isnot
huge statistics, this scan is only feasible w ith SuperB .
T he only possible com petitor, BE S-IIT, isnot planning
to scan above 4 G €V , since theirdata sam plewould, In
any case, be Iower than that of the B Factories alone.

Finally, the search for exotic particles am ong the de-
cay products of the bottom onia can probe regions of
the param eters space of non-m inin al supersym m etric
m odels that cannot be otherw ise explored directly, for
instance at LHC . These studies are particularly e —
cient when producing (nS)mesonswith n < 4.

The superiority of SuperB with respect to the
planned upgrade of Belle lies both In the ten times
higher statistics, which broadens the range of cross
sections the experim ent is sensitive to, but also in the

exIbility to change center ofm ass energy.
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A ppendix:
Physics Tools

W e describe herein the tools used to sin ulate physics
events and evaluate detector perform ance at the
SuperB avor factory. The simulation should m est
two main requirem ents. First, since the design of the
subsystam s is evolving, the user should be able to
perform optin ization studies and m odify the detector
description In a sinple way. Second, the program
should be very fast, to sinulate very large num bers
of physics events. Table X ITT show s the event rate
expected at a um nosity of 10 16° an ?s ' . Over
one year it transhates to 1:1  10°  (4S) decays and
a totalofabout 54 10%e"e ! qg (= u;d;s;c;b)

and * decays.

TABLE X III: Physics ratesat 1:0 10°° an ?s ' .

P rocess RateatL =1 10° an *s'
(kH z)
(45)! BB 11
udsc continuum 34
* 0.94
* 1.16
e' e for jeos 1.1,j< 095 30

At this stage, a single tool cannot ful 11 com pletely
both requirem ents. T herefore the developm ent of the
sim ulation tools m oves along parallel paths. A very
fast and relatively sin ple sin ulation program hasbeen
already developed and is operational. Tt can sin ulate
large am ounts ofboth hadronic and eventsw hile
allow Ing to som e extent the m odi cation of the detec-
tor con guration. An upgrade schedule has been de-

ned to Increase the accuracy of the sin ulation w ith—
out sacri cing the speed. M ore details are provided in
the next section.

In parallel, a progct is planned w here the detailed
description of both the detector and the interaction
region are done w ithin the G eant4 [1] fram ework.

Finally, the BABarR sinulation and reconstruction
packages are being used to perform SuperB subde-
tector optin ization studies. A Ithough som e aspects
of the BABAR simulation m ake its evolution towards
SuperB not attractive, there are good reasons why
the possibility of exploring it for SuperB can continue
to be particularly in portant. D etailed perfomm ance
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evalnations for SuperB can in fact be carried out by
Introducing m inor m odi cations to the BABAR detec—
tor. This will represent for a while the m ain option
available to extract the param eters needed as input by
the SuperB fast sin ulation. N egotiations w ith BABAR
m anageam ent are currently underw ay to extend access
to non-BABAR m em bers.

T he param etric fast sim ulation

The sinplest fast sinulation program we have,
named PravdaM C [2], is a very fast M onte Carl
which uses param etrization to sin ulate the detector
response. The radius, thickness and m aterial of the
beam pipe is con gurable. The tracking system can
be m odi ed by changing the num ber of active layers
of the silicon detector, the intrinsic spatial resolutions
and the am ount of interaction length, as well as the
num ber and din ension of the drift cham ber cells and
their spatial resolutions. The current tracking algo-
rithm isTRACKERR [3]which starts from the truth
M onte C arlo charged particle to produce the track and
evaluate the errorm atrix of its param eters taking into
account the energy loss and the multiple scattering.
Them ain lim itation is that the tra fctory is notm od-
i ed by the energy loss and therefore it is a perfect
helix. This approxin ation is poor for very low m o-
mentum tracks, like soft pions from D

T he response of the electrom agnetic calorim eter is
analytic. In the current version of the program , the
response of the DIRC and IFR to the passage of a
charged particle is In plem ented asan e ciency m ap of
a particle dentdi cation algorithm provided externally.

PravdaM C uses the sam e generators—-fram ew ork in-—
terface as used by the BABAR simulation code. In
particular it can generate both hadronic e'e !
qq events (including obviously " e ! (4sS)) and
efe ! 7 events. In the latter case it is possble
to generate events where the e or € beam s are po—
larized, which is a unique and im portant aspect of the

physics program at the SuperB avor factory.

A ctivity is ongoing to develop an in proved fast sin —
ulation. It uses PravdaM C as a basis but eventually
it w i1l becom e a com pletely di erent program . F irst,
TRACKERR isreplaced by a m ore accurate track t-
ting algorithm based on the BABAR track reconstruc-
tion and taking into account all the e ects of the in—
teraction betw een particles and m aterdals. Second, the
response of the DIRC, EM C and IFR is sinulated
through the param etrization of the physics quantities
m easured by each subsystem and used to perform the
analysis of the physics events. Several sources can be
used to tune the param etrization of the detectors out-
put: the real data collected by the BABAR detector,
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the G eant4 sin ulation of the BABAR detector and the
standalone detailed sin ulation of the SuperB subsys—
tam s.

R eadout and analysis of sim ulated data

The analysis of sinulated events requires several
speci ¢ tools. Com position and vertexing algorithm s
for the reconstruction of the signal decay trees, the
algorithm s to detem ine the avor and vertex posi-
tion of the recoil B , and an extensive set of utilities
for signal/background separation are inherited from
the BABAR experin ent and therefore are m ature and
fillly functional. T he output of the sin ulation w ith the
nform ation of the sim ulated tracks and neutral clus-
ters together w ith the reconstructed com posite parti-
cles are stored n ROOT les [4]. E ort is ongoing
to m ake the existing tools independent of the BABAR
fram ew ork.

Sin ulation w ith G eant4

A medium term plan for the developm ent of a de—
tailed sim ulation of the SuperB detector has been de-
ned. The sinulation of the m achine-induced back—
grounds is at present accom plished w ith a G eant4 ap-
plication that incorporates a prelin inary description
of the SuperB detector volum es. This initial e ort
of describing the SuperB detector In G eantd4 can rep—
resent the basis for the future developm ent of a de-
tailed detector sinulation. At present som e work is
needed to in prove the usability and m aintainability
of the tool for background studies. The m ost in por-
tant In provem ent consists in decoupling the geom etry
description from the code. The "technology" is avail-
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able, since using a m arkup language to allow de nition
of geom etry data in XM L form at is now in plem ented
In Geantd through GDM L les. Input from the sub-
detectors isneeded to re ne the current nitialm odels.
W hen the detailed sim ulation of the SuperB detector
w ill be available, it w ill be used to tune the output of
the fast sin ulation incliding the e ectsofthem achine
backgrounds.

Sim ulation of tau pair production w ith
polarized beam s

The SuperB profct ncludes the ability to operate
with an 85% longitudinally polarized electron beam ,
which is especially relevant for tau physics studies.
For this docum ent, tau pairs produced w ith polarized
beam s have been sin ulated w ith the KK generator [5]
and Tauola [5]. That sinulation fram ework inclides
allQED e ects up to the second order. Tau decays
are sin ulated taking into account spin polarization ef-
fects as well., and the com plete spin correlations den—
sity m atrix of the initialstate beam sand nalstate is
ncorporated In an exactm anner.
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