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Status and Physics Reach of LHCD
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LHCD is the experin ent at the Large Hadron Collider devoted to studies of new phenom ena
in CP vickhtion and in rare decays. This review summ arizes the status of the experim ent In the
mm nence of the data taking, the prospects for the st m easurem ents and highlights of its full

physics program .

I. INTRODUCTION

LHCDb isa second generation b-physics experim ent,
devoted to studies of new phenom ena in CP violation
and in rare decays. Previous experin ents have pro—
vided extensive studies on b ! d transitions E|], but
a lim ited know ledge on b ! s transitions is available
up to now and in this sector large space is still avail-
abl for New Physics (NP ) e ects, beyond Standard
M odel (SM ). Precision m easurem ents of the param —
eters of the C abibboK obayshiM askawa (CKM ) m a—
trix have provided stringent constraints to the SM @ 1
but these are much relaxed if we consider only tree
levelm easurem ents. B physics at LHC has the great
advantage of high bb cross section ( y, 500 b),w ith
production of all species of b-hadrons. T he challenge
in the analysis is related to the presence of the un-
derlying event, to the high particle m ultiplicity and
to the high rate of background events ( inelastic 80
mb). LHCb intends to perform extensive studies in a
w de set of channels w ith the follow ing goals:

to in prove the precision in the m easurem ent of
the angle and the other CKM param eters,
searching for evidence of NP from com parisons
between tree level and box and penguin contri-
butions. Som e exam ples which I w illdiscuss in
the follow ing are the m easurem ents of  from
B ! DK decays, and the m easurem ent of the
BY m ixing phase from BY ! J= andB?!
decays.

to search for NP in rare decays from high pre-
cision m easurem ents of branching ratios and
tin e dependent CP asym m etries. E xam ples are
B2t + ,B%1 * K %andBY! de-
cays.

II. THE LHCbbEXPERIM ENT

T he startup of the Large Hadron Collider is now
approaching and the LHCb experin ent is com pletely
Installed in IP8 and ready for tgkjng data. During
2008 LHC isexpected torun at™ s= 10 TeV with a
reduced um inosity, about 103! cm ?s ! , forabout one
m onth. T hese data w illbe of great utility for detector
and trigger com m issioning and calbration, they will

also allow st studies on physics param eters like par-
ch_]e m ultiplicities and cross sections. In 2009 E], in

s = 14 TeV collisions, LHCb should collect around
051 ! ofdata, which willallow st resultson CP
physics and rare decays. LHCb has chosen to run at
a nom inal um inosity lower than the design LHC lu-—
m fnosity,around 2 5 10°? am?s !. Thisisto lin it
pile up of proton-proton interactions in order to help
trigger and event reconstructions and to lim it detec—
tors rradiation. LHCb expects to collect 2 o ! per
year (107 s) integrating a total um inosity of about 10
fo ! around year 2013.

A schem atic of the detector is shown in F igure[d.
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FIG . 1: Schem atic of the LH Cb detector

A full description of the LHCb detector can be
found in @]. I will just m ention the crucial aspects
of the expected perform ance which are a good spa—
tialresolution ( 30 m resolution on the in pact pa-
ram eter w ith respect to the prim ary vertex, 140 m
resolution on the secondary vertex) and a m om entum
resolution (p)=p= 0.3-0.5% giving a precision on the
reconstructed B m assof 1520 M &V =¢* and a B proper
tin e resolution of about 40 fs. T he Cherenkov detec—
tors system provides a good =K separation in the
m om entum range between 2 to 100 G &V /c while the
calorim etersystem (PS,ECAL,HCAL)and themuon
cham bers provide good electron and m uon identi ca—
tion. Particle denti cation is of extrem e in portance
for signal selection and background refction in m any
exclusive B channelsaswellasfor avourtagging. For
thispurpose severalalgorithm sareused , the com bined
perform ance is a taggihg power D?= 4-5% ©rBYand
7-9% forB?,depending on the channel.

LHCD has a two stage trigger, the Level0 is hard—
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ware and reduces the rate from the initial40M Hz to

1 M Hz, it is based on m oderate pr requirem ents on

m uons, electrons, photons and hadrons. The follow -
ing stage, called H igh Level Trigger, is entirely soft-
ware, therefore com pletely tunable on di erent situa-—
tions and using data from the whole detector. It re-
duces the rate to 2 kH z, the output includes about 200

Hz of exclusive B candidates and 1.8 kH z of inclusive

channels, to be used also for calibbration purposes and

system atic studies. The trigger e ciencies, nom al-
zed to 0o ine reconstructed events, range from about
80% iIn channels with muons to about 40% in fully

hadronic channels.

III. B M IXING PHASE FROM b! ccs
DECAYS

T he phase arising from interference between BY de-
cays w ith and w ithout m ixing is expected to be very
anall in the sM : SY 2 o= ( 0037 0:002)
rad from Unitarity Triangle ts@}. New particles
contributing to the box diagram can alter this valie
which becom es a sensitive probe to New Physics.
can be precisely m easured from the tin e dependent
asymmetry in the decay rate of B2 ! J= ( * )
using avour tagged events. In the decay of a pseu-
doscalar meson to a vectorwvector pair an angular
analysis is needed to disentangle the contributions of
the CP-even and the CP-odd com ponents. LHCb ex-
pects to select 130000 untagged events in 2fb ' ob-
taining a sensitivity (2 g)= 0.023 rad. O ther pa—
ram eters are detem ined from the t with sensitivi-
ties: ( g= g)= 0009 and Ry )= 0:004, where
R is the fraction of CP-odd com ponent at t=0.

SeveralB? decay channelsw ith CP-even nalstates
have been also consdered: J= ,J= 9, . and
D D, . In onenom inalyeara totalstatistics ofabout
25000 events is expected in all these channels, corre-
sponding to a sensitivity on 5 of (2 5)= 0.048.The
J=  result alone indicate that LHCDb can provide al-
ready with 0.5 fo ! ofdata a m easurem entof  with
a 0.05 sensitivity.

W ithin the SM theCP viclatione ectsin B !

are expected to be an aller than 1% ,due to a cancella-
tion betw een them ixing and the penguin phases. T he
observation ofa signi cant CP violating phase In this
decay m odew ould indeed bedue to the presence of N P

giving di erent contributions to the box and penguin
diagram s. In LHCDb it is expected that about 3100

signalevents w illbe selected in this channelin 2 !,
w ith a background to signalratio below 0.8 at90% CL.
A tin e dependent angular analysis of avour tagged
eventsw illbe perform ed to extract the CP asymm etry

resulting in a statistical sensitivity ( ¥F )= 0:11.

v . M EASUREMENTS

P recision m easurem ents of the angle can be per-
form ed using several channels and di erent m ethods,
a summ ary of the estin ated sensitivities is presented
in Table[ [B]. Tn addition to B* and B® channels, al-
ready studied at the B Factories, LHCb will also use
Bg ones.

Bg ! DK decay, where two tree diagram s inter—
fere via m ixing, allows a very clean determ nation
of . Themain background to this m ode is repre—
sented by the Bg ! Dg channel, having a 10 tin es
higher branching fraction. H owever the two channels
are well separated thanks to the good PID capabili-
ties of LHCb. M onte Carlo studies have shown that
6200 D K events willbe collected 1n 2 b !, together
with 140000 D, [d]. A combined t to the tine de-
pendent rates of the two channels allow s to constraint

m s and the tagging diution to extract + 2 ¢ with
a sensitivity of 9°  12°, depending on the value of
the strong phase di erencem ]. In Figure[d the proper
tin e distribution of B2 ! D_ K"’ events is shown.

A com bination ofallm easurem entsof reported in
the 1st4 lines of TabMl, which involve tree diagram s
only, has been perform ed and a com bined sensitivity

() £ in onenom inalyear ofdata taking hasbeen
obtained {31.
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FIG .2: Proper tin e distribution of B2 ! D K*' eventsin
10 b ' ofdata. The curve is the result of a lkelhood t.

V. RARE DECAYS

B! *  isararedecay involving avourchang-
Ing neutral currents highly suppressed in the SM
BR®BY! * )= (335 0:32) 10 °)which coud
be strongly enhanced In som e SUSY scenarios, in par—
ticular at high tan Current lm its from searches
perform ed at the Tevatron C ollider are above the SM
prediction by a factor 10. At LHCDb the signal will
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TABLE I:A summary ofLHCD

sensitivity studies

B m ode D m ode M ethod Param eter| ( )in 2 & !
BY ! D.K KK tagged , AT (t) 2 s 9o 12°
B! pkr ° K ,KK, ADS+GLW o

B* ! DK" K ,KK/ ADS+GLW 11° 14°
B ! DK™ Ks 3 body D alitz *o12°

B ! DK” KK/ 4 body D alitz 18°

BO I ,BY 1 KK - tagged, A°7 (t) P di s 10°

theB® ! ¥

be easily triggered with high e ciency, and an e -
cient background rejpction w ill be obtained by using
a com bination of a geom etrical likelhood (from sec—
ondary vertexes and in pact param eters variables) a
particle denti cation lkelihood and B m ass cuts. In
the SM context, in the sensitive region, about 30 sig—
nalevents and 80 from background are expected In 2
fo . Ifonk background will be observed,a 90% CL
lin it at the SM value isreached with 05 b ' ofdata.
T he expected sensitivity to the signal, as a function
of the integrated lum inosity is shown in Figure[d [8]
show ing thata 3 evidence can be achieved in 2 fo .
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FIG . 3: Lum inosity needed for the observation of a given

branching ratio of B2 1 * at 3 (lower line) and 5
(upper line) level.
Thedecay B! * K %isanotherb! s tran-

sition which happens In the SM only via loops. New
particles contrdbutions in the loops could m odify the
predictions and a sensitive quantity is the anqular dis-
trbbution of the * pair. The forwarddackward
asymm etry of the * relative to the K® direction i
the dimuon rest fram e, as a function of * n-
variant m ass is precisely calculated in the SM and
several SUSY m odels, below the cham onium reso—
nances. The valie sy at which the asymmetry is
equal to zero is predicted in the SM s§" = 439" 038
(Gev=c? )?> [2]. LHCD expects to select 7200 events in

K Ychannel,w ith a B/S ofabout 0.5.
An exam ple of a forw ard-backw ard asym m etry distri-
bution n 2 o ! of data is shown in Figure[d [10].
T he value sy can be extracted w ith a llnear twith a
precision (sp)= 0.5 (G &v=c?)?. Additional sensitivity
to NP com es from m easurem ents of the longitudinal
polarization fraction of the K % ,F.,and the second
polarization am plitude asym m etry Af) . Asan exam —
ple, n the region 1 < @ < 6 (GeV=c?)’ , preferred
for theoretical calculation, the statistical precision on
them easuram entofAéZ) is042,m2H ! [11]. A full
angular analysis is also under study.

oz—_+_+ ]

02

8
q*(GeV?cY)

FIG .4: Exam pl of the expected forw ard-backw ard asym —
metry in BY ! * K ° decays as a function of the di-
muon Invariantm ass, with 2fo ! ofdata.

The rstradiative channelto be observed at LHCDb
willbeprobably B | K © ,forwhich ayield of68000
events per year is expected, w ith a B/S of about 0.6.
Particular interest is given to the BY ! decay be-
cause it allows to test the helicity structure of the
am itted photon. In the SM the em itted photons are
predom inantly left-handed. The tim e dependent CP

asymm etry is given by:
A™Xgin( mt)
cosh ( t=2)

Adjroos( m t)

A sinh( =2)

Acp (B) =

IntheBg system ,where isdi erent from zero,this
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TABLE IT:NumberofD
expected In 2 o !

tagged events from b hadrons,

D ecay m ode|Y ield in 2 fb !
D1 K 7 12:4  10°
Do K* 465 10°
p°! K K' 16 10°

m easurem ent is also sensitive to the A  term ,aswell
astoAdM and A™ ¥ . W ithin thesM A9 o,am & =
sin2 sin and A sin2 cos where tan is the
ratio between the right-handed and the left-handed
com ponents and  is the sum ofBg m ixing and CP-
odd weak phases. In the SM it is expected cos 1
so that a m easurem ent of A sin2 detem ines the
fraction of wrongly polarized photon. W ith 2 fbo !
LHCDb expects to select 11500 events in this channel,
w ith a B/S sn aller than 0.5, and statistical errors on
the param eters of: (& ) = 022, @)= 011,
@r )= 0:11.

VI. CHARM PHYSICS

LHCb will collect also a large sam ple of cham
events. Prom pt cham events are disfavored by the
LHCDb trigger tuned on long lived beauty particles,
how ever a high statistics on charm produced in beauty
hadrons decays will be available. Present studies
are cused on this component. The D° avour
will be tagged by the pion charge in D *! DO *,
D ! 50 decays. Part of the inclusive trigger
bandw dth will be dedicated to inclusive D events,
which willalso be used forPID calbration. T he num —
ber ofD tagged events from b hadrons, expected in
2 b ! is reported in Table[D.

T hishuge sam ple of cham decaysw illallow to per—
form several studies on m ixing and CP violation ].
Onl fow exam ples willbe m entioned here. Th 2 b !
ofdata, using \wrong-sign" D° ! K* decays it is
expected to obtain a statisticalprecision on them ixing

param eters (x®) 0:14 10 *and % 2 10 3.
T hrough the ratio ofm ean lifetime of D | K * to
them ean lifetin e of the CP-even decay D° ! K*K
the m xing param eter ycp can be m easured with a
sensitivity (yep ) 131 10 . W ith tagged and
untagged D ! K*K decays, the direct CP viola—
tion in the lifetim e asym m etry can be m easured w ith
a sensitiviy @& ) 1 10 3.

VII. FUTURE PROSPECTS

Results obtained by LHCb in the rst years of the
experin ent, w ith about 10 fb !, will allow to probe
the presence of New Physics in CP violation and rare
decays. However the evidence of an alle ects and the
discrin ination am ongdi erentm odelsw illrequire in —
proved precision, and severalm easurem ents w ill still
be lim ited by statistical precision. H igher lum inosity
is needed for a real step forward and the LHCb col-
laboration is investigating the upgrade of the detector
to handle a um fnosity around 2 103 an?s ! and to
integrate up to about 100 b '. Thisupgrade doesnot
require a m achine upgrade, since this um inosity w ill
be already available in the standard LHC program ,
however it m ay overlap in tin e with it and with AT -
LA S and CM S upgrades. Them ain issues are related
to the increase of the num ber of interactionsper bunch
crossing, therefore to the higher detector occupancy,
the higher radiation dose, the need of fast vertex de-
tection In order to increase the trigger e ciency for
hadronic m odes. Technical solutions are under study
and an expression of interest for an LHCb upgrade
has been subm itted to LHCC ]. Concermning som e
of the key m easurem entsdiscussed In the previous sec—
tions, the goalis to reach a sensitivity in CP violation
m easurem ents in the Bg m ixing at few perm ille level
nBJ! J= andatthepercentlvelin BY ! ,a
precision of about 1 degree on the m easurem ent of
and to test the chiral structure of the photon em itted
In b! s decaysat the percent level
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