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Abstract. R are loop-induced decays are sensitive to New Physics in m any Standard M odel exten—

sions. In this paper we discuss the potential of the LHCDb experin ent to very rare B !

+

decays, radiative penguin b ! s decaysand electroweak penguin b ! s’/ decays. T he experin en—
tal strategies and the expected sensitivities are presented.
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1 Introduction

A Yhough the Standard M odel (SM ) is successful in
explining aln ost all experin ental results of elem en—
tary particle physics, it is possible that physics beyond
the SM exists just above the presently reachable en—
ergy scale. New Physics is expected to be accessible
from rare decays where standard m odel contributions
are suppressed enough to allow potentialam alle ects
to em erge. In this paper we w ill focus on the avor-
changing neutral currents (FCNC s) processes, which,
in the Standard M odel, are forbidden at the tree level
and can proceed only via loop diagram s. If additional
box and/or penguin diagram s w ith non-SM particles
contribute to these processes, the com plex couplings of
new particlesm ay result in an enhancem ent of decay
rates or In the appearance of non-trivial C P «iolating
phases.

The LHC will be a copious source of B m esons,
with a totalbb crosssection of 500 b.LHCb isa
forw ard spectrom eter for b physics. Itsm ain features
are a precise vertex detector, two R ICH detectors and
a versatile triggerw ith a 2 kH z output rate dom inated
by bb events. LHCDb will operate at a lum inosity of
L=2 102an®s ! ,corresponding to 2 fb ' peryear.

T he reconstruction of rare b decays at LHC is a
challenge due to the an allrates and large backgrounds
from various sources. T he m ost critical is the com bi-
natorialbackground from pp! bbX events, containing
secondary vertices and characterized by high charged
and neutralm ultiplicities. T he studies reported in this

paper have been perform ed using fully sin ulated events.

2 Very rare decay BY !

G ven its sin ple experin ental signatuire and the clear
theoretical picture for its prediction, the m easurem ent
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of the BR oftheveryraredecayBg ! is an ex-—
cellent probe of New Physicse ects. This FCNC pro—
cess isalso helicity suppressed , resulting in a prediction
forthe SM branching ratio of (3:55 0:33) 10 % .This
branching ratio isknown to increase as the sixth power
of the ratio of the H ggsvacuum in M SSM expectation
value, tan [I].Any in provem ent on the lin it on this
BR is therefore particularly n portant to probe large-
tan models. The anom alus m uon m agnetic m om ent
m easured at BNL disagrees w ith the SM expectation
by 2.7 InthecontextofCM SSM atlargetan ( 50),
this indicates that the gaugino m ass is in the range
400-650 G eV /¢, that corresponds to a BY | ¥
branching ratio of 10 7 10 ° . T he present lim it on
the BR provided by Tevatron is< 7:5 10 ® at 90%
CL, that is expected to Inprove up to < 20 10 8
by the end of the Tevatron run. This is still about 6
tin es higher than the SM expected value. G ven the
extram ely low branching ratio of the signal, a detailed
understanding of the background iscrucialin thisanal-
ysis. Several sources of background were considered :
com binatorial background (two realm uons that com —
bine to form a signalcandidate);m isidenti ed hadrons
and exclusive decaysw ith very sm allbranching ratios,
that could sin ulate the signal.

A good invariant m ass resolution is crucial to re—
duce the com binatorialbackground, but also to reduce
the contam ination of m isidenti ed two-ody decays.
G ood m ass resolution also allow s a clear ssparation
between By and B decays. G ood m uon denti cation
and good vertex resolution are also critical. The LHCDb
tw o—track vertex resolution is 110 m in the direc-
tion, while the average precision of the track im pact
param eter is 40 m . A Gaussian t to the recon—
structed Invariant m ass distrdbution for signal events
givesa resolution of 18 M eV /& .The e ciency to iden-
tify real muons from B decays is 95% , while the
probability to m isidentify a hadron either due to the
occupancy in muon cham bers or because it decays in

ight is below 1% for hadrons with m om enta larger
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Fig.1l.Left:BR ( 10 ° ) exclusion at 90% con dence level as a function of the integrated um inosity (fo : ), under the
assum ption that only background is present.R ight:BR ( 10 ° ) observation (3 ) or discovery (5 ) asa function of the

integrated um inosity (b ! ).

than 10 G &V /c. The combined trigger e ciency, for
signal events passing the selection used in the analy-
sis, is greater than 90% .

T he analysis is based on a very e cient soft pre-
selection that rem oves a good fraction of the back-
ground w hile keeping m ost of the signal falling w ithin
the LHCb acceptance [2]. Each event is then weighted
by its likelthood ratio on the relevant distributions.
T hree likelhoods were de ned: a geom etrical likeli-
hood that takes into account variables related to the
vertex, pointing and isolation; the m uon denti cation
likellhood; and the invariant m ass likelihood.

In Fig.[d (left), the 90% CL exclision region for
the branching ratio is shown as a function of the inte—
grated um inosity, under the assum ption that only the
expected background is observed. The two lines cor-
respond to two background hypothesis (ie., nom inal
and shifted values), and the region between them rep-
resents the uncertainty com ing from the lin ited M C
statistics. LHCb has the potential to exclude the in-
teresting region between 10 © and the SM prediction
w ith very little um fnosity ( 0:5fb ! ).

In Fig.[ (right), the LHCb potential to discover a
signal is shown as a function of the integrated um i-
nosity. LHCb has the potentialfora 3 (5 ) observa—
tion (discovery) of the SM prediction w ith 21
( 61 ") ofdata.

3 Radiative decaysb ! s

The radiative penguin b ! s decay is another exam —
ple of ram arkable interest. Its totalbranching fraction
is very sensitive to physics beyond the SM as it m ay
be a ected by the presence of charged H iggs or SU SY

particles in the loop. Presently, the world average is
in good agreem ent with the theoretical SM predic—
tion. N evertheless, In the SM the em itted photon in

radiative decays is expected to be predom nantly left—
handed; this SM prediction is stilluntested, and right-
handed com ponents arise in a variety of new physics
m odels. N o clarifying results have been obtained up to
now due to lim ited statistics.

In principle, a test of the Standard M odel can be
m ade by m easuring the direct C P violation that results
in adi erenceofthedecayratesB ! X andB ! X
In SM the direct CP asinm etry is reliably predicted
to be less than 1% ; however in som e SM extensions
the contribution from new particles in the loop could
ncrease tup to 10%  40% [3].Unfortunatly, inclsive
decays are welldescribed theoretically but aredi cult
to access experin entally ;w hile exclusive cases are the—
oretically m uch m ore di cult to calculate.

A m ore sensitive test of the SM can be m ade by
m easuring the CP asymm etries from the interference
ofm ixing and decay am plitudes in radiative B neutral
decayswhen BY and B? are required to have transitions
to the sam e nalstateX ° .Ifthe photon ispolarized,
as predicted in the SM , the CP asymm etry from the
m ixing should vanish [4]. The current world average
for this CP asymm etry is consistent w ith 0, but the
errors are still large.

In the LHCb experin ent, radiative b ! s decays
can be reconstructed in the modes B ! K ° and
BY ! [B]. The main source of background is as-
sum ed to be b inclusive events where at least one
b-hadron is em itted In the LHCb acceptance region.
T he reconstruction algorithm s and the o ine selec—
tion criteria for thedecaysB® ! K ° ,K ! K*
and BY ! , ! K'K aresin ilar.Charged tracks
have to be consistent w ith the requested particle den-
ti cation and inconsistent w ith origihating from the
reconstructed prin ary vertex. Selected K © or can-
didates are com bined w ith photon candidates of trans-
verse energy larger than 2.8 G €V, in order to rem ove
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Table 1. Annual yields and background-to-signal ratios
for selective decays at LHCb. B =S ratios are lim ited by
M C statistics.

M ode Yied B=S
B m eson decays
B! K° 68000 < 0%
BY ! 11500 < 0:55
B baryon decays
b ! 750 < 42
b ! (1520) 4200 < 10
b ! (1670) 2500 < 18
b ! (1690) 2200 < 18
E lectrow eak decays
BY ! K/ 18774 3
B%1 eex? 9240 5
Iow energy and °.The reconstructed B candidate

is required to be com patible w ith com ing from a pri-
m ary vertex,w hich is a very pow erfuil cut against com —
binatorial background. F inally, to suppress the corre—
ated background from the decays B? ! K ° © and
Bg ! 9, acuton thekK °and decay (helicity) an—
glew ith respect to the B direction isapplied.T hem ass
distributions of B candidates after the triggerand o —
line selection are expected to be (699 22)M &V =¢
and (7099 2:1)M eV =¢? respectively.T he expected an—
nual (2 fb ! ) yields and background over signalratios
(B =S ) are given in Tab.[l.

4 ! polarization m easurem ents

R adiative decays of polarized |, baryonsto !
represent an attractive possibility tom easure the helic—
ity of the photon em itted In theb ! squark transition
[6l]. T he photon polarization can be tested by m easur-
ing the angular distrlbution of the photon in the
decay or even through the angular distrbbution of the
proton com Ing from the ! p decay.

The study of this channel is challenging because
the Iong lifetin e of baryon m eans that it will typ-
ically traverse a large fraction of the tracking system
before decaying.A possible solution is to consider de-
cays to heavier resonances; the subsequent decay to

K allows to trace back the decay of the . The
event selection is sim ilar to the one presented above
for B m esons [/]. T he expected event yields and B =S
ratios for 2 fo ! are given in Tab.[l. It can be noted
that the heavier m odes are have a higher statistical
pow er, but since the distribution of the proton polar-
ization is expected to be at (ie. the proton asym -
metry isuniform = 0 due to parity conservation),
the Intrinsic sensitivity is lower. The m ain conclusion
is that, assum ing a |, polarization of at least 20% ,
LHCDb can m easure the right-handed com ponent ofthe
photon polarization from ! (1115) decaysdown

to 15% at 3 signi cance after ve years of running.
T he additional contribution from the (X ) resonances
to the m easurable range has been estin ated to be 2%

at m ost. T he dependence of the photon polarization
sensitivity on the initial 1, polarization (in the range
P =20 100% ) hasbeen found to be of the order

of a few percent.

5Arpg measurem ent

Electroweak b ! s’/ decay isa FCNC process which
proceedsvia ab! s transition through a penguin di-
agram . New Physics processes can therefore enter at
the sam e levelas SM processes.

In particular the branching ratio as a function of the
squared Invariant m ass of the dilepton system can be
a ected in m ost New Physics scenarios.

However, the experin entally accessible exclusive de-
cays are a ected theoretically by hadronic uncertain—
ties.A possible solution isto study ratiosw here hadronic
uncertainties are signi cantly reduced.

T he forward {backward asymm etry Ary isde ned for
the transition b ! s’‘sby the angle : between the “*
and the b hadron ightdirections in the didepton rest
fram e. The shape of the asymm etry Arp as a func-
tion of the lepton-lepton e ective mass m 2, and es—
pecially the position of the zero crossing (ie. them 2,
value corresponding to Ar s = 0) are aln ost una ected
by hadronic form factor uncertainties, thus providing
a good basis for searching for deviations from the SM
predictions [8]].

Thanks to its very clean experin ental signature, the
exclusive decay Bg ! K has been chosen to ex-—
tract Ar g . T he selection isbased on the denti cation
of two muons w ith opposite charge and of the rele-
vant hadronic nalstate [9]. Very strict requirem ents
on the vertex quality are applied to reduce the back—
grounds from cascade sem ileptonic b ! c,c! s
and from two sem ileptonicb ! cdecays. T hese pro—
cesses have to bewellunder control, as they can induce
abiason Arp . The background from cc resonances is
rem oved by vetoing the J= and (2SS )m assw indow s
in the dimuon e ective m ass distrdbution.

LHCDb expects a 15 M eV /& resolition on the B
massand 10M &V /& on thedim uonm ass. T he resolu-
tion for rpp is4m rad.T he expected yield foronenom —
inal year of running at LHCb (2 fb ! ) is about 7200
events w ith a background to signalratio B=S ’ 03:5.
T he overall trigger and reconstruction e ciency is es-
tin ated to be around 1% .

U sing the results obtained from the fuill sin ulation
oftheB® ! K' channel, LHCb has estin ated the
sensitivity to the forward-backward asymmetry In a
"toy" M C study. T he typicalbehaviour of Ar g versus
m? , after one year of running at the nom inal im i-
nosity (2fb ) isshown in Fig.[A.W ith 2 fo ! ofdata
the precision on the point of zerocrossing Arz = 0)
is expected to be 046 Gev?=c!;while at 10 b ! the
precision in proves to 027 Gev?=c’. No bias in the
m ean of the m easured zero-crossing point is observed.
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Fig.2.TheArp distrbution from an exam ple 2 o * toy
experin ent. The solid line show s the tresult.

R ecent theoretical work [10]has highlighted other
Interesting asin m etries to be studied, as the longitudi-
nalpolarization fraction oftheK 0. ) and the second
of the two polarization am plitude asym m etries (A f) ).
T he param eters are all predicted w ith high precision
from theory in the SM and m any extensions beyond
the SM . T he available statistics are 1in ited by the re-
quirem ent to restrict the region of the dim uon m asses
from 1 to 6GeV?,which is favoured by sm all theoreti-
calerrors. In thisregion, the LH C b expected resolution
with an integrated im inosity of 2 b ' is 0.016 in Fy,
and 042 in A @I

6 Rx measurem ents at LHCDb

Finally, the ratio of b ! sand b ! eesdecays in
any exclusive m ode is also a clean probe of the SM .
Lepton universality predicts this ratio to be unity w ith
a theoretical error below 1% [12]. In the SM , the ratio
ofb ! sand b ! eesdecays is expected to be very
close to unity, namely Rx = 1:000 0:001.Deviations
ofthe order of10% can occurw ith neutralH iggsboson
exchange In m odels that distinguish between lepton
avours (for istance, them Inim alSU SY m odelat large
tan ).
In LH Cb the reconstruction of the tw o decay m odes
B* I K* and B* ! K" ee allows an extraction of
the ratio Rx of the two branching fractions, integrated
over a given dilepton m ass range [13]. The two de-
cays are reconstructed w ith the sam e procedure and
requirem ents described above, except that a proper
brem sstrahlung correction isessentialin theB™* !
channel. T he diHepton m ass range is chosen to be 1 <
mZ < 6Gevi=c' in order to avold cc resonances. T he
event yields are extracted from a two-din ensional t
to theK ““ and ‘‘ m asses in order to take into account
the backgrounds from b ! J= sand B? ! KO ‘.
T he expected yields are given in Tab.[. W ith 10 b *
we expect a relative error on Rx between 4% and
6% depending on the level of background and the ef-
ciency of the trigger. The study of the m ost likely

sources of system atic errors show s that this ervor w ill
be statisticsdom nated.

7 Conclusions

The LHCb experin ent has a prom ising potential for
the study of rare loop—-induced decays, which are sen—
sitive to new physics In m any Standard M odel exten—
sons. In particular, for the very rare decay B !
present experim ents will detect a signal only when
the BR is strongly enhanced by New Physics. W ith
a sensitivity exceeding the BR expected in the SM ,
LHCb w illbe able to discover both enhancem ents and
suppression.In addition, LHCb has good potential for
m easuring the helicity of the photon em itted in the
b ! s decay, the forwarddackward asymm etry Arp
for the transition b ! 1ls and the ratio of b ! s
and b ! eesdecays in a num ber of exclusive m odes.

T he experin ental strategies, the expected annual
signal event yields and the estim ates on background
to signal ratios have been presented.
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