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ATLAS POTENTIALFOR BEAUTY PHYSICS MEASUREMENTS�Maria Smizanskafor ATLAS CollaborationLan
aster University, Lan
aster LA1 4YB, UK(Re
eived April 4, 2001)The main fo
us of ATLAS b physi
s has traditionally been on thestandard model. In the last few years also the aspe
ts of new physi
s inB-de
ays has been addressed. Another new �eld of studies started re
entlyis a beauty produ
tion. We give an overview of the older as well as morere
ent results. After an introdu
tion outlining sele
ted trigger and dete
torperforman
e 
hara
teristi
s, we explain methods and goals of CP violationmeasurements in de
ay 
hannels of B0d meson, physi
s of B0s system and ofrare de
ays. Finally, the ATLAS program for beauty produ
tion measure-ments is presented.PACS numbers: 11.30.Er, 14.65.Fy, 13.20.He, 13.25.Hw1. Introdu
tionDuring last years b physi
s re
eived a lot of attention and presently �rstresults of B-fa
tories are being published. CDF and D0 has already startedRUN-II. Although the physi
s potential of these experiments is promising itmay well be that the very pre
ise B-de
ay measurements needed for �ndingthe eviden
e of new physi
s will be left for LHC experiments. LHC alsoprovide an opportunity for QCD tests in beauty produ
tion at the highestenergies of 
olliding protons.2. Sele
ted trigger and dete
tor performan
e 
hara
teristi
sATLAS dete
tor has been primarily designed to sear
h for new parti
lesat highest mass s
ale, however b physi
s has in�uen
ed the dete
tor layoutas well as the ATLAS trigger.� Presented at the Cra
ow Epiphany Conferen
e on b Physi
s and CP Violation,Cra
ow, Poland, January 5�7, 2001. (1777)
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Fig. 1. (a) First level muon trigger e�
ien
y as a fun
tion of muon pT in barrel andend-
ap parts of trigger 
hambers. The lower threshold of 6 GeV will be used forb physi
s. (b) Example of a high performan
e of se
ond b physi
s trigger: a tra
kre
onstru
tion e�
ien
y as a fun
tion of pT in Inner Dete
tor part, TRT, usingfast look-up-table algorithm implemented in a dedi
ated FPGA pro
essors.



ATLAS Potential for Beauty Physi
s Measurements 1779The �rst level trigger will be working at the event rate of 40MHz. Thefast muon trigger 
hambers will be able to sele
t muons with momentatransverse to a beam dire
tion as low as 6 GeV [1℄ with the high e�
ien
y,Fig. 1(a). At initial LHC luminosity of 1033
m�2s�1 a

epting all the eventswith at least one su
h muon will redu
e the event rate to 10 kHz 
ontaining25% of events with beauty quark [2℄. Su
h a rate is su�
iently low to allowthe se
ond level pro
essing, whi
h is based on full dete
tor granularity data.While in the muon system and in the 
alorimetry only data from the sele
tedregions need to be analysed, the whole volume of the Inner Dete
tor shouldbe sear
hed for traje
tories of se
ondary parti
les 
oming from B-de
ays.It was demonstrated that a look-up-table algorithm implemented in FPGApro
essors [3℄ 
an a

omplish this task in average within 5ms, satisfyingtime requirements of se
ond level pro
essing. The performan
e (Fig. 1(b))is 
omparable to that in o�-line tra
king [4℄. After one year ATLAS triggersystem will deliver to permanent storage � 108 events with opened beautyhadrons and quarkonia.A strong feature of ATLAS dete
tor is a lepton identi�
ation over a widerange of transverse momenta, that allows a 
lean signal sele
tion. Ele
tronswith pT > 0:5GeV are identi�ed in the Transition Radiation Tra
ker (TRT),
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Fig. 2. (a) Reje
tion of 
ombinatorial ba
kground using ele
tron identi�
ationin Transition Radiation Tra
ker. Invariant mass of all tra
k 
ombinations inevents 
ontaining J= ! e+e� before (dashed) and after (solid) identi�
ation 
uts.(b) The J= mass re
onstru
tion in Bd ! J= (�+��)K0 events (linear and loga-rithmi
 s
ales). In part of events a muon dete
ted in muon system was asso
iatedwith the wrong tra
k in Inner Dete
tor (bla
k area).



1780 M. Smizanskathe outer part of ATLAS Inner Dete
tor (ID) tra
king system. An exam-ple in Fig. 2(a), taken from [4℄, shows J= ! e+e� ba
kground reje
tion.For pT > 2GeV an additional identi�
ation arises from the ele
tromagneti

alorimeter.ATLAS ex
ellent muon performan
e is a
hieved 
ombining pre
isionmuon 
hambers with the ID. The re
onstru
tion may be more 
ompli
atedinside higher pT b-jets due to more di�
ult mat
hing between muon 
ham-bers and ID, however, a study made for Bd ! J= (�+��)K0 events showed,Fig. 2(b), that the mass re
onstru
tion is not degraded even in 
ases wherethe pT of b quark is larger than 50GeV [5℄.3. CP violation measurements in B0d de
aysATLAS made detailed investigations to establish the optimal methodsof CP violation measurements in pro
esses Bd ! J= K0S and Bd ! �+��.Analyses were done in terms of time depended CP asymmetry ACPACP � � (t)� � (t)� (t) + � (t) � AmixCP sin(�mt) +AdirCP 
os(�mt) ; (1)separated into mixing-indu
ed and dire
t CP violation parts, whi
h aresimply related to weak phases of these two de
ays.3.1. Pre
ise sin(2�) measurement from Bd ! J= K0SIn 
ase of Bd ! J= K0S the term AdirCP is expe
ted to be small [6℄ andwas negle
ted in analyses. The weak phase � was extra
ted from a �t to thetime dependent asymmetry of the form:ACP = DAmixCP sin(�mt) = D sin(2�) sin(�mt) ; (2)where D is an overall dilution fa
tor due to both tagging and ba
kground.The only free parameter of the �t is sin(2�). High sensitivity of ATLAS inthis 
hannel will be a
hieved by dedi
ated triggers sele
ting J= ! �+��and J= ! e+e� and by a 
ombination of tagging methods [7℄ using muonor ele
tron from the asso
iated B-de
ay and those using the 
harge of thesame-side jet. The expe
ted event yields and the pre
isions obtained withdi�erent tagging methods are summarized in Table I, extra
ted from [7℄.Combining all tags the pre
ision on sin(2�) of 0.01 is expe
ted after 3 years atluminosity 1033
m�2s�1. It was estimated that a 
orresponding systemati
error of 0.005 
an be obtained.



ATLAS Potential for Beauty Physi
s Measurements 1781TABLE ISummary of the expe
ted event yields and the results obtained with di�erent tag-ging methods. Stat. after 1 year Æ sin(2�)sta1033
m�2s�1First trigger level 800 k lepton tag J= ! �+�� 0.039Se
ond trigger level 550 k lepton tag J= ! e+e� 0.031o�-line 170 k jet/
h. tag 0.026Signal/Ba
kground 31 total 0.017Total 3 years 0.01ATLAS, CMS, LHCb 0.0053.2. Measurement of CP violation in Bd ! �+��Pro
ess Bd ! �+�� allows to probe another CKM angle �. Unfortu-nately, large penguin 
ontributions suggested by theoreti
al 
al
ulations [8℄and also indi
ated by latest CLEO results [9℄, makes the interpretation ofBd ! �+�� measurements in terms of � di�
ult. The CP asymmetry ob-servables AmixCP and AdirCPAmixCP = 2 ����PT ���� sin Æ sin� ; AdirCP = � sin(2�)�2 ����PT ���� 
os Æ 
os(2�) sin� ; (3)
ontain other unknown parameters: ratio of penguin and tree amplitudesjP=T j and a strong phase Æ.Low bran
hing ratio and la
k of sub-mass 
onstraints make re
onstru
-tion of Bd ! �+�� a demanding task. Additional problems are posed byisolating the signal from other two-body topologies, su
h as Bd ! K���,Bd ! K+K�, Bs ! K���, �0b ! p�� and �0b ! pK� de
ays.ATLAS used the method of maximum likelihood �t to extra
t CP asym-metry parameters (3) of Bd ! �+�� simultaneously with asymmetry pa-rameters of other two-body 
lasses. Information on dE=dx from TRT, allow-ing to a
hieve a 
ertain level of ���K� separation was used at probabilisti
level in the �t.Fig. 3, taken from [7℄, shows a sensitivity to � as a fun
tion of � fora given Æ = 0Æ; 30Æ; 60Æ and jP=T j = 0:2 . Depending on exa
t values of �,Æ and theoreti
al un
ertainty of jP=T j the de
ay Bd ! �+�� 
an providea 
onstraint on � with a pre
ision approa
hing 2Æ after 3 years.
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ision of measuring � from Bd ! �+�� as a fun
tion of � after threeyears of low luminosity data taking. The three solid lines were obtained (frombottom to top) with Æ = 0Æ; 30Æ; 60Æ and with jP=T j = 0:2 � 0:02. The dashedline obtained with Æ = 30Æ and no un
ertainty on jP=T j, dotted line with theun
ertainty 50%. 4. Physi
s of B0s mesons4.1. Os
illation measurementsThe B0s and B0s mesons mix on a

ount of weak intera
tions. The B0s�B0ssystem is 
hara
terized by two physi
s eigenstates with di�erent masses andde
ay rates. Both the mass di�eren
e �Ms and the rate di�eren
e ��s 
anbe des
ribed in Standard Model (SM) by se
ond order weak pro
esses with�B = 2. Their experimental determination will be valuable input for �avourdynami
s in both SM and its possible extensions.It has been proved that both variables are a

essible by measurement inATLAS. For �Ms best 
andidates are B0s de
ays to �avour spe
i�
 statesB0s ! Ds� , B0s ! Dsa1. ��s 
an be pre
isely measured in B0s ! J= � .4.2. �Ms measurement with B0s ! Ds� , B0s ! Dsa1In B0s ! Ds�, B0s ! Dsa1, the probability p� that an initially (timet = 0) pure B0s will be observed as a B0s and the probability p+ that it willremain a B0s are des
ribed in terms of � , ��s and �Ms by the followingformulae p�(t) = e��t(
osh ��s2 t� 
os�Ms t)� 2 ���s22� : (4)



ATLAS Potential for Beauty Physi
s Measurements 1783The parameter �Ms then 
an be derived from the ratio:r(t) = p+(t)� p�(t)p+(t) + p�(t) = 
os�Ms t
osh ��s2 t ; (5)whi
h is diluted in 
ase of ��s 6= 0 by the time dependent hyperboli
 fun
-tion. It was shown however that for ��s =� � 0:2 no signi�
ant 
hange insensitivity range of �Ms is expe
ted. The ATLAS pre
ision for B0s ! Ds� ,B0s ! Dsa1 pro
esses and the ba
kground were determined by dete
tor sim-ulations and 
orresponding parameters were used as input to a �t in repeatedMonte Carlo experiments. Summary of analyses and results is given inTable II, extra
ted from [7℄. It is 
lear that already after 1 year at lumi-nosity 1033
m�2s�1 ATLAS 
an fully explore SM allowed range of �Ms.TABLE IISummary of B0s os
illation frequen
y measurement in 
hannels B0s ! Ds�,B0s ! Dsa1. B0s 
hannels D�s �+D�s a+1D�s 
hannels ���� 
hannel K+K�a+1 
hannel �0�+K�0 
hannelsignal 1 year 3457proper time resolution 50 fs (60.5%)Gaussian fun
tion(s) 93 fs (39.5%)�Ms 95% CL 1 year 30 ps�1xs rea
h 95% CL 1 year 46The pre
ision of ��s measurement from B0s !Ds� and B0s ! Dsa1using the method suggested by Dunietz [10℄ was estimated. It was shown [11℄that these pro
esses do not provide valuable sour
e of ��s measurement inATLAS. 4.3. ��s and B0s mixing phase �s from B0s ! J= �The B0s ! J= � de
ay leads to three �nal state heli
ity 
on�gurationsand their linear 
ombinations are CP eigenstates with di�erent CP par-ities [10℄. This means that it is not possible to extra
t a CP -violating



1784 M. Smizanskaweak mixing phase �s = arg (V �
sV
b=V
sV �
b) if the heli
ity amplitudes arenot separated. Experiment 
an measure three independent angles and theB0s proper time of the de
ay B0s ! J= � ! �+��K+K�. In some 
asesalso the initial B0s �avour 
an be tagged. A determination of the ba
k-ground 
ontribution and its physi
s 
hara
teristi
s brings other importantinformation. The ATLAS pre
ision for these measurements was determinedby dete
tor response simulations and was used as input to angular anal-yses based on a maximum likelihood �t in repeated Monte Carlo experi-ments. The di�eren
e of the mass eigenstate de
ay rates, ��s , their aver-age value �s and the weak phase �s were simultaneously determined alongwith two heli
ity amplitude values and their strong phases. The mixing pa-rameter xs � �Ms =�s was assumed to be measured in B0s ! Ds� andB0s ! Dsa1 and was �xed. While all eight parameters are independent inthe theoreti
al models, the experimental resolution 
auses some to be
ome
orrelated. The highest 
orrelation appeared between the two strong phasesand prevented their simultaneous determination. Thus, in �nal analysis thetwo parameters were �xed.After 3 years at luminosity 1033
m�2s�1 the��s 
an be determined withthe relative error of 12%. The pre
ision of the �s determination depends onthe value of xs and on the proper-time resolution. The ATLAS dis
overy
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ATLAS Potential for Beauty Physi
s Measurements 1785line in the (xs��s) plane is displayed in Fig. 4, taken from [12℄, together withregions allowed by SM and by the two examples of new physi
s models [13℄.The ATLAS pre
ision is high enough to be sensitive to new physi
s.5. Rare de
ays prospe
tsFlavour 
hanging neutral 
urrent de
ays b! s, b! d o

ur only at looplevel in SM 
ome with small ex
lusive bran
hing ratios BR< O(10�5). Theyare sensitive to new physi
s. Within the SM, these de
ays are sensitive toCKM matrix elements j Vtd j; j Vts j.In the era before LHC some rare de
ays are a

essible on e+e� fa
toriesand Tevatron. In parti
ular for B0 ! K�
 at time of LHC quite a

uratemeasurements should be available. Pro
ess B0 ! K��� 
an be seen, how-ever the mass and angular distributions 
an only be studied at LHC. Purelymuoni
 rare de
ays 
an be observed before LHC only if they are drasti
allyenhan
ed 
omparing to SM predi
tions BR(B0s ! �+��) = (3:5�1:0)�10�9and BR(B0d ! �+��) = (1:5 � 1:0) � 10�10 [14℄.5.1. Purely muoni
 de
aysUsing simulation of the dete
tor response ATLAS has demonstrated thatpurely muoni
 de
ays 
an be sele
ted by trigger and re
onstru
ted at bothlow and high luminosities expe
ted to be 1033
m�2s�1 and 1034
m�2s�1respe
tively. It was assumed that the performan
e of the Inner Dete
tor willnot be degraded at higher luminosity 
ase. Expe
ted signal and ba
kgroundstatisti
s for B0s ! �+�� and B0d ! �+�� are summarized in Table III,extra
ted from [7℄ and [15℄. TABLE IIIExpe
ted signal and ba
kground numbers of re
onstru
ted B0s ! �+�� and B0d !�+�� events. Signal Signal BGB0s ! �+�� B0d ! �+��1 year 1034
m�2s�1 92 14 6603 years at 1033
m�2s�1 27 � 93Already after one year of high luminosity ATLAS will be able to observeB0s ! �+�� and measure its bran
hing ratio and perform a high sensitivitysear
h for B0d ! �+��.



1786 M. Smizanska5.2. Semimuoni
 de
aysAssumming the SM to be valid the measurement of bran
hing fra
tionsof B0d ! �0�+�� and B0d ! K�0�+�� gives, in prin
iple, the possibility toextra
t the ratio of CKM elements j Vtd j; j Vts j. Using dete
tor simulationsATLAS has estimated that the bran
hing fra
tions ratio 
an be measuredwith the statisti
al a

ura
y of 14%, however as pointed in [16℄ the extra
tionof j Vtd j = j Vts j is limited by theoreti
al un
ertainties of form fa
tors des
ri-bing B0d ! K�0�+�� and B0d ! �0�+�� de
ays.ATLAS studied prospe
ts of measurements of forward-ba
kward asym-metry in B0d ! K�0�+��AFB(ŝ) = 1 d� dŝ 1Z0 d2�dŝd 
os(�)d 
os(�)� 0Z�1 d2�dŝd 
os(�)d 
os(�) ; (6)where � is the angle between the �+ and the B meson dire
tion in the restframe of the muon pair. The pre
ision of AFB was estimated in three regionsof di-muon invariant mass. The data are presented in Fig. 5, taken from [7℄,
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ientsC7
 (for details see [7℄).



ATLAS Potential for Beauty Physi
s Measurements 1787together with asymmetry values in SM and an example of super-symmetri
model. The a

ura
y of ATLAS will be su�
ient to distinguish between SMand its extension using the measurements in the �rst region.6. Beauty produ
tion and QCD testsLHC will probe kinemati
 regions of strong intera
tions that have notyet been explored. Compared with previous hadron experiments this willbe a higher 
ollision energy, 14TeV, and a wider Bjorken xF region (ATLASwill be sensitive down to xF � 10�4 [17℄ ). The high b-produ
tion 
rossse
tion will allow 
overage of large transverse momenta, whi
h were di�
ultto measure in previous experiments due to limited statisti
s. Larger numberof events will also enable measurement of 
orrelations between b-quarks andgluons, and multiple heavy �avour produ
tion allowing to test higher orderQCD 
al
ulations. QCD is nowadays re
ognized as a well proven theoryand new data are expe
ted to determine the boundaries, within whi
h theperturbation theory provides an adequate des
ription.To initiate a programme of ATLAS b-produ
tion studies we �rst madea 
omparison of Tevatron data with several models [18℄. This allowed us tounderstand details of the measurements and of data interpretation. Limitedstatisti
s lead CDF and D0 experiments to use only semi-in
lusive B-de
aymodes and required 
uts leading to information loss. In parti
ular they
ould not fully establish the 
ontribution of events in whi
h b and b quarksare produ
ed 
lose to ea
h other. This region is important for measurementsof higher order QCD 
ontributions.The ATLAS performan
e simulations were done for two ex
lusive 
han-nels, Bd ! J= (��)K0 and Bs ! J= (��)�, for whi
h 4; 8 � 105 and3; 2 � 105 events respe
tively are expe
ted after three years of low luminos-ity data taking.To demonstrate a potential for a measurement of the azimuthal angledi�eren
e ��(b�b) between b and b quarks two pro
esses were sele
ted:b ! Bd ! J= (��)K0; b! �X ; (7)b ! Bs ! J= (��)�; b! �X :The re
onstru
tion e�
ien
y in these events remained a

eptably high in
ases where the azimuthal angle di�eren
es ��(J= � �) between J= and� were small, Fig. 6, taken from [5℄.Spe
ial attention was devoted to the ba
kground events in whi
h themuon is produ
ed from the de
ays K�; �� ! ��X instead of b! �X. Thestudy showed that this ba
kground is not problemati
 in Bd de
ays, how-ever it is important in the 
ase of the B0s meson. This parti
le is 
omposedof b and s quarks and so is always a

ompanied by the asso
iated strange
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ATLAS Potential for Beauty Physi
s Measurements 1789quark, whi
h mostly hadronizes to a K meson. The 
hara
teristi
 featureof this ba
kground is that the muon from the K� de
ay is 
orrelated withthe B0s meson. After applying 
uts to reje
t K�; �� ! ��X the 
ontri-bution of this ba
kground is still important espe
ially for high pT events,pT(B0s ) > 50GeV, Fig. 7, taken from [17℄. The results of this study showthe importan
e of simultaneous measurements of b�b 
orrelations and of theprodu
tion of b�b s�s 
ombinations.The beauty produ
tion studies will be extended to the semi-in
lusiveevents 
ontaining b�b ! J= (�+��)X and to b-jets to a

ess higher-pTregion. 7. Con
lusionsThe ATLAS studies 
learly showed that the dete
tor is well equippedfor a multi-themati
 b physi
s program. In CP violation the main emphasiswill be on underlying me
hanisms and the eviden
e of new physi
s. ATLASis espe
ially pre
ise on �. Apart from e+e� B-fa
tory �ben
hmark modes�,the LHC gold-platted mode B0s ! J= � was studied. B0s physi
s studiesmade it 
lear that there is a sensitivity to a mass di�eren
e �Ms far beyondSM expe
tations. The rate di�eren
e ��s 
an be in ATLAS best measuredby B0s ! J= � . Important for rare de
ays is a possibility to 
ontinue themeasurements at full LHC luminosity at whi
h B0s ! �+�� with a SM ratio10�9 
an be observed already after one year. Pre
ision measurements 
anbe done for B0d ! K�0�+��. Large statisti
s of ex
lusive or semi-in
lusiveB-de
ay 
hannels, espe
ially those with J= ! �+��, allow QCD tests on
entral b-produ
tion at LHC, in parti
ular the 
orrelations between b and b .The ATLAS potential for b physi
s has not been fully explored yet and otherstudies in parti
ular on B
, Bs ! J= � and B+ ! K+K+�� are ongoing.REFERENCES[1℄ CERN LHCC 98-14.[2℄ CERN LHCC 2000-17.[3℄ ATL-DAQ-2000-012, ATL-DAQ-98-120.[4℄ CERN, LHCC 97-16.[5℄ S. Robins, ATL-PHYS-2000-026.[6℄ R. Fleis
her, Eur. Phys. J. C10, 299 (1999).[7℄ CERN LHCC 99-15.[8℄ M. Gronau, Phys. Lett. B300, 163 (1993); A. Ali, G. Kramer, C.D. Lu,Phys. Rev. D59, 014005 (1999).
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