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Experimental B Physics today

» Existing facilities (B factories)

> BABAR (SLAC PEP-II, USA) and Belle (KEK, Japan) experiments

> Proper energy (1(4S), 10.58GeV), specialized detectors: dE/dx (DCH),
DIRC, TOF etc

> Huge statistics: many B measured, rare decays, CP violation etc

» CMS at LHC (hadron collider)

> High energy: 14TeV, not necessary for BPhysics

> General purpose detector: no dE/dx, TOF, performance not so outstanding
for soft physics

> Main goals: Higgs, SUSY, Exotica = limited trigger bandwidth for
BPhysics

» B Physics at hadron collider: CDF and DO at Tevatron (Fermilab)

> properties of B, and By: lifetime, mass, CP, rare decays

» Bs: BY — BY oscillations, lifetime, mass, limit on B(BY — 1+ 1u~)
> properties of B, Ap: lifetime, mass, Acp

> Xy, X} discovery: m(X,)=5815.2+1.0(stat)+1.7(sys) MeV/c?
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B Physics results (examples)
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Motivations

» Physics:

> bb x-section at 14(10) TeV ~ 500ub

> 'New' flavors produced: B? (~ 20%) and BF (~ 0.2%)

> NP search in decay rate: mainly B — putpu~

> NP searchin Agg, Acp, M+, —, Py1y: B— Xspp™ and Ap — Aptp—
» Detector:

> (di-)ymuon low pr trigger, precise vertex detector, efficient tracker system
> B and quarkonia (J/Psi, 7") decays provide excellent calibration

» Collider:

> at low luminosity phase no Higgs, but already plenty of bb
> at high luminosity, thanks to efficient (di)-muon trigger, continue BPhysics
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The CMS Detector

for details see talk G.Tonelli

» The Compact Muon Solenoid

TRACKER

CRYSTAL ECAL

- Length 22 m , diameter 15 m, 12.5 kton
- Magnetic field 3.8 Tesla

PRESHOWER

» Muon system

- DT, CSC, RPC
- pr > 3GeVic

RETURN YOKE

SUPERCONDUCTING
MAGNET

» All-silicon tracker (220 m?)

FORWARD
CALORIMETER

- |77| < 25 HeAL MUON CHAMBERS
- pixel: 3 layers, 2 disks, 100x150 um? pixels
- strip tracker: 10 layers, 9 disks
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The

CMS Muon System

for details see talk S.Marcellini

> Three types of gaseous particle detectors for muon identification

R (cm)

- Drift Tubes (DT) in the central barrel region: position and momentum

measurements

- Cathode Strip Chambers (CSC) in the end-cap region: position and

momentum measurements

- Resistive Parallel Plate Chambers (RPC) in both the barrel and end-caps: fast

information for the Level-1 trigger
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The CMS Tracker

» Silicon Strip Detector

- 10+-14 points
- hit resolution: 50/500 um in
(r— o)z

» Pixel Detector

for details see talk M.Krammer
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- hit resolution: 10/17 um in
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The CMS Trigger Strategy

» Level 1 Triggers

- muons and calorimeters,
Latency: 3.2us,

40 MHz — 100 kHz

» High-level Triggers (HLT)

- fast (local) reconstruction,
100kHz — 100Hz

L1 trigger rate

E & GMT dimuons diff. events
=107 °  GMT dimuons same event
@
fé L2 ®  GMT dimuons total rate
Ay | dimuons generated rate
g 10 i
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» B-physics triggers

Level 1: single- or di-muon trigger

1u: pr > 7(14) GeVie,
2u: pr > 3(7)GeVie

HLT: exclusive and inclusive b/c

triggers at ~ 5Hz
partial reconstruction,

displaced di-muons

Partial reconstruction

@ 3

o
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LHC start-up and CMS objectives

» 2009 - 10TeV Collision:

- ’Engineering’ Run — 1 < 5pb~"
- Nominal luminosity (1028 — 103') cm—2s—!
- Detector commissioned, calibration and alignment

» 2010 - 10TeV Caollision:

- Physics Run — 100+300pb~"'
- Nominal luminosity (103! — 10%2) cm =25~
- Detector calibrated and aligned, physics data taking

» Beauty related information

- Ny =5x108/pb~"
- L1 trigger:

2u: pr=3GeVic;
1 pr=3,5GeVic - (un)prescaled, pr>7 GeVic, unprescaled till 10%2

» Main BPhysics goals at start-up

- measure: mg, T, decay branching ratio for different b-hadron decays
- measure: bb production x-section and production mechanisms
- search: NP effects in rare B decays branching ratio
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Heavy Flavor Menu

> ready analysis

- Inclusive b production: differential x-sections

- Inclusive and prompt J/W(— ptp~) production x-section

- J/W vs u: bb correlation studies, bb production mechanisms
- B - J/\Uqb — ptp~ KT K~ : measurement of Al'g

- B0 — ot~ FCNC rare decay, possible hint for NP

- B — J/WTI' — ptp~ 7% mass and lifetime of B

- 7 — 3u: search for Lepton Flavor Violation

» analysis in progress

- Bi — J/WKE — ptp~ K*: measurement of o,z
B — DouX: measurement of o,
- b— J/W+ X — ptu~ + X: inclusive b production x-section and lifetime
- BY — J/WK*O — s Kt
- Quarkonia: 1" and x¢ production x-section, J/W polarization
- B—(¢,K*,Ks)utpu=, Ap — Autu~: search for NP
» parameters assumed in the studies

- ECM =14TeV, Opp = 500,ub,
- luminosity from 3pb~" up to 10fb~"
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Inclusive b production

» Measure differential b-jet x-section: do/dpr and do/dn
> Experimental signature: u + b-jet

» Trigger

- L1: single muon with pr > 14GeVic (e = 18%)
- HLT: muon with py > 19GeVic + bjetof Er > 50GeV (c = 60%)  — ;o1 4 "
Off-line Analysis b-Jet A Py

- b-jet tagging with CSV (secondary vertex based) algorithm
- take most energetic b-jet in event as B-particle candidate
- apply muon tag (muon in b-jet)

1.6M b-events collected @ 1 fo~

v

v

v

Key issue is data purity

- background: c-jets, udsg-jets with real/fake

- select jets with muon inside (b-jet candidates)

- fit data with MC shapes of muon transverse momentum with
respect to jet axis
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Inclusive b production

muon prspectrum fit: x-section uncertainties:
b (dash), ¢ (dot-dash), udsg (dot) stat (), sys (H), total (e)
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- Dominant source of systematic is Jet Energy Corrections.
- Measurements could be done with 20% error in a range
pr(B)=50 GeV/ic +~1.2 TeVic with 10 fo~' of data

Andrey Starodumov B Physics potential of CMS 13/32



J/V(— u" ™) production x-section
P
CMS Preliminary D Promptdiy
.bﬂJ'V
. QCD background

a

» Measure J/V production x-section: do/dpr

» Three main production mechanisms:

Events/10 MeV/c?

- prompt direct production
- prompt indirect production (via x¢, W2 etc decays)
- non-prompt production via b — J/WX

» Goals of the study

- prompt J/WV production mechanism: CSM, COM,
else? [Color Singlet/Octet Model]
- measure B hadron production x-section

31 32 33 34
M('w) (GeV/ic?)

[yl cms Preliminary
T

T T
+ combined data
— total fit
| prompt J/y

S
T

» Puzzle in quarkonia production

- CDF shows 50(!) times higher x-section than CSM

- NRQCD including COM explains do/dpr but not
transverse polarization 1

- at LHC higher prand more luminosity allow for new
studies

» 70k J/W events collected @ 3pb "

by
- non-J/y background

Events/0.005 cm
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J/V(— p* ) production x-section
» J/WV trigger selection and reconstruction: cus prtmnry

T T T T
Inclusive J/y : \s=14TeV, |n|<2.4

- L1: di-muon with pr>3 GeVic
- HTL: muon prand myy + 0.3 GeVic2
- off-line: same as trigger + di-muon sec. vert.

102 o

* Fitresult

—— Monte Carlo

- Br(J/w—up) (nb/GeV/c)

» Sample composition:

- background: QCD with 1 real and 1 fake muons
- B fraction determined by log-likelihood fit of mass
spectrum and transverse flight length /yy,

&
T

do
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» Systematic uncertainties: ~ 15% (lumi,e; ;) Py (GeVic)
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bb production mechanisms
» Three production mechanisms:

- Flavor Creation: both b-quarks in the hard interaction (HI),
A¢ ~ m, balanced in pr

- Flavor Excitation: one b-quark in the HI, asymmetric pr

- Gluon Splitting: none b-quark in the HI, small A¢

» Goals of the study

- critical additional test of NLO QCD

- precise determination of bb production topology

- tune MC generators for more realistic estimation of bb
background for NP searches

21800 T T T
g of | Il Flavor Creation
w
F lavor Excitation
1400; luon Splitting
1200
1000
800
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400
200
0

0 0.5 1 15 2 25 3
A ¢ bb
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bb production mechanisms

> Analysis strategy:

- Signature: bb — J/V(— ptp=)X + pEX

- L1/HLT triggers: di-muon pr>3 GeVic

- Signal yield measured in A¢ bins through
unbinned maximum-likelihood to J/W mass

Ly and 1P,

- Unfolding Ag(J/V — 1) to get Ag(bb)
» With 50 pb~" of data (few month)

- 7500 signal events
- o(pp — bbX) = 451 £ 50ub

1000(— CMS Preliminary

Events/(0.6 MeV/c?)
=3

s

[ take 4w
[ real drvstaken
[ prompt v
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315 32
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t F [_|Generated 1
o b ]
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BY — J/VW¢p — putu  KTK-

» Study properties of Bs system:
- Width difference of two weak eigenstates Al's =Ty — I,
- SM: ATs/Ts ~ 10%, CDF: (ATs/I's ~ 3.1 & 7.752)% (2.8fb™ ")
- Mass difference of two weak eigenstates Ams = Mgy — Mpt

- CDF: Ams = 17.77 £ 0.10g4at & 0.075ys (10~ ")
- height of the Unitarity Triangle (n) and possible hint for NP:

#SM = —2)25 = (3.12 4 0.11)° (CP-violating weak phase)
» B decays into two vector mesons: 3 polarization amplitude

- CP-even: Ay(t) and A)|(t) and CP-odd: A, (1)
- with constraint |A2 = |Ag|2 + |Aj|| + |AL [?

» Time dependent angular analysis:

- simple example:

D (IA(D + A (1)2) (1 + cos0) + |AL ()22 sinPe

- more information in the full three angles distribution
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BY — J/VW¢p — putu  KTK-

» Trigger strategies:

- L1: di-muon with pr > 3GeVic
- HLT 1: partial (~6hits) track, J/W mass and vertexes reconstruction
- HLT 2: kinematic (pr, mass) and topological (Lxy, Ac etc) selections
- HLT 3: ¢ and Bs reconstruction and corresponding selections

» Background

- prompt J/W: important in trigger, negligible after all cuts
- inclusive b — J/W: after all cuts ng/ng ~ 33%
- By — J/WK*: after all cuts ng/ng ~ 7%

» Off-line Analysis

- almost the same as HLT but with full detector information
- angular analysis to measure Als

» ~14k events collected @ 1.3t~
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Bs — J/W¢: results with 1.3

[ Parameter | Input value Result [ Stat.error | Sys.error | Totalerror [ Rel. error |
|A(0)[2 0.57 0.5823 0.0061 0.0152 0.0163 2.8%
14)(0)2 0.217 0.2130 0.0077 0.0063 0.0099 4.6%
|AL (0)] 0.213 0.2047 0.0065 0.0099 0.0118 5.8%

Ts 0.712ps—' | 0.7060ps—' | 0.0080ps~' | 0.0227ps~' | 0.0240ps—" 3.4%
ATs 0.142ps—1 | 0.1437ps—' | 0.0255ps—' | 0.0113ps— ' | 0.0279ps—' 19%
ATs/Ts 0.2 0.2036 0.0374 0.0173 0.0412 20%

Amg ~ 3MeVic?

Mass of ¢ candidate

< 8000
L

3
8

events/(0.35 MeV
g8
38

1 1005 1.01 1015 102 1.025 1.03 1036

Gevic

Amgg ~ 14 MeV/c?

3 8
8 8

g
8

events/(1.5 Mevic?)

GeVic?

- Statistical error on Al's/T's is ~ 0.01 with 10fb~"

osy ~ 77 pm

Offline L,, residuals |

@1ndt as0arar

% 3500f-
3000F
2500
2000
1500
1000F-

500

Constant 33224155

Mean-7.5566-05 + 2.846e:05

Sigma. 0.007736 0000025

foilanel
-804 003002 001 0

- Measurements of ¢ with tagged analysis is under study
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B —

tc,u|d Ilv
s(d)

b—¢.w+
seZ2%H0RO
s(d) W+

» Highly suppressed in SM: B(B? — p*p~)=(3.86 +0.15) x 1077

» Sensitive to NP:

- New particles contribute in decay diagrams
- MSSM: B « (tan 8)® or 2HDM: B « (tan 8)*
- Constraints on masses (mp, m; /» etc) and tan 8

» Current best limit (Tevatron, 2fb™):

- D0:B<75x 1078 at95% C.L.
- CDF: B< 4.7 x 108 at 95% C.L.
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B — utp~: analysis overview

» Search for a very rare decay channel

- clean experimental signature
- efficient signal selection
- strong background reduction

» Background composition

- bb(cC) — ptu— + X

- rare single B decays (peaking and non-peaking)

- QCD 2 — 2 (1 or 2 hadrons identified as
muons)

» Background reduction

- 2 muons consistent with one secondary vertex
- large flight length

- isolation of di-muon system

- mass window
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BY — ;i background

[ sample | Generator cuts/channels [ ousltbl [ Nup(10o~T) |
pf > 3GeVic, [n"'| < 2.4
bb — ptp™ + X Pt > 5GeVic, 0.3 < AR(up) < 1.8 1.74E + 07 1.74 x 108
5 < muu < 6 GeV/c?
Bs decays Bs — K~ KT 2.74E + 05 274
Bs —» nxt 9.45E + 03 3
Bs — K=t 3.08E + 04 16
Bs — K- utv 2.80E + 05 2.80 x 104
Bs — utp "~ 1.298 + 01 130
B, decays By — m mT 8.34E 4 04 21
By — m~ Kt 3.74E + 05 187
By — n utv 1.25E + 06 6.25 x 10*
By — pfpmg 3.77E + 01 377
B, decay By — p T puw 2.24E + 03 2.24 X 10°
B decays Be — ppu pty 2.01E + 01 201
Be — J/Vutv 1.89F + 03 1.89 x 10%
Ap decays Ap — pr— 4.22E 403 1
Ap — pK— 8.45E + 03 1
QCD hadrons 5 < M(hh) < 6GeVic® 2.24E 411 1.12 x 10°
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Misidentification of hadron as muon

Mis-Id. spectrum (p,): Protons

Mis-ld. spectrum (p,): Pions Mis-Id. spectrum (p,): Kaons
102; L L

ot 4T

o+ P+ i
103? -+ 0% + [ <‘>

r E 10%

02 0 2 1 16 16720 2224 02 0 2 14 e 16 20 2224 02 10 2 14 16 16 20 2224

pr(GeVic) pr(GeVic) pr(GeVic)
€mis(m) =0.5% emis(K) =1.0% emis(P) =0.1%
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BY — 1t~ background before cuts

bb — putpuT + X

|

events/bin

By - Wty
[ signal
10°F + Background

events/bin

|
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m\\
8 9

m., [Gev]

ponls
3 4
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107
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I
.8 5 52 54
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BY — u*u~: main selections

» Muon separation: 0.3 < R, < 1.2 CR
» Pointing angle: a(Pr, V7) < 5.7° LR
» Decay length: /y, /oy, > 18.0
» Vertex fit quality: ¥ < 1.0

inn: | — pr(Bs)
» |solation: [ = Br(B)+S P7] > 0.85, .

R < 1 ‘0, pT > 09 Ge\l/c 0.97 0975 0.08 0985 0.99 0.995 1
Mass cut: |m,,, — mp,| < 100 MeV/c?

v

s

= = =
B 5 5 : 5.37540.001 GeV
3 DOsignal S DOsignal g MC
Z 104 DBackground Z 0.12] DBackground E 0.110: 0.036£0.001 GeV/
3 3 0.1 %08
102 0.08]
0.06
0.06
0.04
- 0.04
0024 002
0 T T T T T T T T T T T
0 0 02 04 06 08 1 5 51 52 53 54 55 56 57
1 m., [GeV]
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BY — utu~: background after cuts

Rare background after selections (10fb~")
I:IB~uu(59) I:IBS”“'MS'Q)

bb (121.6)
e B, - KK (05)

B, — 10 7T (1.8e-02)
B, — K T (6.6e-02) R

bb (121.6)

B, - T T¢ (0.2)

ey [ c L
el 10%; B, -~ K p*v (13.4) Ke) 10° .
o 107 B, ~ My (0.1) B 107F Ba = K (09)
T 100, T 10- :
s 0 s

10t 10?

102¢ 102

103 10°

10 1 LG ‘ ‘ 104 i A

5 52 54 56 58 6 5 52 54 56 58 6

m,.- [GeV] m,.- [GeV]
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B — utp: results

» Results for 10~

> Signal: eg=0.019+ 0.00245, Ng = 6.1 % 0.6 + 1566

» Background: e =2.6 x 107, ng = (13.8 + 0.3)'%33

B(BY — ptp~) < Mles:Nes) 4 4 5 108 (90% C.L.)*

T Egen Erotal NBS

* UL extracted using Bayesian approach (CDF)
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Bf — J/Vn* — ptpnt

» B discovered by CDF (!)
- Mg, = (6.40 + 0.39 + 0.13) GeV/c?
- 7p, = (460 + 180 + 30)fs

» Mg, and 7, measurements

- 120 J/Wn* selected in 1fb~"
- mass resolution oy = 15MeV/c?
- lifetime error o, = 45fs (stat dominated)

2

% = F A
3 = 25: 1™ Bcand Bkgs ]
I 5 E Bc ]

S =]
L L E I ]
%1015 = 200 :l;iruomp‘ ¥ E
F 5 C Oy 1
gt 2 F I s ]
@ 1g2f T f —E 3
3 < F s ]
g r ]
10F L 1
E 10k e

1E n

E 5k -
10°E of L . h
4 5 6 7 8 0.02 0.04 0.06 0.08 0.1
m,,, - candidate (GeV/c’) Proper decay length (cm)
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LFVinrt — L

» SM lepton flavor violation is negligible: ~ (m?2 /m3,)?
» Many theories BSM allow B ~ O(10~'% = 10~7)

» Current experimental limits:

- BELLE: B <3.2x 1078, 535"
- BABR B<53x 1078, 3760

» CMS can contribute in the measurements:

- Plenty of ~ produced ~ 10" per 1fb~"
- Clean experimental signature, suitable triggers
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LFVinrt — L

» 7 sources at CMS

[Chamnel | W —7v | v/Z 77 | B 57X | BY = 1X | Bs > 7X | Ds — 7X_|]
[ Noato~T [ 1.7x 107 | 3.2x105 [ 4.0x 10 | 3.8x10 [ 7.9 x 10° | 1.5 x 107" |

v

Main background sources
- €C — DxDs — pvé(— pp) + X
- bb — BxBs — uvDs(— hp(— pp)) + X
Trigger strategy
- L1: single muon with pr>14 GeV/c, di-muon with pr>3 GeVic
- HLT: single muon with pr>19 GeV/c, di-muon with pr>7 GeV/c
Expected limits for 30 b~
- inW— rv:38x10°8

-inZ—-7r:34x107 : ,
-inb—7X:21x10°7 : o ~ 24MeVic

v

v

8

3
8

entries/14 MeV/

8

v

Above results from 2002

Now the study under revision 1

v

C 1 L
15 16 17 18 19 20 21 22
mass [GeV]
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Conclusions and Outlook

Conclusions

» While designed for high-prphysics, CMS has broad heavy flavor
program

» Main features allow this program:

> high bb event rate even at low (10%2) initial luminosity
» efficient low pr di-muon trigger
» excellent tracking: momentum, mass, vertex resolution

Outlook

» More heavy flavor topics may come soon

» First results are expected in 2010
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