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Why Studying Bs — upu~ ?

Looking for Physics Beyond SM requires:
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Why Studying Bs — upu~ ?

Looking for Physics Beyond SM requires:

clean SM prediction
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Why Studying Bs — upu~ ?

Looking for Physics Beyond SM requires:

clean SM prediction
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Sensitivity to New Physics.

Constraints from Direct Searches (CMS, 30 fb~'):
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Sensitivity to New Physics.

Constraints from Bg — ptp™:
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The LHCb detector

A detector design to study rare B decays like Bs — utpu~:

Mathieu Perrin-Terrin CPPM Search for the Bg — }J+L17 decays at LHCb Dec 12th, 2011 5/14



The LHCb detector

A detector design to study rare B decays like Bs g — putpu™:
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The LHCb detector

A detector design to study rare B decays like Bs g — putpu™:

High Bs, Bd statistics

@ Large cross section: o(pp — bbX ~ 300ub) at 7 TeV.

@ Large acceptance for bb pairs produced mostly
forward/backward: LHCb covers 1.9 < n < 4.9

o Efficient trigger on low pT muons.
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The LHCb detector

A detector design to study rare B decays like Bs g — putpu™:

High Bs, Bd statistics

@ Large cross section: o(pp — bbX ~ 300ub) at 7 TeV.

@ Large acceptance for bb pairs produced mostly
forward/backward: LHCb covers 1.9 < n < 4.9

o Efficient trigger on low pT muons.
Bkg/Sig separation:
@ Large boost: the B meson decay vertex is displaced in average
1 cm from the PV .
@ Good mass resolution: o, (Bs — 't =) = 24.6 MeV/c?
@ Good impact parameter resolution: op ~ 25 um(pT = 2 GeV/c)

@ MuonID performance:
e(p — p1) ~97%(p > 10GeV/e), e(h — p) < 1%(p > 10GeV/c).
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Analysis Strategy

Normalisation to B — J/y¢, B - K*7—, B — JiyK+

= N(Bs—putpu~= N(Bs—p pu=) N B2—>J
BR(Bs — ptp~) = % i W (N(Bs/;bcb)
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Analysis Strategy

Normalisation to B — J/y¢, B — K*7—, B — JiyK+

—\ _ N(Bs— +L_) N(Bs— T N(Bg—>]/1/)¢)
BR(Bs — utu~) = Myt o Hrrhpte) Bieee)

Selection
- similar selection between Signal and Control Channel
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o
Analysis Strategy

Normalisation to BY — J¢, B — K*7—, Bt — JiyK+

N N(Bs—ptu— N(Bs—p* ™) N(BI—Y/ip¢)
BR(Bs — ptp~) = METsi) o NEeiniod Toeh

Selection
- similar selection between Signal and Control Channel

Sig/Bkg discrimination

- combinatorics: bb — ptpu~ X
- use 2 uncorrelated variables: BDT, mpupu.

- BDT: Boosted Decision Tree, use the geometry and kinematics
of the events.
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Limit Extraction

LHCb Event Display

M =5357 GeV
BDT =090

Decaylength =115 mm
Tracks shown for py >05 GeV

@ Too few Bs — up~ signal event to measure its B but
“if B(Bs — utu~)was such then we would have observed it!”

@ Set an upper limit by comparing data with expected distributions
in bins of BDT and muy for given B
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Limit Extraction - my contribution

@ Define a scale of Signal-likeness, Q:

_SIG BKG.
) —2InQ ’
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Limit Extraction - my contribution

@ Define a scale of Signal-likeness, Q:

_SIG BKG.
) —2InQ ’

@ Calibrate the scale (generating pseudo-experiments):

Bkg Only such

if B was such then Sig+Bkg would give Q of such
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Limit Extraction - my contribution

@ Define a scale of Signal-likeness, Q:

_SIG BKG
) —2InQ
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@ Calibrate the scale (generating pseudo-experiments):

. Bkg Only . such
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Limit Extraction - my contribution

@ Define a scale of Signal-likeness, Q:

_SIG BKG
) —2InQ

+

@ Calibrate the scale (generating pseudo-experiments):

. Bkg Only . such
if B was such then Sig+Bkg would give Q of such
@ Compute for each B the Q for the data
%%m lié:
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@ Measure the probability, CLs, for each B that the Sig+Bkg gives
the data Q.

@ all B values giving CLs smaller than 5% are excluded.

Exp SM+Bkg
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With 370 pb~! LHCb has set the world best limit on Bs — p*p~and
By — ptu:

B(Bs — ptp~)<1.4-1078 at95%C.L.
B(By — ptp~)<32-107° at95%C.L.

These results put stringent constrains of New Physics scenarios.
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Sensitivity to New Physics

Constrains from Indirect Searches Summer 2011 ( Bs — pp™ ) :

CMSSM - tan =50, A =0
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Sensitivity to New Physics.

Indirect Searches Vs Direct (Atlas CMS) Summer 2011:

CMSSM - tan =50, A =0
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Prospect: 30 observation is possible for this Winter
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BDT Variables

@ B lifetime,

@ impact parameter,

@ transverse momentum,
°

the minimum impact parameter significance (IP/i(IP)) of the
muons

@ the distance of closest approach between the two muons

@ the isolation of the two muons with respect to any other track in
the event

@ the minimum pT of the two muons

@ the cosine of the angle between the muon momentum in the B
rest frame and the vector perpendicular to the B momentum and
the beam axis

@ the B isolation
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BDT

Mathieu Perrin-Terrin

0.-025 025-05 | 05-0.75 0.75-1.
Exp. comb. bkg | 575.5%% 6.9610% 1197932 0.111759%
52985318  Exp. peak. bkg | 0.126%3%% | 01247997 | 01247397 | 0.127+3%%
Exp. sig. 0.05970023 | 0.0329+90128 | 0.0415799120 | 0.0411759138
Obs. 533 10 1 0
Exp. comb. bkg | 566.8'%3 6.9019%% 116703 0.109+9072
5318-5338  Exp. peak. bkg | 0.0525%3 | 0.05473%% | 0.052t3%% | 0.05113%3
~§ Exp. sig. 020570078 | 01147508 | 0.14279%% | 0.142790%2
2 Obs. 525 9 0 1
g Exp. comb. bkg | 5582781 6.8470%% 1147537 0.10679975
g 5338-5358  Exp. peak. bkg | 0.024*3%% | 0.0255%% | 0.02475%7 | 0.025+3%5
g Exp. sig. 0.38131% 02187997 | 0.267/3%%5 | 0.265'950
= Obs. 561 6 2 1
Exp. comb. bkg | 549.8"%9 6.7710% 111753 0.103*902
5358 —5378  Exp. peak. bkg | 0.014573%2 | 0.0151+3%% | 0.01535%% | 0.015+3%3
Exp. sig. 0387914 02137997 | 0.26779%° | 0.265:3977
Obs. 515 7 0 0
Exp. comb. bkg | 541.57%% 6.7119% 1.09753% 0.101+9970
5378 -5398  Exp. peak. bkg | 0.0115'3317 | 0.0116 39577 | 0.0118+33578 | 0.011875308
Exp. sig. 020470078 | 01147008 | 01427308 | 01417908
Obs. 547 10 1 1
Exp. comb. bkg | 533.47%7 6.65053 1.07°9% | 0.098759%
53985418 Exp. peak. bkg | 0.008933:% | 0.0088"391%3 | 0.0091753:%8 | 0.0090753%
Exp. sig. 0.058+992% | 0.0323+30128 | 0.0407+99120 | 0.040245 0137
4 1 0
CPPM .~ decays at LHCb
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BDT

Invariant mass [MeV/c’]

0.-025 025-05 05-0.75 0.75-1.
Exp. comb. bkg |  614.247% 728497 1317548 01230197

5212-5232  Exp. peak. bkg | 0.203°3%%8 | 0.20673%% 0.20375%7 0.20575%%
Exp. sig. 0.0070*39%27 | 0.0039%3%%1 | 0.004913%%1 | 0.004875%1%
Cross-Pollution | 0.005673 3%} | 0.003123 %0112 | 0.00391+0.901%7 | 0.003873 09122
Obs. 554 6 0 2
Exp. comb. bkg |  605.047% 7A75% 129104 0.121751%
5232-5252  Exp. peak.bkg | 0.28175%% | 0.279755% 0.280°35% 0.280°35%8
Exp. sig. 0.0241799% | 0.0135°303% | 0.016975%%% | 0.01671939%9
Gross-Pollution | 0.00717$%27 | 0.0039'33%i3 | 0.00496"33%13¢ | 0.0049"351%
Obs. 556 4 2 1
Exp. comb. bkg |  595.9%7% 710757 1267942 0.119755%7
52525272 Exp. peak. bkg | 0.323397% 0.32673574 0.32473972 0.325739%
Exp. sig. 0.0451901% | 0.0252190%% | 0.0317/0%7 | 0031313303
Gross-Pollution | 0.0097/$%3% | 0.0054'33% | 0.0068'3%% | 0.0067'35%%
Obs. 588 1" 1 0
Exp. comb. bkg | 586.987 7.0470% 1234040 0.117+99%
5272 - 5292

Exp. peak. bkg
Exp. sig.
Cross-Pollution

Obs.

0.25270%%
00453318
0.0154*39558

616

0.252°90%
0.0251153%8
0.0086* 0%

5

0.253790%
0.0317:450%
0.0108§528

2

02507905
0.03134%0%
0.0106*§4652

1

5292 - 5312

Exp. comb. bkg
Exp. peak. bkg

578.178%

0.1244%%

6.9870%

01247562

1.207%

0123358

01147552

01247502

5312 - 5332

Exp.sig. | 0.02411G8%5 | 001341538 | 0.0169/058 | 0.0167/05%
Cross-Pollution | 0.0383315 | 0.02143%% | 0.0270/3%% | 0.0266'3%%
Obs. 549 7 0 0
Exp. comb. bkg | 569.3%% 6.9213% 11893 01113908

Exp. peak. bkg
Exp. sig
Cross-Pollution

Obs.

0.047155%
0.0068+3 %22
01497555

509

0.047:35%
0.0038" 55515
0.083:3%2%
10

0.047:3%
0.0048*53018
01047565

1

0.047:4 5%
0.0048*53018
01037563

1
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