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MOTIVATION

In Standard Modelnho FCNC present at tree level
- FCNC may proceed through higherer loopdiagrams (e.gB° > > B°F3> >
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- Such rard=CNC processes hafxery low) nonzero branching ratios from SM

BR(B” = u*p~) = (1.07+£0.10) x 107 1°
BR(B? — p*p~) = (3.57+0.30) x 107°

- BSMtheories predict enhancements of the®BRs (e.g{ ! { ., 0 Th 20 & SNIJI A
expectation leads to early discovery .
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A bit of history...

higher energy, higher luminosity ...
closer and closerto verify the theory prediction!
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and ... CMS and LHCb combination presented at CKM 2014
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CMS DETECTOR

MUON CHAMBERS

A Made of Drift Tubes, Cathode Strip Chambers and Resistive Hlate
Chambers.

A Coveragaupto |' | < 2.4

A Muon p;resolution 1-1.5%upto p;y” = 1 TeV

MAGNET

A Superconductind\b-Ti coil , 12m lon
and 6m diameter.
A Design Magnetic field : 4 Tesla

L,

HADRON CALORIMETER

A Sampling calorimeter made of alternating
layers of Brass and plastic scintillator.

A WLSfibresused for collection of signal.
measured by HPDs.

A Energy resolution 10% for 10BeVpion.

SILICON TRACKER

A Inner most 13/14 layers in the Barrelindcap
comprising 100 x 156m pixels.

A Outermost 10 layers made of 10 x 18 ELECTROMAGNETIC CALORIMET
and 25 x 180>m strip detectors. A Homogeneous calorimeter made of PbWO4 crysta

A p.resolution 0.5% for 1@eVcharged track. A Signal measured by Avalanche Photo diodes.
A Energy resolution of 1% for 3GeVe/! .
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EVENT RECONSTRUCTION (PARTICLE F

I 1 | I I | | 1
m Im Im Jmi & I e m
Key:
Muson
Ebectron

Charged Hadran (e.g. Pion)
— — — = [Neutral Hadron {e.g. Meutron)
''''' Photon
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Tharciagh TS

A Muons: Tracker hitsCaloEnergy deposits (ECAL + HCAUyon chamber hits
A Charged Hadronsfracker hits CaloEnergy depositsECAL HCAL)

A Electron/Photon(Converted): Tracker hits CaloEnergydeposits(ECAL)

A Neutral Hadron:CaloEnergydeposits(ECAL + HCAL

A Photon (Unconverted)CaloEnergy depositsECAL)
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ANALYSIS STRATELY

N - number of b quarks produced

I o
f:-' " N produced [ .EE !k EEC — e NV IEBf—.- TR
HII'T -' fl..' + BriB = Jiw|p w [E7) i +
TR = . B : —— + N pwdueea| B7) *  Ep- » V(BT JIWET)
Su T - fragmentation fractions

i + - F ) . .
Br(B;—w'w) Br(B7) - branching ratios

Eg- L S
R - reconstructed efficiencies times acceptances
N(BY) v N(B?)
egBr(B7) f, ’ EE-:'BF[EE%M_FM_}'J‘:
. N(B]) f. &5 N
B}‘[Bg_}u W) = N(B_F}'fs'gﬂc,'BFLB )
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ANALYSIS STRATERY

MCSim: Pythia(Tune zz)i

3 3 Particle Decays: EVTGE
Detector Response: GEANT4
PD

G

Br(B,—u'u) =

Signal sample LHCD measurements
Nurmahzatmn sample

Multi-variate analysis with BDT was applied (cuts next slide, MVA Input variables in back up)

BDT1

w S R dzO S fake Kafdpy 50 %
(to 103) @ 90% efficiency

1
evV<m, .<5.9Ge
Common SecVtx constraint

1D BDT

CATEGORIZED BDT
S/(S+BY? 12 categories chosen so as to giye

Min. req. on BDT outpubptmiz. by

—~

same exp. Signal yield/ category

Used for Br'ty> >search
{ 57 . ) (Used for B3> >search)
4 Categories Y, D
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TRIGGER SELECTIONS

X Dimuon Trigger
x L1 Hardware Trigger
0 pt;> 3 GeV(few kHz)
x HLT Full tracking and vertexing

HLT Selections: B°, “‘/BY *°

Detector Regon, |

Central region(Barrel) P; >4 GeV P;1>4GeV
[|']<1.5(1.8) P;" >39GeV P;2>3GeV
P;" >4.9GeV
Forward region(End P; >4 GeV P; >4GeV
Cap) P >7GeV P >7GeV

[I""¥"2>1.5(1.8)

Prob(VTX) > 0.5% Prob(VTX) > 0.5%
48<m <6.0GeV 4.8<m <6.0GeV

*To minimizeuncertainity in -~ .,
$ To validate MC for potential effects due to
different fragmentation of B*and B°

AvgTrigger Eff. => (385)% dep. on
channel and Period

Uncert => (36)% [(24)%] for Signal
(Norm.) samples

HLT Selections: B* * K
(Norm.*) and

B, * %dControl®)
o Two* with opposite charge, each withp;
>4 GeVH <2.2GeV
pr > 6.9 GeV
29<m <3.3GeV
Cog >0.9 (a:Anglebw g7 and(%, - 122 )
L/, (L)>3 (flight length sig.)
Distance of closest approach < 0.5 cm
P(..2/dof) > 15%
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SYSTEMATICS

Sources

B(By »ptp”) =

vvvvvv

vvvvvvvvvvvvvvvv

* Acceptance Comparing different bbbar

production mechanisms

- Peaking and semileptonic backgrounds

Background estimated by normalizing to the
observed B+—JIwK+ signal yield

L
* Event selection efficiency for
normalization mode (B+)

Comparing data and simulation for
normalization mode (B+)

* Branching fraction
uncertainties

Dominated by 100% for Ab—puv

- Event selection efficiency O\
for signal mode

Comparing data and simulation for
control mode (Bs—J/wd)

+ Difference between
normalization and control

\\ samples -/

* Fit model Comparing different
o fitting functions ‘/

Uncertainty on fy/fe

mmmmmmmmm

to account for differences in ET and eta

Systematic uncertainties are constrained with Gaussian PDFs

11/15/2014
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Maximum Likelihood Fit (Unbinned)

«  Signal*:

Crystal Ball; Normalization fixed by MC expectation

: : — o Peaki k BYhay:
Likelihood = P(data | theory) eaking background (B Y h &)
Sum of Gaussian and Crystal Ball (same mean)
CMS-L=5fb"Vs=7TeV,L=20" {s=8TeV

Yield constrained ( by Log-Normal PDF with rms

50 i ~ =108) to MC expectation
Y Bty . .. .
BS.,H:- . Normalized to the measured B *Y J ¥ K* yield
----- combinatorial bkg
Vel [, &N semileptonic bkg . Yield cross-checked on independent data-set (Single

-.=-= peaking bkg

e Trigger)

S/(S+B) Weighted Events / ( 0.04 GeV)
T T I(?‘DI | S}

«  Semileptonic background
(BY he NB Yhe dr bLdn) *:

2oi ........................................ + + - Normalized to the measured B *Y J ¥ K* yield

N Modelled using Gaussian kernels from MC
o « Combinatorial background (2 Distinct Semi. Lept. B

i decays ):

—||||l||||l|u—~-"‘ viate AN PSS P 13 o o Tt A 1 P B T H H
99 5 51 52 53 54 55 56 57 58 59 . Firstdegree polynomial

m,, (GeV)

Validated with independent data set

* PDFs obtained from fit to MC
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RESULTS-1 (B%.—up)

Combination of all categories, weighted with S/(S+B)

categorized-BDT 1D-BDT
CMS-L=5f"'fs=7ToV.L=20T0" {s=8TaV CMS-L=5"'fE=7ToV.L=200h" {5=8TaV

sof — cam 14 —+
— il PDF — il POF
Bl By
5 By 12 B B

40 seeas cOFRbINalOnal by =+ec= pmbinatonial bkg
..... semilepionic bkg woees gOmiloplonic biog
- e PG DY 10 === paking bkg

o

S/(S+B) Weighted Events / ( 0.04 GeV)

S/(S+B) Weighted Events / { 0.04 GeV)

|:| '-'--- L b D =R L adelunag
49 & 51 52 53 54 55 56 57 58 59 49 5 51 52 53 54 55 56 57 5B 549
m,, (GeV) m,, (GeV)

B(BY = ptp~) = (3.0153) x 107°

Observed significance of the excessis 4.30

ALL POST FIT
BDT
CATEGORIES IN
BACK UP
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BF(B ')

RESULTS-2 (B, —pp)

Observed significance of the excess:

} ) A P =y
x10°_CMS f5=7 TeV, L=5 b {5=8 TeV, L=20 1o + Ratio of the likelihood value in

the hypothesis of no signal over
the likelihood value with
g(Bs—uu). &(B—ppu) allowed
to float like a nuisance

. parameter. y

| BF(E —pu)=
(357 )x107"

4 Ratio of the likelihood value in the.

hypothesis of no signal over the
likelihood value with 8(B—pp).
£(Bs—pup) allowed to float like a

nuisance parameter.

10®

0 1 2 3 4 5 & T B g9 10
BF(B’—p'y)

1 4
F s
obies
B°
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RESULTS (B°—pup)

@ 95%(90%)

Upper limit: B(BU — p;+_.ur_) < 1.1 x 1{]_9{:9.2 * 10-“]) ClLs
CMS L=5f" (TTeV) + 20fb” (BTeV)
= —— CL, observed

:] Expected SMCL_ * 20
|:| Expected SMCL_+ 10

0.81—% .. Expected SM CL_median
0o T
U » ‘l-
0.4}
0.2
0 2 3 o 0 5 s o1 3 5 -I‘:--l-m == | T l.‘-ﬂﬂln
O 02 04 06 08 1 12 14 16 1.8

BF(B° — pu* p)
Confidence Level is determined with the CLs approach
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CONCLUSIONS

U No Significant excess observed for BOY ¢ ¢
U Upper limit on BR(B%Y-£ ¢£) < 1.1 x 10 is established at 95% CL.
U- For BOY e g excess of events is observed at 4.3 standard deviations.

U Measur of BR(B% Y-¢ £) = (3.0*19,,) x 10is in agreement with
SM valu 0.30) x 10°
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