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Motivation

> Decay highly suppressed in Standard Model:

» ‘“effective” FCNC, possible only through box or penguin diagrams
> helicity suppressed by a factor m? /mp

» internal quark annihilation within the B meson

0 o) — -9
» SM expectations: BBy —pru—) = (3.24£02)x10

B(B0 — u+,u_) = (1.0+0.1) x 1010
b i e
B, teuli T|v
ds wr w

» For New Physics, the branching fractions are modified:

» 2HDM: B  (tan* 3), MSSM: B  (tan® 3)
» The BF can be also suppressed in some models
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Signal and Backgrounds

» Use data from 2011 from pp collisions
at /s =7 TeV. £ = 5fb~!
» Blind analysis

» Event counting experiment in dimuon
mass regions around mgo and mpgo
s

» Signal:

> two muons from one decay vertex
well reconstructed secondary vertex
invariant mass around mgo
momentum aligned with flight direction
isolation

vyvyVvyy

» Background:

> two semileptonic B decays
> one semileptonic B decay and one
misidentified hadron
> rare single B decays with misidentified
hadron:
> eg: B? - K"K~ (peaking)
» eg.: BY — K~ u"v (non peaking)

> not well reconstructed secondary vertex
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Analysis strategy

» Analysis in two channels: 04

> Barrel (both muons || < 1.4)
> Endcap (at least one muon with |n| > 1.4) 02

» Background estimations:

Toy Data (sideband){
> Toy Data (plinded)

> MC for estimate of decays from real B 0-1}
mesons I
> Sideband data for combinatorial background o

rare peaking BG
W rare 51 BG

5 52 54 56 58 6
m,, [GeV]

» Choose a well known channel: B¥ — J/1#)K* as a "normalization” channel (with
/b — )

> Measurement of B(B? — uT ™) relative to "normalization” channel
B(B* — J/¢¥K*) to reduce uncertainties:

BY +
N f. el

0 + —y _ "Yobs u tot
B(Bs —pip ) =155 X £ X
obs s Eiot

x B(B* — J/yK*)

(where f, /f, = 0.267 % 0.021 from LHCb Phys. Rev. D 85 (2012) 032008)
> Analysis validation on "control” channel BY — J/v¢¢ , where J/v — u*u™ and
+ —_
b — KtK
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The CMS detector JINST 3, 508004 (2008)

Superconducting Solenoid

Weight 12500t

Length 21.6 m

Diameter 15 m

magnetic field | 3.8 T

Electromagnetic
Calonmeter

Compact Muon Solenoid

Component Characteristics Resolutiens

Pixel 372 Si layers 5, /= 20 um, b4 = 10 pm
Tracker 10/12 Si strips Sp1)/pL = 1%
ECAL PHWO, SE/E = 3%/VE @ 0.5%
HCAL (B) Brass/Sc, > 7.2\ SE/E =~ 100VE%
HCAL (F) Fe/Quartz S(Fr) = 0.98/3 BEr
Magnet 3.8T solenoid

Muons DT/CSC + RPC 8(p1)/p. =~ 10% (STA)
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Muon reconstruction

v

pr resolution 1%
Tracking efficiency >99% for central muons

Excellent vertex reconstruction and impact
parameter resolution (/15 pm)

Muon candidate matched between muon segments
and a silicon track

Tight muons: High quality reco objects
Muon misidentification evaluated from real data:
» use D" — D%t — K= ntn®, A° — pr™
mand K < 0.10%

> Misid rate: b < 0.05%
Muon reco efficiencies vs pr and 7n:
» MC

» Cross check with “Tag and Probe’
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The trigger

» Trigger requirements raised following the
increasing instantaneous luminosity

> B —

> each muon p1 >4 GeV, dimuon pt >3.9

(5.9) GeV in barrel (endcap)
> 4.8 < my, <6 GeV

> dimuon vertex x?/dof > 0.5%

> distance of closest approach between muons

deca < 0.5 cm

> B* — J/yYK*E and B? — J/i¢ -

> single muon pr > 4 GeV, dimuon pr > 6.9

GeV
» muons dcy < 0.5 cm
2.9 < my, < 3.3 GeV

v

> cos (pointing angle) > 0.9, dimuon vertex

x?/dof > 15%

> displaced J/4: flight length significance

1/o(l) >3
» Trigger efficiencies vs pr and 7:
> MC

» Cross check with “Tag and Probe’
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Signal selection: muon kinematic
» Two opposite charged muons with invariant mass:

overall window 4.9 < myyu <5.9 GeV
blinding window 5.2 < myuyu <5.45 GeV
BY — pFu~ window | 5.2 < m,, <53 GeV
BY — pFp~ window | 5.3 < my, <5.45 GeV

» Require muons to be originated from a common vertex

» Cuts have been optimized to the best expected upper limit
» All other cuts applied in following plots

CMS, 5 fbt Ns=7TeV CMS, 5 fb! \Ns=7TeV
T T T T

 Data (sideband) 12r -  Data (sideband)

6 72~ ww oy 4 10F lee ~wwmoy 4

s ]

[ A

0 5 10 15 20 25 30 0 5 10 15 20
P, [GeV] P, [GeV]

Candidates / 1 GeV
Candidates / 0.5 GeV

pt > 4.5 GeV B/E py? > 4(4.2) GeV B(E)
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Signal selection: secondary vertex

» The common vertex of the two muons is fit (B candidate decay vertex)

» Look at goodness of the fit
p7

CMSs, 5 b \5=7TeV
U T T T
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Signal selection: primary vertex

» Choose one primary vertex (minimal separation
in z)
> refit without signal tracks
» Dimuon momentum aligned with B
candidate flight direction
> longitudinal impact parameter

pointing angle flight length significance
" CMS,?[b‘j : : JE:‘7TeV " CMS, 5 fb™ Ns=7TeV
CMS oL AN, L4 A A
8 g
S oI o data (sideband) | g Pl  Data (sideband)
3 3
& et - ww oy & 10, Ve~ wwwor
af | ,
105 E
| \H H \ 1/// |
n il Il 10| g
0 002 004 006 008 01 0 20 40 60 80 100 120
o kofotl,)

o < 0.05(0.3) rad B(E)  hp/o(lp) > 13(15) B(E)
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Signal selection: isolation

» Isolation of the primary B vertex

pr(B)

pr(B) + Ztrk,AR<O.7,pT>O,9 pT

tracks must not be associated to # PV

» distance of closest track to B vertex

» number of close tracks (49,

CMS, 5 b \s=7TeV
T T T

T
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Candidates
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Normalization and control sample

» Need to validate signal selection on control and normalization sample

» Compare data sideband subtracted distributions to MC

» Differences are taken as systematic uncertainties:
» BT — J/iKE: max diff 2.5% (/) — 4% tot
» Bl — J/1¢¢ : max diff 1.6% (x?/dof) — 3% tot

B — J/yK*

B? — J/v¢

CMSs, 51b* Ns=7TeV CMSs, 5fb* Ns=7TeV CMs, 5 bt NS=7TeV CMS, 5 fb* \s=7TeV
P T T T T 2 T T T T T 2 T T T T T 2 LSRR MM M LAt
8 8 8 g
5 B K 5 B LK I 54000 B2-uye k5 B-ye
3 50001 o Data S40000F  « paia i o Data S s00f « Data
8 72N simulaiion 8 {ZIMC simulation f 8 [ZMC simulation 8 72MC simulation
i 3000F
30000 i 600) ]
10000 q ’
It L
20000F i 2000 400 ]
fi
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100001 2 : 1000 200| q
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f
i ‘.
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> In 2011: < Npy >~ 8, RMS (z) =
5.6 cm

Pileup independence

» The selection is very robust against

pileup
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Measurement of BT — J/¢K=

» Use same selection as signal, plus:

> 3.0 < m(pp) < 3.2 GeV
> pr(pp) >7 GeV, pi(K) > 0.5 GeV
> all tracks used in vertexing

> Signal: double Gaussian
» Background: exponential + error
function (at 5.145 GeV for
B’ — J/YK* — ptpm K (x"))
» Systematic uncertainty on yield: 5%
(varying signal and bkg pdf, constraining
dimuon mass to J/4)

barrel endcap
acceptance 0.162 £ 0.006 0.111 + 0.006
Etot 0.00110 + 0.00009 0.00032 + 0.00004
Nobs 82712 £ 4146 23809 £ 1203

Gemma Tinti (KU)
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Rare backgrounds

» CKM-suppressed semileptonic decays:
» eg.: BY — K~ putv with one fake
muon
» continuous spectrum on low side of
the mass spectrum
» Peaking hadronic decays:
» eg.: BY — KYK~ with two fake
muons
» Normalization to B yield in data:
B(Y — X) fy Etot
N(X) = ot 7 2t Nops (BT
(X) B(Bt — J/¢pK*) fu Etot bs(B7)
» weighted with the hadron fake probability from

data (D** — D77 — K~ nTn™, A° — pr™)

Gemma Tinti (KU) Bg(d\ — utu~
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Systematic uncertainties

» Uncertainties on input variables:

Category Uncertainty Barrel | Endcap
fsf fu production ratio of u and s quarks 8.0 8.0
acceptance production processes 3.5 5.0
pl mass scale and resolution 3.0 3.0
efficiency (signal) discrepancies data/MC simulation 3.0 3.0
efficiency (normalization) | discrepancies data/MC simulation 4.0 4.0
efficiency (normalization) | kaon track efficiency 4.0 4.0
efficiency trigger 3.0 6.0
efficiency muon identification 4.0 8.0
normalization fit pdf 5.0 5.0
background shape of combinatorial background 4.0 4.0
background rare decays 20.0 20.0
e~ 0 +,,—-
> Total efficiency x acceptance for By — p*pu™:
barrel endcap
0.0029 + 0.0002 | 0.0016 + 0.0002
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CMS, 5 fb* Ns=7TeV
% T T T T %)
o 2 4 5]
o T 0
I N Barrel 1Y
2 77 B signal window 2
2 I B9 signal wind 2
g1s- X B° signal window P
g f s
5 | 5
& &
O 17 M q o

0.5[1 N% B

\ ‘
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5 52 5.4

I
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Dimuon mass distribution (blinded)

CMS, 5 fb™ Ns=7TeV
T T T T
Py o -
Endcap
[777) B! signal window
150 XN B° signal window
1 o -
5 52 54 56 58
m,, [GeV]

» Combinatorial (continuous) + rare (MC shape)

» Expected non peaking background in signal window:

> Subtract the rare background events from lower sideband
> Scale remaining sideband events for mass region

Variable | BY — pp~ Barrel | BY — p™p~ Bamrel | B — 7~ BEndeap | BY — pFp~ Endeap

Eron 0.0029 + 0.0002 0.0029 & 0.0002 0.0016 &+ 0.0002 0.0016 £ 0.0002

‘\'-:_ixgﬁ:] 0.24 +0.02 270+ 041 0.10 £ 0.01 1.23 018

,\'_::5( 0.33 +£0.07 0.18 £+ 0.06 0.15+0.03 0.08 £ 0.02

NEE 0.40 + 0.34 0.59 &+ 0.50 0.76 + 0.35 1.14 £ 0.53

NP 0.07 £0.35 34T+ 0.65 1.014+0.35 245 £0.56
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Dimuon mass distribution: unblinded results

5CMS, 5 fb* \s=7TeV 5CMS, 5 fi* \s=7TeV
> L B B B B S L I I I I
© Barrel ] oI Endcap
g A — B signal window] § Ar — B2 signal window]
P 1 B signal window| s 0 -+ B signal window|
Q 4 Q L
S 3 b S 3r
© ] k=l [
g ] s [
(@] 4 O L
2 ] 2
1 H H ] 1
1 P I Y I I AT TP | S |
5 52 54 56 58 5 52 54 56 58
my, [GeV] m,, [GeV]
Variable | BY — p*p~ Barrel | BY — ptp Barrel | B — ptp~ Endeap | BY — pp~ Endeap
Etot 0.0029 £ 0.0002 0.0029 £+ 0.0002 0.0016 £+ 0.0002 0.0016 £+ 0.0002
'\_;Eﬁl] 0.24 + 0.02 270+ 041 0.10 £+ 0,01 1.23 £ 0.18
\'peak 0.33 + 0.07 0.18 + 0.06 0.15 4+ 0.03 0.08 £ 0.02
NEEby 0.40 + 0.34 0.59 + 0.50 0.76 £+ 0.35 1.14 £0.53
N, ;:11] 0.97+0.35 347 £ 0.65 1.01 £ 0.35 2.45 £+ 0.56
Nobe 2 9 0 4
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Results: upper limits JHEP 04(2012) 033
» Upper limit on B(B? — p*p~) and B(B® — putp™)
upper limit (95%CL) | observed | (median) expected

B(BY = pTu”) 77x 1077 8.4 x107°
B(B° — ptu) 1.8x 107 1.6 x 107°

> p-values for background only hypotheses:

p-values background only | SM cross feed | floating cross feed
B(BY — ) 0.06 (1.50) 0.07 (1.50) 0.11 (1.20)
B(B® = utu7) 0.11 (1.20) 0.29 (0.60) 0.24 (0.70)

o
iy

round only

cms 5 Vs =7Tev
_?‘ 04 Dr E —o‘m-dcu‘ 1
) 0-4; ..... Expected CLs - Median
0.3 03: [ expecteacis 10
s [ expecteacrs 20
0.2 02?7

x10°

4 6 8 10

12
B(B,—np)
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Interpretation

> Some examples (Superlso V3.2, CPC, 18-, 1579)

» Empty region due to previous upper limit on other published data

» Exclusion of some portion of the phase

my vs tanp (CMSSM prediction for B, — u*j)
— 2500 6 —
= 5 3
& -2
~ =
22000 Z i3 ‘)%
E z
Z
.
1500} Z
.
%
%’,
1000} %
'//
7
500

60
tanp
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Isajet Calculation’
m,,, =300 GeV

A, =-1300 GeV
1 =1000

m, =400
[_1Exclusion zone
50 60

ISR IR IIII IR AR A
10 20 30
tanp

210!

07/26/2012

— uFu in CMS

20 / 24



Recent results of other LHC experiments

» LHCb:
» £L=1.01b"!, pp collisions at /s =7 TeV:
» B(BY — pTpT) < 4.5x 1077 at 95% CL
» B(B® — ) <10 x 1071% at 95% CL
» Previous measurement, on independent dataset of 0.037 fb~! in pp
collisions at /s = 7 TeV:
» B(B? — putu~) <56 x 107° at 95% CL
» B(B® — puTp™) < 150 x 107 at 95% CL
» ATLAS:
» L=241fb"t pp collisions at /s =7 TeV:
» B(BY — putp™) <22 x107% at 95% CL
» CMS: different limit estimator (fully consistent results)
» B(BY — ptp~) <7.2x1079 at 95% CL
» B(B® — utp~) < 1.6 x 1072 at 95% CL
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LHC Combination

CMS-PAS-BPH-12-009
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LHC combination

D. Straub, arXiv 1205.6094

107 x BR(By — u*tp™)

0 RSe 10 20 30 10
107 x BR(B, = pp)

» Grey area ruled out before LHC combination
» Red area ruled out by LHC combination at 95% CL
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Conclusions

>SearchorB(B£—>;ﬁu‘)and ,_T Euﬁu‘HH.‘“HHHH“HHE
B(B® — u"p™) in 2011 dataset in 0] 0
CMS: AN - 5y 1
5 10 e
upper limit (95%CL) | observed | (median) expected o E 0 E
B(B” = ¥ ) 77X 1077 SAX107" 3 E o, d o ]
B(B = utu”) 1.8 x 107° 1.6 x 107° 14 L 0 o
a L o
» The combination with ATLAS and 2 10% . Pl
LHCDb results further improves limits: S ESM:BY L iy ‘_lk ]
Upper limit (95%CL) observed expected 5 H * CLEO o CDF -+ i
B(BY — pTu™) 42x107° | 61x107° a ol Ef\"BeAR S D s
BB - ) 81x10710 | 73x1010 o W0H + CNS * 3
D H * LHC combination ¢ ATLAS ]
» Now working on a multivariate analysis "oy g iy 1
10 D -
on 2011 dataset and the 8 TeV dataset 0 o s s s e mrmr—
1999 2002 2005 2008 2011 2014
— stay tuned! Year
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