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Search for Bs and B° decay to dimuons
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® CMS is a general purpose detector at the LHC.

® |nner tracker consists of silicon pixel and silicon
strip layers.

® Muons are measured by drift tubes (DT),
cathode strip chambers (CSC) and resistive plate

chambers (RPC).

® [ he dimuon mass resolution is
less than 1%.

® Powerful tool for B-physics study
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Angular analysis and differential branching
fraction of the decay B® = K™ u* -
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® The } — ¢f T transition is a FCNC process:

® The amplitudes may interfere with The decay is fully described with three angles (O,
non-SM particle contributions. Ok , @) and q* = m*(up)

v, 7 I, () \\

e B% — KOu* pdecay is well < oo o wEs)
described with theory 0ar
0.2
Example of angular observables theoretically of
predicted with relatively small uncertainties at low 0.2

Recent SM prediction
Phys. Rev.D 87 (2013) 034016

q% UM forward-backward asymmetry (Afg) 0.4

2 4 6 8 10 12 13 162G:,t/322
m=(Hp) GVl
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e 2011 dataset ~5.2 fb"!

® Dimuon trigger selection

® LY vertex L/0 > 3(transverse)

® | <m(uM) < 4.8 GeV/c?

® dimuon Prfrom 6.5 GeV/c (up to 6.9 GeV/c)

® Pr(M) > 3 GeV/c (=5 GeV/c with different trigger)
® Up vertex CL > 5%, 15% (with different trigger)

e B9 selection:

e BOvertex CL > 9%
e BOvertex L/G > |2 (transverse)

® cos(X) > 0.9994: & angle in transverse plane
between B® momentum and line-of-flight
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Two oppositely charged
hadrons

No overlap with muons

PT(h) > 0.75 GeV/c

Distance Closest Approach / 0 > 1.3
|Im(KTT) - mppcK™ | < 80 MeV/c?

CP state assignment

Tag the CP state of K™ and K© masses based
based on closest distance from PDG

Reject event if both K™ and K™ masses are
within 50 MeV/c? of PDG mass (~II)
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(feed-through from resonant channels)

q? bin
index

MAass range

(GeV/c?)?

| -2

2-43

4.3 - 8.68

10.09 - 12.86

14.18 - 16

16 - 19




e Unbinned maximum likelihood fits: BO mass, Ok
and O for each g? bin to extract Fi(q”) and Ars(q?)

3
%dcos chcil :OS 6,d02 = 19_6 ((%PS + %AS COS(Qk)> (1-— C()SZ(Q[))—l—
+(1 — Fs)(2Fjeos® (6 ) (1 — cos®(6;)) +
—I—%(l ~F) (1 — cos?(6)) (1 + cos?(6;))+
-|—§AFB(1 — cos*(6y)) cos(@l))) : JHEP 03 (2013) 027

* Using previous fit results, then fit the
BO invariant mass to extract the
branching fraction: dBF/q*(q?)

* P and S wave of KTT and their
interference are also
considered in the PDF and fit
from BO—K*0 |/ dBF _ Ys en BF[BY — K0 (K*TT) J/p (W]

dq? YN & dq?

¢ Fs:fraction of S-wave

* As:interference between S and P-waves * Y5, Yn:yields of the signal and normalization channel.

* &, EN: efficiency of the signal and normalization channel.
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Index i runs
over g2 bins

® Signal: data yield, lineshape of mass (double Gaussian from MC)
and decay rate (physics).

® Combinatorial background: data yield, lineshape of mass
(exponential) and angles (polynomials).

® Peaking background: data yield, lineshape of mass (| or 2 single/
double Gaussians from MC) and angles (polynomials from MC).
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BY — K™ (K*117) J/p (MW7)

CMS preliminary L=52fb" Vs=7TeV CMS preliminary L=5.2fb" Vs=7TeV CMS preliminary L=5.2fb" Vs=7TeV
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B® — K (K*1") J/@ (*H)
FL: 0.554 + 0.004 (stat) =» PDG value 0.570 + 0.008
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FL:  0.509 £ 0.016 (stat) =» PDG value 0.46 + 0.04
0.013 £ 0.014 (stat) =» compatible with zero
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Sources of systematic uncertainty

Potential bias from fit ingredients

Test of [(BY — K'OJ/p) / [(B® — K*oW(2S))

Potential bias from fit algorithm (toy MC)

Incorrect CP assighment of decay

Effect of KTT S-wave contribution

Peaking background mass shape

Combinatorial background shape vs cos(Ok)

Angular resolution 0
Signal mass shape 0 0 0.9%
Statistical uncertainty of simulated events 0.005-0.007 | 0.003—-0.005 | %

Total systematic uncertainty

0.027-0.185

0.018-0.179

15.5-21.5%

Xin Shi
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CMS preliminary L=52fb" (s=7TeV
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CMS measurements:

FL:

0.68 £ 0.10 (stat) % 0.02 (syst)

AFrB: —0.07 £ 0.12 (stat) £ 0.01 (syst)
(4.4 £ 0.6 (stat) £ 0.7 (syst)) x 1078 c*/GeV?

dBF/dq*:

SM predictions (Phys.Rev. D 87 (2013) 034016)s

Xin Shi

FL:

0.74 + 0.06 —0.07

Arg: —0.04 = 0.03
dBF/dq*

(4.9 + 1.0 =1.1) x 1078 c*/GeV?
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eBaBar: Lake Louise Winter Institute, 2012
*Belle: Phys. Rev. Lett. 103 (2009) 171801
«CDF: Phys. Rev. Lett. 108 (2012) 081807
oL HCb: Phys. Rev. Lett. 108 (2012) 181806
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Search for Bs and B° decay to dimuons
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® Doubly suppressed in the SM (FCNC,  *7 N 00 -
helicity and Cabibbo suppression) o WA :
s L

® Well predicted in theory:

Phys. Lett. B694, 402 (2010) b w7’ -
B(BSO _> ]/t_|_;u_)SM — (32 1 02) X 10_9 S(d) tCUId |]\? X
-t H

BB = utu )sm = (1.0+0.1)x 10710 Wi

® Sensitive to New Physics: Phys. Lett. B639, 499 (2006)
B(B) — u 1™ )cmssm ~ 1+08
B(B) = ptu~)sm 02
B(B) = p*u~ )nunmi
B(By — u™u~)sm
e CMSSW: Constrained Minimal Supersymmetric extension of the Standard Model, Phys. Rev. D 47 (1993) 376

e NUHMI: Non-Universal Higgs Mass | model, Phys. Rev.D 71 (2005) 095008
Xin Shi DIS 2013
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Analysis Technique

® Blind analysis with B* = J/\ K* as normalization
channel.

® Remove uncertainties on lumi and Opp

N
Z\]Iger fu 8]t30t B<B—i—),
NE™ fs €tot

obs

® Reduce syst. uncertainty in BR ratio. B(B] — u"p")

® Main backgrounds:

® C(Collimated muons from two semileptonic B decays (gluon splitting)

® One muon from semileptonic B decay and one mis-identified hadron

® Rare decays: Peaking (e.g. Bs—K*K") Non-peaking (e.g. Bs—=K* Hv)

Xin Shi DIS 2013 |7




Signal Selection

. . . CMS, 5 fb™ \s =7 TeV
® Variables in selection: g T
Y L B'—=Jip K" o1
5400001 o e g

® Muon and dimuon pt 8 //IMC simuation
" 30000 i
® Vertex X? probability : |
® Pointing angle 20000} 1
o . o : |
Impact parameter and flight length significance 10000} ;
® Dimuon isolation in a cone around the B direction ; % |

0 02 04 06 038 1

isolation

~.1.05 CMS, 5 fi” ‘\E=‘7Tev

e Cut optimization and count in B and Bs mass ¢ | ]
windows. £ +
0.95;—*L._._._.T._._‘? | —:

® Check robustness against pile-up variations. : +T’ |
0.9 =

® Mass sidebands for expected background estimation : :
0.85 .

® Efficiency ratios from MC and checked in data : |
0.8 -

® ‘“tag-and-probe” method and Bs J/\p ® control sample. - gpf0ld,) <2 :
0_75uu\uH\uu\uu\uu\uu
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® Niorm from invariant mass fit to B*—)/\pK* sample

CMS, 5 fb \s=7TeV CMS, 5 fb’ \s=7TeV
> B T | T T T | T T T | T T T | T T T | T ] > T | T T T | T T T | T T T | T T T | T
(D) PY (D)
10000}
© - Barrel © Endcap
s | S 1500
2 80001 . S _
n B ()]
o 9
S 6000/~ T* - g '
2 I | 2 1000
4y} 4y} L
O ] O
4000
i 500
2000
5 52 54 56 58 5 52 54 56 58
m,.k [GeV] m,.k [GeV]

® Combinatorial background from dimuon mass
sideband interpolation assuming flat distribution

® Peaking background shapes from MC
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52 54 56 58
m,, [GeV]
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Variable | B — u™u~ Barrel | B, — u"u~ Barrel | BY — "~ Endcap | B! — u"u~ Endcap
Eot 0.0029 £ 0.0002 | 0.0029 £ 0.0002 0.0016 = 0.0002 0.0016 = 0.0002
Niignal 0.24 +0.02 2.70 £ 0.41 0.10 £ 0.01 1.234+0.18
N ok 0.33 £ 0.07 0.18 £ 0.06 0.15 +0.03 0.08 £ 0.02
NTP 0.40 + 0.34 0.59 + 0.50 0.76 + 0.35 1.14 +0.53
N o 0.97 £0.35 3.47 £0.65 1.01+0.35 2.45 £ 0.56
Nobs 2 2 0 4
_osomeswl vesrrev gowsse’ ety Expected ULs:
! Barrel ! Endcap 5 o
§ 4} — B signal windovr: § 4} — B signal windovr: BR (Bs — IJ IJ) <84x|0 @ 95% CL
o 0 oo BO signal window > T oo BO signal window
g 5 S 1 BR(Bs 2 uM) < 1.6x10°@ 95% CL
8 T § | : .
2 T 1 Observed ULs:
m , H ‘ H | H H | BR (Bs = pp) < 7.7%10°@ 95% CL
- feeq- 4 fronned

BR (Bs = M) < 1.8x10°@ 95% CL

20




Summary %

® CMS is a powerful detector for studying rare B
decays because of its excellent tracking and lepton
identification.

® First result from the angular analysis and

differential branching fraction of the decay B —
KO p* -

® Stringent constraints on new physics with the
search for Bs and B° decay to dimuons

® Stay tuned for the updates with the full 2012 data!

All public results can be found at:

httEs://twiki.cern.ch/twiki/ bin/view/CMSPublic/ PhisicsResuItsBPH



Backup
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The efficiency is entirely computed from MC versus angles and q? bins

x 1073 CMS simulation

x 1073 CMS simulation

‘>,, 1.2 B 5 2.2 ®q’bin0
qf’ - —_— i) 2 ®g’bin1
2 11— L 1.8 # g2 bin 2
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| S ! = - - X
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Projections of the efficiency on angular variables and g
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CMS, 5 fb™ \Ns=7TeV
> 1.05— 7
8] i
c i
Q0
(SRS N
© i
0.95
- . *o ®
*eogeote—g
0.9+ N
0.85[ -
0.8 -
I | )>1
30/0(3D) 5
0.757\ | . ‘ L 11 1 ‘ L 11 1 ‘ L 11 1 ‘ L 11 1 ‘ | . \7
0 5 10 15 20 25 30
Npy
CMS, 5fb™ \s=7TeV
>1_057\ T 1T ‘ T 17T ‘ T 17T \\\\‘\\\\‘\\\\7
&) i
e i
() i
SRR #
= ; |
C [seessoy g °® ‘
0.95[- N
0.9 N
L ( ]
0.85[ -
0.8 -
<o
0.757\ L1 1 ‘ [ ‘ \‘\ \\‘\\\\‘\\
0 5 10 15 20 25 30

Xin Shi

CMS, 5 fb™ \Ns=7TeV
> 1.05— 71—
0 i
c i
(] L
o 1
© - #
0.95/8 ¢ ceeee®
i #* i
0.9/ .
i ([ ]
0.851 -
0.8 .
- x?/dof< 2.0
0.757\ | . ‘ L 11 1 ‘ L 11 1 ‘ L 11 1 ‘ L 11 1 ‘ | . \7
0 5 10 15 20 25 30
Npy
CMS, 5 fb™ \s=7TeV
>1.057\ T 1T ‘ T 17T ‘ T 17T \\\\‘\\\\‘\\\\7
O B |
c B |
@ i
o 1t +
= i i
() I i
0.95 o .
o T e H' I
0.85- -
0.8 -
- d2,>0.015¢cm
0.757\ L1 1 ‘ | ‘ | ‘ | ‘ | ‘ L1 1 \7
0 5 10 15 20 25 30

DIS 2013

Npy

CMS, 5 b \s=7TeV
L DL L L B L

-
o
(&)

efficiency
—t

0.95F

0.9

FOS A

: | >0.80 7

0.757\ | . ‘ L 11 1 ‘ | | ‘ L 11 1 ‘ L 11 1 ‘ | | \7
0 5 10 15 20 25 30

Npy

CMS, 5 fb™ \s=7TeV

-
o
a1

efficiency
T
*k

Q%#;414,T+T4?+T.

0.9 ]
0.851- 1
0.8 N
- 05p/0(0, ) <2
0750 b i 1
0 5 10 15 20 25 30




Xin Shi

In small fraction (few %) of decays KTT are in S-wave state (BaBar: Phys. Rev. D 76 (2007) 031102)

We are interested in decays where KTT are in P-wave
In our p.d.f. the decay rate describes both P and S wave, together with their interference

1 d°T 9 4
I'dcos6idcosfdg?> 16 { [—I_ COS k] (1 — cos™ ;)

+ (1 —|Fs) [ZFL cos” O (1 — cos” )

-+ % (1—Fp) (1—cos” ) (1+ cos® )
4+ %AFB (1 — cos® 6) cos 91} }

*Fs: fraction of S-wave
e As: forward-backward asymmetry of kaons
Fs and As are determined from B® — K™ (K*117) J/P (UW*U~) channel and fixed, with Gaussian

constraints, for non-resonant g bins
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