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Introduction

B. Is the lightest particle containing two
different heavy flavor quarks (b, c), thus
represents a unique laboratory in which to
study heavy-quark dynamics.

B, properties in PDG 2014

Mass m = 6.2756x0.0011 GeV
Mean life T =(0.500+0.013)x1012s
1(JP) 0(0) need confirmation
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B. decay

The decay processes of the B, can be divided into 3 classes: b quark decay, ¢ quark
decay, and the annihilation of the b and ¢ quarks.

The b—c transition, accounting for about 20% of the decay rate, offers an easily
accessible experimental signature, having a high probability of producing a J/\v meson.

| | c g/l
w w W
b c/o|| € s/d
7 b | b q/v

. C c || b b |
b decay c decay annihilation

From the CDF exp. observed B.—»J/yuv in 1998, a broad list of B, decays have
been observed, especially in LHCb experiment. So far only at hadron colliders.

B: — 1/ (CDF), B — J/¢m (CDF),

B: — J/¢mrm (LHCb/CMS), B — #(25)7 (LHCb)Be — J/w K™ (LHCb)
B: — J/4'Ds (LHCb), Bc — J/v:D? (LHCb), Bf — J/w3n 2n~ (LHCb)

Be — Bsm (LHCb), and B. — J/v¥KK7 (LHCb) Bi — J/wpprt (LHCb)
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B. analysis at CMS

+ AtCMS, B."—J/ \ljﬂ:+ and Measurement of the ratio
B.t*—>J/ \wtc+7c+n' decays B(BE — ]/ ™)/ B(B: — ]/pm™) and the
c

production cross sections times branching fractions of

were observed in BE — J/pr* and B* — J/K= in pp collisions at
2011with 5.1 fb? Vs =7TeV

data.( Charge conjugate

modes are included

throughout this talk.)

The CMS Collaboration’]

Abstract

- The B — J/pn™ and BY — J/ypm* 7 n™ decay modes are studied in proton-
%* In th IS talk, We re port proton collisions at a center-of-mass energy of 7TeV with the CMS detector at

the LHC. The kinematic region investigated requires B mesons with transverse

tWO ratlo measu rements momentum pr > 15GeV and rapidity |y| < 1.6, The data sample corre-

sponds to an integrated luminosity of 5.1fb™ !, The ratio of the branching frac-

at CMS (7 TeV 5 1 fb ) UUHSIH Biw;} ]x"i}:f Tt :Ifﬁ'[Et—}]ftﬁT | is measured to be 2.55 £ (.80 (stat) +
o(Bc)x Br(B. —}J/LJW ) |Br( B —}J,fﬁ!,u:r'l - )

- B+)xBr(B+—J/¢K+ =
(submitted to JHEP) (ZB)XBIB* = J/YKT)|  Br(Be—J/¢n)
Submitted to the Journal of High Energy Physics
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https://mmm.cern.ch/owa/redir.aspx?C=5M4htHzJBEakg0Tdzn_HxHrSo_110dEI2pJM0XHr1az4JXJZPRKFsJSuelLMjJEeH57wrVDHfxg.&URL=http://arxiv.org/abs/arXiv:1410.5729
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B, analysis technology at CMS

In CMS measurement, the phase space covered: p(B.)>15 GeV,
ly(B,)| <1.6, complementary to LHCb’s kinematic coverage.

Relative measurement, many sys. errors (L, trigger, Muon ID,

tracking..) were canceled.
€ Start with J/y trigger and selection:

Displaced—vertex di-u triggers: (di-p
kinematic-vertex fit, coso,Lxy/c ,y, Pr, M---)

€ J/y and track(s) reconstruct

B.(BY):

kinematic fit with vertex constraint to
reconstruct B (B*) SV.

Selection criteria optimized by ﬁ

€ Events corrected by MC
ffi C|ency BcVegPy, pyThia

2014711/12

J/y mass (2.9, 3.3)
v pr > 6.9 GeV/c
J/y Cosa. >0.9
Iy LxyC >3
di-mu DCA <0.5
J/y VixCL > 0.5%-0.15
(K} 1 o
L L/ w)
SV o
‘Be(B*)

p * p
PV Z.Wang,IHEP, CAS



Selection: B.*—J/yn*, B*—>J/yK*

5.1 b (7 TeV) «10° 5.1 fb (7 TeV)
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Jhyrt invariant mass (GeV) JhyK" invariant mass (GeV)

Signals are described by one Gaussian for B, and two gaussians for B*, we
also take into account B*—J/yn* and B®—J/yX contributions, using two
additional Gaussian distributions.
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Selection: B,*—J/yn n

51 fb (7 TeV)

> n 2011 data
S I CMS
o B, =>J)/yn'n'fw 92+ 27
E 80 B,*—J/yr* 176 + 19
*u:: i B*—J/yK* 90419 + 352
Z 60

40 } ‘

- Signal: Gaussian
20 p,(B)>15GeV Background: Chebyshev
ly(B)| < 1.6 polynomials (2" order)
U . 1 1 11 | 1 11 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | | 1 1 1 1

6 6.1 62 63 64 65 66
Jwrnn'n invariant mass (GeV)
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Selection: B,*—J/yn*

The B, —»J/yrnnr decay can involve intermediate resonant
states. Indeed, n*n*n", ™ Invariant mass projections from
data show evidence for the presence of a,(1260) and p(770).
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Efficiency

BB = J/pntata) Y opprirtas

B(BS — J/pm) Vi Sy x Efficiency-

(Bl )B(Bf = J/ymT) Y ?_w;_l.7ﬁ correbcted signal
c(Bt)B(Bt — J/pK+) Yg- K- - numbper.

Rc.fu

The selected events are corrected by the MC efficiencies. Eff. include
geometrical acceptance, reconstruction, selection and trigger effects.

¢ 1n(K) channel: Efficiency determined in bins of p; . Data are
corrected event-by-event according to the candidate’s p .

¢ 37 channel: 5-body final state phase space sampling (see
following slide)
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Efficiency

For the 3w channel, a non-resonant simulation sample has
been used to study the efficiency as a function of a complete
set of parameters for a 5-body final state.

+ Efficiency function:

€= |Pg TP1X TP,y +P3Z +pwW +pgr +pgt +p,S|
+ Parameters p, determined using an unbinned maximum likelihood fit

+ Components mean: (Dalitz plot representation)
X = m2(“+n+)low
w = m2(rtrt) r=m2(un*), t=miun), S=m(umn)

y = mAn* ) Z= MA(U)

The resulting efficiency function is used to weight the data event-by-event.

2014/11/12 10 Z.Wang,IHEP, CAS



Systematic uncertainties

B(BS = J/ymt i) o (B )B(BS = J/yr)

R — R 1_1 — C_

YT BB =) /* = o(BH)B(BT — J/yKT)
?’?iﬁ?ﬁf POUee 9/1 Systematic source %
MC sample size 11 Fit variant | 5.3
Efficiency fit function 1.0 MC sample size 2.1

Efficiency binning 1.9 Efficiency binning 3.1
Tracking efficiency 7.8 Total uncertainty 6.5

Total uncertainty 13.1 B. lifetime 104
Lifetime ié;ii

B. lifetime uncertainty is quoted separately, it is estimated by varying the B, lifetime
in the simulation from the world average value minus its one standard deviation
uncertainty, to the new LHCb measurement.

2014/11/12 Eur. Phys. J. C 74 (2014) 2839, d0i:10.1140/epjc/s10052-014-2839-x,arXiv:1401.6932. Z.Wang,IHEP, CAS



.}ﬂ Results

CMS measured two B, ratios with 5.1 fb* 7 TeV pp collision data.

FzES

- Br(B; > J/lyr'x'n)
: Br(B, > J/yxn™")
2.55+0.80(stat) + 0.33(syst) 0.5 (75, )

LHCb (2.41 + 0.30 + 0.33)

_o(B)xBr(B, = J/yrx")

N 5(B*)xBr(B* = J JwK*)

0.48:+0.05(stat) +0.03(syst) £0.05(z; ) | %

CMS covers
pr(B,) > 15 GeV/c
ly(B.)| < 1:6,

LHCb
p:(B,) >4 GeV/c

2.5<In(B;)]| <
4.5

LHCb: (0.68 + 0.10(stat.) = 0.03(syst.) = 0.05(lifetime))x10-2
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'  Observation of B*—>y(2S)pK™"

The high luminosity and large cross section for b quark
production at the LHC makes possible the observation and
study of many rare B meson decays.

Recently, CMS reported on the presence of substructures
In the known decay B*—J/y¢K* (Phys.Lett. B 734 (2014) 261). AS
part of that investigation, the final state B*—y(2S)dK™*, with
y(2S)—utu and ¢—>K*K- was also observed in 19.6 fb* 8
TeV data.
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Observation of B*—>y(2S)pK™*

S CMS Preliminary 196H'8TeV) Clear B peak was found in
3 T Mass resolutions = ~ 3 Mey | LNE 1INV mass distribution of
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S |
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Summary

CMS contributes the measurements of Rg;. and R, in the central rapidity
region. The measurements are complementary to LHCb’s forward rapidity
region measurement.

CMS measurement of Ry, IS in good agreement with the result from LHCDb
experiment (in different kinematic range).

The CMS production ratio of R, (high p;) is smaller than LHCDb’s result
(low p;). It is because of the softer p; distribution of B_* with respect to that of
B* in the central rapidity region, which implies a lower R_,, value at CMS.

B+—>y(2S)$K* is observed in pp collisions Vs = 8 TeV by the CMS
Collaboration. The B of B*—>wy(2S)¢K* will be measured based on this dataset.

CMS results can give guidance to improve the theoretical calculations of
various B.(B*) decay/production models.

2014/11/12 15 Z.Wang,IHEP, CAS



Thanks!
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The two experiments coverage in pseudorapidity adds up.




