Search for the B, and B° decays to dimuons
with the ATLAS and CMS exper:ment

,,,,,

9GuohﬁngChen
The Institute of High Energy Physics, CAS
On behalf of ATLAS and CMS collaboration

FPCP2012, Hefei China, 21-25 May 2012
N e kA1 wrmxa

lmgm af High 'Er;rmr




Motivation:
search for new physics

In SM B.°=>pp and B> pu have a highly suppressed rate:
predictions*

B > pp- (3.2+0.2) x 10°°
BO > prp- (1.1+0.1) x 10710
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The ATLAS detector
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detector at the LHC
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weight: 12500 t

The CMS detector

overall length: 21.6 m
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The ATLAS and CMS data used in the analysis
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CMS has special triggers for Bs, the total integrated luminosity used for the
analysis is 5 fbl. ATLAS has similar triggers, and the total integrated
luminosity used for the analysisis 2.4 fb?.




Analysis strategy

@ All the selections chosen with the signal regions blinded

- CMS, 5 fb Vs=7TeV
I L L I LI BN
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Br(B*) from the PDG

Dividing the sample into different eta regions, because the mass resolution is different
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Signal versus Background

® Signal B, 2utu:
® two isolated muons \J
® invariant mass around m(B(s)o) //

® Displaced secondary vertex aligned
with dimuon momentum

® Backgrounds
® two muons
® one muon one fake
® Two fakes like (B, 2K K*)

Fake rate was determined by control
sample:

D™ 2Dt 2K m'ntt, A>prr
K, it fake to u: 0.10% +- 0.02% (CMS)
P fake to u: 0.05% +-0.01% (CMS)




Signal selection: most
discriminating variables in CMS
® Pointing angle a;,

® Flight length significance /,,/0(l,,)

CMS, 5 fb™" Ns =7 TeV CMS, 5 b s =7 TeV
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IN CMS
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Isolation cone around the Primary vertex:
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Multivariate analysis in ATLAS

Linear correlation coefficients in %
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8 variables were tried at the beginning,
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Variable Description

le2p] Absolute value of the angle in the transverse

pointing angle  plane between A¥ and p*

AR Angle (A¢* + An)'? between A% and §°

L Scalar product in the transverse plane of

& Az p%)/\p

ctsignif Proper decay length ct = L., X my/p%
divided by its uncertainty

7 18 x° computed between the measured PV and

s SV positions in (x, ¥) and z, respectively

Ratio of |7'7| over the sum of |#%| and

Io7 the transverse momenta of all tracks of

Isolation pr > 0.5 GeV within a cone AR < 0.7 from
the B direction, excluding B decay products
Absolute values of the maximum and

x|, i minimum impact parameter in the

’ transverse plane of the B decay products

relative to the primary vertex
Absolute values of the minimum distance of

|D%e|, |DMe|  closest approach in the xy plane (or along z)
between the B vertex and tracks in the event

pi B transverse momentum

P L

Maximum and minimum momentum of the two
muon candidates along the B direction




No bias found in MVA
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Variable Barrel | Endcap | units
T Ty > 45 45 | GeV
Optimized cuts s P e P
for pTE > 6.5 85 | GeV
63p < 0.008 | 0.008 |cm
CMS > 83p/0(83p) < | 2.000 | 2.000
§ < 0.050 | 0.030 | rad
x> /dof < 2.2 1.8
€3d /U’(Eg,d) = 13.0 15.0
and ATLAS > 080 | 0.80
dd, > 0.015 | 0.015 | cm
Nfl}lfse < 2 2 tracks
\4
[Mmaz 1.0 1.5 25
om [MéeV] 60 80 110
Relative fraction [%)] 51 24 25

+171 |
0.270

+116 =133
0.234 0.245

invariant mass window [MeV]

BDT output threshold




MC validation

The efficiency is determined by MC, which is validated
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Pile-up independent

® in2011: <Np,>=8

® Selections have been tuned to be pile-up independent

® e.g.isolation searches only for tracks coming from the same
primary vertex or not associated to any others

CMS and ATLAS checked pile-up dependence with B*—J/pK*
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Arbitrary Units
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Background is determined by sideband, but the peak decays
B—2>hh is determined by MC, where fake rate is tuned with
control sample



Systematics in CMS

Category Uncertainty Barrel | Endcap
fs/ fu production ratio of w and s quarks 8.0 8.0
acceptance production processes 3.5 5.0
Pf * | 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




Systematics in ATLAS

Mmaxl Ry, A% A% +Additional systematic uncertainties:
Range Stat. _Syst. *Data-MC absolute K efficiency: 5%
0-1.0 0274 31 3.1 *Vertex reconstruction efficiency: 2%
1.0-1.5 0202 48 55 oK* /K- asym.: 1%

. 0

1.5-25 0.143 53 59

tot

N o € ¥
_ "B, —uu JIYK=" J/yK*® i + +
BR(B, = uu) = BR(B* —J IyK*)
JIpK* aBs —uu” By —uu s
|hmaz| Range 0-1.0 1.0-1.5 1.5-2.5
BT 5 J/yK* - ptu~ K+ | 4300 1410 1130
statistical uncertainty +1.6% +2.8% +3.0% + X 3
systematic uncertainty +2.9% +74% £14.1% 1 / (4'136— OI-I?C?D]) 10
+




Candidates / 0.025 GeV

Events selected in CMS

Variable | B> Barrel | B.°>pu Barrel | B°> pup Endcap | B, pup Endcap

€0t 0.0029 + 0.0002 0.0029 + 0.0002 0.0016 + 0.0002 0.0016 + 0.0002

Nyignai™® 0.24 +0.02 2.70 £ 0.41 0.10 £ 0.01 1.23+0.18

Neormp™® 0.40 + 0.34 0.59 +0.50 0.76 +0.35 1.14 +0.53

Npeak™? 0.33 £ 0.07 0.18 £ 0.06 0.15+0.03 0.08 £ 0.02

N, S 0.97 £ 0.35 3.47 £ 0.65 1.01£0.35 2.45 £ 0.56
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Events selected in ATLAS

60 MeV resolution 80 MeV resolution 110 MeV resolution
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Results on the upper limits

With CLs at 95%CL:

BR(B,°>pp) 7.7 x 10° 8.4 x 10° 2.2x108  2.5x108
BR(B°>up) 1.8 x 107 1.6 x 107
CMS 5 Vs =7TeV
ﬁ 0.4 L Tttt E)r ! —4— Observed CLs
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Conclusion

A blind analysis searching for the rare decays B, - u*u~and
B° - u*u~ has been performed by ATLAS and CMS in pp
collisions at V(s) = 7 TeV, the number of events observed is
consistent with the yields expected from background, and up
limits were provided.

Comparison
| |CDF [CMs JATLAS [LHCb [SM
Integrated Luminosity 10 fb! 5fb! 2.4 fb? 1fb?
Br(B°—upM) 95%CL up limit (107°) 4.6 1.8 1.03 0.10+-0.01

Br(B,—HM) 95%CL up limit (107) 31 7.7 22 4.5 3.2+-0.2
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The ATLAS data used in the analysis
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The defining regions

For the signal: B Mass = 5.28 GeV, B, Mass = 5.37 GeV
overall window 4.90<m,;,,<5.90 | B? - u*u~ window 5.20<m,;,,<5.30
blinding window 520<m,;,,<5.45 | B.% - u*u~ window 530<m,;,,<5.45

For the normalization: (Jpsi mass in [3.0, 3.2])

Region definitions Invariant mass (GeV) Region definitions Invariant mass (GeV)

overall window 4.90 <m ;5 <5.90 | signal region 5.20 <m, ;5 <5.35

low sideband 5.05<m,; <515 | high sideband 5.40 <m, ;< 5.50

For the control: (Jpsi mass in [3.0, 3.2], Phi mass in [0.995, 1.045] and AR,,<0.25)

Region definitions Invariant mass (GeV) Region definitions Invariant mass (GeV)

overall window 4.90 <m,;; o < 5.90 | signal region 5.27 <m0k < 5-47

low sideband 5.10 <m, g 5 < 5.20 | high sideband 5.50 <m,; 5 < 5.60




Combinatorial bkg evaluation

Dimuon background = rare + combinatorial background

The combinatorial bkg is assumed to have a constant shape
® checked with inverted isolation sample (syst 4%)
® The rare bkg is subtracted from the sidebands

® scale the remaining event counts proportionally t:

- Dm_, _width of the signal window
sd -
5.9- 49- 0.25  width of the side-bands




Upper limit extraction

N;:j B B

. B B B B B
~  Pois(t5 vy + Vg rare T Piopsvg + Pggpavy )

B ., B.B ,( B BB B B
Ng ~ Pois(ty vy +vgae + PashsvVs + Pgapavy)

with (i = s,d)
Tf Ratio of (BE — pp)-signal window size to size of background window
ﬁare Expected number of rare background in (BE — pp)-signal window.
uz-‘é Expected number of reconstructed (BE — pu) decays in barrel region assuming the SM
Pg Probability for a reconstructed Bg — pu decay to be in (BE — wp)-signal window.
s ignal strength of B, — pu, that is the ratio of true branching ratio to ranching ratio.
i Signal h fB%D hat is th io of b hi ' SMb hi i

The expected number of reconstructed decays assuming SM is

0 0 BY
BSM(BY —  Apo Epig €00 oo ,
( i HH) f BY trig “u alysis Nubb(B:t N ]/lpK:i:)

B(BE — J/YK) fu Ape el el 0y

Vi =

in each “channel” (B, B, in barrel, endcap)

The total model is 6 poissonian observables (N5, N.8, N,&, N8 N5 N,B), 2 nuisance
parameters for background (v,f, v,8) and additional nuisance parameters for
systematic uncertainties.



Results on the upper limits: p-values

® With CLs at 95%CL

BR(B,>up) 7.7 x 10° 8.4 x 107
BR(B°>pup) 1.8 x 10 1.6 x 10

* p-values for SM + bkg
w/o cross w/ SM cross floating w/ SM cross
feed feed cross feed feed
BR(B.2> up) 0.06 (1.50) 0.07 (1.50) 0.11 (1.20) BR(B.O> pp) 0.71
BR(B> pp) 0.11 (1.20) 0.29 (0.60) 0.24 (0.70) BR(B> pp) 0.86
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