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o World’s highest energy and
luminosity hadron collider
o pp collisions at 7 (8) TeV

o High B production cross sections

o Collected largest hadron collision
samples of B mesons in 2011

o Overtaken Tevatron statistics for B
meson samples

LHC 2011 RUN (3.5 TeV/beam)
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Delivered luminosity exceeded
expectations for 2011 and continues
to improve in 2012




ATLAS and CMS detectors I [=3

o General purpose detectors
designed for high p; studies

o Different p; and eta range from

LHCb

o complementary B physics
environments

o Rich B physics programmes at
both experiments

Silicon Tracker
Pixel Detector

Very-forward
Calorimeter
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tObservations and lifetimes

o B lifetime measurements test the detector and
reconstruction performance as well as
preparing for CPV analyses




B meson observation and lifetimes i [<2)

o With the 2010 data sample, ATLAS and CMS have demonstrated that
B meson lifetimes can be accurately measured with the detector

a Very important component of the CP violation analysis in B.->J/Q¢
TPDG — 1. 472+O 0.024 pSl

ATLAS-CONF-2011-092 0.026 220 @
200
Phys.Rev.D 84, 052008 (2011) % CMS \E=7TeV
_ -1
=(248+1.2) MeV Tge= 1.59 £ 0.08 ps (stat.) 2 4500 om
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analysis can be u

o Parameterisations (e.g. backgrounds) tested in these
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Inclusive B lifetimes ATLAS N

I I o 10*E —r 1 T T T T 3
o Average B_meson lifetime <tg> A ATLAS Profmary .
measured in s [ L, =35pb" s i
— — A3 ® 7 TeVdata —
By = J/YX — prumX g
decayS m SR N Be?ckgroungcomponent .
100 & T =
<15>=1.489+0.016(stat.)+0.043(syst)ps R T ;
o Excellent test of detector ol i
calibration and performance = —_— : 2
Pseudo-proper Time [ps]
a c.f. CDF measurement: :
75 = 1.526 4 0.034 (stat) & 0.035 (syst)ps e
S of
@ 02 T e T T 2 A
§0.18;_ ATLAS Preliminary _; * '22;_ £ 5 1 % % =3
50-165—— Pythia bb — Jiy X MC o - Pseudo-proper Time [ps]
g0-14§—WeightedPythial5—>J/wXMC - E ]
4 | o Uses pseudo-proper decay time:
0.1 = PDG
0.08[- — T — Lin ) ngG . ny . mJ/¢ F
= E B — = .
oo f pr(B) pr(J/¥)
A ooz | | o F-factor is calculated from MC
o..lluulu e v b b b bl I
L 0 02 04 06 08 1 12 14 16 18 2 "
ke e T (weighted to BaBar data)
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Rare decays: B ;,— uu
\ J

o CMS: arXiv:1203.3976 [hep-ex] (Accepted by JHEP)
o ATLAS: arXiv:1204.0735v2 [hep-ex] (Submitted to Phys.Lett.B)




By~ uui: Motivation

o Search for B,— uu is an SM benchmark in flavour physics
o Can only occur through higher order FCNC diagrams (in SM)

o Good BSM probe:

o small predicted SM cross section

(Buras et al, JHEP 1009 (2010) 106)

BR(Bs — utp~) = (3.2 4 0.2) x 109J

o very low theoretical uncertainties

o large class of BSM models predict large enhancements of
BR(B, — )

o clean signature

o ratioof BR(B, — u*pu~)/BR(Bg — ptp~) canbe

used to discriminate between various BSM models




By~ uu: Searches

o Branching ratios measured
relative to a high statistics
reference channels

o Bt — J/WKT
= Bs — J/Wb .

o Main backgrounds are:

ATLAS Preliminary
\s=7 TeV

—— Data

e Fit

Entries/10MeV
®
=
o

IL dt=241fb" —— B*K* J/y signal

| III|IIII|IIII|III

= Combinatorial Background
-~ Partly Reconstructed Decays—|

—— B*— J/y 1t background

. 05 =
o CO ntinuum IJ' IJ' 5000 5100 5200 5300 5400 5500 5600

My Kk [MeV]

m estimated from mass
sidebands

o resonant backgrounds from
misreconstructed decays
m estimated using MC

o Differing event topology

used to select signal like
events with BDT or
kinematic cuts

mass distribution of control sample

o High luminosity from the
LHC important to this
analysis




o Signal selected by BDT combining kinematic and
reconstruction variables

o BDT optimisation and background estimation
using independent sample of sideband events to
avoid bias on expected limit

o Measurement carried out in 3 n regions

o Plot show data passing selection cuts in signal
regions

o 2.4 fb! data used in this analysis

Ml Range T 0-1.0 1.0-15 1525
SES= (ee;)~* [1078] 0.71 1.6 1.4

€ = (fo/ fu)/BR(B* — J/WK* = p*u~K*) [10%] 4.45 + 0.38

e = NP KT Rl (109) 314£0.17 140015 1.58+0.26
bkg. scaling factor RP%8 1.29 1.14 0.88
sideband count N:t:(:fi (even numbered events) 5 0 2
expected resonant bkg. NZ*hh 0.10 0.06 0.08
search region count N 2 1 0
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By — uu: CMS results N (2]

o Signal selected by cuts on
. . . SC‘MS‘,‘Sf‘b'1‘ _ Ns=7Tev -
kinematic and reconstruction | z° |3
. 2 arre 0
Varlables § 4} — B! signal windovr: 2
. ; = - 1 B signal window >
o Measurement carriedoutin2 | & T 8
detector regions then s ;
combined 2 1] °
o Plot shows data passing 1 : 1
selection cuts in signal m | Lo
. 5 52 54 56 58
regions m,, [GeV]
o Full 2011 data sample of 5 fb™

CMS, 5 b \s=7TeV
T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T
Endcap
B —— B2 signal window|
------- B signal window |
|. .....
I
5 5.2

Variable | B — u"u~ Barrel | B{ — u" 3~ Barrel | B° — u" ™ Endcap | B — #" % Endcap

Etot 0.0029 =+ 0.0002 0.0029 £ 0.0002 0.0016 £ 0.0002 0.0016 =+ 0.0002

NSP 0.24 £0.02 270+ 0.41 0.10£0.01 1.23+0.18

NP 0.33 + 0.07 0.18 £ 0.06 0.15+0.03 0.08 £ 0.02
i 0.40 +0.34 0.59 +0.50 0.76 £0.35 1.14 +0.53

No o 0.97 £0.35 3.47 £0.65 1.01 £0.35 2.45+0.56

Nobs 2 2 0 4




o Approaching SM sensitivity Channel  95% CL Expected limit
LHCh Bs—p 'y~ <45x10° 7.2x10°
arXiv:1203.3976v1 [hep-ex] | CMS B, — utpT <77x10° 8.4 x 109
[ TS ATLAS B, — ptpy~ <22x10%  23x108
© o4l o LHCb B, — utu~ <1.03x10° 1.13x 109
03 R CMS B, — utpu~ <17x10° 1.8 109
02f SM:BR(Bs — ptp~) = (3.2+£0.2) x 107°
0.1- g e ——
o a° S ———

o CMS p-value for B, — p"p~
background only hypothesis: 6%

a CMS p-value for B, — utu~
SM sig+bkg: 71%

29th May 2012

107" =

ATLAS
= Preliminary
Is=7TeV

- ILm=z4m*
10° —— A

‘:] Expected CLs + 26

n»r-x»

arXiv:1204.0735v2 [hep-ex]
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Rare decay: D°— u*u

\\ /

o New measurement from CMS
o First shown this month by Daniele Pedrini at Charm 2012:

http://www.phys.hawaii.edu/indico/getFile.py/access?contribld=10&sessionld=47&resld=0&materialld=slides&confld=338

29th May 2012




o Very rare FCNC process, heavily suppressed in the SM

BR ~ 1018 (short distance) ~10-13 (long distance)
| [Burdnam et al.,Phys.Rev.D66:014009,2002]

o NP models can enhance these fractions by orders of
magnitude

o Search for FCNC in charm sector complementary to studies
In B and K decays
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o Branching fraction measured as a ratio ©
5 g g g g %1 000~ CMS preliminary ]
with a kinematicly similar control mode: = \s=7TeV
D** — D" )n ™ S oo
D*+ — DO(K—putv)nt 2 eoof

o Many systematic uncertainties cancel

o Control channel yields 16458 + 204
candidates 200}

o 2010 and early 2011 data used L
q40 145 150 155 160 165 170 175
A M=M(Kuvn)-M(Kuv) (MeV/c?)

o Both decays reconstructed
topologically

o Determine primary and secondary
vertices

o DO candidate combined with one
track from PV to form D™+




o  AM distribution shows no
significant deviation from
background

o PDG value marked with —

D** — D (utpT)m

o
% 35 CMS preliminary -
E : \s=7TeV E
S 30;_ L =90 pb E
3 . i
€ 250 :
() - i
> N .
W oof ] ] -
151 Qi
N —-
|¢| | | | | | |

Q20 a5 50 155 160 165 170 175
A M=M(uum)-M(up) ~ (MeV/c?)

(\7\45 l‘/i (l/l/ M }| ||||||_
<§' CMS prellmlnary
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0.5 E_ |' ‘H_‘ £
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Dimuon invariant mass (GeV/c?)

|AM-AMpp sl < 3 MeV required
N.rs = 23 events (signal region)

N, ., = 23 events (sidebands)

No evidence of D—uu from D*




DO—_

Q Ng) evidence for decay BR(D® — utu~) <
D= ptr

o Upper limit set for branching BR(D® - K utv) x NData (/441
ratio Npata (Kpur)

a Contamination from peaking AEpy) | eorig(Kuv) €rec(Kpv)
background D— - - a(up) Etrig (L14) €rec (/L)
negligible due to very tight N
muon selection a Taken from PDG

o Background estimated from DO . Measured in CMS data

mass sidebands o Calculated from MC

o Using CL method, 90% CL is computed:
BRMID? -y~ ) <54x10°7

o Best limit is from LHCDb, at the 95% CL.:
BRMD® - putp~)<1.3x107°




summary A )

a

Wide ranging b-physics programmes on
ATLAS and CMS

High statistics and strong detector
performance produce competitive results

A few highlights shown in this talk
o B lifetime measurements

o Rare decays
= B—pp
m DO—pp

Heavy flavour production covered in talk by
S. Argiro in tomorrow’s HF and QCD session

See the b-physics public webpages for further

results:
o twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
o twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults
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to use triggers efficiently
Di-muon triggers will be
prescaled

Higher lumi -> greater pile-

up, plot shows that selection
efficiency is not affected for
< 20 primary vertices per
event

€= 0.942+0.006
1_2\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

¥2/dof = 2.0/14

| Y + ]
0.8 CMS ]
- Br->JpKr A

H0<0.03)

0.6 N

o b b e b P
0 5 10 15 20 25 30

2011 average
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rriggers

o Di-muon triggers
0 > | T T T I T l‘ T | T T T | T T T ] T T T I T T T ]
prOVId_e Clean % 107 =y e EF_2mu4_DiMu ATLAS Preliminary =
SeleCtlon Of b' o ; v EF_2mud_Jpsimumu E
decays withtwo | < oL plapypirio ]
. . N E_ EF_mudmu6_Jpsimumu Y(1S _§
muons in final _.q:j = v(2S) | EF_mudmut_Bmumu ( %((28) 3
St ate uCJ . B EF_mudmu6_Upsimumu -':F{w“““__i_::% Y (38) |
o Different triggers 107 —— :
for specific di- \ - )
muon 10 E
resonances and . ]
continuum 10° s E
o Rates adjusted - Is=7TeV | Ldt~23fb -

with pre-scales
or pr thresholds

201h May 2012 © louiseOakes~ATLAS&CMS~Blois2012




B~ uu: Analysis technique N

o Major elements of the technique are the same for both
experiments

o Differences discussed in later slides

o Rate of B,—uu is measured relative to a control channel,
B*—=J/WK*, J/AYp—uu or B.—J/Y¢

o Many systematic uncertainties cancel when taking the ratio

t’ g reco

_ N € fe"
BR(B: — i u™) = et 5y | o S GNNI“ BR(B' — J/VK" - K"
B

s

From Data, From MC, From PDG

Npe m2x 104 52 fu
e I
drs OBt 05 BR(BT — J/YK* - ptumK*) a5 x 1070
Egig ~ OB,
¢ 1

~ 1

NN

€B.
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B~ uu: Background rejection N

Signal is fully reconstructed, long lived decay
Background can be made up of:

...................................

ATLAS Preliminary
\s=7 TeV

o Semi-leptonic decay:
b—cu X—utu-Y J

—— Data
e Fit

— B*K* J/y signal

Entries/10MeV
®
=
o

_[L dt=2410"

= Combinatorial Background

-~ Partly Reconstructed Decays

—— B*— J/y 1t background

o Double semi-leptonic decay:
bb—utu-X J

a u+fake, fake + fakeJ e V]

a continuum utu- J mass distribution of control sample

I|IIII|IIII|

5000 5100 5200 5300 5400 5500 5600

0 B—>hadronsj (peaking in B mass signal region)

Background is generally softer, short lived, not fully
reconstructed, more tracks




