Latest B physics results from ATLAS

2010 data {

New result - 2011 data
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* Quarkonia production (J/y and Y)
* B hadron production and properties (lifetime)

* Observation of x, (3P)
* Future prospects
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ATLAS experiment

For B physics measurements require excellent tracking capabilities

and muon identification

25m

LAr hadronic end-cap a
\ forward calerimeters

Pixel detector
LAr electromagnetic calorimeters
Solenoid magnet | Transition radiation fracker
Semiconductor fracker

Muon chambers

eMuon Spectrometer
|n|<2.7
*Toroid B-Field, average ~0.5T

*Muon Momentum resolution
o/p< 10% up to ~ | TeV
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\| Barrel semiconductor tracker
o Pixel detectors

7| Barrel ransition radiation fracker
End-cap fransition radiation tracker

“" End-cap semiconductor fracker

¢Inner Detector
“Inj<2.5,
*Solenoid B=2T
Si Pixels,
*Si strips,
eTransition Radiation Tracker (TRT)
*g/pt ~ 3.4x10-4 pt + 0.015 for (|n|<I.5)
*Used for Tracking and Vertexing:
* Precision momentum
and lifetime measurements



ATLAS data sample
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ATLAS B-physics programme and trigger strategy

ATLAS is a general purpose detector — main focus is

> e B L B
on high pT discovery physics but also has a % 10" = Iy e oo ATLAS Preliminary =
dedicated B physics programme. 3 = vt ]

-~ 6 EF_2mud_Upsimumu N
B-physics programme concentrates on low p; di- -§ 10 ] y(28) -EE:::::E::;:WU vas) -

_ T = C I =F_muémus_Upsimum Y9 ]
muon signatures: TR B £F_mu20 Y(38) B
» Onia studies (J/y—p*u, Y—u ) = =
»B—J/y(up)X, mixing and CP violation studies - 1
» Rare and semi-rare B decays B—pu(X) 10° = E
» (Purely hadronic channels not discussed here) - ]
10°E
Trigger on low p; (4,6 GeV) di-muon 2 4 6 8 10 12 14
» 2 muons at Levell My, [GeV]
> Confirmed in High Level Trigger About 50% of total 2011
> Then require vertex fit and mass cuts data sample “DiMu” prescaled in latter
part of 2011 data-taking
P Y YT T
» Used unprescaled ‘2mu4’ trigger for Jpsi, 2mu4_DiMu 1.4 - 14 GeV
Upsilon and B—u*u™ throughout 2011 data-taking e 5 5_4.3GeV 14
» Large samples of events recorded for the B-
physics programme 2mu4_Bmumu 4—8.5 GeV 3.7
2mu4_Upsimumu 8—-12 GeV 9.1
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Quarkonia production

AIMS:

e Test perturbative QCD at new energy regime, higher transverse momentum and wider
rapidity range than previously

*  Production mechanism for quarkonium states (J/y and Y’) not fully understood

J/y and Y candidates (2011)
2 oppositely charged muons
p(L,) > 4 GeV, p;(n,) > 2.5 GeV (4,4 for Upsilon)

~2.2 million J/y from 240 pb*

3
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J—ptuo Nucl. Phy. B 850 (2011) 387

Inclusive J/y cross-section Example of one

?) 2 ; Inclusive cross-section :/ rapidity bin (4 in tOtaI)
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Good agreement with CDF — fraction is energy independent
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Jy—pr

Derive non-prompt and prompt production cross-section separately

Non-prompt J/y cross-section Prompt J/\ cross-section

;‘102 ™1 E! = T 5
] Non-prompt cross-section B % . B
% 10 . ATLASOT75<ly <15 S 10 Prompt cross-section 5
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= 3 3 3
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Good agreement with theory Great theoretical interest:

» CEM is not describing shape
» Colour Singlet Model (CSM) is low for NLO but good shape
» CSM NNLO* is significant improvement
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Y—pus
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Observation of exclusive b-hadron decays using J/y

Masses all agree with PDG values
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Lifetimes

e  Motivation:

— Test of Heavy Quark Effective Theory - predicts lifetime ratios of different B-hadron
species

— Lifetime difference (AI',) in the B, system — mass eigenstates have different lifetime.
Commission lifetime measurement ready for CP violation studies

— Validation of tracking and secondary vertex finding (resolution, calibration, alignment)

*  Measure lifetime for:
* Inclusive B->J/yX decays
*  Exclusive B hadron decays (B°=>J/wK*, B.~>J/yo)



Average b hadron lifetime

Inclusive sample — extract average B-lifetime from B->J/yX decays ATLAS-CONF-2011-145
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» <1,>=1.489 + 0.016(stat) + 0.043(syst) ps

®In agreement with CDF measurement and world average from different B-hadron species:
<tz>=1.544 +0.014 ps

®» Dominant systematic from background modelling and detector alignment uncertainties.



BY,B, lifetime

PDG

Simultaneous fit to invariant mass and proper decay time - :Lw’";

» Extract signal, B-mass and lifetime r ATLAS-CONF-2011-092
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Observation of x,(3P)

The x.andx, represent the spin triplet (S=1) P-
wave (L=1) states of the charmonium (cc) and
bottomonium (bb) spectra.

» The y represent a triplet of states with J°¢ =
0++’ 1++' 2+

» Hyperfine mass splitting of the 3 states is
small O(10 MeV)

» Branching fractions for the radiative decays
X,—> Yy are large O(10%)

> X,(1P) and x,(2P) previously observed.

Observed bottomonium radiative decays in ATLAS, L=4.4 e

> X,(3P) also predicted below BB threshold.
Search for x,(3P) states in x,—~> Yy decays.

Photon reconstructed either directly in the
calorimeter or through conversion to e*e”

La Thuile, 29/02/2012
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Event selection

Selection of Y—puu is common to both analyses:

» Opposite charged di-muons (p;> 4 GeV)
» Vertex fit ¥?<20

7 prlup) > 12 GeV, |y(up)|<2.
» Y(1S)—pup: 9.25 < m(up) < 9.65 GeV
» Y(2S)—pup: 9.80 < m(up) < 10.10 GeV

Unconverted photon selected using
EM calorimeter
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X,(3P) candidate reconstructed using an unconverted photon

— Muon 1

') '}

Photon

un Mumbser: 130225, Event Number: 140705405
Dt BOL1=Dd=25 DE:TE-4% UTC

Muon 2

m(upy) — m(pup) + m(Y(1S)) = 10.54 GeV

p.(y)>2.5 GeV
Can reconstruct x,—> Y'(1S)y only




Muon 1

Muon 2

Photon

m(ppy) — m(pp) + m(Y'(1S)) = 10.54GeV

p:(y)>1.0 GeV
Can reconstruct x,—> Y'(1S,2S)y

La Thuile, 29/02/2012
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Run Member: 186728, Bvent Number: 74143967
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%, (NP)>Y(1S,2S)y
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\

Reduce effect of mass resolution

> Observe mass peaks corresponding to y,(1P,2P)
> Additional structure at higher mass, consistent with predictions for y,(3P)

Mass (y,(3P)) = 10.530 + 0.005 (stat.) £ 0.009 (syst) GeV

Currently unable to resolve the hyperfine
splitting — measure mass barycentre
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On the horizon

ATLAS has collected a fantastic di-muon sample in 2011.

Already have many interesting measurements:
» J/P and Y cross-sections published
» Observation of B-hadrons and lifetime measurements
»Observation of new state y,(3P)

This is just “scratching the surface”. Expect many new results soon:
Quarkonia:
J/y spin alignment
Upsilon production cross-section
Plus many more (y cross-section, J/y: y(2S) ratio, double Onia, J/y + W/Z ....... )
B-hadron:
CP violation and mixing measurements with B.—J/yo
Ap,—I/yAlifetime and polarisation
B* —J/ymt*
J/w+p correlations
Rare Decays:
Limit on BR(B,—p'u™)
BO,—upu g, By —pp K

Looking forward to much more data in 2012
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