Charm and beauty physics at ATLAS

On behalf of ATLAS Collaboration

Takashi Matsushita

Kobe University

matsushita@phys.sci.kobe-u.ac. jp

XVIII International Workshop on Deep-Inelastic Scattering and Related Subjects
Convitto della Calza, Firenze, 19t - 23" April 2010

R ——
DIS2010, Firenze, 19t - 23 April 2010 T. Matsushita 1



Outline

= Introduction
= Quarkonium physics
= B-physics program for early data

= ATLAS detector
= di-muon trigger
= Mmuon reconstruction

s Performance with 900 GeV collision data
= tracking
= Mmuon reconstruction

= Expected results
= Quarkonium
= B-decay

= Summary

R ———
DIS2010, Firenze, 19t - 23 April 2010 T. Matsushita 2



Quarkonium physics

= J/¥ and Y production cross-sections are predicted to be large at the LHC

= Study of production mechanism of quarkonium and tests of QCD
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= Prompt quarkonia production is important background for many other b-
physics processes at LHC

= J/V¥ 2 ppand Y = pu are important channels to understand the
performance of the ATLAS detector

= Efficiency determination of muon reconstruction and muon trigger,
alignment, magnetic field mapping, material distribution
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B-physics program for early data

= Large production cross section through flavour creation, flavour excitation
and gluon splitting

= Exclusive production cross-section measurement possible at early stage
« B* 2> J/W¥ K
= Clear event topology
= Reference channel for rare B decay searches

= Suitable for initial detector performance study through masses and proper
lifetimes measurements

= B* > J¥K*
= B D I K™
= B0 JY ¢
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ATLAS detector @@

Muon spectrometer length: ~46m
precision tracking chamber |n| < 2.7 radius: ~22m

trigger chamber |n| < 2.4 .
weight: ~7000 tons
/p- — 10% for 1 TeV muon )
o(Pr)/pr o Pr ~108 electronic channels

Inner detector
In] < 2.5, B=2T
M | Silicon: pixels, strips

=— Transition Radiation Tracker
o(pr)/pr ~ 3.4 x 104 p; @ 0.015
o(dy) — 10 @ 140 / p; um
(pr in GeV)

Three level trigger system

Levell: hardware trigger from muon and calorimeter information (40 MHz = 75 kHz)
Level2: software trigger to confirm levell trigger decision (=2 2 kHz)

Event Filter: performs event selection using more complex algorithms ( = 200 Hz)
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Di-muon trigger

= Muon pairs can be a clear signature of b-hadrons decaying inclusively to J/V¥
or to di-muons

= Needs efficient di-muon trigger for low-p; muons to perform Quarkonium and
B-physics studies
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= Higher level triggers for di-muon seeded by levell single muon trigger or
levell di-muon trigger

\ - Search for two muons in a
\ wider n and ¢ region than

@ seeded by levell
/ - efficient for J/¥ searches
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Low p- muon reconstruction

= Excellent tracking and muon system for muon reconstruction

W

b

= inner detector

\ calorimeter

" \ =3  muon spectrometer

.

combined muon track tagged muon track —— combined
- combined + tagged

c B e o =

= Significant efficiency improvement for § 0.8 -
pr < 10 GeV by using tagged muon track ° 0.6 ]

= Fake rate for J/¥ sample < 1% a :

O 2i |:|Staco A_TLAS E

T || Staco+MuTag| ft indirect -

% "5 0 15 20 25

pT(GeV/c)
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Tracking results from 900 GeV co//isions?@

Minimum Bias Stream, Data 2009 §'s=900 GeV)
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= Test of vertexing, momentum scale and resolution ’

= Reconstructed K, and A masses close to PDG values, width of the invariant mass

peaks well reproduced by Monte Carlo
L ——
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Statistics limited, dominantly in the

= p>4GeV,pr>25GeVand|n] <25
= 50 candidates with L = 6 ub?

Data and Monte Carlo are

|
forward direction
|
=25+ pa
3 Atlas Preliminary 2009
g 20 s Toroid on 900 GeV Data
- —— non-diffractive minimum bias MC
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Muon trigger is being
commissioned with muon from

collisions
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4

consistent with available statistics

Atlas Preliminary 2009

. Toroid on 900 GeV Data

—— non-diffractive minimum bias MC -

2089-12-06, @8:25 CET
Run 141749, Event 133538

1

Entries

—
ATLAS Preliminary

>

@ E =
180 ATLASPreliminary 3 & 0.9F- E
16 \5=900 GeV, Data2009 | £ gF ‘ \5=900 GeV, Data 2009 _J
145 4 & o7p =
E —— All muons with Inl=1.05 j 2 E - 3
12 B v . - & 06 E
E ith at least one TGC Rol 16 E E
~ - F 055 'l =
8F 4 - o4f | =
6F = 03F _“|" =
A = 0.2F =
2F = 0.1F =
1 Ll . E [ N T -

g 5 8 10 % 4 i3 8 10
p_[GeV] p, [GeV]

T. Matsushita 9



Expected results on quarkonium with Monte Carlo study
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Prompt quarkonia. selection

J/Y¥Y from B-decays form significant background to prompt J/'P,

in addition to muons from b-quark decays

Measurement of prompt J/W¥ to indirect cross-section relies on
separation (and understanding of separation) of these two

processes

Pseudo-proper time =

have positive proper time
= Use pseudo-proper time to separate indirect/prompt

= Cut at 0.2 ps gives prompt J/V¥ efficiency of 93% with

purity of 92%
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Results with 14 TeV MC
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Prompt quarkonia

= Invariant mass distribution of di-muons
= Seeded by levell di-muon trigger
= Muons from primary vertex
= Pseudo-proper time cut at 0.2 ps —
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= Different predictions for polarisation depending
on production model

= Polarisation can be determined with 6”
- oc (1 +ocos?67)

= dcos 0*

= 0" acceptance highly depends on trigger
= Error on ¢ with 10 pb! : order of 1%
= Error on o with 10 pbt:

Events/bin
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Results with 14 TeV MC
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Expected results on B-decays
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Bt 2 J/YK*

= Selection S e ssa e ey ]
= J/¥ reconstruction Ejj'g:_ % sigma = 422 +1- 1.3 e E
[(o] - ]
= Mmass window +- 120 MeV = o0l 3
= proper decay length > 0.1 mm E"OO? E
= Cuts on puK™* vertex go— & H 0 signal =
. . =Y AN W R S background 1
= 1600 B* candidates with 10 pb! o0F J ]
40— -
= Mass fit 05306 5300 5400 5500 5600 5700 5800
) B+ mass (MeV)
| M@EY) | width of o(B") e
Relative error  0.02% 3.5 % o A% I
< 102§ $ E
S .
= Lifetime measurement = L P W signal ]
= relative error on o(t) 2.5% § 0% g T background 2
it 4 _l
= Cross section measurement 1) n ‘ E
= Statistical error ~ 10% P o Gl JAHIRHAHNY

_ 0 0002 0.004 0006 0.008 001 0012 0.014
[ SyStematlc error — 15-20% B+ proper time (ns)

« L~ 10%, BR(B*>J/¥ K*) ~ 10% Results with 14 TeV MC
R
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BP 2 J/YK and BL 2 J/Y ¢

. Selection | B = J/¥ KO with 0 pb-1
= J/Y¥ reconstruction bb%wx
= Mmass window +- 180 MeV _
= m,,,(2 tracks) ~ K% [¢]
= Cuts on vertex and p; of B, [B.]
= No decay length cut applied

"!.;..:o‘. AN o _ i : X L \ w | ‘
L =10 pb* pp>J/¥ X | bb>I/¥ X et

Decay time (ps)
B, > J/¥ KO 1024 1419 3970

B, > J/¥ ¢ with 150 pb-!
BO>IW¥Y¢d 76 2449 1660 - ;
mass window +- 12 o(mp) 104? ii
= Simultaneous fit to mass and decay ‘
time to extract mass and lifetime ol “
= Mass can be measured with a : 5 “

precision of ~ 103 ; ;

= Lifetime can be measured with a g S |
precision of 10% Mazs (MeV)

Decay time (ps)

Results with 14 TeV MC
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Summary <

= ATLAS is well prepared for charm and beauty physics
= J/VY, Y

= At 7 TeV cross-section ratio of indirect to prompt J/¥ will be
measured with a few pb-1 and polarisation with order of 100 pb-!

= B*> YK, BL D IYK™, B> IY ¢

= Cross-section, mass and lifetime measurements possible with 10 pb-!
— 150 pb-?

= All these samples are important for detector study as well

= ATLAS is now collecting p-p collision data at 7 TeV
= Stay tuned for the results from ATLAS
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