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Detector and Data

= 2T solenoid field, 0.5-2T toroid field
= 10 um impact parameter for tracks
= o(p;)/p;~ 0.05% p; @ 1.5%

= g(m) (J/Y-Y) ~45-120 MeV (ID

o y Y dominated)
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e Integrated luminosity about 5.2 fb! per = = 2
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l_ L =
e Instantaneous luminosity and pile-up (= =
steadily increasing P P crurd e e :
28/02 30/04 30/06 30/08 31/10

Day in 2011
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Di-p Trigger for low p; b hadron Events
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Trigger name example: EF_mu4mu6_ denotes dimuon triggers at level 1, confirmed at the
high level trigger, with one object passing a threshold of 4 GeV and the other 6 GeV.
Jpsimumu, Bmumu, Upsimumu and DiMu denote coarse invariant mass windows in the
regions of the J/{ (2.5-4.3 GeV), Bs (4-8.5 GeV) and Upsilon (8-12 GeV) and the combined
range of all three (1.5-14GeV) respectively, as calculated using the trigger objects.
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Higher luminosity
required a dimuon
trigger

Constant trigger

thresholds for B physics
all across 2011

Trigger efficiency: As an
example, for the Y(1S)
production
measurement the
average trigger
efficiency for the
selected dimuon events
lies between 80% and
95%.



Mass Resolution

2 Nucl. Phys. B850 (2011) 387
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e Excellent mass resolution required for good S/B performance

e Limited particle

ID for hadrons (K/m separation for p;< 1 GeV/c)
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Impact Parameter Resolution

2008 JINST 3 S08003
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Good impact parameter
resolution required for lifetime
based measurement
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* Impact parameter
distributions not seriously
impacted by pileup
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B-HADRON PRODUCTION



Quarkonium Production

/Y

Production of heavy g
qguarkonium at LHC offers
possibility to test QCD: are
color octet contributions Leading order color singlet
significant? )/
Non-Relativistic QCD .

(NRQCD), color-singlet
(CSM) models

g 0000,

g g

Example of color-octet fragmentation
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Weighted entries / 100 MeV
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e Only prompt contribution for Y(1S) production
e Overall scale not well predicted by theory
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Observation of a new
X, state: The Spectrum3

O,

e Quarkonium bb-state
with with parallel spins

— bb S-wave state: Y

— bb P-wave state: x,
with J=0,1,2 triplet spin
state

— X,(1P) and x,(2P)
experimentally studied

Invariant mass |
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Observed bottomonium radiative decays in ATLAS, L=4.4 B
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Observation of a new ¥, state:
Technique for unconverted photons

* Reconstruction of x, through radiative decays
— Xp(nP)=> W(1S) y and x,(nP)—> Y(2S) v
— v well reconstructed

2N\
with calorimeter 7 Q) SUATLAS
V4 P 4 / N\ ’.':!‘ AY
& J A’ g )}
W o\ L EXPERIMENT
m m / / \
e a S u re e nt 4 ? e~ i N \ Run Number: 180225, Event Number: 140709409
{ # N \ Date: 2011-04-25 08:38:49 UTC
I | y G / .

(or via conversion
to e*e pairs)
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Observation of a new ¥, state: Result

Phys. Rev. Lett.
108, 152001 (2012)

Xy (3P)2Y(1S)y

— [T I T T T [ T T T [ T T T ] T T T ] T T T ] T T T _]
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T  — ] e Background
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Unconverted photons m; =

m(u'py) - mu'p) +m o [GeV]

10.541 + 0.011 (stat.) £ 0.030 (syst.) GeV/c?.

Theory (spin averaged): 10.525 GeV
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Converted photons m;=10.530 + 0.005 (stat.) + 0.009 (syst.) GeV/c?.

This value is used instead of the unconverted case for the final result
due to the smaller systematic. The systematic error is due to a variety of
sources: relative normalizations of the 3 peaks, background modeling
variations, constraints on the masses of the n = 1, 2 peaks, etc.

SM@LHC 2012

12



LIFETIME MEASUREMENTS



B Lifetime Measurements:

Inclusive Technique

Average B Lifetime using
B >J/yX—>uuX
Use pseudo proper time:

PDG PDG
_LXY'mB _LXY°mJ/W (E

T, =
° p+(B) P+ y)
J/U carries only part of the initial

p; of the B-Meson
» correction factor F to take into account

2 0161 - - pyihia b5 — Jiy X MC

< 0.14[ — Weighted Pythia t5 — Jiy X MC|

0-2_III'|I[I|III|III|III

| T 17T
5 o.1a:— ATLAS Preliminary ATLAS-CONF-2011-145_.:

|!1I|1II|!II[!II|I_

._llllllllll T
00 0.2 04 06 038

momentum difference between B and J/{
determined from MC weighted according to BaBar

» When this is done, the difference in the mean p*

distribution of J/ mesons in B decays

from Pythia and

BaBar data drops from 0.076 GeV to 0.003 GeV.
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B Lifetime Measurement:
Inclusive Result

Pseudo-Proper Time

pseudoproper time (ps)

10

25 = ';' = Y T ! T ! I T ! ! T ! ! T T ' ! ! 1 L ! E

b il e s f ATLAS Preliminary mz

il L/ component 35 T L, =35 pb" 3
: b L E ® 7 TeV data E

e 5 — Combined fit =

wE . i B ---- Signal component 7]
prompec 10° - --=» Background component 3

10+ oy a,‘om!:’ovxe_m%; R AN 3
=20 15 -10 5 10 15 20 — -

. Main systematic uncertainty for preliminary  § 77/ el
measurement: 2
— time background model

-
e

Pseudo-proper Time [ps]

—  residual misalignment 3

 Ongoing study with 2011 data will T
reduce very significantly the
systematic uncertainties on the

lifetime

Pulls /[ 0.04 ps ]

ST < SN X

r\)Illllllllllll

0 2 4 6 0

N —

8
Pseudo-proper Time [p

<tz> =1.489 + 0.016 (stat.) £ 0.043 (syst.) ps

[PDG: 1.568 £ 0.009 ps, dominated by LEP.
CDF B*: 1.639 £ 0.009 (stat) £ 0.009 (syst) ps,
CDF B: 1.507 £ 0.010 (stat) £ 0.008 (syst) ps.]
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B Lifetime Measurement:

Exclusive Result
* Measure lifetime —T

of exclusive
reconstructed events:

- ATLAS-CONE-2011.092

e Dat |
Tgtgl Fit ATLAS

—— Signal =
-------- Non-prompt J/y Background 2
s Prompt J/yv Background -

Events /0.4 ps
5&)
I

B, > JyK®and By —>Jyg 1o 3 ;T\L:ff{ee\'jm‘”ary .
L dt=40pb’
* Detector performance _
well understood 10F .

e Important milestone for |
measurement of CPV 2

8 10

. B, Proper Decay Time [ps]
parameter Bs Tz, = 1.41 + 0.08 (stat.) + 0.05 (syst.) ps

PDG: 1.472%0024_ . ps
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RARE DECAYS
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(a)

Why Search for Rare B-Decays?

ol

(b)

e Flavor changing neutral currents
(FCNC) are highly suppressed in

W Al the Standard Model
v BF(B, » ') =(3.2+£0.2) x10™
- BF(B, » 1" 1)=(1.0£0.1)x10™"
* Branching fractions might be
2y W substantially enhanced by
coupling to non-SM particles
3 e Orthogonal search for physics

beyond the standard model
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The ATLAS Search for Rare Decays

arXiv:1204.0735

e ATLAS search features
— Integrated luminosity of 2.4 fb!

— Mass resolution:
* ATLAS: 0,,~ 60 (barrel) — 110 (forward) MeV

 Main background sources:

e continuum with smooth di-muon invariant mass

— estimated from sidebands
— dominant background contribution

« contribution from hadrons misidentified as muons | [B—4—"

— irreducible background, estimated using MC /|
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Search for Rare Decays:

Selection and Technique
e Event selection based on

arXiv:1204.0735

decay tOpOIOgy \\/ ‘/‘/‘/‘/“.-"'
— use boosted decision tree (BDT) PV/°<13D
classifier calculated with 14 /
input variables: a,p, AR, L, ct with primary verex

significance, szyi v2,, isolation,

=

on cut efficiency
o O O
~N 00 ©

— selection independent of

0.6

ATLAS

number of primary vertices 2 S

e Calculate branching ratio with o /
respect to the high statistics o /ey
decay mode B*— I/ K*  pummermemeton e ooy

association
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arXiv:1204.0735

—&— Data ATLAS

Preliminary
Vs=7TeV
Ldt=2.4fb "

e QOptimization and estimation of
background events performed on R I L L
different sideband event samples

— avoid bias on expected limit

e Use different categories in mass
resolution (in n)

Search for Rare Decays:
Backgrounds

e Bo—>p*’ MC (10x)

Bents/60 MV
N w
N o w o

—@— Data ATLAS

Preliminary
Vs =7TeV

Ldt=2.4 fb™"

. B—>p1* 1 MC (10x)

Bents/60 MV
N w
N « w o

“““ =~

side band count Ny,

m,,,, [MeV]

(even numbered events)
bkg. scaling factor 1.29 1.14 0.88 E 35

:_ —&@— Data ATI‘LA-\S

8 F —— B.—>p'u MC (10x) Péel__'r;”::‘\;y

expected resonant bg 0.1 0.06 0.08 E =5 J' Ldf = 24 fbt

= @
search region count N, 2 1 0 -

e )

ook L

5800
m,,,, [MeV]



CL,

10?

107?

10°

Search for Rare Decays: Results

—+— Observed CLs

----- Expected CLs - Median

- Expected CLs + 1o
|:| Expected CLs + 2 ¢

ATLAS
Preliminary

Vs=7TeV

'[ Ldt=2.4fb"

o

1 2 3 4

(all at 95% CL)

5
BR(BJ—>p"1)[10°]

ATLAS: BF(B,—»>p*p) < 2.2 x 108 (2.4 fbl)
CMS: BF(B, — p*u) < 7.7 x 109 (4.9 fb?)
LHCb: BF(B, — p*p) <4.5x 10° (1 fb?)
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No excess of signal
events over expected
background observed

— limit on branching
ratio

— Median expected limit
that contains 68% of
background-only
pseudo-experiments:
BFexp:(2..’*’;*1-0_0.5)x10'8

Measurement
consistent with

expectation from SM
(BF¢,,: (3.520.3)x109)
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Conclusions

Large available statistics and excellent detector performance
have led to competitive heavy flavor measurements at ATLAS

Measurements of heavy quark production cross sections allow
precise studies of QCD: differential p; distribution measured.

Observation of new quarkonium state x,(3P):

m = 10.530 + 0.005 (stat.) £ 0.009 (syst.) GeV/c?.

Lifetime measurements show excellent detector performance
and open the possibility for time dependent CPV-measurements:

Tg. = 1.41 + 0.08 (stat.) £ 0.05 (syst.) ps.
No sign yet of the rare decays B.—>p*p :
BF(B.—>u'w) <2.2x10% (2.4 fb?), 95% CL.
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