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Large Hadron Collider

 Design parameters: Vs = 7+7 TeV, L = 10** cm?s™, ~23 pp interactions per bunch crossing

e Achieved in 2011: Vs =7 TeV, L. ~ 3.5x10% cm?s™, ~12 pp interactions per bunch crossing

« Achieved in 2012: Vs =8 TeV, L., ~ 7.7x10% cm?s™", ~24 pp interactions per bunch crossing

ATLAS/CMS

- general purpose detectors

- symmetric around inte!?ﬁgn point «
- maximal luminosity

ik

LHCb

- focused on physics of B-hadrons

- forward geometry

- limited luminosity, s
(pp interactions per

CM3s '
Point 5 1% |

ALICE
- focused on Heavy Ic
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The ATLAS Detector

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

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
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g ATLAS B-Physics Program

* Two ways to search for physics beyond Standard Model: direct
(resonances observation) or indirect through anomalies in known decays

 ATLAS B-physics focused on the beyond-SM effects in the B-hadron
decays

* Analyses thus include precision measurements and rare processes in
decays that can be fully reconstructed by the detector (all final state
particles are charged):

- quarkonia production

- b-production x-section

- rare decays B, — yu and b — suu

- angular, lifetime and mass measurements: B, — J/yo, A, — Aup

- observation of rare/new b-hadrons: B,

* Despite ~0.5x10° B%-pairs expected in 2011 data, all ATLAS B-physics
measurements are statistically limited (room for improvemet with 2012
data and beyond)
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B-Physics Trigger

* Based on di-muon signature (e/y or hadronic B-decays lost in background)

* Whole trigger chain 3-level based:
- L1 - HW based, fast muon detectors, di-muons with p; > 4 GeV

- L2/EF — SW based, precise confirmation of the muons by Inner Detector tracks
reconstruction, di-muon vertex construction (inv. mass cut), eventuall search for other
hadronic tracks of requested
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Performance of the ATLAS Detector
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« (Good impact parameter (reconstructed tracks deviation from real vertex in the transverse plane)
resolution needed for good secondary B-hadron decay vertex separation

- proper decay time resolution ~ 0.1 ps, typical B-hadron lifetime 1.5 ps

« Excellent mass resolution for good S/B performance

* No K/m separation ability — higher combinatorial background
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Selected Analyses

CP violation in the B, = J/y¢ decay
(extraction of AI', and ¢:)
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« CP violation in B, — J/w¢ occurs through the interference in mixing and decay

t,c.u b
5 —n > ¢ § > s
Decay rate ~ w" ‘ *
o < 4 <
N ) ’ b i —C
Decay amplitude with mixing Direct decay amplitude

2 B, mixing: /<§>< \:a Y
 Mass difference "3, Y «:,3;
Am=m,-m. 9 g,
« Mixing phase ¢ s ©

« Decay width difference
Z&Iﬂs = IﬂL - IﬂH

« Time evolution of flavour tagged B, — J/yo very sensitive to New physics

* 9 physics parameters to describe B, — J/y¢ decay

T, AT,

s (= 2)
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decay with and i £
decay width difference 0

CP violating phase
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(0,0)

¢, small in SM, clear to see potential excess from NP
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B. = J/y¢ Decay Rate

* Experimental challenges: J/yo¢ not pure CP eigenstate — statistical separation,
good vertex resolution for time information, S/B ratio without K/w identification,
initial B-flavour charge tagging
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B. = J/w¢ Events Selection

e Jhy(up) trigger, reconstruction of 4-tracks vertex: B, — J/wo T/ — put
: : : T, —
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B, Proper Decay Time [ps]

» Extraction of the decay angles from the fully reconstructed
topology, Bs proper decay time calculated in transverse plane: y ny M B

* Important selection of correct primary vertex C PT g
(by pointing of B, momentum)
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@ Initial B, Charge Flavour Tagging

« Find the B,-charge flavour at the time of creation 0,

* Method is based on the fact that b-quarks are created
in bb pairs — by reconstructing the other — opposite
side — B-hadron, one can determine the flavour
of the signal B, — J/wyo

 Two methods of determination of the

opposite B-hadron charge flavour: %

Muon tagger:
* Identify muon from semileptonic
B-decay

» Calculated charge of cone _
_ the same primary vertex
around the muon: Q, .
« Calculate charge of the jet
ZNtracks ]

q - (pr)~ (made of Innder Detector
y N tracks (i )x tracks): Qi

Jet-charge tagger:
* Reconstruct a jet coming from

Qu:
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@ Initial B, Charge Flavour Tagging - Results

* The method is calibrated on self-tagging data sample of B* — J/wK*

Boafpiiarmy B e + i DI
Olgi Combined Lt =451 ] : ﬁﬁj%r:?;];;ae?ggg det 451" 7 0.14¥ Ldt=451b é
- muon tagger ot 02" o o oaof o
owisl  (tracking ingb%th B - jrack maiched with few B : 01?- Jet-charge tagger B 1
15 enand ID +B 0151 its in muon de ecors) f 0. " muon tagger =B ]
- detectors) 0.081~ =
o 01++++ + " (D racks only) :
2 linan SISV 4+t - E
0.051 & ap ++ + 0.05}- :8:+ ol %0 stetes o -
AR AEo2 e _+_+ 002 37%ese"e? e tettete,.
O-‘II II ‘-0‘.5| — 6 — ‘O.|5| = 0—1 — ‘ II 0‘7IQ. | ‘-0‘.5| T 6 — ‘O.|5| OG’_1
Q Q, Q,
» Determine probability that signal decay contains b as a function of the
muon cone or jet charge Q, or Q,,
Tagger Efficiency [%]| | Dilution [%)| | Tagging Power [%]
Segment Tagged muon 1.08 +0.02 36.7+0.7 0.15+0.02
Combined muon 3.37+£0.04 50.6 £0.5 0.86 +0.04
Jet charge 27.7+0.1 12.68 £0.06 0.454+0.03
Total 32.1+0.1 21.34+0.08 1.45+0.05
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g Measurement of AT, and ¢,

* Running unbinned maximum likelihood fit (acounts for event-by-event
resolutions):

N
L ~ H w; | [fs | Fs(my, ts, Qz)l"‘lfs - fpo - Fpo(my, ti, Q\H( — fo — fs - fBo) - Foer(my, ti, Qz)]l
1

* Non-resonant contribution for B, — J/WwK*K" included in the signal

« Dedicated functions to describe background from By — J/wK* (6.5%)

and B, — J/yKn (4.5%). Enters signal B,-mass region due to different mass
hypothesis on the hadronic tracks.
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Results: Measurement of AL, and ¢,

 Measurement still statistically dominated (2012 analysis in progress)

« Uncertainty due to initial B-charge flavour tagging improved by 40%

* Largest systematics from uncorrelated background ¢s = 0.124-0.25 (stat.) ==0.11 (syst.) rad
description (to be improved in 2012 analysis) AT, = 0.053 +0.021 (stat.) £ 0.009 (syst.) ps "
-~ | ol | T T 1 | L L | L | UL | FS - 0677 :I: 0007 (Stat) :l: 0'003 (SySt‘) ps_l
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— i --'90% C.L. i 2 _
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early 2013 status
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ATLAS can provide similar precision in AI'y measurement as LHCD; ¢, precision is
connected with lifetime resolution which LHCb has >2x better

2012 status
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Angular analysis of semileptonic rare decay
B, = K*°uu decay
(extraction of A; and F,)
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N Angular Analysis of B, = K*un Decay

* b — suu FCNC transitions in SM do not occur at tree level, but only
with loops

- small branching ratio ~ 10-6
- great sensitivity to eventual non-SM particles in the loops

e b W Vib W™ Vi Vin Vis
b _. I . 1 S ]} | |
i Fi

3 ’ N I
W‘-r_. ,"W I I

£t

oy
t-W loop -

* Measure the differential decay rate — angular distributions at different
o° areas (square of invariant mass of the muon pair)
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] ﬁf\%

B, = K*uu Observation

* Events are collected with di-muon and single-muon triggers (di-muon
triggers are limited in pu-invariant mass, single-muon trigger with 2™ muon
reconstructed offline helps collecting events)

* Cut based analysis; cuts
optimized on MC for full

q° = M(up)”® region

* Full range of di-muon
mass, but excluded
cc-resonances
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_l LL_l I | e e | ' 1 L1 1 I L1 1 1 I L1 11 I L1 11 I L1 11 l Ll L 1
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* QObserved 446 * 34 signal events over 1132 = 43 background
(extracted from fit to the mass distributions with per-event gaussian signal and

polynomial background)
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'@ Angular Analysis of B, = K*uu

« Reconstructed B, — K*uu decay candidate characterized by 3 angles and
di-muon invariant mass (g°

) <) o
_|_
H
* Due to low number of )
signal events: O; B, 0r

- datasample divided into

just six g° bins (Belle definition;

to be comparable with other experiments) M—
- in each g bin simultaneously T

fitting two 1D angular distributions \
(integrated over the other two angles):

1_dr 3F (g% (1 - cos?6,) +
- only two angular observables [dgldcoss, 4“7 -

remain. % (1= Fu(g®) (1 +cos®6) + Arp(g) cos by

« A.; — forward-backward |4 ; ;
asymmetry of the p* Fardeots - SFL(ghcos® O + 2 (1= Fu(gh) (1 - cos® 0x)
direction w.r.t. B

« F.— K" longitudinal polarization fraction
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@ Measurement of the A, and F,

70 ATLAS Prellmlnary ts =7 TeV

* Running unbinned maximum likelihood fit
C¢4.30 GeV? < f < 8.68 GeV? _[Ldt_4.9fb

(in each g region) to B-mass and and the
two angular distributions:

—o— Data
Signal fit

----- Background fit

— Total fit

Events / 40 MeV
[e)]
(@]

- B-mass distribution to separate signal 40

- sequential fit approach — firstly B-mass
distribution is fitted, then mass-angular fit 20
is run with the B-mass related parameter: 1o
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Fits Results

|
@ 1: LR E N HU LR B E T = AL I HL L B DL B B T
< 0.8 ATLAS Preliminary = 0.9E ATLAS Preliminary s-7 TeV E
0.6F = 0.8F- J.Ldt =49’ 3
0.4F ‘ = 0.7 =
- ] 0 65 Theory =
02 —1— _+_ = 6 —e— ATLAS =
OF | = 0.5F- E
0.2 = 0.4F ‘ ‘ 3
0'42_ \s=7 TeV E 0'3;— —e— -1 _;
0.6 Theory = 0.2 =
: J Ldt = 4.9 b —e— ATLAS . - £
0.8 — 0.1 —
_1:I 11 | 1 1 1 | 111 | 11 1 | 111 I 11 1 I 111 | 11 1 | 11 1 | 11 I; 0: | 1 1 | 111 | 1 1 I 111 I 111 | 111 | 111 | 1 1 ;
0O 2 4 6 8 10 12 14 16 18 20 0 4 6 8 10 12 14 16 18 20
¢ [GeV] ¢ [GeV?]
: L 2 GeV? Ny, A F
« Uncertainty statistically g range (GeV') sig rs L

dominated 200<¢g*< 430 19+ 8 022+028+0.14 0.26+0.18+0.06

e Measurements consistent 430<¢’ < 8.68 88x17 024x0.13£0.01 037+0.11+0.02

with SM prediction 10.09 < ¢g*> < 12.86 138+31 0.09+0.09+0.03 0.50 + 0.09 + 0.04

1418 <¢g* <1600 32+14 048+0.19+0.05 0.28+0.16+0.03

16.00 < ¢> <19.00 149+24 0.16+0.10+£0.03 0.35+0.08 £ 0.02

1.00<g*>< 600 42+11 0.07+0.20+0.07 0.18+0.15+0.03
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Comparison to Other Experiments
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0.8 J Ldt=4.9fb" —— LHCb E 0.1 J Ldt = 4.9 1 E

_1 _I 1 1 | L1 1 | 11 1 | 11 1 | L1 1 I L1 1 I 11 1 | 11 1 | 1 1 1 | 1 1 1 T O:I 1 1 | 11 1 | 11 1 | 111 | L1 1 I 111 I 11 | 11 1 | 1 1 | 1 1 1 ;

0O 2 4 6 8 10 12 14 16 18 20 0O 2 4 6 8 10 12 14 16 18 20

¢ [GeV?] ¢ [GeV]]

« Can provide competitive precision at high-g° region

 Relative yields in low-g* bins should improve with 2012 data
(better trigger for these decays)

* Full angular analysis planned with 2012 data
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Measurement of branching ratio of
very rare decay B, = pu
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@ B. - pu Branching Ratio Measurement

® Bs—puu: Flavor Changing Neutral Current (FCNC)
- strongly suppressed in the SM, BR(theo) = (3.5+0.2)x10-°

- can be enhanced by new physics

— wt X°
b — - - - - -« [J+
tcu i d [ Y v
S—> o D
- %

® First measurement of the BR by LHCb 1s:
BR(Bs—pup) = (3.2 713 _12) x 10~
Phys. Rev. Lett. 110, 021801 (2013), LHCb-TALK-2012-306
e Sufficient precise measurement of the BR can allow to claim the
new physics
=> combination of ATLAS, CMS and LHCb
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'@ Analysis Outline

* Analysis relative to reference channel B+ — J/y(uu)K+

B(B) - p*u) =B(B* - JIWK* - p* " K*) X

fu so Natum o0 Ayuk* ok
Js me Aty €ty

E

* Analysis of full 2011 dataset (latest update)

* Blind signal region in the whole datasample (although 1/2 was already
analyzed in previous paper)

* Use MC for continuum background modeling

* J/y polarization correction applied to MC of the reference channel
» Signal extraction via event count in the signal region

» Estimate of expected background — use 50% of the sidebands

« Cuts optimization on the other 50%
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Background Modeling

* 14 discriminating variables explored to distinguish signal from continuum

backround
L, Scalar product in the transverse plane of (Ax - p*) /| P3| 1
Iy Ratio of |p%| to the sum of |F%| and the transverse momenta of all tracks with P
isolation pr > 0.5 GeV within a cone AR < 0.7 from the B direction, excluding B decay products
|aap | Absolute value of the angle in the transverse plane between AX and p*® 3
pz"'” Minimum momentum of the two muon candidates along the B direction 4
pf. B transverse momentum 5
ct significance  Proper decay length ct = L., X mg/p; divided by its uncertainty 6
. Signiﬁcance_?lof the separation betw een production (PV) and decay vertex (SV) 7 13

oo AxXT. (O'ZM) - AX¥, in z and (x,y), respectively

min nin Absolute values of the minimum distance of closest approach in the xy plane or along z
| Dy ™™, |D,] ; 8, 11
of tracks in the event to the B vertex

AR Angle \/(A¢)? + (An)? between AX and p® 9
o, [y Absolute values of the maximum and minimum impact parameter in the 10, 12

transverse plane of the B decay products relative to the primary vertex

* Peaking backrounds (fake rates from p and K) estimated from MC +
latest branching ratios — 0.3 ev contribution in signal region
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N MC Reweighting

All distribution used in the cuts are confronted between data and MC
and eventually reweighted

- for signal the reference channel is used for comparisons

- for continuum background the data sidebands and inclusive MC
are compared

Correction for J/y polariztion in the reference channel

Correction for cut of at low-p; events during MC production

Reweight B-p; and pseudorapidity distribution to match data

- extract weights from half of B+ — J/wK+ and Bs — J/wy¢ data to
be applied to MC

- to be used in the selection training (BDT) and calculation and
efficiencies for signal and the reference channel
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¢ Final Optimization, Acceptance and Efficiency

* Optimization runs at half of sidebands data and reweighted signal MC

v

« Optimizing selection and signal region width
€

« Optimization based on maximization of punzi estimator: P =
(signal MC efficiency, background from sidebands) 1+ \/E

Same final select lied to th S 4500E arias oriie [\ o
ame final se ectlgn applied to the 2 4500 aTLAS Prefiminary .
reference channel: & 4000F- 15 =7 TeV —— Signal + background fi
-~ - U BN T B* — J/y K signal
% 3500F- ILdt=4.9 w' B* - Jiy * background
o Lﬁ 3000 |y e Other backgrounds
Acceptance and efficiency: 2500F-
» Ratio between reference and signal 2000
channel 1500F-
. 1000F-
« Extracted from the rewerighted MC s00t”
samples E - Y
0 5000 5100 5200 5300 5400 5500 5600
Channel AXe R my, MeV]

B* 1.317 + 0.008% (stat)
B’ 4.929 + 0.084% (stat)

5

0.267 + 1.8% (stat) + 6.9% (syst)
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Opening the Blinded Region

» Extrapolation of the number of background events into the
signal region yields 6.75 events

 After unblinding 6 events observed

> 1 I I 1 I I I | 1 1 | 1
0
= 10 ATLAS Preliminary
O
S e Data
2 8
c —— B, — pun MC (10x)
S
LL

6

4 °

2 o o o

oo o o
||_.

1 1 al 1 1 I | :I
91800 5000 5200 5400 5600 5800

m,, [MeV]
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* USG.CL.S method With signal region sidebands
profile likelohood ratio: ¥ ¥

- bs . bs
L = Poisson(Ngg'le B + Npig + N >ni) Pmsson(Ngk; s gl Rbkg Nokg) X

Gauss(e"b“t, Te) Gauss(Rg,lz; [Rbkg> T Ry,

1/SES constraint R=A_/A_ constraint

with £ = ses™!

P 1% LA L B =
O E + Observed CLs E
- TN e e Expected CLs - Median -
10‘1 = - Expected CLs + 16 = upper h-mit (10_8)
: [Jemeewaciszze at 95% CL  at 90% CL
(02 B | observed limit 1.5 12
1 expectedlimit 1607 1307
10° :_ATLAS Preliminar _: o
= (s=7TeV E (limit from half of 2011
- n . -8 o)
(Lo : data: 2.2 x 10° (95% C.L.)
T 3 A RS I
0 1 2 3 4 5

BR(B] — ) [10°]

17.09.2013 MPP Colloquium, Pavel Reznid&ek, pavel.reznicek@cern.ch, LMU Munich 31



Measurement of parity violating asymmetry
parameter o, and the helicity amplitudes in

decay A, = J/YA
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g A, = AJ/y - Motivation

* The A° and J/4) decay are well studied. [Amplitude e | n
+ Little is known about A} decay a 0 1/2
_ 0 |-1/2
» PDF of th | i
of the decay angle b, T i
b_ 1 | 1/2
W(COS 9) = 5(1 + OébP COS 9) A helicity frame
'pf Ty

Four possible Helicity combinations
ay|* +la [®+ b2+ b |* =1

ap = |ap|® = la_ | + [by|* — [b-|?

The full decay angular PDF

1 19

W(Qﬂ ’Z\; P) — (47T)3 Z flf(ﬁ)féfl(P? C)ZA)F;(Q) JIy helicity frame
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Full Decay Angular PDF

« (Can be reduced constraining normalization of the helicity amplitudes, arbitrary
overall phase and considering ATLAS detector symmetry

i hi fyi F;
0 a,al +a_a* + b, b} +b_b" 1 1
1 a+a_"f_—afaj—|—b+bj",_—b7b"i P cos @
2 a,al —a_a* — b, by +b_b* ap, cos 0,
3 a,al +a_a* — b by — b_b* Pa, cos ) cos0,
4 —a_ al afa*f—!—%b_kb’jr—b—%bfb’i 1 %(3cos292—1)
5 —ayal+a al +gb bl — b bY P 2 (3cos?0, — 1) cos®
6 —a+ai+afai—§b+bj‘r+§bfb’i ap %(3c05292—1) cos 6,
7 —a+ai—afai—%b+bj‘r—%bfb’i Pa, %(3c05292—1) cos 6 cos 0
8 —3Re(a, a*) P o, sin @ sin B, sin® 6, cos p;
9 3Im(a, a*) P o, sin @ sin 6, sin? 6, sin ¢,
10 — %Re(b_bi) P o, sin 6 sin 6, sin? 6, cos(yp; + 2 v5)
11 3Im(b_b*) P o sin @ sin @, sin? 8, sin(y, + 2w,) 2 2 2 2
2 — P A 1 2 1 2 _
12 —%Re(bfajr + a_b¥) P oy sin @ cos 6, sin 6, cosf, cosy, ap = ‘3+‘ _ ‘3_‘ + ‘b+‘ o ‘b—‘
13 \%!m(b_ai +a_b7}) P o, sin @ cos @, sinf, cosb, sin ¢y, ‘34_‘
14 —%Re(biai +a bl) Pa, cosf siné, sinf, cosf, cos(y; + ¢,) kD =
15 %!m(b_a’i + a, bl) Pa, cos @ sin @, sinf, cosé, sin(yp; + ¥,) \/‘3+‘2 <+ ‘b+‘2
16 \%Re(a_bi — b_a7) P sin @ sin 6, cos#, cos p, ‘bf‘
17 —%Im(ai b} — b_a%}) P sin @ sin 6, cos @, sin ©, kl —
18 %Re(bfa’i —a,by) a, sin 0, sin @, cos 6, cos(w; + ¥,) \/‘BfP + ‘bf‘z
19 —%Im(bfai —a, b*) o sin @, sinf, cos @, sin(y; + ©,)
AL =pp —wy
A_=p_ —w_

! fi B Fi

0 1 1 1

2 (knz—l—klz—l)—i-cxb(kg—kf} ap cos 6,

4 LI(3ky — 3ky — 1) + 3, (1 — k; — k3)] 1 1 (3cos” 0, — 1)

1 2 2 2 2 1 2
6 —7l(kg + kf — 1)+ ap(3 + ky — k{)] oy > (3cos” B, — 1) cos 6
3 l—mo 2 2 1+ 2 2 . .
18 E[T}J\/kl(l — kj)cos(—A_) — Th k(1 — ki) cos(A )] ap sin 8, sin 8, cos 6, cos(y; + ¥5)
3 (l—m 2 3y . 1+ o 2 Iy . . . .
19 _ﬁ[ 5 b ki(1 — ky)sin(—A_) — Tb kg (1 — k§)sin(A )] ap sin 8, sin 6, cosf, sin(y; + ¢©5)
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@ Selected Events

« Combination of di-muon and single muon triggers is used (to collect as large as
possible signal yield)

A, — Jy(up) A(pr) decay is fully reconstructed with appropriate vertexing
constraints

from By, — JAy(up) Ko (nn) 100
decays

- Cross-checked that dataset 50
of A, and A, are consistent

> T T I T T T T I T T T T I T T T T I T T | T T T | T
250 . ]
= - ATLAS Preliminary -
_ _ o L \s=7TeV i
« Extraction of signal Z 500 ALK e Data 2011 B
events considers 2 S - S Siaeamodel
among combinatorial S L v e Y - B, bkg 1
LL 150 Nsig = 1401+ 50 — = Other bkg —
baCkground also Ng =213 £87 _
peaking background Notne = 1094 £ 77 i
xZ prob: 0.89 ]

A S ..
0L.u.wk=-:1:.-:.-:.':4=-'r'".'";"."1'-;-'.---.--i-f|-7';.-:r....
5400 5500 5600 5700 5800 5900

m

AR [MeV]
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g

* Least square fit:

Fit and Results

- calculate average <Fi> moments (consider detector acceptance and fraction
of By — J/y(uu) K°,(ntr) bacground, perform sidebands substraction for the
combinatorial backround)

* Fit results:

17.09.2013

]::

ap = 0.28 £0.16 = 0.06

=0.177
= (0.597
=0.797
= 0.087

0.12

017 = 0.06
00 +0.04
“o0s = 0.02
0 +0.05.

MPP Colloquium, Pave

1 Reznigek, pavel.reznicek@cern

5
_ Z Z«Fl)expected <FI>)VIJ ((Fj>expected (F]))

e consistent at ~1o with
LHCb measurement

* deviates by 2.5¢ resp.
2.96 from theory
predictions by pQCD and
HQET

« 2012 data analysis
ongoing

.ch, LMU Munich 36



17.09.2013

Observations of rare/new B-hadrons
(Bc» Xb)
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First Observation of y,(3P) State

° Understanding underlying Structure in Observed bottomonium radiative decays in ATLAS, L = 4.4 fb

recently observed quarkonium-like states g [amas
~.10.6 — resho
(can be 4-quark, cc-gluon etc. states) P S
g | ; “SP) """"P";iﬁ'éﬂéi ]
* New peak observation interpreted as: £ 1040 I :
%6(3P) = Y(1S) + v, %(3P) — Y(2S) + '% - .,'{|||||||||||||||||||||||||||||||E
. z 1020 PR
* +yreconstructed from both conversions -0 vosy § 1 1
and EM calorimeter (higher p; => Y(2S) + y only) 101 B
L ‘:{||||||||||;|c|:j|(||1||g|)|||||||ﬁ i
ms = 10.541+ 0.011 (stat.) + 0.030 (syst.) GeV 73 = 10.530 £ 0.005 (stat.) £ 0.009 (syst. ) GeV R
5 T atas | 13 220; ATLAS I.'L')at;.{u'swl ;IFnltolT(;S)lyl - : .
2t JLdt=4.4 B3 = 200 _ o : |
v 60 J 180'—JLdt=4.4 ! [ o DaTES) Fit to T(2S)y E ris)
% E * Data % E_ ----- Background toY(1S)7_E |
_'8 50:— Unconverted Photons — Fit —: E 160; ~~~~~~~~~~ Background to Y(28)y ]
_-8 R (Y | R Background 1 _'8 1405_ —: Jpc= i (0’1,2)++
5 40F 5 120F Converted Photons - | = _|
S 30§_ 3 100; E
I g8 : %»(3P) also expected
S B N S R T ] below BB threshold,
of | N 40 e i predicted CoG mass
kT o oM RO 10,525 GeV
0796 98 100 102 104 106 10 066 98 100 102 104 106 108
mEwy) - mp'n) +m, o [GeV] mwy) - mw) + m o [GeV]
17.09.2013
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I rt;%

B." Observation

17.09.2013

Two different heavy flavours — study heavy quark production dynamics

B, Lifetime measurement — test B, decay model (b and ¢ quark decays compete)

First observed by CDF in 1998, lifetime measured by CDF (2006) and DQ (2009) in

semileptonic decay channel including neutrino; LHCb measured relative x-section

to B*

ATLAS observation in B,* — J/yr*
decay channel

Di-muon J/y decay (trigger)
Main selection:
- B, vertex quality,

- w track d, significance

-
o
o

co
o

Events / ( 70 MeV )

D
o

40

20

0

I I 1 I T
ATLAS Preliminary

j Ldt=431b"
\s=7TeV

"a
ol ]
.....
"
.~y

MPP Colloquium, Pavel Reznidek, pavel.reznice

k@cern.ch, LMU Munich

(stat) Local signal ]

significance ~ 5.5¢ .

| 1 1 1 I 1 | 1 | | 1 | | 1 1 | I | | 1 |_
5800 6000 6200 6400 6600 6800

m, _(MeV)
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Production cross-section measurements
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B-hadron Production in D*uX

« Aim: differential x-section for open beauty production in pp collisions

> I
° Decay mode: B — D**uX; D** — DOTCi; DY — 7K = 2000~ ATLAS Data 2010 JLdt:S.S b
g - \s=7TeV « opposite sign D*u
- the muon act as a trigger @1500 ---;:fme sign D'
5

- the decay is fully reconstructable in ATLAS
detector 1000

fit: N(D*W) = 4516 £ 100

« Unfolding procedure to obtain differential x-section
as a function of B-hadron n/p;; and detector acceptance 500

to define the fiducial volume in the B-hadron n/p; space

0

40 150 1860

;‘ H T I L T T I T T T T I T T T T I T T T T I T L T E % 25 B T T T T I T T T I T T T T | T T T T | T T T ]
8 ATLAS . g L ¢ Data2010 _[ Ldt=3.3pb" ATLAS il
a e \s=7TeV . = | —— POWHEG+PYTHIA Vs =7 TeV i
= 10°E e - 5 20 ---- POWHEG+HERWIG —
iﬂ S e Data2010 J- Ldt=33pb" ] 2 - MC@NLO .
o B o —— POWHEG+PYTHIA ] — = ]
o A POWHEG+HERWIG — 15 -
< 107 - - - MC@NLO = = i .
" F ] 5 ]
;t?/ - t ] < 10E I
L L C L L et ]
10 E - L bbb S T 3
— ] © - Ressssssssssss -
T p,(H)>9 GeV In(H)|<2.5 R ] 5 p,(H,)>9 GeV In(H )|<2.5 _]
Lo v by v v v b vy b e by s by by B 1 1 L 1 ] 1 L L L ] 1 | L L | L L 1 L | L 1 1 L ]

10 20 30 40 50 60 70 80 0 0.5 1 1.5 2 2.5
P (H,) [GeV] ml (H)

o(pp — Hy X) = 32.7 + 0.8 (stat.) + 3.1 (syst.) 2o (o) + 2.3(B) + 1.1(L) pb
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§ Associated Production of Prompt J/y and W

* Probes quarkonium production mechanis; Sensitive to multiple parton interactions

Final state: W(—uv) + J/y (— up) O S et s L L T ]
. . . . . . : L —o— Data ]
* Unbinned maximum likelihood fit to get prompt J/y yield,; < —
W selection pratically backround-free; — ~29 candidates A I W nonpromptty
Lﬁ 105_ « ::‘-Iw.-lW::nZ:c;IrT1pro(r:r:)[:r>Yt1 cl&:;t?i::orics 3

* Assumption for probability of W and J/y originate from
different parton interaction in the same pp collision (DPS):

Jo :dcrwfz?)do'ﬂw

L

O
Eff
107
* Ratio to W+J/y to W production order of magnitude above JAy Pseudo-proper time [ps]
theory predICtIOn > _\III|IIII|IIII|IIII|IIII|\\\\‘\Illlllllllllllllll_
(aDJ 50 —_ATLAS PreliminaryN's =7 TeV,IL dt=4.6fb" ]
= T T T IJ/I : Wl T W ] . 3><‘|0'6 g j:%iﬁ
=| ~ | Pp—promptdy+W:pp— R e B e W 2 E oo W iy o
_+) % 6|  ATLAS Preliminary, \s =7 TeV, IL dt=4.6fb" 2 -2 Pp— prorr'pt v+ - PP . S 40__ == W + prompt comblnatqncs . h
; >:| 0"E N E %‘ %2 5; ATLAS Preliminary, \s =7 TeV, IL dt=4.6fb » | = W + non-prompt combinatorics
c:b’ © % S oot . ] Z ~r o<ly, |<21,85<p_,, <30GeV % i
G A Spin-alignment uncertainty S L X Spin-alignment uncertainty 4 > 30‘_ N
< i Estimated DPS contribution b ) B COM+CSM prediction 7 w L
—= % —|= 2 w810 CSM prediction 1 i
<1 o7 % ! = T [ ==NLOCOM prediction ] :
X 5 7 3 C ] - ]
Jay 4 ] X o N b 20
% // n = 1.5¢ .
7 7 = 0 ] i
8 T I ! ]
> 10 % S 1= : ] 10
3 5 : 1 F)
g | XY oy 2
m 4 m - 3 B Frited I s, i ¥ b T
10° ) 0.5—f— R - 0856572829 3 3132333435
l 7 C . W Invariant mass [GeV]
10 15 20 25 30

Fiducial Inclusive DPS-subtracted Theories
Jhy Transverse Momentum [GeV]
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'@ Other Production X-Section Measurements

* B" production x-section in B — J/yK* channel

- large theory uncertainties, measurement in good agreement within the uncernt.

Quarkonia production:

« test mechanism of production at low-energy scale for heavy quarks in bound state

* Inclusive / prompt and non-promp J/y production
- range: p:(J/y) (1-70) GeV, |y| < 2.4

Y(2S) — JAy(uu)rr production
- range: pr(v) (10-100) GeV, |y| < 2.0

Upsilon fidutial x-section measurement

- range: p+(Y) <70 GeV, |y| < 2.25
- observed saturation of the production of higher Y states relative to Y(1S) at ~ p; = (30-40) GeV

Xe12 — J/Y(up)y production; branching fraction of B* — ¢ K"
- range: p(J/vy) (10-30) GeV, |y| < 0.75
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@ Summary

ATLAS can do B-physics measurements in some areas competitive with
(or at least providing cross-checks to) dedicated experiments

- rare decays B — uu, b — suu,
- CPV in B, — J/y0, A, polarization
- rare/excited B-hadrons (decays) observations/searches

» (Cross-section measurements at complement other experiments in
measuring b-production at >7 TeV in different p; and rapidity regions

» Currently mostly 2011 dataset analyzed, more to come soon with 2012 data

(~4x larger data sample)

* ATLAS B-physics plans to continue also in next LHC phases and related
detector updates; up to now no studies shown limits from larger pile-up
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Backup
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Publications

Publications appearing in or submitted to peer-reviewed journals are listed below.

ATLAS B-Physics Results

 https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults

Differential cross-sections of inclusive, prompt and non-prompt JJip production 2.3 ptﬂ Mucl. Phys. B 850 (2011) 387-344

T(15) Fiducial Production Cross-Section

Observation of a new ¥ state in radiative transitions to ¥Y{13) and Y(25)
Search for the decay B — py

b-hadron production cross-section from D*x final states
Measurement of the Ay lifetime and mass

s and Al from time dependent angular analysis of B®; — Jiy B

Inclusive T(n3) differential cross sections and ratios

NEW Production cross section of BY at s = 7TeV
Analyses performed within other ATLAS Physics Groups:

Centrality dependence of Jiw production in heavy ions collisions

Inclusive production of electrons and muons (bfc cross section)

D" production in jets

1.1 pb’
4.4
24"
3.3 pb”
4.9
4.9
1.8

24"

6.7 b’
35 pk”

03pb”
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Link
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Link

Phys. Rev. Lett. 108 (2012) 152001

arxivi1112.5154

Link
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arxiv.1204.0735

Link

Mucl. Phys. BB64 (2012) 341-381

arxiv.1206.3122

Link

Phys. Rev. D 87 (2013) 032002

arXivi1207.2284

Link

JHEP 12 (2012) 072

Phys. Rev. D 87 (2013) 052004

arxiv.1208.0572

Link
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To appear on JHEF
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Link
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Phys. Lett. B 707 (2012) 438-458  arXiv:1109.0525 Link
Phys. Rev. D 85, 052005 (2012) ardivi1112.4432 Link
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ATLAS B-Physics Results

* https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults

CONF notes

Motes containing preliminary or unpublished results based on data, the contents of which may be used in conference talks, are listed below.

Short Title Int L Ref. link to ATLAS public pages

D({*) mesons reconstruction in pp collisions at ¥s = 7TeV 0.37 nb? ATLAS-CONF-2010-034
Ohservation of the Jiy — g resonance 64 nb! ATLAS-COMNF-2010-045
(Preliminary) Measurement of the Jiw — g differential cross section and fraction from B decays 195 nb ! ATLAS-CORMNF-2010-062
Ohservation ofthe Bx meson in the decay Bx—JNp(u+u-) K+ 34 pt:u'1 ATLAS-COMNF-2010-098
Measurement of D* and D+ meson production cross sections at s = TTev 11 nb! ATLAS-COMF-2011-017
Ohservation ofthe By and B% mesons in the decays B g—Jip K*® and B c—Jiy & 40 ph”! ATLAS-CONF-2011-050
Measurement of the B®y and B lifetimes in the decays B®g—Jhp K* and B®—Jiw o 40 ph! ATLAS-CONMNF-2011-082
Observation of the decay B®g—Jiy Kg 40 ph"‘ ATLAS-COMF-2011-105
Ohservation of ¥ states through JJhp ytransitions 40 pb"‘ ATLAS-COMF-2011-136
Ohservation of the decay My — JAPU) A 1.2 ] ATLAS-COMF-2011-124
Measurement of the average B lifetime in inclusive B — JIp X — p+pu— x decays a5 pb"‘ ATLAS-COMF-2011-145
Observation of the B*; meson in the decay BY— Jiw(u* ) m* 43 ATLAS-CONF-2012-028
Combined LHC limit to the decay B — pu (8TLAS-CMS-LHCh note) 2.4-5-1.0 ! ATLAS-COMF-2012-061
Angular analysis of BP g — KOty 491" ATLAS-COMNF-2013-038
s and Alg from flavor-tagged time-dependent angular analysis of B% — Jip & 4.9k ATLAS-CONMF-2013-039
NEW Associated production of prompt Jiw mesons and W hoson in at Vs = 7TaV 46 ATLAS-COMNF-2013-042
NEW Measurement of the parity vialating asymmetry parameter ap and the helicity amplitudes for the decay Ap"— Jip A% 4.6 " ATLAS-CONF-2013-071
new Limit on B®; — pp branching fraction based on 4.9 fb°! of integrated luminosity 491 ATLAS-CONMNF-2013-076
NEW Cross-section measurement of w(2S) — iy (— gty T at Vs = 7Tev 21’ ATLAS-COMF-2013-094
NEW Measurement of ¥.q and Xeo production with ¥s = 7TeV pp collisions 451 ATLAS-COMNF-2013-095
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(ATLAS -CONF-2011-092) (Submitted to Phys. Rev. D, arXiv:1207.2284)
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All masses and lifetimes consistent with PDG = well prepared for CPV measurement
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