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Outline

® The ATLAS experiment at LHC
° Study of the properties of the AOb baryon.

® Measurement of AOb lifetime and mass

® Measurement of /\Ob heiicity amplitudes and parity Violating
asymmetry parameter OLB

® Observation of a new 7, state in radiative transitions to
Y (1S) and Y (25)

® Summary and outlook

ATLAS collaboration: Phys.Rev.D 87, 032002 (2013)
ATLAS collaboration: ATLAS-CONE-2013-071
ATLAS collaboration: Phys.Rev.Lett.108, 152001 (2012)
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The ATLAS experiment at LHC - |

e The ATLAS experiment has been running at LHC from 2010
to 2013 collecting 26.4 b pp collisions at \/s = 7 and 8 TeV.

® The data presented here are based on the 2011 data taking:
o Vs = 7TeV, Luminosity up to 4X 1033cm?s!
oL =44-+-491b' <pile-up> up to 15.
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ATLAS Online Luminosity
=== 2010 pp \'s = 7 TeV

m— 2011 pp \/s = 7 TeV
2012 pp Vs = 8 TeV
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For the results of this talk:

Vertexing (ID)

The ATLAS experiment at LHC - |

Muon betectors Electromagnetic Calorimeters

ATLAS is a general purpose detector.
Muon detection (MS + ID)

Photon reconstruction (ECAL)

T T 1171 ] T T T L B |
ATLAS Preliminary
Jhy

10’

10° Y(1S)

y(2S) Y(2S)
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Trigger
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B—physics triggers:

Q 1 10

10°
m,, [GeV]

SingleMuon & DiMuon (p; thr. 4 = 40 GeV)
Opposite charge muons

Loose Mass cuts:

J/¢: 2.5 < M(uw) < 4.3 GeV

B: 4.0 <Mun) < 8.5 GeV

Y: 8.0 <M(uw) <12 GeV /
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Study of the properties of the A°,

baryon

 AY, is the lightest b-baryon:
o 10H)=0(1/2")
® valence quark composition: u d b
* main decay mode (weak decay): A°, 2]/y(1S) A°

® Produced in the fragmentation of the b—quark at hadron colliders
=» measurement of properties:

® Mass

* Lifetime (including ratio T, /Ty))

® helicity amplitudes -> parity violating asymmetry ;.
* Comparison with several HF models

® heavy quark expansion (predictions on Ty, /Ty;)
* pQCD vs. HQET (predictions on O;)
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AP, selection and reconstruction

Cascade topology — 2 vertices, 4 tracks.

Trigger:
single-muon, dimuon and J/1)
mostly 2muons p;> 4 GeV M~M, ,,,
Pre-selection:
J/¢ and A vertices loosely selected
Reconstruction:
kinematic fit with mass and vertex
constraints (N, . = 6)

Final selection:

Xz/Ndof< 3
PrA~ 3.5 GeV; ny,A> 10 mm
5.38 GeV < m <5.90 GeV

J/pA
P, — P, >0.05

Candidates / 17 MeV

°-)4074 A% and 4081 A°, candidates

~
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Free parameters:

A°, mass and lifetime fit

>
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For each event: my A and T ~
PDG @

- 2

Pr 3

ny distance from PV (the one closest to A% trajectory)

Unbinned maximum likelihood combined
fit to the mass and lifetime distributions

Background components:

2]
o

prompt (J/1 from pp + accidental A vertex)
nonprompt (J/1 from b and K¢ misidentified)

Candidates / 0.46

f . for the signal

My, tAb’ si
S,., S; error scale factors

7 parameters describing the background shapes
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ATLAS
\s=7TeV
L=49fb"

® Data
— Fitted model
---- Signal

---- Background

+

m,, =5619.7+0.7 MeV
S, =1.18+0.03

6, =31.1+0.8MeV
N,, = 2184+ 57

Niyg = 59702 160
X3/Ngo; = 1.09
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Fit results and systematics

Parameter Value

m,, (MeV)  5619.7%0.7

T4, (ps) 1.449 + 0.036
e 2184 + 57

Ny 5970 * 160

o (MeV)  31.1%0.8

X2 /Ny 66.5 / 61

Efficiency

= o
S
BREAE
+Z |
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Main sources of systematic errors:

L

Selection/reco. bias
Background fit models
Bd contamination
Residual misalignment
Extra material

Tracking pT scale
9 total (quadratic sum)

0.0221- ¢ -
[ ATLAS e(r) ~e "
0'02__ Simulation B
- \s=7TeV CAb= 113+ 56 Ps
oots . .. T
0 1 > 4 5 6
T (ps)
12 fs 0.9 MeV
9 0.2
7 0.2
1 )
3 0.2
- 0.5
17fs 1.1 MeV




4 ™
By, mass and lifetime fit results

S 4000 ATLAS Ay _serossozve:

Same analysis applied to B decay chains: 2 ssoof- 1s-77v Su =1112001

» F L=49fv Gy =27.8+02MeV 3

Bd % J/w(M+M_) KS(TE+JT_) § 3OOO§ N,y =17530% 110 3

'-(.% 25005— ;E;t:d i Nyg = 10069 + 65

O 2000F ---Signal X*/Ngos = 1.03 ]

. - ---- Background 3

Cross-check of results and denominator 1500 E

oL . 1000F- =

for the lifetime ratio. oo 3
53605750 5200 5250 5300 5350 5400 5450 5500

Results: My (MeV)

T rrryrrrrrrprr T

mp, = 5279.6 X 0.2(stat) T 1.0(syst) MeV & o[ atias| L
Ty = 1.509 + 0.012(stat) + 0.018(syst) ps & | 527V s stossoce ]
8 i L=4.9f G, =0.107+0.003ps |
_'_‘:; 103? %Ny, = 1.03 E
To be compared to PDG § | oD ]

----- Signal
----- Background

my, = 5279.50 £ 0.30(stat) MeV -
Tyg = 1.519 = 0.007(stat) ps
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AP, results on mass and lifetime

m,, (MeV) 5619.7 X 0.7(stat) = 1.1(syst) 5619.4 £ 0.7 (PDG)
5619.19 * 0.70(stat) = 0.30(syst) (LHCB)
T, (PS) 1.449 * 0.036(stat) = 0.017(syst) 1.425* 0.032 (PDG)

1.503 £ 0.052(stat) & 0.031(syst) (CMS)

R =71, /Ty 0.960 * 0.025(stat) £ 0.016(syst) 0.864 £ 0.052(stat) & 0.033(syst) (DO)
1.020 £ 0.030(stat) & 0.008(syst) (CDF)
0.88 +~ 0.97 (HQ expansion)
0.86 + 0.88 (£0.05) (QCD — NLO)

The ATLAS results on mass and lifetime are in good agreement with
previous experiments;
The result on the ratio lies between DO and CDF “conflicting” (2.3 O) results
and is in good agreement with Heavy Quark expansion models.
o

/
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Parity violation in A°, decay - |

One of the first measurements of P-violation in weak decays was in the Aoépﬂ?‘ decay
= O, parameter = 65% [dI"(0)=(1+0,cos0)dcosO]

The same measurement can be done for A% using the decay A% 2]/ PA°

Predictions on O, parameter easier due to the larger energy release in b-decay:

pQCD vs. HQET give different predictions.

Spin structure of decay:

. Q=0,0.0,¢1,020,)  hg/w) 00 -1 |
=>4 helicity amplitudes | h(A% 172 -1/2 -1/2 1/2

A helicity frame
P4

Y, Np rest frame

g \b_f =1
R A

2+‘a_‘2+ b

a,

- ‘a+‘2 -
e Angular distributions described by 20 amplitudes

w(Q,A,P) = (A) f21(P.a,)F(RQ)

Product|on plane '

helicity amplitudes are free parameters,

ey
@ )y helicity frame FI(Q) are the measurements: =2 Fit /
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Parity violation in A°, decay - II

Event selection: same as in the main AOb analysis plus specific requirements

aiming to reduce background (cleaner sample):

B, veto: P(A%)>P(B°,)
T(AY)>0.35 ps
5560<M(J/PA%)<5680 MeV

=> 1548 A% (and A%) candidates

Background components:
combinatorial: real or fake J/1 and A°

randomly combined to form a A% topolo

peaking: mainly BO 4 decays.

Fit:

evaluate the average <F,> from the data;

evaluate the expected <Fi> based on

parameters and detector response;

@ Least square fit -> amplitudes
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Results on parity violation - |

P=0 in pp collisions -> only 5 amplitudes survive: F,,i=1,5

Distributions of these functions from data compared to results of the fit.

X*> test prob: 0.65
T T

X? test prob: 0.97 " I e e e e e e e B
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Results on parity violation - |

a, =028+0.16+x0.06
a,|=0.177+£0.06
a_|=0.59%" +0.04

e Fit results:

b,|=0.797% +0.02

+

b |=0.08" +0.05

® A parity violation of 28% is observed (less than 2 O from 0)
* Decay dominated by the a_and b, amplitudes (h(A°)=-1/2)
* Comparison with theory:

* pQCD =» o, =-(0.14-0.18) ~2.5 O discrepancy

e HQET =» o, = 0.78 ~2.9 O discrepancy
* Agreement with recent LHCb result: o, = 0.0520.1720.07
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Observation of a New v, state - |

X, = bb states with parallel spins and P-wave -> J=0,1,2.

The first two radial excitations ¥, (1P) and %, (2P) well
identified.

A third radial excitation Y, (3P) expected to be close to the BB
threshold (M, = 10.52 GeV)

Unique insight into the nature of QCD close to the strong
decay threshold.

Search of 7, (nP) in radiative transitions:

o %, (mP) DY(IS)y

o %, (mP) DY(2S)y

looking for Y(1S)u"w and a photon (converted or not).
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Event selection:

Muon and diMuon triggers;

Observation of a New v, state - |

~

EFT T T T 7 T T — -
80 ATLAS

- _ -1
70 . Datadet_4,4fb
60; z A-Y(1S) selection

s B - Y(2S) selection

i-muon candidates x10° / (50 MeV)

Step-1: Y(1S)=2>w W selection 50F- . ]
pair of opposite charge muons F . " § E
300 . =
pr>4 GeV, 1] <2.3 L
Pr(W)>12 GeV, 1] <2.0 g .
A)9.25<m,,,<9.65 GeV QY(ls)eu Mo‘-/;// \3\'
8.5 9.0 95 100 105  11.0
B) 9.80<m,, <1O 10 GeV =2 Y(2S)2utu m(uw) [GeV]
Step-2: photon reconstruction
— converted photons (jm|<2.30): = unconverted photons (|n|<2.36):

2 ID oppositely charged tracks with a deposits in the ECAL not matched
vertex constrained to have 0 angle. to any track; vertex constraint.

@ For each candidate event: Am = m(W"u™y) —m(u™w)

/
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puy Candidates / (25 MeV)

/

Observation of a New v, state - |l

A U T T T T T T T T 220 T T T L I B B
70 - ATLAS J‘Ld fb_1 7] E 200 - ATLAS e Data:Y(1S)y —— Fitto Y(1S)y =
u t=4.4 ] = _ , 3
60 = g 180 :—JLdt —44 fb-1 A Data:Y(2S)y —— Fitto Y(2S)y 3
- e Data ] = -Y ! e Background to Y(1S)y 3
50 :— — Fit —: o 160 = B T Background to Y(2S E
-~ Unconverted Photons 1 2 - g @Shr =
-] e Background . _g 140 = B
401 3 T 120 - Converted Photons 7
- . : 80 ;— —
20 4 = 60 )\ E
10 :_ -------------------- _: 40 :_
e L T us 20 LT A
oC b S I R R R 0 P NN RO iy vt S I B
9.6 9.8 10.0 10.2 104 10.6 10.8 9.6 9.8 10.0 102 104 106 10.8
MEWy) - mE'n) + m o [GeV] mE'wy) - ') + my, o [GeV]

Separate fits of the unconverted and converted photon mass distributions.

state Fitted mass (unconverted) Fitted mass (converted)

%, (1P) 9910 * 6(stat) T 11(syst) fixed: %, =9892.78; ,,=9912.21
X, (2P) 10246 £ 5(stat) £ 18(syst) tixed: ¥, =10255.46; %,,=10268.65
%, 3P) 10541 * 11(stat) = 30(syst) 10530 * 5(stat)  8(syst)
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@ Excited B meson SP@CtI'OSCOpy

Summary and outlook

A° physics:

mass and lifetime aligned with PDG values and HQET predictions

parity violation parameter QU interesting

Observed bottomonium radiative decays in ATLAS, L =4.4 B

new analysis on higher statistics to reduce error E | ATLAS
, , G 106
Study of exclusive decays in progress 2 -
€ 104
= 4
hysics: 8
Xb poy S 102
New state ¥, (3P) observed =
production cross-section measurement in progress 10
extension to 2012 data to improve error on mass i
. 9.8 -
and discriminate J=0,1,2 states. -
0.6 -
Several other published/ongoing analyses: [
9.4 -
b-hadrons production cross-section from D*uX final states | .
Inclusive B™ production cross-section (@ Vs=7TeV o2l V|2

Y(1S)

o =

B-B threshold™]|
%3P T potential |
' Mass barycentre model
(Hatched: calorimetry) —
(Filled: sions)
S AlmmmmmmE=—= -
Do 2P World —
f XbJ( ) averages
Mass barycentre
HE A e—
TR Rp—
Mass barycentre World
averages —
(0,1,2)" i
b b —

o




