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% Introduction and Outline
— AL

@ Non Conclusive coherent theoretical picture of J/\p and Y hadro-production

@ LHC gives the opportunity for studying the quarkonium and b-production in a new regime at high transverse
momenta and in a wider rapidity range than before

In this talk:

»  Overview of the ATLAS Detector

* Data Taking

* Muon Spectrometer and Inner Detector
* Trigger System

J/P Production in ATLAS

Nucl.Phys. B850 (2011) 387-444 e-Print: arXiv:1104.3038 [hep-ex] (*)

- ATLAS Preliminary o Data 2011

\s=7TeV — Signal Fit -
F J‘ Ldt=024fb" ----- Background Fit ]

N,, = (2.208 % 0.002) x 10°
m,,=3.094+0.003GeV
O, =60+ 1MeV .

* Inclusive Cross Section

e B-Fraction

e Non-Prompt Cross Section
e Prompt Cross Section

Y Production in ATLAS

Phys. Lett. B705 (2011) 9 e-Print: arXiv:1106.5325 [hep-ex] (*)

»  Summary and Future Plans

Di-muon Candidates / (0.01 GeV) ‘;", i AU

(*) These results were obtained using ATLAS 2010 data corresponding
to an integrated luminosity of 2.2 pb™'(J/W) and 1.13 pb™ (Y)
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LHC/ATLAS Data Taking Performance
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LHC Peak luminosity ~6.76x1033 cm-2s-1 (june 2012)
ATLAS data taking efficiency > 94% \/S = 8 TeV

All subsystem operational fraction of channels > 96% ,
Similar performances in 2011 and 2010 (2012 Data Taking)

@ Events collected for this analysis from Single Muon trigger thresholds

@ Di-muon triggers exploited in more recent analysis for really high luminosity periods
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— ATLAS Online Luminosity \s=7TeV .

- [ LHC Delivered

- [_]ATLAS Recorded

= ATLAS Online Luminosity ~ \s=8TeV
= [ LHC Delivered
=[] ATLAS Recorded

= Total Delivered: 6.28 fb
T Total Recorded: 5.94 fb™

" Total Delivered: 5.61 fb’
- Total Recorded: 5.25 fb™'
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Low-pr triggers : Low-pr triggers : High-pr Dimuon triggers :
Single muon : 0, 4, 6 GeV Single muon : 0, 4, 6 GeV (4, 6), (6,10) (10, 10) ... GeV
Dimuon : (4, 4), (4, 6) ... GeV Dimuon : (4, 4), (4, 6) ... GeV
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ATLAS Detector
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Inner detector (|n|< 2.5):

* Silicon pixel and strip,
Transition Radiation Tracker (TRT)
o/pr=5-1 04 pr @ 0.001

= 2T Solenoidal field

Calorimeters (|n|<5):

** EM : Pb-LAr
Tile calorimeters

§ w e 0/E = 10%/E(GeV) ® 0.7%
Pixel detector forward calorimeters % H AD RO NIC Iron

Toroid magnets LAr eleciromagnetic calorimeters SC[ ntl I |at0r Tl |eS

Musn chambears Solenoid magnet | Transition radiation tracker O-/E ~ 500/0/\/E<GGV) @ 30/0

Semiconductor tracker
* Forward (FCal) :3.2<|n|<5

Muon Spectrometer (|n|< 2.7):

% Trigger chambers: Resistive Plate Chambers (RPC) & Thin Gap Chambers (TGC) - g;~ ns

* 0.5 T Toroidal field

s Coordinate Measurements Chambers: Monitored Drift Tubes (MDT) & Cathode Strip Chambers (CSC)
o/pr= 10% (for pr= 1 TeV/c)
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ATLAS Trigger System
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Three levels reduce LHC interaction rate of ~1 GHz to ~200Hz:

e Levell (L1), hardware-based
e High Level Trigger (HLT), software based:

! L1
»Level2(L2) E %

» Event Filter (EF) ||::>
Level 1 (L1) |

- Hardware (RPC+TGC) E
- ‘Prompt’ muons from

~2.5us
interaction point (IP), —— v N
ot > threshold (D) A

- Rol (Region of Interest) id :p71, n, @ Level 2 (L2) Event Filter (EF)

- Rols in parallel, - Full event data available
- Several algorithms: - ‘Offline’ reconstruction
R Ml adapted to the ‘on-line’

Spectrometer(MS), enVIronm.ent .
‘Stand Alone’ - Two main strategies:

2. ‘Combined’ 1. Inside-Out (ID->MS)
reconstruction Outside-In (MS ->ID)
3. Isolation 2. Combined reconstruction
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% Event Selection
e

A “muon-based” analysis

Q@ Primary vertex with >2 tracks ]
@ OS di-muon events
» p>3.0GeY, pr> 1.0 GeV (4 GeV, Y) O - O
» In| <25 ==

» Track quality cuts
- # Pixel Hits = 1
- #S(THits =2 6

» Y prompt production : |dO|< 150 mm and

|20 |sin@ < 1.5 mm [impact parameters
with respect to the event vertex in the O 1| | O
transverse/longitudinal direction]
@ Require at least one muon to be Combined . |
Combined: full track segments in both the

& Require at least one muon to have triggered muon spectrometer and the inner detector

the event Tagged: full track segment in the inner
detector associated with at least 1 hit in the
muon system

Combined muon

nnel

Tagged muon

2 classes of muons :
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J/\P—= Y- Candidate
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YZ view

J/psi->upn candidate in 7 TeV collisions
Inv. Mass=3.1GeV < A1 A
P(u+) = 28 GeV, 1=0.93 wAlLAY

P(u-) =-15 GeV, n=0.95 http://atlas.ch
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% Inclusive J/P— U Y Differential Production Cross-Section
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Muon reconstruction efficiency (charge dependent)

@ Select Di-muon candidates bin_migration —
& Divide into pyand rapidity slices -1 ) (oF (ot 4y o (- -
T W =!5“-- (&5 1) - & uprom) HErie)

Q Correct efficiencies per candidate
= Per-Event Weight applied acceptance | | 1o track efficiency trigger efficiency

V)
X

C ATLAS e Data
a \/g = 7 TeV i} — Fit
B fL dt=2.2 pb

(o)
o

Bkg. component ]

N
o

lyl<0.75

© Extract weighted yield = Mass Fit #

— N
o o
T L

Di-muon candidates / (0.08 Ge
w
o

2 22242628 63.8 4
Mass [GeV]

o

© Calculate the inclusive cross-section

d>o(J/¥)
dprdy
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% Acceptance
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@ Probability that I/ (pr,n) decays into muons which fall in the detector active region
@ Calculated using generator-level Monte Carlo

@ Function of the not known J/\ spin alignment, so enters as a theoretical uncertainty
@ Five extreme cases that lead to the biggest variation of acceptance within the
kinematics of the ATLAS detector

The cross section measurement is repeated for all the possible five configuration to provide an
envelope of maximum variation

For Non-Flat distributions :
Re-weighting the Flat distribution in truth level

d*’N

dcos 0~dg* 1+ Agcos® 6 + A sin® 0* cos 2¢* + Agg sin 20* cos ¢*

Flat: Ap =Ay =hggp =0
. . P. Faccioli et al., Eur. Phys. J. C (2010) 69:
LongltUdlnaIZ Ae =-1 , >\(P :>\e(p =0 657-673Introduction polarisation working points

(arXiv : 1006.2738)
1stTransverse: Ag =+1,A, =Agg, =0
S. Palestini, Phys. Rev. D 83 (2011) 031503(R) :

an Transversezxe =41 ’>\(P =+1 ’>\9(P =0 “Angular distribution and rotations of frame

in vector meson decays into lepton pairs"”

3 Transverse:Ag =+1,A, =-1,Ag, =0 erxivegia2ies) _ I T o)
(Absolute) J/y rapidity (Absolute) J/y rapidity
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? Signal Extraction
0 [FReS S s e T T e s s

Efficiency corrections

<4 Trigger : evaluated with Monte Carlo to obtain a fine granularity, and then corrected by data (tag
and probe, charge dependent)
<4 Reconstruction

» muon : evaluated with data (tag and probe) using J/) for lower p; muons and Z at higher p;
» D : constant efficiency for muon tracks of 99.5 £ 0.5 %

The inclusive production cross-section is determined in bins of I/ prandy
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lyl<0.75 0.75<yi<1.50 3

Y
(=)

1.50<lyl<2.00_]

W
(=]
@©

N
[=]
TTTrrrryTTT

s
(4]
O]
8
e
8
3
2
g
c
g
£
£

Di-muon candidates / (0.08 GeV)

Di-muon candidates / (0.08 GeV)

Di-muon candidates / (0.08 GeV)

—
o O
T TTT

P L

0’...|...|....|.‘..|...r‘.“.".'r... - . ...l...l...l...l...I...I...I“.I.-..I...‘
2 22242628 3 32343638 0 2 22242628 3 32343638 4
Mass [GeV] Mass [GeV] Mass [GeV] Mass [GeV]

» Obtain weighted yields in each slice using a binned X¢ fit to the corrected mass distribution
* Single Gaussian for the signal and linear background

* P(2S) included in the fit but yield not extracted
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Systematic Uncertainties
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===« Muon reconstruction

Total systematic uncertainty Acceptance

.
m—— Statistical uncertainty ngger

e e It UNCETtaiNty

& Muon reconstruction and
trigger : 5—10 %

@ Luminosity : 3.4%

@ Acceptance : 1-2%

@ Bin Migration

» lowprandy = 0.1% | s 67ato 30 303

IR
bebin LT R LR LELT

.Fractional uncertainty

ty

» highprandy = 3%
@ Fit Procedure: 1-3%

. Fractional uncertainty
Fractional uncertain

|
!

OFATAS T 3 04 ATLAS
2 3456 10 20 30 6 78910

pi¥ [GeV]
spin alignment not shown
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% Inclusive J/P— U Differential Production Cross-Section in Rapidity Bins
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Compared to CMS(*) for similar rapidity ranges.
Good agreement, provide complementary measurements at low (CMS) and high (ATLAS) p, B AREIRD

INCIUSIVE Cross-section

v ATLAS Iy .wl<0.75

o CMS ly .w'd 2
Spin-alignment snvelops

T
—

ATLAS
\JVe=7TeV

JLm=zzpb" ¥ ;
7 8 910 50 30 40 50

|

Inclusive cross-section

— — —
S O o
A r -

S
3
e}
—
>
°
Q
2
]
p=d
*';
>
3
@

4 ATLAS15< Iywl <2
o CMS 168< Iywl <24
Spin-alignment snvelops

5_10 Ve=7 TeV
?10‘3 det =22pb'
(a4]

15 3 4567 10

JQIb 30
Py’ [GeV]

02 Inclusive croas-asction
8 1 4 ATLASO0.75 dyy'l<1 5
o CMS 12 dy I<1.6

Spin-alignment envelope

nb/

'—-10

p_dy

—h

ATLAS
\Ja=7 TeV

jl.dt=2.2pb" 5
56 78910 20 30 40

Inclusive crozs-gaction
e ATLAS 20 d)!wkz4
o CMS 18 d)!wkz4

Spin-alignment envslope

Br(J/y—u*uw)do/d
S 9 3
w nN —

—

d—L
o

T

-
<
nN

ATLAS
\a=7TeV

de::Z.?.pb"
5 6 78910 20 .
pr" [GeV]

—
=
w

Br(J/y—u*w)d’s/dp_dy [nb/GeV]

[V. Khachatryan et al.,

1575, arXiv:1011.4193
[hep-ex]]

(*) CMS has published more data on
J/y and @(2S), (arXiv:1111.1557,
submitted to the Journal of High
Energy Physics).

Their reach in pt, and statistical
errors are better than their
previous analysis.

Fully consistent with the
ATLAS results
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Non-Prompt Fraction [z
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It is possible to distinguish J/W from prompt production and decays of heavier charmonium
states from the J/Y produced in B-hadron decays (non-prompt production)

.. ) ) B+ X — JuX
Discriminant: measured distances between the primary fz = 7(pp _>1nc1usive mil/i29

vertices and corresponding J/P decay vertices o(pp —— JIYX")

Pseudo-Proper Time
v Non-prompt

~OMW Poheh&

Observable: Pseudo-Proper Lifetime
1w - |

L. m Lxy is the displacement =
T = Y PDG of the J/lﬂ vertex in Promp&

p‘;_/w the transverse plane. COW\F}OV\EV\E
””1|0””15H”20

pseudoproper time (ps)

—
S,

T S
EATLAS e Dam E — ATLAS
Fr Ns=7TeV ] E [ Vs=7TeV

| ackgr ponert ;JLm=2.3pb“

Simultaneous invariant mass and
pseudoproper lifetime fits to extract the

non-prompt fraction in each p;-y slice

—
o
] T

- ® Data
- —— Total PDF
[~ -—-- Background Component

Events /(0.15ps )

—
T L

bbb bli i b i d

—
<
T LR

4

0 3 4
pseudo-proper time [ps] Mass [Ge
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Non-Prompt Fraction Results
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Good Agreement with:

CMS |
CDF | ]

‘ 1- T T T T 7T —

C o ATLASVS=7TeV, 0754y I<15
0 CMSN\E=7TeV, ly, I<1.2

CPE o CMS\s=7TeVv,1.2dy I<16
Spin-alignment envelope

0.9F o ATLASNs=7TeV, ly I<075
O CMS\s=7TeV, ly I<12
0.8 _ J"
o CDF\s=196TeV, ly 11, /<0.6
07 Spin-alignment envelope

0.6

0.5
ATLAS

04 [Ldt~23p0"
03 ﬁ}‘?
|

02 #w
X ¢ Qomww
10

e ATLAS\S=7TeV, 1 5y, 1<2.0
o CMS\s=7TeV, 1.6<ly 1<2.4
Spin-alignment envelope

No strong dependence on the center of
mass energy
Independent of production mechanism

(pp V.s. ppbar)

" E  ATLAS

flazom: &
£
. ﬁ*%

-prompt JAy production fraction

Non-prompt J/y production fraction

Non

QF o ATLAS\S=7TeV, 204y I<2.4
E 5 CMS\5=7TeV, 1.6<ly_l~lz2‘4
Spin-alignment envelope

Prompt/non-prompt cross sections can
be extracted by combining the inclusive
cross section and the non-prompt
fraction

A =
: ;r }}#‘%
il

1

ATLAS
[Ldt~23p0°

Non-prompt J/y production fraction
Non-prompt J/y production fraction
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Non-Prompt Cross Section

Good Agreement between Data and Fixed Order Next-to-Leading [t e A
N JHEP 9805 (1998) 007, arXiv:hep-ph/9803400; JHEP

Logarithm (FONLL) 0103 (2001) 006, arXiv:hep- ph/0102134]

Non-prompt cross-section Non-prompt cross-section

v+ ATLAS Iy_wko.75 . ATLASO0.75 dyhl<1 5
Il Spin-alignment envslops Hl Spin-alignment envelops
IBE FONLL B— JwX [0 FONLL B JiwX

3

'idp, dy [nb/GeV]
2 . 3

—
=)
N

-
=)
w

m
a
'S

L Gy

Br(J/w—»u’u')dchm“m'lq)Tdy [nb/GeV)

BriAy—p*p)die™
_I'TlTll'I] lllm‘ llll'll" ||||I'l‘ TTT
n

—r
o
v

L) L] l L) . L]
Non-prompt cross-section Non-prompt cross-section
« ATLAS 1.5y ”IQO +« ATLAS 2.0y _“l¢4
I Spin-alignment envelope HEl Spin-alignment envelops
8 FONLL B— JyX fi33 FONLL B— JlyX

Q,
3

-h

Q,
-
=

-
o
-

W)™ """ 1dp dy [nbiGeV]
3

-
M
—
o
N
—

v
-
o

(4

-

=

w

Br(J/ w1 u)cfd‘“”'"“‘*/apTay[nuGevl
=)

10
B, [GeV] P, " [GeV]
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Prompt Cross-Section
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arXiv:1006.27 50 [hep-ph]; Phys. Rev. D81 (2010) 051502; Eur. Phys. J. C 61

<4 NNLO* Color Singlet Model (CSM) : better than NLO, but still underestimate...  (2009) 693, arxiv:0811.4003 fhepph.
<4 Color Evaporation Model (CEM) prediction is generally lower and diverges in shape from measured data, showing
disagreement in the extended p, range probed in this measurement ~ Phys Rept. 462 (2008) 125, arXiv: 0806.1013 [nuck-ex]; Phys. Left. & 91

(1980) 253; Z. Phys. C 6 (1980) 169

Prompt cross-saction
. ATLAS0.75 dyml<1 5
Spin-alignment envslops
—— Colour Evaporation Modsl
Bl NLO Colour Singlst
Bl NNLO"™ Colour Singlet

Prompt cross-asction
. ATLAS Iy“|<0.75
Spin-alignment envslops
—— Colour Evaporation Model
Bl NLO Colour Singlet
Il NNLO™ Colour Singlet

pTdy [nb/GeV]

Q
r

ATLAS
\Je=7 TaV

Br(J/y—p*r)d?d™ ™ d

det:ZZpb"
Illllllllll L 11 Illlllll l

30 20 50 60 70

3

Prompt cross-asction
« ATLAS15 dywld.o
Spin-alignment envslops
—— Colour Evaporation Modsl
Bl NLO Colour Singlet
B NNLO™ Colour Singlet

u idp_dy [nb/GeV]
o . 3 3

v Y
<
n

ATLAS
\a=7 TeV

Br(J/y—u'ur)d
3

jL dt=22pb’
1 l L 1 1 1 I 1 1 1 1 l L 1 1 1 I 1 1 1
5 10 15 20 2§~ 30
p; [GeV]

-
o

Tdy [nb/GeV]

-t -k
Q o
n -

3

Br(JAy—u*w)d’c™ ™ idp
= o
(4] w

3

Tdy [nb/GeV]
o

—h

-t -k
Q
A

Br(JAy—u*w)d?c™ ™ idp
=
w

80 70
Py’ [GeV]

Prompt cross-saction
. ATLAS20 <Iywld.4
Spin-alignment envslops
—— Colour Evaporation Modsl
Bl NLO Colour Singlst
B NNLO"™ Colour Singlet

ATLAS
\Ja=7TeV

J'L dt=22pb"
1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1

5 10 15 20 2§N 30
P2 [GeV]

NNLO* is not full NNLO calculation,
currently only real contribution up to &,

has been calculated (corresponds to
sum of the NLO yield and contributions
from pp = Q + j)
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? Y Cross-Section
— el

@ Measurement within fiducial cuts
b > 4GeV |n|<2.5 5

» no uncertainties due to the spin alignment

0.1 <l<1.1

T

Vs=7TeV 7
J Ldt=3.1pb’

2 Nox
O BROY(LS) — utu) = Xas)
dprdy [ Zdt x Apr x Ay

O CB+ST MC Chain 2
® CB+ST Data Chain 2
/A CB MC Chain 2

A CB Data Chain 2

llllllllllllllllllll

*
( ) CorreCted 1 l 1 1 1 l 1 1 1 l 1 1 1

4 6 8 10
p

@ Unbinned maximum likelihood fit to the di-muon Muon Trigger Efficiency
mass distribution after correcting for the efficiency :
per event

» Muon reconstruction efficiency (using J/\W decays)
» Muon trigger efficiency (using J/Q) decays)

» Tracking efficiency : o B :
» Efficiency of impact parameter selection e

@ All efficiency factors are determined directly from P, [GeV]
the data

Attilio Picazio - Low X 2012 @ Paphos, Cyprus

R;—|||||||||||||

[0
4]
S

_Q_—@z "

b
Lrl

ATLAS Preliminary
Data 2010

p,>4GeV s=7TeV
p,~>6GeV

CB+ST muons
ml <1.05

efficiency w.r.t. to L1 and offline
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ly|<l.2 && 14 GeV < | p"" | < I8 GeV

70 1dGeV<p‘;“<18GeV  Data 2010
LW — Fit result

gop IV 1<12 —Y(1S)

; =701 11 e T(28)

50 N\ S) l_(ss) i

22/ndf = 36.3/31 Backgrounds

@ background depends on the kinematic bin 2GeV<pf'<4GeV - Data2010 ]

' F oy <1.2 | - Fit result
€@ Y(19) is not well separated from Y(25) and Ny e2e6:25 | - EE:}E;
Y(BS) . - %%indf = 43.3/52 Backgroundf

@ Signal Model: templates from MC - Jran i
» Independent for each resonance peak & | ATLAS

» Adjust resolution to reflect data | |

» Separation of mass peaks fixed to world [ | ‘ 105

average - i o

@ Background model from data m.. [GeV] m,, [GeV]

3 Template generated from M+ oppositely I 2<|y|<2 4 && 2 GeV < | pH* | < 4 GeV I 2<|y|<2 4 && 14 GeV < | pHH | < 18 GeV

signed track ol
same track quality and kinematic selection applied

Alternative templates (J+5S track, MC
bbbar) give results in agreement (systematic
uncert.) , :
Q 4 parameters are fitted independently in ;g | RE fg
each kinematic bin: NY ) NY 25) 1 NY 35)s 20} | s , 104
kag by - |

40£ ILG!- 1.13pb’

30
ATLAS

Weighted entries / 200 MeV

201

90 2GeV< p"“ <4 GeV « Data 2010 -
E . — Fit result 1
80’— 12 «< |f I < 24 o ].(13) _;

. _ o YI(2S
70! N\HSI = 238130 1233;

6oL X/ndf =555/53 ¢ Background

50:’ ILdl- 1.13pb’

45" 1dGeV<p““<18GeV . Data2010 i

g —Ft result 1
s0- 12<I"I<24 T(1S)
35

E Nyg = 71412 e Y(28)
gl X¥/ndf=37.331 Backgfou"d

Y(3S)
25:’ ILd!- 1.13pb’

Weighted entries / 100 Mev
Weighted entries / 200 MeV
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Systematic Uncertainties
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_uminosity calibration: 3.4%

Muon reconstruction efficiency: 1%

Muon trigger efficiency: 1%

fficiency of impact parameter selection: 1% - 3.5%

bin migrations due to detector resolution and final state: 2%
~it model: 5%-10%

Signal

» Pseudo-experiments with varied signal description

» Mass scale (peak position & separation) & resolution

Background
» Pseudo-experiments with varied templates:

- same sign P+track
- bb, cc Monte Carlo

g

@
@
@
@
@
@
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Y(15) Differential Cross-Section

{5 UNIVERSITE
%2’ DE GENEVE

Comparison with:
4 PYTHIA8/Non Relativistic QCD : different py dependence, but normalization is reasonable

4 MCFM/Color Singlet Model NLO : cross section from data is higher
» prediction does not include feed-down from higher mass states (factor ~2)
»higher order corrections needed

IYI<I2 I2<|y|<24

- | Data 2010 I- Data 2010
—— NRQCD, Pythia8 3 —— NRQCD, Pythia8 5

+ "% 5— [[Jcsmnwo ; . [ ]csmNLO

(direct only) — vt (direct only) 1 uncertainty:

3 E ~ 10-15% at low p;

A TLAS A TLAS

—h
o
l\)

— —
- e

—_
o

i _— ] ~ 35% at high p, dominated by
:_ - the statistical precision of the

- 1.2<)y""V)<2.4 E data

L tl<2.5, pi>4 GeV

—

T(1S) e

ly " 7|<1.2
m"|<2.5, pT>4 GeV

—h
Q

O TTTTT

|II|l|

\s=7 TeV,J- Ldt=1.13 pb”'
| 1 | | |- 1 | | I I | l | | | 1 | | 11 | | | I I | a
5 10 15 20 25 30

pr(1) [GeV]

\'s=7 Tev,_[ Ldt=1.13 pb™’
1 1 | 1 | 1 1 I 1 1 | 1 I | 1 | | | | | 1 | | 1 | | |
5 10 15 20 25

Fo/dp.dy x BR(I(18) — u* ) [pb/GeV]
d°s/dp_dy x BR(Y(1S) — p* ) [pb/GeV]

o
w
o
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Summary
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ATLAS has an excellent Inner Detector, Muon Spectrometer and trigger
system to study heavy quarkonium physics

J/W inclusive cross section measured in four rapidity slices from pr 1-70
GeV

- non-prompt fraction also measured allowing the derivation of the non-prompt and prompt
Cross sections separately

- reasonable agreement of the fraction with CDF: no strong dependence on the center of
mass energy

- FONLL describes the non-prompt cross section well; prompt production is more
problematic

@ Measurement of Y(15) cross section in fiducial cuts
- Two muons with pr >4 GeVand |n| <2.5

@ Both the J/\p prompt component results and the Y (15) results suggest
improvements of theoretical models needed
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? Future Plans
) RGeS SR s S R R T s s R
Q@ Have already more than ~10 fb™" with di-muon trigger from 2011 and 2012
data-taking
@ /P polarization
Y(2S) cross-section, a(WP(2S) )/o(J/W) (and polarization?)
X(3872) cross-section
Di-onia production: J/\p + /B, /P + Y ...
X Cross-sections

Vector-boson associated production : W+J/Q, Z+I/Q
More ...

SEOUJ Tuned...
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Back-Up Slides
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? Focus on Physics Motivation
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Q@ Physicist are still trying to develop a coherent theoretical model for the heavy
flavour hadro-production and polarisation

Q@ Several models are available on the market:

- Color Singlet Model (CSM) _ _ _ Some Production Diagrams for J/y
- Color Octet Model (COM) / NRQCD

CSM COM I
~ Color Evaporation Model (CEM) ),W .. L QEZ/Q
:, i g

- ky factorization

E%

<

'---I
N

T | T T T T I T T T T _ \ T
BR(/y—p W) do(pp—I/y+X)/dp, (nb/GeV) C o\ BR(Y—p'w) do(pp—Y(18)+X)/dp; (“b/GeV)

Vs=1.8 TeV; | < 0.6 _ Vs=1.8 TeV; In| < 0.4

\
- \
total total

3 -
colour-octet S +7Py = t ———— co]our-octctISO+3PJ
—-—-—- colour-octet S - \ ——= co lour-octet °S
. LO olou glt :

Tevatron Results

1 l 1
10
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% Color Evaporation Model
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First proposed in 1977 = Considerable phenomenological success

In the CEM, the cross section for production of a quarkonium state M is some fraction FM of QQbar production cross

the cross section for producing QQbar pairs with invariant mass below the MMbar threshold, section with a cut on the
where M is the lowest-mass meson containing the heavy quark Q pair mass

No constraints on the color or spin of the final state

* The additional energy needed to produce heavy-

“Color evaporation” flavored hadrons when the partonic center-of-mass

energy is less than 2mM, the heavy hadron threshold,

Produced QQbar pair neutralizes its color by is obtained nonperturbatively from the color field in
interaction with the collision-induced color field the interaction region

Fractions FH are assumed to be universal so that, once they are determined
by data, they can be used to predict the cross sections in other processes
and in other kinematic regions.
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ATLAS Muon Reconstruction
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Standalone Muon :

A track fitted by only
Muon Segments in the
Muon Spectrometer

(Not used in the analysis)

Combined Muon :

Standalone Muon extrapolated
to Inner Detector with good fit
(Best quality muon)

W
Tagged Muon : - u ! 12m

An Inner Detector track , |
extrapolated to the MS | , ' 10
and match to one or more | P ’

Muon Segmen‘rs | C o W T g. 8
(high efficiency for low pT muon). | %,4 I

: I e }

ol | r
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ATLAS Di-muon Trigger for B-Physics
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In ATLAS we implemented two different dimuon trigger algorithms:
“Topological” - i. e. EF_2mu4_Jpsimumu L2 TrigDimu Based - i. e. EF_mu4_Jpsimumu

L1_MUO required

_ 0S ID tracks searched in Extended Rol (An<0.75 and
» 2 EFTmu4 required A@<0.75)
» Invariant Mass cut [2.5-4.3] GeV

» \Vertexing cut

Invariant Mass cut >2.8 GeV on selected ID tracks
Extrapolation at MS for “muon tag”
Invariant Mass cut [2.5-4.3] GeV

Vertexing cut
Less acceptance for high-pt J/¢ due to small AR Confirmed at EF level

separation between muons

T T T T T [ T T T [ T T T [ T T T ] T T
Trigger ..
EF_2mud_DiMy ATLAS Preliminary
[ EF_2mu4_Jpsimumu

| EF_2mud4_Bmumu

T
S
<

EF_2mud_Upsimumu
EF_mud4mu6_Jpsimumu Y(1 S)

mud4mub_Bmumu
s i Y(2S)
EF_mud4mu6_Upsimumu n

Entries / 50 MeV

—s— EF_mu20

s=7TeV | Ldt~23fb"

8 10 12 14
m,, [GeV]
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J/P Spin Alignment
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Acceptance depends on the angular distribution of the decaying particle

ST P Faccioli et al.
(Spln allgnment Of J/Ll)) by the fOrmU|a arXiv:1006.2738

d*N

Jcos g™ oc 1+ Agcos? 8% + A, sin” 0% cos 2¢* + Ay, sin 26* cos ¢*

quarkonium
rest frame |

» ok angle between ™ momentum in the J/

production \

plane —,

rest frame and J/\p momemtum

4 cp* : angle between J/Y production and decay

plan in lab frame

Spin-alignment has not been measured, so

it's still an open question
Systematic uncertainty in the measurement
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