J/D production at the LHC with ATLAS

James Catmore (CERN)

on behalf of the ATLAS Collaboration
LowX 201 |, Santiago de Compostela, Spain

QALTLAS

f?F/PFPPﬂFF




Introduction

® This is a presentation of the ATLAS measurements of |/
production in 7 TeV pp collisions

» Prompt fraction

» Inclusive, prompt and non-prompt differential production cross
sections

® Compared with colour evaporation and colour singlet models
» Raw tabulated results: http://hepdata.cedar.ac.uk/View/9035664

» 2.2pb-!' 2010 data

00
o
=,
™
v
O
X

(q¥)

® All measurements are made using the di-muon decays of the /Y
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Motivation: Can LHC quarkonia act as low x probes!?

JIWp:

® At the TeVatron

» v~ 3.5GeV Vs ~ 2TeV Well below the “safe”

o - 3 range for which the
> CDRy=0 = xiz = 1.8x10 PDFs are well established

» DO:-1.6sy<1.6 = x;2 =~ (0.36 - 8.9)x 103 (10%)
® At the LHC

» V5~35GeV Vs~ TTeV
> ATLAS/CMS: -2.4sy<2.4 = x| = (0.04 - 6.0)x1073 ;x2 = (6.0 - 0.04)x 103
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» LHCb: -2sy=5 = x| ~ (4 - 80)x103 ;x3 = (0.07-0.003)x |0-3

From the overview for the proceedings of QUARKONIUM 2010:
Three Days Of Quarkonium Production in pp and pA Collisions, 29-31 July 2010, Palaiseau, France
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The ATLAS detector
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Tile calorimeters

LAr hadronic end-cap and
forward calorimeters




The ATLAS detector: inner detector

rR=1082mm

R =554 mm
(R=514 mm

R =443 mm

R =371 mm

Barrel semiconductor tracker LR =299 mm
Pixel detectors

Barrel transition radiation tracker

ik End-cap fransition radiation tracker — .
b R =122.5mm i  Pixels
End-cap semiconductor tracker Pixels { R = 88.5 mm —

R =50.5 mm

R=0mm

2T magnetic field, coverage |n| < 2.5
Momentum scale: ~0.1% at low energy, ~1% up to ~100 GeV

Momentum resolution: o/pt= 3.8 x10* (GeV) @ 0.015

Primary vertex resolution: ~30 pm transverse, ~50 pm longitudinal




The ATLAS detector: muon spectrometer

® Coverage n| < 2.7
® Average field 0.5T

® Momentum resolution
<|10% for muons with
energy < | TeV

» Note the muons in

these analyses are
~10-100 GeV

® Essential in this analysis for
both trigger and offline
muon identification

Thin-gap chambers (TGC)
Cathode strip chambers (CSC)

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)
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Trigger scheme

® (Quarkonia measurements in ATLAS use muon
triggers exclusively

® |stlevel (L1) muon trigger decision involves Region of interest

formation of one or more “regions of
interest” (Rol) around the objects firing the
trigger

Accepted
events

» The HLT only processes information in these

regions Muon/calo

® The analyses presented here use a single region
of interest

» Any event containing a muon which passes the
LI and HLT cuts is accepted

James Catmore J/W production at the LHC with ATLAS Low X 201 |



ATI AC

Al Emi A
2 EYDEDIMENT

\

Ll
-

AR BB ATANEN S

http://atlas.ch

J/psi -> pu candidate in 7 TeV collisions
run #: 152409, evt #:2452006 '
Inv. Mass=3.1GeV

Plu+) = 28 GeV, n=0.93

Plu-) = 15 GeV, n=0.95

J/\P— YM candidate



|/P with 201 | data set
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- ATLAS Preliminary e Data 2011

\'s=7TeV —— Signal Fit
I Ldt=024 1" Background Fit

Ny, = (2.208 + 0.002) x 10°
m,,,= 3.094 £ 0.003 GeV
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Y with 201 | data set

><1IOI3 | | I | | | | | | | | | [ | |

| ATLAS Preliminary — P2 200t

— Signal fit

 Ns=7TeV J Ldt=024fb" Background fit

Barrel + Barrel

o(Y,.)=0.119% 0.001 GeV

N(Y ,¢) = (74.12 0.5) x 10°

| | | |
11 12
m,, [GeV]
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|/P candidate selection: trigger and offline

Trigger selection Offline selection

» Single U Rol with >0, 4, 6 GeV threshold
depending on data taking period » UTH- with associated inner detector tracks;

» Also 10 GeV and minimum bias trigger for  tracks must have | pixel hit and 6 SCT hits
fraction measurements » pT(M) > | GeV;p(M) > 3 GeV

» Primary vertex must exist and must have
been built with >2 tracks.

» One of the muons must be combined

» One of the muons must have fired the

O single muon trigger
(ISl O

Inner Detector

M Combined muon

Combined (full Muon Spectometer & Inner
Detector track measurement with fit between the
two)

Tagged muon —

Tagged (Inner Detector measurement

O O associated to at least one hit in Muon
I Spectrometer)




|/D sample before corrections
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Cross section measurement: basics

Corrected number of
candidates in a given slice

Inclusive differential
Cross section
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Correction weights

J/AD measurement is extrapolated | wi

Bin
migration Muon reconstruction efficiency

2 + T — — o
A°M°€trk° (pT,U ) ,u (pTan ) '€t7°ig
Acceptance Muon ID track efficiency Trigger
e efficiency

probablllty that a given }J/P(pT,N) decays into muons which fall in the detector
acceptance. This is a function of the J/\ spin alignment, which is not known,
so this enters the measurement as a theoretical uncertainty

ames Catmore /Y production at the LHC with ATLAS Low X 201 |
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Acceptance corrections

Acceptance map: polarisation hypothesis FLAT Acceptance map: polarisation hypothesis T**

Five spin alignment
working points are
established with
separate acceptance
maps. These are used

to provide a 3

theoretical ' (Absolute) J/v rapidity o5 1 ‘1-?Absolute§ Sy raoli
uncertainty around \

the results

HX

Acceptance map: polarisation hypothesis LONG

(Absolute) J/v rapidity
Acceptance map: polarisation hypothesis T*

T T T T T

15 25
(Absolute) J/v rapidity . 0.5

Aa
CMS LHC

(Absolute) JAy rapidity
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Efficiency corrections

® Single-muon trigger efficiency

» Evaluated with Monte Carlo to obtain a fine
granularity, and then corrected by data (tag
and probe)

y w.r.t. to offline

ATLAS Preliminary
CB+ST muons
1.05<n|<2.4

© Data 2010
\s=7TeV

L1 MUO efficienc
o)

» Efficiencies reach a plateau of 80-100% at
around 6-8 GeV (depends on n)
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® Offline muon reconstruction efficiency

» Evaluated with data (tag and probe) using
J/W for lower pt muons and Z at higher pt

-
N

- ATLAS Preliminary
L 0.1 <inl<1.1

Efficiency
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» Regions with efficiency < ~20% not used

® |D track reconstruction efficiency
O CB+ST MC Chain 1

® CB+ST Data Chain 1
/\ CB MC Chain 1
A CB Data Chain 1

» Essentially constant efficiency for muon
tracks of 99.5 £ 0.5 %
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Signal yield extraction

® Binned X? fit to the corrected mass distribution

® Single Gaussian for the signal (since the slices are so
fine) and linear background

® \P(2S) included in the fit but yield not extracted
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Yield extraction example
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Sources of systematic uncertainty

® | uminosity

® Muon reconstruction/trigger efficiencies, ID track reconstruction
efficiency

® Fit models
® Acceptance
» Bin migration
Limited statistics
» Differences in prompt/non-prompt spectra
» Final-state radiation

® Vertexing efficiency
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S umma I")’ Of _ _ - Muon reconstruction
) ) Total systematic uncertainty Acceptance
uncertainties

Statistical uncertainty Trigger

Fit uncertainty

0.2R 0. 75<Iy|<1 5

Fractional uncertainty
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Inclusive cross-section
a ATLASO0.75 <|y/ <1.5
n CMS 1.2 <Iy I<1 .6

Spin-alignment envelope

Inclusive cross-section
v ATLAS Iy I<O 75
o CMS Iy I<1 2

Spin-alignment envelope

T””| T TT

ATLAS
\s=7 TeV

jldt 22pb v

ATLAS
\s=7 TeV

jlm:zzpw
| | | | |

78910 20 30 4'5)/ 50 5 678910 20 30 31/'0
p=" [GeV] p2" [GeV]
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Inclusive cross-section
e ATLAS 20<Iy I<24
o CMS 1. 6<Iy I<2 4

Spin-alignment envelope

Inclusive cross-section
A ATLAS15<Iy I<2
n CMS 16< Iy I <24

Spin-allgnment envelope
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ATLAS
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Non-prompt fraction

® Need to separate out the component of J/\P from non-prompt sources in order to

access the prompt cross section
Pseudo-Proper Time

® Discriminating variable: pseudo-proper lifetime on-prompt
— component

LZIZ‘ m‘]/w L.y is the xy displacement E
Y of the candidate wrt the - promp&

primary vertex and I component
. . =SEFETE SRR SRR A | S e S S B WA
projected on its pr a8 A fo 15 20
pseudoproper time (ps)

® Perform simultaneous invariant mass and pseudo-
proper lifetime fits to extract the non-prompt
fraction in each pt-y slice

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

James Catmore J/W production at the LHC with ATLAS Low X 201 |



Non-prompt fraction fit example
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Signal Non-Prompt Component

Signal Prompt Component

.
e
.
ALY
A RS
Il Il LI | Il

~10

pseudo-proper time [ps]

f\@=7TeV

Ldt=23pb"

Data
Total PDF
Background Component

Signal Non-Prompt Component-

Signal Prompt Component

*
.
*
o ¢
\d
.
MRS
.
*
e
APUE

A
“‘
A4 -
A4 -
“‘
-
-
Ll Y‘I‘ I B R

4 6 8

10

pseudo-proper time [ps]

=

=

Events / (0.04 GeV)

9.5<pt<I0
ly|<0.75

Events / (0.04 GeV)

9.5<pt<I0
2<|y|<2.4

60
50
40
30
20
10

%

N
W)

506072820 3 3132333435
Mass [GeV]

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

ATLAS

Ns=7TeV,
L dt= 23pb

}

526272829 3 3132333435
Mass [GeV]




Non-prompt fraction results

Non-prompt J/1p production fraction

Non-prompt J/1p production fraction
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0 CMS\s=7 TeV, ly, I<1 2
o CDF \/s=1.96 TeV, Iy /<08

Spin-alignment envelope

ATLAS
fL dt ~2.3 pb™

oCDCD
o 0gd o®®“’®®%@

it

i
4

g
+lf%

I

Non-prompt J/ip production fraction

10

—g
<
Q)
@
=

o ATLAS\s=7TeV, 1.5<ly /<20
0 CMS\s=7 TeV, 1.6<ly |<24

Spin-alignment envelope

ATLAS
fL dt ~ 2.3 pb”

.I—D—I

—

s
<
Q)
@
=

Non-prompt J/ip production fraction

0 CMS \s=7 TeV, ly, I<1 2
o CMS\s=7TeV, 12<Iy /<16

Spin-alignment envelope

ATLAS
fL dt ~ 2.3 pb™

e ATLAS\s=7TeV, 0. 75dy I<1 5

l

—

—g
<
Q)
@
=

e ATLASV\s=7TeV, 2. O<ly, I<2.4
0 CMS\/s=7 TeV, 1 B<ly |<24

Spin-alignment envelope

ATLAS
det~23pb1

;(l

i

T

'l

—¢
<
Q)
®
=



Non- prompt fraction results
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Non-prompt cross section

Non-prompt cross-section
v ATLAS IyJ/wI<0.75
Hll Spin-alignment envelope
FONLL B— J/ypX

Non-prompt cross-section
. ATLAS 0.75 <IyJ/wI<1 5
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Prompt cross section
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Prompt cross section

w)d?a”*™/dp_dy [nb/GeV]

—
o
N

—h
=
w

—h
o
o

ATLAS
\s=7 TeV

IIIIII|'|] IIIIIIII| IIIIII|T| T TTI

Ldt=22pb’

ATLAS
\s=7 TeV

fL dt=2.2pb"
1 1 1 | 1 1 1

Prompt cross-section
v ATLAS Iy I<0 75

Spin- allgnment envelope
—— Colour Evaporation Model
27 NLO Colour Singlet

NNLO* Colour Singlet

IIIIIII_I] IIEIIIII| IIIIIII_I_| |IIII|I_I_| IIIIIII_II IIIIIIII| L1l

<

£
(@)
Q)
S

Prompt cross-section
« ATLAS 1.5 <IyJ/wI<2.O

Spin-alignment envelope
—— Colour Evaporation Model

NLO Colour Singlet

NNLO* Colour Singlet

o

—uw)d’e™ ™ /dp_dy [nb/GeV]

- °
imates-and-diverges -

W)™ ™ /dp_dy [nb/GeV

Br(JAp—u*

—
o
(V)

IIIII|T| IIIIII|'|] IIIIIIII| IIIIII|T| T

—h
=
W

—
<

—
Q
N

AT LAS
\s=7 TeV

Ldt= 22pb

AT LAS
\s=7 TeV

det 22pb

Prompt cross-section
. ATLAS 0.75 <Iy I<1 5

Spin-alignment envelope
—— Colour Evaporation Model
&2 NLO Colour Singlet

' NNLO™* Colour Singlet

IIIIIII_I_| |IIII|I_l| |IIIIIII| IIIIIII_I_| |IIII|I_I_| |IIII|I_l| IIIIIIII| L1l

[o)
)
=

Prompt cross-section
o« ATLAS 2. 0<Iy I<2 4

Spin- ahgnment envelope
—— Colour Evaporation Model
i NLO Colour Singlet
NLO* Colour Singlet

o

5

IIIIEI|




Prompt cross section

Prompt cross-section
v ATLAS ly 1<0.75
Jhp
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Summary and next steps

® |/ inclusive cross section measured in four rapidity slices from prt 1-70 GeV

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

Measurements are in good agreement with CMS where there is overlap

ATLAS complements results from the other LHC experiments; together they cover
ptfrom 0-70 GeV and 0 < |y| < 5 - plenty of input for theoretical models!

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

® Many more measurements in preparation

» Y cross section (to be released shortly), J/\D and Y spin alignment, measurements at
2.76TeV, P(2s) production, X production, double onia production

® Taken together the LHC experiments have already provided a set of quarkonia
production measurements which span an impressive range of transverse momenta
and rapidities
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More details on the models

e FONLL
FONLL 1.3.2 using CTEQ6.6 PDFs
Br(B—)/pX)=0.0116

Uncertainty bands from: b-quark mass 4.7520.25 GeV, renormalisation (PRr) and
factorisation (HF) scales, PDF uncertainties

o CEM
» CTEQ6M PDFs, charm quark mass of 1.2 GeV, no uncertainty bands
» include contributions from Xc and Y(2S) feed-down

e CSM
» CTEQ6M PDFs, charm quark mass of 1.5 GeV

» direct production only so corrections applied to enable the prediction to be directly
applied to data: flat 10% for Y(2S)— )/ 1111, 40% for radiative Xc
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References for models

® Colour evaporation model:

» T.Ullrich,A.D. Frawley and R.Vogt, Phys. Rept. 462 (2008) 125, arXiv:
0806.1013 [nucl-ex]

» V.D.Barger,W.Y. Keung and R. . N. Phillips, Phys. Lett. B 91 (1980) 253 and Z.
Phys. C 6 (1980) 169

® NLO/NNLO* colour singlet model:
» J.Lansberg,arXiv:1006.2750 [hep-ph];
» S.]. Brodsky and |. P. Lansberg, Phys. Rev. D81 (2010) 051502(R);
» J.P.Lansberg, Eur. Phys.].C 61 (2009) 693,arXiv:0811.4005 [hep-ph]

® Fixed order NLL: M.Cacciari, M.Greco and P. Nason, JHEP 9805 (1998) 007,
arXiv:hep-ph/9803400 and |JHEP 0103 (2001) 006, arXiv:hep-ph/
0102134.
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Spin alignment working points

® Generalised description of vector state:
) = a_1|1,-1) + ag|1,0) + a41|1,+1)

® Angular distribution:

dN
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Five spin alignment models selected by choosing different values of Ag 4 ! ‘
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Acceptance corrections

Acceptance map: polarisation hypothesis FLAT Acceptance map: polarisation hypothesis T**

Five spin alignment
working points are
established with
separate acceptance
maps. These are used
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|/ lifetime fitting models

Mass fit:
signal — gaussian with per-event error
background — Chebyshev polynomial

Lifetime fit:
signal — delta function plus exponential convoluted with gaussian with
per-event error to account for resolution
background — symmetric positive/negative exponentials plus positive
exponential convoluted with gaussian with per-event error for resolution
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Offline reconstruction efficiency corrections
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