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Overview

Motivation
* Quarkonium production at the LHC provides a unique window on QCD

 Comparisons of measurements and theoretical predictions provide
additional input toward an improved understanding of quarkonium
hadroproduction

Quarkonium production

colour-singlet fragmentation J /v colour-octet fragmentation

g99990)
g

g+9— SV +g g+g—ceSP 4 g

e charmonium production:
prompt and non-prompt production of J /{ and {(2S) (Eur.Phys.J). C76 (2016) 5, 283)

* bottomonium production:
Upsilon production (Phys. Rev. D 87 (2013) 052004)
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The ATLAS Detector

Barrel Inner Tile

i Calorimeter
Toroid Solenoid Detector

Liquid Argon
Calorimeter
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The inner detector (ID)

A silicon pixel detector, a
silicon microstrip and a
transition radiation tracker,
In|< 2.5

Calorimeters
electromagnetic and
hadronic sections

Muon Spectrometer (MS)
Triggering|n|< 2.4 and
Precision Tracking |n|< 2.7



Candidate selection

Selections

Di-muon trigger

pr >4 GeVand |n#| <2.3

Both muons reconstructed from
track in ID combined with MS
track

Two oppositely charged muon
A common vertex

Trigger

Jpsimumu, Bmumu, Upsimumu and DiMu denote coarse invariant mass windows in

different regions

Entries / 50 MeV

Charmonium&Bottomonium

T ‘ T T T | T T T | T T T ‘ T T T | T T T
Trigger L.

EF_2mus_DiMu ATLAS Preliminary
EF_2mud_Jpsimumu

| EF_2mud_Bmumu

F_2mu4_Upsimumu

B EF_mudmub_Jpsimumu Y(18)

_mudmuf_Bmumu Y (28)

EF_mudmué6_Upsimumu
EF_muz0 Y(3S)

10’

Jhy

10°
w(28)

10*

10°

Ldt~2.3f"

10 12 14

m,, [GeV]
Dedicated di-muon triggers for quarkonium

{s =7 TeV

%]
o
»

HEP Jing Chen (USTC) 4



Charmonium&Bottomonium

Dimuon trigger efficiency

RPC chambers

minimum Rol

Coincidence Matrix (CM): ; LU
n-CM: r-z matrix '
d-CM: r-d matrix < J—
Trigger PAD: A & -
A PAD corresponds to 2 n-
CM and 2 ¢$-CM

Region of Interest (Rol):  Triggerlogic sectors
A Rol is defined by the P
overlap of an n-CM and a
¢-CM o

‘"\ b "'1\"'
\ T - Z matrix

1T - O matrix

Toieraction veriex CM arrangement into PAD

Dimuon trigger efficiency
€dimuon = Etrigger(P%‘r q, 77111) X etrigger(P%" q 7713) X C(ARM[U |yml| )

Etrigger IS the trigger efficiency between muon and trigger object(L1 Rol, EF
element etc.) .
C(ARW, |yH#| ) is used to correct dimuon trigger inefficiency when two

muons are in the same Rol.
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Methodology

Non-prompt ¥ (nS) "

Charmonium

Prompt

Produced from short-lived QCD decays
(including feed-down from other
charmonium states)

Non-prompt
Produced in the decays of long lived
b-hadrons - displaced decay vertex

Pseudo-proper decay time
T(uu) = Lyym(up) /pr(up)

Corrected cross section d%a(pp = V) B gt i) = Ncorr,)
dprdy )= AprAy X [ Ldt
Ncorr is corrected by acceptance, d*a(pp - bb > ) X B = ut ") = NcorrJ}p
trigger and reconstruction dprdy PR Aprby x J Lat
efficiencies event by event NPP)
Ncorrllzj(np) = L2

A - €trig” €reco
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Charmonium&Bottomonium

Extracting the number of mesons
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Charmonium&Bottomonium

Systematic uncertainties
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Prompt cross sections
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NRQCD (Non-relativistic QCD)

fits to experimental data
» good description of cross-sections in
low pt, overestimate in high pt
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Charmonium
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Non-prompt cross sections
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FONLL(Fixed-Order with Next-to-

Leading-Logarithm)
perturbative QCD

* good description of non-prompt
production of charmonium states
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Comparison

Charmonium
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Y(nS) cross sections

o x Br(Y— u'pn’) Ratio

spin-alignment envelope shows acceptance
sensitive to polarization
NNLO* CSM (next-to-next-to-leading-
order*colour-singlet model) generally
underestimates data
CEM(color evaporation model) does not
reproduce shape of data well
7 1 T
. ATLAS Corrected cross sections
0.8:_'f§=7TeV J.Ldt=1.afb"
-y <12
06 B RENE!
T4 Y(@38)T(18)

T p_[GeV]

dzm‘dedy x Br(Y(18)— p'w) [pb/GeV]

Ratio to FLAT

Ratio to FLAT

107

0.3

Jing Chen (USTC)

Bottomonium
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Quarkonium at 13 TeV

Non-prompt Fraction
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Summary

Charmonium Production
 The prompt and non-prompt production cross-sections were measured in the
rapidity range |y| < 2.0 for transverse momenta between 8 and 110 GeV.

* Both the NRQCD model and the FONLL are found to be in good agreement with
the observed data.

Bottomonium Production

* We have measured differential production cross sections and relative production
rates for Y(nS) mesons in pp collisions at+/s = 7 TeV at the LHC up to p}f <70 GeV
in the rapidity interval |yY| < 2.25.

* Our measurements find both the NNLO* CSM and the CEM predictions have
some problems in describing the normalization and shape of the differential
spectra.

We stay tuned for measurements at 13 TeV!

HEP Jing Chen (USTC) 14






Fit model

O

i + Gaussian functions
.+ Crystal Ball distributions
i : exponential functions

C, first-order Chebyshev polynomial
w : fractional contribution of the B and G mass signal functions
& (1) : pseudo-proper decay time distribution of the prompt candidates

I Type Source fi(m) hi (1)
[ J/wS P w; Bi(m) + (1 —w;)Gi(m) o(T)
2 J/wS NP wiBi(m) + (1 —w; ) Gy(m)  E{(1)
3 W(25)S P wiBy(m) + (1 —w;)Ga(m) o(T)
4 Y (25)S NP wiB2(m) + (1 —w;)Galm)  Er(1)
5 Bkg P F(m) o(1)
6 Bkg NP Ci(m) Es(T)
7 Bkg NP Eq(m) Es(|t])

Table 2: Fit model PDE. Components of the probability density function used to extract the prompt (P) and non-
prompt (NP) contributions for J/i and (2S) signal (S) and background (Bkg).

HEP
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Charmonium

Non-prompt fraction
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Charmonium

Ratio of Y(2S) to J /Y production
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Theoretical predictions/data
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Charmonium
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Bottomonium

Bottomonium
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Figure 2.7: Mass levels of the bottomonium bb system.
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Bottomonium
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Corrected cross section
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