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Why study quarkonia?

* Quarkonia
* Bound states of quark and anti-quark (c,b) T/Te 1/(r) [fm?]
 Strong interaction with matter }

.. 2 |- | Y(15)
» Sensitive to hot and cold matter effects -
- Two different production mechanisms ~ | %P
p+p Pb+Pb 1.2l 7/4(15) Y'(25)

< '(2P) Y'(35)
Te x:c:{lPJ w(25)

Quark-gluon plasma

|

formation
P erturbative Vacuum Co creening
Hot Nuclear Matter (Pb+Pb) Cold Nuclear Matter (p+Pb)

 Colour screening « Modification to nuclear PDFs
* Regeneration * Nuclear absorption
* Probing b-quark energy loss « Parton energy loss

e Gluon saturation
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ATLAS detector

* Muon reconstruction is done
using muons spectrometer,
iInner detector and trigger
system (|n| < 2.4)

» Forward calorimeters (FCal,
3.1 < |n| < 4.9) are used in
centrality determination

Used heavy-ion data:

« 2013 p+Pb 5.02 TeV, 28 nb~?!

« 2015 Pb+Pb 5.02 TeV, 0.49 nb~?!
« 2015 p+p  5.02 TeV, 25 pb~?
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ATLAS quarkonia measurements

Two major quarkonia results

» September 2016 J /Y and y¥(2S) ATLAS-CONF-2016-109
« 2015 Pb+Pb /syy = 5.02 TeV and 2015 p+p /s = 5.02 TeV

» September 2017 J/y, Y(2S) and Y(nS) arXiv:1709.03089
(ATLAS paper pre-print)
« 2013 p+Pb /syy = 5.02 TeV and 2015 p+p /s = 5.02 TeV
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https://arxiv.org/abs/1709.03089

Charmonium in Pb+Pb




Slmultaneous 2D flt

s 5[ | > P E T
2 10 E 130<p, <170GeV ATLAS Prellmlnary § 8 § 130<p <17oc;ev ATLAS Prellmlnary
8 - lyl<15 PbPb m 5.02 TeV, 0.42 nb™ 7 lo: B lyl<1.5 PbPb m 5.02 TeV,0.42 nb"’
< 10 :_ 0-80% 4 Data _: 5 10°* 'g_ 0-80% £ Bl
.§ F — Fit i = - — Fit
E E Prompt y(nS) E ch 10° e . Prompt y(nS)
103 B m Non-prompt y(nS) N ; mm Non-prompt y(nS)
- - 107
; ] g
10° 1ok
[ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l [l L 1 I 1 1 1 I 1 1 1 ] 1 ]
26 28 3 32 34 36 38 4 4.2 -4 -2 0 2 4 6 8 10
m,, [GeV] T [ps]
i Type Source fi(m) hi(t) M . .
ass pdf Time resolution model
| J P w;CBi(m) + (1 — w;)G(m) o(t1) P € resolutio ode
2 Jly NP w;CBi(m) + (1 —w;)G(m) E (1) 7 l l
3 Y(2S) P w;CBy(m) + (1 — w;)Ga(m) o(1) _
4 505 NP aCBatm+ (1 —onGaem Ea(my | PPEORT) = > kifi(m) - i) ® g(7)
5 Bke P flat 5(1) i=1 T
6 Bkg NP E3(m) E4(7) .
7 Bkg NP Es(m) Ee(l7]) Time pdf

ATLAS-CONF-2016-109

10/3/2017 6



0.8

0.6

Non-Prompt Fraction

0.4

0.2

Non-prompt J /i fraction

1 ' J | [ 0.8_ T T T ™]
- ATLAS Premilinary i 2 C e 0-20% ATLAS Preliminary 1
- Vs =5.02TeV, [Ldt = 25 pb” . 8 07[ e PbPb \s,,, = 5.02 TeV, 0.42 nb™
L ooy oo g & 'E #20-40% NN = - » O ]
L w Non-Prompt Fraction i e - _ano Jiy, ly| < 2.0 .
- 4-0.00<y|<0.75 . £ 06f 9 40-60% =
- 1 5 - #860-80% $ :
_ 4075<]y|<150 ] & - | |
- <-150<|y|] <2.00 ﬁ B g 0-5? * i —:
i i z - ]
L =0=¢ ] 0.4 $I' % * * =
B S ; ' 0.3[ + -
- ] - l
B ] 0.2} + =

Ob———! ‘ - . 0.1 - ' =

8 910 20 30 40 9 10 20 30 40
P, [GeV] P, [GeV]

* The fraction of non-prompt J /i is similar in trend and magnitude for
both p+p and Pb+Pb collisions
* No significant centrality dependence in Pb+Pb measurements
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* R4, IS increasing at high py  Flat in measured p; range
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* No significant dependence from y
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» Similar degree of suppression is observed for both prompt and
non-prompt production

 Strong suppression in most central collisions
ATLAS-CONF-2016-109



ATLAS and CMS results
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ATLAS and CMS results
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 Consistent with unity
» Production from B-hadron decays
outside of hot medium — no color

screening
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» Both experiments are showing consistent with each other
results for ratio of excited to ground charmonium states

ATLAS-CONF-2016-109
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Quarkonium in p+PDb




Weighted Events / 100 MeV
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* Rypp Of J /3 Is consistent with unity across measured pr range

» At lower p ALICE (inclusive J/y) and ATLAS (Y(1S5)) are
showing light suppression becoming comparable to p+p
collisions at higher p; arXiv:1709.03089



Double ratio of excited states (Y (nS))
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* Double ratio of bottomonium shows stronger suppression of

excited

states in p+Pb compared to p+p collisions

» Measurements are consistent with CMS results and theoretical
prediction

arXiv:1709.03089
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* Double ratios of excited states are showing growing
suppression of excited states with centrality
* Y(35) is inconclusive due to statistical uncertainty
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Summary

» Measurements of quarkonia production in Pb+Pb and p+Pb collisions
are presented

* Pb+Pb collisions:

* Prompt and non-prompt charmonia production show different R4 trends as
function of pr

« Both prompt and non-prompt J /Y components show similar suppression
pattern with collision centrality

* Prompt ¥ (25) is strongly suppressed with respect to J/y, while non-prompt
production do not result in such behavior

 p+PDb collisions:

» Suppression of J /3 do not show obvious dependence from p; and consistent
with unity

» Suppression of Y(15) is observed at low p; range

» Double ratios show suppression of excited states with respect to ground state
and show slight centrality dependence

 Ratios of quarkonia ground states to Z boson are independent on event activity
and scale with the number of binary-collisions

« ATLAS HI public results
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
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Analysis methods

* Trigger:
» p+Pb: 2 muons with p; > 2 GeV, at least one muon at L1 (p; > 0 GeV)

» Pb+Pb: 2 muons with pr > 4 GeV, at least one muon at L1 (pr > 4
GeV)

 Kinematic range:
= p+Ph: 8.5 < pit <30 GeV, -2 < y* < 1.5
= p+Pb (Y(nS)): 0 < pt* <30 GeV, —2 < y* < 1.5
= Pb+Ph: 9 < pi* < 40 GeV, |y| < 2
* Weighted yields from two-dimensional unbinned maximum

likelihood fits in m,,, and pseudo-proper decay time 7 = L";#
* Weighted unbinned 1D maximum likelihood fit for bottomonium

» Separate yields from two production mechanisms:
= Prompt — direct production and feed-down
= Non-prompt — from B-hadrons decays

10/3/2017 23



Definition of y*

p+Pb

V* = - (Yiab + 0.465) Run period A
V* = Yiab - 0.465 Run period B

y* defined as positive in the proton beam direction



Nuclear modification of different probes

E [ T T T T TTTT I T T T T T TTT I T T T T T 17T \_ é [ T T T T LB I T T T T T TTT I T T T T LI l_
@ [ ATLAS Preliminary EI 1 & [ ATLAS Preliminary H ]
1 | p— N {  , —
= Z, 0-10% (ATLAS-CONF-2017-010) ] = Z, 0-10% (ATLAS-CONF-2017-010) i
0.8 - + prompt J/ iy, 0-80% (ATLAS-CONF-2016-109) — 08 - + non-prompt J/y, 0-80% (ATLAS-CONF-2016-109) .
“L o Jet, 0-10% (ATLAS-CONF-2017-009) H| ] ‘L o jet, 0-10% (ATLAS-CONF-2017-009) * H] |
_ + Bt , 0-5% (ATLAS-CONF-2017-012) H ] _ o« Bt , 0-5% (ATLAS-CONF-2017-012) H H ]
0.6/ H B@%ggﬁﬁ$ - 0.6/ H B@hﬂﬁﬁﬂﬁ )
0.4l - 0 4‘393@5?@ HH H HH ; -
: 1 % o’ -
- N - 0 -
0.2 — 0.2 ® G =
- Pb+Pb 5.02 TeV, 0.49 nb'1: - Fgrera/¥ Pb+Pb 5.02 TeV, 0.49 nb":
0 - 1 pp 5.|02 TeV, 25 pb™! i 5 | pp 5.|02 TeV, 25 pb’ i

1 10 10 10° 1 10 102 10°
P, or m, [GeV] p orm, [GeV]

10/3/2017 25




Pb+Pb systematic uncertainties summary

Source J /Y Pb+Pb yield J/y pp cross section RZ&” Rxfs)/ RKA
Trigger 11-18 % S % 12-19 % 3 %
Reconstruction 13 -27 % 6 % 14 - 28 % 6 %
Migration < 2% - < 2% -
Fitting 2 % 1 % 2 % 8 %

Table 3: Systematic uncertainties of the J/¢ yield determination and ¢ (2S)/J /¢ ratio measured in Pb+Pb collisions.
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Centrality in Pb+Pb

Centrality [Y%o] (Tas) [mb™'] (Npart)

0-10 2330 +£020 35584 2.2
10-20 1433 £ 0.17 264.0 + 2.8
20-30 3603017 1891427
30-40 494 +£0.15 131.4+£25
40-50 263 +0.11 869 £2.3
50-60 127007 539+1.9
60-70 056 £0.04 305+1.5
70-80 DZ2Z2+002 132190

Table 1: The (Taa) and {Npart) values and their uncertainties in each centrality bin.



Centrality

Glauber model

1) Generate two colliding nuclei
with 3D nucleon positions chosen
from measured density

distributions (e~ scattering)

Po
1+ exp([r — R]/a)

p(r) =

2) Nucleons interact when
transverse distance satisfies

d<w/O'NN/7T

typically using he inelastic pp
cross section for NN
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Centrality
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Non-Prompt Fraction
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