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Quarkonium production in proton-proton, proton-lead
and lead-lead collisions at 5.02 TeV

Heavy quarkonium bound states ( c¢ and bb) are a useful tool for studying the deconfined
quark-gluon plasma (QGP) created in nucleus-nucleus (A+A) collisions and for disentangling
the effects from cold nuclear matter (CNM) interactions, predominant in p+A collisions

Modification of quarkonium production w.r.t that in pp collisions quantified by the Nuclear modification factor

O(nsS)
po L Tpipb Ry — Naa
PEb ™ 908 0}%(”5) <Tan > Xopp

O(nS) = J/¢, ¥(2S), and T(nS) (n =1,2,3) < Ts4 >: mean nuclear thickness function

250(nS) Noms) 42N 1 Nyns)

B tuT) = Naa = x B(y(nS) = utp) =

No(ns) : observed quarkonium yield in a kinematic
interval, extracted from fits and corrected for
acceptance, trigger and reconstruction efficiencies

per-event yield, Va4 : number of quarkonia
produced per bin of transverse momentum,
rapidity and centrality interval

(normalised to minimum-bias events)

CNM effects in excited quarkonium states w.r.t the ground state quantified by the double ratio

,0(8)/0(18) _ Rppy(O(nS))
Prv Rppp(O(L5))

most sources of detector systematic uncertainty cancel out in the ratio

pw(zsw.]/w _ (Nw(25)/NJ/¢)Pbe
TR (Ny(28) /Ny )pp

easier to compare to other experiments

initial-state effects expected to largely cancel out since partons are affected similarly before the formation of the

quarkonium state => study final-state effects
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Quarkonium production in proton-proton, proton-lead

25 pb™" (pp)
28nb~' (p + Pb)
0.42nb~* (Pb + Pb)

and lead-lead collisions at 5.02 TeV

O(nS) —

P > 4 GeV
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unbinned maximum likelihood (ML) fits to the J/v and ¥(2S) invariant mass and pseudo-proper time, T

to obtain yields for prompt and non-prompt JJ /¢ and 1(2S) and backgrounds

yields for the bottomonium states obtained from unbinned maximum likelihood fits to the invariant masses
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J/v Production cross section results

PP prompt: good agreement with
NLO NRQCD over full prrange

Pp non-prompt: good agreement
with FONLL over full pr range

p+Pb: improved measurement,
consistent with previous results
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Y(2S) Production cross section results

pPp prompt: good agreement with pPp hon-prompt: good agreement
NLO NRQCD over full prrange with FONLL over full pT range
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pp: NLO NRQCD gives a relatively good description for pr > 15 GeV, but overestimates the cross section at lower pr

10?

;‘ %““\““ rrrrTrTrTTT T TT T T T T T T ““I‘?
(0] - =
3 SR ATLAS E
5 107 g pp Vs =5.02 TeV, L = 25 pb” =
— - o E— Y(1S) Production .
S 1o o —
v|o E - — E
C\"O%'_ _1: —0—-—.—770 .
= C —— ]
3 102 —— =
1 = — NLONRQCD 3
D 48 L4 Datax 10% 150 < |y| <200 é
E § —O-Datax 10,0.75< |y|< 150 §
@ 1074?+Data><10°,0.00<|y|<0.75 -
Eooo b b b b b b b 104
P L B B IR I I =
§ 1.5 F 000<|y|<0.75 3
EOE ¢ ¢ 5
o5 o E
Eeoooo v b b b b b Iy 0 0 14
P L B B B IR I =
S 15E 075<|y|<1.50 3
EE — = 3
Fos oo N =
2:\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\|:
> :‘-\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\t
S {5 E 150<]y|<200 3
F o qE —— 3
§ 0'53 | +\ \ \ \ \ \ é
0O 10 15 20 25 30 35 40
p. [GeV]

1025|||||||||||||||||||||||||||||||||||E

- ATLAS ]

IRaghs p+Pb \[s, =5.02 TeV, L =28 nb" i

20<y*<15
+

10:j E

- :*h;,_ —— .

1 —

- 4Y(1S) .

L 5-Y(2S) i

1F Y

107" YES) ¢ - =

:I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 Ll I 1 1 1 1 I 1 1 Ll I I:

0 5 10 15 20 25 30 35 40

p, [GeV]

;‘ 10:7\\\\‘\\\\‘\\\\ \\\\‘\\\\‘\\\\ T 1T \\\\l;:
8 §—.— ATLAS §
s g —w—  ppVs=5.02TeV,L=25pb" =
- F—© o Y (2S) Production =
o[z 107" o o E
c\_loQI— E_._ o E
P02 == =
= = 3
= 10°% * =
1 = — NLO NRQCD E
D 10 Datax 10 1.50 < |y| <200 -
= = - Data x 10',0.75 < |y | < 1.50 E
@ {05 L Datax10%0.00<]y|<0.75 -
AT T A A A B B I
> 2;"‘ R L L L s =
§ 1.5 F 000<|y|<0.75 3
I: 1: =
I £ + + E
3 05;\\\\\\\E
> 2;"‘ R L L L R =
é 1.5 F 075<|y|I<150 3
2 1E 5 =
= = —0— v E
g 05 ;\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\E
‘2‘ 2;‘-\ \\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\-‘E
8 1.5F 1:50<1y|<200 3
- . —
5 05E | \ \ \ \ \ \ T;
0O 5 10 15 20 25 30 35 40
p, [GeV]
p+Pb
10 T T I T T T T I T T T T I T T T T T T T T
i ATLAS
- 4-Y(1S) p+Pb \[s, =5.02 TeV, L =28 nb
8~ <+ v(25+38) p. <40 GeV

2
B(Y(nS)—u'w) dg gy [nb/GeV]
T

(¢ [ ¢ ]

;‘ :7\\ L 1 171 T 1T \\\\‘\\\\‘\\\\ T 1T \\\\l\
8 10§ ATLAS
S 1 pp Vs=5.02TeV, L =25 pb"
= E ¥ Y(3S) Production
Nb%"_10’1§ =
'0_8_ E i
— 1072_’_ —_
=
3. -3
T 107 __Nonraco .
g _, [ Data x 10% 1.50 < |y | < 2.00
E 10 - Data x 10, 0.75 < |y | < 1.50
0
oq _5 [ —$-Data x 10°,0.00 < |y | <0.75
10 o b b b b b b b by
> 2F T I T T T T
§ 1.5 - 000<|y|<0.75 =
s 1E . +
g 05E L \ \ \ \ \ |_;
- 2 ETTT T T T e e g
8 15E 075<iy|<150 =
FqE - 3
© = —— hd 3
s 0.5 E —Oo0— —
Erovov v b b b b b by a0 149
2‘ 2 ;‘-\ T ‘ T TT ‘ T TT ‘ T TT ‘ T T 1T ‘ T TT ‘ T TT ‘ 1T \-'E
§ 1.5 150<1y|<200 3
] 4
s 0.5 —
o 0 EL11 ‘ \_\+\_\‘ . ‘ L1 1] ‘ L1 1] ‘ L1 ‘ . ‘ . |:
0 5 10 15 20 25 30 35 40
p, [GeV]
comparison with ALICE data
a 5007 T T I I |
L - 4-ATLAS, p_<40 GeV ATLAS i
sl b L-zsn +Pb {Syy=5.02TeV
—~ 400~ P (UAAS —
i | --ALICE, p_< 15 GeV Y(18) Production ]
7 T L(-446<y*<-2.96)=58nb" ]
o 300 L(03<y"<353)=50 nb’* =
= I EIEN ]
200[ .
100~ -
r e ]
C ! [ | | ! ]
0—— ) 0 > 4

<
*



small increase in [ 44 with increasing pr

J/v  Nuclear modification factor results

p+Pb: both prompt and non-prompt J/1 R,p1, consistent with unity across the entire pr range and rapidity

Pb+Pb: production of .J/1 strongly suppressed in both prompt and non-prompt .J /1) production

in prompt J/¢ production
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Pb+Pb: production of J/1 as a function of centrality (humber of participants)

strong suppression in central collisions
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: mm Color screening [Phys. Lett. B778 (2018) 384] :
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Y (1S)

R pPb

Rpr

p+Pb: T(1S5) production suppressed at
low pr (< |15 GeV) and increases with pr

2 _I LI I T T 1T I L I T T 1T I T T 1T I L I T T 1T I T T 1T I T T I_
- ATLAS p+Pb, (5, =5.02 TeV, L =28 nb”
L Y(1S) pp, Vs=5.02 TeV, L =25 pb™
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comparison with ALICE data
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Nuclear modification factor results

no significant rapidity
dependence observed
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comparison with ALICE and LHCb data
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¥(2S) / Jp
pPb

Y(2S) / Jp
pPb

Double ratio results

V(25)/J /Y T(nS)/T(1S) P(25)/ T/

pPb PpPh PPbPb
decreasing trend (1 o) from backward pr and y* integrated Y prompt: enhanced suppression
to forward centre-of-mass rapidity double ratio: less than unity (2 o) 2 AL
@ § 1.6 - Pb+Pb, /sy = 5.02 TeV, 0.42 nb™” E
2 T T T L T T T T | L T o 127 T = 7 4 7]
- . = " ATLAS ] Q 14F pe s =5.02 TeV, 25 pb ]
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B s ® - | pp, 5=5.02TeV, L=25pb™, |y <20 i 0.6 E N
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Associated production with onia in pp collisions

The study of double onia and associated onia production
offers new tests of Quantum Chromodynamics (QCD)

Distinguish between production of a heavy quark system in
colour-singlet (CS) and colour-octet (CO) states

The production of two objects in the same pp collision can be due to

. . the two objects are produced e -0 <0
Single Parton Scattering (SPS): by some process in a single
interaction of two partons

Double Parton Scattering (DPS); simultaneous interaction of two

pairs of partons, each producing DPS
one of the two objects
_pps _ 1 O AT R independent and uncorrelated yyj%
OA+B — . .
" 1 +04aB et 4, [11-5 et effective cross section ~(2— 20) mb
0, A+B

assumed to be independent of the scattering process and /s

DPS not distinguishable on an event-by-event basis from SPS but expected to
differ in overall kinematic features, such as angular correlations

Large uncertainties due to possible higher-order SPS contributions, feed-down

and limited knowledge of the proton’s transverse profile
12



Vs=17TeV.  Prompt J/4 in association with a W~
L=451f"" 7/

: (e J
L fiducial phase space 8.5 < p;/ " < 30 GeV |y Y < 2.1 arXiv:1401.283
J/b — pTp
Wt — o pr>35GeV |n*| <13 |n*| <25 atleast one pi >4 GeV
144
Pl >25GeV |n*| > 1.3 P > 95 Gev || < 2.4
- : TUURT T LATLAS (s=7TeV(Ldi=a5®l R O s T T L T
unbinned maximum likelihood (ML) fit S 50 oo ’ ' 1 & [ATAStssTTev[Ldi=4
g - — wtalﬂ) e — Total fit
. . . . : : i mbinatori 17 J Y | W W + prompt J/y
in the J/4) invariant mass and = 40L TN Romromp combmarerics 15 | ] oW nemprometdy
. . . = i Lﬁ 10 E A GG W + non-prompt combinatorics;
pseudo-proper time 7 to obtain yields for 2 i : :
prompt and non-prompt J /v and backgrounds 205 :
3 E = ¢ E
assign weights with sPlot  axivphysiesio02083 : :
10 .
o Lo mpe ﬂ# . :
- J/ J/ gttt g turmrml o B momy o g TS 1Y I T
pr Pt 05858 3 32 34 100 T2 3 5 s
u'u” Invariant Mass [GeV] Jhp Pseudo-proper Time [ps]
fit to the weighted W boson transverse mass - - N B0 e
. E’ 0.05- ATLASNs=7TeV, [Ldt=45b" _ E - ATLASNs =7Tev’f’- dt=4.5 fo”
using templates to extract R | o 25 Wsmultijets hypothesi E
N i = \\ template Ny B —— W + prompt J/y data
. ] ‘© 0.04 multi-jets template | £ o = Total fit 7
signal yield: 29.217° 5.1o £ I T S - W
. = i ] o multi-jets
0.03 1
including 1.8 = 0.2 from pile-up: : 1 2
L (@)]
. _|_5 0027 ] g
assuming geg = 15 + 3 (stat) 73 (syst) mb :
arXiv:1301.6872 0.01F ]
and 07/, from arXiv:1104.3038 i | | N 1 : | | | :
% 50 100 150 200 0 50 100 150 200
DPS )’IeldI 10.8 4.2 W Transverse Mass [GeV] W Transverse Mass [GeV]



Prompt J /1 in association with a W=

Ratios of the W+ prompt J/1 cross section to the inclusive W™ cross section

: . . arXiv:1401.2831
normalised to unit rapidity

fiducial RY§, = (51 +£13+4) x 107°

w
X
—_
Q

(o))

pp— prompt J/y + W : pp— W
ATLAS, Vs=7TeV, f L dt=4.5fb"
O<IyJ/wI<2.1, 8.5< Py < 30 GeV

do(W+J/p)
d
N
o

== Data
Spin-alignment uncertainty
224 LO CS including %, feeddown
Il NLO CO prediction

AR O R RS

inclusive R, = (126 32 +£975;) x 107° -

corrected for the fiducial acceptance of the muons from J /1) ©
isotropic spin-alignment assumed
last uncertainty from variations with 5 extreme scenarios
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/
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/

7

7

7

DPS subtracted R[J)/Pws sub (78 + 32 + 22+41) x 1078

compared to LO CS and NLO CO predictions

o
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7.

7

7,

/.
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Fiducial Inclusive DPS-subtracted

W + J/14 dominated by CS production

Inclusive differential cross section ratio

2 LI LI LI LI LI LI T S — -
g O— ! ! ! ! ! . % L pp— promptJ/y + W : pp— W i
> [ ATLASNs=7 TeV,fL dt = 4.5 fb! 1 Presence of both E\_D OBL ATLAS. (s=7TeV. [Lat=45 1" _
c - - W + prompt Jip data . P N —— Data ]
o 15 [ Estimated DPS contribution . SPS an d D PS = -k XY Spin-alignment uncertainty 1
L B DPS uncertainty 7 . . - Q_'_ B Estimated DPS contribution 7
i 1  contributions g v ) DPS uncertainty ]
> _
L - hdie] E
10r s o ]
i 1 o] ]
i i — § ]

e[ —— ] SPS is the dominant 5. 8l

X -

[ ] contribution to the T 0
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Prompt and non-prompt J/1 in association with a Z %
Vs =8 TeV

: J/ J
903 fb_l fiducial phase space 8.5 < pT/ < 100 GeV \y /lb’ < 2.1 arXiv:1412.6428
7! A
T/ — utu~ pr>35GeV nf[ <13 [|pf| <2.5 PP > 15 GeV )] < 2.5
W I A
Z =W, 0=pe Pr>25GeV In*| > 1.3 at least one p4 > 4 GeV p€T< ) > 15GeV |n99)| < 2.47
. . R S RN R RN ERREEEE s o o e n 102:I I I IR R R R R R
unbinned ML fit in J/ invariant mass S 80Carias [\ ows ] N ATLAS (s=BTeV 203"
: L 8 700 (S=8TeV: 20317 [ T g S N e
and pseudo-proper time to obtain yields for S o Non ot s p Erén!:tsiﬁa._g |
P T o ot g 10F M1 oameckaround
prompt and non-prompt J /v and backgrounds 5 Tl ] ‘
T T il
signal and multi-jet background templates b3 | NI 713
for weighted Z mass used to extract signal yield _ | _ : / | \ ;
separately for Z — up"and Z — ete e e PRy N T N
JAhp invariant mass [GeV] Jhp pseudo-proper time [ps]
Yields: prompt non-prompt
56 £10+5(ho) 95+12+8(90) G ST ] g 7O e
B [ ATLAS 1 0% T ATLAS ]
T 3oL Vs=8Tev, z*toJ? fb"z J T ok (s=8TeV,2031b" b
i1 L pp— prompt Jip + ] %) [ pp— non-prompt JAp + Z ]
from DPS ].]..].+5'7 5.8—{_2.8 & - —¢— Data G [ 4 Data ]
—5.0 . —2.6 L% 25:_ [ Double Parton Scattering E |_T>j 50:_ |:|30:1ble Parton Scattering E
. L + C [ Pileu ] L[] Pileu ]
assumlng O-eff _ 15 j: 3 (St&t) -3 (SySt> mb 20:_ Pileug and DPS Uncertainty _: 40:_ :i:euz and DPS Uncertainty _:
arXiv:1301.6872 15E = 30b E
o Xiv:1104.3038 . . - 1
and 0/, from arxiv ok + ; o0k ;
i I i 1 T :— —— _: :_ _:
assuming all observed signal in the first bin (< —) S A7 = i { 5
. e L e % 05 1 15 2 25 3
is due to DPS, a lower limit is set on g.g > 5.3 mb 0 05 1 15 2 25 3
AY(Z,JNp) AY(Z,Jhp)

presence of both SPS and DPS contributions



Prompt and non-prompt J/1 in association with a Z %

Ratios of the Z + J/4 cross section to the inclusive Z cross section
arXiv:1412.6428

prompt non-prompt
fiducial PRy = (36.8+£6.7+2.5) x 1077 "PRYL | = (65.84+9.2+4.2)x 107"
inclusive PRy = (631 13£5+10) x 1077 "PRYPY, = (102£15+£5+£3) x 1077

DPS subtracted PRYL 7P = (45 £ 13 £6£10) x 1077 "PRYYSSIP = (94£154+5+3) x 1077

. p - np _
DPS fraction fops = (29 £ 9)% fops = (8£2)%
. Inclusive differential cross section ratio

3 20i<1 O ] ; 10'5 | T T T T T T T I_E
Sig 18: ATLAS, (s=8 TeV, 20.3 b ] 3 ATLAS, (s=8 TeV, 20.3 fb™’ 3
B F PP —prompt Jap+Z :pp —>Z . = slL pp — prompt JAp+Z : pp : z ]
N— B N - ata =
0 16? |y l<2.1,85< lew <100 GeV ] Q‘ 10 Spin-alignment uncert.
x B Jhy T . :_J o~ B Total theoretical uncert. ]
. 14f —¢— Data ] NIES; B = NLO NRQCD CO i
= C Spin-alignment uncertainty . 5 1 O.7 IR WA e glF.’g NRQCtD cs _
3. 1 2; v NLO NRQCD CS — © — E % Estin:‘:t(e;zrliPS contrib. E
i - @ NLONRQCD CO . N F §
< {pb © NLONRQCD CO+CS = 108k |
= C % LOCSM ] = t
m 8; { ?‘ : é;%%;%##%G;G%%%%GGGG%%%%GGGG;

- . = 10°%F

6 0 3 =

4: ; m C

i T g 10 10 =
2r Lo, N:O - - AMMMMIMIMMININIGE

07 L et v 1 O 11 | 1 1 1 L L L
Fiducial Inclusive DPS subtracted 10 20 30 40 50 1 02

p2" [GeV]
a higher production rate predicted through CO than through CS, CO dominant at high transverse momentum
The expected production rate from the sum of CO and CS is lower than the data by a factor of 2 to 5

discrepancy increasing with transverse momentum

|6



Vs =8TeV : . &
114 Prompt J/v pair production %

fiducial phase space pj‘]/w >85GeV |y'/Y| <21 arXiv:1612.02950
pr>25GeV  |n*] < 2.3

unbinned ML fit to the two invariant masses to extract di-J /1) signal

signal used to create prompt-prompt event weights from a 2D fit
to the transverse decay length distributions of the two J/w

cross sections reported for two rapidity regions based on the sub-leading .J /) rapidity

Y7/, < 1.05 1.05 < |yg/4,| < 2.1
Ny/pi/e = 3310 £ 330 Nj/pgsp = 3140 £ 370
o9 =156 £1.3+1.24£0.2 (B) £0.3(£) pb o9 =135+ 13+1.1£0.2(B) £0.3(£) pb

after correcting for muon acceptance and assuming unpolarised production

Oppay =822 £ 83+ 6.3+£0.9 (B) £ 1.6(L) pb 01wy =T83%+9.246.6+0.9 (B)+ 1.5(L) pb

the fraction of DPS events is determined by fitting DPS and SPS templates to the data |Ay| vs |Ag|
assign DPS and SPS event weights

fops = (924 2.1+£0.5)% from |Ay]

oDy =148 £35+1.5+£0.2(B) +0.3(L) pb

o° measured from prompt di-J /1

o[V = 6.3+£1.6+ 1.0(8) £ 0.1(L) mb

consistent with other experiments

lower than from other final states



Differential cross sections as a function of the sub-leading J /v pr, the di-J/¢ pr and invariant mass

Prompt J/v pair production

central and forward J /15 rapidity ranges

— 8 L L L L B
= 10 ly(Jhp )l <1.05
O e Data
g > Stat + Syst Uncertainty
o 10 Spin-Alignment
= 55 DPS Estimate
5 - ATLAS
= 10/ B (s=8Tev,11.41b"
2 ;
- £ .
vl_ L
% | -
5 I
© =
%
1075

Total and DPS cross sections (full rapidity range)

0 10 20 30 40 50 60 70

P (I Jhp) [GeV]

in the muon fiducial volume:

di-J/+ pr and invariant mass, Ay and A¢

compared to:

disagreement for large invariant mass, large Ay

NLO* SPS with a feed-down correction factor

LO DPS normalised to measured

and in the low-pr region

— —
o o
™ w

T
-—
o
TTE i

do/dp_(J/p Jhp) [pb/5 GeV]
H_WL T T 1T

T T T T

[TTTT[TTTT[TTTT[TTTT[TTTT[TTTT
1.05 < Iy )l <2.1

Data

2i~8YST Uncertainty |
Spin-Alignment 3
B2 DPS Estimate

s :
ls=8TeV, 114" -

—
<

S35

&

0

x\xl\xlxx\xlx \\‘\\\\\\\\
10 20 30 40 50 60 70

p, (A Jyp) [GeV]

events produced together

DPS estimate from data

—
c.'\)

—
o
T T TTTTTT

do/dp_(Jip Jp) [pb/2.5 GeV]

p (W JAp) [GeV]

Data largely in agreement with NLO* SPS + LO DPS

_— events produced back-to-back

~ and back-to-back to a gluon

\\\‘\\\\‘\\\ —
ATLAS g
(s=8TeV, 11.4fb" >
fops = 9.5% = 2.2% 2

e Data > 10E
O DPS Estimate 3 _g E
DPS Pred. 3 \b C
NLO* SPS+DPS Pred. | °© -
1E
107"
10 20 30 40 50 60 70

2
107 05

arXiv:1612.02950

Camas T
(s=8TeV, 11.4 b
fDPS = 9.20/0 + 2.1°/o
e Data —
O DPS Estimate
[ DPS Pred. ]
~ | NLO* SPS+DPS Pred.|

2 25 3 35 4
Ay(Jp,Jhyp)

1 1.5

contributions from feed-down and/or intrinsic parton transverse momentum needed
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p+Pb

Summary

Quarkonia production:
Pb+Pb

data indicates weak modification of J/v production at strong suppression of prompt and non-prompt J/v and 9 (25)

central rapidity and high pt

similar dependence of the nuclear modification factor

the observed suppression of T(1.5) at low pt on centrality for prompt and non-prompt J /1)

suggests that the nuclear parton distribution functions
are modified relative to those of the nucleon

a stronger cold nuclear matter effect observed in excited
quarkonium states compared to that in ground states

prompt J/1) R4 shows an increasing
trend with pt, constant for non-prompt

¥(25)/J/v production below (consistent)
with unity for prompt (non-prompt) mesons

Double onia and associated onia production:

CMS (v/5 = 8 TeV, Y(1S) + T(1S), 2016)
LHCb (V5 = 13 TeV, J/4 + J/4, 2017)
CMS + Lansberg, Shao (v/s = 7 TeV, J/v + J/, 2014

ATLAS

ATLAS (/s = 8 TeV, J /1 + J /4, 2016)

D@ (/5 =1.96 TV, J /1 + J /v, 2014)

D@ (/5 =1.96 TeV, J/1) + Y, 2016)

LHCb (y/s5 = 7&8 TeV, T(1S) + D% T, 2015)
LHCb (/s =17 TeV, J/¢ + AL, 2012)
LHCb (/s =7 TeV, J/¢ + D¥, 2012)
LHCb (/s =17 TeV, J/¢ + Dt, 2012)
LHCb (/s =7 TeV, J/2b + DY, 2012)
ATLAS (/s =7 TeV, 4 jets, 2016)

CDF (/s = 1.8 TeV, 4 jets, 1993)

UA2 (/5 = 630 GeV, 4 jets, 1991)

AFS (/5 = 63 GeV, 4 jets, 1986)

D@ (/3 =1.96 TeV, 2y + 2 jets, 2016)

DO (v/s =1.96 TeV, v + 3 jets, 2014)

D® (v/s = 1.96 TeV, v + b/c + 2 jets, 2014)
DO (/s = 1.96 TeV, v + 3 jets, 2010)

CDF (v/s = 1.8 TeV, 4 + 3 jets, 1997)
ATLAS (/s =8 TeV, Z + J/4, 2015)

CMS (/s =17 TeV, W + 2 jets, 2014)
ATLAS (v/s =7 TeV, W + 2 jets, 2013)

Experiment (energy, final state, year)

- Several ATLAS measurements contributing to the
—o—

AR A AR A understanding of the production of heavy quark systems
e have been performed, with new results expected soon
i

Presence of both SPS and DPS contributions observed in
H+*_l . . .
o associated onia production

—¢—
—e—

S Data largely in agreement with NLO* SPS + LO DPS

! contributions from feed-down and/or intrinsic

e
= parton transverse momentum may be needed
=

|_v_|
HHH Teft measured from prompt di-J /1)

—— generally lower than from other final states

Lo b b b b By . . .

5 10 15 20 25 30 Theoretical predictions of the dependence of ot

o [mb] |19 on the process and the centre-of-mass energy are needed
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Nuclear modification factor results
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p+Pb: ratios to Z boson production
(normalised to the ratio in 0-90% centrality)

V4
pPb

1.5

20<y", <15, pi“s) <40 GeV
20<y", <158< pi’“’ <40 GeV
-3.0< y*Z <20

I I I I I

4+ Y(1S)

-¢- Prompt J/yp

-~ Non-prompt J/y
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Prompt J/v pair production
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Differential cross sections as a function of the sub-leading J/% pr and the invariant mass
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