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QGP signatures in small systems

ARNPS 68 (2018) 211-235
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Accounting for geometry and using hydro model with the same n/sallows for
simultaneous description of the flow in three different systems



ATLAS Preliminary .
\Sy=5.02 TeV, 22 ub'
Pb+Pb

2<p7"<3 GeV

=
p
a
O )
N B
ATLAS p+Pb "w"‘t O‘5<p:b<5 GeV
i Pl N
\'s,=5.02 TaV, 28 nt);_'___,,,.-- [ \'“\.\.N e

7 QGP signatures in small systems

4
ATLAS . 0.5<p"<5.0 GeV
.»"f \
1s=13 TeV P \.\\ N:ehuz1 20
' 0

qﬂ 5\'\ 2 g\\

S .
“Sasha Milov

e

N ' oo BB ' ' o R )
> [ ATLAS Preliminary Template fit
- 2<|An|<5  0.5<p?°(GeV)<5 .
0.15}- ! B
i o 000000 o i
- ® gl e ®oq N o) -
I . . o,
0.1 é m@ —

- rITIIN ° 0.
g, @ B e O

Pb+Pb fs,, = 5.02 TeV, 22 ub™ [PRC 101 (2020) 0249M

o)
0. 05 - o Xe+Xe |5, =5.44 TeV, 3 ub™ [PRC 101 (2020) 024906) ® T
~ o p+Pb |f5.,,=8.16 TeV, 171 nb™' [ATLAS-CONF-2017-006) =
- O  p+Pb|fs,=5.02 TeV, 28 nb™ [PRC 96 (2017) 024908] -
®  pp V(s=13 TeV, 64 nb™' [PRC 96 (2017) 024908] -
o]

pp ¥s=5.02 TeV, 170 nb' [PRC 96 (2017) 024908]

lllll 1

10°
rec
N ch

lll 1 1 L 1

Flow measured in the ppsystem is
comparable to much larger systems

Missing beauty of pp interactions May 31, 2023, Exploring QGP, Belgrade



QGP signatures in small systems

see NP 13, 535-530 (2017)
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What about hard probes?

PbPb 1.61 nb™", pp 300 pb™(5.02 TeV)
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CMS results with Y(nS) suppression

Y(nS)/ Y(1S)
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the excited states at high multiplicity, it would also appear as a shift in the mean number of particles



Y(nS)/ Y(1S)

ALICE result W|th a rapldlty gap
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ALICE result on forward Y(2S) /Y (1S) vs. tracks at midrapidity shows rather
different behavior when quarkonia and multiplicity measured at different rapidities

Statistics is too low to warrant any gap dependence
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Multiplicity dependence on Y-momentum

ATLAS CONF 2022 023

/} [ ’
<° ATLAS Prellmmary x
~ | pp, 13TeV, 139 fb" . G
50 - -
. H
¥
:’-“ >
40 " e -
-
ra
*.'.. . PYTHIA data
309’:-. x Y(1S) -
/ . Y(2S)
o . Y(39)
® | 4 4 4 ' | . . . | .
3 | Y(1S) - Y(3S) Y(1S) -Y(2S)
c data
o PYTHIA with ¥ (nS) — Y(mS)
o4 PYTHIA w/o Y(nS) — Y(mS)
£
2 | |
0- W
0 20 40, |

p." [GeVf"

Multiplicity is different for different Y(nS) states
Can’t be explained by feed downs or p, conservation
Pythia has no effect like this

At the lowest p, where the effect is the strongest:

Y(1S) = Y(25) Aney) = 3604  12% of (n’"*)

Y(1S) —Y(3S) A(nep) = 4.9 £1.1 17% of < ms)>

It diminishes with py, but remains visible at 20-30 GeV
And actually above that as well
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Kinematic distributions of Y(15)
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Kinematic distributions of the differences
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Is it a deficit for Y(nS) or an excess for Y(15)?

ATLAS-CONF-2022-023/
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How large is the UE in the presence of Y (nS) ?

Inclusive pp collisions: (nep) = 14
Drell-Yan with 40 GeV < m < m, (ng) = 24— 28

, , : 1
Jets with leading particles m < -my (nqp) = 27

On the other hand, a p; — dependence of the A(n.;) points
to the modification of p; spectrum. What shall be the p;
spectrum of Y'(nS) ?

Basic assumption:

If particles have the same quark content and the same
mass, they must have the same kinematics.

For small Am between particles one can use m; — scaling



LHC data for my - scaling
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Only mesons

4 LHC experiments

Vs =7,8,13 TeV

18 species + iso-partners

72 data samples with
1509 data points

15 quarkonia ratios with
327 data points

I is fixed to 254 MeV
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Spectra at high py;
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Spectra at high py
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Spectra at hig
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Quarkonia ratios: expected & measured

Normalized at pt > 50 GeV
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Quarkonia ratios: expected & measured

Normalized at pt > 50 GeV

1 nAm
Measured ratios are not as derived nT + mgg Do

No known effects can bridge differences for (bE)*
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Quarkonia ratios: expected & measured

Normalized at pt > 50 GeV

Measured ratios are not as derived

No known effects can bridge differences for (bE)*
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Measured
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Independent analyses
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What about charm

It would be logical to assume that the effect is related |
to the gq binging energy, but then ¥ (2S5) must show
a lot more suppression.

n, for Y(2S5) shall be measured

EP)C (2018) 78:731
Table 1 Binding energies of the quarkonia shown in Fig. 3
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How it can look like in larger systems

from Yuuka Kanakubo’s talk on Monday

1.0+ O
s,
L1
4 m "
0.8
@ n
LIt [
© e 7TeV core
50-6_ % & EE 13TeV core
S @:I! B PbPb 2.76TeV core
) & pp 7TeV corona
éo 4 5%‘1* 4 pp 13TeV corona
oc Y 8 PbPb 2.76TeV corona
et "
G
0.2 — [
@ JUTT
oD
0.0 B OB e
w00 1 i 10
< dNcn/dn >

Core + corona: Y(1S) resembles other

particles, or we can’t say better

PbPb / .61 nb™", pp 300 pb™'(5.02 TeV)

T T T l T TT I T T T | T T 71T | T TT I T TT I T 1T I T T 11 l I__
20 \p, CMS 7
| o
i Y(1S) (2015 PbPb/pp) T
I & Y(2S) T
' Y(3S) 7
H'] T
0.4 0 T
i %] & ® ® I
0.2 " T
- [‘:] .

0 | 1 l L 11 l L1 11 L1 11 | L1 11 l 11 1 | L1 11 l 1

o

50100 180" 200 2503
(N )

part

Pure corona: medium is nearly opaque
to Y(25) and Y(3S) ) evenin pp




Ratio of yields to (n*+mn")

QGP S|gnatures in smaII systems
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And K*/K ratio goes down...

It might be that the effect is wider than just quarkonia

Sasha Milov Missing beauty of pp interactions

May 31, 2023, Exploring QGP, Belgrade



Within CIM, quarkonia are broken by collisions

. . . . . 0.40
with comovers —i.e. final state particles with
similar rapidities. ~ 030
g |
CIM is typically used to explain p+A and A+A = o]
systems, although recently it was successfully 5 '
applied to pp. ~ o0
0.20+ 0.00
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Comover interaction model

EPJC 81, 669 (2021)

T T T T T T T

® T(25)/T(1S)
m T(35)/T(1S)

It looks like the effect isn’t limited to only Y(nS), at
least y. can be affected as well, and possibly W(25)



In summary

Excited Y(nS) states are destroyed in pp collisions by interactions with the UE

Only ~60% of Y(2S5) and only ~40% of Y(35) get out of the pp collisions at the
LHC energies, based on what should be there from measured Y(15)

Other particles can be affected as well. Some indirect hints exist for
Y(1S), W(2S), and even K*

At the moment we do not know much about the observed phenomenon, but
many signatures can be measured and not only at the LHC

Comover model explains one curve. More theoretical guidance is badly needed!
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Distributions for Y(1S5)
Pythia does not describe well
One cannot measure the UE, but

pr <4 GeV is the closest to it, jet
part that is correlated to Y(nS)
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Distributions for Y(15)
Pythia does not describe well

One cannot measure the UE, but
pr <4 GeV is the closest to it, jet
part that is correlated to Y(nS)

Subtracted distributions look like
UE at rather high Y(nS) p1. At the
highest p; there are feed-downs

Away from jets there are regions
with charged particles
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Signal extraction

Triggers are all combined together
Pileup is constructed from mixed events and is either directly
subtracted or unfolded
Non-linear effects are also accounted for
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* track acceptance
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The pileup story

Start with the triggered
event, called Direct

In the same run search for
events with at the same yu

Build Mixed event from tracks
with vertex pointing |w| <
0.75 mm to the Direct event

If the other vertex is within
15mm of the Direct, discard it
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https://link.springer.com/article/10.1140/epjc/s10052-020-7606-6

Analysis in brief

Entire ATLAS Run-2 data: 2015 — 2018, Vs = 13 TeV, 139 fb-’

Full luminosity data constrained at y < 50 (fake production) and then at v < 20 in 40 intervals
Y(nS) are reconstructed as di-muons

6 different di-muon triggers with muon p; from 4 to 11 GeV

Y(nS) kinematics |y| < 1.6, 0 < p;y < 70 GeV where we ran out of statistics

All together after cuts: ~5x107Y(1S), ~107Y(2S), ~7x10°Y(3S)

Charged hadrons kinematics |n| < 2.5, 0.5 < p;y <10 GeV, fully corrected

Dimuon invariant mass distributions are fitted to functions with 24 parameters
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Back to heavy ions

PbPb 1.6 nb™, pp 300 pb™ (5.02 TeV)
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Similarity in the suppression of Y(15) and other species and the difference to higher Y(nS)
can be an indication of the regime change

Most particles, including Y(1S) L = 3/Npare X1y volume emission
Y(2S), Y(3S) L & 3/NpartX13 surface emission
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Global analysis

Basic principle:

Particles with the same quark content and same masses shall have the same kinematics
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QGP signatures in small systems
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Pb+Pb Y5, =5.02 TeV, 22 ub™* [PRC 101 (2020) 0249&
Xe+Xe |5, =5.44 TeV, 3 ub" [PRC 101 (2020) 024906) [
p+Pb Yf5,,,=8.16 TeV, 171 nb" [ATLAS-CONF-2017-006]
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pp Vs=13 TeV, 64 nb™' [PRC 96 (2017) 024908)

pp 15=5.02 TeV, 170 nb” [PRC 96 (2017) 024908]

pp V5=13 TeV (Z-tagged), 36.1 ' [EPJC 80 (020) 64]
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Missing beauty of pp interactions
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Two-particle correlations in pp
are independent of n,

Do they depend on by,,,?

We checked it with events
tagged by Z boson.

Exploring QGP, Belgrade



