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(d) CMS N> 110, 1.0GeV/c<p_<3.0GeV/c

R(An,A0)

Near side ridge

High multiplicity pp

Near side ridge, typical of collective
systems

* Decomposed into Fourier harmonics v,
1+X7_,2v, cos(n(@—V,))
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« Vv_dependence on collision system but not on energy

 Mass ordering observed in high multiplicity p-Pb and pp
collisions

- Test particle type dependence at high p..

A. Manea - MPI@LHC2023 5



vSHb{2}

CMS CMS, PLB 765 (2017) 193
- OpPby\sy=5TeV 1
0.10/— O PbPb |8y =2.76 Tev I
- lan>2 np 008° .
L 0 ]
O
L D |
005_ 0o © ©
. — . _
B 8009 Wﬁ&a ®ppis=13TeV |
i EQQ Spp\s=7TeV -
L 0-3<PT<3GeV/C <>pp \s=5TeV |
. T T L L L L
0.03F | | | 7
i -
L |An| > 2 5 0 Q ]
B & e i
0.02— % %@ i
- 67 | :
L () .& i
0.01 $ ¥ %s ]
I % 0.3<p_<3GeVic ]
L. L L | . | ) ) | . .
0 100 200 300
Nofﬂine

trk

Vv, coefficients

—_ I I | I I
< ALICE Preliminary Improved template fit
Vv 02 p Pb |5 =5.02TeV m
g VOA, 0-20% ‘. @
< 0151 E . —
& 01k : | @ —
o "l
gy ¥
0051 5wl @ G ~
‘--p,q (mK* (+p(P)
® " WK [FAR)
il
0 | | | | |
0 1 2 3 4 5 6

Hetisedr

« v_dependence on collision system but not on energy

 Mass ordering observed in high multiplicity p-Pb and pp

collisions

Test particle type dependence at high p..

What is the origin of these collective effects?
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Sources of collectivity
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* Final state effects
— Initial spatial eccentricities converted into momentum
anisotropies via final state interactions
* Hydrodynamics
* Parton transport
* Parton escape

November 2023 A. Manea - MPI@LHC2023 7



o

[
|
\

Sources of collectivity

A

* Final state effects

Initial spatial eccentricities converted into momentum
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= Initial momentum anisotropies from inital ... e il
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* Color Glass Condensate (CGC) Glasma
* Color-field domains

November 2023 A. Manea - MPI@LHC2023



m

Sources of collectivity

A

* Final state effects

Initial spatial eccentricities converted into momentum
anisotropies via final state interactions

* Hydrodynamics
* Parton transport
* Parton escape

* [|nitial state effects

= Initial momentum anisotropies from initial
interactions

* Color Glass Condensate (CGC) Glasma
* Color-field domains

How to disentangle different regimes?

November 2023 A. Manea - MPI@LHC2023




K. Werner, arXiv: 2306.10277
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 Macroscopic model: EPOS4
- Core—corona model with statistical hadronization

— Collective effects from hydrodynamical evolution
of the medium
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K. Werner, arXiv: 2306.10277
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* Macroscopic model: EPOS4
- Core—corona model with statistical hadronization

- Collective effects from hydrodynamical evolution
of the medium
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Our approach:
macroscopic vs microscopic models
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C. Bierlich et al., arXiv: 2203.11601

QOHard Interaction

® Resonance Decays

' MECs, Matching & Merging
HFSR

W |SR*

QED

Weak Showers
M Hard Onium
O Multiparton Interactions
O Beam Remnant its*
Strings

e Microscopic model: PYTHIA 8
- QCD strings with LUND fragmentation

- Collective effects from new processes

* Color reconnection, rope hadronization, ...
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Experimental methods: flow HEStisodi

e Scalar product (SP) method s. voloshin et al., arXiv:0809.2949
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V(QurQt/ (ven))
i - = — —» - e .
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un,y:sin(n(P) Qn,y=zi sin (n ;)
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Experimental methods: flow

e Scalar product (SP) method s. voloshin et al., arXiv:0809.2949

'Un{SP} _ ((Un,an/M»
V(QurQt/ (ven))
Particles of Interest (POI) Reference Particles (RPs)
u, ,=cos(ng) QH’X:Z:i cos(ng,) 1 -05

un,y:sin(ncp)

Qn,y:Zi SiIl (ncpi)
e Cumulants

- 2- and 4-particle azimuthal correlations for an event
(2)y=(cos(n(p,—¢;))),i#j
(4)=(cos(n(@+@,—¢p,—@,))),i*j*zk=I
- Averaging over all events — 2" and 4™ order cumulants
c.(2}=(2))=v]
c,{4}=(4))—2((2))’=—v,
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A. Bilandzic et al., PRC 83, 044913 (2011)
J. Jia et al., PRC 96, 034906 (2017)
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Experimental methods: flow HEStisodi

e Scalar product (SP) method s. voloshin et al., arXiv:0809.2949

'Un{SP} _ ((Un,an/M»
V(QurQt/ (ven))
Particles of Interest (POI) Reference Particles (RPs)
u, ,=cos(ng) QH’X:Z:i cos(ng,) 1 -05
Uy, =sin(no) Q,, =2, sin(ne)

e  Cumulants

- 2- and 4-particle azimuthal correlations for an event
(2)y=(cos(n(p,—¢;))),i#j
(4)=(cos(n(@+@,—¢,—@,))),i* j*xk=I

- Averaging over all events — 2" and 4™ order cumulants
c. [2}=(2))=v? A. Bilandzic et al., PRC 83, 044913 (2011)

. (41=((4)y—2((2)Y=—v* J. Jia et al., PRC 96, 034906 (2017)

 Methods have different sensitivity to non-flow and fluctuations
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Experimental methods: Balance function #&fuadi

Balance function gives insight into charged particle production

ap
A;lﬁ()’l )’2) = P2 ()’1,)’2) _pil(yl) y C. Pruneau et al., arXiv:2209.10420
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(NP vy o . .
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Vn in pp and p-Pb collisions HESFiscdds

* PYTHIAS
* pp collisions @ 13.6 TeV
— Default

— Default—no CR
~ Rope hadronization nitps:/gitiab.com/Pythias/releases/-fissues/80
~— Monash tune
* p-Pb collisions @ 5.02 TeV
~— Angantyr

°* EPOS4

* pp collisions @ 13.6 TeV
— core+corona+hadronic afterburner (full simulation)
~ core+corona

- Ccore
November 2023 A. Manea - MPI@LHC2023 16



PYTHIA 8 pp collisions: PID v 4estiseds

f | SoftQCD:nonDiffractive, default | SoftQCD:nonDiffractive, CR = off t | Rope Hadronization | Monash tune
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* Mass ordering broken for |An|>1 * No particle type grouping
* Small mass ordering for |An|>2 * Hint of crossing between proton and pion v, for |An|>2
*  More pronounced for rope hadronization *  Not for rope hadronization
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vA2, lAni>1}

V{2, 1AnI>2}

|An|>2

* Mass ordering for both |An| gaps

0.2

0.4

EPOS4

0p collisions:

0.2

Mass ordering influenced by UrQMD for pr<1.0 GeV/c

* No particle type grouping
November 2023
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| core + corona + hadronic afterburner . Ccore + corona caore
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Different trends than in PYTHIA 8
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* Mass ordering broken for |An|>1

e Small mass ordering for |An|>2

* Crossing between proton and pion v, for |An|>2

* No particle type grouping
November 2023

0.4

0.2

PYTHIA 8 p-Pb collisions: PID v,
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(i) PYTHIA 8 pp collisions: cx{2} and c.{4} 4w

[
\ '
L SoftQCD:nonDiffractive, CR = off L. Rope Hadronization |© Monash tune

~  SoftQCD:nonDiffractive, default
® noldnl gap PTORef = 3.05 GeV 0.2<p <3.0GeVlc, i <2.5
T

- AN > 1
L O lanl=2
C2{2} 0.01 & lAnl >3
. o T e
~—
=
e no lAnl gap
0.2 lAnl > 0.4
cA4}
0_
bl PP PR '« 1 PR R NP B [ 1. :
0 150 150 150 2000
Nch Nch Nch

* C{2} > 0 at high multiplicities « Similar qualitatively trends for all configurations

» Small dependence on |An| gap for cx{2}

* c2{4} ~ 0 — expected for Gaussian fluctuations
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EPOS4 pp collisions: c{2} and c.{4}  “&fiadi

core + corona + hadronic afterburner [, core + corona i core
e nolAnlgap K 02<p, <30GeVic, i<25 [~

A0l > 1 L1 s

lAn| > 2 -

0.01 __I ¢ lanl=3 i

c,{2}
L]

0.02}

c,{4}

0.5~ e nolAnl gap
- + IAnl > 0.4

02{4}

RN T T T
150

0 50 100 150 200 0

Different trends between core+corona and core
Different trends than in PYTHIA 8
*  More pronounced at low multiplicities

» Cx{2} > 0 at high multiplicities (except core)
» Small dependence on |An| gap for cx{2}
* c{4} ~ 0 — expected for Gaussian fluctuations
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PYTHIA 8 p-Pb collisions: cx{2} and c.{4} #&fuud:

02{2} 0.0 X107 02{4}
@N 0.2< p, < 3.0GeV/ic,Iml<2.5 EN . 0.2< p, < 3.0GeV/ic,Iml<2.5
© (&)
° InAo IIAnI1gap * no lAnl gap
oo ; IA:]]I :2 I o |IAnl>0.4
¢ |Anl >3 i

0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450

Nch Nch

« Similar trends as in pp collisions
» {2} > 0 at high multiplicities
« Small dependence on |An| gap for c{2}
* co{4} ~ 0 — expected for Gaussian fluctuations
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Balance function in pp collisions “Hestiscdr

* PYTHIAS8

* Rope had ronization https://gitlab.com/Pythia8/releases/-/issues/80

e Monash tune

« EPOS4

e core+corona+hadronic afterburner (full simulation)
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Balance function

_ ~

“Rope hadrgnization” “Monash tg_ne”

B+- iy
DA

Integral value B*: 0.469
Integral value B+ :0.474 0.486
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Balance function

“Monash tg_ne”

_— ~

“Rope hadrgnization”

B+- T
N

Integral value B*: 0.469

0.486
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Integral value B+ :0.474
November 2023
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Balance function projections
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Projections show different trends in away side ridge
A. Manea - MPI@LHC2023
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Summary

* Investigate collective effects in EPOS4 and PYTHIA 8 simulations

— Different trends for various settings

c2{2} decreasing with increasing multiplicity and |An| gap

- Small dependence on |An| gap

c{4} ~ 0 at high multiplicities

- Expected for Gaussian fluctuations

PID v2: mass ordering for large |An| gap
— No particle type grouping

Balance function: different trends in away side

November 2023 A. Manea - MPI@LHC2023
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