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Introduction

e Small system collectivity: The most surprising LHC outcome!
e Challenges all around the board:

e How far down in system size can the "SM of Heavy lons”
remain?
e Can the standard tools for min bias pp remain standard?

Most important question for QCD phenomenology!
© Does similar signatures across systems share physics origin?

e This talk: a microscopic, plasma free approach.
1. MPIs and collectivity from string interactions.
o flow, strangeness and possible jet modifications.
2. MPIs from pp to AA: The Angantyr model.
¢ basic quantities, centrality and final state rescatterings.



M P |S in PYTH IA8 pp Sj6strand and Skands: arXiv:hep-ph/0402078

e Several partons taken from the
PDF.

e Hard subcollisions with 2 — 2 ME:

Figure T. Sjostrand

dooy  o2(p?) . o2(pt + ply)
dpt Pt (P + Pio)?

e Momentum conservation and PDF scaling.
e Ordered emissions: pi1 > pi2 > pia > ... from:

1 dooyo PLi-1 1 do ,
P(pL = p1i) o dpr &P /p o ddl P

e Picture blurred by CR, but holds in general. 3



Color reconnection? What'’s that?

e Many partonic subcollisions = Many hadronizing strings.
e But! N. = 3, not N. = oo gives interactions.
e Easy to merge low-p; systems, hard to merge two hard-p; .

(7P¢o)2
(YpL0)? + PL

EENAGON

Figure T. Sjostrand

Pmerge =

e Actual merging by minimization of " potential energy"”:

A=Y log(1+v2E/mp)

dipoles 4



Colour Reconnection — microscopic collectivity?

¢ Mechanism allows cross—talk
over an event.

) Based on physics effect.
) Needed for multiplicity &

(pL).
Y Produces flow—like effect.
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Colour Reconnection — microscopic collectivity?

7000 GeV pp

Soft QCD

(p,) [GeV]

Mechanism allows cross—talk
over an event.

Based on physics effect.

Needed for multiplicity &
(p1)-

T T
Averagep vs N, (N_>1,p >0.5GeV)
= ATLAS
—a— Pythia& (Def)
& Pythia8 (no CR)
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moplots.cern.ch

Produces flow—like effect.

No direct space—time
dependence.

(p+P)/(ar +x)

4 6 &6 &

Concrete model clearly
ad—hoc.

€ Short range in rapidity only.

F pp V5=7 TeV

& ALICE, preliminary
. Pythia 8, tune 4C -
NLO, Phys. Rev. D 82, 074011 (2010)
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Colour Reconnection — microscopic collectivity?

< 7000 GeV pp : : SuItQCD&
& E Average p v N, (N, > 1,p, > 0.5 GeV) E§
P B S Tz
st & Pythia8 (noCR) :D‘
) Mechanism allows cross—talk ™ E:
over an event. e 7]
) Based on physics effect. 13 E
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Microscopic final state collectivity

e Clearly we need more! Where is the geometry?

e Proposal: Model microscopic dynamics with interacting Lund
strings

e Additional input fixed or inspired by lattice, few tunable
parameters.



Microscopic final state collectivity

e Clearly we need more! Where is the geometry?

e Proposal: Model microscopic dynamics with interacting Lund
strings

e Additional input fixed or inspired by lattice, few tunable
parameters.

7~ 0 fm: Strings no transverse extension. No interactions,

partons may propagate.
7 =~ 0.6 fm: Parton shower ends. Depending on "diluteness"”,

strings may shove each other around.

7~ 1 fm: Strings at full transverse extension. Shoving effect
maximal.

7 &~ 2 fm: Strings will hadronize. Possibly as a colour rope.

7 > 2 fm: Possibility of hadronic rescatterings.



String shoving

e Strings = interacting vortex lines in superconductor.
e For t — oo, profile known from IQCD (cea et a: PRDS9 (2014) no.9,

094505):
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String shoving

e Strings = interacting vortex lines in superconductor.
e For t — oo, profile known from IQCD (cea et a: PRDS9 (2014) no.9,

094505)
E(ri) = Cexp (—r2 /2R?) L
®

Eine(d1) = /d2rJ_5(FJ_)5(FJ_ - CTJ_) i

g 2 ts
fdy)— Em _grdi (B0
dd, R2 4R?

o All energy in electric field — g = 1.

e Reality:
Type 1 SC Energy to destroy vacuum.

Type 2 SC Energy in current.



Shoving: Prehistoric origins

e 1st law of QCD phenomenology: When you think you have a
good idea...
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e 1st law of QCD phenomenology: When you think you have a
good idea...

e ..there is already a Russian paper from the 80'es about it.
e Highly underappreciated paper — O(10) citations.

Long-range azimuthal correlations in multiple-production
processes at high energies
V.A. Abramovskii, E.V. Gedalin, E. G. Gurvich,andO.V. Kancheli
Institute of Physics, Academy of Sciences of the Georgian SSR
(Submitted 18 January 1988)
Pis’ma Zh. Eksp. Teor. Fiz. 47, No. 6, 281-283 (25 March 1988)

The interaction between chromoelectric tubes formed in high-energy hadron
reactions leads to an azimuthal asymmetry in the distribution of secondary
particles.
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The interaction between chromoelectric tubes formed in high-energy hadron
reactions leads to an azimuthal asymmetry in the distribution of secondary
particles.

6. In an interaction of heavy nuclei with nuclei, many overlapping quark tubes
form, and a large azimuthal asymmetry may be observed.” Furthermore, since an
A XA collision is noncentral on the average, the system of quark tubes fills a trans-
versely anisotropic region. It is clear geometrically that its anisotropy is oriented along
the impact parameter of the collision. We might thus expect correlations between the
azimuthal distribution of secondary hadrons and the azimuthally anisotropic distribu-
tion of the decay products of the nucleus.

Again, we wish to emphasize that data on the azimuthal asymmetry in soft multi-
ple-production processes may contain some very nontrivial information. 8



Some Results: shoving

e Reproduces the pp ridge with suitable choice of g parameter.

e Improved description of v»2|Aeta| > 2.(p,) at high
multiplicity.

e Low multiplicity not reproduced well — problems for jet

fragmentation?
02{2,|Ay > 2} (105 < Ny, < 150) /5 = 13 TeV.
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What about jets?

String dynamics ought to be universal.

Consider now:

1. Events with a Z-boson present.
2. Events with Z+jet.

Z — ™1~ not affected by shoving.

Provides kinematics handle.

10



What about jets?

String dynamics ought to be universal.

Consider now:

1. Events with a Z-boson present.
2. Events with Z+jet.

e Z — [T/~ not affected by shoving.

e Provides kinematics handle.
Common statement:

o FS interactions — flow should also affect jets.
¢ The shoving model provides a framework to study such effects.

¢ This does not mean that shoving is the full story.

10



Step 1: Just a Z-boson

e The presence of a Z should not change the physics.
e It can introduce kinematical biases.
e Recently measured by ATLAS (atiLas-conF-2017-068).

11



Step 1: Just a Z-boson

e The presence of a Z should not change the physics.
e It can introduce kinematical biases.
e Recently measured by ATLAS (atiLas-conF-2017-068).

The ridge in Z-tagged events, No, > 110

—-=-=- Pythia 8 N
—— Pythia 8 + Shoving r N
® (ATLAS pp high multiplicity) ,’

1.030

1.025

0.5GeV <p, <5.0 GeV
10201 |p<25
|an]>2.0

1.015

S(Ag)/min(S)

1.010

1.005

1.000
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Before introducing a jet...

e Space-time information is important!
e Here: Overlapping 2D Gaussians (p mass distribution).
e Figure string R = 0.1 fm, reality R ~ 0.5 fm.

0.8

0.6

b [fm]
I

12



Before introducing a jet...

e Space-time information is important!
e Here: Overlapping 2D Gaussians (p mass distribution).
e Figure string R = 0.1 fm, reality R ~ 0.5 fm.

b, [fm]

12



Before introducing a jet...

e Space-time information is important!
e Here: Overlapping 2D Gaussians (p mass distribution).
e Figure string R = 0.1 fm, reality R ~ 0.5 fm.

_—
| \

12



Before introducing a jet...

e Space-time information is important!
e Here: Overlapping 2D Gaussians (p mass distribution).
e Figure string R = 0.1 fm, reality R ~ 0.5 fm.
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\ No net push
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What is the effect of shoving?

e Nothing! Surprised?

e Of course not — the effect is geometrically surpressed.
e Toy geometry: Let jet hadronize "inside".

e Mimic the effect in AA collisions.

2 S S B A BB S
<K £ B
= oasE —— Pythia 8 =
C — Pythia 8 + shoving ]
JE ]
15
Py
o5
0
14
13 E
12
o 11f
£ 1
2 o9E
08 E-
07 E
0.6 E-
33 . . . . L
o 0.5 1 15 2
Xj= PL,//PL,Z
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What is the effect of shoving?

Nothing! Surprised?

Of course not — the effect is geometrically surpressed.

Toy geometry: Let jet hadronize "inside”.
Mimic the effect in AA collisions.
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Qualitative similarities

e Need better obsevables.
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cross section

e Integrate leading jet spectrum: o; = fpofo dpL,j%

e Expectation: (dp, /dn) o< f ((d1)) = Ao x R?
e Effect probably too small to measure.

12
X Pythia 8, No hadronization, no MPI
| X Pythia 8, No hadronization
11 ! X
X Pythia 8, default ’,:;<<
X  Pythia 8 + shoving ¢¥’
10 52
— 94 ~
>
3
Q
2 ¥
g
s 4]
6
54
WX
ni
0t
41t T . T T T .
0.0 0.2 0.4 0.6 0.8 1.0 1.2

ii5)



Jet mass

Calorimetric quantities like jet mass good for experiments.
Affects the soft jet "corona” or soft jets.

Difficult with present data - task for HL-LHC?

Investigate anti-soft-drop? Soft-keep?

Jet mass, ungroomed anti-kT jets, R=10.7

—— Pythia 8, p, ;=40-125 GeV
—— + shoving, p, ;=40 - 125 GeV
--- p.;=125-150 GeV

— 10!
T \Nze p.,j=150-220 GeV
3 + CMs
8s Cig
§|u 10° K
107!

Shoving / Pythia
-
o

60 80 100 120 140
mj [GeV]
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The Lund String

e Non-perturbative phase of final state.
e Confined colour fields ~ strings with tension x ~ 1 GeV/fm.
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The Lund String

e Non-perturbative phase of final state.
e Confined colour fields ~ strings with tension x ~ 1 GeV/fm.

2
e Breaking/tunneling with P o exp (—%) gives hadrons.

Lund symmetric fragmentation function

F(z) < 711 — 2) exp <bz””).

a and b related to total multiplicity.

Light flavour determination

b
Pu ord Pquark

Related to x by Schwinger equation.

o 7Dstrange f_ Pdiquark

17



Rope Hadronization

e After shoving, strings (p and q) still overlap.
e Combines into multiplet with effective string tension &.

Effective string tension from the lattice

R Itipl
. C2:>£: Cg(ml.Jtlpet)‘
Ko Co(singlet)
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Rope Hadronization

e After shoving, strings (p and q) still overlap.
e Combines into multiplet with effective string tension &.

Effective string tension from the lattice

R Itipl
. C2:>£: Cg(ml.Jtlpet)‘
Ko Co(singlet)

Easily calculable using SU(3) recursion relations

{p.a}®3={p+1,q}®{p.g+1} & {p,g—1}
HeHe...eHgoeoe...e0
—_—

All triplets

All anti-triplets

e Transform to & = %mo and

2N =(p+1)(g+1)(p+q+2)

, R 18
e N serves as a state's weight in the random walk.



Divide and conquer!

e Consider now the stacking of such pairs.
e SU(3) multiplet structure decided by random walk.
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Divide and conquer!

e Consider now the stacking of such pairs.
e SU(3) multiplet structure decided by random walk.

Three conceptual options

1. Highest multiplet (Rope).

2. Lower multiplet (junction structure).
3. Singlet.

Lower multiplets & singlets — QCD colour reconnection. 1



Junction CR

e Possible structures from QCD-inspired weight.
e Selection relies on A-measure (potential energy).

Ordinary string

. Double junction
reconnection

reconnection

q q q q

q q q q
— ‘ ‘ — g 4
_ —
q q q q
- q q

q: 1/9, gg: 1/8, model: 1/9 B K
(qq: 1/9. ge: 1/ /9 (aq: 1/3, gg: 10/64, model: 2/9)

Triple junction
reconnection

—-5¢

(qq: 1/27, gg: 5/256, model 2/81

Zipping reconnection

(Depends on number of gluons)
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The highest multiplet

e Remaining structure joins in a rope.

e Rope breaks one string at a time, reducing the remaining
tension.

e Junctions carry baryon number.

Strangeness enhanced by:

2 _ o
m(mz — m .
PLEP = €Xp <—( sﬁ U)> —p= P'Z(,);g

e QCD + geometry extrapolation from LEP.

e Can never do better than LEP description!

21



Forward/central multiplicity folding

e Full, honest comparison requires reproduction of
centrality-measure.
e Recently possible in the Rivet project (ivethepforge.org, ask for details)

—— PYTHIA8.3 Default
—— PYTHIA with Ropes
® ALICE Data

T T T T T T T
| 1} n [\ \ Vi vil Vil IX X
Forward multiplicity class
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Strangeness enhancement

e Fair description, but quantitavely off in places.
e Most interesting for further microscopic development!

2K?
10-1 4 yrere I B @ o 0 & + o s
o @O e O+ 0+ O+ [ + e A+A
£ > > > > » o > :2¢
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o ° ® __ -+
+ .+.+.+ o o O e + 9 =4
£ g > > » > » > >
°
51073 4
.
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The LEP constraints

e Statement: Pythia describes LEP correctly!
e Truth: ... well, mostly!

2
+ Dt ’w ¢
— Monash 1072

—+ Re-tuned

Q" +Q
= 12 | +
2
&10 . y
g ' ! I W Ropes with error
08 @ ALICE Data

e Even LEP leaves room for model development!
e ...and LHC allows for catching suspicious data!
e Needs: Apples-to-apples comparison to data.

ratio to n* + -
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Summary of pp part

String interactions to explain collective phenomena in pp.

e String shoving for flow.
e Rope hadronization & junctions for strangeness.

Can reveal venues for jet modifications in pp.
Can shed light on old data from LEP.
Next: Going to heavy ion physics.

25



Angantyr — the Pythia heavy ion model

e Pythia MPI model extended to heavy ions since v. 8.235.
1. Glauber geometry with Gribov colour fluctuations.
2. Attention to diffractive excitation & forward production.
3. Hadronize with Lund strings.

Glauber-Gribov Multiparton interactions Parton shower String Hadronization
colour ﬁuct\ntiom Proton+Pomeron PDFs Colour rcconncction Ropcb/ Shoving
T
i

ete~ and pp data

26



Glauber initial state

e Determine which nucleons are "wounded" .
e Geometric picture only relies on pp cross section.

10.0 .

7.5
5.0
25

0.0

y [fm]

-2.5

-5.0

I Lead spectators
[ Lead participants
I Proton

-7.5

-10.0 T T T T T T
-10.0 =75 -5.0 -25 00 25 50 7.5 10.0
x [fm]
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Glauber—Gribov colour fluctuations

e Cross section has EbE colour fluctuations.
e Parametrized in Angantyr, fitted to pp (total, elastic,

diffractive).

0.030

0.025

0.020

0.015

Pwinc(g)

0.010

0.005

0.000
0

— DIPSY
GG 2=0.37

-- GG Log-normal £=0.25 [

+ + GG Log-normal 2=0.33

200
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Particle production: Wounded nucleons

e Simple model by Biatas and Czyz.
e Wounded nucleons contribute equally to multiplicity in 7.
e Originally: Emission function F(n) fitted to data.

aN/dn

aN ,
n = F(n) (single wounded nucleon

e Angantyr: No fitting to HI data, but include model for
emission function.
e Model fitted to reproduce pp case, high /s, can be retuned
down to 10 GeV. 29
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Particle production: Wounded nucleons

e Simple model by Biatas and Czyz.
e Wounded nucleons contribute equally to multiplicity in 7.
e Originally: Emission function F(n) fitted to data.

dN/dn

dN
dy = WiF )+ woF (=) (AA)

e Angantyr: No fitting to HI data, but include model for
emission function.
e Model fitted to reproduce pp case, high /s, can be retuned
down to 10 GeV. 29



The emission function

e A schematic view of a pD collision. Contains 3 wounded
nucleons.

e First two are a normal non-diffractive pp event.

e The second one is modelled as a single diffractive event.

e Generalizes to all pA and AA collisions.

—>—ﬁ

\oZ
o)
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Secondary absorptive interactions

e Similarity: triple-Pomeron diagrams.

Mp

n

2
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Secondary absorptive interactions

e Similarity: triple-Pomeron diagrams.

Diagram weight proportial to (1 + A = ap(0))

ds dM2,
s0-28) (M2)(1+4)

diffractive excitation,

22 dl\/lf\ secondary absorptio
ndar rption.
s(1-4) (Mf\)(l_A) y P 31



Some results - pPb

e Centrality measures are delicate, but well reproduced.

Sum E!? distribution, pPb, \/Syy = 5 TeV.

=} E
o —e— ATLAS (uncorrected)
T 0% —— Pythia8/Angantyr
5 E —— (SDTries = 2)
5 F —— (SDTries = 4)
=103
1074 £
1075
E 3
E "
06 L I | | [ H‘Ir_LLLPH
14 e ﬁ;hPL
135
£ 12F
Y S e o ]
Q 09 J;J
= 8;§ E
8Lk \ \ I
05 E 1 L L L L
o 50 100 150 200
): Eilv
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Some results - pPb

e Multiplicity distributions well reproduced.

(1/Nev) dNey/dy

(a) Centrality-dependent 7 distribution, pPb, v/Syy = 5 TeV.

100
—— ATLAS
L — Pythia8/Angantyr (generated centrality)
80 —— Pythia8/Angantyr (¥ E}” bins from data)
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Basic quantities in AA

e Reduces to normal Pythia in pp, in pA in AA:

1. Good reproduction of centrality measure.
2. Particle density at mid—rapidity.

Sum EF? distribution, Pb-Pb /57 — 276 ToV (a) Centrality dependent y distribution PbPb, /Syy = 5.02 TeV

e ETTT T g, S
10 B > — Pythia8/Angantyr
o . + MaCa EL —s— ALICE PbPb /Sy = 5.02 TeV
T — =
z E g
2l g 2o They ittt
JotE 2
S b b, gt %
1500
6 [
©CE RARARSTOUUPC oy
107? 1000
4 B A ey vty -+
136
g 12f ﬂ =
8 vt pgn . oollng 1 I 5°°M
g o9 e v
g o A 1 1 . e T
[ o R W IR I N B L £
o 500 46.10° 15-10° 20-10° 25-10° 30-10° 35-10°

e Necessary baseline for any full model.
e FS needs hadronization mechanism.
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So... collectivity in AA?

e Ropes and shoving in AA a work in progress.
e Conceptual difficulty:

1. Strings live about 2 fm before hadronization.
2. A QGP lives ~ 10 times longer!
3. How can we get the neccesary amount of flow?

85



Final state interactions in AA

e Hadronic final state interactions matters in AA.
e Especially in non-fluid scenario, with short times.
e Pythia/Angantyr + URQMD.

—~ 157\ LI B LI I T T
\-g r PYTHIA Pb-Pb 2.76 TeV b
~ L B
> 10 7
o[ N
S 1

O, B

\

-10

-

b =0.59 fm
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Final state interactions in AA

e Hadronic final state interactions matters in AA.
e Especially in non-fluid scenario, with short times.
e Pythia/Angantyr + URQMD.
15—
PYTHIA Pb-Pb 2.76 TeV.

y (fm)

10

-10

b =1153fm

_1\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\
§15 -10 -5 0 5 10

36

=
al



Results — flow

e Rescattering produces correlations long-range in 7 (the double
ridge).

e Previously seen, but not at these energies, with general
purpose MC inpUt (Bleicher et al. arXiv:nucl-th/0602009).

PYTHIA Angantyr + UrQMD 20< p:‘gge' (GeVrc) PYTHIA Angantyr + UrQMD 20< p:'gge' (GeVic)
Decays only 2.0<p2* (GeVic) <40 Decays and Interactions 2.0 < (GeVIc) < 4.0
40-60% Pb-Pb 2.76 TeV 40-60% Pb-Pb 2.76 TeV

1 PN
Ny dEN)IBH

dzNassoc
NiiggersABNAB)
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Results — flow

e Understanding model influence: Correlations wrt. event plane
calculated from Pythia Glauber.
e Automatic removal of jet peak.
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Results — flow

e Understanding model influence: Correlations wrt. event plane
calculated from Pythia Glauber.
e Automatic removal of jet peak.

R
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[ —*— PYTHIA ANGANTYR+UrQMD Only Particle Decay B
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Results — flow

e Understanding model influence: Correlations wrt. event plane
calculated from Pythia Glauber.
e Automatic removal of jet peak.
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Results — elliptic flow coefficients

e > vs centrality: same dynamics as in ALICE data, but 50%
magnitude; vo via cumulants similar to v» with correlations
wrt. event plane
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Results — elliptic flow coefficients

e > vs centrality: same dynamics as in ALICE data, but 50%
magnitude; vo via cumulants similar to v» with correlations
wrt. event plane

N e L e e e e
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0.5[—Pb-Pb 2.76 TeV 40-50% |n| < 0.8 —
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e Similar conclusion from v»(p, )
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Summary of the AA part

e pA and AA collisions
in PYTHIA.

e Focus on soft
productions.

using namespace Pythias;

. // This is a one-slide example program demonstrating Heavy Ion
e Key: Cross section 01 ety

int main() {

. Pythia pythia;
// Setup the beams.
fluctuations & i b .
pythia.readString ("B // The lead ion.
d b . pythia.readString( "B 0");
/1S the hts of 1\ ted t:
secon ary a sorpt|on . /7 5 up the welohts of a generated events.
// Count the number of charged particles
double ncEvent = 0.0;

// Initial: Pythia.
e Early results PYTHIA i
for ( int iEvent = ©; iEvent < 1000; ++iEvent ) {

—'— U RQM D prom|S|ng ir ¢ ipythia.nextl] ) contine;

< pythia.event.size(); ++) {
= pythia.event[i];

ticle & p
if ( p.isFinal() ) {

aSpeCtS. it U b ischarged() 86 p.pT() > 0.1 66 abs(p.etal)) < 0.5 ) +4ncs
)

E . Eumw += pythia.info.weight();
e [asy to use: , meEvent <= e pychis. nf.ieight )

cout << “Charged nultiplici

Download and run. et

density at mid-eta: * << ncEvent / sumw << endl;

28,5 A

e To come: microscopic
collectivity in AA.
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Most important question for QCD phenomenology!
© Does similar signatures across systems share physics origin?

e Answer requires combined effort from:
o pp & HI, low & high energy.
¢ theory, phenomenology and experiment.
This talk "small” — "large”.
o "large” — "small” just as crucial.
o all approaches: apples-to-apples comparisons to data
important.
e Common problem: key future experiments.
¢ qualitative differences between thermalised and
non-thermalised approaches?
o what can ultra-small systems tell us? (ee~, UPCs, EIC...)
© many possibilities for collaboration.
Exciting times for heavy ion physics ahead...
. if we know what questions to ask!

S 41
Thank you for the invitation!



Some additional material
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The importance of the initial state

e Space-time information is important: We rely on models! Also
true for hydro.

e Here: Overlapping 2D Gaussians (p mass distribution).

e Figure string R = 0.1 fm, reality R ~ 0.5 fm.

0.8

0 2 4
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The importance of the initial state

e Space-time information is important: We rely on models! Also
true for hydro.

e Here: Overlapping 2D Gaussians (p mass distribution).
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The importance of the initial state

e Space-time information is important: We rely on models! Also
true for hydro.

e Here: Overlapping 2D Gaussians (p mass distribution).

e Figure string R = 0.1 fm, reality R ~ 0.5 fm.
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Constraining the initial state

e Ad hoc models of the initial state not optimal.
o Mueller dipole BFKL as parton shower (from pythia 8.3x).
Dipole splitting and interaction
AP Neas rd

— A in )
dy d?r3 272 r123r223 (Yinin, ¥)

2
o' ri3ras
fi=log? ( —— ).
2 ri4rs

| |
| |
T2 | — : — : ;
| |
| |
| |
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Constraining the initial state

e Ad hoc models of the initial state not optimal.
o Mueller dipole BFKL as parton shower (from pythia 8.3x).

Dipole splitting and interaction
dP  Ncas r122

- A in, Y )5
dy d?; 272 rrs, (in, ¥)

2
o ri3rs
fj = = log? <> -
2 ri4rs

1 T4
7192 ;%34 — 4
2 3 2 3
Tr23

44



Everything fitted to cross sections

e Avoids fitting to predictions.
e Unitarized dipole-dipole amplitude plus Good-Walker.

T(E) =1—exp (—Zfij) , Otot = /d2527—(4)

400
— ABMST - PY8 dipoles unconfined 10°+ % PYS dipoles unconfined
3004 — SaS+DL =& PY8 dipoles confined ~ PYS dipoles confined
) { Data 1024t Data

Q% = 1.5 GeV?
200 -
F 1—1:‘*

Q= 8.5 GeV?

[ub]

10! =
100 . Q* = 35 GeV?
=- 1=t - ‘ b;
100 2 60 GoV2
2 15 Q05 60 Gev
= <
a s Q2 =120 GeV?
S 1.0 = 101 Yo7 ¢
o - N,
= el s UL L D T R ==
0.5 . n - - -
10° 10° 10 10° 10° 10 10°
V5 [GeV] W2 [GeV?)
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Geometry in pp, pA and AA

[ Assuming €23 X V2 3.

e Dipole model: €5 3 equal for pp and pPb.

20 40 60 80 20 10 60 80
(dNo fdn) <05 (dNen/dn) <08
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Flow fluctuations: Looking inside

e Flow fluctuations and normalized symmetric cumulants.
e Best discrimination in pPb.
e Dipole evolution — negative NSC(2,3) in pPb.

0.4 PPb /5un = 8.16 TeV
03 14 2D Gaussian e2{4}/e2{2}
02 12 Dipole evolution e{4}/ex{2}
¢ CMS data
= 01
S 00
=
@ N
=01 +
-0.2
—0.3
—04 - - 0.
20 40 60 80 50 100 150 200 250 300
{dNew/dn)| <08 Naw (In] < 24, p. > 0.1 GeV)

e Important to develop realistic initial states.
e Point stands also for hydro.
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Jet shoving: Hadrochemistry

e Hadrochemistry indirectly affected through basic string

equations.
e Study inclusive quantities: Average hadron mass and total jet

N, N,
charge: (mp,) = N%, Yo M, Qi =" g
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Jet shoving: Hadrochemistry

e Hadrochemistry indirectly affected through basic string

equations.
e Study inclusive quantities: Average hadron mass and total jet

N, N,
charge: (mp,) = N%, Yo M, Qi =" g

—-- Pythia8, R=0.1
-=- +shoving, R =0.1
—— Pythia8, R=10.7
+ shoving, R = 0.7

1073

27 T T
0.2 0.4 0.6 0.8 1.0 1.2 14
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Jet shoving: Hadrochem

e Hadrochemistry indirectly affected through basic string

equations.

e Study inclusive quantities: Average hadron mass and total jet

N, N,
charge: (mp,) = N%, Yo M, Qi =" g

Jet charge, R = 0.3

o) L L L I L L L B
= —— Pythia 8

20, ythia 8 + shoving _|
Iz £

10 *

I
1.4 3
1.3 =
1.2 =
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& 09 E 3
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Jet shoving: Hadrochemistry

e Hadrochemistry indirectly affected through basic string
equations.
e Study inclusive quantities: Average hadron mass and total jet

N, N,
charge: (mp,) = N%, Yo M, Qi =" g
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