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At LHC high collision energy - significant contributions from hard processes
« pQCD precise calculations

Still particle production dominated by soft-QCD processes

p; ~ few GeV
* non perturbative phenomenology
* modelling
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% Introduction

ALICE

At LHC high collision energy - significant contributions from hard processes
« pQCD precise calculations
Multiple parton interactions (MPI): more than one hard scattering

Still particle production dominated by soft-QCD processes '\7'\‘
Pt~ few GeV il State Outgoing Parton
* non perturbative phenomenology Hadiaton

e Mo deIIing Underlying Events
Underlying Event

semi-hard + soft interactions
Soft processes

single, double and non-diffractive

Underlying Events

Proton = : Proton

Outgoing Parton Final—State

Radiation K‘\

A// &Fragmemation Decay
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% A Large lon Collider Experiment -

ALICE %g;;ai“ﬂ;@@

« 17 different detector systems TTINORR _ SPD
* high-momentum resolution ‘
» excellent PID

AD A i
solenoidal /.:"_,-';_:__:,,_:j; -
magnet: 0.5 T -
A
Trigger and ZPC VOC

event characterisation

detectors :
VO A e ISR o CT
ZDC
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% A Large lon Collider Experiment f

ALICE EMCal

« 17 different detector systems \_ TRy % ITS
* high-momentum resolution S I "
» excellent PID ,./’%"‘5
TPC
solenoidal 2SR £ ' )
magnet: 0.5 T - lf’;//’/: b e il
Data-taking TRD
detectors —-
Tracking TOF
Vertexing
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Particle multiplicities



Soft and hard sector separation
ALICE Multiplicity distributions in pp o

» Tuned generators for diffraction arxiv:0909.5156 [hep-ph]
« fit with Negative Binomial Distributions

VRIV,

Qar 3@5@&1

T

FioeE AU e s
: : @ 10 PP@ 1s=7TeV [E] 71«1 (x10") 3
single NBD fails (5 k<15 (109

double NBD fits well o Z Do e 4
102k -
P(n) = A[aPnsDp (n,{n)1 ,k1) l:
+(1 —a) Pxgp (n,{n); ,kp)] v
107k
a ~ soft 107}
higher energy = harder spectrum _
wider rapidities - softer N
e SRS
—84 1
0 20 40 60 80 100 120 140 160 1I§IO
ALICE i
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Soft and hard sector separation

ALIGE Multiplicity distributions in pp
» Tuned generators for diffraction "IP-Glasma" initial conditions
« fit with Negative Binomial Distributions evolution of the glasma gluon fields
N — Phys.Rev. C89 no. 2, (2014) 024901
. . g10F  ALCEINEL = [pmi0s — —Nucl. .F.’h.VS..A945.<2916)..2.16..225
Slngle NBD fa||S * .;"‘"' PP@ s =7Te %:Z::gzx%z)é 35 1;— ALICE Preliminary, NSD
. — - Single E S pp, Vs =7 TeV
dOUbIe NBD fltS We” —goftlﬂeNNB;D é 2z f

P(n) = A|aPnep (n,{n)1 k1)

+ (1 —a) Pxpp (n,{n), ,k»)]
a ~ soft

I = ALICE, 7| < 2.0 we

10°E « IP Glasma (w/o smearing) ****,, "
E = |IP Glasma Gaussian smearing 3

+ |IP Glasma asymmetric smearing

1-a ~ Nyp, ~ hard o - 1| asymmetrical [
higher energy - harder spectrum ‘i - fluctuations
wider rapidities = softer L ey of Color Charge
£
ALICE 020 40 60 80 100 120 140 160 180
Eur. Phys. J. C 77 (2017) 33 o
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% Tuning of models
ALTCE Multiplicity dependent studies at 13 TeV

Minimum-Bias measurements good performance of models
High-multiplicity triggered data collected during 2016 extend the multiplicity reach
compared to Minimum Bias
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% Tuning of models o
ALICE Multiplicity dependent studies at 13 TeV g

VRV,

® & pma @

Minimum-Bias measurements good performance of models
High-multiplicity triggered data collected during 2016 extend the multiplicity reach
compared to Minimum Bias
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Tuning of models @

ALICE Multiplicity dependent studies at 13 TeV

At high multiplicity both EPOS LHC and Pythia 8 are close to data
At mid multiplicity Pythia 6 is closer = understimation of soft part for newer models?

1.2
imi —— Dat E imi —— Data
, £ ALICE Preliminary o PYTHIA 8 Monash 2013 - ALICE Preliminary e PYTHIA 8 Monash 2013
pp, \s=13TeV,INEL>0  ____ PYTHIA8 Monash 2013 no CR 1A= pp, 18§ =13TeV,INEL>0  ____ PYTHIA Monash 2013 no CR
7E- Multiplicity Class 0.01-0.1% ==~ ¥ THIA & Perugia 2011 § [ Multiplicity Class 40-50% ~ —~~ PYTHIAG Perugia 2011

I
o

o

o
o

(AN /dn ) / (AN Jdn ), e

06—

» Colour reconnection is needed to get a good performance
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ALICE

Multiplicity dependent studies at 13 TeV

Tuning of models

INEN

At high multiplicity both EPOS LHC and Pythia 8 are close to data
At mid multiplicity Pythia 6 is closer

o ~
o o N
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(dN_/dn /< chh/dn Dnolusive
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ALICE Preliminary
pp, \s =13 TeV, INEL > 0
Multiplicity Class 0.01-0.1%
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e EPOS LHC

PYTHIA 8 Monash 2013
- - PYTHIA 8 Monash 2013 no CR
PYTHIA 6 Perugia 2011

Rise steeper for high
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MPI effect?
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ALICE

Centrality slicing effects
The Glauber-MC

— 1 T [ T T T [ T T T [ 1
ALICE, p-Pb, \/STIN =8.16 TeV
° Data
NBD-Glauber fit
N_.. x NBD (u = 21.4, k = 0.44)

par

T T III|

Events (arb. units)
o

—
<
w

100

—_
<
IS
L IIIIII|
L1 IIIIII|

107°

60-80%
40-60%
20-40%

| 1 1 1 1 | | 1 1 | 1
200 400 600 800 1000
VOA amplitude (arb. units)

O T

1.

Stocastically define nucleons
position _ 1
p(r) pol—i—exp(ﬂ)

a

simulate sequence of independent

nucleon-nucleon collisions
Glauber-MC + fit with NBD

M. L. Miller, K. Reygers, S. J. Sanders, and P. Steinberg, Ann.Rev.Nucl.Part.Sci. 57 (2007) 205-243
C. Loizides, J. Kamin, and D. d’Enterria, Phys.Rev. C97 (2018) no.5, 054910

ALICE, arXiv: 1812.01312 [nucl-ex]

819




Centrality slicing effects
The Glauber-MC

T T I T v|7| I T T T I T T ! ] 1 . Stocastica”y define nUC|eonS
LICE, p-Pb, s, =8.16 TeV ] it 1
. Data " \. pOSItlon p(r) = po r—R
NBD-Glauber fit - - 1+ exp (=5F)

Nyan x NBD (u = 21.4, k = 0.44)

D
—
-
0%
m

T TTTTI
>

Events (arb. units)
o

- . 2 2 | 2. simulate sequence of independent
1) 10°F & 2 2 nucleon-nucleon collisions
10°F ! o 413, Glauber-MC + fit with NBD
107 = = High-multiplicity selects:
L 1 larger <Npa,,t>
BRI R 1+ widel dN,
10°H8 (3 | | | & S 2 — wiaely sprea coll
Flolol o || T ? ]
C [© | < Al -~ LO o ] . . .
L e b s A 5 - deviations from the scaling of hard
0 200 400 600 800 1000

VOA amplitude (arb. units) processes with MPI

M. L. Miller, K. Reygers, S. J. Sanders, and P. Steinberg, Ann.Rev.Nucl.Part.Sci. 57 (2007) 205-243
C. Loizides, J. Kamin, and D. d’Enterria, Phys.Rev. C97 (2018) no.5, 054910
ALICE, arXiv: 1812.01312 [nucl-ex] 8/19
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ALICE

Centrality slicing effects

« Multiplicity fluctuations

« few participants

—> dynamical bias in measuring
the centrality classes relying on multiplicity

ALICE-PUBLIC-2018-003

Bias in smallish systems oo
i 1.8_| TTT | TTTT | TTTT | TTTT TTTT TTTT | TTTT | TTTT | TTTT | TTT I_
= 16k Glauber-MC -
- a - ]
/\§ 1.6k uber -
8, ]
81 A ]
A Taa ;
\Z/ 1.2 -a=t= —
S~ - =.=-3— _
P - ]
> R e
O - pPb5.02Tev -!:::";-l::t::"""_._ 3
rel 0.8 + voa - A = -
E - A CL1 == _d}__‘__‘_-.- _
2 0.6 . vou e
= [ 5} -
~ - = A
0.4  Pb-Pb5.02Tev mll
W VoM -, ]
- b _|
0.2 * XeXesaaTev == ]
L m VoM ;:E
O IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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Centrality slicing effects

ALICE Bias in pA New Comas

/\g 8_ T T 1 1 results T T 7 ]

Collision centrality using ZDC-based S L {

. . . ~c
estimator: energy deposited in the neutron >° o .
calorimeter in the Pb fragmentation side 3T 6 o .
~ r §
3]

e . Nl_o = o - Frn -
Multiplicity estimators: < | ¢" . ]
—> bias (grow more than linearly) 4 + ALICE, Iy 1<0.5 -

i y p-Pb, s = 8.16 TeV
B I:+CL1’ NIF:IaBr?-GIauber 7
2‘_ + ® VOA, N;lan-GIauber _‘
I WZNA, N Tut |
i ZNA, NE:;tSide |
- 4pp, sy =8TeV -
| | | | | | | | | | | | | | | | |
% 5 10 15 20
ALICE (N
arXiv:1812.01312 [nucl-ex] Valentina Zaccolo - MPI@LHC 2018 10/19
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ALICE

Centrality slicing effects

Collision centrality using ZDC-based
estimator: energy deposited in the neutron
calorimeter in the Pb fragmentation side

Multiplicity estimators:
—> bias (grow more than linearly)

Hybrid

* ZNA+ mid-multa N,

« ZNA + forward-signal a N,
— nearly perfect scaling with N, ;
—> convergence to pp point

ALICE
arXiv:1812.01312 [nucl-ex]

Bias in pA

New %@f:f:f%@
% 8 T T T T T T T T resu Its | T T T T |
=
S ¢ +
(@] - .
= V 4
o 6 ° 7
—~. F p -
28 . o *- o Fenm i
~—" B . n
4 ¥ ALICE, In_|<0.5 -
i p-Pb, \sy=8.16 TeV |
I~ 1 - NBD-Glauber 7]
+CL1, N part
2‘_ + | @VOA, N glfno-mauber _‘
I (WZNA, N T i
i 1 ZNA, N E:;tgde 1
- 4pp, \syy=8TeV .
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

0O 5 10 15 20
<Npart>

10/19
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ALICE

Tuning of models

Multiplicities in p-Pb at 8.16 TeV

lab

dN/dn

1 Asymmetry:

p-Pb, \syy=8.16 TeV

New
results

20}<> PPy |

15; m ALICE NSD ]

B o CMS NSD -

u -.- HIJING 2.1 with sg =0.28

B --- EPOS 3 ]

10— e EPOS LHC |

- MC-rcBK .

- ---KLN o]

L = 1 —t ‘:

o ]

Zz " E
2 1 good agreement Pb fragmentation
%0 of e 1 saturation-based models better job

ocC "k LRI E

0.8-——5 7 0 1 5

ALICE Mhap

arXiv:1812.01312 [nucl-ex]
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higher particle production for Pb-going side
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% Implications of centrality slicing

M M I 1 M @ FERCES l§

ALIGE Multiplicities in p-Pb at 8.16 TeV | pnew N
g T g 60— results ———
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< f M S VS * 2 §
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S 2004 - O [ v 2040% R - -
L . - ..... —
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B --- EPOS 3 . 30~ . yvvY .
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- e MC-rcBK - - .
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O r ] : i
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2 . 1 Zu ..................... s ]
jel - :~'_":.,‘.:".'.'.' ........ -=" L A b D D L b ]
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ALICE lab M
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% The uptick effect
ATge Multiplicities in Xe-Xe and Pb-Pb O
/S 12 [ T T T T [ T T T T [ T T T T [ T T T T [ . .
o° [ <05 «1°* Factor 2 rise from peripheral to central
N A - ] _
=" |10 + %J‘ % i.%'._ . . .
3 . %%ﬁl % % - * 1+ agreement with pp and p-Pb in peripheral
/\t L ] _
N== 8 g - ALICE N
~ - 5 B Xe-Xe, sy =544 TeV n
6_— + ® Pb-Pb, s, =5.02 TeV (x 1.02) _‘
B + +  pPb |5, =502TeV (x1.02) |
v [ RHIC (PHOBOS)  « pp, sy, =5.02TeV (x 1.02) i
O Au-Au, s, =02TeV (x273) O Pb-Pb, |5, =276 TeV (x 1.23) B
41‘} O CuCu, sy =02TeV (x273) ) pp, |y =276TeV (x1.15)  _|
0 100 200 300 400
part
ALICE

Phys. Rev. Lett. 116 (2016) 222302
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% The uptick effect

ALTGE Multiplicities in Xe-Xe and Pb-Pb
e~ 12— T — T T T
§ [ Inl<05 » Factor 2 rise from peripheral to central
5 Ao + % i %
Z B ° ]
E/\ - Jﬁ% % %.i_ 1+ agreement with pp and p-Pb in peripheral
NEir= . 7
S R o M e * the uptick
cla'® P T steeper rise: 5% (2%) most central events
+ p-Pb,\s =5 eV (x 1. ..
v ‘-+ RHIC (PHOBOS) + m.js,=scetvicion | for Xe-Xe (Pb-Pb) collisions
- O AuAu, Sy =02TeV (x273) O Pb-Pb, s, =276 TeV (x 123) |
41‘} O CuCu, sy =02TeV (x273) ) pp, |y =276TeV (x1.15)  _|
0 100 200 300 400
part
ALICE

Phys. Rev. Lett. 116 (2016) 222302
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The uptick effect
ALICE Multiplicities in Xe-Xe and Pb-Pb

The uptick originates from:

1. multiplicity fluctuations in the tail of
the Xe-Xe forward amplitude
distribution

ALICE Xe-Xe | = 5.44 TeV =
« Data 10
NBD-Glauber fit
Pusxll Npaﬁ * (1-f)Ncon]
f=0.802,u=53.7,k=1.0

arb. upnits)
3

(

7000 7500

Events
S
|

107 =

- 50-60%

1 1 | 1 1 ! L | "

15000 _2000 25000
ALICE VOM amplitude (arb. units)
arXiv:1805.04432 [nucl-ex] Valentina Zaccolo - MPI@LHC 2018
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% The uptick effect
Multiplicities in Xe-Xe and Pb-Pb

ALICE
The uptick originates from: 2. the Glauber-MC shows an uptick - due
1. multiplicity fluctuations in the tail of to multiplicity fluctuations at fixed
the Xe-Xe forward amplitude number of ancestors (particle sources)
distribution a MPI
11-2:”“”\”‘\‘%\ ]
@ [ ALICE Xe-Xe s, =544 TeV | /\\51.15?, - e
Sipel + Data 10 g —
. NBD-Glauber fit 8 o = E
2 PucXIFN_ 4 (1ON_] . & 1.1 1
& f=0.802 =537, ket0 10 \Z/ ] 05: v I
(%) - — -
c o~ L : +=
L%H 0 7000 1500 = %‘ 1: ! $ 3 $
E a E_ N C;)PAbS.OZTeV _+ + +
i E 095} A CL1 ]
=R
107 T | \E/ o-gi ¢ :’beSOZTV B
I % - = VoM °
CID } 0 . 85 - ° ?(e-Xe 5.44 TeV .
11 LO AP IR ! I ! I ‘ L m vom
0 5000 10000 15000 2000 25000 7\ 1 1 11| 11| 11| 111 11| L1l L1 | L1l 1| \7
ALICE : 0.8 é A‘f é é 15 1‘2 #4 1% 1‘8 20

arXiv:1805.04432 [nucl-ex] VOM amplitude (arb. units)

I o
ALICE-PUBLIC-2018-003 Valentina Zaccolo - MPI@LHC 2018 Centrality [%]
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% Tuning of models PR
n n n n n @ ! ‘5
ALICE Multiplicities in Xe-Xe g’
) Npaﬁ dependence
3_ . Xe- Xe \/? 544TeV Inl<05 ]
I ML o 1 Almost all models_
> AVPT . 1reproduce the uptick
12> EPOS-LHC, ASW and
1 KLN show a saturation
S A e 4 behaviour
| ¥y s KLN, A =0.252 |
L 1?’ SR IP-Glasma + subnucleon fluct. |
41— — — EKRT, n/s = param1 _
PEREE : e : =
© - ]
(@) C ]
= 1.1 ]
s :
S ]
= 1 :
0.9;
o.si‘li‘:"f ‘ ‘ ; : =
0 50 100 150 200 250
ALICE (N_)
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Tuning of models
Multiplicities in Xe-Xe

ALICE

) Npaﬁ dependence n-dependence
= w - ™) £ L ]
o L Xe-X 544T V I I 05 ] s -Xe, =5.44TeV —
I Eefuf =2 1 Almost all models =40 XeXe, Vs =544 Te a
12— 5, = L L, T e, ]
2 E'M"NGZ‘ —os ., Jreproduce the uptick 1200 N
o\ . T s < o (TR ]
1> EPOS-LHC, ASW and 0% _ B
1 KLN show a saturation g~ G comee -
6, ':' ----- K:SVTI-MC ] behaV|our ] - III;\:\(A'I"DIIIA/Ang:ntyr v E

ks % aFS EPOS-LHC L

i L P Glasma » subnucieon fluct. | 600~ 7 rcBK-MC T
a — — EKRT, w/s = param1 ] ’ _____ o252 S

|

- the shape of the n-

dependent distribution

is challenged

Model/Data

Model/Data

0.9

0.8

ALICE

arXiv:1805.04432 [nucl-ex]
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Underlying - Event
distributions



Soft-hard processes separation
ALTGE Underlying event in pp at 13 TeV

— e e L DAL L LA AL LA L L AL

Summed pr Vs. Pryy ) -ALICE Prellmlnary 1
. = | Uncertainties: stat.(vertical), syst.(box —

Toward and Away regions 3 1o (vertical), syst.(box) -
collect fragmentation products < L -
i 2 = ]

from hard _scatterlng | < s5p = cump_ densiy :
—> increasing monotonically - ¢ Sl — pp@13TeV i
i Wward region  —published pp@7TeV ]

0 _"Ep >0.15 GeV/c and |n| < 0 8 E;ggg?é:i'/lgnashzom):

Ao ——— e e

----------------------------------- \ : EPOSLHC/Data‘

: ................... :‘“.“‘N.“A“.“; ................ _%
25 30 35 40

/ pre™ (GeVic)

................................. - Pythia 8 closer to the data for p; 1> 10 GeV/c
"""""""" . closer for p; 1< 10 GeV/c

...........
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ALICE

Soft-hard processes separation
Underlying event in pp at 13 TeV

Summed p;Vvs. pr it

Transverse region

underlying event

- first increases - MPI increase
- flattens > MPI saturation
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-ALICE Prellmlnary
| Uncertainties: stat.(vertical), syst.(box)

gk
sum-p_ density
——pp@13TeV

f Transverse region  — published pp@7TeV -
) — Pythia8(Monash2013)]
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« Pythia 8 closer to the data
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Multiplicity dependence
studies



Tuning of models fails

VRIV,

atce  Otrangeness production in pp, p:Pb

and Pb-Pb
|$ T T ToTTTTTT
» Measurements of strange hadron production *5101
. e
important tune for MC models ; W 00 00Dum]
g A+A (x2) 1
>
o YR oo
- enhanced strangeness production < j_m&f@?? =42 ()
- constant protons over pions 17
not reproduced simultaneously by all models " g [H][H][ﬁjrﬂzdj]
@ H} [H] Q40" (x16)
« DIPSY with color ropes does better i %i ? v :
VT e
SE e EPOS LHC
S § ALCE
o ® pp.Vs=7TeV Nat. Phys. 13 (2017) 535-539 |
{  p-Pb, sy, =5.02 TeV PLB 728 (2014) 25-38
f O Preliminary Pb-Pb, |5, = 5.02 TeV
ALICE -3 i
Nature Physics 13 (2017) 535-539 T
PLB 728 (2014) 25-38 Valentina Zaccolo - MPI@LHC 2018 @N /A, s 17119




£ Multiplicity dependence studies
ALICE D and J/¥ yields in pp and p-Pb

VRIV,

(SXe
G Sy,

[S(y 5@5@&

« Similar D meson and J/¥ increase with multiplicity
» but faster than diagonal - effect of multiplicity saturation? Interplay between

multiplicity fluctuations of individual Pl and decreasing of MPI distribution? arxiv:1811.07744

% % 2 :l T 1T I T 1T I LI I T 1T I T 1T I T 1T I T 1T I T 1T I T 1T i
SIS 00 F ALICE, pp B
z|z F e Jiy > e, y]<0.9 3
CI2 18 — Vs=13 TeV, Preliminary —]
16—o0 Jiy — e'e’, |y|<0.9 T

T {s=7 TeV, PLB 712 (2012) 165 =

14 3

[ = D,|y|<0.5, 2<p <4 GeV/c .

1ol Vs=7Tev, JHEP 1509 (2015) 148 $ =

10 —

8 % $ —

6 =

2 =

O : I 11 1 1 I 11 1 | I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 ;

0 1 2 3 4 5 6 7 8 9

dN,/dn

ALICE N Jan)

Phys.Lett. B712 (2012) 165-175
JHEP 1509 (2015) 148 Valentina Zaccolo - MPI@LHC 2018
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Multiplicity dependence studies
ALICE D and J/¥ yields in pp and p-Pb

« Similar D meson and J/¥ increase with multiplicity
» but faster than diagonal - effect of multiplicity saturation? Interplay between
multiplicity fluctuations of individual Pl and decreasing of MPI distribution? arxiv:1811.07744

~ 22
>\ >\ | TTT I TTTT I T TT I TTTT I TTTT I TTTT I TTTT I TTTT I TTT I‘I'
T8, F ALCE.pp 3 ¢ MPIlinfluences hard spectrum
Zﬂ 2_’ - —e'e, lyl< .
B2 (gl i tev. preminary 3 « forward rapldlty ~ saturatlon effect of y aX|s
— . . /\10: T[rrrrprrrorprort :
165—0 J/SZ;T:Ve ,P|t/E|;<%92 2012165 ] g 9l ALICE p-Pb |s =5.02 TeV =
M a b, o, 2<p <4 GeVic E ° 8; Inclusive JAp E
12 Vs=7TeV, JHEP 1509 (2015) 148 - ; - ¢ 203<y_ <353, p-going direction ]
oF E D 7. -4.46<y . <-2.96, Pb-going direction =
o - Z 6L ¢ 137<y,. <043 E
8- % $ - 5 ]
6 = - ['D :
- o b ] & . E
N E b —>
i3 E o BRSNS u
O: 1 I 11 1 1 I 11 1 | I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 I; E EG:EE.-::‘ - = E
ALlCE 0 1 2 3 4 5 6 7 %N h/dﬂg 1;* . ™ - = 3.1 % normalisation unc. not shown *;
- ch /d E \q ¢ [ | ol b b b b g L \:
Phys.Lett. B712 (2012) 165-175 @ Jan) O B T e e
JHEP 1509 (2015) 148 AN,/ (AN Jc)

Phys.Lett. B776 (2018) 91-104 Valentina Zaccolo - MPI@LHC 2018




Summary and outlook

ALICE

w@lve%
%

%@@“@F

6% s e
@mxﬁ@&

v' Charged-particle multiplicity densities and the UE are quite well described by

models - improvement needed for AA

v Multiplicity fluctuations at fixed number of ancestors/MPI influence pA and AA

distributions as a function of centrality: uptick effect

v' Saturation of N,,5 observed in several measurements? UE, D and J/V¥ yields

Effects of MPI fluctuations and saturation
are visible in multiplicity measurements!
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Summary and outlook

ALICE
v' Charged-particle multiplicity densities and the UE are quite well described by
models - improvement needed for AA

v Multiplicity fluctuations at fixed number of ancestors/MPI influence pA and AA
distributions as a function of centrality: uptick effect

v' Saturation of N,,5 observed in several measurements? UE, D and J/V¥ yields

Can we further constrain soft QCD using the Underlying Event as a probe?
UE: semi-hard + soft interactions

» general idea: soft-QCD dynamics tested excluding the hard sector
Eur.Phys.J. C76 (2016) no.5, 299 and Phys.Rev. D96 (2017) no.11, 114019
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Backup



% Digression on Initial Conditions

ALICE Partons and Their Evolution
In Deep Inelastic Scattering: Bjorken-x
Q” Q’
r = —
2(Pq> S—|—Q2—M2 Y =1n 1/x 4

Saturation
Parton Area 1/Q? nQ3(Y)=AY

1. QZ?-evolution Q2 grows
2. Y-evolution x decreases at fixed Q? |
. N d Ng | Dilute system

Gluon density: zg(x, Q%) = T
X T BFKL
occupation number increases @ —
n(z, Q) ~ xg(z,Q*)/Q°R?

. Ao ) ' O’
formation of Color Glass Condensate

arXiv: hep-ph/0303204
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ALICE

Centrality: the Glauber-MC

1. Stocastically define nucleons position

nuclear density funciton (Fermi’s distribution) o (r) = po

2. Simulate a nuclear collision

1

1 4+ exp (r;R

. sequence of independent binary nucleon-nucleon collisions

. eikonal approximation
. same cross section for all collisions

. hard sphere diameter
/Gmel/n.
3. Hadronic cross section |
Glauber-MC + fit with NBD - multiplicity distribution

4. Anchor Point
discrepancy point from data and simulation

M. L. Miller, K. Reygers, S. J. Sanders, and P. Steinberg, Ann.Rev.Nucl.Part.Sci. 57 (2007) 205-243

C. Loizides, J. Kamin, and D. d’Enterria, Phys.Rev. C97 (2018) no.5, 054910
ALICE, arXiv: 1812.01312 [nucl-ex]
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% How soft is p-Pb?
ALICE Multiplicities in p-Pb at 8.16 TeV

N 14\\\\‘ T T \\HH‘ T \\HH‘ T T TTTTT
& i p), NSD AA, central ] ' idi <
s | EE%E) ) éuchen ra : At mld_rapld_lty In|<0.5 |
M M -
%0 129 coF ¢ s - p-Pb fits with INEL pp points
SR T PHENX {1 Steeper rise for AA than for small systems
“xq0-* STAR v BRAHMS [ |
SE T o), INEL . NASO
\2/ e Kﬂg%), X * o s01523)f AA
8¢ CMS ) 1]
- v UA5 0.114(3) -
- + PHOBOS xS
g4 'S 1
- pA(dA), NSD \ﬁp .
- m ALICE 7
a3 SMCS)BOS ul
- + e £l pA and pp
2 . e -
- ALICE, Inl < 0.5 1
07\\\\‘ | \\HH‘ | \\HH‘ | | \\HH‘ \7
10 102 10° 10*
\'Snn (GeV)
ALICE
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