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Qpp: EPOS 4 (charged particles)

%-data, pp Vs =13 TeV ALICE. 240720037
o EPOS 4, pp s =13.6 TeV (w Hydro)
# EPOS 4, pp Vs = 13.6 TeV (w/o Hydro)

>

50-100% 1-p

%-data, pp Vs =13 TeV  ALICE. 240720037
o EPOS 4, pp s =13.6 TeV (w Hydro)
o-EPOS 4, pp Vs =13.6 TeV (w/o Hydro)

maller hydro effect: high pt (>1.5 GeV/c)

w/0 hydro describes data

Peak at intermediate pt (Not
seen in the multiplicity analysis)
Hydr@ oushes the peak towards larger pr

Hyolrcp effect: low and intermediate pr
h"+h

S 3% / = = r M
o »

8 1
p_ (GeV/c)

O O
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| .
Qpp: EPOS 4 (pions) i g
Low-event activity

0-1% 1-p 50-100% 1-p
%-data, pp Vs =13 TeV ALICE. 240720037 ©-data, pp Vs =13 TeV ALICE. 240720037

o EPOS 4, pp s =13.6 TeV (w Hydro) o EPOS 4, pp s =13.6 TeV (w Hydro)
-o-EPOS 4, pp Vs =13.6 TeV (w/o Hydro) o-EPOS 4, pp Vs =13.6 TeV (w/o Hydro)

Bumg structure
even w/o hydro

% > 4 5 8 10 % > 4 5 3
p_ (GeV/c) p. (GeV/c)

O O
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Qop: EPOS 4 (kaons) i o

Low-event activity

0-1% 1-p

%-data, pp Vs =13 TeV ALICE. 240720037
o EPOS 4, pp s =13.6 TeV (w Hydro)
-o-EPOS 4, pp Vs =13.6 TeV (w/o Hydro)

50-100% 1-p

%-data, pp Vs =13 TeV  ALICE. 240720037
o EPOS 4, pp s =13.6 TeV (w Hydro)
o-EPOS 4, pp Vs =13.6 TeV (w/o Hydro)

Smaller hydro effect: high pt (>1.5 GeV/c)

Burf;ﬁp structure
evem w/o hydro

8 1
p_ (GeV/c)

O/ O
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| Clencias
Qo EPOS 4 (protons) i o

a3
QQ S 50-100% 1-p
$-data, pp Vs =13 TeV ALICE. 240720037 4-data, pp Vs =13 TeV  ALICE. 2407.20037
- EPOS 4, pp Vs =13.6 TeV (w Hydro) - EPOS 4, pp Vs =13.6 TeV (w Hydro)
o-EPOS 4, pp s =13.6 TeV (w/o Hydro) o-EPOS 4, pp Vs =13.6 TeV (w/o Hydro)
2
Smaller hydro effect: high pt (>1.5 GeV/c)
1 E
Bump structure
even w/o hydro
% > 7 6 8 10
p. (GeV/c)

oI
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Qpp: EPOS 4 (protons)

High-event activity

QQ pp collisions with small flattenicity
(central pp collisions with little biases

from local multiplicity fluctuations) —

o

_+_

- EEm Em m m om = R PE

Bun@p structure
even W/o hydro
0 2 4 6

8 10
p. (GeV/c)
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Low-event activity

pp collisions with large flattenicity

(more peripheral pp collisions) — small
hydro effects

Smaller hydro effect: high pr (>1.5 GeV/c)

O
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rarticle ratios hPOS Z
M (Dr-0 EMan

lf, 0.6
Q_ 0-1% 1-p
4-data, pp Vs = 13 TeV ALICE. 2407.20037

o-EPOS 4, pp Vs =13.6 TeV (w Hydro)
- EPOS 4, pp s =13.6 TeV (w/o Hydro)

>

0-1% 1-p

4-data, pp Vs =13 TeV  ALICE. 240720037
- EPOS 4, pp Vs =13.6 TeV (w Hydro)
- EPOS 4, pp s =13.6 TeV (w/o Hydro)

0.4

<><><><><><> $++

_Q_
A
0.2 $

+++—¢- _+_+ e

8 1
p. (GeV/c)

Large hydro effects
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Particle ratios: hPOS 4
()r—1 (=

lf, 0.6
S b 50-100% 1-p
4-data, pp Vs = 13 TeV ALICE. 2407.20037

o-EPOS 4, pp Vs =13.6 TeV (w Hydro)
- EPOS 4, pp s =13.6 TeV (w/o Hydro)

>

K/t

50-100% 1-p

4-data, pp Vs =13 TeV  ALICE. 240720037
- EPOS 4, pp Vs =13.6 TeV (w Hydro)
- EPOS 4, pp s =13.6 TeV (w/o Hydro)

RO 3
6&‘ %O :::+-+-

0 2 4 6 3 10

8 1
p_ (GeV/c) p. (GeV/c)

Low multiplicity pp collisions with fluid behaviour (keep in mind that we have measured a non zero v2 in low multiplicity pp)
Antonio Ortiz (ICN, UNAM)
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Flattenicity in p-Po?

Instituto de
Ciencias
Nucleares
UNAM

>

G. Bencedi, F. Fan. AO . 2407.07724

1I_ 104 | | | 1 1 11 | | | | 1 1 11 |

1')\1 0 p-Pb \s,, =5.02 TeV, NSD gz’j T:(
> B ALICE data op :5
81 02 © PYTHIA 8.312 (Angantyr)

10—7 ] ] Illllll ] ] Illllll a

10” 1 p- (G&V/c)

First studies using PYTHIA Angantyr: description of p-Pb data is not optimal but ok to test the idea
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lattenicity in p-Pb? o

/\= 25_= | | | | | | =_ G.Bencedi. F. Fan. AO ., 240707724
28 . PYTHIA 8.312 (Angantyr) ]
o _ — E] —
< [ pPb \'Sy = 5.02 TeV -
20__ ® b —_
. e 1 . o
15~ = VOM = | Flattenicity in p-Pb seems to be a good
- o CLf A s 1 candidate to classity the collisions in terms of
- : 1 the centrality
10— - 0 —
i . g 1 More studies will come
5 . ¢
i ¢ :
- :
o | | | | | | _

VII VI V \Y 11 |1 I
Event class

Antonio Ortiz (ICN, UNAM) Workshop on Advances, Innovations, and Prospects in High-Energy Nuclear Physics (Wuhan, 23/10/2024) 30


https://iopscience.iop.org/article/10.1088/1361-6471/ad8249

Instituto de

Ciencias
Nucleares
oummary
() [
A " ALICE pp Vs=7 TeV, lyl<0.5
_1 10 VOM Multiplicity Classes —
| L N . Ll | oamter oK
Flattenicity is more sensitive to underlying event (and < g[ PR, A -
. o O - T e
therefore to the impact parameter of the collision) than the gl T Undentiied
VOM multiplicity estimator g b :
[ ,, (a)
o . . . ol - Multiplicity class | ]
Promising tool to study particle production in small systems - ' ﬁ e
p_ (GeV/c)
o ' L | L | "1 ol | 1 o o |
ALICE —0-1% 1-p i :PYTHIAS Mgg::h x:thout CR I
op 1s = 13 TeV —50-100% 1-p : byt
T+ T ' h* +h :

QQ-
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L o Flattenicity (1-p) only

Cr¥iAY Y-«
:'-‘5>""J‘.‘VJ‘L .-.‘

avVaVla' a8

1 10

p_ (GeV/c)
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Flattenicity vs other estimators
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FPOS 4 from: https://klaus.pages.in?2p3.fr/epos4

@ 0-1% VOM

® EPOS 4, pp Vs =13.6 TeV (w Hydro) Primary (multiple parallel scatterings

®-EPOS 4, pp Vs =13.6 TeV (w/o Hydro) happening instantaneously) and secondary
nteractions (subsequent interactions of the
string decay products)

el

F s ’
Core-Corona: the collision system 1s
separated into a high-density (core), which
evolves hydrodynamically, and a low-
density (corona), which hadronizes without
collective behavior

% > 4 5 3 10

Plot made by Feng Fan (CCNU) p_(GeV/ec) Epos4 with hydro: adequate description of
! data
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Particle ratios: EPOS 4 (flattenicity) i

FPOS 4 from: https://klaus.pages.in?2p3.fr/epossd

[ )
|

0-1% VOM
o-EPOS 4, pp s =13.6 TeV (w Hydro)
- EPOS 4, pp s =13.6 TeV (w/o Hydro)

.6 TeV-(w/o Hydro)

0 D 4 6 8 10
Plot made by Feng Fan (CCNU) P (GeV/c)

Epos 4 with hydro: adequate description of data
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ALICE pp Ys =13 TeV ALICE

— o 0-100% (S,-integrated)
O M m<o.s, 0.15 <p_<10 GeV/g
>
O 08
o | = | S
>~ | L # |,
A~ 06F £ — — PYTHIA 6
F= T PYTHIA 8

Q| PYTHIA 8 (rr=0)
~ o e EPOS LHC
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—_— 1.2
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o 1.1
<
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©
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At high energies, the leading

order cross-sectionfor2 — 2
parton scatterings with
momentum transfer

Q > Onin > Agcp exceeds
the total pp cross-section at a

range of Q. -values where
perturbative QCD 1S

applicable (at LHC, O

min

GeV/c) | T Sjostrand and __\/L
/11l Phys. Rev. D36 (1987)

N

Antonio Ortiz (ICN, UNAM)

T. Sjostrand, 6th MPI @ LHC Workshop

Integrate QCD 2 — 2

qq’' — qq’ €
qq — q'q s
qq — gg
qg — qg
gg — 88
gg — qq

(with CTEQ 5L PDF's)

10000

1000

0.1}

0.01
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Integrated cross section above pTmin for pp at 14 TeV

>

100 -

10 ¢

1

1

I

I I I

jet cross section
total cross section

I

1

I
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At high ene

order CIoss-

parton Scat
momentu r

Q > Qmin
the total pp
range of O

U

perturbative
applicable (

GeV/e)[T S

7iiil Phys. e‘

- OMPI s alogical consequence of

the composite nature of
DIrotons

O n event

- p

|
|
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pTmin for pp at 14 TeV

| | |
jet cross section
jotal cross section

|

I

generators
like Pythia, an
Impact
Overlap of protons during encounter is
parameter
O(b) = [ d>xdt p1(x, X,
dependence (8= | xdt i )l |
is considered s sbooted mte deon o, |
| . s
T. Sjostrand, ISAPP 2018 '
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Interpretatmn Many partomc scattermgs per event (MPD

FIG. 3. Charged-multiphcity distribution at 540 GeV, UAS FIG. 12. Charged-multiplicity distribution at 540 GeV, UAS

AN e +5mn oare
M‘\‘x | MPI help to describe|
_ \‘u,.,“ 1 particle mul 1phc1t1es
w | W 3 in MB events|
' no MPI 'iﬂ | . |+« o ﬁ
l Number of ’U:i Number of I jostrand and M. v N
et eoe, [ | cprged Taoe 1) 20 PGS o aricl

‘ results (Ref. 32) v simple models: dashed low py only, full in- results (Ref. 32) vs multiple-interaction model with vanable im- mUhlphClty 18 eXp@Ct > d tO

l cluding hard scatterings, dash-dotted also including initial- and pact parameter solid line, double-Gaussian matter distribution.
‘ final-state radiation dashed line, with fix impact parameter [i.e., O,8)).

| be sensitive to MPI

Data support the presence of MPI in high energy pp co [isions, see eg. these rocnt
studies using ML: A. Ortiz et al., PRD 102 (2020) 7076014, J Phys. G: Nucl. Part. Phys.
48 (2021) 8, 085014
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MPIl+string interactions

Phys. Rev. Lett. 111, 042001 (2013)

Antonio Ortiz (ICN, UNAM)

o
.

Pythia 8, pp ¥s=7 TeV

035 ¢ Tune 4C (Reference)

¢

(p+P)/(x" +m)

0.2

0.15

0.1 4

1 ' T L L4 l L 14 Y I Y T T

1 PPN
i Ty, @
(1255! '.; ......... g g§ ‘i é !& é ‘
= lc.:,'v.

The “multiplicity
ordering” is also

llllllllll lllll

i
L1

NI TR I Ty

t ' oN-15

Radial flow-like behaviour

F i3 seen in Pythia.
0.05— 4
®16+91}fef}fe+{eof+'ff
8 o 0<Nmpc<5 =
O 155 5 5<N,, <10 E
..g saF & 10SN_ <15 E
15<N_ . <20 .
N < ¢ E
~—— ’ s mpi -
— E :
—‘I—) * :o ‘_-:
© < -
c =
O ] =
- ’ ~
I= - - ,.&_
a =
= 5
S —
l ——:
8
P, (GeV/c)

pp Vs =2.76 TeV (Pythia 8.244)
T +10 o N =4
a 15 o N —1 0

2 4 6 8 10 12

710970 "/ (020¢) ¢OI A8y SAUd

. d*NGP'/({Npppi)dndpr)
P d2N B/ ((Npypi Ydndpr)

mpi

Scaling with numlber of parton-parton
Interactions at high pr
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High energy heavy-ion collisions

Freeze-out L
Hadronisation @ .....7

QGP formation

Initial state

Time: <1fm/c
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High-pr physics: VOM vs flattenicity <&

/\._ 20_'_ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
Q- oL
ZE " pp Vs =13.6 PYTHIA 8 (Monash) -
~ - —— selection on 1-pnCh -
B selection on VOM -
15— —
10— —
o _
Ol | | | | I | | | | I | | | | I | | | | I | | | | I | | | | ;—
0 5 10 15 20 AN ?(51 30

Phys. Rev. D107 (2023) 7. 076012

< ch 1,]>|n|<0.5
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[n contrast to Pb-Phb collisions, for p-Pb collisions the multiplicity (VOA) fluctuations are sizeable
compared to the width of the Ny distribution

>
(s - Glauber-MC
S 600 p-Pb |s, = 5.02 TeV
s —m = "
"
400
200

part
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102 > 102
220000 Glauber-MC
S Pb-Pb VSN =2.76 TeV ?p“
100 3 10°
=15000 A
-4 -4
" 10000 v
107 5000 107
-6 .2 -6
10 % 100 200 300 400 10
Npart

Phys. Rev. C 91 (2015) 064905

>

Weak correlation between geometry and event activity
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X10_3 X10_3
s =13 TeV | | 0.9 8_|'"I"'I"'I"'I"'I"'I"'I"_ _I'"I"'I"'I"'I"'I"'I"'I"_3
pp ¥s=151¢€ Mol <Y ch . ALICE pp Vs=13 TeV 1F .
PYTHIA 8 Monash Clgrged—particle jets P, je > 2 Oevie h 6.4 " Charoed e i _y_' - P Tl,ljet € (40, 60) GeVie I" 74
Trigger track {20, 30}  Anti-k algorithm, R = 0.4 |9, = @, | > 7/2 5§ s R a,rie :arzzeﬁetj 0.5 _ _ - - pQCD@LO + Sudakov (MB) 75
02577 7 1 T ] ; nti-fey £= 0517 1< 0 {1 | Data: -
(:'§ - Vo€ VOM/AVOM) VOA 10 S 48[ T7420,30} - TT(6, 7) /M0 MR 4418
.Q 0.2 - . —o— (0.0, 2.5) = % 25 I p;hjet e (20, 40) GeV/c {[ ——HM {5
-ii 0.15 -x-* (20,44 — % “F Syst. uncert. 1 PYTHIAS: 1
% - v % (4.4,9.0) - E . l 10 — MB :O )
‘_ = 2 1.6 — 0.
g OF x 0 LR ennnnate, 109 '
- - -0- ’ 0‘ *** X% _ ! ]
< 0.05F o g “So = R ] o
T — :‘:_g_':.- ‘-‘g’:— ] L I I L B B o DL B L B B B B B
Ow*# L. | 1 i . 15E + —e— Data 1 E E
—4 - 0 2 4 z‘m ' E Syst. uncert. 1l + -
n. TIZ 1f- - - e - - - - - Sl s R «., YRR =
Jet C  PYTHIA 8 I I + —+—+—bj
LSETTTTT
The HM VOM multiplicity class selects pp SE
collisions with jets in the forward detector, QE i
consequently biasing the acoplanarity 0.5F = -

0 o 1y s e e o by e by e e by s 1y 1y = = B B R H R A BN R A A E A AR AN A A A
o | | ) 1.6 1.8 2 22242628 3 1.6 1.8 2 22 24 26 2.8 3
distribution measured in the central region Ao (rad)

ALICE, arXiv:2309.03788

Antonio Ortiz (ICN, UNAM) Workshop on Advances, Innovations, and Prospects in High-Energy Nuclear Physics (Wuhan, 23/10/2024) 45



Blas due to local mult. :

Instituto de
Ciencias
Nucleares
UNAM

>

uctuations

Multiparton interactions (MPI): more than one parton-parton

R O . . . . .
il ﬁ ™ scattering occurring in the same pp collision. Color reconnection (CR)
'\%w | N . . a
N : | R produce collective-like effects
Ei
20— L DL L L L L | |
S ..E ALICE simulation =
;18:_ pp s =13 TeV =
— PYTHIA 8.244 (M h —
The more central the pp | &% onash E
collision, the higher the £~ £ E
- . E - [ n
propability to ind a Q. 10F- E
pp 15 =13 TeV 7l <09 ch Ve - Amain 3 E
PYTHIA 8 Monash Charged-particle jets Prje > 2> eV hlgh_p 1 pqrton <p T > — —
Trigger track {20, 30}  Anti-k algorithm, R = 0.4 |(0TT - (Pjet| > /2 u 3
HO.ZS_"'|"'|"'|"'|"'|"_ - a
2 F VoC VOMAVOM) e VOA . E
&, 0.2 . * 00,25 = 0R— g 10" 5" 20" 2530
5 0.15F e = iii—
_% : L x (4490 -
2 OIF RS o o STt E . L o |
> 005t R ’*ug;-:- 31 The high-VOM multplicity class selects pp collisions with
= e e ® L &S : ] . .
hresset®™ . [T%e,. ] jetsinthe forward detector
— =2 770 2 4 ALICE., JHEP O5 (2024) 229 ALICE. Phys. Lett. B 843 (2022) 137649
jet
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