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& Measurements at the LHC have revealed that small collision systems exhibit behaviors formerly thought to be
achievable only in heavy-ion collisions, where the data support the formation of QGP.
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& Measurements at the LHC have revealed that small collision systems exhibit behaviors formerly thought to be

achievable only in heavy-ion collisions, where the data support the formation of QGP.
i
2K ¢ Strangeness enhancement in high multiplicity
U O gy pp and p-Pb are similar to Pb-Pb collisions
_ iﬁ “““ | A & (Can this behavior be characterized by other event
5 B i ties other than a difference in multiplicity?
S {MM n 0o i proper plicity”
0 e - ‘ _ , . . o -
o - ﬁ}iiﬂ SRS ¢ Is it possible to find high-multiplicity events with
3 1; j' uéb [ﬁ] %] [E% suppressed strangeness production?
% % 1070 @##}ﬁxﬂﬂ] 2+ 27 (x16)
5 ?”i ..
W ALICE
O ® pps=7TeV
! O p-Pb Sy = 5.02 TeV
< _l (] Pb-Pb,ysyy=2.76 TeV
¥ —— PYTHIAS
------ DIPSY
----------- EPOS LHC
02 7Tl el ]
10 107 10°

<chh/d’7>|n| <05

20.11.2023 Sushanta Tripathy 3



ALICE

Introduction and motivation

CERN

\
N4

& Measurements at the LHC have revealed that small collision systems exhibit behaviors formerly thought to be
achievable only in heavy-ion collisions, where the data support the formation of QGP.
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¢ Strangeness enhancement in high multiplicity
pp and p-Pb are similar to Pb-Pb collisions

& (Can this behavior be characterized by other event
properties other than a difference in multiplicity?

¢ Is it possible to find high-multiplicity events with
suppressed strangeness production?

& Similar features of baryon-to-meson ratios in
pp, p-Pb and Pb-Pb collisions

¢ Is the origin the same in small and large collision

systems?
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Introduction and motivation CERN
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& Measurements at the LHC have revealed that small collision systems exhibit behaviors formerly thought to be
achievable only in heavy-ion collisions, where the data support the formation of QGP.

dN
h Jet-like signal: yield difference between toward/
t | | dpr jet—like signal in X collision away region and transverse region
Leading particle IX - y
N
-8 N h X = pp, p-Pb and Pb-Pb collisions
Toward dpr

jet—like signal for MB pp collision

|Ap| < n/3

ALICE 8<p I:ading<‘| 5 GeV/c VS_NN =5.02 TeV
4<pT<6 GeV/c, Inl<0.8

Toward - Transverse Away - Transverse @ pp (VOM mult. classes)

M p-Pb (VOA mult. classes)
A Pb-Pb (VOM cent. classes)

Transverse
/3 < |Ag| < 2r/3

Transverse
/3 < |Ag| < 2n/3
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ALICE, Phys. Lett. B 843 (2022) 137649 (N')
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ALICE

& Measurements at the LHC have revealed that small collision systems exhibit behaviors formerly thought to be
achievable only in heavy-ion collisions, where the data support the formation of QGP.

Introduction and motivation

& The origin of the QGP-like behavior in small systems is still unclear. One of the explanations is a multiple
parton interactions (MPI) based picture with colour reconnection and ropes, however, MPlI can not be

accessible directly in experiments.
Hard scattering

MPI: strong interaction between strings
overlapping on distance scales of O(1 fm)

Proton Proton
m
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PYTHIA 8 Ratio of yield in MPIl-enhanced pp collisions
to yield for minimum bias (MB) pp collisions:

pp Vs =2.76 TeV (Pythia 8.244)

4T o N, =4 ~ NPPY((Npyyi)dydpr)
SN™Iis ] o0 = NMB/ (N, )y
¢ Nmpi_15 T (< mp1,MB> Y pT)
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PYTHIA 8 Ratio of yield in MPIl-enhanced pp collisions
to yield for minimum bias (MB) pp collisions:

pp Vs =2.76 TeV (Pythia 8.244)

4T o N, =4 ~ NPPY((Npyyi)dydpr)
SN™Iis ] o0 = NMB/ (N, )y
¢ Nmpi_15 T (< mp1,MB> Y pT)

¢ Up to 40% increase w.r.t. the binary parton-

! 6 H _g' parton scaling: “bump” structure in pt = 1-6

GeV/c: The effect is driven by CR

¢ MPI selection does not bias the high-pr yield
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Introduction and motivation

ALICE

& Measurements at the LHC have revealed that small collision systems exhibit behaviors formerly thought to be
achievable only in heavy-ion collisions, where the data support the formation of QGP.

& The origin of the QGP-like behavior in small systems is still unclear. One of the explanations is an MPI-based
picture with colour reconnection and ropes, however, MP| can not be accessible directly in experiments.

& Event selections based only on multiplicity have shown significant bias towards hard pp collisions (selection biases)

& Based on MC studies, event topology classifiers have shown a significant reduction of the selection biases and one
can also isolate different physics regimes (soft and hard physics).

» Transverse Spherocity (SgT:])

» Relative Transverse Activity Classifier (RT)
» Charged particle flattenicity (pch) (A new classifier -> discussed later in slides)
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A Large lon Collider Experiment | Run2 |
ALICE—— e

Inner Tracking System (ITS) Time Projection Chamber (TPC)
Tracking, vertex and PID Tracking and PID (dE/dx)
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Trigger, multiplicity/
centrality estimator,
event classification
— e Dased on amplitude
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Tracking and kinematics

- ITS and TPC tracks

Time of Flight (TOF) detector - |n|<0.8

PID via time-of-flight method
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Transverse Spherocity N
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https://arxiv.org/abs/2310.10236
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| ® Reduction of ratios relative to

pion yields in jet-like events for
all particle species -> significant
strangeness suppression

| € Both PYTHIA Monash and

Ropes fail to capture the
absolute trends but the ratios to

SgT:]-integrated events are well

explained by the models

ALICE, arXiv:2310.10236
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Integrated double ratio vs SgT CiE/RW
ALICE————™
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Integrated double ratio vs SgT
ALICE
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Integrated double ratio vs SgT
ALICE
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% Relative transverse activity classifier QE/RW

Leading particle

Q:I_ =+ | | | B

Rt = Ncn! /<Ncn™> o 4L | _

2 ? o-e- 5<p'Tead'”9<4o (GeV/c) =

< — =

T. Martin, P. Skands, and S. Farrington, 5 ®) 1 track -

-1 p >0.15 GeV/e,Inl < 0.8 —

Transverse Transverse Eur. Phys. J. C 76 no. 5, (2016) 299 > 10 = T =

/3 < |Ag| < 2n/3 /3 < |Ag| < 2n/3 Z — -

~~ — —_

™ -2 L .

P. Vargas, Tuesday at 16:00 1077 E pp) I's = 13TeV =

| A “Charged-particle production as a function of m —$tData -

|Aq,|“f;_¥,3 the relative transverse activity classifier in pp, 3 B 1 PYTHIA 8 M h 2013 n

p-Pb, and Pb-Pb collisions” 107 qnas =

- —t EPOS LHC =

10-4 B -+ NBD fit (k = 3.969, m = 5.247) 1)

¢ Using Rr, one can vary the magnitude of the underlying o© P % A I R EE S - ——=

¢ Rrt—0: Events with less UE (dominated by jets) 05k O \E E

& Higher Rt — Higher UE contribution E e —

¢ A minimum threshold on leading particle pt is applied to ' 2 3 4 R5

i T

ensure no bias on spectra vs Rt measurements up to the ALICE, JHEPO4 (2020) 192
minimum pr of the leading particle
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¢ For the transverse region, the ratio of

- pp, 15 = 13 TeV, [7/<0.8
= 5< p'fad'”g <40 GeV/c

_|
NN NA

oo
IA A IA IA
ujuuueien

— = -

Ratioto R, =0

P (GeV/c)

ALICE, JHEP 06 (2023) 027
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pt spectra to the Rr-integrated
spectra rises with increasing Rh.

Toward and away regions’ high-pr
vields are independent of Rt (an
artefact of the leading pt requirement).
However, at low-pt, the RT
dependence is more evident.

No “bump” structure seen Iin these
measurements — selection bias

Explore event classifier to have

sensitivity to MPIl with reduced
selection bias

19
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Event classification with charged particle flattenicity
ALICE

Motivation: Search for observable highly sensitive to SOFT particle production (MPI) and CR effects without
introducing a bias toward HARD production (multi-jets, high pr yield)

VZERO-C
Charged-particle Flattenicity '

¢ Define a grid in the n-¢ space covered by the VO detector (10x8 cells)
¢ The particle multiplicity per cell is measured and flattenicity is calculated

Pnch =

\/E Ceu * — (N&MY)2 /N2 ~0 isotropic topology # soft pp collisions
~1 jet-like topology » hard pp collisions

()
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Event classification with charged particle flattenicity

PYTHIA 8.303 (Monash 2013), pp s =13 TeV, N, =24, N, =325 A. Ortiz et. al,
, oL 1 - D —> 1 Rev.Mex.Fis.Suppl. 3 (2022) 4, 040911
Multi-minijet -

- =

s T T ﬁi - g5 <
topology . ==  _- = =~ 8 -

= o= _ =
%?z 2 Bq. "= %aﬁasa & sagspg ® 25 o
col s s WEL g R Tres o= - -
A " A = "‘51’# = T &5 8% L, - To relate the types of events
- -2 3 e :
" - between Spherocity and
Flattenicity, a change of variable
PYTHIA 8.303 (Monash 2013), pp Vs = 13 TeV, N, =1, N, =235 s performed: p = 1 — p
Multi-jet 1- g —>0
1 Hard pp collision
topology . - Thus, events with large number of
S 0. MPI are selected when 1 —-p — 1
>
@10-
Qi_ 04 7 3/
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Event classification with charged particle flattenicity

s

ALICE

A.Ortiz, A. Paz,J. D. Romo, S.Tripathy, E. A. Zepeda, 1. Bautista,

—o— 1t [VOM, 0-1% (> 108)]
— p :1-pnCh' 0-10/0 (> 0904)]

Phys. Rev. D 102, 076014 (2020) A. Ortiz, A. Khuntia, O. Vazquez, S.Tripathy, G. Bencedi,
PYTHIA 8 Phys. Rev. D107 (2023) 7, 076012
PYTHIA 8
pp {g — 2_76 TeV (Pythla 8 244) 14 :-—I | I | I L B | I L B | I | B | I T 1 1 I | I B | I L B | I l.—-.
p 1S
Ul * Nowi=d - pp, Vs =13.6 TeV, PYTHIA 8-CR2 i
o m I— - = -
o ngl-15 12 — ~
- o )
? 10} A ° =
e ! i VOM :
ST 3"} _
f £ 8 -
! - ! ]
— = |
£ 6L o . S—
2 I Flattenicity
4] -
C —— 7 :1-pnch, 0-1% (> 0.904)] —_

)/(Ttr 4T

E

s
1 1l
e

0.1 r —8— p [VOM, 0-1% (> 108)]
— CR=OnIfu||markerS lllIlllllllllllllllllllllllll
CR=off: empty markers OO 5 4 6 8 10 19 14
12 p. (GeVic)

2 4 6 8 10
p. (GeV/e)
¢ Selection based on MPI

¢ high-pr yield is not biased
20.11.2023 Sushanta Tripathy 22

¢ Selection using flattenicity shows a “bump” structure
¢ Reduced bias towards hard physics
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ALICE

Particle production vs charged particle flattenicity

10"

.. F’G T+ T K"+ K p+P h"+h 'ZG :611
Flattenicity SR \ N \ \ > =
classonly & - . e .\-:—- 9 T

- 10%} o \ — ""'-..""":"_'_ Sl S = =
© . - Py - © (- Q
S B \___'_._ :\* —=— N — ”\--____._ &= - o)
B 10 e "':—I— :"'_._ S I S Q
NZ 1-p classes N 1-p classes - Mol - : NZ —~ O
O 4g5) = | (x10%) — =V (x10% — e O D
3 = 1l (x107) = VI (x10%) 3 X
3 11l (x10°) = VIl (x109) + Stat. Unc. ALICE 3 =
— 10°F a1V (x109 = VIl (x101) Total Syst. Unc. pp s =13 TeV — §
r 3 o3 sl " 1aal " p 1 o3l p 1 a9l 1 11l p 3 o33l 1l |
oL B Uncorr. Syst. Unc.
o I ST n
G -
O L MR | L a2 3 221 3 3 33321 L .3 3 3 3321 L 'l |
1 10 1 10 1 10 1 10
p_ (GeV/c)
Ratio of yields to MB: e “Bump” structure: development of a peak for isotropic events and more evident for
d2N1-» class /((dN,4 /dn)dydp) protons (flattenicity class (l))
Cop = d2NMB/((dN.,,/dn)dydpr) * Mass dependency: the maximum of the peak shows a mass-dependent ordering
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ALICE

Flattenicity
class only

Flattenicity +
0-1% VOM

OQ_
Flattenicity +
1-5% VOM

Flattenicity +
5-10% VOM

d2N1—p ClaSS/(<chh/d77>C‘yde) .

OO L NN W RO o N WO PO O D WO RO O N WO B

Opp =

20.11.2023

d2NMB/({dNy/dn)dydpr)

Sushanta Tripathy

Particle production vs charged particle flattenicity C\ERN
N,/ S
-T;ZZF+TC: -+
o Flattenicity (1-p) only :1—)*
S
- . -
= >
= AP 59
o 0-1% VOM 3 — 0% 1 c O
n ¥ —50-100/01- o 8_
I + O
I b
: i 9
. T —PYTHIA8 Monashwith CR ¥  ALICE : )
¢ N 3 - +EPOS LHConas ) pp Vs =13 TeV =
E3 S §
"4 satune
¢ 5-10% VOM mm Uncorr. Syst. Unc.
A 50 !Mﬁ!é ¢ %
1 - s o o
p_ (GeV/ce)

PYTHIA 8 Monash 2013 with MPI and CR effects describes the data; sensitive to event selection due to CR
« EPOS LHC describes the data partially (low-to-mid pT); opposite trend seen w.r.t. PYTHIAS8 at high pt
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What do we learn? C\E/RW

HL‘ICE—\-/

e Along with multiplicity, the event topology classifiers add a new dimension of separating jet-
like and isotropic events for pp collisions. They significantly reduce the selection biases.

e Jet-like events produce less strange hadrons than the average high-multiplicity event and the
observed strangeness enhancement in high-multiplicity pp collisions is a feature of isotropic
events.

e As suggested by MC studies, selections based on Flattenicity are sensitive to soft particle
production and less sensitive to a (jet-) bias.

e |sotropic events develop a bump-like structure with increasing multiplicity similar to the
behavior seen as a function of MP| where it is attributed to CR.
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ALICE
* Flattenicity is defined in the pseudorapidity regions covered by the new VO and TOC detectors

in Run 3 of LHC.

e Stay tuned for new results!

20.11.2023

Outlook

Sushanta Tripathy

0 ACORDE | ALICE Cosmic Rays Detector
e AD | ALICE Diffractive Detector

9 DCal | Di-jet Calorimeter

o EMCal | Electromagnetic Calorimeter
9 HMPID | High Momentum Particle

|dentification Detector

G ITS-IB | Inner Tracking System - Inner Barrel
o ITS-OB | Inner Tracking System - Outer Barrel

0 MCH | Muon Tracking Chambers
o MFT | Muon Forward Tracker

@ MID | Muon Identifier

m PHOS / CPV | Photon Spectrometer
@ TOF | Time Of Flight

@ TO+A | Tzero + A

m TO+C | Tzero + C

@ TPC | Time Projection Chamber

@ TRD | Transition Radiation Detector
m VO+ | Vzero + Detector
@ ZDC | Zero Degree Calorimeter
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ALICE
* Flattenicity is defined in the pseudorapidity regions covered by the new VO and TOC detectors

in Run 3 of LHC.

e Stay tuned for new results!

20.11.2023

Outlook

o ACORDE | ALICE Cosmic Rays Detector
e AD | ALICE Diffractive Detector

9 DCal | Di-jet Calorimeter

o EMCal | Electromagnetic Calorimeter
9 HMPID | High Momentum Particle

Identification Detector

e ITS-IB | Inner Tracking System - Inner Barrel
o ITS-OB | Inner Tracking System - Outer Barrel

e MCH | Muon Tracking Chambers
0 MFT | Muon Forward Tracker

@ MID | Muon Identifier

m PHOS / CPV | Photon Spectrometer
@ TOF | Time Of Flight

@ TO+A | Tzero + A

m TO+C | Tzero + C

@ TPC | Time Projection Chamber

@ TRD | Transition Radiation Detector
m VO+ | Vzero + Detector
@ ZDC | Zero Degree Calorimeter

Thank you for your attention!
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Integrated yield and mean transverse momentum vs SgT:]

PYTHIA 8
o~ 35 | I | r 1 1 | | 11 | I | 1 1 1 1 | I |
8 lALICE Slmulatlon g)p \(__|13 TeIV | - <08 . p 1 A = :
= N, > 10, p_>0.15 GeV/e, |n| < 0.8 - ]Vtr};cklet : Mid-rapidity multiplicity selection
. ch — | S
8 . PYTHlA 8.2 Monash _ VOM: Forward-rapidity multiplicity selection
~ 30N VOM | ~
C O S 0-1% ST 0 - 1% ]
-0 P P ] . . - ..
o e ngﬂgg”?g;/ 1 € Using mid-rapidity tracklets as an event classifier
29[ 8 PYTHIA 8.2 Ropes ~_ conjunction with spherocity in MC shows a large shift in
i A N|n|<08 | _ .
i a0 1% - <pT1> and a small change in <nMPI>.
20 | ® SgT=1O - 1000/0_
i A S, 99-100%- _ o . D :
- VOM | 1 ¢ High-multiplicity midrapidity measurements are biased
I S 0-1% . L
150 S0 — 100% towards jets -> Captured by jet-like events
I o . A Sy’ 99-100% -
; L1 1 | L1 1 I L1 1 I 1 IAI ?I | IAI 1 IAI I L1 1 I | ; @ Reduced bias in iSOtrOpiC events

10 12 14 16 18 20 22 24
( nMPI )

ALICE, arXiv:2310.10236
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1

Integrated yield and mean transverse momentum vs SgT:

DATA
|ﬂ|<08 : Mid_rapidity multiplicity SeleCtion /G | I | I | L L I | L I | I L I | I L L I L L L I I 1 11
fracidets - o . S 0.9 aLicE, pp. 15 = 13 Tev B
VOM: Forward-rapidity multiplicity selection O - N, >10, p.20.15GeV/c, n| < 0.8 ]
O @ N HI O VoMl ® Ng! ]
_ _ o - | ~— i Jet-like [0-11% [] Jetlke[0-11% M Jetlke[0-1]% |
¢ Using mid-rapidity tracklets as an event classifier in 7 [ ¢ Jetlike [0-101% - Jetlke [0-10% ¥ Jetlike [0-10]%

. . _ . . . . . Q 0 . 8 V¥ Isotropic [0-10]%\/ Isotropic [0-10]% V¥ Isotropic [0-10]% |
conjunction with spherocity in data shows similar behavior Ntk itk Mool
as expected from studies as a function of <nMPI> in MC. - T+ T -

0.7 =
¢ High-multiplicity midrapidity measurements are biased I ]
. . . ¥
towards jets -> Captured by jet-like events : 0 :
B
® —
. , " . 06' ® 4 A w N
¢ Reduced bias in isotropic events i A i
L1 1 1 I L1 11 I L1 1 1 I L1 11 I L1 11 I L1 1 1 I L1 1 1
5 10 15 20 25 30 35 40
(dN_/dy )

ALICE, arXiv:2310.10236
20.11.2023 Sushanta Tripathy 30



https://arxiv.org/abs/2310.10236

1

*0 Al Integrated
KO - Kr| 7%
P, : 0
—+ s, :0-10%
=1
—- S, : 90-100%
PYTHIA 8.2 Monash
PYTHIA 8.2 Ropes

;; ¢ Particle production for jet-like
events Is suppressed at low-pr
but enhanced at high-pr; vice
versa for isotropic events

-Integrated

++. ‘Hm

1 & Indicates hardening of the

O

O 45 1 : :
9 . = spectra in Jet-like events
© T

-ES- e

o 2 4 6 8 10 2 4 6 8 10 2 4 6 38 10 2 4 6 8 10

p. (GeV/ic) ¢ Both PYTHIA Monash and Ropes

ALICE, arXiv:2310.10236 describe the qualitative trends
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Particle production vs charged particle flattenicity

CERN
\

ALICE 7
_ 1011 _ -Iq—)'
. . -~ T+ T K'+ K h"+ h — =
Flattenicity + g \* \ " —\p P \ ' 2 =
0-1% VOM o '° - ——— — - |3 =
O '.':# 0 "':n- o [ (D L
class ~ sl —— >—s— — . —— | = >
— 10 e?® e P, . - mg — 5 O
Q. - "\‘_._-o- -\‘-&‘ o g Q. e
O .- or—t— =0 - S c O
> 10 1 o—o— \‘:‘* \-0'-.'-.—0— W =y — O
© r === o= o . O O QO
N P . —— D o L <
NZ 1-p classes = 1-p classes == —— NZ % ..9
O 5| | (x10° V (x10* ke,
5 19 . ||(z<><1oo;) . VI(Z;1OO“2’) ALICE pp fs =13 Tev 3 A
0-1% VOM —
| Il (x10° o VIl (x10?) -+ Stat. Une. < =
+~ 10 o IV (x10°) o VIl (><1O1) [OJTotal Syst. Unc. T 2
L 3 s sl : wal L 3 aaul l L 3 vl L 1 aaul L3 3yl L il
Multiplicity dependent only
3k M Uncorr. Syst. Unc. ,Eur. Phys. J. C 80 (2020) 693
Eur. Phys. J. C 79 (2019) 857
Q% | /ﬂ%
‘|_ - et o e o m e e - = =
O . . 1 1 e 1 1 1 I

Ratio of yields to MB: * “Bump” structure: clear development of a peak for isotropic events (flattenicity class (l), 0-1% 1-p)

d°N1=P cass/((dN, /dn)dydpy) * Mass dependency: the maximum of the peak shows a mass-dependent ordering
Qpp = d2NMB/((dN, /dn)dydpr) * Reduced selection bias: due to flattenicity selection with increasing multiplicity (not seen for VOM-only)
c |
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ldentified particle production vs. Ry CERN

\
\_/
ALICE, JHEP 06 (2023) 027 A.Ortiz, A.Paz,J. D. Romo, S.Tripathy, E. A. Zepeda, 1.
— Bautista, Phys. Rev. D 102,076014 (2020)
pp ¥s =2.76 TeV (Pythia 8.244)
P VS
T +T o Nmpif4
e N =10 4
N =15
e ® Mmpi
pp, Vs = 13 TeV, |/<0.8
5 < p'jad'”g <40 GeV/c
4F (10.0< R; < 0.5
o [ J0.5<R; <15
ANl 3L «11.5<R;<25
o L [£]2.5 < R;<5.0
49 2 iR
o -
ks =
CR=on: full markers
, » s : : : CR=off: empty markers
& No “bump” structure seen in these measurements — selection bias .
¢ Explore event classifier: sensitivity to MPI with reduced selection bias 2 4 6.8 10 12
p_(GeV/c)
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Charged particle production vs. Rr CE/RW
aLice(—rrov—— S

Relative Transverse activity classifier, Rt = NgnIransverse /<Ny Transverse,

Toward Away ALICE Transverse

8<p"9<15 GeV/c —
° 0o g Co000®¢Q {’ 0'5<ET<8 cevie, in|<0.8 Z EpPI:v);v_s_5.025TgZ TeV
§ NN = V-

tm

u
HOooooooo [

ALICE, arXiv:2310.07490
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Charged particle production vs. Rr CE/RW

Relative Transverse activity classifier, Rt = NgnIransverse /<Ny Transverse,

Away ALICE Transverse

84915 GeV/c

é})T<8 GeV/c, n|<0.8 o pp Vs =5.02 TeV
0 p-Pb VSNN =5.02 TeV
¢ Pb-Pb \s,, = 5.02 TeV

\ \
DO
ry ‘ -

¢ The contribution from the jets dominate at low Rt and the values are similar for all systems, as one

would naively expect for Rt—0
ALICE, arXiv:2310.07490
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Charged particle production vs. Rr CE/RW

Relative Transverse activity classifier, Rt = NgnIransverse /<Ny Transverse,

Toward Away ALICE Transverse

8<p"9<15 GeV/c —
° 0o g Co000®¢Q {’ 0'5<ET<8 cevie, in|<0.8 Z EpPI:v);v_s_5.025TgZ TeV
§ NN = V-

T o Pb-Pb \s = 5.02 TeV

0O
HOOOoooo . w o ©_©

¢ For large Rt, the <pt> approaches similar values in all three topological regions for a given system:

dominant UE contribution
ALICE, arXiv:2310.07490
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Hypothetical picture of a pp collision g@

Hard scattering: perturbative QCD

Hard scattering

Proton Proton

A basic PYTHIAS8 picture
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% Hypothetical picture of a pp collision (iE/R_@/

Hard scattering: perturbative QCD

Soft QCD processes: low transverse momenta Hard scattering
— non-perturbative QCD

Includes:
¢ Underlying Event (UE)

Proton

A basic PYTHIAS8 picture
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% Hypothetical picture of a pp collision g@

Hard scattering: perturbative QCD

Soft QCD processes: low transverse momenta Hard scattering
— non-perturbative QCD

Includes:

¢ Underlying Event (UE)

¢ Multiparton interactions (MPI) Proton Proton

—7
.

A basic PYTHIAS8 picture
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Hypothetical picture of a pp collision CE/RW

(H) |

. e/

Hard scattering: perturbative QCD

Soft QCD processes: low transverse momenta Hard scattering
— non-perturbative QCD

Includes:

¢ Underlying Event (UE)
¢ Multiparton interactions (MPI)
¢ Initial- and final-state radiation

.................. » |nitial state radiation
PrOton -------------------------------- PrOton

.

« Final state radiation

A basic PYTHIAS8 picture
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Hypothetical picture of a pp collision CE/RW

|

. e/

Hard scattering: perturbative QCD

Soft QCD processes: low transverse momenta Hard scattering
— non-perturbative QCD

Includes:
g :
# Underlying Event (UE) e » Initial state radiation

¢ Multiparton interactions (MP1) Proton IWi . Proton

¢ Initial- and final-state radiation — ——

¢ Beam remnants Beam remnants <'¥ -
<4

~>
|V|P|\A

« Final state radiation

A basic PYTHIAS8 picture
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Hypothetical picture of a pp collision CE/RW

\

ALICEF———M8M ™———————————44——@¥X¥X¥X¥ X XX X X X/ — 8
Hard scattering: perturbative QCD e

Soft QCD processes: low transverse momenta ~ f° Hard scattering

— non-perturbative QCD

Includes:

2 .

e e - = » Initial state radiation

¢ Multiparton interactions (MP1) Proton IWi . Proton

¢ Initial- and final-state radiation — ——

& Beam remnants Bearm remnants a :'% -
<4

¢ Hadronisation products

T~ e 4
¢ Collective effects MF,I\A ““““

ty
....
* ay
.....
ty

"""""""" % Final state radiation

Hadronisation/
Fragmentation

A basic PYTHIAS8 picture
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ALICE
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Relative transverse activity classifier ﬁE/RW
NAL S

To reduce the contribution from ISR and FSR, Transverse region is further
sub-divided into two regions: Trans-min and Trans-max based on minimum
and maximum number of charged particles

RT,max = NcpTmax /< NepThmax>

G. Bencedi, A. Ortiz, and A. Paz,
Phys. Rev. D 104, (2021) 016017
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