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Introduction

ALICE
A
Hard scattering: perturbative QCD P
et >
Soft QCD processes: low transverse momenta Hard scattering
— non-perturbative QCD
Includes:
¢ Underlying Event (UE) - » Initial state radiation

Proton Proton

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

Beam remnants
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Introduction

ALICE
A
Hard scattering: perturbative QCD P
P =
Soft QCD processes: low transverse momenta Hard scattering
— non-perturbative QCD
Includes:
¢ Underlying Event (UE) - » Initial state radiation

Proton

¢ Multiparton interactions (MPI)

¢ Initial- and final-state radiation Beam remnants

¢ Beam remnants “«
¢ Hadronisation products

& Collective effects

""""" 4 Final state radiation

, Hadronisation/
Fragmentation

¢ Description relies on phenomenological models
¢ Important for tuning the models

¢ Improve the understanding of non-perturbative processes
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A Large lon Collider Experiment

ALICE
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A Large lon Collider Experiment

ALICE
Inner Tracking System (ITS) Time Projection Chamber (TPC)

Tracking, vertex and PID Tracking and PID (dE/dx)

PR AW, Y RN IR “l"\ .

i 1 | ) ) ) ) : : : : -
—

T Trigger, multiplicity/
centrality estimator

Time of Flight (TOF) detector

L . Zero Degree Calorimeter (ZDC)
PID via time-of-flight method

112.5 m from IP2, energy percentiles based on
energy deposition, measurement of beam remnants
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The Underlying Event

ALICE

Underlying event (UE): collection of particles which do not originate from the primary hard parton-parton scattering
or the related fragmentation (Includes MPI, ISR/FSR, beam remnants)

Leading-particle

Conventional UE analyses

¢ Particle production in three topological
regions w.r.t. leading particle

¢ Main UE observables: particle density,
summed-pr density

Transverse Transverse
60° < |Ap| < 120° 60° < |Ap| < 120°

ALICE, JHEPO04 (2020) 192
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ALICE

The Underlying Event

Underlying event (UE): collection of particles which do not originate from the primary hard parton-parton scattering

or the related fragmentation (Includes MPI, ISR/FSR, beam remnants)

Leading-particle
A

Conventional UE analyses s

¢ Particle production in three topological avl <
regions w.r.t. leading particle

¢ Main UE observables: particle density,
summed-pr density

Transverse
60° < |Ag| < 120°

Transverse
60° < |A(p| < 120°

Away
|Ap| > 120°

¢ Steep rise in the event activity at low prleading for all topological regions

¢ After prleading > 5 GeV/c charged particle density in Transverse region
IS Insensitive to hard component

¢ In Toward/Near and Away regions, charged particle density scales with
hardness
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Charged particle density

First results on UE activity for
ALICE ‘

p—Pb collisions at the LHC

—_— 3_| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I_ —_— 4.5:| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |:
s E p.$0.5 GeVic, |#|<0.8 ALICE Preliminary E s 43_ p_$0.5 GeVic, |#]<0.8 ALICE Preliminary —f
o 2.5 t | pp, Vs =5.02 TeV PYTHIA 8.244 (Monash) ] o - t | po%Db, \s,, =5.02 TeV —— PYTHIA 8.244 (Angantyr) 7
ZS | Uncertainties: Stat.(vertical)  ==== EPOS LHC - Zc >SET Uncertainties: Stat.(vertical) - - - - EPOS LHC -
& - Syst.(box) — G = Syst.(box) —
Z 2 — Z 3 —
B ~ 2.5 —
B B - E g EE = [ | u (] [ ] u .o —_—
15__ — E .l' - = ——— -* _
- . S — SRR i —
11— 1.5_—f|=-.l:' ) —
[ ] [ |I _
- - i -
0.5 _: - P b -
PP Transverse - o.sjt P Transverse =
O_I_I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I__ O_I-_I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I_:
%1'45_ —= %1.45— T T=a .=
135 = S 13E- . - =
w125 — gl — . 0 T il [P —=
N 1.1 - T V== -=n === —= N 1.1== I _ - — — . —
g 1%.._ ______ N PSR Py S p——— p—— BN e FESE ry ge— S umy R R Bl pip pi el sl piat: o :E
0OR- . TTTTT 1 = 0.9 ;_J_r'_" =
0.8E- —= 0.8E =
0.7E- = 0.78 =
06E-. . . . . —= 06E—. . . . . —=

5 10 15 20 25 0 35 40 5 10 15 20 25 0 35 20
p (GeVlc) pTea " (GeV/c)

¢ Larger UE magnitude in p—Pb collisions
¢ Both PYTHIA8 (Angantyr) and EPOS-LHC fail to describe the UE activity for p—Pb
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ALICE

Charged particle density in jet-like regions
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¢ prleading > 8 GeV/c: jet-like components are similar for both pp and p—Pb collisions
¢ No jet-like component modification in the away side for p—PDb collisions
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ALICE

2.5

N /N #$#", NSI TS

0.5

Charged particle density in jet-like regions

p_ 9.5 GeV/c, |$|<0.8

-

t | p!Pb, \s,, =5.02TeV
- === PYTHIA 8.244 (Angantyr)
---- EPOS LHC

Toward - Transverse

ALICE Preliminary

{ | pp, s =5.02 Tev
PYTHIA 8.244 (Monash)
EPOS LHC

____________

¢ Low prleading ; effects from flow?
¢ EPOS-LHC describes the qualitative trend but overestimates the data at low prleading
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First results on UE activity for

p—Pb collisions at the LHC
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ALICE

07.06.2021

Relative transverse activity classifier, Rr

Relative transverse activity classiber, Rt = N¢nTransverse /<Ny, Transverse> |
(Introduced Iin P. Skands et. al., Eur. Phys. J. C 76, 299 (2016))

Leading-particle

Transverse Transverse

60° < |A@| < 120°

ALICE, JHEPO04 (2020) 192
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60° < |Ap| < 120°

12



Relative transverse activity classifier, Rr

ALICE

Relative transverse activity classiber, Rt = N¢nTransverse /<Ny, Transverse> |

(Introduced in P. Skands et. al., Eur. Phys. J.

¢ Using Rr, one can vary the magnitude of the
underlying event (UE) and study the particle
production
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ALICE
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p;fack >0.15 GeV/c,|"| < 0.8

pp, I's = 13TeV

--|Data
— PYTHIA 8 Monash 2013
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--=NBD fit (k = 3.969, m = 5.247)
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Relative transverse activity classifier, Rr

ALICE
Relative transverse activity classiber, Rt = N¢nTransverse /<Ny, Transverse> |

(Introduced in P. Skands et. al., Eur. Phys. J. C 76, 299 (2016))

¢ Using Rr, one can vary the magnitude of the ¥ E ALUCE 0z
O
- - =~ 1E eadin =
underlying event (UE) and study the particle N I G ant s SUN 5<p ™™ <40 (Gevic) =
Z — - ]
production | U> 10!1;_ pI*¢“>0.15 GeV/c,|”| < 0.8 =
Z F -
_ _ _ 7 10'2 = ppl s = 13TeV =
¢ Rr—0 : Events with less UE (dominated by jets)! - +Data >
10! 3 — —+ PYTHIA 8 Mgnash 2013 —
: - O = EPOS LHC =
- Higher Rt — Higher UE contribution ol -+t NBD fit (k = 3.969, m = 5.247) N
=R
= Y ETT | F
05F

ALICE, JHEPO04 (2020) 192
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Relative transverse activity classifier, Rr

ALICE
Relative transverse activity classiber, Rt = N¢nTransverse /<Ny, Transverse> |

(Introduced in P. Skands et. al., Eur. Phys. J. C 76, 299 (2016))

¢ Using Rr, one can vary the magnitude of the %P = ALICE s
- - =~ 1E eadin =
underlying event (UE) and study the particle Za = T e, 5<p;*"<40(Gevic) =
production | U> 10!1;; 7 pI*¢“>0.15 GeV/c,|”| < 0.8 _;
z F -
= 10 °E ppl Is = 13TeV —
¢ Rr—0 : Events with less UE (dominated by jets)! - +Data
10! 3 — —+ PYTHIA 8 Mgnash 2013 —
- EPOS LHC =
- Higher Rt = Higher UE contribution! ol -+ NBD fit (k = 3.969, m = 5.247) *
=R
¢ A pr cut for the leading particle Is required to A 1?% T
ensure a hard process: prleading > 5 GeV/c, where O->F

the charged particle density In transverse region 12 3

remains nearly constant
ALICE, JHEPO04 (2020) 192
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Charged particle production vs. Ry

Relative Transverse activity classiPer, Rt = NcnTransverse [< N Transverse>

1.8 _
p— ALICE PRELIMINARY Awlayg_ Side Transverse Side
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Charged particle production vs. Ry

Relative Transverse activity classiPer, Rt = NcnTransverse [< N Transverse>

ALICE PRELIMINARY Awlag_ Side Transverse Side
eading
Near Side 8<p_ <15 GeV/c o pp 15 =5.02 TeV

<
0.5<p, <8 GeV/e, <08 | | o (5 =502 TeV
A Pb-Pb ys,, =5.02 TeV

ALI-PREL-346036 HT

¢ 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
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Charged particle production vs. Ry

Relative Transverse activity classiPer, Rt = NcnTransverse [< N Transverse>

1.8

- ALICE PRELIMINARY Awlayg_ Side Transverse Side
eading
8 1.6 I Near Side g.zzSiT 8{(135 \(;eV/c O {5 = 5.02 TeV
> ...****** -—P_I_fi eV/c, n|<O0. ID'PDVS—NN=5.02T8V
O 1.4} A Pb-Pb s, =5.02 TeV
~— 1.2
AN
|_

Q 1
NS

0 1 2 3 41 0 1 2 3 4 ?0 1 2 3 4 T
ALI-PREL-346036 RT

¢ For large Rr, the <pt> approaches similar values in all three topological regions for a given system:
dominant UE contribution
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ldentified particle production vs. Rt
ALICE

-~ ———T——————————————————— ¢ p/! ratio: !
R . ..
Py leading ALICE Preliminary _ _
£ 1Py 2o0evie 20, 15 = 13 TeV ¢ Radial Row-like features!
@ - m25<H<30 p 20.15GeV/c, |n| <0.8 ¢ Model predictions mostly fail to describe the
2 | ®00=<R;<05 Transverse - particle ratios quantitatively
- PYTHIA 8 (Monash 2013) -
0 5 EERRREEELE EPOS-LHC
i p/| ............. ]
i : : -

P (GeV/c)
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ldentified particle production vs. Rr

Transverse Toward
— [T L DL B L L L ~ [ TTTrTTTr1rrrrrrTTrr-rrororrs T
B ) .- ! — . 7] =
T leading ALICE Preliminary & leadin ALICE Preliminary \ | - |
. o) >5 GeV/c _ + B 95 B
g rh pis-iaTev | 4 ARrTTEsGevie ¢ p/! ratio: !
= m 25<R; <5.0 p.0.15 GeV/c, [n| < 0.8 = [ m25<R;<50 p 20.15 GeV/c, || < 0.8
+ B . . + = - ] |} n | |
& | mO00<A<05  Transverse Region /| & | ®=00<A;<05 Toward Region ¢ Radial fow-like features in both the reg|OnS.!
PYTHIA 8 (Monash 2013) PYTHIA 8 (Monash 2013)
0-5

‘p/| | osp ¢ Model predictions mostly fail to describe the
R particle ratios quantitatively!

¢ !/l ratio: |

¢ show a similar trend to the p/! ratio.!

¢ high-Rt toward region approaches the results

Tl e ALICE Preliminary " [ ... ALICEPre iminary ' '
¥ leading & £ ~o\// y y . leading ALICE Preliminary -
£ [ Ve S 13 Tev 1§ [ereeseevie ey _ In Transverse region.
=~ 0.1~ ® 25<R; <50 p_>0.15GeV/c, [n <08 — X 0.1 ™ 25<R.<5.0 >0.15 GeV/c, |n| < 0.8 —
i O ; ] @ T Pr ! ]
B | ®00<A;<05 Transverse Region..- f_i | = 00<R;<05 Toward Region
PYTHIA 8 (Monash 2013) - PYTHIA 8 (Monash 2013) -
T EPOS-LHC J_ _ IETTIT EPOS-LHC _ _ ] _
0.05] 0.05 ] The results indicate the interplay between UE and
I I e e —— — at-lik
: = _ jet-like components
$ﬁ‘:l==!m - ————————|
o 2 ~ o :ﬂdtl-lﬁ#—"' —_— .
A\ g Al o - o
u:l— 1.5g u:l— i*:l E
e It o 1 —
0 0.5F g - 0 -
- p_(Gevic) p_ (GeVic)
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ALICE

Deuteron production vs. Rt

Relative Transverse activity classiPer, Rt = NcnTransverse [< N Transverse>

¢ First measurements of (anti)deuteron production
as function of Rrin di" erent topological regions!

¢ (antdeuteron to proton ratios found to be
iIndependent of Rrwithin uncertainties

07.06.2021

|
,\!
|\
|

|

L. Barioglio, 7*" June at 18:00 |

— —

‘More details on (hyper)nuclei

— =l

Sushanta Tripathy -

ra B L L T
& ~ ALICE Preliminary = | Towards -
lgo.oo{— pp \s = 13 TeV o | Transverse —
- lead e | Awa i
:‘-5 - pY>5 GeV/c y -
0.003[ —
0.0024 [ : _
L. | -
0.001~ —
i ' I R | ' | -
0 1 2 4 5
Rt
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https://indico.cern.ch/event/905399/contributions/4291635/

ALICE
¢ The forward energy measured by ALICE ZDC gives 4

Forward energy vs. UE activity

- ALICE Preliminary
a complementary measurement to conventional UE 3.5 pp (s=13TeV

B p_>0.15 GeV/c TS
analyses 3L B Ny / (Ney AnAY) (n|<0.8)

2.5[ _ .

2F

15

O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 S5 10 15 20 25 30 35 40 45 50

p_ll_eading (GGV/C)
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N Forward energy vs. UE activity
ALICE
¢ The forward energy measured by ALICE ZDC gives 4

-~ ALICE Preliminary
a complementary measurement to conventional UE 3.5 pp {s=13TeV ® ZN/(ZN)(m>8.8)

B p_>0.15 GeV/c TS
analyses 3L B Ny / (Ney AnAY) (n|<0.8)

¢ Both observables saturate for prleadng > 5 GeV/c o 5 :

¢ Forward energy is anticorrelated to midrapidity UE
activity
¢ Small forward energy detection selects high

multiplicity and high prleading particle at midrapidity

O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 S5 10 15 20 25 30 35 40 45 50

p_ll_eading (GGV/C)
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Strangeness

ALICE
¢ ALICE has measured ratio of strange to non-

strange hadrons across different multiplicity P
S

classes, collision systems and energies LR L L W

o duoopipitht B 10 om0 2000
LI LR ool %)

" ﬁ o Il 1 Q+Q (X12)

Ratio of yields to (t*+n)
S

& Strangeness enhancement increases with

strangeness content of the particle 102

IIIIII|
L

ALICE
O pp,¥s=7TeV
pp, Vs = 13 TeV

p-Pb, |5,y = 5.02 TeV

¢ Does the strangeness enhancement in pp

B (ﬁ* ALICE Preliminary

collisions depend on available initial energy? ¢ D-Pb, 5y = 8.16 TeV

O
¥

X Xe-Xe, s = 5-44 TeV (Kg JE, Q) ¥ Xe-Xe, {s,, = 5.44 TeV (p, @)
L]

10°° —
B B Pb-Pb,ys,, =5.02 TeV (Kg A, E, Q) Pb-Pb, ys,,, = 5.02 TeV (p, ®) _
B I .| | | ] | 1 1 111 | ] ] ] I 1111 I | ] ] 1 1 111 | |
10 107 10° 10%
<dN ch/ 0 77>|n|< 0.5

ALICE, Nature Phys 13, 535 (2017)
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S

ALICE
¢ Effective energy: difference between collision

Strangeness vs. effective energy

energy and forward energy measured in ZDC

07.06.2021 Sushanta Tripathy - LHCP2021
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Strangeness vs. effective energy

ALICE
¢ Effective energy: difference between collision

W
o1

~  ALICE Simulation
:— PYTHIA 8 Monash 2013
pp Vs = 13 TeV

energy and forward energy measured in ZDC

8
-

¢ Simulation shows effective energy and multiplicity
25

Event classification

are correlated ® (Is - ZDC) eff. energy -

#dN ch fal " 11<0.9

20 ;_ B VOM multiplicity
- -
15 : u
B O
10 - .‘
- " 4
B O
5 B ..‘
- %
O B | | | | | | | | | | | | | | | | | | | | | | | | |
0O 2000 4000 6000 8000 1000012000

is - E, ¢ (GeV)
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Strangeness vs. effective energy New!

ALICE

¢ Effective energy: difference between collision o /B —————
_ i _ (\/_ ZDC) event classification ALICE Simulation

energy and forward energy measured in ZDC - = 30 |® voM0-30%, highmul. | PYTHIA 8 Monash 2013

. . , L -. - Q VOM 70-100%, low mult. | pp Vs =13 TeV -+

¢ Simulation shows effective energy and multiplicity  © 25 E
are correlated R m
S 20- .

& Combined event classes to discriminate between i - é -
. . 15 o OH —
initial and final state - Je® m -
10+ o ¥ = =

- - N

5 - -

- Clam :

O B | | | | | | | | | | | | | | | | | | | | | | | | | |

O 2000 4000 o000 8000 10000 12000

Is - E, .5 (GeV)
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Strangeness vs. effective energy

ALICE :
¢ Effective energy: difference between collision n
energy and forward energy measured in ZDC /—E
¢ Simulation shows effective energy and multiplicity gf
are correlated © 2‘
¢ Combined event classes to discriminate between \;t/
initial and final state /TJ’
¢ No! enhancement vs. effective energy for a > ;
chosen multiplicity indicating no strong role of 2 %
effective energy E

Ratio of | yields to average charged particle
multiplicity (self normalised to INEL>0)

07.06.2021 Sushanta Tripathy - LHCP2021

1.8
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_I 1 | L | Tl | Tl | IIIIIIIIIIII | L | L | IR I_
:_ ALICE Preliminary . + & otat _:
B pp Vg =13 TeV $ + § Syst_ _
- VOM multiplicity: | V<05 -
| @ 0-30%, high mult. i‘ i
‘ 70-100%, low mult. | -
1.2 —— e — o —
. @ @ ° O O o ¢ # -
_I | 1 1 | [ . | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | [ . | 1 1 I_
0 10 20 30 40 50 o660 /0 80 90 100

(Vs - ZDC) percentile (%)
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Strangeness vs. effective energy

HLICE

¢ Effective energy: difference between collision z 1.6 — .
91 4 4in 7DC ——~ L ALICE Preliminary + stat.  _
energy and forward energy measured in S 14 pp\s=13Tev syst. -
¢ Simulation shows effective energy and multiplicity <l - (15 - ZDC) effective energy: | Il -
% Q% 1.2 _ B 0-30%, high eff. energy i % [ % —
are correlated 2" | 0 _70.100% loweff. energy &b { f%. :
3 I ’ o ! _
¢ Combined event classes to discriminate between — 1r [H] ﬁ[ﬁj -
initial and final state - o8l i 'H' y[<0.5 -
8 | i = B N |
# No ! enhanc.:efn.ent. vs.. eff.ectlve energy for a E;\_.,- b $ N $ B
chosen multiplicity indicating no strong role of °s [ @ -
= I -

effective energy ¥ o4 R '1'0 '
¢ Indicates final state multiplicity is the driving factor VOM-selected #dN /d/

for strangeness enhancement
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Summary

ALICE

Modelling of soft QCD results is important to understand the hadronisation mechanisms

¢ First UE results for p—Pb collisions at the LHC: models fail to describe the UE activity

¢ No jet-like component modification observed for p-Pb collisions with respect to pp collisions

¢ First measurements of (anti)deuteron production as a function of Rrin di" erent topological regions!

¢ Forward energy is found to be anticorrelated with midrapidity UE activity and complements
conventional UE analyses

¢ Multi-differential analysis of strangeness production with effective energy indicates final state

multiplicity as the driving factor of strangeness enhancement

07.06.2021 Sushanta Tripathy - LHCP2021
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S

ALICE

Summary

Modelling of soft QCD results is important to understand the hadronisation mechanisms

¢ First UE results for p—Pb collisions at the LHC: models fail to describe the UE activity

¢ No jet-like component modification observed for p-Pb collisions with respect to pp collisions

¢ First measurements of (anti)deuteron production as a function of Rrin di" erent topological regions!

¢ Forward energy is found to be anticorrelated with midrapidity UE activity and complements
conventional UE analyses

¢ Multi-differential analysis of strangeness production with effective energy indicates final state

multiplicity as the driving factor of strangeness enhancement

Thank you for your attentio
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ALICE

Charged particle density

First results on UE activity for

p—Pb collisions from ALICE
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¢ Increase of particle density with leading pr, faster in pp compared to p—Pb collisions
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¢ First results on forward energy vs the event activity at midrapidity in pp and in p-Pb collisions

Forward energy vs. UE activity
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¢ ZN, ZP energies normalized to MB values decrease rapidly with increasing multiplicity at midrapidity
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Deuteron production vs. Rt

Relative Transverse activity classiPer, Rt = NcnTransverse [< N Transverse>
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¢ B2 parameter is found to be f3at vs p1/A !
¢ Similar values of B2 for transverse and toward regions
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Strangeness vs. effective energy

ALICE
¢ Effective energy: difference between collision

energy and forward energy measured in ZDC

& Simulation shows effective energy and multiplicity
are correlated

¢ Stand-alone analyses are unable to disentangle

initial and final state
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ALICE
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ALICE Preliminary

¢ p-Pb \s,, = 5.02 TeV
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% Resonances production

ALICE
¢ ALICE has measured several resonances

ALICE Preliminary
¢ p-Pb \s,, = 5.02 TeV

with varying lifetimes
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& Suppression of short lived resonances in
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larger collision systems: attributed to

ALICE
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hadronic re-scattering
¢ EPOS with UrQMD seems to describe data
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% Resonances production

ALICE
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