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% The underlying event INFN

ALICE ~ BOLOGNA

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)

Hard scattering

Beam remnants
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The underlying event INFN

- BOLOGNA

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)
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Hard scattering

» Initial state radiation
Proton

"""""" 4 Final state radiation

, Hadronisation/
Fragmentation

10.05.2022 Sushanta Tripathy - INFN meet 2022 4



ALICE

INFN

- BOLOGNA

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)

Conventional UE analyses

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

¢ Main UE observables: particle density,

summed-pr density

10.05.2022

A
Leading particle

-Ag

Toward
|Ap| < /3

Transverse

Transverse

n/3 < |Agp| < 2n/3 n/3 < |Agp| < 2n/3

Away

|Ap| > 2m/3

ALICE, arXiv:2204.10157 [nucl-ex]
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» Initial state radiation
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"""""" 4 Final state radiation
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Fragmentation
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https://arxiv.org/abs/2204.10157

A Large lon Collider Experiment INFN

~ BOLOGNA

ALICE
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A Large lon Collider Experiment INFN

~ BOLOGNA

ALICE
Inner Tracking System (ITS) Time Projection Chamber (TPC)
Tracking, vertex Tracking
- VO
Trigger, multiplicity
estimator
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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)

The underlying event INFN

A

Conventional UE analyses Leading particle i 4:| T 1 |V|_| I O R B B B B T T T [ T T T T [T 111 ]
_ _ _ _ _ a0 S £ pp,Vs=5.02TeV ALICE =

¢ Particle production in three topological regions o £ 3.5 ww» Toward Region E
: : Ap| < i3 ~ F e Away Region p.=>05GeV/e, m|<0.8 A

W.r.1. |ead|ng par’[IC|e 'Oi 3:— ¢ Transverse Region T =
¢ Main UE observables: particle density, S L, -
Transverse Tra(nsv(erse Z 25_ + L —

summed-pr density T L . } + I

- . .

- . ¢ ¢ -

1.5 ..'. o ¢ ¢ pp —

E ..I:. o ® o ® E

1:.;;;:.':000000 LK P pos + + —

0.5"50 —

¢ Steep rise in the event activity at low prtd for all topological regions v | | | | | T
- . . L 0% ~""40 15 20 25 30 _ 35 40

¢ After prtig > 5 GeV/c charged particle density in Transverse region is p!™® (GeV/c)

insensitive to hard component
¢ In Toward/Near and Away regions, charged particle density increases

with priio ALICE, arXiv:2204.10389 [nucl-ex]
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https://arxiv.org/abs/2204.10389

The underlying event INFN

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)

A

Conventional UE analyses Leading particle i :I IS S S I O I B O L ——— 7
_ _ _ _ _ a0 S [ p-Pb, s =5.02 TeV ALICE -

¢ Particle production in three topological regions  +Zoyae S o 4 Toward Region -
leadi ] | <=is & [ =1 Away Region p. 2 0.5GeV/e, m|<0.8

w.r.t. leading particle S [ 4w Transverse Region -
¢ Main UE observables: particle density, [ = S S . ' -
nl3 < |Ag| < 2n/3 n/3 < |Ag| < 2n/3 Z [ g U | = ¢ _

summed-pr density I e e ‘ E

N ::0" ouI= i

B Qﬁonnoo N S SR ¢ ¢ -

2 r ]

- ¥ -

¥ p—Pb _

- . - L -

@ Slmllar UE StrUCture In p_Pb and pp COIIISIonS i | I | 1 1 1 1 | 1 1 1 | 1l 1 1 1 | | I I | | 1 1 1 1 | 1 1 1 | 1 1 1 I:
=% ~"90 75 20 25 30 . 35 40

¢ After prtig > 5 GeV/c charged particle density in Transverse region is pr° (GeV/e
insensitive to hard component

¢ In Toward/Near and Away regions, charged particle density increases
with prtig

"

ALICE, arXiv:2204.10389 [nucl-ex]
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INFN

~ BOLOGNA

% Relative transverse activity classifier, Rr

ALICE
Relative transverse activity classifier, Rt = NenT /< Nen™>

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

Leading-particle

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

ALICE, JHEPO04 (2020) 192
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Relative transverse activity classifier, Rr INFN
ALICE
Relative transverse activity classifier, Rt = NenT /< Nen™>
(Introduced in P. Skands et. al., Eur. Phys. J. C 76, 299 (2016))
¢ Using Rt, one can vary the magnitude of the 3:; - ALICE
underlying event (UE) and study the particle ;5 1?,#‘*‘*«..% 5<py™<40 Gevie) 3
productign _O> 10~ :_ pr*™ > 0.15 GeVic,lnl <0.8 _;
I E
T 10 op, s = 13TeV =
E --Data E
10—3 — — PYTHIA 8 Monash 2013 —
= EPOS LHC =
A -~ NBD fit (k = 3.969, m = 5.247) s
10 ==F_ | | | | E
o P
&U 12&7"
0.5:—
RT
ALICE, JHEP 04 (2020) 192
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Relative transverse activity classifier, Ry INFN

Relative transverse activity classifier, Rt = NenT /< Nen™>
(Introduced in P. Skands et. al., Eur. Phys. J. C 76, 299 (2016))

¢ Using Ry, one can vary the magnitude of the o« £ AUCE = =
: : 2 1E leadin =
underlying event (UE) and study the particle 25 = T 5<p; " <40(GeVic) =
production _O> 10~ ;'_ pr*™ > 0.15 GeVic,lnl <0.8 _;
I ;
: : . T 107 E pp) I's = 13TeV =
¢ Rr—0 : Events with less UE (dominated by jets) = +Data =
10—3 ;_ —t PYTHIA 8 Mqgnash 2013 _;
- - O = EPOS LHC =
¢ Higher Rt — Higher UE contribution - -1 NBD fit (k = 3.969, m = 5.247) ¥

k: T3 | F

05F

ALICE, JHEP 04 (2020) 192
10.05.2022 Sushanta Tripathy - INFN meet 2022 12



Relative transverse activity classifier, Rr @

ALICE
Relative transverse activity classifier, Rt = NenT/< Nen™>

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

¢ Using Rt, one can vary the magnitude of the %P - ALICE
underlying event (UE) and study the particle ;5 1?,#‘**«-..% 5<py™<40 Gevie) 3
peructiQn _05 10~ ;'_ 1 pr*™ > 0.15 GeVic,lnl <0.8 _;
I ;
. . . T 107 E (s =13TeV =
¢ Rt—0 : Events with less UE (dominated by jets) - T,_Dsata ) >
10—3 — —t PYTHIA 8 Mgnash 2013 —
= EPOS LHC =
¢ Higher Rt — Higher UE contribution e - NBD fit (k = 3.969, m = 5.247) *
SO R W
= = D
, _ , _ CU Ny = _— - -
¢ A pr cut for the leading particle is required to 0 T‘ % T~
ensure a hard process: prtig- > 5 GeV/c, where the 0-51

charged particle density in transverse region T2

remains nearly constant
ALICE, JHEP 04 (2020) 192
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Charged particle production vs. Rr INFN

pp Relative transverse activity classifier, Rt = Nen! /<Nch >
"\G 10° Away Sice pp Vs = 5.02 TeV ¢Transverse: hardening of spectra
> §<:oT.5 G:Lffﬁq‘l’igﬁ Transverse Side (T5) with increase in Rt (Possibly due to
S 10 ' initial and/or final state radiation [1])
%I—
= 107 C f ¢Near and away: softening of
< vn s | spectra with increase in Rr. High-prt
~ EPOS: 2.68 : :
107 yields are nearly independent of Rr.
L0 0.0=R Solid line: PYTHIA 8.244
V / 0.5< Dashed line: EPOS LHC |
o o ¢In general, PYTHIA8 and EPOS-
&S LHC describe data qualitatively
O
O
©
o

[1] G. Bencédi et. al., J.Phys.G48 (2020) 1, 015007
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10°

—l
o

dN /dp_ (GeV/c)!

o
&

Ratio to 0=R.<5

10.05.2022

0.0=R;<0.5
0.5=R;<1.5
1.5<R.<2.5
2.5<R<5.0

Charged particle production vs. Rr INFN

Relative transverse activity classifier, Rt = NenT /<Neh >

Away Side p-Pb s =5.02 TeV ¢Transverse: hardening of spectra
8<p""<15 GeVic Transverse Side (TS) with increase in RT. Softer

p_=0.5 GeV/c, Inl<0.8
compared to pp.

)
¢Near and away: softening of
ALICE: 7.77 = 0.31

PYTHIA: 6.73 ,, i spectra with increase in Rr. H|gh'pT

EPOS: 5.88
yields are nearly independent of Rr.
Solid line: PYTHIA 8.244

Dashed line: EPOS LHC . . . .
¢Similar behavior as seen in pp

rather than Pb-Pb: possible
presence of MPI in pp and p—-Pb.
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Charged particle production vs. Rr INFN

Relative transverse activity classifier, Rt = NenT /<Neh >

T 3 o~ .
S 0% ALICE PRELIMINARY 3 Away Side Pb-Pb (s =5.02Tev 1 ¥Similar behavior seen across all
‘ Near Side : 8<p-""<15 GeV/c Transverse Side (TS) : : : :

% 1 pTZOT_E G/, Ini<0.8 | topologlcal. regions: dominated
S 10 by soft particles.

|_
=
=~ 107 : f d ¢In general, PYTHIA8 (Angantyr)

O . 17 .
< T s e and EPOS-LHC describe data
O _3 EPOS: 195.30 ] ]

10 qualitatively.

LO = 0.0=sR;<0.5 Solid line: PYTHIA 8.244
VI— / n O_5SRT<1_5 Dashed line: EPOS LHC
ﬂ\ﬁ high-UE & ® 1:55Rr<2.5
O
2 o
O ‘
©
o

1 2 3 4 5 6 7 1 2 3 4 5

p.. (GeV/c)
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Charged particle production vs. Rr INFN

BOLOGNA

Relative transverse activity classifier, Rt = Nch /<Nch™>

1.8
p— ALICE PRELIMINARY Awlayg_ Side Transverse Side
eading
8 1.6 I Near Side gzi 8{(135 \(/_'i/ewc O {5 = 5.02 TeV
> "essi bttt S5p <0 GEVIC MO8 | g b-Pb Yoy, = 5.02 TeV
O 1.4} A Pb-Pb s, =5.02 TeV
~— 1.2
AN
|_
Q. 1
NS

ALI-PREL-346036

10.05.2022 Sushanta Tripathy - INFN meet 2022 17



Charged particle production vs. Ry INFN

BOLOGNA

Relative transverse activity classifier, Rt = Nch /<Nch™>

1.8 _
— ALICENPREléll\jnINARY Awlag_ Side Transverse Side
ear olae cading_4 Vv
R gi}a Db |/1T|<:08 * pp Vs =5.02TeV
> T T | m p-Pb s, = 5.02 TeV
O 1.4} A Pb-Pb s, =5.02 TeV
~— 1.2
N
|_
Q 1
NS

ALI-PREL-346036

¢ 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 INFN

BOLOGNA

Relative transverse activity classifier, Rt = Nch /<Nch™>

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 R, the <pt> approaches similar values in all three topological regions for a given system:
dominant UE contribution
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Jet-like region modifications INFN

A

Leading particle

chh \
; dpr jet—like signal in X collision
X" 4N,
de Transverse Transverse

jet—like signal for MB pp collision

/3 < |Ag| < 21/3 /3 < |Ag| < 21/3

X =pp, p-Pb and Pb-Pb collisions

v Away

|Ap| > 2m/3

ALICE, arXiv:2204.10157 [nucl-ex]

¢ Ixis sensitive to medium effects. The suppression in away side for Pb—Pb collisions indicates the
presence of jet quenching. ALICE, Phys. Rev. Lett. 108 (2012) 092301

¢ Ixis obtained as a function of the activity in the VO detector in pp, p—Pb and Pb-Pb collisions at
5.02 TeV and the results are presented as a function of <Ngh!>.
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https://arxiv.org/abs/2204.10157

INFN

Jet-like region modifications

- BOLOGNA
ALICE
owarda - jransverse way - Iransverse PP Mull. Classes
4<pT<6 GeVic, ni<0.8 M p-Pb (VOA mult. classes)
A Pb-Pb (VOM cent. classes)
##* . ent classes
® 0-5%
® 5-10%
10-20%
® 20-40% A flat background
® 40-60% {) v, background
® 60-90%
10° 1
(N') ALICE, arXiv:2204.10157 [nucl-ex]
ch

¢ Pb—Pb collisions: Ix values in toward (away) region exhibit a enhancement (suppression) relativeto

MB pp with <Ncn">, compatible with the /aa results measured by ALICE in Pb—-Pb at 2.76 TeV

ALICE, Phys. Rev. Lett. 108 (2012) 092301
10.05.2022 Sushanta Tripathy - INFN meet 2022 21


https://arxiv.org/abs/2204.10157

Jet-like region modifications INFN

- BOLOGNA
ALICE
owarda - rransverse way - Iransverse PP muit. Classes
4<'OT<6 GeVic, ni<0.8 M p-Pb (VOA mult. classes)
A Pb-Pb (VOM cent. classes)

Event classes
® 0-5%
® 5-10%

10-20%
® 20-40% A flat background
® 40-60% {) v, background
® 60-90%

1 10 10° 1 10 10°
(N') ALICE, arXiv:2204.10157 [nucl-ex]
ch

¢ pp and p—Pb collisions: Absence of jet-like modifications in pp and p—Pb collisions as a function of
the activity in the VO detector
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Summary @

ALICE

¢ First UE results for p—PDb collisions at the LHC: the charged particle density in the transverse region

exhibits the same behaviour in pp and p—Pb collisions

¢ Using RT, one can vary the magnitude of the underlying event (UE) and study the particle production
In jet-dominated and UE-dominated regions

¢ Absence of jet-like modifications in pp and p—Pb collisions. In contrast, Pb—Pb data suggest the

presence of jet quenching effects
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S

ALICE

Summary IN!:m(!G\NIA

¢ First UE results for p—Pb collisions at the LHC: the charged particle density in the transverse region

exhibits the same behaviour in pp and p—PDb collisions

¢ Using R, one can vary the magnitude of the underlying event (UE) and study the particle production
In jet-dominated and UE-dominated regions

¢ Absence of jet-like modifications in pp and p—Pb collisions. In contrast, Pb—Pb data suggest the

presence of jet quenching effects

I'hank you for your attention!
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NG

ALICE

Back-up
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% ldentified particle production vs. Rr INFN

~ BOLOGNA
ALICE
-~ ———T————r———————————————, ¢ p/rx ratio:
= . ..
T leading ALICE Preliminary . .
& 1P 2o Gevic 20, 15 = 13 TeV ¢ Radial flow-like features
@ - m29sHr<50 p,20.15 GeV/c, [ < 0.8 ¢ Model predictions mostly fail to describe the
g | =00sH;<05 Transverse - particle ratios quantitatively
= PYTHIA 8 (Monash 2013) —
0 5| EPOS-LHC
- pl ‘
i 4 * -

P (GeV/c)
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ALICE

- p'fadi”g >5 GeV/c

1

(p+p)/(m*+m

0.5

-
c
b
O
E 1 2 3 4 5
P. (GeV/c)
? — L L e e
¥ | p.eading > 5 GeV/e ALICE Preliminary
B - T pp, Vs =13 TeV -
o 0.1 ™ 25<R; <50 p20.15 GeV/c, || < 0.8 —
+ |— . -
B | ®00<R<05 Transverse Region..-
B PYTHIA 8 (Monash 2013)
T EPOS-LHC l
| | N
0.05_ r:/ +
BIT_ e
- =
B %E;#"
o
Al 25
u:n- 1.5%
e T
o 0.5F
E 1 2 3 4 5
P. (GeV/c)
10.05.2022

_Iransverse.

m25<R;<50
m 00<R;<05

-------- EPOS-LHC

p/Tt

ALICE Preliminary
pp, Vs = 13 TeV

p.>0.15 GeV/c, |n| < 0.8 i

Transverse Region |
PYTHIA 8 (Monash 2013)

ldentified particle production vs. Rr INFN

(P+p)/(T*+)

E+2)/(mH+)
o
-kt

(

0.5

0.05

Ratioto R, >0

N

_Toward

_pleading > 5 GeV/c ALICE Preliminary B

T pp, Vs =13 TeV |
m25<R; <50 p.>0.15 GeV/c, |n| < 0.8

= 00<Rr<05 Toward Region

PYTHIA 8 (Monash 2013)
-------- EPOS-LHC

1 2 3 4 5
P. (GeV/c)

A
1 I

———
plTeading > 5 GeV/e ALICE Preliminary

pp, Vs = 13 TeV .
m25<R;<50 pT20.15 GeV/c, |n| < 0.8 —

® 0.0<R; <05 Toward Region

PYTHIA 8 (Monash 2013)
-------- EPOS-LHC

4 5
P. (GeV/c)

¢ p/x ratio:

¢ Radial flow-like features in both the regions.
¢ Model predictions mostly fail to describe the
particle ratios quantitatively

¢ E/r ratio:
¢ show a similar trend to the p/x ratio.

¢ high-Rt toward region approaches the results
iIn Transverse region.

The results indicate the interplay between UE and
jet-like components
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