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» processes where effective ag is large - low transverse momenta
« perturbative QCD fails - theory relies on phenomenological assumptions
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Study the number of MPI

Definition of uncorrelated seeds

« parton-parton hard scattering - partons back-to-back in ¢
« two minijets (lower pt) a Nyp

* Npype a Ng, and underlying event characterization

N tri .
<N uncorrelated seeds> — < r1g> a NMp| in PYTHIA
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Study the number of MPI

Definition of uncorrelated seeds

« parton-parton hard scattering - partons back-to-back in ¢
« two minijets (lower pt) a Nyp
* Npype a Ng, and underlying event characterization

(Nuig)
rig .
<Nuncorrelated seeds> — 1 a NMPI in PYTHIA
< + N, associated,nearside + N, associated,awayside>
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N
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Two-particle correlations in pp and p-Pb

Saturation of Ny,p
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Two-particle correlations in pp and p-Pb

Saturation of Ny,p
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Directly targeting MPI
First evidence of WW from DPS

Clean final state
leptonic decay e*p* or pru*

oDrs _ 1OAUB % ><
AP 2 oy ' TN
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a
a

O parton distribution in the plane
orthogonal to the direction
of the protons

CMS
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Directly targeting MPI
First evidence of WW from DPS

Clean final state a ) CMS 77.4 o™ (13 TeV)
leptonic decay e*p* or pyrp* a . e Observed Predictions:
N OO [stat oo PYTHIA8 (CP5)
O-B]I; S — AYB w >< D syst — — Factorization approach
2 Ou x “ \
a v | total  stat syst

W e | % 1.96 +0.74 (+ 0.54 , + 0.51) pb
e I .
O parton distribution in the plane | _
orthogonal to the direction it + et Ir—l":“-‘_—‘H 1.36 £0.46 (£ 0.33,+ 0.32) pb

of the protons :

WELE + et | HEe—H | 1.41+0.40 (£ 0.28 ,+0.28) pb

Il | I | | | II | | Il | Il :l | | | | | | | Il | I | 1 | | | | Il | Il | Il
0 1 2 3 4 5 6

Inclusive 6wy (PD)

Predictions have large uncertainties - important measurement!
« Factorisation approach: from o
«  PYTHIA: UE description

CMS
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QCD properties in pp

Very forward energy vs. midrapidity activity

Fundamental insights into soft-QCD processes:
related to products of hard scatterings + showers + hard MPI
« very forward energy from beam remnants

beam remnants

roton | -
; \ - proton
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interactions
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QCD properties in pp
Very forward energy vs. midrapidity activity

Fundamental insights into soft-QCD processes:
related to products of hard scatterings + showers + hard MPI:
» very forward energy from beam remnants: neutron energy (ZN)

pp and p-Pb in agreement
at high multiplicity

ALICE
e-Print: 2107.10757 [nucl-ex]

4
o ALICE

2  ppVs=13TeV

ek = p—Pb \s,, =8.16 TeV
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QCD properties in pp

Very forward energy vs. midrapidity activity

Fundamental insights into soft-QCD processes:
« midrapidity activity related to products of hard scatterings + showers + hard MPI: dN/dn
» very forward energy from beam remnants: neutron energy (ZN)

PP a}nd p'Pb_ ir? _agreement %\ 2: ALICE Z216- ALICE Simulation
at high multiplicity % ot PR 14 O op (5=13TeV
1.25— . o-Pb ﬁ:BJGTeV 1.2f =0 ®m  PYTHIA 6 Perugia 2011
OF [ = n O  PYTHIA 8 Monash
1.4F Lin u
Small forward energy: 129 GiEl 7" .
-> high midrapidity activity I 06; 0 2
and low impact parameter *°%f .= i . .
0‘6;_ ... 04* =
- larger than average MPI 04 e——— ; —
0.2F il - o Ui : O
N T LU T DRTTY PTUCY DDA DTN i OiwH|‘.H|mw.‘.wm.\.u.m‘m.u
0 10 20 30 40 50 60 70 80 0 05 1 15 2 25 3 35 4
(dN_/dn ) Nyt (N, )

ALICE
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QCD properties in pp

Y
ol

Very forward energy vs. p'eading
~ 1.6
. 5 " ALICE pp Vs =13 TeV
Forward energy saturates for py'¢ading > 5 GeV/c < 4 4b
Z i ® DATA
N 1 _2% g PYTHIAG Perugia2011
O PYTHIA8 Monash
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L @
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0.8:—8.h..... &
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0.4 »* <
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QCD properties in pp

Very forward energy vs. p'eading

Forward energy saturates for py'eading > 5 GeV/c

Strong anti-correlation between pleading and ZN
at low p+leading puilt in the initial stages

of the collisions:
the two observables are causally disconnected

In the evolution stages

ALICE
e-Print: 2107.10757 [nucl-ex]

= 16
5 , ALICE pp Vs =
X 14F
% I ® DATA
1 _2% o PYTHIAG Perugia2011
O  PYTHIA8 Monash
e ®»  EPOSLHC
L @
Cim
08 _—8. Epgg g ®
06 e enmere
QA =
O : D I DUy SN P DR OO I R
= I S
If ﬁwwgg @ ..................................... ];| ...................................
<D( EEEEER B | R
________________ . - - = 2|
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UE characterisation
As a measurement wrt leading track

Summed p7 vs. py'eading . § S ACE S
= [ — PYTHIA8Monash2013  piack; 0,15 GeVic, [ <0.8 ]|
Toward and Away regions S rop TR 3
collect fragmentation products rowarn Ef =
from hard scattering V Feandverse 2
* increases monotonically \
5 10 15 20 25 3I0 35 tiO

pe (Gevic)

ALICE
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UE characterisation
As a measurement wrt leading track

Summed pr vs. preadng - SO e

(\-_'7,’_ [ — PYTHIA 8 Monash 2013 PI > 0.15 GeVie, ] <08 ]
Toward and Away regions rop T —
collect fragmentation products rowars Ea ==
from hard scattering V franderse 2 W1
* increases monotonically \ ]

Transverse region N : |
. 5 10 15 20 25 30 35 40
underlying event L e

m . B
[ pp, \s=13TeV ALICE ]

M fl I’St InCI'eaSGS -> M PI increase 3~ Data Transverse region
- —— PYTHIA 8 Monash 2013 Pl > 0.15 GeVie, [n <08 ]

T

[ --- EPOSLHC

+ flattens -> MPI saturation

PYTHIA 8 performs better
* good MPI description

1/(Ng,AnAQ)Lp_ (GeV/c)

MC/Data

5 10 15 20 25 30 35 40

ALICE leading GeV/
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UE characterisation
As a measurement wrt leading track

Summed p7 vs. py'eading

Toward and Away regions
collect fragmentation products

from hard scattering
* increases monotonically

Transverse region
underlying event

leading track

TOWARD

» firstincreases -> MPI increase

+ flattens -> MPI saturation

Larger UE magnitude in
p-Pb collisions

Both models fail in
describing the UE activity

— @ —
P Pb
T ST ]
% T p,20.5GeVic, 0| <08 ALICE Preliminary .
O L [ p-Pb, |5y = 5.02 TeV PYTHIA 8.244 (Angantyr) |
N
o r Uncertainties: Stat.(vertical) ---- EPOS LHC N
< B Syst.(box) 7]
S € N
3 T e ———
2 b :
Q. r -
o o .
O 1.6 _ =
a14 = -
S1.2E! =
! =
0.8] —;
3 7o 15 20 75 30 bmngs‘s 20
ALI-PREL-366705 p-r (GeVIc)
11
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UE characterisation
Study of jet-like reglons

Summed p7 vs. py'eading

10 p 05GeV/c mi< 08 ALICE Prellmlnary 7
- p-Pb, (5,,=502Tev [ pp, /s =5.02TeV

- - PYTHIA 8.244 (Angantyr) —— PYTHIA 8.244 (Monash) ]
8~ ---- EPOSLHC —— EPOS LHC ]

@%

Assuming transverse-side activity is flat:

* towards — transverse-side
- depletion at low p{'ading in pp/p-Pb
« collective flow effect?
« EPOS LHC reproduces the depletion,
but overestimates the effect

EpT/Ne,,AnA(p (GeV/c), NS-TS

M
T

30 35
P (GeVic)
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UE characterisation
Study of jet-like reglons

Summed p7 vs. py'eading

10 p >0 5 GeV/c ml< o 8 ALICE Prellmlnary .
- - p-Pb, (5,,=502TeV [ pp, /s =5.02 TeV
C - - PYTHIA 8.244 (Angantyr) —— PYTHIA 8.244 (Monash) _|

8~ ---- EPOSLHC —— EPOS LHC ]

Assuming transverse-side activity is flat:

» towards — transverse-side

-> depletion at low p+'¢adng in pp/p-Pb
« collective flow effect?
« EPOS LHC reproduces the depletion, g‘

ZpT/NevAnAcp (GeV/c), NS-TS

L Py >0 5 GeV/c, |n| < 0. 8 ALICE Prellmlnary E
| I P g
but overestimates the effect nef | g !:;:f;;“i;j;;:m) W e sy

048 QO s ---- EPOSLHC —— EPOS LHC -

0.2' 55—-% - ]

O 4= — ymme=e=edee--- =]

PRE! ; E /\ ==

==

2 ) e 3

« away — trasverse-side X e E
- no jet-like modification in away side for p-Pb collisions I e v TP PRI

3 Ll =

] 3
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UE characterisation
As a measurement wrt Z boson

Z, boson

Using Z boson A
- very clean UE definition
(no FSR)

Measurement done vs

Thrust S
T = 2ilpri- 7l
1 — -
2i lpril

ATLAS
Eur.Phys.J.C 79 (2019) 8, 666 Valentina Zaccolo — Soft QCD 13




UE characterisation
As a measurement wrt Z boson

. Isotropie event Jetty event
Using Z boson wm‘ WH%
-> very clean UE definition \/
(no FSR) %
Measurement done vs e
Thrust - R g 4'5?ATLAS syst. @ stat. erroT; E 3'5:_ ATLAS syst. @ stat. error|
Zi |PT,i - 7] A 4 Vs=13TeV,3.2fb" ¢ Data2015 3 C (s=13 TeV, 3.2fb™ ¢ Data2015 ]
T, = — 2 - Ti<0.75 — PowhegPythia8 | & 8] 0.75<T) — PowhegPythia8 |
. . ®  3s5Etrans-min e Sherpa 44 2 C trans-min e Sherpa ]
Zl |pT’l S-'_ e Herwig++ ] fql'_ osf- 0 e Herwig++ ;
« isotropic event Voo g = I - :
. C 4 ] o B
dominated by MPI 25F ) - = ° :
o PowhegPythia8 2/ = 150 -
works better 1 5i - = T
] SR . r o —_— ! —
« jetty event o E (5 ' i
dominated by ISR - 055 E
o all generators e E i E
. o FEEE L s s s e el o e =
undereStlmate % 1?_‘_..__"“"‘"1 : d(__“' 11-:: : : '_"_'.'_'.'_"_"_'.'_'.'_"_'.'_'.'_J'_'.'_'.',"_'.'_'.'_'.'_"_'.'_'.'_":
o Eeme ™ tRSbaEaa — o Fl:.. TEEETETETEL 4
data 0'85 ____________________________________________ 0'8;. =
— — O- [ i

OO)

0.6 e
0 50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
ATLAS pAGeV] pAGeV]
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Baryon hadronisation
Baryon-to-meson ratios...

Modelling baryons is difficult due to their colour topology
» are not included in leading-colour approximations - interesting probes!

+ p/n® (|S|=0) S - -
o models are flatter than data S WPt
8 ; "- DA/KS 1=
) [ ' B 1r
. AIK% (|S|=1) 2 [ 1N PViiAepengazon ]
o EPOS LHC off P L1 ‘.‘ «=== PYTHIA 8 Monash 2013 | |
i . =v=ms. EPOS-LHC
o PYTHIA overestimates data % [ k
by factor 3 o o
0.5 J&
« =/ (|S|=2) and Q/d (|S|=3, all s)
o EPOS LHC good
o PYTHIA off oL

ALICE
Eur.Phys.J.C 81 (2021) 3, 256 Valentina Zaccolo — Soft QCD 15




Baryon hadronisation
Baryon-to-meson ratios... =«

Modelling baryons is difficult due to their colour topology B | ALCE Prelminary | iy deseni <1

> are not included in leading-colour approximations = interesting probes! e [ S TYI0s O min mas mean
[ [ Syst. from data —&— [ 14- 75], 39
//“ [ Syst. from B feed-down —a— [ 84— 243],13.7

—— [24.5- 45.8],28.1

T T T T ‘ T T | T T T I | T T | T T
ALICE Preliminary ~ A;/D° 7 0.8
pp, Vs =13 TeV, |y| < 0.5 Multiplicity classes: || < 1.0

Same trend fOI’ AC/DO (|C|=1 ) —o— [38.6-152.0], 44.0

+ 7.0% unc. on multiplicity estimation not shown

PYTHIA8 (dN ,/dn mean):

L1 1 ‘ I | 111 ‘ | - — \ I ‘ | | 1

Q i
5 L
é : e rome dN,,/d7: [ min—max], mean 06 Monash: hglﬂcé);ez:
. . - L ] yst. from data —8— [ 14- 7.5], 3.9 . . — 37 3.8
o is mid-pr enhancement O (g o wmemen e amnn o s
a baryon/meson feature? Tor Tmcatany ottt Toe Noe
G>.> r 7] 04 ==414 A2
- Bl + JHEP 08 (2015) 003
? — Al Kg (Eur.Phys.J.C 80, 167 (2020)) — ~ o
0] PYTHIA Mode2 (QCD-CR) Works g = Multiplicity classes: |7] < 0.8 - 0 2;
f /DO > dN,,/dn: mean L
Or AC a —— 3.8%0.1 O Ry
m —4— 234204 O_I TR NN R SR SRR R \-I-\ T IR
0 5 10 15 20

(GeV/ c)

i

\|||‘||\1||\|\|||\\|\|\|
9 20

0 5 10 15
(GeV/C)

1 1 1 ‘ 1 1 1 |
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Baryon hadronisation
Baryon-to-meson ratios...

Modelling baryons is difficult due to their colour topology B | ALCE Prelminary | iy deseni <1

a e Ot I CIUded I Ieadl COIOU a OXI atlo S I te estl l Obes! : PRtS = S ISRl S0 5;::;”:[ min— max], mean
1A A\ :;:: ::22 ;afleaed-down —a— { ;2: 21: 133

—— [24.5- 45.8],28.1

O ( | | — ) o LI N ‘ T T | LI | L | T T B
- — - F— - —— [38.6-152.0], 44.0 7
S a m e tre n d fo r A C/ D C 1 E [ ALICE Prellmlnary A; / DO — 08 + 7.0% unc. on [mulliplicity esli]mauon not shown |
E | PP, Vs=13TeV, |y| <05 Multiplicity classes: || < 1.0 PYTHIAS (0N,,/d7 mean): :
o L dN,,/d7: [ min—max], mean _ Monash: Mode2: B
H id- N L [ syst. from data —8— [ 14- 7.5, 3.9 _ 0.6 —_ 37 A 38 _
o is mid-pr enhancement O (g o wmemen re sy I o s i
a baryon/meson feature? T 7 urcatany on mukploly i —zs  Nws ]
[ i 7 0.4 --a14 a2 -
> [ 7 r JHEP 08 (2015) 003 T
? — Al Kg (Eur.Phys.J.C 80, 167 (2020)) — + B
o PYTHIA Mode2 (QCD-CR) works § | sy oo <00 1 ]
> r dN,,/d7: mean .
for AC/DO... a [ —)— 3.8+0.1 - OO 1_ | . I I I T I B
m — 284+ 0.4 — +\ r ALIC‘I)—E Preliminary ]
r 7 - 0.8} pp,Vs=13TeV, |y|<0.5 —
= 01 1 95 T°F ]
o ...but not for E,/DO! ' C o o A Aa ]
— 0.6 —~ =0° PYTHIA 8.243 -
i r — Monash 2013, EPJC 74 (2014) 8, 3024 ]
B 04 - CR beyond LC approx., JHEP 08 (2015) 003
Ead - =~ Mode 2 ]
O | 1 1 L ‘ 1 1 | 1 | 1 | 1 | | 1 L | | | | 1 | 1 : <m> . :
0 5 10 15 20 0.2f {1‘3”%% ]
(GeV/c) T sl ]
0 —_ + 22.0% branching ratio uncertainty on £ E ° not shown _—
[T *44.4% branching ratio uncertainty on E; not shown
C 1 L | L 1 L | L 1 L | L ]
0 2 4 6 8 10 12 14

(GeV/c)
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Towards
precision era




Yields as a function of multiplicity
Why is multiplicity so important?

Multiplicity

Energy density

A_C 1

Z 10

a 2
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1072

Pb-Pb 5.5 TeV 1 . 3dN, =19 Central Pb-Pb
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<
o
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— — —IP Glasma
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0 20 40 60 80 100
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014
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< E

- [T

L 111 ‘ 111 ‘ 11l
350 400
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Yields as a function of multiplicity
Strangeness enhancement

* In pp, the production of strange hadrons is
suppressed relative to hadrons containing only
light quarks due to quark s mass

TTTTT] T T T T T T LI

it wﬁ B ® ¥ B okh gy PP (x6) |

gohol B & ¥ 8 Sl mw 2K

poogee(® ® B BB E mmm )., (0

yir % 0 %o g 2 (x2)

i +
| D&@H }M% % i % # # # * Q+Q (x12)7

Ratio of yields to (m*+m")
o
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e
o
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T \EI‘
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__ﬁi ALICE
[ ALICE Preliminary O pp,\s=7TeV ]
* Xe-Xe, | sy, =5.44 TeV ® pp, 1s=13TeV

103 @ p-Pb,\s,=8.16TeV O p-Pb, |5,=5.02 TeV =
C M POPb |5, =502TeV (K A 5 Q) M PO-Pb |5, =502TeV (p,0) ]
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2 3 4
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dN /d
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Yields as a function of multiplicity
Strangeness enhancement

* In pp, the production of strange hadrons is
suppressed relative to hadrons containing only
light quarks due to quark s mass

T L T{ T T T T 1T T T TTTT
(o HOLLEPBNRL 105 & » mistaag P (06)
JmeeemBuetoll (B & § 8 B 0w 2K
0o

C W@WM EoEoE om0
@0 a = i A 1;1_ i 0

T

* In AA, particle ratios are described by a grand-
canonical approach within the statistical

I 20 (x2)
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- e |
i ALICE
[ ALICE Preliminary O pp, 1s=7TeV ]
Kk Xe-Xe, | sy, =5.44 TeV ® pp,1s=13TeV
103 @ p-Pb,\s,=8.16TeV O p-Pb, |5, =5.02 TeV -
C M Pb-Pb, s, =5.02TeV (K, A, E,Q) M Pb-Pb,|s,=502TeV(p,0) ]
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Yields as a function of multiplicity
Strangeness enhancement

T T T T T LI

T L T{ T T LI
o CPOLREMMNONNNL 81 & b Mibgg oo 06)

@.m@m@: TR RS L
@@@@MM mOREEEEE, ()

" w20 (x2)

* In pp, the production of strange hadrons is
suppressed relative to hadrons containing only
light quarks due to quark s mass

* In AA, particle ratios are described by a grand-
canonical approach within the statistical
hadronsation model

Ratio of yields to (w*+m)
o
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e
o
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» What is the microscopic mechanism that -} Mﬁ |
explains strangeness enhancement? - B o et SR ]
Kk Xe-Xe, | Sy = 5.44 TeV o pp: 1s=13TeV

103 @ p-Pb,\s,=8.16TeV O p-Pb, |5, =5.02 TeV -
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Yields as a function of multiplicity

Heavy-flavour and high-p; particle production
Non-linear heavy-flavour and high-pr particle production increase with multiplicity
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B 30— (aN fdn )N =
EurPhstC79(2019)n0;§6 SR B e R RARRES Ra s s n e R %ozsz_ .-||:D)$E?HIA8 ggg +0.19 _E
}I\; oo HICE PP 1 <“F —ePoslHC 685 ]
% % e Jy —e'e,|y|<0.9 . /;2 C -
~ 18— (s=13 TeV, Preliminary — Q_C C 3
16 E—o Jy - e, |y1<0.9 _E 1230 —;
- Vs=7 TeV, PLB 712 (2012) 165 j < 3
14:_l D, |y|<0.5, 2<pT<4 GeV/c _: E
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Yields as a function of multiplicity
Heavy-flavour and high-p; particle production
Non-linear heavy-flavour and high-pr particle production increase with multiplicity
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A jet—free multiplicity estimator
What is R;?

We look for a variable that
1. is not influenced by the initial hard parton scattering
2. can discriminate among soft and hard events
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A jet—free multiplicity estimator

What is R;?

We look for a variable that

1. is not influenced by the initial hard parton scattering
2. can discriminate among soft and hard events

> define the relative

transverse activity classifier Rt in the

plateau region (jet pedestal)
Eur.Phys.J. C76 (2016) no.5, 299

N inclusive

Rt

(Ninclusive«)'

R

...........
tays

ALICE
JHEP 04 (2020) 192
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<1a>) [ ---- EPOS LHC
2 B ——A— 4
= - ;
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\Afb

_____‘>444,r""'§:""1

- mimim-

Transverse region

p‘T'ack >0.15 GeV/c, ] < 0.8

A
v

MC/Data
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A jet—free multiplicity estimator

R distribution
Selection done in:

- — I =T F T F T T - @& 5 % 5 2 B

c ALICE :

I . I . Q 1 leadin = |

* transverse multiplicity 3 ., 5<p*" <40 GeV/c) 3
4 e =

. _ © ok ey P*50.15GeVicnl <0.8

« plateau region 5 < prleadng < 40 GeV/c & = E "*-.,% 3
1_ 10_2=E pp, 1s = 13TeV E

- [-¢-|Data =

10—3 = — PYTHIA 8 Monash 2013
Z ~— EPOS LHC
] -=NBD fit (k = 3.969, m = 5.247)

010 EF? N 1 1 1 il E

E 1 -'?\ ——e ____oimimiemnenmn=n=t =
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A jet—free multiplicity estimator

R distribution
Selection done in:
- T I S L D S S B | A TR S AT (A T A A =
@ ALICE 5
TP o _ -
* transverse multiplicity 3 s 5<p*9 40 GeVIe)
2 -, =
) ) 'C> 107! = ‘....'..".r,,._ p}lfa‘:k >0.15 GeV/c,|n| < 0.8 —
« plateau region 5 < prleadng < 40 GeV/c & = E "*-.,% E
. o _ T 107 pplis = 13Tev =
» several Ry bins to allow to distinguish - [#{Data =
among low and high UE activity 10°  T[PYTHIAS Mdnash 2013
= —{ EPOS LHC
_4 B -+{NBD fit (k = 3.969, m = 5.24
107
o ?___._ ] ]
..'(__U' :”\w. u e
of 3
1 2 3

ALICE
JHEP 04 (2020) 192
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Transverse p; distributions

Comparison to inclusive transverse spectra

» clear py hardening at high multiplicity in
the transverse region - same trend
observed for the midrapidity-based
multiplicity estimator
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Transverse p; distributions

107
108
10°
10*
10°
102
10
1
107"

Comparison to inclusive transverse spectra

» clear py hardening at high multiplicity in
the transverse region - same trend
observed for the midrapidity-based

1/Ny, d2Nch/d17de (GeV/c)!

Transverse region: n/3 < |A¢| < 2n/3

mU|t|pl|C|ty eStimatOI’ 10:2 e R, >0 (x10° <, ==
10 Ry <1(x10) e
1074 °1SRT<2(X102) pp, Vs = 13 TeV =
. 10°8 02 < R. <3 (x10° nl < 0.8, p_>0.15GeV/c
» measurement (pr) and selection Wb lacmcagaoh 5<p, . <40Gevic

e R; >4 (x10°

(multiplicity) are done in the same 107
pseudorapidity region
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||||II<I|D T TTTIIT

L Lrine 1 IIIIIII| Ll

107 * * —
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Toward p; distributions

T 1

Comparison to inclusive toward spectra

> If the multiplicity is determined in the
transverse region, the spectra in the
toward (jet) region clearly show the
opposite trend

*R; >4 (><105)

ALICE Preliminary

ih.h.".
-.-.-

Toward region: |A¢| < /3
e R, >0 (x10°%
e R, <1 (x10"

e1< R <2(x10%)  pp, {s=13TeV
e2< R <3(x10° <08, p >0.15GeV/c
3<Rr<4(x10)  S<p . <40 GeV/c

\A‘d)

Ratioto R 20
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2ot
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Toward p; distributions

107

Comparison to inclusive toward spectra 5w " AlieE Preliniheny
3 10°
~ 104
> If the multiplicity is determined in the g —_
. . - 102
transverse region, the spectra in the 3 0 .t
toward (jet) region clearly show the : N o e s S
opposite trend = 107E eR 20(x10) Soe
107° e R; <1 (x10 —

1074 e1<R;<2(x10%)  pp, Vs=13TeV
105 e2<R, <3 (x10% nl < 0.8, p,> 0.15GeV/c

» we observe convergence to the jet: 0SB +3< R <4(i0) 5<p_, <40GeVic
« complete separation among soft w0 g tArsba)
(UE) and hard (jet) part of the event
at high pr
* correlation effects are significantly
reduced

Ratioto R 20
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R; dependence
for transverse and toward

N 10:| T TT | TTTT l TTTT | TTTT | TTTT I TTTT TTTT TTTT TTTT TTT I:
5 f ALICE Preliminary :
~c 9 =
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R; dependence
for transverse and toward

H H 10 TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT
» yield in transverse vs Ry = | DS :
. . S F ALICE Preliminary ]
same behavior observed using the L_oF =
midrapidit based m ltipli ct estimator z f P15 = 15 TS :
I Idity— u IPIICI = ]
P y ........................ p ...... y NS nl<08,2<p_<4GeVic ]
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R; dependence
for transverse and toward

> yield in toward vs Rt 3105"'""ALﬂéEE'r;{iQiL;}”"m
« does not converge to 0 L_oF ! =
> at Ry = 0 we can have a jet Z . E}Tﬁ; 123<Tzv< - E

- possibility to study hard object X~ i . ’ 40 Gevie —
with almost no UE activity! §£ L e ]
%O 6; * Toward _g

5:_ — PYTHIA 8 (Monash 2013) == =

s s

3F =

ok =

_F s
B B S By

R

Valentina Zaccolo — Soft QCD 25




R; dependence

for transverse and toward

» yield in toward vs Rt
« does not converge to 0
- at Ry = 0 we can have a jet
—> possibility to study hard object
with almost no UE activity!

e jtislinear

- not the same as heavy flavours! 5
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R; dependence
for transverse and toward

>yie|dintowardVSRT /g10_|||||I|IAL|IICIEI|ID|III.II.|IIIIIIIIIIIIIIIIIIIIIIIII
* does not converge to 0 29 s :ZI:":,&W
. o pPp, VS = e
- at Ry = 0 we can have a jet < . .
. ) 3 mi<0.8,2<p <4 GeVic
—> possibility to study hard object 5<p.  <40GeVic ——
. L 7 eadin

with almost no UE activity! S b . Transvess
. i on . o 6

it is linear 2 * Toward

- not the same as heavy flavours! 5
« PYTHIA 8.2 reproduces well

— PYTHIA 8 (Monash 2013) / se=
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4
the observed trends
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Yields as a function of the UE activity
Strangeness enhancement

Leading track

Particle production vs Ry
transverse
Nch

RT:

( t;;ansverse )
c

* transverse

f\ F T T T T f\ = T T T T

o no enhancement B | jeaiig ALICE Preliminary i g L leading ALICE Preliminary i
+ p. >5GeV/c + P >5GeV/c

B FoT pp, Vs = 13 TeV e B T pp, Vs = 13 TeV e
& 01— = 25<R; <50 p20.15GeVic, In <08 g5 0.1 W 25< A <50 p,20.15 GeV/c, In] < 0.8
+ = . . + - . E
e toward B [ =00<R;<05 Transverse Region..] @ | ®00<A;<05 Toward Region
PYTHIA8 (Monash 2013) .- — - PYTHIA 8 (Monash 2013) e
o enhancement [ TZ b el ] P DT i

o for high R; values 0.05- 005
- same ratio yields i
as transverse i

o

4
ok
Ratioto R, >0

Ratioto R, >0

4 5 4 5
P, (GeV/c) p, (GeV/c)
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Yields as a function of the UE activity
Strangeness enhancement

Particle production vs Ry
transverse
Nch

RT:

( N t;;ansverse )
c

* transverse

~—~ F T T T —~ F T T T
o no enhancement [ o ALICE Preliminary [ ALICE Preliminary
+ p. >5GeV/c + P >5GeV/c
B FT pp, Vs = 13 TeV . B T pp, s = 13 TeV -
r} 0.1 ®m 25<R; <50 p,20.15 GeV/c, ] < 0.8 n’\T 0.1 ® 25<R;<5.0 p,20.15 GeV/c, [ < 0.8
+ - . . + - . .
e toward B | ®WO00<R;<05 Transverse Region...| @ | ®00<R;<05 Toward Region
L PYTHIA® (Monash 2013) . | o PYTHIA 8 (Monash 2013)
o enhancement [ D oreeh 2018 ] [T D )
o for high R; values 0.051 i I ——— i

—> same ratio yields

I Al - I o
as transverse C e —— P e

» Strangeness enhacement
observed in
+ jet+UE
* high UE activity

o

B
ok
Ratioto R, >0

Ratioto R, >0

4 5
p, (GeV/c)
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Yields as a function of the UE activity
Deuteron production

Particle production vs Ry d/p:
N ransverse * no dependence on Ry
Rr = ( transverse)
ch
o) B SRR SR T ™ o) ERENLEALE AL R
25. F ALICE Preliminary  [#]0.5< Ry <1.5 g_ ~  ALICE Preliminary  [=]Towards g
= | PP \dS=13 TeV  [+]1.5<R;<5.0 | |50_004”— pp \s =13 TeV [o]Transverse —
I B ea 7 N i
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e - ; . 0.003 =
8 | + L 4 C 1
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0.00 _ E%% | il I
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Yields as a function of the UE activity
Deuteron production

. . 3
Particle production vs Ry Coalescence parameter from — EAd_Nf: BA<E_
N{ransverse - flat vs py/ for all azimuthal regions i
_ c
Rr = ( transverse)
ch
& G BRI T a S A . T, T ST, T S & S R e L B e e e i e
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%J E B15<R<5 pp \s =13 TeV - %) L E|05<R<15 pp \s =13 TeV J
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Yields as a function of the UE activity
Deuteron production

. . 3 3 A
Particle production vs Ry Coalescence parameter from — , d ’\;A - BA<Epd—Aip)
) transverse  flat vs py/ for all azimuthal regions A vy e
R = Ct';ansverse « Pythia 8.3 with d production via coalescence and reactions
( ch ) underestimates it
& SRS R SR e e e & R R T TR R i e T o
N§ | [®]05<R;<1.5  ALICE Preliminary i <§ [ [¢]0<AR;<05 ALICE Preliminary i
O L 4550, &5 pp is =13 TeV 1 o ! 054 8. <15 pp \s =13 TeV -
< I E PYT<HIAT ; 3 PT'ead >5 GeV/c { S - % 15 RT 5 pT'%ld >5GeV/c -
o' 0.1 " Transverse, 60° < |A0| < 120° 7] o 0.1~ kL ... Towards, |A¢| < 60° 7]
- 1 - [ PYTHIA83 i
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- o : - : _ L, —— - i - ‘ : ]
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New ideas




Why looking for UE characterisation? (4}

Production of strange baryons (A) and

) o w === LR B L
mesons (K%) is reported and & | p-Pb (s, =5.02TeV ALICE -
in the event portion perpendicular to a jet <  1f-Jet:anti-ky, R=04,15_|<0.35 * Inclusive —

+ = IV o Perp. cone 1
In¥'1<0.75 P

(low energy processes) < [Mis< Vs in jets A(VC, jet) < 0.4 _
- ﬁ E ﬁ v p?"jet > 10 GeV/c .
HEE
! //_&\ \E % ]
B.Z BEH/ o Sl
- // -
2z — — PYTHIA8 .

0 PR S S I SR S N T T S A S S S NN SR SR S N S S
0 2 4 6 8 10 12

[ (GeV/c)

ALICE
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Why looking for UE characterisation?

Production of strange baryons (A) and

. Q» =] DR L D
mesons (K9%) is reported and ¥ | p-Pb (s, =502TeV ALICE -
N NN

in the event portion perpendicular to a jet <  1f-Jet:anti-ky, R=04,15_|<0.35 * Inclusive —
i " 1nY1<0.75 o Perp. cone
(low energy processes) < [Mis< Vs in jets A(VC, jet) < 0.4 ]
. _ ¥ ﬁ E v p?h]et > 10 GeV/c .
- the particles away from jets show a P ﬁ E s >20GeVie g
. | T, jet ]

large baryon-over-meson increase. 0.5 i %' $
! . ]
. B // B/B' @:: ‘===+_.___—
- modelling the baryon-over-meson has - p :
important constraint: the absence of 2l | | T PYTHIAS i
the jet! % 2 4 6 8 10 12

[ (GeV/c)

ALICE
e-Print: 2105.04890 [nucl-ex] Valentina Zaccolo — Soft QCD 30




Why looking for UE characterisation?

Enhancement of strange baryon =

i i i S- - | I B e s — 1T =
happens outside the energetic jet s . 018:—A P T ] E

S FE pp.\s=13TeVv [ syst. error z

~_ 0.016 -~ h-= correlation, p >3 GeV/c ¢ stat. error =

25 0.014 ;_ Near-side jet —;

) — A <0.75, Ap| < 0.85 —]

= 0s - m Out-of-jet 8 ~

0.01 0.75<jAn|<1.2,0.85<Ap <20 -

- ¢ Full o} .

0.008F— " jan) < 1.2, -ni2 < Ap < 3u2 =

0.006 o =

0.004 :— . _:

0.002f~ E - . . v =

- ol S | T T i T B
0 5 10 15 20 25

ALI-PREL-366823 (dNCh/dn>I’7|<0-5
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Why looking for UE characterisation

Enhancement of strange baryon =

happens outside the energetic jet ¢ 00185_AL;cép;e,i'mi;m;y' DR RE
= - pp, \s=13TeV [ syst. error B

. . oo = : rigg 5 Sk

> strange particles away from jets gﬁg:i PR Gamsion; p; "= 3/GeVL0 s s
2> - o Near-side jet E

show large strangeness 3 00t2f-_ <075 ol <088 1

- m Out-of—je 3

enhacement 0.01 0.75<1A;][<1.2.0.85<A¢<2.0 =

~ ¢ Full o] =

. . 0008:_ Anl < 1.2, -n/2 < Ap < 3n/2 —:

—> the absence of the jet is the 0.006} @ =
important part to study! 0.004f- R =
0.002f~ 2 - . - W =

- (ol S A | PR I R T ST SR (Y -

0 5 10 15 20 25

(dN ch/dr)>|,7l<0.5
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Relative transverse activity classifier:
what next?

The relative transverse activity classifier probes the softer region of the event:
the transverse one with respect to the leading track in the UE plateau

N transverse
ch

RT=

( N t;;ansverse )
c
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Relative transverse activity classifier:
what next?

The relative transverse activity classifier probes the softer region of the event:
the transverse one with respect to the leading track in the UE plateau

transverse
B = N:p
T — ( Ntransverse)
ch

However, the Ry classifier still contains I/FSR and MPI

- normally described in general purpose MC using pQCD extrapolated to low
momentum transfer
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A closer look at topologies

3-jet topology
with ISR

initial-state

radiation

leading jet

M

recoiLjet
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A closer look at topologies

3-jet topology 4-jet topology
with ISR Leading jet with MPlIs Leading jet

N A

initial-state

’ o0 MPIlL MPI2
radiation 4 N

d ’ \ d ’
recoil Jet P recotl Jet
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Soft classifiers?

Jets and mini-jets can be removed to create a soft transverse activity classifier

A possible technique is to select track clusters formed by
» one track with pr > 0.7 GeV/c

- at least one associated track with pr> 0.4 GeV/c in a cone radius /An2 + A@? = 0.7
* in the transverse region with respect to py'eading
used by CDF to tag mini-jets phys.Rev.D 65 (2002) 072005

These cones can be removed - R;5° classifier
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Other “clean” classifiers

1. Use Z boson as leading track - cleaner environment, no FSR

2. Resume uncorrelated seeds correlated to Nyp,
<Ntrig>
<1 + N, associated,nearside + N, associated,awayside>

<N uncorrelated seeds> —

- Many ways to move to precision era for soft-QCD hadronisation studies!
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What happens after the experiment?

Experimental soft-QCD precision era craves soft-QCD precision modelling!

Between which partons confining potentials should be allowed to arise?

In the context of MPI, colour reconnections (CR) describe models that allow such
potentials to form between partons produced in different MP| systems

(this affects dramatically the multiplicity, spectra, hadrons formed...)
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What happens after the experiment?

Experimental soft-QCD precision era craves soft-QCD precision modelling!

Between which partons confining potentials should be allowed to arise?

In the context of MPI, colour reconnections (CR) describe models that allow such
potentials to form between partons produced in different MPI systems

(this affects dramatically the multiplicity, spectra, hadrons formed..

The default CR modeling in PYTHIA 8.3 is based
on a simple measure of string-length minimisation

P. Skands, S. Carrazza, J. Rojo, Eur.Phys.J. C74 (2014) no.8, 3024
—> this model does not allow for changes to

baryon/meson or strangeness ratios

MPI 1 MPI 2 MPI 3

Hadron Remnant
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What happens after the experiment?

Experimental soft-QCD precision era craves soft-QCD precision modelling!

In the QCD-CR development g g g g
R. Christensen, P.Z. Skands, JHEP 1508 (2015) 003 i ‘ ‘
CR are governed by a set of simplified QCD colour- g 3 i ¢

algebra rules:
* uncorrelated colour-anticolour pairs have a chance

to be in a colour singlet and to form J J
a confining potential - > < )

- The model then selects minimising the resulting
string length

Disclaimer: this is a PYTHIA perspective! Valentina Zaccolo — Soft QCD 37




What happens after the experiment?

Experimental soft-QCD precision era craves soft-QCD precision modelling!
In the QCD-CR development ¢

q q
R. Christensen, P.Z. Skands, JHEP 1508 (2015) 003 —i5, ‘ ‘
CR are governed by a set of simplified QCD colour- . 3 ;
algebra rules:
* uncorrelated colour-anticolour pairs have a chance . .
to be in a colour singlet and to form % J J
a confining potential B >—<
q a q q
- The model then selects minimising the resulting
string length q q q
- The QCD algebra also allows for three uncorrelated \\] ,/
(anti-)triplets to form a singlet g 9 —=> 1
- new source of (anti-)baryon production / \

- with the total baryon number still being conserved!

Disclaimer: this is a PYTHIA perspective! Valentina Zaccolo — Soft QCD
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What happens after the experiment?

For microscopic (string) models like PYTHIA: l*g S8C  x ALCGEpp, (5= 10TV E
ALICE strange-particle yields are compared to different < - ALICE, Pb-Pb, {5y = 5.02 TeV E
versions. oosst % % l ] l ‘ M
For pp collisions: 3 E
¢ defaUIt PYTHIA 83 mOdel 0'025;_ N;;Qg@@@@@@g@ww ........ s, _E
« recent QCD-CR tune °’°f e R
<chh/dn>h1|<o.5

- For A/t the strangeness enhancement is impressively IE* — e E
better described with the QCD-based model. 7 + + { ] ‘ l l ‘ E

- QCD-CR cannot reproduce the multi-strange ratio =/t ... _

Disclaimer: this is a PYTHIA perspective! Valentina Zaccolo — Soft QCD !




What happens after the experiment?

For microscopic (string) models like PYTHIA:
ALICE strange-particle yields are compared to different
versions.

For pp collisions:
« default PYTHIA 8.3 model
« recent QCD-CR tune

- For A/t the strangeness enhancement is impressively
better described with the QCD-based model.

- QCD-CR overestimates the number of protons

Disclaimer: this is a PYTHIA perspective! Valentina Zaccolo — Soft QCD
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What happens after the experiment?

-‘:U.O'Gb: S S g
For microscopic (string) models like PYTHIA: S e T aeEmE-aTe E
ALICE strange-particle yields are compared to different <0 - auceroro sy-s0ztev E
versions. e
For AA collisions: 3
« Angantyr oonst-
1
—> strangeness enhancement is not described with the 4 OB
. . Rooost. M default PYTHIA 8.3 3
current implementation of Angantyr 5
(5 0:0071— - =

1

E . L — |
0.002- [EEEEEEINE S ggggmmﬁ‘mgmm@ -

IR IR Lol L1
Disclaimer: this is a PYTHIA perspective! Valentina Zaccolo — Soft QCD L 10 19 N 39
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Conclusions and outlook

Broad range of soft-QCD measurements exist
—> we are now entering the precision eral

Huge data statistics will be needed for some of the precision
measurements proposed:

» strangeness enhancement: unknow microscopic origin

« especially for heavy-flavour: hadronisation still under study

Run3 (and beyond) data
will provide many new perspectives!
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