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Long-range corrections with ridge
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v, from large to small collision systems

Phys. Rev. Lett. 123, 142301 (2019)
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® Non-zero flow coefficients measured in small collision systems
® Consistent with peripheral Pb—Pb collisions
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Flow extraction methods (non-flow treatments)

Fourier fit (FF) Template fit (TF)
® 2 particle correlations

® 2 particle correlations
“ Longrange iny "

® Direct fit with a Fourier

~ Longrange inn

® HM = convolution of scaled
expansion LM + flow modulation ® Event plane is evaluated
Scalar product (SP)

® Flow coefficients:
® Flow coefficients defined

® Multi-particle correlations
via Q-vectors in sub-events

v, = <COS[Vl((ﬂ — Tn)]>
® Cumulants
<Qnu;,i(777pt)> vni2} = \/Cn{Q}’
’Un('rlapt) 2\/<Q?LQ%*> vp{d} = é/_cn{4}7
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Au—Au collisions at different
energies
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® Amplitude increase with collision energy - reflects the change in the expansion
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® Flow tluctuations:

® Weakly dependent on the beam energy and centrality - Gaussian-like nature
® Comparable with Pb—Pb

® Dominated by initial state eccentricity fluctuations
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Collision energy dependence

Phys. Rev. C 93, 014907 (2016)

3 11.5 GeV | o°/'°-1o%

0.3

® Baryon-meson splitting and grouping
observed down to low energies

~ ¢ follows the meson line

® At central collisions - low amplitudes
® Smaller splitting

® NCQ scaling

® Holds for particles - no energy dep.

'19.6 GeV
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® Not perfect for antiparticles

3 40 1 2 3 4
m.-m, (GeV/c?)
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Collision energy dependence
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Phys.Lett.B 839 (2023) 137755

® Anti-correlation of v, and v, and correlation of
v, and v,
® Consistent with the initial eccentricity
correlations
® Weak beam energy dependence
® Consistent with LHC measurement
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Different initial geometries
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Intrinsic initial geometry dependence Il

Phys.Rev.Lett. 130 (2023) 24, 242301
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Hard scattering influence and jet
modification
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Event scale dependentin p—Pb

Eur. Phys. J. C 80 (2020) 73
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Presence of a jet - slight influence on the flow

Low and high py

In agreement with MB, independent on multiplicity

Intermediate py

Lower v, than in MB, slight decrease towards low multiplicities in all samples
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Jet particle flow in p—Pb

arxiv:2212.12609
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Event scale dependentin pp

JHEP 03 (2024) 092
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Jet particle flow in pp
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" Presence of a jet with p; > 15 GeV/c does not influence the v, of h

® No multiplicity dependence

> v, of h! compatible with zero

® The inclusive v, is not driven by jet fragmentation, but rather by bulk
> The collective system is too small to influence jets - no energy loss
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Jet modulationin pp
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ALICE Preliminary
pp Vs = 13 TeV
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B PYTHIA Monash =#= EPOS LHC
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® Jet peak width as a function of
multiplicity
® No broadening as in Pb—Pb

® Shape qualitatively described by models

® Consistent with direct jet quenching
searches
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Flow of (identified) particles
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Flow fluctuationsin p—Pb

JHEP05(2023)007
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© At high py - influence of jet non-flow

® Suppressed with jet veto/ 6 particle correlations
® High mult. p—Pb collisions:

“ At high p in agreement with peripheral Pb—Pb

~ At low pt higher than peripheral Pb—Pb
® No particle species dependence - initial state fluctuations
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Identified v, in Pb—Pband p—Pb
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Phys. Rev. Lett. 121, 082301

® In Pb—Pb:

® Do follows the mass ordering and
meson group

» Do follows the meson group

= Slightly lower v, at low p (besides
mass ordering)

® The collective behaviour of charm
quarks is weaker than that of the light-
flavour quarks
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Identified v, in Pb—Pb, p—Pb, pp

A
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Model comparisoninp—Pb
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Muldiplicity dependence in p—Pb
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® Mass ordering at low pr. - preservers down to lowest multiplicities
® The splitting and grouping seams to disappear at low multiplicity
® The amplitude is smaller only at the lowest multiplicity
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Muldiplicity dependence in p—Pb
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® The species ratio is not multiplicity dependent

species

® The aptitude in different multiplicity classes is scaled the same for different
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“Exotic” collision systems
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Down to the lowest multiplicities

Phys. Rev. Lett. 132 (2024) 172302
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® Non-zero ridge yield at extremely low multiplicities in pp collisions

? At multiplicity within large uncertainties compatible with e™ + e~

® At multiplicity 8-24 - pp larger than e™ + ¢~ —> 56 (91GeV); 6.36 (183-209 GeV)
® None of the model describes the data
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Down to the smallest systems - yPb

Phys. Rev. C. 104 (2021) 014903

S 0.2

| | I | | | | I | | | | I | | | | C

| | | | l | | B | | | | I | | | |

- ATLAS Template Fit | ~— .14 ATLAS Template Fit -

- Pb+Pb, 1.0 ub™ - 1.7 nb” : T )

o, 1.0 u 0 2.0<|An|<5.0 _ Pb+Pb \s,,=5.02TeV 2.0<|An|<50 ]

- /S = 5.02 TeV, OnXn roc - i NN -

SRy ’ * p+Pb, N° = 60 _ 0.12 1.0 ub™- 1.7 nb”’ —

0.15 =°1~ < 5 pp, N =60 — " 3 An> 2.5, 0nXn 0.5 < p** <5.0 GeV

20 < N"° < 60 ch ! T

B ch % X T & | O 1__ 04 < p_?_’b <2.0GeV pp ¢ Vo ¢ V3 ]

:fPhotonucIear L EE n ] " ¢ v, Photonuclear p+Pb & Vv, $ Vs -

+ CGCcalc. » - 008" % v, Photonuclear -

0.1 N T . " * )

T8 s - 006-° ° ° o o O

ni UL + _

0.05 1 o004 * % -

] 0.02F ; T 5 I

_ N - :

O [ I i I T T I T | I I 1 | 1 l |
0 4 5 20 30 40 50 60 70 80

rec

p_[GeV] N

~ Non-zero v, and v; independent of multiplicity, similar to pp and p—Pb

~ Smaller v,, but compatible v5; Not reliable at high py

~ No hydro model - expectation of similar v, as in p—Pb (vector meson — Pb collision)
® CGC model in fair agreement - not the same parameters as for HF comparisons
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Down to the smallest systems - yp

Phys. Lett. B 844 (2023) 137905

CMS pPb, ys. =8.16 TeV (68.8 nb™)
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Flow measurement within ajet

138 fb™' (pp 13 TeV) arXiv:2312.17103, accepted to PRL

Q3<h<&OGa/

” v, measured inside jets, in coordinates w.r.t. jet axis

® Short range correlations ~1/N£ ,
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¢ ® Observed up to 8o and described by models
® Deviations at larger jet multiplicities

I —@— DATA
—— PYTHIA

G| SRR - ? 50 deviation from models

04F i , 0.5 <], <30 GeV Indication of an onset of novel QCD phenomena related
N ® o to non-perturbative dynamics of a parton fragmenting in
o 0.3 o,
A the vacuum? ve0ss T
>3 : " *= ) %=1t
S_ 0.2~ WM <1.6 o"f_ A Uk, 7=
yN& IAn*l > 2 ¢ : 2l ¢*=n/a
> ] =

0.1l Anti-k;R=0.8
p’* > 550 GeV

\
96 - .

V:

%\TI‘ () 1

]

I; <_I/"l

| |

1

1

1

L |

(%) L

| |

[ |

L}

| |

¥

)

1

L )
Hadromization

S

: 1

NI

S

X

(720

=

*

§h

ol v L e 1 L
20 40 60 80 100

L.A. Tarasovicova, UPJS 33



“Exotic” collision systees g
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Conclusion

= = e —— —

@ Different collision energies: Consistent with each other -> consistent with deconfined
~ system down to low collision energies with initial-state-driven fluctuations ,

'® Strong dependence on initial geometry not confirmed by both experiments, further
'~ measurements needed |

® Soft part of the event is not influenced by a hard scale, but zero jet particle v, and no jet
quenching in pp '

® The baryon-meson splitting and grouping persist in small collision systems at lower
] multiplicities - consistent with the coalescence picture }
1

® Long range ridge down to the lowest multiplicities and v, inside jet not explainable with )

cltoack correlations
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Outlook

® Can be the initial geometry dependence confirmed by another analysis? |

® Can be the deconfinement formation in small systems be actually concluded?

® Do the jets escape before the collectivity develops in pp? }
® [s the collective system bigger in p—Pb, so that non-zero jet particle flow is formed? )

|

|® What is really a limit of observing collective effects? 'I
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(Questions
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Back up
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NCQ-energy dependence
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Phys. Rev. C 93, 014907 (2016)
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Jetflowinpp

Phys. Rev. Lett 131 (2023) 162301
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hYE — hVE (AllEvents): 2PC where both tracks are V2. About 14% of h-h 2PC pairs are removed by
the abovementioned rejection.

hYE — hYE(NoJets): 2PC using events with no jets with p(T3 > 15 GeV.
hYE — hYE(WithJets): 2PC using events with at least one jet with p,(r} > 15 GeV.

hYE — 1’ 2PC performed between AV~ and 1’
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Event scale dependentin p—Pb
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Intrinsic initial geometry dependence IlI

Phys. Rev. C 105, 024901 o
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Flow coefficients remeasured with a different method
® The same result
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Identified v, in Pb—Pband p—Pb

Phys. Rev. Lett. 121, 082301
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HF flowinp—Pb

CMS pPb 8.16TeV
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https://arxiv.org/pdf/1810.01473
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Flow measurement within ajet

CMS

<Nj;:h> =20
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o O o
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138fb" (pp 13 TeV)  CMS 138 fb™ (pp 13 TeV)
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pi:t > 550 Top 0.0023% highest-N’ch jets pi:‘ > 550
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Flow measurement within ajet

CMS 138 fb” (pp 13 TeV) Simulation
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dN"*"/dAd

F=V, 03< P, <3.0 GeV/c
0.24 ..y
- 2A
0.23F"=" Vs,
0 225 — Fourier Fit
“““E e CMS pPb
0.21F

0.19F
0.18F

R T T T T T -

Ao (radians)

Fourier fit (FF)
® 2 particle correlations

~ Longrangeinn
® Direct fit with a Fourier

expansion
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Template fit (TF)

® 2 particle correlations

“ Long rangeiny

® HM = convolution of scaled

LM + flow modulation
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