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QGP in small collision systems?

(d) CMS N=110, 1 .0GeV/c<pT<3.0GeV/c

Nature Physics 13 (2017) 535-539
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CMS, JHEP 09 (2010) 091
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* QGP-like signatures in high-multiplicity pp and pA : <ﬂ>} [
§ ® pp=7Tey
* How do QGP signatures that we see in large collision systems i A
evolve when decreasing system size? e
s EPOS LHC
« Jet quenching is necessary consequence of a hot and dense ki
fireball. Can we see evidence of it? el amsal 0 vamal
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Jet quenching observables

in-vacuum shower in-medium shower

Yield suppression relative to min. bias pp - energy transport out-of-cone

, 1 1/Nqy AN dprdy
R r,0) = gy o AR

—
TaA) dopy’ /dprdy
measurement of inclusive suppression R ,, requires Glauber scaling -

- limited precision of (T,,) for centrality biased events

- Glauber model does not account for conservation laws, geometry information smeared by fluctuations
- not defined in high-multiplicity pp collisions

trigger
o

Jet substructure modification

Jet deflection - dijet acoplanarity
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J.P. Blaizot and L. McLerran, PRD 34, 2739 (1986)
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- ALICE, p-Pb, \s,, =8.16 TeV, 13<y<03

----- 70 NLO, PDF:EPPS16/CT14 - FF:DSS14
== w® NLO, PDF:nCTEQ15/CT14 - FF:DSS14

— 0 CGC k; fac., FF:DSS LO
..... 10 FCEL y= 05 gg—>99

e, p-Pb, Sy = 5.02 TeV |
ALICE (-1.3< 7

- |CMS (In_ <

<0.3)
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for 1t° in p-Pb @ vs,, =8 Tev

ALICE, PLB 827 (2022) 136943

1 deppb / dzdpp
Apy, dprdy / dprdy

Rypp =

Data disfavor more than 1% relative
energy loss or an induced p. shift larger

than 100 MeV in the range 10-20 GeV/c

Suppression for p. < 10 GeV/c described by

- NLO calculations using nPDFs
EPPSl6 [10] [Eskola et al. EPJC 77 (2017) 163]
nC ETQ 15 [Kovarik et al. PRD 93 (2016) 085037]
- CGC-based calculations [Lappi et al. PRD 88 (2013) 114020]
- parton energy loss in cold nuclear matter
with fully coherent energy loss (FCEL)

[Arleo et al. JHEP 09 (2020) 190]
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Q for h*' and heavy flavor hadrons in p-Pb
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20-40% ZN energy

+ ] ~0.96 0.04 o
+ — < Yems < neutrons from nuclear de-excitation
m B s 27 4-----,;- _________ ¥ Sl e processes, or knocked out by wounded
+ * T i E Syst. on dN/de nUCIeon
bias s B Syst. on { Tppb) 3
_: A Charged particles Q (dszrOmptD/dedy);J_Pb
0-10% ZN energy 10-20% ZN energy 1 Syst. on dN/dp. pr =
g ] T _ 7 promptD
0'4":::::::'::::':::'::::::::::::::::::::::::::::::::::::::::: <Tpr>1 >< (d Gpp /dedy)
<Ncoll>i

(Tppb)i = “gon

Assuming dN_/dn in mirapidity

scales with N__,

40-60% ZN energy 60-100% ZN energy

(Ncoll)i — <Npart)i — 1=

5

10 15 20 25 30 35 5 10 15 20 25 30 35 5 10 15 20 25 30 35
P (GeV/c) p; (GeV/c) P (GeV/c) dN
n/dn);
-0 () !
ALICE, JHEP 2019 (2019) 92 ch/dT] I<n<0
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R , of T°in EA biased collisions by PHENIX

PHENIX, arXiv 2111.05756

[ 1, Il < 0.35, {5,y = 200 GeV NG
0-20% o p+Au 60-88(84)% | .= 2’
B e L >~ O
1'5: (b) 7 d+Au e e e | C
‘‘‘‘ g“:":‘_ SRTRTRLE S
____________ AEEERN
PRC94 (2016) e%
024915: 7
_ === p+Au
T d+Au
0:| I.DH.ENIX. R % . 3|He|+Alu TR
0 10 20 0 10 20
P, [GeV/c] P, [GeV/c]

« Event activity (EA) dependence of R ,

* Is suppression in central collisions due to jet quenching?

Model of proton size fluctuation:  b. Mc Glinchey et al. PRC 94 (2016) 02415
protons with high-x partons are more compact
and interact with less nucleons =

Enhancement of peripheral events & suppression of central
F. Krizek Search for jet quenching in small systems

Sanghoon Lim talk at QM2022
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p-going dlrectlon
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ALTAS PLB 748 (2015) 392 413
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L ATLAS 1

B - s
- 2013 p+Pb data, 27.8 nb" - |5, = 5.02 TeV ]
- 2013 pp data, 4.0pb”’  F antik, R=04  *| -
40 100 1000 40 100 1000

Pb-going direction
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y ATLAS

p-Pb 0-90% » *°

p-Pb 0-10%
< p-Pb 20-30%
p-Pb 60-90%

(a) p+Pb collision

ALTAS, PLB 748 (2015) 392
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Corrlation of hard processes and soft
particle production in pp by ATLAS

ATLAS, PLB 756 (2016) 10

(b) pp collision

—
1

T

(ZE(EE yret
o

0.6}
0.4 {I- [@ Data, 4.0 pb’* -
" ATLAS i - PYTHIA 6 AUET2B ]
P 0.2 = op, 15 = 276TeV :— -= PYTHIA 8 AU2 ]
= I ]
n (EE>, <EE>(p <5053 GV, |n""|<03) [~ HERWIG++ UE-EE-3 :
0. ........ I P Y I T T T T FNETI FEET1 FRNT FRET1 FNET1 FNET1 FTERE AT NUAT
0 0.5 Xtarg1 0 0.5 x

Hard scattering involving large x parton in Pb =

The beam remnant has less longitudinal energy =
Reduction of E_ at large n
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Prospects for OO run at LHC

Huss et al., PRL 126, 192301 (2021)
00 s =7 TeV L44=0.5 nb™ lynl<1.0

Small system (N_), =2 (Ny)_ », With AA geometry

: 1.10
1 (1/Nev) dNJK/dprdy gt == e,

(Tan) doyy /dprdy LR i T Wt

,l ) 8@ r S T
0.95

-RAA(pT y)

(T,,) nuclear overlap function depends on =

AA
= 9.90 .
soft physics of tot. inel. Xsec. and (N
phy pp N /

= MB provides better precision

BKK L0 (scale)
BKK NLO (scale)

Bt 0.80 § =1=y= KKP NLQ
R ( ) 1 dUA’ /dedy 0.75 o | | +—|—| sta}:. pFOJEFtlon"
AA min bias\PT> Y A2 d dred
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Projection of hadron R,, for min bias OO

Luminosities used in the projection : OO run is planned in 2024
— — -1
OO0 Vs, =6.37TeV L ,=1nb
= = -1
pp Vs =5.02TeV L =3pb ALICE-PUBLIC-2021-004
Calculation which assumes no energy loss and which
3 11~ RLIGE Projeciion .| accounts just for nuclear PDFs
1' .................................................... . cCalculations which assume energy loss models together
- with nuclear PDFs [Huss et al. arXiv 2007.13754]
0.9— \ ALICE projection:
= data points follow a mean energy loss model
- In the range up to 50 GeV/c:
b = statistical precision < 1.5%
S 0-0 0-100% s,y = 6.37 TeV = systematic precision 4-6%
0.7— Loinet - interpolation error < 3%
s ﬂ‘nPDF o+ Edpss motela - cross section normalization 3%
: | |rwtEPPS16 - other systematics 2—-4%
0.6~ + ALICE projected
- [l Norm. uncertainty
_I 1 L) 11 L I 11 1 l 11 1 I Ll 1 I 1 i i it
0.5 T Measurement is potentially sensitive to the effect
P, (GeV/c)

F. Krizek Search for jet quenching in small systems ECT* 2022 9



Flow of high-p_ particles in p-Pb from ATLAS

ATLAS, Eur. Phys. J. C 80 (2020) 73

L

Asymmetric collision zone

in plane

Radiative energy loss of partons

out of plane
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BDMPS, Nucl. Phys. B483 (1997) 291
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Flow of jet fragments In p-Pb by ALICE

0.25
" ALICE Preliminary [ © | Associated p_> 0.5 GeV/c
| p-Pb \[S_NN =5.02 TeV [ e | Associated p.>1.0GeVic
0.2/~ Centrality class VOA: 0-10% | = | Associated p_> 1.5 GeV/c
B Inclusive Charged Particles: (0-20%) - (60-100%)
u Phys. Lett. B 726 (2013) 164-177
0.15 —
B —_— 1
- _LJI: I.I.I
B L
R +—
[ O
- - -
B | | | | | | | | |
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
P, (GeV/c) (trig)
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ALICE Preliminary
p-Pb yfs = 5.02 TeV
TPC-TPC Correlation
VO0A: 0-10%

20< p‘Tfig(Gewc).: 3.0
1.0 < p2%(GeV/c)< 5.0

e
(9037773)
TPC FMD 77
N 1<08  17<n,,,<5.1
ECT* 2022



Jet fragmentation in p-Pb from ATLAS

Particle yield associated to jet tag

Charged
Particles

Jet

__ FParticles per jet| p+Pb

Jet Tag

A?bc:h,jet

~ Particles per jet|

Behavior of IIopb

p+p
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Event activity measured with ZDC

No modification in away-side

Excess in near-side particle production

IS reproduced by PYTHIA ANGANTYR

ATLAS, arXiv 2206.01138

'O*eo

L ATLAS AP, < B
[ pp, Vs =5.02 TeV
L p+Pb 0-20%, \s,, = 5.02 TeV

Near side

o

— E=== ANGANTYR, EPPS16 (NLO), p" > 60 GeV
« ANGANTYR, EPPS16 (NLO), p' > 30 GeV
== ANGANTYR, no nPDF, p" > 60 GeV

T pp,27nb'-3.6pb’
1 p+Pb 0-20%, 0.025 - 0.36 nb’’

Away side

— === Data, p' > 60 GeV

|et

-: == Data, p; > 30 GeV

4 567810 20 30 40

h
pE" [GeV]

4 567810 20
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Measurement of jet particle yield
In pp, p-Pb and Pb-Pb by ALICE

e Correlation of

8-15 GeVIc leading particle

4-6 GeVIc associated particle
both in |n| < 0.8

* Per trigger yield corrected for UE estimated in tranverse

region relative to the leading particle

ypp.p—Pb,Pb—Pb __ yPp.p—Pb,Pb—Pb
TS
Lsp p—Pb Pb—Pb =

Y pp min.bias __ Y][“)g min.bias
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Transverse
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60° < |Ag| < 12

Leading-particle

-~

Ag

Toward
|Ag| < 60°

Transverse
60° < |Ap| < 12

Away
|Ag@| > 120°
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Measurement of jet particle yield
In pp, p-Pb and Pb-Pb by ALICE

Ipp,p-Pb.Pb-Pb

L0 | A

[ ¥ T Ty

ALICE PRELIMINARY 'D?. ALICE PRELIMINARY i
. £ . eadin
{Sun = 5.02 TeV (Near Side) ~ 8<p*™<15 GeV/e % (S0 =502TeV (Away Side) ~ 8<p"™"*<15 GeVic
1 .5} ® pp (VOM mult. classes) 4<p,<6 GeV/c, ni<0.8 _| & 1.5 * pp (VOM mult. classes) 4<p,<6 GeVie, n|<0.8 _
o p-Pb (VOA mult. classes) ; + o p-Pb (VOA mult. classes) .
4 Pb-Pb (VOM cent. classes) P S * 4 Ph-Pb (VOM cent. classes) S
g =] o
| INSARAMNNATS R H'@ ---- PEgg
E.v§_n?t (();‘:)I/asses E.v§n§ é{:}!/asses } VO A i VO C
0.5  2-10% - 0.5 « 2:10% —

» 10-20% . 10-20% . 2.8<n<5.1 - -
o 20-40% Near side o 20-40% Away side + d 3.7<n<-17
e 40-60% o 40-60%
e 60-90% s 50-90% - -

| L Ll 1 e isic il 1 T | 1 L1l 1 L1l 1 L1111 ¢ Event aCtIVIty CIaSSIerd

1 10 10° 1 10 107 - Pt

(N Jransverse Side (. Jransverse Sae in forward VO scintillator
es ch detector

Absence of away side yield suppression for pp and pPb = absence of jet quenching

F. Krizek Search for jet quenching in small systems ECT* 2022 14



Longitudinal fragmentation of jets
In hlgh multlpllmty pp events in ALICE

s 10 T I I
2 [&]
3N ALICE Braliminaty o HM event activity selection: _ .
8102 op 15 13TeV 5x larger multiplicity in VO detector w.r.t min. bias
2 *MB 0-0.1% event activity percentile
10 : ———
2 - . . . .
[ 2,510 —=___ ] HM event selection — softer jet fragmentation
1E —.— g 3
F UE Subtracted ——_e— :
s .~ . : : : :
ok P = 1020 Gevic . e This is consistent with larger portion of jets

: comming from NLO processes
- ’7,-e:|< 0.5,R=0.4

102 i
E pia"'c'e > 0.15 GeV/c

| Charged-particle leading anti-k ; jets

F L1l 1 l | I l | I I L1 1 l L1 1
0

0.2 0.4 0.6 0.8 1

particle / jet, ch
i T
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Search for jet quenching in p-Pb with
h+jet correlatlons in ALICE

trigger T T T ™
§ ] ;_ ALICE p—Pb ﬁ 5 02 TeV —;.
TT{X,Y} means > = i“i 0-20% ZNA =
X<p. <Y GeVlc '] = Anti-k; charged jets, R = 0.4 .
) T,trig ‘—:6 107 E . " -043< y_:_l_< 1.36; —-0.03< y]:ﬂ< 0.96 E
S Bo 3 - 8, T-Ap<06 o TT{12,50} -
_________ . < 102 ? o Integral TT{12,50} : 1.84 =
> E o B8, 0 TT{6,7) -
ALICE, PLB 783 (2018) 95 S 10of ¢ o =, integral TT(6.7): .83 ]
— E —8— O Argcoi ( Cpet = 0.94) =
.. 2 - -0 — -
* Event activity measured by ZDC ol S 10 E% —o ?
« Jets recoiling from high-p_trigger hadron (TT) %— g _§10J0.: H}% * -
L E =
. . Q = 3
« Data-driven statistical approach to remove °F » L .
oo . . . — £ 10°® Statistical errors only
recoil-jet yield uncorrelated to TT including MPI = AT T T T
0 10 20 30 40 50 60 70 80 90
preeo (GeVic)
2 2
A ]. d Njet c 1 d Njet
recoil — — CRef *
N..: ch N..: ch
trig de,jetd?? PT trig ETT{12,50} trig dPT,jetd'W PT g €ETT{6,7}
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Hadron-jet observables and T,,

1 d2 Nﬁ‘f 1 d2O.AA—>h—|—jet—|—X
Nﬁg deJetdnJet PraigETT - ghAATHX dp'cl'r,ljetd'njet ‘PT,h eTT
In case of no nuclear effects
1 dPNAA B 1 d2gPP—hiettX ‘ . Tan
Nég deJetdnJEt PTiigETT B gPPh X pTJetdnJEt prheTT TAA

« This coincidence observable is self-normalized, no requirement of T,, scaling
* No requirement to assume correlation between Event Activity and collision geometry
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Limit on energy transport out of R = 0.4 in p-Pb

ALICE, PLB 783 (2018) 95

Q < RN R RN RN IR RN RRRRE
§ N 1'35_ ALICE p-Pb |5, = 5.02 TeV E
— | C ]
= 8<§ 1'15_ ++—4 _:
3 Pl = ' """""""""" S E
< g 0.9F -
N S0.80  TT{1250} - TT{6,7) =
E S [ Anti-k, charged jets, A = 0.4 ]
< 0.7F -043<y<136 -0.03<y’<097 ]
- T - Aqo<06 .
0_6_|:| Syst. uncert. g
: —04GeV/c spectrumjet shuﬂ .
15 20 25 30 35 40 45 50
ch
a ,OT’jet (GeV/c)
Avecoil |o_2o % S
A _ ‘ — &Xp b Medium-induced charged energy transport out of
recoil |50—100 %

R = 0.4 cone is less than 0.4 GeV/c (90% CL)
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Search for jet quenching in high multiplicity pp
collisions using hadron-jet acoplanarity

* pp minimum bias (MB)

e pp high-multiplicity (HM) :

AI‘GCOil (A(P) =

5x larger multiplicity in VO detector w.r.t. MB

1 dNje

— Cref *
Nuig dA@ ITT(2030) & s,

1 dNjy
Nuig dAg I1i6.7) & p,

‘TA 1 §_| I T T T I I | T | T T T I T T |_§ ‘l_/\ |E | T T T | T T T I T T T T | T T T | T T T | T T T | T I_
S - / : ALICE preliminary 3 8§ o.07F ALICE preliminary — hadron TT{20, 30} =
= 10,1‘ pp Vs = 13 TeV k== - ppVs=13TeV y + 4
0 E Uncorrected 2§ og. HMdata5<VOMKVOMy<9 — hadron TT{6, 7} iz
3 - . HM data 5 < VOMAVOM) <9 % - Uncorrected — A — +
£ 5102 e Anti-k; charged jets, R=0.42  ~% (05 Anti-k; charged jets, R = 0.4 i i
c_)gl— B l_"" = A . >0.30 3 % E Ajet > 0.30 Cret 5 | | E
2 ok — e In |<05 - B0<p ™ =30 GeoVle =

s E ] o s E o2 0.04F <Py a2 _
% = _A(p>1r, 0.6 rad 1 = - |’7]et|<05 + 2
o 104 _— o nos Sins =
= - =T i , s - —|—+| _|_++ :
= gosk — TTEZO }30} T - e E
: ‘ c = 0941 : - it ]
- — . 0.01— . e =
107° ’ rec0|l _|_ = 1—!——!— I S e A
I a I —— -
'o"'s'o"'glo '1(')0"'120 o 8 i S R it ool o 1o By

; 161 1:8 2 52 ke 1 BB 28 3

ch,reco

Sl ey Ag] (rad)

TT{X,Y} means
X< Pry <Y GeVic

trigger

P

~
o NERVIROY_ g

>
<

”
________
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A, oooi (GEV/C X rad) ™

Distributions of hadron-jet acoplanarity

x107°

ARl EERAA BARERERA DAL AR REEA B
8 ALICE Preliminary —;
- pp Vs= 13 TeV _+::
Anti-k; charged-particle jets E

6 m_|<0.5 R=04 =
5 20 < p", <40 GeVic —
TT4{20,30} - TT{6,7} —. E

‘E —=— MB —e—
3 —*— HM:5 < VOM/(VOM) < 9 - =
[ ] Syst. uncert. — * e

2 —— E

[ ]
1111

11 1 l 11 1 I | I 2013 I 19 % l (== I l 1 (== | I 11

0

16 18 2 22 24 26 28 3
|Ag| (rad)

* HM acoplanarity distributions relative to MB

- suppressed back-to-back correlation
- broader

The effect is stronger for low p_ jets

[
8 25
| =y
X
§ 2
o
Q)
= 5
-
o
< i
0.5
0

S

_l l LI l =1 I LI I | [ Fl ) I LI I a8 l I I— I LI

ALICE Preliminary

pp Vs= 13 TeV

Anti-k; charged-particle jets

_|<0.5 R=04

40 < p.°r'_‘_Et <60 GeV/c

TT{20,30} - TT{6,7}
—a— MB

—o— HM: 5 < VOM/(VOM) < 9

[ ] Syst. uncert.

i .

H

Illllllllllll

t

4=
———— ————

11 1 11 1 I | I 2013 I 19 % l (== I l 1 1 I 11

16 18 2 22 24 26 28 3
|Ag] (rad)

llllllllllllllllll'lllllll

trigger

5<VOM/(VOM)< 9
0.1% of MB cross section

-
_____
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HM event activity selection:
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Data

Comparison of hadron-jet acoplanarity with PYTHIA

><1|0\_3\| T

ALICE Preliminary
pp Vs = 13 TeV
Anti-k; charged-particle jets
mm| <05 R=04
20 < p;“jm <40 GeV/c
TT{20,30} - TT{6,7}

m MB

® HM:5< VOM/(VOM) <9

|:| Syst. uncert.

Ao (GeV/c x rad)
B

| I I I

+....|....|'.+'.‘|.f

Ao (GeV/c x rad)™

ALl JLARNRRRRI I‘IIII‘I\IIIIIIIIIIIIIIIIIlIIIIlIIII|I\I\ll\

1 PYTHIA 8 Monash

— MB ]

0 [ HM —

| | Ll | | .

16 I I T | | I I,;

< 1; =

T 1. =

T2k 4 4 e

E 08 E E

0.6 3
0.4-I.H|..I...I...I...I...I...I.
16 1.8 2 22 24 26 28 3

Ag] (rad)

Data
PYTHIA

coo

2.5

0.5

—_ kL

RO RAD O

x107°
_lIIIIII

rrrrrrrTrTTTa
ALICE Preliminary
pp Vs = 13 TeV
Anti-k charged-particle jets
mjel| <05 A=04

140 < p" | <60 GeV/c|
TT{20,30} - TT{6,7}
MB
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® HM:5<VOM/(VOM)<9
[ ] syst. uncert. *
PYTHIA 8 Monash
— MB ]
I HM —
| Ll | Ll I Ll I I_
4y 4
-\...I...I\..I...I.\.I...I...I..j
16 18 2 22 24 26 28 3
Ag| (rad)
ECT* 2022

Quantitative comparison
to PYTHIA 8 Monash
shows similar suppression
pattern

The effect is not due to jet
guenching

Use PYTHIA to explore
the origin of the effect
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Probability density

0.35

0.3

0.25

0.2

0.15

0.1

0.05

PYTHIA :

R e e e e LA
pp Vs = 13 TeV

PYTHIA 8 Monash

Anti-k; charged jets, R = 0.4

—T T
ALICE Simulation
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« significant bias in distribution of high-p_ recoil jets
* enhancement in forward trigger detector acceptance
* VOA and VOC have asymmetric coverage

ECT* 2022
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PYTHIA: Number of recoll jets versus
event activity in ALICE acceptance

Distrib. of the number of recoil jets above p_ threshold:
 HM trigger suppresses events with 1 hard recoil jet in

the ALICE central barrel

* HM trigger enhances multi-jet events in small system

 Signification issue for all HM analyses in small systems
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Summary

Jet quenching in small collision systems is likely to be a small effect

Jet quenching signatures can be created by event selection biases
- picking up fluctuations in particle wavefunction when imposing event activity bias
- NLO processes with multi jet topology in final state, soft fragmentation
- cold nuclear matter effects, CGC

Need to understand positive v, of high-p; particles in p-Pb.
Would we see the same effect in HM pp?

New systems comming soon OO, pO

F. Krizek Search for jet quenching in small systems ECT* 2022
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T° production in min. bias p-Pb and pp @ Vs, = 8 TeV

—_ 15
o 10

T T T T L | ™3
p-Pb, Y5, = 8.16 TeV [+ ALICE -
-1.3<y < 0.3, norm. unc. 1.9% TCO E
pp, Vs =8 TeV [5]
lv| < 0.8, norm. unc. 2.6%
TCM fit = =

& -

|8

o

%.) 12
¢ 10
o]

=

O, 108 ALICE, PLB 827 (2022) 136943
W PYTHIA 8, p-Pb
10°r — PDF:EPPS16

-.. PDF:nCTEQ15
— PYTHIA 8, pp
10°F NLO, 20 FF:DSS14
==: p-Pb, PDF:nCTEQ15
----- pp, PDF:CT18

L NLO, 7° FF:NNFF1.0

— =4 p-Pb, PDF:nCTEQ15

* Reach up to 200 GeV/c

* pp reference corrected to 8.16 TeV using
PYTHIA 8 Monash

—_

i i keI, « NLO with NNFF1.0 frag. functions
_ 2-05_,3) b-Pb: 10 _ [INNPDF EPJC 77 (2017) 516]
S 15f . .
O 1_25 * NLO with DSS14 frag. functions

[de Florian et al. PRD 91 (2015) 014035]

Theory, Data Theory, Data

T | = il R .
0.3 1 2 3456 10 20 30 100 200



Elliptic flow of jet fragments in p-Pb

Two particle corrleations to measure yield assocated to jet fragments

- trig. and assoc. particles have same charge, measured in |n|<0.8
- signal/background as a function A@,An

ALICE Preliminary
p-Pb yfsy=5.02 TeV
TPC-TPC Correlation
VDA: 0-10%

20< p;"'g(eewc).: 3.0
1.0 < p2%(GeV/c)< 5.0

1 dNyir  S(AQ,A
Y(AQ;An)_ palr __ ( (P n)

* Nuig dA@dAT — B(A@,AN)

S(Ap,An) = L Moome B(Ap,An) = o
q)a 77 _Ntrig dA(PdAT]’ (D, 77 -

d*N mix
dA@dAn



Elliptic flow of jet fragments in p-Pb

Correlate trigger particle with a hit in Forward Multiplicity Detector 1.7<n_, <5.1
- Non flow removal : subtraction of correlations for high mult. and low mult. events

ALICE Preliminary 2.0< p‘r”g(GeV/c)< 3.0

p-Pb S, = 5.02 TeV 1.0 < p==(GeV/c)< 5.0 e o . (902 : 772) (901 ) 771)

TPC-TPC Correlation

(¢3,1m3)

TPC FMD n

dN
dAY’

3
, Ap=p1—p2 An=mn1 —12
<142  AVa(Ap, Aneos(nAg ), |An| > 1 0T T8

n=1

Factorization: AVa(Ap, An) = vy(Ap, An)vy MP



Elliptic flow of jet fragments in p-Pb

ALICE Preliminary 20 < p‘T”g(GeV/c)< 3.0 ALICE Preliminary 20< ptT”g(GeV/c)< 3.0
p-Pb sy, = 5.02 TeV 1.0< p?ss°°(GeV/c)< 5.0 p-Pb ys,, = 5.02 TeV 1.0< p?SSOC(GeV/c)< 5.0
TPC-TPC v3¢ T TPC-TPC vj? Fit

VOA: 0-10% = .. VOA: 0-10%

e
Dip in v, of midrapidity pairs Extract v, from fit by
at the position of the near-side peak Vo(AQ, AN)=55 Vs =525 Vang (A @, A7)

Sum of 5 harmonics



Elliptic flow of jet fragments in p-Pb

jet

part

M 0-35 — ALICE Preliminary Pb-Pb W= 5.02 TeV, VOM: 20-60% Pb-Pb:
B 0 3:— ° ka‘lbji;uss.lej Iev, v oo - Lr:;l—u::i:c::v , p¥%¢ > 2.0 GeV/c - Jet part|C|e V2 IS Compatlble
o L 3 1.7 x Jet-particle v, p3* > 0.5 GeV/c P Jet—particle vi, p%s"c >3.0 GeV/c I - I I
N = S 17 etparie v p o 1 GeVie —— e with V2.0f charged-particle jets
0.25 :__ 1.7 x Jet-particle v, :z’;>1 5 GeV/c Pb-Pb {8y < 2.76 TeV, VOM: 30-50% for thrlg > 7 Gev
— Phys.Lett. B 753 (2016) 511-525 .
0oF B Y b st - Both interpreted by pathlength
- - — [ ] systunc. (shape) dependnece of energy loss
015 — == -e-é Syst unc. (correlated)
~ —— S p- .
—_ I:I _ . " _ N
0.1;_—+— 1 _+_fT Inclusive v, in Pb-Pb is about
005 s+ I =8 ﬂ'ﬁ 1.7 greater w.r.t. p-Pb.
S L .. . . ... -Nonzero v, for jet fragments

—_
—_
o

ot 10°  |nitial-state effects (CGC)
2N Py (GeVie) o final-state scatterings

13



RXA

1.4

R _, of Tt° in min. bias collisions by PHENIX

PHENIX, arXiv 2111.05756

p+AI 0-100%, vs =200 GeV
[ 7, n|<0.35 N

[ PHENIX con UNC-

p+Au 0-100%, vs = 200 GeV
[ 7%, n|<0.35

d+Au 0-100%, fs_ 200 GeV

[ 1% |<0.35

He+Au 0-100%, /S,y = 200 GeV
0, In|<0.35

* RXA

= 0.9 Dbut still compatible with unity within uncertainties

1.2} ; ?
 —— R T Y | B .
L ) o] iy O
: Q%W””{ o oo°¢+% - "o o o4t
0.8} [ o - ¥ 4 [Jl] | %
_ scale unc. : : T
0_6_.I(a) due Ito pp p:|-A| () | p+IAU - (c) | d+,|Au (@) | 3HE'||'AU
0 10 20 0 10 20 10 20 0 10 20
P, [GeV/c] P, [GeV/c] P, [GeV/c] P, [GeV/c]

« No system size dependence at high p. - little or no modification of hard scatteing




Event activity selection in pp at Vs =13 TeV

Trigger:
- Minimum bias (MB) L, =32 nb*

- High multiplicity (HM) L _ =10 pb*
Event activity (EA) selection:

lllllllllllllIIlllllllll'llll'lllllllllIIIl||llll

ALICE pp Vs = 13 TeV —e— ALICE Data
ALICE, arXiv:2202.01548  —e— PYTHIA8 Monash 2013

1072 VOM multiplicity classes = —
VOM = VOA + VOC Min. Bias Triggered Data: 3
HM is 0.1% of MB cross section g [Jo-1% [Jt+-5% -
5<VOM/(VOM) <9 S 107 | Ws-10% [W1o-15% 3
(VOM) = mean of VOM in MB@y g E l15-20% | 120-40% _E.
e 11T 8 10° B 40-60% [ ]60-100%
L - - |
| / CZD I I "
Lh E i i
42_._:‘;__ ] T B g I *
107 | M
'y~ vl JO0 %N
VOA 0 3 4 5 6 7 9 10

_-2.8 <n<5.1 -3.7<n<-17 ; VOM amplitude / (VOM amplitude)



Charged-particle jets in MB and event activity
biased pp collisions at Vs =13 TeV

arXiv:2202.01548
* Tracks 1K CrTT T T T T T g VOM multiplicity classes
Myaad < 0.9 "~ 10" R=05 ALICEppis=13Tev =0-100% - 0-1%
G =
O < (ptrack < 2T[ S 10_2 1] \ pT,track >0.15 GEV/C = 1-5% 510%
thrack > 150 MeV/C 8 3 |T]track| < 09’ |;r,jetl <09-R 2-10-15% -o=15-20%
, < 10— . _ . .
= 10 Anti-k, charged-particle jets 20-40% o= 40-60%
« Charged-particle jets -Zl— 5 UE subtracted -e- 60-100% [_| Syst. uncert.
: . 10”
Anti-k_ algorithm =
T < A6
o~ 10
Nl <09-R U.% 07
R=0.2-0.7 S 1o
-9
_ raw 10 — Ll
¢ pT,ch jet - pT,ch jet - p Ajet 20 40 60 80 100

pFr'jjet (GeV/c)

How does the imposed event activity selection bias the spectrum shape?



Ratios of EA-biased jet p. spectra to MB

F-rorrrrrr e ™3 VOM multiplicity classes
2 : R=05 |n track|<0.9, |17]_et| <0.9—R ] o 0—1%
m - d) Anti-k, charged-particle jets | o 159, 5-10%
= 10 pomonsaomemmom—o—s—s——e——e— | = 10-15% =15-20%
> F o——e——e——o——— 1 = 20-40% -*-40-60%
E N00s-0—0—0——08——0—0 ° ° | -=-60-100%[_]Syst. uncert.
o
= 1F =
= = 3
o B -
>

10_1M O ° 3
S IR B B T n arXiv:2202.01548

N
(@]
—h
ol
o

40 60 80
h
pcrgjet (GeV/e)

Event activity (EA) bias affects the shape mostly for p, , .. < 20 GeVic
Bias on high-EA causes increase of jet yield per event

May arise from increase in average number of hard scatterings per event



Self-normalized jet yield versus
self-normalized multiplicity

» Jets with p7>9 GeV/c follow
non-linear trend similar to J/y in midrapidity
Phys. Lett. B 810 (2020) 135758
and heavy-flavor electrons and prompt D

* Electrons from W decay follow linear trend

* Overshoot of the trend by PYTHIA
at high charged-particle multiplicities

20

—_
[&)]

AN, /dn / (dN__jan ),

—_
o

[¢)]

-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
’
- ALICE pp Vs = 13 TeV D
I
[ p > 0.15 GeV/c Jd 1 === PYTHIA8 Monash 2013
i T,track :" ': | D
B _ te Syst. uncert.
= My <09 1M | <09 -R e
- Anti-k;, charged-particle jets ,',',:.
B [ X4
- UE subtracted .
- ,2"( —
R=05 é" 8 —_— 5 < pihjet <7 GeV/c
/l s —— 9 < pi“jet <12 GeV/c
i / g | —30<py <50GeVic
o _ :
py] ——70< ,o;'jie1 <100 GeV/e
_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
05 1 156 2 25 3 35 4
dN/dn
C

CaN, fdn)

arXiv:2202.01548



Ratios of jet p_ spectra with different R

1'2_|_, L] | T T T I T T T [ T T T I T T T I T T T I T L] T I_

- ALICE MB i

1= Anti-kq, In | <0.3 ]

Q‘ = =
o"- aial. P ® 0.15GeV/c k
x [ — T o — y
P == ' :
&.\0.6_— ..... o
o 'y .
I k —e— pp Vs=13TeV (UE subt.) i
o 0.4 .
® [ —e— pp Vs=5.02 TeV (UE subt.) ]
0.2 —&— p-Pb |5y, = 5.02 TeV (UE subt.)

i : —9— pp VS 7TeV(UE Subt)

20060 B0 100120140
o (GeV/c)

T,jet

MB ratio of p_-differential cross section

spectra:
independent of Vs

Anti-k;, charged-particle jets
UE subtracted

|

o ALICE pp Ys =13 TeV
>0.15 GeV/c

Ltrac

1T |1]"ack| < 0.9, |njet| <0.2

R=02/R=03

| ! | ' | ' I ! 11
VOM multiplicity classes c)
*0-1% 10-15%

*60-100% " 0-100%

DSyst. uncert.

R=02/R=07
I T ST S

40
~ch
ETjet

20 40 60 80 100

ch
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EA-selected ratio of spectra:
- small R : independent of EA
- large R : hint of EA dependence
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