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The Evolution of ALICE & its Strengths RIDGE

The Original

THE ALICE DETECTOR a. ITS SPD (Pixel)
b. ITS SDD (Drift)
c. ITS SSD (Strip)

3 vomaTo o Dedicated HI experiment designed
for up to dN/dy =~ 8000 at
mid-rapidity.

.
- o Excellent low p; resolution
1. ITS . . . .
Z FMD.T0.v0 o Excellent particle identification for
4. TRD . . qe
5 Toe G . m, K, p, e (mid-rapidity) & u
7. EMCal 3 . 3 p = . e
. y; , (forward-rapidity)
agnet - 3 [ v .
12 s Tacker vz ; o Maximum Pb-Pb read-out rate:
13. Muon Wall 4

15 Dok e 500 Hz (Run 2)
ot
18.ZDC
19. ACORDE
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The Evolution of ALICE & its Strengths ‘RIDGE

National Laboratory

A'LICE 2.0: TPC GEMs, ITS2 & MFT MAPS

o Continuous read-out of TPC with
Gas Electron Multiplier (GEM)
detectors

o New silicon pixel detector based on
Monolithic Active Pixel Sensors
(MAPS) pixel size of 27 x 29um &
5um spatial resolution

o Improved impact parameter
resolution

o Maximum Pb-Pb read-out rate:
50 kHz
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Cylindrical
Structural Shell

LO [r] = 19 mm
L1[r] = 25.2 mm
L2 [r] = 31.5 mm

Half Barrels

- s
ITS2 o T3 standalone (fuil MC)

173

9 pointing resolution [um]

100
005 01 0203 05 1 2 3 5 10 20
Transverse momentum (Gevic]

o Excellent forward calorimeter at 3.2 <1 < 5.8 o Further improved impact parameter resolution
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©

Compact all silicon MAPS based
detector

Retractable vertex detector
Enhanced PID performance
Large acceptance: || < 4

120

© 0 ©

ATLAS/ICMSRun2  ATLASICMS Run 3
2

g

\AT\AS Run4-6
ALICE Run 2 a
® )
- CMS Run 46
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LHCb Run 2 o
w
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ALICE Run 3
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LHCb Run 4-6 ALICE 3 Run 56

o AuCERuna P @
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(An)X Pb-Pb interaction rate (kHz)

Increasing amount of data

uoisa:d 1033939 Buseaiu)

DCA resolution at n=0, p;=1GeV (um)
8

F. Bock (ORNL)

ALICE 3: A New Experiment

Absorber — ECAL
Magnet RICH

At /ﬂ/.ulu\\ nerg)
Muon chambers

FCT

At top’energ

|

TOF

Tracker
Vertex detector
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How does particle production work?
[I. Karpenko]

What are the macroscopic
properties of the QGP?

of the proton and ion?

What is the sub-structure “ ¥
L]

w

Initial state

QGP formation i
Hadronization

.

Freeze-out

How are particles traversing
the QGP influenced by it? What can we learn about particle

interactions in general?
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https://link.springer.com/chapter/10.1007/978-3-030-71427-7_8

Imaging the Proton and lon

log(Q)

BKAJIMWLK  BFKL

AGCD =

DGLAP

What can we learn from pp, p-A & A-A collisions

about the substructure of the nucle
Our toolkit:

o forward particle production o UPC
o isolated photons o Drell-Yan

F. Bock (ORNL) ALICE i

9 <
8610 ‘e
'éf,-o,,
log(x) ~

i?

o jets in p-A

n the EIC Era

Q (GeV)

Electromagnetic probes

v
LHC Z & Drell-Yan
Neutrino DIS
Nentral-current DIS
PA Drell-Yan

LHC W

" [2311.00450]
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T
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https://arxiv.org/abs/2311.00450

Differential J/V photo-production

Pb-Pb - probing the Pb-pdf

o Measured J/W as function of
additional neutron production in

ZDCs
— Constrain kinematic of

exchange-photon & access to small

x in nucleus

o Are we reaching the black disk

limit?
o Lowest x so far, data favor

saturation and shadowing models

F. Bock (ORNL)

do/dy (mb)
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ALICE Pb-Pb |5, = 5.02 TeV g 1.0~ ALICE Pb-Pb Sy = 5.02 TeV
+ ALICE OnOn N 4+ ALICE XnXn
- Impulse approximation % 08 -- Impulse approximation
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ALICE in the EIC Era
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Differential J/V photo-production

Bjorken-x
10°

Pb-Pb - probing the Pb-pdf

o Lowest x so far, data favor
saturation and shadowing models

o Coherent & incoherent J/W vs |t|

— Coherent: favor nuclear shadowing/
gluon saturation similar to HERA

— Incoherent: probing gluonic "hot

spots” in Pb, slope of data favors
subnucleon fluctuations

p-Pb - probing the proton-pdf

o No change in behaviour compared to
HERA

o First measurement of J/W dissociative
production, consistent with HERA

F. Bock (ORNL)

102 10° 104
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T T
ALICE, Pb-Pb |5,y = 5.02 TeV

‘
4 GMS, Pb-Po [5y,,= 5.02 eV (arXiv2309.16984)
© Guzey etal., using ALICE Pb-Pb {5, = 2.76 TeV (PLB 726 (2013) 200-295)
4 Contreras, using ALICE Po-Pb 5, = 2.76 TeV (PRC 96 (2017) 015203)
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Imaging the Nuclei/Nucleus: Light flavor particles

s ———— ———— e
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fraction of total cross section

%%%KGE

National Laboratory

7% & 1 measured over unprecedented pT range
7% & 1 R,, imposes strong constraints on nPDF
For pr > 10 GeV/c: R,, consistent with unity

© © © o

For pr < 10 GeV/c: significant suppression in agreement
with gluon shadowing and saturation effects of parton
energy loss in CNM

Large gluon contribution to 7°

cross section

p+Pb-m®+X at sy =5TeV

Constrains on gluon n(PDF)

Q=2 GeV
. nCTEQ15WZ
= hadron data

CTEQ15WZ
Gluon dominated production " Q
100 102 102 107!
priGev] X
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Imagmg the Nuclei/Nucleus: Jets RIDGE
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18 ALICE, p-Pb vSNN =5.02 TeV, Ay = 0.465

6 7Charged7pamc\e jets, antik;, R =0.2, |”,=.| < 0,5” R=03 I R=04 |
ot UMELLE] i ]
- P >0.15 GeVic

T, rack

LT

08f T Data 1
0.6F T [Jcorelated uncertainty ¥ 1
04F T Shape uncertainty T 1
o2k 1 . POWHEG+PYTHIAS 1 ]
- (Dijet, CT14nlo+EPPS16)
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peh (GeVic) ps"  (Gevic) P (Gevic) m‘.? 181 ALICE, ATLAS, CMS p-Pb (S =502 TeV, Ay =0.465 |
T] jet jet et
L L16[ E
. . 2 PHENIX d-Au (S, = 200 GeV
o First charged jet R,, measurement at LHC for p; < 50 GeV/c & qab " ‘% ]

including pp reference
o Charged-jet R,, at 5 TeV consistent with unity & POWHEG
expectation

ALICE charged-particle jets, R =0.4

lloeooe

Consistent with CMS & ATLAS in overlap region 0.6 [ conte rerany ]
Mid-rapidity jets with discrimination power between different models 0L o ane comaies 10 pso s ]
Jets in forward /backward region highly sensitive O o o e ) ]
FOCal jets at highest LHC rapidities R T R BT

P (GeVic)
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https://arxiv.org/abs/2307.10860

Imaging the Nuclei/Nucleus: W-production

W boson production:

o Only participates in
electroweak interaction

o Sensitive to light quark
content of nucleus

o Indication of nuclear
effects at forward
rapidities
(2.03 < yt . < 3.53)

Constrains on nPDFs
at x ~ 10~*

F. Bock (ORNL)
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[JHEP 05 (2023) 036]
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ur < W*

| J& 4

: PQCD + CT14 + isospin | | ¥
- pQCD + CT14 + EPPS16 =
5 ¢ ALICE (p!>10 GeV/c) R
B + CMS (p$ > 25 GeV/c) cMs: lumi. uncertainty B
- (8.5%) not shown -
e b b b e b e b e b v b 1Ly A

-4 -3 -2 -1 0 1 2 3
i
ycms
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Imaging the Nuclei/Nucleus:

Isolated Photons %’RIDGE

National Laboratory

”\\ e o-10% i 1030%
. ' e R a1
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by theory within uncertainties for both radii Y B
. 3 3
o Ry =1 for > 50% centrality B S Siap sn-on cuSso- o0k
o Ry for 50 — 90% in agreement with cent. o S o
. . o8l 4 Wy =]
selection bias (~ 0.91) L F—— o
o Consistent with CMS oz S ne of i s tiete
10 20 30 4050 10 210° 10 20 30 4050 107 2x10°
p, (Gevic) P, (GeVic)
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Imaging the Nuclei/Nucleus: Isolated Photons %RIDGE
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. : o E
o Consistent with nPDFs and FF (JETPHOX) E [ ——
. . . r 1 vl |
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Prompt photon production at forward rapidities %RIIL}DKGE
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L e I A e B e e B e e sy s =

FoCal simulation

INCNLO v1.4

ﬁ =88TeV32<y* <48

PDF uncertainties given at 90% CL

' I

[ nNNPDF3.0 (no LHCb D°)

) nNNPDF3.0 (with LHCb D°)

[ nNNPDF3.0 (with FoCal + no LHCb D°)
[ ] FoCal pseudo data

||||||||||||!|H‘H\L

I T T I T IS S T SR

PRI
10 15 20 25

=
S
TTT

30 35
Py (GeVic)

PRI S
5

o FoCal pseudo-data of R,, constructed using input
from NLO+nPDF and assumptions on stat. and sys.
uncertainties from perf. studies

o Bayesian re-weighting of nNNPDF30 prediction
showcases significant reduction of nPDF
uncertainties when including FoCal data; comparable
to D meson measurement by LHCb
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Prompt photon production at forward rapidities

LB e s s s
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FoCal simulation

INCNLO v1.4

ﬁ =88TeV32<y* <48

PDF uncertainties given at 90% CL

' I

0.8
0s -
([T nNNPDF3.0 (no LHCb D°) s
) nNNPDF3.0 (with LHCb D°) ]
04 [ nNNPDF3.0 (with FoCal + no LHCb D% —
C [ ] FoCal pseudo data B
0_2(;‘...é....‘\0....1|5....2|0....215....3|0....*
pT(GeV/c)

o FoCal pseudo-data of R,, constructed using input
from NLO+nPDF and assumptions on stat. and sys.

uncertainties from perf. studies

o Bayesian re-weighting of nNNPDF30 prediction

showcases significant reduction of nPDF

uncertainties when including FoCal data; comparable

to D meson measurement by LHCb

F. Bock (ORNL)

ALICE in the EIC Era
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Are fragmentation functions

really universal?
T T T

i)
o O7F ¥ Lho pp V5= 13TeV E
- )
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o5t + A 1
FEot —+ ]

0.4 4

#
03F f»+ E
02k + - pp - bb + X, global uncertainty: ‘:x E
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1 Il 1
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B T T B
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L1850 pp, 5=13Tev ——stat. = SHMc
1.6 ¥ P, V5=5.02TeV [Jsyst. + Catania 3
4 pPb, (5 =5.02TeV extr. & TAMU 3
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- STAR.PRL 124 2020) 172301 CR-BLC 23
0.8 E
0.6 # N 5 3
L] 5 F 3
ot g E8g B o 3
0.2 E
r -5 I I E|
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AN/

b-production

c-production

Universality test of low-x formalism
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Counts per 10 MeV/c?

o)
v-hadron and 7-jet correlations at forward rapidities%Rﬁ%

National Laboratory

20028 e ALICE simulation, pp 16 = 14 TeV (L, =100 pb )
F ALICE Simulation FOCAL upgrade 1 L P, (isolated dluster) = 10-15 GeVic | p, (isolated cluster) = 10-15 GeV/c 07 mulation -
1&0;— — Same event " T;:T:sons P ei 107 2 evanstuctod - 12 Govie p, (reconstructed 1) = 2-4 GeVic :.';ii; i‘:“: pp {5 =14TeV
16of.  © Potation bkg E PN iy | eenstueted = osk y_ = A¢ correlations
F . Sgna 1% &f seonsuced i, g ©
140 Fit pp s=14TeV L, =100pb" § £ 1021 ) . %% £
120 6.0<p;<B.0 (GeVic) 4.0<n1<4.5 | § 353'1;"(52 gf %, ) £ os o —_—
100 EERTE Bt | P AN , . z | op” =
E 1= b, (isolated cluster) = 15-25 GeV/c p, (isolated cluster) = 15-25 GeV/c 04 100 pb™!
ol 4F 107"k, (reconstructed =°) = +-2 eev% [ Py (reconstructed ) = 2-4 GeVie =
£ 1= - 5
E E K % 5 105F
SO 1 ; oy fﬁv °
40F- B 3 00} 4| £ 1
20 TONe <, s e < 00NV PR SR w € o.%E |
E ‘ 4 . ESl, <2GeV,02<08 o, f ; ; 3 S ; : i (: Z : E
005 0.1 0.15 02 025 03 035 0.4 045 9. ' - b 3 . T z 3 I - - S S S S
M,, (GeV/c)) £ 0% T X & & & T b & 9w 8
L — ) Ooss8770 T % R OR 2 0% R R 2
Theory: Focal studies:
o 7-hadron correlations with additional o Analysis of v — 7% corr. in simulated pp collision events
sensitivity to low-x dynamics + detector smearing
o Expectation: Yield suppressed and o Correlation peak can be measured: stat. unc. of peak
decorrelated due to saturation effects width ~ 0.001 rad for expected Run 4 luminosities
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How can we study the properties of the QGP?

Se © e €
oo Q¢
pp :«L(‘j;‘ ’i“:
. E— GGt 0@
. g’ @
P < x‘[‘.
¢:@ U ©
p-Pb &85 97
'
' ‘7,";&:':
.

electro-magnetic radiation

What can we learn from PP, P-A &
A-A collisions about the QGP and its
interactions with natures building heavy quarks, di-jets &
blocks? photon-jets

ot
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Exploring the QGP: Di-lepton production

= T T T T
T T T T T T T E| < ‘02_’ ALICE [#]oata o
ALICE —— Lightmesondecays ] = 010 Po-Po f5 + SO2TV ot (s HF)
PPipy, > 02 GeVo, I, <08 — =@ e }: g 10 uuzzh Zsuge\fcw“ - B Cockial (7, *"modifed H)
Pb-Pb:p__>0.4 GeVic, [ | <0.8 bb - e'e ] 2|EZ - —Light Flavorw/ p > e'e’, e’ X
Te” * el . - 3 o| Jy > e'e eey
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maf pp (5 =7 TeV x 30 ~ iy |
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- 83
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PP P B T P i P O B/ e | ] E
0.5 1 15 2 25 3 3.5 4 © 0.
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Run 1 & 2: pp & Pb-Pb

Run 1 & 2: First measurement of di-electron spectra at LHC at low
masses. Determination of HF background

Run 3 & 4: Suppression of heavy-flavor BG, measurement of p
medium modification

Run 5 & 6: Measurement of spectral shape p and chiral partner a;
is unambiguous way to measure chiral symmetry restoration.
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Exploring the QGP- |-Iepton productlon
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Run 1 & 2: pp & Pb-Pb

Run 1 & 2: First measurement of di-electron spectra at LHC at low
masses. Determination of HF background

Run 3 & 4: Suppression of heavy-flavor BG, measurement of p
medium modification

Run 5 & 6: Measurement of spectral shape p and chiral partner a;
is unambiguous way to measure chiral symmetry restoration.
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Exploring the QGP: Dl-lepton productlon ‘RIDGE

National Laboratory
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ALICE Performance
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op {5 = 13 TeV x 3000 3 % ° ‘ R.Rapp, Adv. HEP. 2013 (2013) 148253 b 523'.
B F —sum -
s, 3 "lz” 0.2 ... thermal radiation from QGP 4 3
e, ) = in-medium p | 2“'
- - E 0.1 Arrows show upper limits at 90% CL.—| =
el 0o (57 Tev 30 N ]
S e W~ ~ E 0.08 3
= = - 5y ]
Pb-Pb \'Tm 276 TV, Cent. 0-10% o 3 0.06(7} -
oA E 0.04 E E
= 3 1osb
3 0.02; 05
Hmu ‘1““1““1““1 NI Yo 1
25 3 3.5 4 0 " § R
0. 2 0. 3 0 4 0 5 0. 6 0 7 08 0 9 111
me, (GeV/c?) m (GeV/cd)

Run 1 & 2: pp & Pb-Pb

Run 1 & 2: First measurement of di-electron spectra at LHC at low

masses. Determination of HF background

Run 3 & 4: Suppression of heavy-flavor BG, measurement of p

medium modification

Run 5 & 6: Measurement of spectral shape p and chiral partner a;
is unambiguous way to measure chiral symmetry restoration.

F. Bock (ORNL) ALICE in the EIC Era

Lovow b bewn b bewn b vy
5 3

&

M, (GeV/c?

1INy ENIdm, dy (GeVic?)'

‘dataticocktail

ALICE 3 Study

0-10% Pb-Pb, (5,5, = 5.02 TeV.
TOF+RICH (40 ), B=05T
02<p, <4 GeVie, In| <08
No bremsstrahlung included
DCA,, =120

T T T T
++++ vacuum p SF
— inmed. SF ! y-mixing
— inmed. SF wio y-mxin
§ L,=s6m"
Syst. Uncertainties:
[ sig. ( 5%) + bkg. (0.02%)
[ 6% (15%) + LF (10%)

Run 5&6: Ph-P

04 06 08

(R
M. (GeVIc?)
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o)
Explormg the QGP: Extractmg |ts Temperature RIDGE

National Laboratory

2 T e 76T L Facermrodnsoameumosor 1§ Falsatuy " <400 w
lad <Pr< = 3 1
3 il = AUCE  — 5o Voue 502 TV, arkvas0m 16704 o {5+ 276TeV, PLB754,235 ] 3 [ 0-10% Pb-P, {5 =502 TeV ' '“""Ss"b 2 ALICE 3 Study Integrated
e fgggf:ﬂ%i —20-40% 3 310 k:ﬂ;ﬁa‘nzg’;\; ‘r;;eh(;w‘:\;r]yg + By = 276 ToV, Preliminary | % 1| TOF+RICH (40, re)), B=05T Syst. Uncertainties: ~ — = 0-10% Pb-Pb, |5, = 5.02 TeV P> 4GeV/C
33 3 F E .
ks 3 o Yo 02 ToV 3§ | 02<p, 4GV InI<08 g (5 rbkg. 002% | 350 Ly, =5.6nb’
E 18k TR Yo -0z ey 1 2,,.[ Nobremsstaniung included
< L " VS = 2.76 Tol 1 €' oca, stz [ ez (15%) + LF (10%)
3 1 3 &
% 4L pp. {5 = 13TeV, 1.0< p, <30 GoVic EE N Y — Fitof the spectrum
5 * ALICE Preliminary 1 Tioek . 4 5,17 ~ 1.5%
10t L-C- Shen ot al, PRC 95, 014506 2 £ E -
107 A Prompt E| F E
v Prompt + Thermal 7 3 o= =
" ‘ ] E Accessible
10r 102k ’ 4 F — ] (also) with
E T — 1S3
! E E E 8,1T ~ 4%.
oL 1 I T -
© Paquet et al. 109 = 512 + 2001 Fit Range: 1.1 < m,, < 1.8 GeV/c?
arXiv:1509.06738 3 -2 | e T, (stat. unc. onl
Lot § Run1&2: Pb-Pb 7 . ”
10 arXiv:1504.05699 - Chatterjee et al N . 1 2 7 real
es ot al PRC 85(2012) 064910 "~ o4l 4 3 1 150 1
NPAG33(2015) 286+ JHEP 1305(2013) 030 L | | 3§ Fos ] 0 05 1 15 2 25 3 04
103 1 10 107 10° 02 04 06 08 1 12 14 16 18 2 22
o5 T T s e T s
P, (GeVic) AN/, _, e (GeVic?) P, (GeVic)

Run 5 & 6: Pb-Pb

ALICE
0-10% Pb-Pb {5y = 5.02 TeV.
[Hoata

Gal s, PRC 105, 014309

o Run 1 & 2: First measurement QGP temperature measurements at the LHC
. o Run 3 & 4: First QGP temperature determination from low mass di-leptons.
7“[“1 L On-set of QGP production in pp & p-Pb?

7 1 o Run 5 & 6: Effective QGP temperature determination with stat. unc.
I { } 3 < 1.5% (integrated case) & differential in p;

7 3 T

Data
Theory

5
P, (GeVic)
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Understanding Hadronization Processes

How are hadrons formed?

o

) Baryons & Mesons
“““““ /AR
[ e &
/ \ | b :
Hard Scattering ° \
C > Cc g 1 \\ // b o

Are there other states?
Does factorization hold in dense environments?

F. Bock (ORNL) ALICE in the EIC Era August 19, 2024 14 /25



o)
Hadronization - Light nuclei production RIDGE

National Laboratory

3

10
o Success of coalescence model for Iight—nuclei S EThermaI»FlSTCSM, Tm=1‘55MeV AL|CE Tgumomw “7233’82’3::;:&5&:&?.”
production R nd BTN e
» d/p & *He/p ratios vs. multiplicity and p o Costeseenee ] = § k
system size well described 3’ [#]Pb-Pb, SNNZJSTE\,’; ‘Em‘o
?\H/p support coalescence model 2f %z:%@;eyev 2 EUWUS
Successful description of d spectrum with E olpp 5=13TeV =
coalescence model w/o free parameters 0 . [®]pp. /5= 13TeV, HM

2
L i T ——

1 10 10 10°
\ch /dn

N
h b <05

Model / Data

05 1.0 1.5 20 25 3.0 3.5 4.0 45
P, (GeVic)
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Hadronization - Light nuclei production

o Success of coalescence model for light-nuclei

production
» d/p & *He/p ratios vs. multiplicity and
system size well described

,3\H/p support coalescence model

Successful description of d spectrum with

coalescence model w/o free parameters

o First \H & %He in Pb-Pb at LHC
— Results agree with hypothesis of

excited states g“’s
o Testing the dependence of the yields
of the SHM with the spin-degeneracy
Run 3& Run 4 will give access to "
more complex nuclei & hypernuclei
productions! Bound states?

F. Bock (ORNL)

OAK
RIDGE

National Laboratory

< ™ [ — S S
3 ] ALICE p-Pb, 0-40%, {5, = 5.02 TeV G 00020 aoumarone. pp 16 o 15 ToV FM
% AUGE Praiminar o, il g = 13TeV | S IALIGE areP 01, 108 (2002)
] ALICE Pb-Pb, 0-10%, 5, 276 TeV i 3 Gaussian WF EIEPOS 8
BR.=025:002 S—— = Hulthén WF Pythia 8.3
- | grooots 1 Argonne v18 WF
1 B
=2
2
y % 0.0010| >
/ H
we/ .z
3-body coalescence | =
/ ~ 2-body coalescence | 0.0005
/ SHM, Ve=dvidy |
/ SHM, Ve = 3avidy |
o)
10 102 10° g 2
Qs
(chh/d'7>|n|<o 5 =
E 05 1.0 1.5 20 25 3.0 3.5 4.0 45
P, (GeVic)
% T T T
- ALICE Preliminary — S0t 4 ALICE Preliminary 1
£ Pb-Pb, {5, = 5.02 TeV. i Pb-PD, |5 = 5.02 TeV
E - SHM using T, = 156 MeV.
£ SHM using T, = 156 MeV (including excited states)~ (nclusing excred staos)
r ——————— SHMusing T, = 156 MeV (ground state only) 7 SHM using T, = 156 MeV.
(ground state only)
W g | |
= =} a a
[ i 2070 ,He H 2700
L 2.070 2.700 J
[ 4 4
He H L L L L L L L
A A 39215 3922 39225 3923 3.9235 3922 3.9225
M (GeV/c?)
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Hadronization - Multi-strange particle production

o Average yield increases
stronger than linear
increase vs. multiplicity
for multiple strange
hadrons, trend described
by Pythia with ropes

1 strange meson/event
described better than
higher orders

o 2 & 3 N/K? increase with
multiplicity — baryon
related effect

F. Bock (ORNL)

%CR)I%)KGE

National Laboratory

o T T T TR T T T T S, T
¥ [ AUCE Proiminan S 4L AuCE Prliminan : ALIGE Prolminan
> y vl T e I Tk o
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s R 2
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o ] 10°F 3
Y, oL 4
o 10 Moy 10+ v
B« s -
2 10°
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O
Hadronization: Charm fragmentation in pp & p-Pb ¥'M%KGE

National Laboratory

PRC 107 (2023) 064901

—— PYTHIA 8 (Monash)

e TR
. + 0: . . Z {LALICE pp, /s =5.02 TeV - =1 ALICE
o pp: Prompt A¢/D%n not described with ZEW<0S e s 2 L o oo, s 502 eV
+ — F —= —e— PRL 127 (2021) 202301
pure ete” FF ogf —&— This paper ] 0.8F = o This paper

— —-acm
-+ PYTHIA 8 (CR Mode 2)

o p-Pb: Prompt shift of peak to higher p; 06].... 2 Gotaria, ragmrco. 06

SH model + RQM
— Recombination with lighter quarks 04 —aom b 04 =
in p-Pb? ; ==
0.2 - — 0.2
0 + F E PPl <05 —-
° & =1 production in pp P [ p-Pb: 096 <y, <0.0¢
S AN S S S S R S Y M| ol n
—0 0 5 10 o 1 10
o =%in p-Pb: slight enhancement, P, (GeVic) p, (Gevic)
not consistent with recombinaton alone R, 2 LAY : 2308.04873
§ L pyrimsos stwsrqu ALICE_ = ALICE Preliminary
S o6l Monashzoia Catania I< = 0.45F pp, (5=13TeV, [yl <05 p,, mullpliciy classes
g [ Medes — QoM S o4F N /o) 3
£ — - Mode 3 —- POWLANG, HTL 2 =0
E r R une — - POWLANG, IQCD € 035F DA E|
S r =p° o T & 31
5047 i/Dpp,EziaTev — T 03- o =l

=2D° pp, s = 13 Tev 0.25F
L @ p, >4 Gevic s 4315
© 3'<p, <4 GeVic (this paper) D oF E 4
0.15( % [SS] E|
i

0.05F- + 44.4% BR uncertainy for =; not shown 3
 22.4% BR uncertainty for = not shown
0 2 4 6 8 10 12 14 . L

5 10
P (Gevic) P, (GeV/c)
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O
Hadronization: Charm fragmentation in pp & p-Pb ¥'M%KGE

pp: Prompt /\JC’/DOin not described with
pure ee” FF

p-Pb: Prompt shift of peak to higher p;
Recombination with lighter quarks
in p-Pb?

=9 & = production in pp

=% in p-Pb: slight enhancement,
not consistent with recombinaton alone

pr integrated AfL/D° consistent for pp to
A-A vs. mult.

Redistribution of momentum

3x more baryons produced than measured
in ee/ep-collisions

Are there additional processes at
play?

F. Bock (ORNL)

f(c - hy)

0.4

0.2

s/0°

A

National Laboratory

E T
EALICE

T 3
ly| <0.55

pp, Vs =13 TeV — stat SHMc

pp, Vs =5.02 TeV [Jsyst. * Catania

p-Pb, |5, =5.02 TeV extr. & TAMU

Pb-Pb, (5, = 5.02 TeV [ total PYTHIAS
AU-AU, (S = 200 GeV
STAR, PRL 124 (2020) 172301

—Monash
CR-BLC

A
|2 2

ALICE in the EIC Era

#
fig §
R
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2308.04877
T T T T T T
[ ALICE, pp ly| < 0.5 | ]
[ «E=13Tev | ]
.8~ = {s=5.02Tev | 7
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= ALICE Preliminary, p-Pb, {5, = 5.02 TeV
« Bfactories, &'e”, {5 = 10.5 GeV
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https://arxiv.org/abs/2308.04877

OAK

(] L] ] (]
Hadronization: Polarization transfer ‘RIDGE
2212.06588 06 2204.10171
o T & 0. T T T T T
o ALICE | "W<08]~ g5b ALICE, Pb-Pb [s.y=502TeV i
[ pp. 15 =13 Tev 04l Inclusive JAp » wu,25<y <4 E
*+ % 1 o03f E
o pp promptD*: ; % -
. . L 0.2F E
» No polarization 04 %ﬁ ok :H:_$_ E
» Non prompt pg > 1/4 helicity Nagm==usse TN @ :
conservation from B (S= 0) T . ReIETER ot ]
: 3 . L 0-20%
— D*™(S = 1) + X described by PYTHIA % b .0 b~ o 02F } S eem Event plane |
r P T T T S N S S S Y
o Pb-Pb J/V: R e %0 2 4 6 8 10 12
p, (Gevic) Py (GeV/c)

— Small polarization observed at low pr N
. . . By ALICE Preliminary
— In agreement with quark-recombination ¢ TACE Prammay T 0.6 30-50% Po-Pb, {5 = 502 TeV 1

scenario o8] P - e 8 Frectnpne 4H7
o Pb-Pb D**: BRI ST ]
— 0-10% ~ 1/3 & 30-50% > 1/3 at high pr [ 0 1 H@ﬂ
— High pr poo consistent with quark ‘ﬁ Aﬁ» B om0 052pi<0s

fragmentation through polarization by L bbbt o]

00

. 3y T
Prompt D*', 0.3 < |y| < 0.8

magnetic field? sl . 010% i e
. © 30-50% -~
R R e Ll
5 10 15 20 25 30 B ‘V’S\ ‘\0 ‘\5 2\0 2\5 3\0 3
p. (GeV/c) P, (GeVic)
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o)
Hadronization: ALICE 3 a whole new Era! M%KGE

National Laboratory

@ ‘ “ o Run 1&2: Multi-differential study of strangeness

T ] roduction in pp, p-Pb & A-A collisions
,@Mﬂ%ﬂﬁthm.pm 1 P PP

M‘ p w B pmgpem2Kd
WQWW iR EEEEm, ()

o duibependeitit 8 01 SR a0y
L Ib PN LY ] e
i

Ll

Ratio of yields to (n*+r)
o

1

2 - |
10 \ Q‘W # @**#+sz+sz (123
:m I mw g ]
: ? W ALICE :
% 1 O pp.Vs=7TeV

ALICE Preliminary ® pp,Vs=13TeV T

@ pPb, |5, =816 TeV O p-Pb, {5 =5.02 TeV
108 = X XeXe, (5= 544 TeV (K0,Z,0) ¥ XeXe, {5y,=5.44TeV (p, #)—
E W Pb-Pb, |5, =502TeV (K, A,5,0) B Pb-Pb, 5= 502Tevtp @ 3

C 1 L . l . .

MB pp/ 10 102 103 104

\chh/de 05

ALI-PREL-321075
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OAK

Hadronization: ALICE 3 a whole new Era! RIDGE

0‘0“

Ratio of yields to (n*+r)
o

ﬁ@. qu % Ohm.wp

Mu 2 m 9Py 2K

WQW' N NS, T (g
@’Wgo CELE RO T

L LT LS
10’2 @b 3 % g 0T (2
SLENEW - o E
: ? W ALICE :

% O pp.Vs=7Tev

[ ALICE Preliminary ® pp,Vs=13TeV

@ p-Pb, |s,, =8.16 TeV O p-Pb, {5 =5.02 TeV
108 X XeXe, {5y =544 ToV (K0, 5,0) ¥ XeXe, [5,=5.44TeV (p, 4)—
E W Pb-Pb, 5, =5.02TeV (K, A,%,0) B Pb-Pb,{5,,=5.02TeV (p,#) J
C | . | . el
MBPP/ 10 102 10° 10*

\chh/de( 05

ALI-PREL-321075

F. Bock (ORNL)

o Run 1&2:
o Run 3&4:

o Run 4&S5: Track strange baryon (

¥ (em)

National Laboratory

Multi-differential study of strangeness

production in pp, p-Pb & A-A collisions

differentially

Explore single charmed baryon production

=7) before it decays

— Access to multi-charm baryons in Hi collisions

-6

’Ifirst Iéyéi' -
r~5 mm! "’

6
x (em)

ALICE in the EIC Era

107EF o— Estimated =, ALICE 3 4
— o Estimated Q, ALICE 3
10°® | ! ! 1
1 10 102 10°
(N
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Understanding Quark & Gluon Fragmentation!

Jet shapes

Focus on distribu-
tion of radiation
within the jet
(hadron level)

Jet splittings

Focus on hard
substructure
(parton level)

How does the fragmentation process work?

Is the fragmentation process modified in presence of a medium?

F. Bock (ORNL) ALICE in the EIC Era August 19, 2024 20/25



Understanding fragmentation:

Energy-Energy-Correlators(EECs) well

OAK
RIDGE

National Laboratory

defined probe w/o need for grooming P b s =so<p<amoove | B 3

. . . . o A= 4"‘6”,5\‘/705 Sra0<p!"<606vIc | F 12 |

Probing fixed scale with fixed R;: o 205" <40 Govic ‘ ]

. . N me 502TeV — —

> Large R, — perturbative, partonic 200 s o 3

6 - |

degrees of freedom . a, o E

» Small R, — non perturbative scales, . fgr_” 3

04 3

free hadron scaling x R, s T 3

ege . aA 02 3

Transition to confinement region at il 3
10%

R ~ O(Aqcp)/PT jet n b, ) AR [GeVi)

E3C access 1 — 3 splittings, NP effects

cancelled in E3C/EEC ratio T pea— — P s—— —
P [ pevs=13Tev =60 < ;" < 80 GeVic PP 15 = 13TV ~o=60 < pS"'* < 80 GeV/c
Similar shape for E3C, but different pQCD ST ™ ebecmows L rmees arnssons
scaling behavior o AT Ceve pal P> 1 Govie
E3C/EEC ratio « as(Q) In(R.) + O(a3) o N 1
— High precision contraint on ag, jet-prproxy o ++‘_...+*;t=l=.._ J
- e
for Q S -y
— Larger pr, smaller slope, running coupling - e 0l
| |-
10? |$' A, 010’ 1;‘ A,
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Understanding fragmentation: 7 declustering

8 =
5 5"’10 E ALICE Preliminary pp, /s = 5.02 TeV g|%°” F ALICE Preliminary pp, Vs = 5.02 TeV
212 [ R=0.4, Soft Drop z,, = 0.2 o 7FCh-particle jets, anti-k;, R=0.4,|n_|<0.5
—|z E elowp ;40<p, . <60GeVic = F 40<p. Je250 GeVic
3 E X Jch.jet” L ch. ~| = < <
5 10 L = High Pr an ot 60<p, anjet < 80 GeV/c 62 6; Soft DrTbcpI;;'ez'm _02
“E 5F- = C/A Reclustered
1= E ¢ 7 Reclustered
E 4—
107" E
F —-PYTHALowp 3E
102+ HERWIG Low 5" E >
F — PYTHIA Highp "™ 257 — . PYTHIA (C/A Reclustered)
- --- HERWIG High " F¥ ..... HERWIG (G/A Reclustered) w2y |
10 E T, ch jet 1= — PYTHIA (r Reclustered) =~ @& |
£ | | F--- HERWIG (¢ Recl‘ustered)‘
< 145 =1.4F
2k < 12E 7,____7-—"—
E S
H = e
208 5 08F
k) 0.6E o 0.6&
£ 107 1 10 10? = 0 0.05 0.1 015 02 025 0.3
74 (fm/c) o R,

Probe temporal structure of jet at boundary between
In Pb—Pb could be used to probe time structure of jet quenching
No strong prdependence

7 - declustering selects wider splittings in Ry

F. Bock (ORNL)

ALICE in the EIC Era

o]

parton shower & hadronization

August 19, 2024
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o)
Neutral Mesons inside Jets: FF RIbGE

National Laboratory

. T . [T
S 107 ALICE Preliminary & o [ ALICE Preliminary ]
3 ppVs=13TeV 7 3 | ppVs=13TeV |
3 roy ] F n-yy %@ F T T T 7
= o fulljets: 4 =  fulljets: | B 14f [min, max] p_ (GeVic) ALICE Preliminary —|
= 10 antik;, R=04 | 2 anti-k;, R=04 3 = [ Tt pp Vs=13TeV
° PYTHIAB2 1 © ] 1of ®I5.10]  ($[10, 20] E
= Monush 2613 __ PYTHIA82 “F @[20,50] (%50, 100]
] Monash 2013 | F PYTHIA 8.2
1 _ = ™ Monash 2013
E E 107 E F
E 3 k| 08—
‘0";’ * 06
102 E 04 7
102 N 1 o fulljets: ]
: [min, max] P et (GeV/c) -- [ H 02: anti-k,,Fi:loA ]
£ [®I5.10]  [#[10,20] H = [min, max] p_ _ (GeV/c) L | |
- [#)I[20,30] [%][30, 50] g et % 0.2 0.4 0.6 08 1
102 [(¥)[80,70] (70, 100] N 10 [$JI5,10]  [4][10, 20] E z
E (31100, 150] [s]{150, 200] E £ [#[20,50] [%][50,100] ]
R S MR I . B | T N o BRI | i
0 02 04 06 08 1 0 0.2 0.4 06 08 1
z z
o First measurement of neutral meson Comparison to PYTHIA
fragmentation at LHC energies o General ordering and magnitude described,
o For pr,jet > 20 GeV/c: shape slightly different

Only small dependence on pr,| jet

o n/n° ratio similar for pr je&r > 10 GeV/c
as function of z o pr jer dependence of 7)/7° described

— Softer fragmentation predicted by PYTHIA
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o)
Where could we go from here? RIDGE

National Laboratory

o Largest uncertainties for many theoretical et-axis fi 13 Ay 3
calculations arise from fragmention functions & s ik ';ﬂ%?% :
(n)PDFs 3 " __ PYTHIA8.2

Monash 2013

» We have proven we can measure these for light neutral
mesons!

» Run 2: K? & A FF would be feasible!

» Run 3: Statistics should allow to measure w & 1’ FF et-axis
directly and many other hadrons!

vl

L

[min, max] Pr i (GeV/c)

@5, 10]  [#)[10,20]
- [®[20,30] [a][30,50]
109L [(#[60,70] - |[70, 100]
£ [Z1[100, 150] [s][150, 200]

o Could we measure the
fragmentation photons directly?

» Would reduce uncertainties of nPDF

v e b L L YT
0.6 0.8

0.2

. < ramins o187 ot 3

extraction from photons P ey gy ARSI Eg sox

X [ [s]data:R=04,p""<15GeVic [+]dala: R=04, E"<48+00042x E} GeV 7|
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Into the Future!
LS 3

Ls1 LS 2
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Na boratory

The HL-LHC & detector upgrades allow for up to 100 times more statistics in

Pb-Pb collisions than before Run 3

We have the tools to explore all stages of a heavy-ion
collisions, including the QGP:

o with unprecedented precision
o in a wider phasespace
o more differentially

o with entirely new observables
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