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12,8 BILLION YEARS AGO, INRZ===l (= R
A Few seconDs BerorE e | I
CREATION OF OURUNIVERSE Lets fire upthis
= rge Hadron Particle P
= k //i
=, _

System VCEWER)) Vsyn(TeV) Lint g
2010,2011 2.76 ~75 mb! |&
Pb+Pb 2015, 2018 5.02 ~800 mb-t &
Xe+Xe 2017 5.44 ~0.3 mb!
2013 5.02 ~15 nb? 400 |
p+Pb 2016 5.02,8.16 ~3nb1, ~25 nb! 397 papers submitted
= as of mid August
2009 - 2013 0.9, 2.76, ~200 mb?,~100nb* | _
7,8 ~1.5 pbt, ~2.5 pb1
p+p 2015, 2017 5.02 ~13 pbl 250
2015 - 2018 13 ~36 pbt N
Run 1 || Run 2 5

Yan 205
Yap, 20,
Yap, 2055
Yan 2055
Yan 2035
Yap 2225
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https://natlib.govt.nz/records/22789835
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The ALICE detector (Runs 1 + 2)

ITS - Inner Tracking System

VO & TO - Centrality & vertex

TPC - Time Projection Chamber

TRD - Transition Radiation Detector
TOF - Time of Flight

EMCal - Electromagnetic Calorimeter
PHOS - Photon Spectrometer

Muon Spectrometer

AD - ALICE Diffractive Detector

10. ZDC - Zero Degree Calorimeter

XN A DN R

ALICE optimized for Heavy-lons

» Excellent tracking at low momentum
 Efficient particle identification
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INITIAL STAGE COLLISION QUARK-GLUON PLASMA HADRONISATION

PRE-EQUILIBRIUM

MADAI collaboration
0 ) ~10 ~20 t (fm/c)
* Quark-gluon plasma (QGP) =2 strongly-interacting QCD matter

* Aim to characterize the medium
* Different probes: hard or soft (“direct” or “indirect”)
% * Different stages: early scattering, late stage hadronization, etc.

ALICE Apadula - CIPANP 2022
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QGP: in broad, simplified strokes

INITIAL STAGE COLLISION QUARK-GLUON PLASMA HADRONISATION KINETIC FREEZE-OUT

PRE-EQUILIBRIUM

Alice and the soup of quarks and gluons

0 i ~10 ~20 t (fm/c)
Hot Dense | Ligquid
0 g
& Thermal photon @ Parton energy loss 0 Momentum & ALICE-Brochure-2004-001-ng 3
radiation @ Jet modification angular distribution
modification

ALICE Apadula - CIPANP 2022




(Hot) Thermalized: photons

INTAL STAGE COLLISION QUARK-GLUON PLASMA HADRONISATION
PRE-EQUILIBRIUM

0 ~1 ~10 ~20 t (fm/c)

d2N
prdprdy

~eP1/Tefr

* Thermal photons probe QGP temperature
* T from slope of photon spectrum

Direct photons
produced in all
stages of collision

Prompt photons

Thermal photons
from QGP phase

Thermal photons
from hadron gas

Photon production = investigation of medium evolution
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ALICE Apadula - CIPANP 2022
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R. = Yinc :
4 Ydecay Direct y spectrum in Pb-Pb
* 0-10 % : virtual y (ee pairs) method

R,>1 > direct  All others: real y (conversions) method
photon signal

Direct photons

o :‘lz‘l&‘ZO‘%‘Pt‘r‘Pb |{sTN=5.(;2TevI AI‘_ICE‘ Pr‘elir‘nir‘\a‘ ] ::‘; N F ot
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] i v E]‘ FI ————+++— ANE 3 \ o %10
r 60-80% Pb-Pb |s,, =5.02 TeV B NS N A AN
* ConSlStent Wlth 4, pQCD x Ty, PDF: CT14, FF: GRV - -3 oM ) P x“\ ™
F ™ Yoo 7 10 7 X i %02
CD SF W. Vogelsang et al. J. Phys. G 23 A1 y Ry N = \”19
pQ : ; ] 107 R T+ ENEPPRN
. mR-2 SIS X 10
105 -- C.Galeetal. \':\\:p k'\“ « ;‘OD

p. (GeVic) PRC 105 (2022) 014909 NN
T 10—6 1 1 L1111 1 1 1 1 T VI | N
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Dense: “energy loss”

A way to quantify energy loss:
Nuclear Modification Factor = Ry,

1
R —
A4 (Ncoll> dep /de

* Ry, > 1: Enhancement

ALICE




J/v v(2S) TAM(U: X. ?u and R. Rapp, NPA s
® 943 (2015) 147 =
Quarkonia suppression o L i

0.025

Tt 1t | rrrr+ [ rrrrr 1| 111 11 17T

< [
\y 14F Pb-Pb, \sy\=5.02 TeV

ALICE PreI|m|nary 2 5 < y o< 4 O 3 < p < 12 GeV/c

CMS, ly . | <1.6,0-100% ] o Pb-Pb, {5y, = 5.02 Tev

BR Gw(zs/ BR GJ/W
o
o
o

- ALICE,25<y,__<4,0-90% (EPJC78(2018)509) [NASO,0.<y,, < T (EP 049(2007) 559) ]
12F o Jiy (JHEP 2002 (2020)041)  ® Jiy . 2\ o PooPb, (5o = 17 Gev
- @ y(2S) (preliminary) o y(2S) 0.015
L = ]
. regeneration E’Tﬁfu ] 0.01f
0.8 Screening/ Dw(\zS) ] ;

energy loss E 0.005 | + + 'JF dfeanzas]
i [ === SHMc, {syy = 5.02 TeV + ]
[o] ] [ — TAMU, sy = 5.02 TeV 1

I A S P EPP B

—£16 3 ALICE (pp ref: Vs = 5.02 TeV, arXiv:2109.15240; E
] é 1;‘ : NA50 (épref: ¥£=27Gev, from EPJC48 329(2())06)) E
0.2 \ . | T
[ { ‘ | ] %g 82 :m [ﬂ E‘Iﬂ
[ | | | P [T T T T S T T T —E g ==
% 5 10 15 20 25 30 o2t - + -+
p. (GeV/c) b§ 0050 700 150 200 250 300 350 400
* High pr = stronger suppression, _ _
low pr = increasing trend * y(2S)-to-]/y ratio = no centrality
- Explained by regeneration dependence at LHC
% * y(2S) more suppressed than ] /y  Larger ratio at LHC than SPS

ALICE
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e [ ALICE, Pb-Pb, {5, = 5.02 Tev | |

Mass dependence | BRI |

e prompt D°

Bottom
- Non-prompt D°

* Data described well by models Fg:;ﬁpt DO B S Hm @ ]
that include: osF H} T ‘

* Collisional, radiative energy loss

i
2t

* Recombination [opematers py epolmdrp conce | e )
arXiv:2202.00815 1 10 P evic
* Rpa less suppressed for bottom & e
than charm U :i:?:?:A:.’.)"“w,z‘*;;:d’zw‘.ﬁg'm S :3{&,:‘33‘0‘36";02?1%2"*“6""9’
* “Dead cone” effect 2 reduces ) A
small angle gluon radiation « to s
mass <

zp, s Suppression of emissions from a
radiator (quark) within

m
0<—
% | e Eq

ALICE



https://arxiv.org/abs/2202.00815
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. . _ ch,leading track
Dead-cone effect (pp) = s~ pussgpen =5 sz ceacoigg

— PYTHIA 8 charged jets, anti-k;, R=0.4 k> 200 MeV/c

SHERPA LQ / inclusive
—— SHERPA --- L i
no dead-cone limit C/A reclustering Inlabl <0.5

0.37 0.22 0.14 0.08 6 (rad)

First direct observation

8 1 1 1 | I 1 1 | | I 1 | I I I 1 | | |
T 5 < Eppgiaro, < 10 GEV
c 15F T
()
R Largerangle .
9\, . FEE BB R FEE R R R
ssskhessas
Orarm 1 Small E
" Charm quark Dead-cone effect angle
%  Gluon emission vertex luon emissions are
B 05} "
i s |
* Analysis of jets that contain soft DY /0 R
1 1.5 2 25 In(1/6)

Nature 605 (2022) 7910, 440

% * Reduction of small angle gluon radiation

ALICE


https://www.nature.com/articles/s41586-022-04572-w

Dense: jet modification

Vacuum fragmentation (pp) In-medium fragmentation (Pb-Pb)
Sprays of hadrons from “high-energy” Quenching = medium-induced parton energy
quarks & gluons loss
partons hadrons

parton .
shower _ ...

% Cartoon from R. Cruz-Torres

ALICE Apadula - CIPANP 2022
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Jet quenching R=0.6/R=02 &

T I T T 1 W L I L l L l L l T 1 1

T I T 17 [ T l T 1 T ] T T I L I T 1 1

&4 5[ ALICE Preliminary §
. Ch-particle jets, anti-k,R = 0.2, ]/7Aa| <07
- I T ,, normalization uncertainty

' 1.4_— ALICE Preliminary, 0-10% Pb-Pb \s,, = 5.02 TeV
- Ch-particle jets, anti-k, |/7_el| <0.9-R

N}

o

I

T [ J
<12

o f

8 -

(e»]

ALICE Data [l JEWEL w/o Recoils
LIDO ~ Hybrid Model w/ Wake

1 l L1 | Lol ] L l B l L1

40 60 80 100 120 140
GeV/c)

¢ NeW methOd to N [@ML-Based Hybrid Model w/ Wake |
. L LIDO I JEWEL w/o Recoils | |~ S—— L mm—
subtract underlying  os-  mJEWELwRecols 1o f ;
i 1 =08 -
event | 0.6:_ R=0.2 o=
* Jetyields down to - ’_‘_'__|7 o LS =
low jet pr 04T [ T | - 04

R B R

o
[\
LI B B

0-10% Pb—Pb |5, = 5.02 TeV |

lIIII‘IIIIlIIlIIIl'IIlI‘I
0 20 40 60 80 100 120 140

GeV/c)

pT, ch jet ( pT, chjet(

* Possibly more suppression in larger jet radius (R = 0.6)
* “Lost” energy not recovered

ALICE Apadula - CIPANP 2022
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i PT,subleading 0 VAY? + Ap? _
g - =
Jet SUb Structure pT,leading + pT,subleading & R

, . 0 0.05 0.1 0.15 Ry
I A S | AUCE (sy-s02Tev | SIS 4F o ALICE {5,y =5.02 TeV
Zg 9 momentum e " m Pb-Pb0-10% Charged-particle jets ] e 3.5 F = Pb-Pb 0-10% Charged-particle jets 1
—l g sl Sys. uncertainty A =0.2, | njetl <07 4 ~ .g 3F  Sys.uncertainty R=02, | r)ietl <07
Og - angle a [ 60<p, ., <80GeVic 5 © 250 um 60<p . <80GeV/c
6 Soft Drop z.,=0.2, f=0 ] 5 E + Soft Drop z,,=0.2, f=0
R 4 _ . Frauges = 0-87, fin ;= 0.88 B 15 _ + g o e = 088, fon = 0.89 ]
[ ] . i ]
N M [ T 1e s -
i 05F ) E
i " 1 " i 1 i E 1 1 1 1 . E

o r - ; 2 b mJETSCAPE m JEWEL, recoils off
et BT, EERE ) De ) BEC, SR
o . Pablos, Lee = 2/xT ~--Qin ! o r Pablos, Lyes = 2/aT - Yuan, med g/g ]
1.2 r m Pablos, L, = == ] 15 mPablos, L o = = Yuan, quark 1
L 1.5} =
- : P R e E
i | | E 0.5 . "
0.2 0.3 0.4 0.5 0 0.2 0.4 0.6 0.8 1
Z, Bg

Wide jets
suppressed in

The cores of jets are
narrower in Pb-Pb
compared to pp collisions

No significant modification in
momentum sharing

the medium

ALICE

PRL 128 (2022) 10,102001
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Neill, Ringer, Sato JHEP 07 (2021) 041 LAB

Kang, Ringer, Waalewijn JHEP 07 (2017) 064

rrrrrr

Subjet fragmentation

ch subjet
Z, = ————
Leading subjets r p;h jet
S O ALIcE |
o L ® pp ]
- sy = 5.02 TeV o . .
e B L e ek s P ] * Jets clustered with radius R, then re-
T " R=04 |n_|<05 ' 1 . ]
© 6F 80<p" <120 GeVie i - clustered with radius r
[ anti-k; subjets r =0.1 m ] . ] ] ]
4| ¢ - * Hint of hardening at mid z,, competing
C ‘ ] r
ol - . effects
: : . :
oL T Gluon suppression = large z,
2% q5E EjE&SE“E’f'?e'iogls on E « Soft radiation = smaller z,
[R—— S “4ig=* Turnover as z, goes to 1
0.5F I

i oo b e e by E
0.6 0.7 0.8 0.9 1
Zf'

arXiv:2204.10270

ALICE



https://arxiv.org/abs/2204.10270
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Neill, Ringer, Sato JHEP 07 (2021) 041 LAB

Kang, Ringer, Waalewijn JHEP 07 (2017) 064
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Subjet fragmentation

ch subjet
P
r=0.1,r=0.2 g chjet
blﬁ‘ 30F o 7 T
e L o
5 ™} Charged-particie anti-k jets *5-02 o * Jets clustered with radius R, then re-
| L 20F R=04 |p |<05 ' 7 . .
6 T 5 clustered with radius
r 100<p <150 GeV/c
155 anti-ky subjets o% _ _ _ _
10F - * Hint of hardening at mid z,, competing
: effects
oy * Gluon suppression = large z,
|
ﬂ|c'i » Soft radiation -2 smaller z,
L : * Turnover as z, goes to 1
—EISCAREED o N .
—— JEWEL AR, recois of u * Broader jets at larger z,

I 1 1 | | | 1 | | 1 | | | |
0.7 0.8 0.9 1
Zy
arXiv:2204.10270

ALICE



https://arxiv.org/abs/2204.10270

Liguid: flow

g’v 1+zzv cos[n(p —¥,)]
@

 Radial flow

e Qutward boost with common
velocity

* Particle pt spectra hardening

* Elliptic flow (v,)

* Sensitive to initial geometry &

event-by-event fluctuations

ALICE

BERKELEY
LAB

Collective Py

w A/ interaction pressure x 4+

KVx
v

Coordinate space:
Initial asymmetry

Momentum space:
Final asymmetry
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Collective motion in Pb-Pb

JHEPO9 (2018) 006

0.3~ ALICE Pb-Pb s =5.02TeV @
- |yl <0.5,10-20% L
i baryons ,f;"p

0 2 [ l';l I°I ° Kg
T A+A

mo %
0.1 __‘," :' mesons

O T
0 2 4 6 8
mm wmm—) "
Low pr: Intermediate pr:

Mass ordering Particle type grouping

* Heavier objects push to higher
momentum
* Low py mass ordering

* Near-by partons recombine to
hadrons
* Particle type grouping

 Flow coefficients depend on
viscosity of medium
» Low viscosity = Large anisotropy



https://link.springer.com/article/10.1007/JHEP09(2018)006

Collective motion in smaller systems

p o —»4—' Pb
a 1 I I 1 1 )
© ALICE Preliminary Improved template fit
v 027 b pp s, =502TeV T
g VOA, 0-20% & H
& 01k E |
s i/
*#&4 / ALICE Hydro-coal-frag
005 wis / of W
we/ [w K 0K
)/ +10() Hp{)
0 1 1 1 1 1
0 1 2 3 5 6
P, (GeV/c)

* Mass ordering & particle type grouping observed in p-Pb & pp

pe—~+ep
%T‘ [ I I | I
< ALICE Preliminary Template fit method
Y 015k pPp Vs =13TeV _
3 VOM, 0-0.1% _ B [;
v e .
= P f o
G 01 - - =]
o . W o
= ¢ U
g ¥
0.05— & ]
& = x clh
- =K [+pE)
| | 1 | 1
0 1 2 3 4 5
P, (GeV/c)

% * Described quantitatively by model (

ALICE
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Hadronization: baryon or meson?

* A.,/D? enhancement in Pb-Pb
collisions compared to pp

* Hadronization from
recombination

* Mass-dependent shift from
collective expansion

* Opposite trend of hadronization
via fragmentation

[e)
—
+ O

Q4 4F

1.2

0.8 Pb-Pb (arXivi2112.08156) ]
= 0-10% .
0.6¢ o 30-50% .
0.4 % _:
0.2 3
: 1 I | | L :

0 5 10 15 20

arXiv:2112.08156

—_—

pp

A

A

(S, = 5.02 TeV, Jy| < 0.5

l T T T T I T T T T

Preliminary
PRL 127 (2021) 202301 ]

|

(0

Priority measurement for run 3 with enhanced ALICE capabilities

ALICE
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https://arxiv.org/abs/2112.08156
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ALICE - ALICE 2 (now running!)

New Inner Tracking System (ITS)
X * 7 barrels, 10 m2 silicon tracker
N\ 12.5 G MAPS pixels

New GEM-based TPC
* Continuous readout

. New Muon Forward Tracker (MFT)
% « 5 MAPS based discs

New Fast Interaction Trigger
(FIT)
+ 3 detector technologies: ___
Interaction trigger, ¥ '
online luminometer, &
forward multiplicity Ui

New Trigger & Readout

 All detector readout
electronics upgraded

* New Central Trigger
Processor

New Ecampipe
* Smaller diameter (36.4 mm)

% « First detection layer at 20 mm

ALICE




ALICE - ALICE 2
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. . New Readout & Online- EX
ALICE 2: Computing Offline (07) system

First Level Processors (FLP) Event Processing Nodes (EPN)
s Al - IR ST e T

‘ (
. L ‘ |
L] ]
= B !
"4

Permanent Storage

pr—_\

Nl I | ]

!I-;
|
N

* Readout of detectors & raw ¢ Synchronous processing &
data processing asynchronous reprocessing

* 3.5TB/s 2> 0.6 TB/s  Final calibration & full

% reconstruction

ALICE
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Commissioning & pilot beam

% All tracks were reconstructed ONLINE.
ALICE

Pilot beam October 21

* Benchmark physics analysis
* Charged particle density vs n

= S L A R B L B L NN L BN AL LRI I T
5 - pp ¥s=0.9 TeV, INEL>0, pilot beam 2021 -
z 44 ALICE —
—— Pilot beam
~ Performance I
— —e— Pythia 8.304 —
42— [* ] Eur.Phys.J.C 77 (2017) 33 ]
= 4 ]
4__++ ¢ —= X _+_—¢——+——0—_¢___
—— .
- —— —— -
L —— oy |
38— —+= ++ —
— —— . 3 -
C e ]
3‘6_— projected systematic uncertainty ]
S = | | | | [ I =
2 11E -
8 3
5 1.05 E
2 -=
5095 -3 ; /
° 09 = ‘ B1 82
n frommen peyeth
AU od agreement with previous results Run-3 has begun!
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The next generation ALICES: LOL |

submitted in

ITS3 | FoCal-H early 2022 ALICE3

= Superconducting Rg|cH
&
R e FoCal-E magnet system

Cylindrical
Structural Shell

e
s

Half Barrels

ITS3 & FoCal: ' her,
Extensive R&D ongoing
Working towards TDR

ALICE 2 ALICE 2.1

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 3

HEC E la - CIPANP 2022 27




Where we've been...

* Run 1 + 2 physics with ALICE: a detailed study of QGP properties

* Heavy flavor, flow, jet modification, photons, etc.

e Still more to learn!

* So much more that couldn’t be covered
* Check out the other ALICE talks here at CIPANP

“Recent results on ultra-peripheral heavy
ion collisions with ALICE at the LHC”
Valerii Pozdniakov - Fri @ 12:10 pm

“Recent ALICE results on charmonium
photoproduction”
Simone Ragoni - Tues @ 1:40 pm

“Measuring Jet Constituent Yields in 5.02 TeV Pb--Pb
Collisions Using Jet-Hadron Correlations with ALICE”

% Charles Hughes - Sat @ 2 pm

ALICE

BERKELEY
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https://agenda.hep.wisc.edu/event/1644/contributions/25871/
https://agenda.hep.wisc.edu/event/1644/contributions/25865/
https://agenda.hep.wisc.edu/event/1644/contributions/25966/

...where we're going

P2  ALICE > ALICE 2

- gz ipj

: ii ‘g"” * New subsystems, significant new capabilities
- . ‘

“ 1

* Now taking data for LHC Run 3
* New plans for upgrades in the works!

ALICE3

FoCal-H
ol

~. .— FoCal-E

% Look out for more from ALICE in the near future!

ALICE 2



Backups

ALICE Apadula - CIPANP 2022




Photon puzzle

ALICE

ratio data / model

ALICE Preliminary
model: C.Gale et al. PRC 105 (2022) 014909

jry

IIIIIIIIIIIIIIII

i | PHENIX 0-20% Au-Au |5, = 200 GeV PRC 91 (2015) 064904 direct ¢
[3£] STAR 0-20% Au-Au |5, = 200 GeV PLB 770 (2017) 451 direct y

i [ ] PHENIX 0-20% Au-Au Vs, = 200 GeV arXiv:2203.17187 nonprompt y —

(@] ALICE 0-20% Pb-Pb \s,, = 5.02 TeV Preliminary direct y

[+ ] ALICE 0-10% Pb-Pb \s,, = 5.02 TeV Preliminary direct y via virtual y

dir 4

=l b b Lo b Laas
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Comparing measured direct photon
spectra with model calculations for

the respective collision energies
snn = 200 GeV and 5.02 TeV

Just looking at the spectra, there
is no puzzling discrepancy
betwefn state-of-the art models
and new ALICE measurement

Similar finding by measurement via
virtual photons,

Talk by Jerome Jung, T'13,
Thursday 15:20




ALICE

i BERKELEY
B ALICEdata === PYTHIA v.8 LQ/inclusive proton—proton s = 13 TeV P iak > 2.8 GeV/c LAB
no dead-cone limit ~
— PYTHIA v.8 Charged jets, anti-k;, R = 0.4 k> 200 MeV/c
= SHERPA === SHERPA LQ/inclusive C/A reclustering [7,45|< 0.5
no dead-cone limit
6 (rad)
0.37 0.22 0.14 0.08 0.22 0.14 0.08 0.22 0.14 0.08 0.05
LN L L L L L L IO O B
5 < Epadiator < 10 GeV 10 < Eg,giator < 20 GeV 20 < Epgiator < 35 GeV
15 T+ + mmmee=- o=
A L Fo=m -1 e M
.................... '
— B e oo EEEEEERSS1 R T - A
S 1.0 ssskhesss 1 I 1 + —
« o * ..-% } +
——
[
0.5+ » + .
ouuunlnnnnlnlnnlnnnn|||||||||||||1||1|1||1||||11|||1||||11
1.0 1.5 2.0 25 1.5 2.0 2.5 1.5 2.0 2.5 3.0
In(1/6)
Fig.2 | Ratios of splitting angle probability distributions. The ratios of the SHERPA simulations, including the no dead-cone limit given by the ratio of the
splitting-angle probability distributions for D°-meson tagged jets toinclusive angular distributions for light-quarkjets (LQ) to inclusive jets. The pink shaded
jets, R(6), measured in proton-proton collisions at -/s =13 TeV, are shown for areas correspond to the angles within which emissions are suppressed by the
5 < Egadiator <10 GeV (left panel), 10 < Eg,giaor < 20 GeV (middle panel) and dead-cone effect, assuming a charm-quark mass of 1.275 GeV/c>.
20 < Egagiator <35 GeV (right panel). The data are compared with PYTHIA v.8 and
1 anOjets 1 dninclusive jets

R(6) =

NDojets d]n(l/g) Ninclusivejets dln(1/6)

kT.ERadiator




ML background estimator

—p ML approach: Use ML to construct the mapping between measured and corrected
jet. Use as input jet properties (and properties of jet constituents).

— Keep the models simple from an ML-perspective
(shallow NNs, minimal set of variables), for
transparency and to reduce biases on the training
sample.

Goal is to use ML to reduce the residual
fluctuations remaining after background
subtraction, making measurements at large R

and low py possible.

—P® Fragmentation bias introduced when learning on
constituents, handled in a systematic of the
analysis.

N NN
o N b

—_ -
A O

Standard deviation (GeV/c)
R; —

—_
o
TT

- T T ]
- ALICE Performance, Embedded PYTHIA B
-~ 0-10% Pb-Pb |s, = 5.02 TeV .
- Ch-particle jets, anti-k;, R = 0.4, |'7'et| <0.9-R 7
= Py e 240 GeVie !

- 0-10% central
-eo- Area-based
-a- ML-based

— 30-50% central
r -eo- area-based
- -o- ML-based

T

R.Haak

8-
6 E
4 .
2k =
ot | |
0.2 0.4 0.6
Jet resolution parameterR
. Loizides Phys. Rew. 4904 (201

Hannah Bossi (Yale University) ALICE USA 2022
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Nuclear modification factors (0-10%)

LIDO: JHEP 05 (2021) 041
Linearized transport for jet-medium

JEWEL: JHEP 1707 (2017) 141

Hybrid Model: Phys. Rev. Lett. 124, 052301 (2020)

Scattering and radiative energy loss

Medium response via wake. AdS/CFT non-

interactions, includes jet-induced  with and without recoiling medium. pert. regime. New for
hydrodynamic medium response.
Pablos et. al: Phys. Rev. Lett. 127, 252301 (2021) Analytical calculation with resummation of energy loss from
vacuum-like emissions includes soft energy flow and recovery. °
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—» Measuring down to lower pr and larger R than ever before in heavy-ions at the LHC!
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Jet angularities

ALICE
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HADRON PRODUCTION MECHANISMS

* Large quark-density environment at QGP—hadron gas phase transition can alter the hadron formation
mechanism, compared to in-vacuum hadronisation via fragmentation

» Coalescence (recombination) mechanism for hadron formation, opposed to fragmentation
» Quark close in space and momentum merge into higher p; hadrons

. Coalescence
Fragmentation T

(dominant at high p) (dominant at

low/intermediate p;)

» Coalescence nicely explains the observed baryon/meson hierarchy of v, at »
HI & QCD

intermediate p;, and baryon/meson enhancement in Pb-Pb (next slides)

17/05/2022 F. Colamaria — 10t LHCP Conference



ALICE Physics Program: Current and Future Challenges

** Two main physics items driving the ALICE experimental approach:

» Transport and hadronization of heavy flavors in the medium: differential measurements of HF
hadron production (suppression, enhancement, flow...) down to vanishing p;

» Electromagnetic radiation from the medium: dilepton measurements below J/{ mass, down to
zero pq, to map the evolution of the collision

» Light and high-granularity detector + continuous readout to access untriggerable probes with high S/B

- © © v o P
[ v - O :
g :3‘: ¥a .
g = Q/r : »>
>
teon = 0 tagp » 1-10 fm/c thadronic > 10 fm/c

4/22 Antonio Uras ALICE Upgrades




A Large lon Collider Experiment

ITS3 R&D: excellent progress towards TDR

Lol: CERN-LHCC-2019-018 ALICE
Replace beam pipe and three inner layers of ITS2 Curved pixel sensors (ALPIDE) extensively validated at in-
(1st layer @ 18 mm) beam tests (https://doi.org/10.1016/j.nima.2021.166280)

schematic view

_ Full-size prototype of half-layers (unprocessed silicon)

Good progress on mechanical, electrical and thermal
wafer-scale MAPS sensors curled around beam pipe studies using ITS2 or dummy silicon wafers

* ~6x less material budget . )
First prototype sensors using 65 nm

* 2xtracking precision and efficiency at low py process showed excellent performance!

First wafer-scale pixels sensor ready for fabrication (26 cm x 1.4 cm)

Luciano Musa, ALICE Highlights - LHCP 2022 S. Beole, 16/05, 15h:37 22




A Large lon Collider Experiment
FoCal: new detector in preparation for Run 4 Lol ALICE-PUBLIC-2019-005

FoCal: forward electromagnetic + hadronic calorimeter
* FoCal-E: high-granularity Si-W sampling calorimeter for direct y and m,

FoCal-E

\ 7 3
* FoCal-H: metal-scintillator sampling hcal for photon isolation and jets ?‘ 1 .
Zaworio || Main goal: study saturation/shadowing at low-x Focart
Sroows Af  with direct photons in pp and p-Pb

Q=10 GeV*
90% CL

« Impact on gluon nuclear PDFs: present nNNPDF,
FoCal pseudodata, w/EIC pseudodata

1004 107 10 10 102 10" x1 HCAL prototype
106 x

Test beam in 2021
* FoCal-E: 2 pixel (ALPIDE) layers, 1 pad layer

* FoCal-H: complete prototype, commercial readout system
* Full-pixel prototype: EPICAL-2

Main activity in 2022

* Preparation of full demonstrator for test beam in Sep/Oct

Luciano Musa, ALICE Highlights - LHCP 2022




ALICE 3 - a next-generation heavy-ion detector for LHC Run5 & 6 !CE

Key physics questions and drivers

* Nature of interactions with the QGP of highly energetic quarks and gluons
* To what extent do quarks of different mass reach thermal equilibrium ?
*  What are the mechanisms of hadron formation in QCD? Letter of intent for

ALICE 3
= Systematic measurement of (multi-)charm hadrons

* QGP temperature throughout its temporal evolution

* What are the mechanisms of chiral symmetry restoration in the QGP?

= Precision measurements of dileptons

* QCD chiral phase structure (= fluctuations of conserved charges) Letter of Intent: CERN-LHCC-2022-009
* Hadron interaction potential (= hadron-hadron correlations)
. ... planned for installation in LS4

LHCC review completed in March

“a roadmap for exciting heavy-ion physics in 2035”

“ALICE 3 detector concept [...] is well matched to the proposed, ambitious physics program”

Luciano Musa, ALICE Highlights - LHCP 2022 L. Fabbietti, 16/05, 17h:00 24



