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Hard probes to explore the evolution of collisions

Time:

0 fm/c

~10 fm/c

~10'5 fm/c

Hard probes:

Nuclear PDFs:
- What is the gluon distribution in nucleus?

Initial state dynamics:
- How do Multi-Parton Interactions affects hadron production?

- What is the spatial distribution of partons in p and Pb?

Thermalisation:
- What are the origins of flow and energy loss in small systems?

Perturbative QCD:
- How well we understand the fragmentation?

Hadronisation:
- How is the final state connected to initial state?
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.} |t|-dependence of incoherent J/i in yPb %

ALICE

See poster by David Grund € | ALICE, Pb—Pb UPC |5, = 5.02 TeV
t"‘:,
QGDJ e, ALICE incoherent J/y, |y| < 0.8
o d-ﬂ—*'7~7,:~ — Uncorrelated stat. + syst.
Pb+Fb — J/¥ +FPb+ Pb,y/s =502TeV,y =0 £ N AN - Correlated syst.
103 T T T T T T = 10 5 \ L I '\.' T
Geometric and &, fluctuations in the nucleons ° N >
=== Nosubrucleon fluctuations 88 i:_ B \\ ‘_—‘~—.*~—
102} ] % T R S
& - . 2
< Incoherent | £ TN " :
= nconeren © I =
D 101t = A
. o o
g / / 8 - N
H I ~ - &= Nio-hs <
g 10} = o 100 ~m MSp 17
:g E) E —o - GSZ-el+diss
101 r ~ -e- GSZel
b £ s 20F |
» «— Coherent = S Tsh oL g
10721 v . . . . 5 = 1.0 fmemmemeas
0.0 0.1 0.2 0.2 0.4 0.5 0.6 0.7 -?3) 0.5(% @ s
t] [Gev?] = 007> 1.0
t sensitivity to transverse profile of the target Consistent with gluonic hotspots fluctuation

Initial Stages 2023 ALICE highlights: Hard Probes



CERN

./ W-dependence of coherent J/y in yPb e

See talk by Joakim Nystrand on Tue, 16:50
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arXiv:2305.19060

Nuclear shadowing/gluon saturation in Pb-Pb Estimate of strength of nuclear effects
No model can describe the energy dependence
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/Y Probe of multi parton interaction in HF

ALICE Preliminary
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Observed p; dependence in pp but not p-Pb
Different production mechanisms of the electrons?
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\j Nuclear modification factor
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Test the transparency of the medium for different probes and/or their dissociation in the medium
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%@ Elliptic flow v,

ALICE
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v, >0

Test the uniformity of the evolution of different probes
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Prompt D°, D* and D™* in Pb-Pb

prdifferential measurement at different centrality classes of:

* Nuclear modification factor Rax

* Elliptic flow v,

I

<
<
c

1 .6 | LI 1 1 1 LI | 1 1 1 1 I_
C ALICE 1
1 4F Pb-Pb, szN =5.02TeV
N Centrality 30-50% ]
1.2F Prompt D°, D*, D** average ]
i |y| <0.5 ]
1 0 _— i '~ ) L=s I_
0.8F .rf
| -
0.6 _:
0.4 = —:
0.2f Tt -
[ 11 1 11 l 1 1 1 11 1 11 l 1 1 1 1 l_
4x107" 1 2 34567 10 20 30

P, (GeV/c)
JHEP 01 (2022) 174

ALICE

QY] ] T T T T T T T T T ]
> 0.35( TAMU MC@sHQ+EPOS2
- LIDO -.=LBT .
030 - - PHSD - -- POWLANG-HTL E
- —— DAB-MOD LGR .
0-25;_ =1+ Catania =
0.20F -
0.15F -
0.10F E
0.05
ra
0.00F .
-0.05F =
- Centrality 30-50%, lyl < 0.8 .
—010:1_ 1 1 1 1 1 11 1 l 1 1 __
1 2 3 4 5678910 20 30
P, (GeV/c)

Initial Stages 2023

ALICE highlights: Hard Probes



CERN

/) Prompt D% D* and D™* in Pb-Pb

ALICE

prdifferential measurement at different centrality classes of:

* Nuclear modification factor Rax

0.15

Prompt D°, D*, D** average
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Comparison to models: 0.8
- Collisional energy loss
- Radiative loss
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%@ Prompt D% D* and D™* in Pb-Pb

ALICE
prdifferential measurement at different centrality classes of:
* Nuclear modification factor Rax
+ . ] IQCD, L. Altenkort et al, PRD 103 (2021) 014511

* Elliptic flow v,
- T IQCD, H.T. Ding et al, PRD 86 (2012) 014509

- B QcD, D. Baneriee et al, PRD 85 (2012) 014510
- I STAR, PRL 118 (2017) 212301

I

Comparison to models:
- Collisional energy loss

- Radiative loss - N AucE, PLB 813 (2021) 136054
- Hadronisation |:> B  ~LCE, JHEP 01 (2022) 174
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New constrain on spatial diffusion coefficient 2nD, T, at T, ~ 155 MeV
1.5<2nD,T < 4.5 See talk by Stefano Trogolo on Wed, 16:30
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/Y Probing b quark thermalisation with D°

See talk by Stefano Trogolo on Wed, 16:30
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Weaker thermalization of b quark wrt. c quark in QGP LIDO (diffusion and energy loss) performs well

TAMU: PRL 124, 042301 (2020) LBT: PLB 777 (2018) 255-259 LIDO: PRC 98 064901 (2018)
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CERN .
\j Heavy flavour v, in small systems

Origin of collective behaviour in small systems See talk by Stefano Trogolo on Wed, 16:30
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Positive v, observed, origin still debated Significant contribution to muons at low-p;

from light flavour decays
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%@ Probing cold nuclear matter with w

See poster by Marvin Hemmer
Nuclear modification factor in p-Pb w/m0 ratio in pp and p-Pb
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No sign of nuclear modification Sensitivity to Fragmentation Function of the initial partons
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/) Jets in pp and p-Pb

ALICE

Dijet nuclear modification factor Rp, | See poster by Haidar Mas'Ud Alfanda

. . .- . RN AN AR AR LA RRRRN RRRAE RN AR
Inclusive charged jets nuclear modification factor Rypy, ALICE prefiminary
1073 Vs=5.02 TeV, anti-k,, R=0.4
% 2.2 [ T T T T T T T L B ;‘ E m charged-particle jets
© Sf ALICE Preliminary, p-Pb /s, = 5.02 TeV & - P12 >0-15 GeV, | 7, |2; 253
) __ . . . ~~ B T,leadin: 'et> e
Q:%L - Charged-particle jets, anti-ky, R =04,[n_|<0.5 ] % - PT:.;.eadin:]je?z" GeV
1.8 ..l <09 p. . >015(GeVic) 7 -g i | Ap- 7| < w2
1.6] : =107
C o
1.4} S ey
E NQ I @ Unfolded p-Pb data MZ =2 (COSh(A ) _ COSh(A ))
1.2 o | [p-Pb systematic uncertainty A jj = “P1aPr2 n 4
r © = Unfolded pp data x 208
1 I 10_5_ [pp systematic uncertainty
ool b b b b b b g by g 1y
08F + - 13— |:]|RpA s;llstemaltic un(lzertain{y I
L@ ALICE [This work] ] 1 o [oygayp uncertainty
0.6 | [ Correlated uncertainty ] “E
B Shape uncertainty ] 1.1

0.4 [ &5 ATLAS (5. = 5.02 TeV (0-90%) [PLB 748 (2015) 392-413] 0 &
[ 14" CMS |5, = 5.02 TeV [EPJC 76 (2016) 372] 0 ]
0.2 L ‘@ PHENIX Y5 =200 GeV [PRL 116 122301 (2016)] 0 _ 0.9

o Full jets 4 Interpolated pp reference
| 1 1 1111 II 1 1 1 1111 II

20 30 100 200 1000 70 80 90 100 110 120 130 140 150

pT,jet (GeV/c) M; [GeV/c?]

0.8]

Roa
III|II|I|IIIITIIII|III

No significant cold nuclear matter effects on jet production observed
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(i@ Initial and final state effects with quarkonia

ALICE
See talk by Ingrid Lofnes on Wed, 16:50

J/Y elliptic flow J/Y fragmentation
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Collective behaviour in small system at larger pr  Fragmentation from prompt and non-prompt overlap
No collective behaviour in pp Difference for open beauty and hidden charm expected
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Q@ Open and closed heavy flavour production

See talk by Ingrid Lofnes on Wed, 16:50
y-dependent charm cross section Y (nS) cross section
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First estimate of charm (and beauty) cross section Improved Color Evaporation Model works well

now measured also at forward-y
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CERN

W Neutral mesons vs. multiplicity N

See poster by Marvin Hemmer
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Run3 and beyond
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Run 3 I

Inner Tracking System 2 Muon Forward Tracker ~ Time Projection Chamber Fast Interaction Trigger

GEM 1
En

GEM 2

En
GEM 3

GEM 4
EIND

pad plane

Improved vertex precision 3-6x Increased rate capability 50x

Run 3 upgrades Public Note: CERN-EP-2023-009

Successful commissioning and data-taking in pp and Pb-Pb

26



o ALICE
=\ Pb-Pb5.36 TeV

\Q

— 1 5+ Py |
— -

=

Lty

N A

G

< & 3 .r
- P
\‘.‘ ~—
|

LHC22s period
|| 18" November 2022
| 16:52:47 893




f I}//

b Falllads | '
il lf,' | M”f’ Un ﬁl.l‘(f{: 1, f'!”:?{nu_' .,’ﬂlﬂ’/ﬁ, I'Vf'j' i i o'um// _ny'//(" ;f/

ALICE Performance :
Run 3, pp Vs =13.6 TeV < ALICE Performance

1<p_<36GeV/c Run 3, pp Vs =13.6 TeV - Data

lyl <0.5 A § ) — Total Fit
D° — K'n* and charge conjugate 4 | 25<y<3.6,Jyp = uu — Jhp

— Gaussian fit + pol. bkg. ; | MFT+MCH+MID —(2S)

--- pol. bkg. i X;CH MFT< 5 ---- Background

o
o
@
a

Al
(&)
~
>
()
=
Q
Te}
—_
[}
o
(2]
—
c
>
o
(&]
©
(0}
N
©
£
S
(@)
pd

1.95
m (GeV/c?)




Inner Tracking System 3

Improved reach for HF and dielectrons Gluon density at low-x

New opportunity to study hard probes
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2029 [ 2030 | 2031 | 2032 |

” S = iIlllIEIii

EM calorimeter:
* Direct photons, high pr neutral pions

0 =

Forward Calorimeter

Hadron calorimeter:
 Dynamics of hadronic matter, good Jet isolation capabilities

3.4<1n<5.8

Public Note: ALICE-PUBLIC-2023-001

Prototype under test beam: See talk by Max Rauch on Tue, 17:50

Reach low-x down to 10°® and complement EIC
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/) Small-x physics with FoCal upgrade

Connection between forward p-A and e-A DIS
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See talk by Peter Jacobs on Tue 17:30
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s Probe to very low-x down to 10°

See talk by Peter Jacobs on Tue 17:30

ALICE
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Direct photon production and UPC provide complementary probes of unique small-x range

Test beam results: see talk by Max Rauch on Tue, 17:50

More on UPC: see talk by Joakim Nystrand on Tue, 16:50
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Physics topics: magnet sygtem

| 2035 | 2036 | 2037 | 2038 |
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ALICE 3

Superconducting R|cH — SpeCiﬁcatiOns:

e L tance: <4, p+>50 MeV/c
Multi-charm hadrons arge acceptance: [n|<4, py /

. Hadron and electron ID
Charm-charm correlations

, , : Muons at midrapidit
Thermal dielectrons, time evolution piaity

Muon
absorber

Pointing resolution <10 microns
UPCs with very broad n coverage &

Muon
chambers

Target integrated L,+: 35/nb in Pb-Pb

Letter of Intent: arXiv:2211.02491

A next-generation heavy-ion detector

to fully exploit the LHC heavy-ion programme
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/) ALICE results

Publications Review paper

450
436 papers submitted
400 asof 24-03-2023

350
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250

The ALICE experiment:
A journey through QCD
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Yap, 27
Yap 20,5
Yap 221,
Yap, 275
Yap 275
Yap 20,1
Yap 222

alice-publications.web.cern.ch

Public figures arXiv:2211.04384
alice-figure.web.cern.ch
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Summary

ALICE results from Run 1-2 have allowed us to move forward
in understanding the evolution of the collisions

Hard probes play a significant role since they allow us to access
the initial stages, the thermalisation and the hadronisation phases

We now look forward to the high-precision Run 3 data
which will help to move ever further

A clear path in the future of this physics is now being shaped
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Back up
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/) |t|-dependence of coherent J/i in yPb %

ALICE

See poster by David Grund
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Initial Stages 2023

W-dependence of coherent J/i in yPb

= ALICE
Derived plots See talk by Joakim Nystrand on Tue, 16:50 ‘
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