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Disclaimers %E

* From my perspective, the field of heavy-ions is quite chaotic
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Disclaimers %

* From my perspective, the field of heavy-ions is quite chaotic

My impression: SM/BSM shares g e S o
a lot of consensus on what
research goals to pursue
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Disclaimers

* From my perspective, the field of heavy-ions is quite chaotic

* Experimentally driven:
A lot of space for model interpretation

Source: The Thin Red Line (1881) by Robert Gibb

= Source: The Battle of Alexander at ISSUS (1529) by Fech ltdo fer
7/12/2024 PASCOS Adrian Nassirpour iﬁzﬁl_
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Outline

ALICE

* Introduction & early QGP signatures
* Upset in small systems and difficulties with QCD

* Future prospects
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Outline %E

* Introduction & early QGP signatures
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QCD & The Quark-Gluon Plasma

* Some elementary concepts: QCD

* QCD invacuum - Confinement
* QCD field lines modelled as strings

a 0 35 - - f’artilcle'D?t? (.;EO.L:p (2021I
* Cornell qg potential: V(r) = —=+ or - T decay (N’LO) —+
r low Q2 cont. (N3LO) e |
03 [ HERA jets (NNLO) i
T F Heavy Quarkonia (NNLO)
e'e jets/shapes (NNLO+res) ——
: pp/pp (jets NLO) —=— -
0.25 - EW precision fit (N°LO) +e— ]
pp (top, NNLO) = -
> o02f
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015 |
o1k TTH
F == ay(Mz?) =0.1179 £ 0.0009
0.05_ el
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August 2021 Q[GeV]
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* Some elementary concepts: QCD
* QCD invacuum - Confinement
* QCD field lines modelled as strings
* Cornell qg potential: V(r) = —% + or
* QCD in quark-matter — Deconfinement
* The Quark-Gluon Plasma (QGP)

* QCD transition: Non-perturbative in nature
« T =200 MeV, - F = 3kBT = 600 MeV = 3AQCD

Temperature (MeV)
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QCD & The Quark-Gluon Plasma
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Quark-matter fireballs hashed out in Protvino, CERN courier, 12 Feb. 2021
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QCD & The Quark-Gluon Plasma

* Some elementary concepts: QCD

* QCD invacuum - Confinement
* QCD field lines modelled as strings

* Cornell qg potential: V(r) = —% + or

* QCD in quark-matter — Deconfinement
* The Quark-Gluon Plasma (QGP)
* QCD transition: Non-perturbative in nature
T =200MeV, - E = 3kgT =600MeV = 3 Agcp

* Heavy-lon collisions: initial color fields evolve in different stages
Initial state Hard QGP formation Hydrodynamic Hadronization and
scatterings expansion freeze-out

Credits: MADAI.}Si'oject
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Which kind of collisions can create a QGP? %

e Some definitions
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Which kind of collisions can create a QGP? %

e Some definitions

Figure by D.D.Chinellato

* Participants:
* Nucleithat collide
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Which kind of collisions can create a QGP? %E

e Some definitions

Figure by D.D.Chinellato

* Participants:
* Nucleithat collide

e Spectators: /

* Nucleithatdon’t

* Together used to estimate the
impact parameter of the collision

7/12/2024 Pnsc os Adrian Nassirpour 2024 13




e Some definitions

* Participants:
* Nucleithat collide

* Spectators:
* Nucleithat don’t

* Together used to estimate the
impact parameter of the collision

* Experimentally, the impact
parameter is estimated by
correlations to the multiplicity
= number of produced particles
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Which kind of collisions can create a QGP?

https://doi.org/10.48550/arXiv.0805.4411
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Which kind of collisions can create a QGP?

e Some definitions

https://cds.cern.ch/record/2636623

“n e i~ L L L LN B rr - rrr1rJporrr 7T
* Participants: £ ool D "HS?’:=5'92T€V | | _
* Nucleithat collide E Nfi{ijaui::tg -
@ f=0.801,1=464 k=15 |
* Spectators: 5’10_4

. 10—5 |
e Nucleithatdon’t 0 500 1000

* Together used to estimate the
impact parameter of the collision

* Experimentally, the impact
parameter is estimated by

C’|1||.||||||| —

correlations to the multiplicity = 15 | | | o ‘ ‘
= number of produced particles T Ml AR S A e e ,.,m,
. . ° . — e —t— | e ﬁ‘n
* This is referred to as centrality 0.5 5000 10000 _ 15000 _ 20000 _ 25000 _ 30000 35000

VOM amplitude (arb. units)

7/12/2024 Pnscos Adrian Nassirpour 2024- 15




Which kind of collisions can create a QGP?

e Some definitions We generally believe that these kind of events have

good theoretical conditions to produce a QGP

Participants:
* Nucleithat collide

Spectators:
* Nucleithat don’t

Together used to estimate the

impact parameter of the collision

* Experimentally, the impact
parameter is estimated by
correlations to the multiplicity
= number of produced particles

This is referred to as centrality

7/12/2024 PH.SC os

https://cds.cern.ch/record/2636623
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Which kind of collisions can create a QGP? %E

e Some definitions

Figure by D.D.Chinellato

* Participants:
* Nucleithat collide

* Spectators:
* Nucleithat don’t

* Together used to estimate the

impact parameter of the collision
* Experimentally, the impact
parameter is estimated by

correlations to the produced
multiplicity

* This is referred to as centrality

How do we
measure the QGP?
7/12/2024 Pnsc os Adrian Nassirpour 2024_ 17




Early signatures of the QGP  .” O %E

https://doi.org/10.1016/j.physletb.2014.05.052

* Strangeness Enhancement

* Enhanced production of strange hadrons
* Tqogp = mg allows for thermal production

Hyperon-to-pion ratio

B ALICE Pb-Pb at 2.76 TeV
B ALICE pp at 7 TeV

B ALICE pp at 900 GeV

[ ] STAR Au-Au, pp at 200 GeV
104 | A ALICE Pb-Pb at 2.76 TeV

[ A ALICE pp at 7 TeV

", STAR Au-Au, pp at 200 GeV
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Early signatures of the QGP

* Strangeness Enhancement
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* Enhanced production of strange hadrons
* Tqogp = mg allows for thermal production
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Early signatures of the QGP  .” O %E

https://doi.org/10.1016/j.physletb.2014.05.052

* Strangeness Enhancement

* Enhanced production of strange hadrons
* Tqogp = mg allows for thermal production

Hyperon-to-pion ratio

B ALICE Pb-Pb at 2.76 TeV
[l ALICE pp at 7 TeV
B ALICE pp at 900 GeV
[ ] STAR Au-Au, pp at 200 GeV
104 | A ALICE Pb-Pb at 2.76 TeV
[ A ALICE pp at 7 TeV

STAR Au-Au, pp at 200 GeV
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* Strangeness Enhancement

* Enhanced production of strange hadrons

* Tqogp = mg allows for thermal production

T 1 171 I L B A l T 1 11 l T 1 11 l T 1 1 1 | T 1 1 1 | LI B N | ] LI B R |

.'T+

103 o Pb-Pb 'qfsNN =2.76 TeV, 0%-10% centrality
- K+
102 "-._:'.-'
. P 4
10" Y.
. =
100 | o :
. E sq.‘. Q_ E
; 107 F "'d 3
8 F ., 3
T Y
:.:z\ 10—2 :F .‘.. ?:
2 - ]
-3
10 EE “.He EE
- o H ’

i
10~ ® Data from the ALICE Collaboration )

10  Statistical hadronization
106 Total (after decays) "~,‘:‘He
========  Primordial f
10_7 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 J 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Mass (GeV) Naturevolume 561, pages 321-330(2018)

7/12/2024 Pnsc os

Early signatures of the QGP

PP Pb-Pb
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Early signatures of the QGP  .” O %E

O
* Strangeness Enhancement =
* Enhanced production of strange hadrons a
* Tqogp = mg allows for thermal production [=
O
200 [ < |
; : 5 -
180 | Quark—gluon matter - S
i o r feeeeecen--
160} 4 1 4 B e e ] T10%} é >
| % ] [ Q/n - JURA 1
140 |- - F A ]
- Hadronic matter m . - -
120 F % . i
%‘ - ] ;
= 100 0 B ALICE Po-Pbat 2.76 TeV
~ i a ] Il ALICEppat7TeV
80 [~ . . B ALICE pp at 900 GeV
K [:] ] [ ] STAR Au-Au, pp at 200 GeV
60 - o ] 104 | A ALICE Pb-Pb at 2.76 TeV
40 |- Points: statistical hadronization, T, _ ‘ ALICE pp at 7 TeV
_ . /" STAR Au-Au, pp at 200 GeV
[ Band: lattice QCD, T, ] . | |
20_ — | 11 1111l | L1 1111l | 1 1
[ Nuclei - »
ol v v vl ey W 1 10 10
100 10' 102 10 (N

art’
My (MeV) Nature volume 561, pages 321-330(2018) P

7/12/2024 Pnsc os Adrian Nassirpour 2024_ 22



https://doi.org/10.1016/j.physletb.2014.05.052
https://www.nature.com/

Early signatures of the QGP %

* Strangeness Enhancement

* Enhanced production of strange hadrons
* Tqogp = mg allows for thermal production
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* Strangeness Enhancement

* Enhanced production of strange hadrons
* Tqogp = mg allows for thermal production
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Early signatures of the QGP

e Strangeness Enhancement
* Enhanced production of strange hadrons

 Flow

* Tqgp = m; allows for thermal production

 Radial flow
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* Constant velocity field boosts heavy particles
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Early signatures of the QGP

e Strangeness Enhancement N o

* Enhanced production of strange hadrons TTAUCE \s-27Tev |

* Tqgp = m; allows for thermal production o ATOs PoPb 510% 7 10-20%

0.6

* Flow o
* Radial flow o

* Constant velocity field boosts heavy particles E .

+ 0.8 1
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Peak is “pushed” toward high pT, while depleted at lower pT Z
explosive pT
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e Strangeness Enhancement

* Enhanced production of strange hadrons

* Tqgp = m; allows for thermal production 08
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 Flow

* Radial flow
* Constant velocity field boosts heavy particles
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Early signatures of the QGP

ALICE
Phys. Rev.Lett. 97, 152303 (2006)
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Early signatures of the QGP

e Strangeness Enhancement

. F

* Enhanced production of strange hadrons
* Tqgp = m; allows for thermal production

low
 Radial flow

* Constant velocity field boosts heavy particles
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The hydrodynamical properties can be modelled by a Boltzmann-
Gibbs blast-wave
* Fittothe spectra of identified pions, kaons and protons
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e Strangeness Enhancement

* Enhanced production of strange hadrons
* Tqgp = m; allows for thermal production

 Flow
 Radial flow

* Constant velocity field boosts heavy particles

* Jet Quenching
* Di-jet peak lostin AA collisions

POPD md

7/12/2024
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Early signatures of the QGP

S,

ALICE

Phys.Rev.Lett.91:072304,2003
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o
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*  Au+Au central

CMS event displays
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Early signatures of the QGP

e Strangeness Enhancement

* Enhanced production of strange hadrons
* Tqgp = m; allows for thermal production

 Flow

 Radial flow

* Constant velocity field boosts heavy particles

* Jet Quenching
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* Di-jet peak lostin AA collisions

POPD md

PASCOS

S,

ALICE

Phys.Rev.Lett.91:072304,2003

0.2

o
=

e d+Au FTPC-Au 0-20%
A d+Au min. bias

(a) |

— p+p min. bias
*  Au+Au central
Away-

side peak
vanishes

CMS event displays
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Early signatures of the QGP

e Strangeness Enhancement 1 dN,,/dp,

R —
* Enhanced production of strange hadrons AA( pT) <N > dN /dp
* Tqgp = m; allows for thermal production col i !
- Flow R
+ Radial flow el

* Constant velocity field boosts heavy particles

* Jet Quenching 7 —
* Di-jet peak lostin AA collisions X
. Significant energy loss absorbed by the medium ¢.°>
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Early signatures of the QGP

ALICE
e Strangeness Enhancement R,.(p,) = 1 dNAA/de
 Enhanced production of strange hadrons AAR T N dN _/d
coll pp pT
* Tqgp = m; allows for thermal production
* Flow R
« Radial flow Ak
* Constant velocity field boosts heavy particles
* Jet Quenching 7 Softl — Hard
* Di-jet peak lostin AA collisions X Raa R
. Significant energy loss absorbed by the medium 2-> T~
(2!
/4'(" /(_\
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Early signatures of the QGP

e Strangeness Enhancement 1 dN,,/dp,

R —
* Enhanced production of strange hadrons AA(pT) <|\| > dN /dp
* Togp ~ M allows for thermal producti coll b T
Qcp = m; allows for thermal production
* Flow R
 Radial flow Ak
* Constant velocity field boosts heavy particles
* Jet Quenching 7 Soft| ®Hard
* Di-jet peak lostin AA collisions X Rua Ry
+ Significant energy loss absorbed by the medium 2> T~
T (Y
/4'(" /,_\

.| (’(Hard RAA < 1\

Then the hard scattered partons are being
absorbed by a strongly interacting medium!
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Early signatures of the QGP 7, #=&=i -
% [Norm. i HLICE
« 1'/‘.%1’&.—#— 7
» Strangeness Enhancement o8 ¢ -
* Enhanced production of strange hadrons 0.63_‘ :
* Tqgp = m; allows for thermal production : ]
0.4 _ .
* Flow [\ R
* Radial flow bt it .z.of".gg.”.“’.".’fg.”f"’f?:.o-
* Constant velocity field boosts heavy particles p, (GeVie)

* Jet Quenching
* Di-jet peak lostin AA collisions
* Significant energy loss absorbed by the medium

1 dN,,/dp;

R =
AA(pT) <NCO”> dep/de
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Early signatures of the QGP }“}m _______ s
i e e B :

* Strangeness Enhancement o8- ;
* Enhanced production of strange hadrons 3’ " I

0.6
* Tqgp = m; allows for thermal production :

pPb

041 | 2 ]
i S I i
* Flow S
¢ Rad|alﬂ.OW | P IS p Lo .nc.ms. 1]
. . . 0 10 20 30 40 50
* Constant velocity field boosts heavy particles p, (GeV/c)
& | ATLAS  antik, R =0.4 jets, {5, =5.02 TeV
* Jet Quenching | o )
* Di-jet peak lostin AA collisions | jEdej
* Significant energy loss absorbed by the medium :
I
vl <28 -
R, (p.)= 1 dN,,/dp, 2015 data: Pb+Pb 0.49 nb™, pp 25 pb™ [+ 23~ 377
AA\MT <Nco||> dN o /de .lllll I(TAAI) a?nld Iumlnosnyluncer.l . [3160 - 70%
40 60 100 200 300 500 900
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Early signatures of the QGP

e Strangeness Enhancement

* Enhanced production of strange hadrons . Mo Phye. 0, 025005 (2018
2.4 PHENIX Au+Au, sy, = 200 GeV, 0-10% most central

* Tqgp = m; allows for thermal production p )
e 2.2 @ direct y (PRL109, 152302) § J/y 0-20% cent. (PRL98, 232301)
ol #7° (PRL101, 232301) # » 0-20% cent. (PRC84, 044902)
| & (PRC82,011902) } e (PRC84, 044905)
 Flow 1.8} +$(PF{083, 024904) i K¥(PRC8S, 024906)
. Radial flow 1 gl1 ¥ P (PRC88, 024906)
* Constant velocity field boosts heavy particles 1.47
1.2}
* Jet Quenching 0;-
 Di-jet peak lostin AA collisions 0.6l
* Significant energy loss absorbed by the mediumg 4[;
* Photons seems to be transparent to medium 0.2f

1 dN,,/dp;
<Ncoll> dep /de

RAA(pT) =
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Early signatures of the QGP %

e Strangeness Enhancement

* Enhanced production of strange hadrons . ModtPhye. 50, 625005 (2015)
2.4 PHENIX Au+Au, sy, = 200 GeV, 0-10% most central

* Tqgp = m; allows for thermal production 152.2_ + et v (PRL10S, 10008
2
* Flow 18
* Radial flow 1.6
* Constant velocity field boosts heavy particles 1.4
1.2
* Jet Quenching 0;

* Di-jet peak lostin AA collisions 0.6

* Significant energy loss absorbed by the medium0:4
* Photons seems to be transparent to medium 0.2

1 dN,,/dp;
<Ncoll> dN pp/de

RAA(pT) -
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Early signatures of the QGP . C):‘\0““’ %E

« Strangeness Enhancement ‘(OQ\ ’{_\O(\’
* Enhanced production of strange hadrops L 50 6\)0 90, 025005 2015)
Toge ~ m; allows for thermal o O siral
* Tqgp =~ my allows for thermal prog \a \§ ‘\ } 232301)
\65 ’(_OQ : O(\ 4, 044902)
+ Flow RESMIRE NG =
* Radial flow \! . !
* Constap (
S
o JetF \O‘X\
NSNS
X2 \N&\
Y\ea ((\‘O °0 2 4 6 8 10 12 14 16 18 20
< 1 N,/ Po{GeVie)
AA(pT)_<N ”> dep/de
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Outline %E

* Upset in small systems and difficulties with QCD
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QGP in proton-proton collisions?

* Are these signhatures unique to heavy-ion collisions?
* How about high-multiplicity, small collision systems?

* Some definitions: Multiplicity and Event Activity

* The ideais to estimate pp, pA, and AA at the same charged particle densities
* Multiplicity: The number of charged particles produced in each collision
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QGP in proton-proton collisions?

* Are these signhatures unique to heavy-ion collisions?
* How about high-multiplicity, small collision systems?

* Some definitions: Multiplicity and Event Activity
* The ideais to estimate pp, pA, and AA at the same charged particle densities
* Multiplicity: The number of charged particles produced in each collision Pbe

P Rey bt 106,032301 20100
Eur. Phys. J. C 81(2021) 630 §
103 Forward Multiplicity Classes K + Data
102 ALICE Min. Bias data (%) 10% - )
2] 0 PP, /s =13TeV @ 1@ -5 Glauber fit
£ @ 5-10 @ 10-15
5 10 0 15-20@ 20-30 h
Q 0 30-40@ 40-50 o 105 P
o 1 @ 50-70[ 70-100 = .
o High-Mult data (%) o I
@10 0 0-0.01/ 0.01-0.1 oo
T 10-2
S 10 2| 2 2 2
S 107° T (8lB g | 2
Z \\'l TH B2 8| =
10
10°° . \ i1 1 ||h IS8 1 Y 5P P S " OO | | PRI T [P [Py I
0 5 7 — 8 10 1% 5000 10000 15000 20000
VOM/VOM) VZERO Amplitude (a.u.)
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http://dx.doi.org/10.1140/epjc/s10052-021-09349-5
https://link.aps.org/doi/10.1103/PhysRevLett.106.032301

QGP in proton-proton collisions?

* Are these signhatures unique to heavy-ion collisions?
* How about high-multiplicity, small collision systems?

* Some definitions: Multiplicity and Event Activity
* The ideais to estimate pp, pA, and AA at the same charged particle densities
* Multiplicity: The number of charged particles produced in each collision

* Do we see these signatures at the same charged particle densities?

* |sthe QGP sensitive to the collision system, beam energy, or the produced
system?

7/12/2024 Pnscos Adrian Nassirpour 2024_ 42




» Strangeness enhancement:

7/12/2024

QGP in proton-proton collisions?

PASCOS

pp p-Pb Pb-Pb

e .HQ @ @
£

T
; @@
5 10—1 5 2K |
o] - oo 110
2 | Yoo Ks
ol i’# A+A (X2)
2 ) ]
5 b by
'..g = +Z (x6)
&u . - |
" T
107 Q+Q' (x16)

L

103,

ALICE
® pp,\s=13TeV
O pp,\s=T7TeV

0 Pb-Pb,\s,, =276 TeV
—— PYTHIA8 + color ropes
------- HERWIG7

-~ PYTHIA8 Monash

------- PYTHIA8 Monash, NoCR
L Ll \|||| | ||||||||

Adrian Nassirpour

10 10? 10°
Eur. Phys. J. C 80 (2020) 693 (dNGh/d 77)|n|< 0.5
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» Strangeness enhancement:
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QGP in proton-proton collisions?

PASCOS

pp p-Pb Pb-Pb

e .HQ @ @
£

T
; @@
5 10—1 5 2K |
o] - oo 110
2 | Yoo Ks
ol # A+A (X2)
2 ) ]
5 b by
'..g = +Z (x6)
&u . - |
" T
107 Q+Q' (x16)

The average /

multiplicity 108

ALICE
® pp,\s=13TeV
O pp,\s=T7TeV

0 Pb-Pb,\s,, =276 TeV
—— PYTHIA8 + color ropes
------- HERWIG7

-~ PYTHIA8 Monash

------- PYTHIA8 Monash, NoCR
L Ll \|||| | ||||||||

Q =sss

measured at
mid-rapidity

10 10° 10°
Eur. Phys. J. C 80 (2020) 693 (dNGh/d 77)|n|< 05
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* Strangeness enhancement:
* Actually driven in smaller systems!

7/12/2024

QGP in proton-proton collisions?

pp  p-Pb Pb-Pb

PASCOS

o>+0 0+«

—
<

Ratio of yields to (m™+r")

-
<
N

i
)
H
i
—3 ]
-
107° e

ALICE
<@ pp,\s=13TeV
O pp,\s=T7TeV

------- HERWIG7
- PYTHIA8 Monash

plessimiges | 4 ]

Q+Q' (x16)

{ p-Pb,\s,, =5.02TeV
0O Pb-Pb,\s,, =2.76 TeV
—— PYTHIA8 + color ropes

------- PYTHIA8 Monash,

NoCR

Adrian Nassirpour

10 102

10°

Eur. Phys. J. C 80 (2020) 693 (dNCh/d 77)|7?|< 05

2024

QQ =sss



7/12/2024

* Strangeness enhancement:
* Actually driven in smaller systems!

PASCOS

Ratio of yields to (m™+r")

These are out-of-the box
PYTHIAS8.3 predictions 10

Adrian Nassirpour

QGP in proton-proton collisions?

pp p-Pb

o>+0 0+«

"
) ot
. .
’
”
’ O

O

- PYTHIA8 Monash

Q+Q' (x16)

ALICE

pp,\s =13 TeV
pp,\s=7 TeV

p-Pb, \'s,,, = 5.02 TeV
Pb-Pb, \s,, = 2.76 TeV
PYTHIAS8 + color ropes
HERWIGY

PYTHIA8 Monash, NoCR
I | III 1 1 1 L1 1 II|

Eur. Phys. J. C 80 (2020) 693

102 10°
(dl\lc:h/d 7?)|r;.'|< 0.5
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QGP in proton-proton collisions?

Phys. Rev. C 99, 024906 (2019) n I- IC E
— [ ALICE ppfz=7TaV, || <05 AUCEp—Fhr 5.02 TeV, o<y <0.5] ALICEPb-FhE =278 Te\ | <05
E =] OM Class |, (N _idmj=21.3 = o-5%, {@nv_idmy=45.1 = o5%. n_jdny= 18010
° F l OW ;- 150 F==—] VOM Class X. N _jdn)=2.3 1 E=—] s0s0%. @ _dpy=02 1 == e0-80%, (@ idn)=55.5

(VOM Muttiplicity Classes) (VDA Mult. Classes - Pb side)

 Radial flow:

* High-multiplicity pp reminiscent p/pi ratio
as seen in Pb-Pb collisions

(K'+K)/ (n*+r)

(9) ' (h) ' )
o.af + 1 ]

(p+P)/ (n"+ 1)

0
s

ATK
2
=]

o ﬁ‘%ﬁa
™
P, (GeVic)
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* Flow

 Radial flow:

* High-multiplicity pp reminiscent p/pi ratio
as seen in Pb-Pb collisions

7/12/2024

PASCOS

QGP in proton-proton collisions?

= C
— 20 ALICE pp iz =7 TeV, [y| <05

T T
| ALICE p-Fbys, =502 TeW, 0< Vow® 0.5}
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=

Adrian Nassirpour

1 10
P, (GeVic)

2024

ALICE



* Energy loss and jet quenching are still not found

In smaller collision systems

* Inclusive charged hadron p-Pb showcasing
no suppression effects

7/12/2024 PH.SC os

pPb

oc

Reppy

1.2

0.8

0.6

Trying to find unique AA signatures

JHEP 11 (2018) 013

—
T T T

0.4f

0.21

Adrian Nassirpour
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® |
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Trying to find unique AA signatures %E

* Energy loss and jet quenching are still not found
In smaller collision systems

* Inclusive charged hadron p-Pb showcasing
no suppression effects

Eur. Phys. J. C76 (2016) 271

E 2 | I I 1 I 1 1 I I 1 1 1 I 1 I 1 l i
o C P-Pb sy =5.02TeV Centrality classes ]
1.8 [ FastJet anti-k; jets, A = 0.4 mm ALICE 0-20%
 Similarly, utilizing jets and activity in the 1.6 - M| <05 (ALICE) —as oo
zero-degree calorimeter show consistency [ %°<Y <03AAS m ATLAS 60-90% 3
with unity (of :
1
0.8}
. 0.6 -
0 dzN;Pb/dnde 04; ]
pPb — c ) s :
<Ncoll> -d NPp/dndPT 02fF .
0: 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I :
20 40 60 80 100 120

p p. (GeV/c)

T,chjet’ T, jet
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Trying to find unique AA signatures

* Energy loss and jet quenching are still not found
In smaller collision systems /

. . trigger
* Inclusive charged hadron p-Pb showcasing hailre
no suppression effects

* Similarly, utilizing jets and activity in the
zero-degree calorimeter show consistency
with unity

e Semi-inclusive measurements:

1 d2NPA

Jjet

NP dpr jerdAg

( 1 42 O@»hﬂcwx )

PP h+X de,jetdA(fQ

PT,irig

PT trig
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Trying to find unique AA signatures

ALICE

* Energy loss and jet quenching are still not found su.csmseonss

. . o < RBANLAL ILELELELE ELALELELE ELELALELE BLALRLAL LML BURBULE
in smaller collision systems & 13F  ALGE p-Pb (5= 502 Tev :
* Inclusive charged hadron p-Pb showcasing é _1.2F -
no suppression effects 13, E

3 ©1.1¢ *
<] N o ]
. e . D L s A =
* Similarly, utilizing jets and activity in the < 0 g% ;
zero-degree calorimeter show consistency 5 T F ]
. . S = - TT{12,50} - TT{6,7) -
with Unlty Y QO-BE Anti-k; chargedjets R=04 .
c.{]L-U_TL ~043<y’ <136 ~0.03<y" <097 =
. . . Y é.q:!-*-:[lﬁ .
 Semi-inclusive measurements: 0.6 Syst. uncert. E
* Seems to be consistent with unity with the Y 4.{.;?\'??"\.5??(:.15”{”. '?ESh.'ﬂ. .......... ]

current uncertainties 15 20 25 30 35 h4U 45 50
c
1 dNBY _ 1 d24epriiien+X . Faa Pr et (GeVic)
Nﬁ’;‘g dpr jetdAgp PP X dpp e dAp TA

PT,irig
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Trying to find unique AA signatures

* Energy loss and jet quenching are still not found s s s cozgorzao

. o« . gl [ rrrr] T 1 1T 111 T 1 T
in smaller collision systems 5 ‘-35 ATLAS ZDC 0-20% -
* Inclusive charged hadron p-Pb showcasing 1.2F Y > 60 GeV A ot > T8
no suppression effects : :
1.1F 3
o e e o - %, ]
* Similarly, utilizing jets and activity in the 10 ‘__-_,!'. -_--'.'.!...‘.t oo b -}--.‘
zero-degree calorimeter show consistency ¢ 1]
with unity 0.9/t .
. : 0.8 -
* Semi-inclusive measurements: : :
* Seems to be consistent with unity with the 0.7F ]
current uncertainties — e "1":_ S
1 aned B 1 d24PprrhHiet+X \ . Kaa pC" [GeV]

Nﬁ,’;‘g dpr jetdAgp ~ \ oPph+X dprjeedAyp ) TA

PT,irig
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Outline %E

* Future prospects
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More precise & differential measurements

* Where do we go from here?

* A clear winner to further probe QCD seems to be:
* More multi-differential measurements
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* Where do we go from here?

* A clear winner to further probe QCD seems to be:
* More multi-differential measurements

7/12/2024

More precise & differential measurements

PASCOS

Ratio of yields to (m™+r")
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More precise & differential measurements %

* Where do we go from here? S U Nt

* Aclearwinnerto further probe QCD seems to be:
* More multi-differential measurements

—
<

= +2" (x6)

bod

Q+Q' (x16)

Ratio of yields to (m™+r")

-
<
N

ALICE

pp,\s =13 TeV
pp,\s=7 TeV

p-Pb, \'s,,, = 5.02 TeV
Pb-Pb, \s,, = 2.76 TeV
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More precise & differential measurements

« Where do we go from here? /" ‘
A clearwinner to further probe QCD seems to be: y
P 2 j‘; A

* More multi-differential measurements - X JHEPOS(?ZBAW
1 1-\5 = 13 TeV, Nyasier (1), Il < 0.8, N,=z10
§ | - 5
S T T
L | ® +
~ -
® 0.9F ALICE
_g_ : 4 ON,/ N,
o i +N,/ N;
. 0.8
o VOl N./ N,
© [
oC i
Strangeness 0.7
enhancementseemsto [ | | | |
be prevalent in the 0 0.2 0.4 0.6 0.8 ]
underlying event (UE) SgT_
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More precise & differential measurements %E

* Where do we go from here?
* A clear winner to further probe QCD seems to be:

7/12/2024

e More multi-differential measurements

Significant enhancement of B, /B°
production

However, enhancementis only seen

when multiplicity is measured in the
same pseudorapidity region

PASCOS

R D
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* Where do we go from here?

* A clear winner to further probe QCD seems to be:
* More multi-differential measurements

Run 3 data allows for resonance-inside jet analyses due to increased statistics, more to come!

1 /NEV dNE;IE-LSS/dMinv

%107
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More precise & differential measurements

ALICE
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More precise & differential measurements

* Where do we go from here?

* A clear winner to further probe QCD seems to be:
e More multi-differential measurements
* More precise measurements
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More precise & differential measurements %E

* Where do we go from here?

* A clear winner to further probe QCD seems to be:
* More multi-differential measurements

* More precise measurements W :
P First hadronic calorimeter at [Pemmuilat
RHIC for jet t - .
il e \ VIXc\[a@¥ 1.4T Superconducting solenoid

R. Nouicer, sSPHENIX highlights: First Results From sPHENIX, SQM 2024

; iHCAL
SPHENIX program: . e
Dedicated Jet detector! SERl
MVT Continuous readout N = —
Will be able to probe hard TPC (15kHz+)
physics in AA collisions at e
RHIC MinBIAS |

State of the art 3-Iayér |
| N MAPS micro vertex detector
sPH E@
\ Event characterization LN
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* Where do we go from here?

More precise & differential measurements

* Aclearwinnerto further probe QCD seems to be:

* More multi-differential measurements
* More precise measurements
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N
N

C.M.Camacho, Physics program and detector technologies of ePIC at EIC, SQM 2024

PASCOS
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ALICE

EIC:

Will be able to truly
probe hard QCD
phenomena

Low-x and low-Q
machine

Can study QED
processes between
hadrons and electrons
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* Where do we go from here?

* A clear winner to further probe QCD seems to be:
e More multi-differential measurements
* More precise measurements

Collision systems  pp, pPb, Pb-Pb

Xe-Xe, Ph-Pb

LHC schedule

More precise & differential measurements

LHC programme

pp, pO, OO,

J. Klein, LHC Upgrades, SQM 2024

pp, pA?, AA

pp, pAZ AA

HL-LHC

( intermediate upgrade )( major upgrade )
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* Where do we go from here?

* A clear winner to further probe QCD seems to be:
e More multi-differential measurements
* More precise measurements

ITk, HGTD, HL-ZDC,
TDAQ, muon chambers

CMS phase Il
tracker, MTD, HL-ZDC,
DAQ, trigger, p chambers

LHCb phase Ib
preparation for phase I,
possibly magnet stations

: ,_«-“ Yy

ALICE 2.1
FoCal, ITS3

7/12/2024 P.H.SG os

Collision systems  pp, pPb, Pb-Pb

LHC schedule

LHC programme

More precise & differential measurements

(5

ALICE

J. Klein, LHC Upgrades, SQM 2024

pp, pPb, pp, pO, OO, pp, pPb, bp, pA?, AA

Xe-Xe, Pb-Pb pPb, Pb-Pb Pb-Ph

pp, pAZ AA

* HL-LHC

Higher luminosities for ions

( intermediate upgrade )( major upgrade )

ATLAS

phase Il upgrades

CMS

phase Il upgrades

f LHCb I LHCb

L upgrade Ib upgrade Il
ALICE 21 ALICE 3

L upgrade upgrade
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S,

ALICE

More precise & differential measurements

* Where do we go from here?

* Aclearwinnerto further probe QCD seems to be:
* More multi-differential measurements

https://cds.cern.ch/record/2890281
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* More precise measurements | Geant4 simulation g
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More precise & differential measurements &

* Where do we go from here?

* Aclearwinnerto further probe QCD seems to be:
e More multi-differential measurements
* More precise measurements

ATLAS phase 11
ITk, HGTD, HL-ZDC,
TDAQ, muon chambers

CMS phase Il
tracker, MTD, HL-ZDC,
DAQ, trigger, p chambers

—E J. Klein, LHC Upgrades, SQM 2024
" — R

LHCb phase Ib
preparation for phase I,
possibly magnet stations

ALICE 2.1
FoCal, ITS3
0 ai

7/12/2024 P.H.S c o s

Extremely close to beampipe,
0.05% X, per layer

Increases tracking and
momentum resolution

Adrian Nassirpour

ALICE
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Summary %

 Heavy-ion collisions are complicated!
* And sois QCD and our understanding of the QGP.
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Summary

* Heavy-ion collisions are complicated!
* And sois QCD and our understanding of the QGP.

* What j)s the implication of the onset of these collective phenomena
mean’

* QGP possiblyin produced in high-multiplicity pp and pPb?

* Are some, or all, of these signatures indicating something else than
a formation of a strongly interacting medium?

7/12/2024 Pnscos Adrian Nassirpour 2024- 70




Summary

* Heavy-ion collisions are complicated!
* And sois QCD and our understanding of the QGP.

* What j)s the implication of the onset of these collective phenomena
mean”

* QGP possiblyin produced in high-multiplicity pp and pPb?

* Are some, or all, of these signatures indicating something else than
a formation of a strongly interacting medium?

* Evenin pp collisions, current implementations of QCD-inspired models cannot
reproduce the observed data

* Requires novel, heavily phenomenological features and correlations to be placed in by
hand, after the initial state is generated
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Summary

Heavy-ion collisions are complicated!
* And sois QCD and our understanding of the QGP.

What j)s the implication of the onset of these collective phenomena
mean”

* QGP possiblyin produced in high-multiplicity pp and pPb?

* Are some, or all, of these signatures indicating something else than
a formation of a strongly interacting medium?

Even in pp collisions, current implementations of QCD-inspired models cannot
reproduce the observed data

* Requires novel, heavily phenomenological features and correlations to be placed in by
hand, after the initial state is generated

Further work is performed in the field to really try to discriminate and estimate
where we can “turn off” these QGP-like effects.

* Future precision results from Run3/Run4, and eventually ALICES3, will help to
elucidate the origin of these different effects
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