
High Energy Nuclear / QCD 
Oriented Experiment

Zvi Citron
also for Sasha Milov and Igor Korover

ד"בס

1



What Questions Did We Ask 5 6 Years Ago?
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• For better or worse most 
of these questions are 
still relevant

• I won’t try to answer 
whether we are 
progressing well as 
f(time)

• Different phrasing but 
overlaps EIC goals
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What Questions Did We Ask 5 6 Years Ago?
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• Photon + photon/A/p 
program has blossomed 
- many results since then

• Overlaps with EIC
• Overlaps with LUXE



Current Experimental Activities

• ATLAS Heavy-Ion Program [ongoing]
• Sasha (WIS) & Zvi (BGU)

• NA60+ @ SPS [future]
• Sasha (WIS)

• ePIC @EIC [future]
• Igor (TAU) & Zvi (BGU) & … 
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ATLAS Heavy Ion Program

• HI program includes but is more than Pb+Pb to study QGP
• Remaining Run 3 and Run 4 will include O+O, p+O, p+Pb, and probably more
• Weizsäcker-Williams photons come along for free
• (Special pp runs)

• Heavy-Ion Program spans:
• “Classic” RHI goal – create and study extremely hot & dense nuclear matter in AA 

collisions to learn about QCD
• Cold nuclear matter, nuclear modifications to PDF primarily in p+A
• “HI-style” analyses in analyses in smaller AA and pp, following Run 1 discovery of QGP-

like flow, → a coherent picture from small to large collision systems?
• Using the ion beam in the LHC as a photon beam to study photon-photon, e.g. LbyL, and 

photo-nuclear interactions.
• WIS & BGU are heavily involved in all of the above
• [Note that Run 4 upgrades especially ITk open a lot of doors]
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ATLAS HI: QGP Physics; Jet Quenching

• The “classic” QGP 
experimental signature is 
jet-quenching, i.e. the 
energy loss of a jet to a QGP 
medium

• EW Boson + jet system 
provides a golden channel 
since the boson is not 
quenched

• Rare - example of increased 
statistics enabling 
measurement improvement

• (Sasha and others are 
thinking of creative new 
approaches beyond just 
statistical improvement)
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Measure jet fragmentation function in 
PbPP and pp, and compare the two



ATLAS HI: nPDF Physics

• A lot left to do to constrain 
nuclear PDF

• p+A collisions are the 
natural place to study

• Likely only Run 4

• Photonuclear collisions also 
enable sensitivity
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Measure EW bosons in p+Pb
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Detected nuclear 
breakup detector



Zero Degree Calorimeter

• The ZDC is an HI oriented 
detector 

• Basic use case is measuring 
spectator neutrons which are 
remnants of ion

• Radiation exposure is too high 
during full (pp) luminosity

• Located downstream from IP, 
neutrals reach it, charged 
swept away by magnet
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Zero Degree Calorimeter

• As a trigger, key detector for 
entire HI program

• Also key detector (trigger and 
offline) for ‘photon physics’ 
program
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Nucleus intact 

No neutrons

Nucleus breaks up 

Multiple neutrons

Rapidity 

gap

No rapidity 

gap

in ZDC

in ZDC

No particles on 
one side of 
inner detector

Particles on 
one side of 
inner detector



ATLAS ZDC → JZCaP HL-ZDC

• All new detector for HL-LHC
• The Joint Zdc Calorimeter 

Project (JZCaP) is a 
combined ATLAS-CMS effort 
to develop an improved ZDC 
for both experiments

• Accommodates Run 4 beam 
optics
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ATLAS HI: Photo-photo and photonuclear

• Once we’re making these 
‘ultra-peripheral collision’ 
measurements there is a 
lot to measure

• And p+A as p+𝛾 gives 
sensitivity to proton …
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ATLAS HI: Small systems

• Oxygen-oxygen collisions could connect 
between QGP signatures in PbPb, and QGP-
like (!) signatures in pp
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ATLAS not-HI: QCD

Single/double diffractive 
dissociation

Double pomeron 
exchange

Single-diffraction 
with central 
system 

Central exclusive 
production

Exclusive 
photoproduction

Elastic 
scattering



2023

LoI
2025

Proposal

2026-2028/29
Construction

2029/30-2036/7
Data taking

The project is part of the CERN Physics Beyond Collider Initiative

LoI (arXiv:2212.14452) discussed with SPSC in February 2023

Expect a proposal in Spring 2025

The aim is to take data in 2029/30, after LHC LS3

7 years running with Pb beam: one beam energy per year

proton beams for reference for dedicated p-A studies

Sasha (WIS) playing a major role

NA60+
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https://na60plus.ca.infn.it/

https://na60plus.ca.infn.it/


Physics program of NA60+

Caloric curve of QGP

thermal dimuons 

temperature vs √sNN

Rapp and v.Hees, PLB753(2016) 586

T. Galatyuk et al., EPJA52(2016) 131

Suppression of 

charmonium vs . √sNN

in dimuon decay 

channel

𝑐 ҧ𝑐 melting in QGP

NA50, PLB 477 (2000) 28 

NA50, EPJC49 (2007) 559

Chiral symmetry restoration 

via ρ-a1 mixing in the 

dimuon channel

Hadronic decays of open 

HF to measure QGP 

transport coefficients and 

charm hadronization

ALICE, PLB 827 (2022) 136986

C. Jung et al., PRD 95 (2017) 036020 
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NA60+ setup
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dipole

dipole 

magnet
absorber

BeO+Graphite

muon wall

Graphite

Incident 

beam

muon spectrometer

muon 

identifier

vertex spectrometer

NA60+ is a ‘classic’ muon 

experiment consisting of two 

spectrometers: 

Vertex spectrometer is based 

on MOSS technology, 

developed for ALICE upgrade

Muons spectrometer uses 

well-established MWPC

The MNP33 magnet (currently 

part of NA62) identifies all key 

elements for the new facility 

Proposal in 1st half of 2025 



The Electron Ion Collider 
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• EIC is the next major US 
collider facility

• Scheduled for collisions 
in 2031/32 and physics 
in 2033/34

• (Only) ePIC
detector/collaboration 
for day 1



The Electron Ion Collider 
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@ EIC 

24
Credit A. Jentsch



@ EIC 
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B0   Detectors  
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• Israeli responsibility for forward B0 
detectors

• EM Calo using  PbWO + SiPM
• Si Tracker using AC-LGADs



@ EIC  

• There is a very broad physics program (likely reaching hep-ex)
• Israeli participation from the ground floor
• Overlap with HL-LHC in time and (some) physics
• Recognized CERN experiment

FWIW
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Some Bottomish Lines

• HI, maybe better HI+, is an active and successful part of the LHC 
program including “bread and butter” QGP studies but also much 
more

• Continued support into and throughout HL-LHC 
• More than just accumulating statistics in Run 4
• Also NA60+ @ SPS during Run 4
• Run 5 still TBD

• EIC is an opportunity which lends itself to synergies with HL-LHC, 
and hep generally
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Extra Information
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ITk in Run 4 HI
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WIS group NA60+ activity
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WIS group is responsible for the muon spectrometer detectors

The technological choice is the MWPC with strip readout. 

The main considerations leading to this choice are 

• Physics requirements: 200 um resolution and 104 cm-2 rate are well within the reach

• MWPC is a well-established and reliable technology, the WIS has much experience in

• Low production and maintenance costs, significant for ~100m2 detector coverage

Integration into the experiment

• MWPCs are being developed by WIS, the second prototype was tested in November

• Electronics is being developed in USTC, Hefei, the first version produced

• Data acquisition in collaboration with INFN Cagliari, work is starting

• Reconstruction and simulations in collaboration with INFN Torino, work is starting



Uniqueness of NA60+ 

This luminosity can be collected with Pb+Pb interaction rates 

>105 s-1, reachable with 106 s-1 beam intensity in a fixed target 

environment

NA60+ is unique for energy coverage and interaction rate in 

the heavy-ion landscape

NA60+ is complementary to experiments accessing different 

(hadronic) observables in the same energy range (STAR 

BES, NICA, NA61) and similar observables in a lower energy 

range (CBM)

(T. Galatyuk)

The NA60+ program needs a large luminosity to search for rare QGP probes
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First prototype

Prototype 1: Test beam at CERN in fall 2023  

MWPC with strip readout satisfies NA60+ requirements. The readout is based on a VMM3a chip

𝜎𝑥 < 0.1 mm, 𝜎𝑦 = 0.51 mm

Uncovered problems in 

SRS vmm-sdat package 

related to DHR

Which has been fixed
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Second prototype
Prototype 2: Test beam at CERN in Nov 2024  

NIMA 425 (1999) 254-261

Single-sided strip readout better suited for VMM-based 

electronics with optimized geometry

Near-final electronics (USTS, Hefei group)

Additional test to optimize the electronic channels
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https://doi.org/10.1016/S0168-9002(98)01405-3

