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ALICE 3

Letter of intent for ALICE 3: arXiv: 2211.02491
A next-generation heavy-ion experiment

tracking central barrel: |η| < 1.75, forward 1.75 < |η| < 4

PID: π/K/p separation up to a few GeV/c

Lpp = 3.0 x 1032 cm−2s−1, Rmax = 24 MHz, µ = 1.2
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• Proton-proton elastic and inelastic scattering
• Single and double diffractive proton dissociaton
• Exclusive production of dileptons, W +W – and 𝑡𝑡 ̅𝑡𝑡 pairs in pp collisions
• Exclusive production of dileptons and c ̅𝑐𝑐 pairs in pA collisions
• Diffractive bremsstrahlung
• Soft photon production
• Gamma-proton cross section
• Vector meson photoproduction
• Gluon saturation in heavy-ion collisions
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What to expect from this contribution

● Beam dynamics: how are beams guided and focused in the LHC? 

● How is the final focus for the experiments done?

● How can it be optimized for forward physics?

● What is unique about ALICE & forward physics?

● Which constraints do we have to respect?

● What are concrete and reasonable options that could be applied?
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ALICE
Optics ‘23

ArcArc IP
TripletTriplet Matching 

section
Matching 
section

ALICE
β*=10m

Upper proton 
luminosity limit in 
ALICE: small β* 
not needed (even 
luminosity levelling)

6.8 TeV
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Global
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2023
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Perspective for ALICE

● ATLAS & CMS: high luminosity experiments

● Main operational mode with squeezed beams (lowest possible β*) 

● Very limited beam time available with large β* to exploit forward detectors

● ALICE luminosity is levelled:  no need for small β*

● If forward detectors were installed could operate nominally at larger β*

● What optics and β* could be envisaged?
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Assumed Roman Pot Positions

-180m-220m

220m150m
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Optics constraints

● Largest possible β* in ALICE compatible with high intensity operation

● Optical functions at edges of insertion must be matched to arcs

● Quadrupole currents must be in certain range: 0.03 ≤ k/k
max

 ≤ 0.90

● Symmetry between B1 and B2 optics (double bore magnets with coupled circuits)

● Tune (number of betatron oscillations per turn) must be unchanged

● Phase advance between IP and second RP station close to π/2

● Enough beam-beam separation with the larger beams (25ns bunch spacing)

● Aperture constraints must be respected
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Evolution with emittance (2013 study, LHC)

HL-LHC nominal 
2.5μmrad18m 

Optics

Elastic 
events
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Evolution with beta (2013 study, LHC)
Elastic eventsElastic events



Dip-bump structures in pp elastic scattering
and single diffractive dissociation
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Elastic pp scattering and single diffractive dissociation

Leading order Pomeron exchange graph contributing to
 pp elastic scattering and to pp single diffractive dissociation

Schematic rapidity distribution of outgoing particles in 
pp elastic scattering and in pp single diffractive dissociation
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Elastic pp dσel/dt measurements at medium and high |t|

E. Nagy et al., Nucl. Phys. B 150, 221 (1979)
W. Faissler et al., Phys. Rev. D 23, 33 (1981)

the position of the dip and the bump moves to 
lower |t| values as the CM energy increases

TOTEM Collab., EPL 95:4, 41001 (2011)
TOTEM Collab., Eur. Phys. J. C 79:10, 861 (2019)

TOTEM Collab., Eur. Phys. J. C 80:2, 91 (2020)
TOTEM Collab., Eur. Phys. J. C 82:3, 263 (2022)

TOTEM & D0 Collabs., Phys. Rev. Lett. 127:6, 062003

no secondary dip-bump structures are 
observed in the |t|range measured up to now



 the dipole scattering amplitude is obtained as a derivative of a simple pole 
scattering amplitude:

 basic assumptions:

• the asymptotic behaviour of the scattering amplitude A(s, t) is determined
by an isolated 𝑗𝑗-plane pole of the second order (dipole)

• the residue at the pole is independent of 𝑡𝑡, 𝑡𝑡-dependence enters only 
through the trajectory

 the partial wave amplitude is obtained as a derivative of a simple pole:

𝑎𝑎𝑗𝑗 𝑡𝑡 ≡ 𝑎𝑎 𝑗𝑗, 𝑡𝑡 =
𝑑𝑑

)𝑑𝑑𝑑𝑑(𝑡𝑡

)𝛽𝛽(𝑗𝑗

𝑗𝑗 − 𝑑𝑑 𝑡𝑡
=

)𝛽𝛽(𝑗𝑗

𝑗𝑗 − 𝑑𝑑 𝑡𝑡 2

L. L. Jenkovszky, Fortsch. Phys.34, 791 (1986)
L. L. Jenkovszky and A. N. Wall, Czech. J. Phys. B26, 447 (1976)Dipole Regge model

ADP 𝑠𝑠,𝑑𝑑 =
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𝑖𝑖
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 motivated by the shape of the diffraction cone (exponential decrease), the 
paramterization of 𝐺𝐺′ 𝑑𝑑  is: 

 𝐺𝐺 𝑑𝑑  is obtained by by integrating 𝐺𝐺′ 𝑑𝑑  :

 introducing that 𝜀𝜀 = 𝛾𝛾𝑏𝑏 the amplitude can be rewritten as:

𝐺𝐺′ 𝑑𝑑 = 𝑎𝑎𝑒𝑒 ]𝑏𝑏[𝑖𝑖−1

𝐺𝐺 𝑑𝑑 = �𝐺𝐺′ 𝑑𝑑 𝑑𝑑𝑑𝑑 = 𝑎𝑎
𝑒𝑒𝑏𝑏 𝑖𝑖−1

𝑏𝑏
−  𝛾𝛾

ADP s, t = i
𝑎𝑎

𝑏𝑏

s

s0

α(t=0)

e−
iπ
2

α t=0 −1 r1
2 s er1

2 s α(t)−1 − ε r2
2 s er2

2 s α(t)−1

r1
2 s = b + L(s) − iπ/2 r2

2 s = L(s) − iπ/2

ADP 𝑠𝑠,𝑑𝑑 = 𝑒𝑒−
𝑖𝑖𝑖𝑖𝑖𝑖
2

𝑠𝑠

𝑠𝑠0

𝑖𝑖

𝐺𝐺′ 𝑑𝑑 + 𝐿𝐿 −
𝑖𝑖𝑖𝑖

2
𝐺𝐺 𝑑𝑑

L. L. Jenkovszky, Fortsch. Phys.34, 791 (1986)
L. L. Jenkovszky and A. N. Wall, Czech. J. Phys. B26, 447 (1976)Dipole Regge model
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Model for elastic pp and �pp scattering amplitude  

 the dipole pomeron and odderon amplitudes are:

 the simple pole f and ω reggeon amplitudes are:

AO
DP s, t = −iAP→O

DP s, t

(with free parameters 
labeled by "O")

αP t = 1 + δP + αP
′ t

GP
′ t = aPe ]bP[α(t)−1 GP t = aP ebP αP(t)−1 /bP −  γP

AP
DP s, t = e−

iπαP(t)
2

s

s0P

αP

GP
′ t + LP(s) −

iπ

2
GP t

LP(s) = ln
s

s0P

A(s, t)pp
�pp

= AP
DP s, t + Af

SP s, t ± [AO
DP s, t + Aω

SP s, t ]

𝐀𝐀𝐟𝐟 s, t = afe
−
iπαf(t)

2 (s/s0)αf(t)ebft 𝐀𝐀𝛚𝛚 s, t = i𝐀𝐀𝐟𝐟→𝝎𝝎 s, t

αf t = αf
0 + αf

′t
(with free parameters 

labeled by "ω")
7



 ISR 𝑑𝑑𝜎𝜎𝑒𝑒𝑒𝑒/𝑑𝑑𝑡𝑡 data and the model

Pomeron Odderon f-reggeon ω-reggeon

𝛿𝛿𝑃𝑃 = 0.043 𝛿𝛿𝑂𝑂 = 0.14 αf
0 = 0.69 α𝜔𝜔

0 = 0.44

𝑑𝑑𝑃𝑃
′ = 0.36 𝑑𝑑𝑂𝑂

′ = 0.13 αf
′ = 0.84 α𝜔𝜔

′ = 0.93

𝑎𝑎𝑃𝑃 = 9.10 𝑎𝑎𝑂𝑂 = 0.029 𝑎𝑎𝑓𝑓 = −15.4 𝑎𝑎𝜔𝜔 = 9.69

𝑏𝑏𝑃𝑃 = 8.47 𝑏𝑏𝑂𝑂 = 6.96 𝑏𝑏𝑓𝑓 = 4.78 𝑏𝑏𝜔𝜔 = 3.5

𝛾𝛾𝑃𝑃 = 0 𝛾𝛾𝑂𝑂 = 0.11 - -

𝑠𝑠0𝑃𝑃 = 2.88 𝑠𝑠0𝑂𝑂 = 1 𝑠𝑠0𝑓𝑓 = 1 𝑠𝑠0𝜔𝜔 = 1

Fit to proton-proton and proton-antiproton 
differential cross section data at ISR energy 
region, and to ρ and total cross section 
data from 5 GeV up to the highest energies
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 𝑑𝑑𝜎𝜎𝑒𝑒𝑒𝑒/𝑑𝑑𝑡𝑡 with P and O contribution, 𝜌𝜌 and 𝜎𝜎𝑡𝑡𝑡𝑡𝑡𝑡  w/o O

9

the odderon contribution takes over 
completely after the bump but at low-|t| 

the odderon contribution is small
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 𝑑𝑑𝜎𝜎𝑒𝑒𝑒𝑒/𝑑𝑑𝑡𝑡 with P and O contribution, 𝜌𝜌 and 𝜎𝜎𝑡𝑡𝑡𝑡𝑡𝑡  w/o O

the odderon contribution takes over 
completely after the bump but at low-|t| 

the odderon contribution is small 



 measurements of pp single diffractive
dissociation at ISR do not show a dip-
bump structure at |t| values where
such a structure is observed in elastic
pp scattering

 it can be explained in a framework of a
dipole Regge model in which the dip-
bump structure moves to higher |t|
values as the value of the slope
parameter decreases

 a dipole odderon+pomeron Regge
approach can be used to predict dip-
bump structures in pp single
diffractive dissociation at LHC energies

13

 Dip-bump structures in single diffractive dissociation?

M.G. Albrow et al., Nucl. Phys. B72, 376 (1974)
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 t dependence of the SD process at 8 TeV



  

Exclusive soft reactions 
in high-energy proton-proton collisions

Piotr Lebiedowicz
IFJ PAN, Kraków, Poland

1

18-20 Oct 2023, Phys. Institute, University Heidelberg, Germany

EMMI Workshop, Forward Physics in ALICE 3

https://indico.cern.ch/event/1327118/

in collaboration with Otto Nachtmann (Univ. Heidelberg)
and Antoni Szczurek (IFJ PAN)



  

Pomeron: tensor vs vector

3

p

IP

p
′

p

p

µνµν

IP

s

t

κλ
IP, f2IR, a2IR

p(pa) p(p1)

p(pb) p(p2) Ewerz, Maniatis, Nachtmann, 
Ann. Phys. 342 (2014) 31

● Tensor pomeron, C = +1 (effective symmetric tensor exchange)

● Vector pomeron, C = -1 (Donnachie-Landshoff pomeron)

“Pomeron Physics and QCD”, Donnachie, Dosch, Landshoff, 
Nachtmann, CUP, 2002
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Central Exclusive Production (CEP)
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p (pa , λa) + p (pb , λb) → p (p1 , λ1) + f0 (k) + p (p2 , λ2),    λi = ±½

s

t1

t2

At high energies double pomeron exchange (DPE) is dominant production mechanism of resonances.

The Born amplitude is written in terms of the the effective pomeron-proton 
vertex function, pomeron propagator, and the pomeron-pomeron-f0 vertex:

s1

s2

IG = 0+

JPC = 0++

● To give the full physical amplitude we should include absorptive corrections to the Born amplitude:



  

CEP,   IP-IP-M couplings
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The Lagrangian for a scalar meson corresponding to (ℓ,S) = (0,0) is

M

The values of the coupling constants (g’, g’’, g’’’) are not known as they are of nonperturbative origin 
and have to be determined from experiment. In general more than one (ℓ,S) coupling term is needed 
for the description of experimental results.

The lowest (ℓ,S) term for a scalar meson JPC = 0++ is (0,0).

We consider the annihilation of two “pomeron particles” 
of spin 2 giving a meson M, in the rest system of M,

The ‘bare’ vertex obtained from              reads

In CEP reaction we must take into account that hadrons are extended objects → we introduce form factor

The ‘bare’ vertex for (ℓ,S) = (2,2) obtained from             is

For each value of (ℓ,S) we can construct a covariant Lagrangian density 
coupling the field operator for the meson χ to the pomeron fields IPμν.



  

CEP,   IP-IP-M couplings
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Example: f0(980)
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(l,S) terms:
sum
(0,0)
(2,2)

● for f0(980) both (ℓ,S) = (0,0) and (2,2) contributions are necessary 
and the same for f0(1500) and f0(1710), but for f0(1370) only (ℓ,S) = (0,0)

● at |t| → 0 the (2,2) component vanishes
● also theoretical predictions of dPt  seem to be qualitatively consistent with data

● at low energies (WA102) the socondary exchanges (f2-reggeon) 
may also play an important role

Our results and WA102 data (black points [1] and blue points [2]) have been normalised to the mean value of the total cross 
sections given in [3]. The WA102 data in panels (b) and (c) are obtained from [2] with the normalisation calculated in the 
model themselves for lack of experimental information.
[1] WA102 Collaboration, D. Barberis et al., PLB 462 (1999) 462; [2] PLB 467 (1999) 165; [3] A. Kirk, PLB 489 (2000) 29

(b) (c)

Example: f0(1710)

WA102 Collaboration observed that:
● there is an important qualitative difference in the ϕpp distribution:

→ f
0
(1370), f

2
(1270) and f’

2
(1525) peak as ϕpp → π

→ f0(980), f0(1500), f0(1710) peak at ϕpp → 0
● the “undisputed” qq states (i.e. η, η’, f

1
(1285), f

2
(1270), f’

2
(1525)) 

are suppressed when dPt  → 0,  whereas the states which could have a non-qq or a large 
‘gluonic component’ e.g. f0(1500), f0(1710), f2(1950), f2(2340) (potential glueballs) are prominent

(a)

 “glueball filter variable” F. Close

[PL, Nachtmann, Szczurek, Annals Phys. 344 (2014) 301; PRD98 (2018) 014001]
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STAR data JHEP 07 (2020) 178

with cuts on protons

pp → pp π+π-
PRELIMINARY



             Probing gluon saturation
 in heavy-ion collisions at forward rapidities
             Probing gluon saturation
 in heavy-ion collisions at forward rapidities

Georg Wolschin

Heidelberg University

Institut für Theoretische Physik

                    Philosophenweg 16

                    D-69120 Heidelberg

Georg Wolschin

Heidelberg University

Institut für Theoretische Physik

                    Philosophenweg 16

                    D-69120 Heidelberg
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TopicsTopics

1. Introduction 

2. Net-baryon transport (“stopping”) in heavy-ion collisions
        2.1  Nonequilibrium-statistical stopping model
        2.2  Energy and time dependence of net-baryon transport,
               Role of gluon saturation

3.   Limiting-fragmentation scaling in stopping?
        3.1  Scaling in baryon stopping: Limiting-fragmentation vs. geometric scaling
        3.2  Comparison with SPS and RHIC stopping data, 
               predictions at LHC energies

4.   Summary and Conclusion
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2. Net-baryon transport (“stopping”) in heavy-ion collisions

 Investigate the flow of valence quarks (with baryon number 1/3) by studying 
the time-dependence of net-baryon transport (“stopping“),

     primarily at forward rapidities

 I do not follow here possible traces of net baryon number in the gluon field 
through baryon junctions, which could also lead to baryon asymmetry, in 
the midrapidity region: See the talk of Chun Yuen Tsang

 Concentrate on the baryon number associated with the incoming valence 
quarks in the forward-rapidity region, and investigate its time-dependence 
from the initial Fermi gas towards the final color-glass condensate (CGC) 
stopping distribution

 Main model assumption: The net-baryon transport at forward rapidities / 
small scattering angles is dominated by interactions of valence quarks with 
soft gluons in the other nucleus

 This allows to study the effect of gluon saturation on the net-baryon 
distributions at forward rapidities (small scattering angles)

Net-proton rapidity distribution
for central Pb-Pb at 

Quarks connected to
a stopped junction 
are sea quarks
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More pronounced effect of gluon
saturation in stopping expected at 
LHC energies and forward rapidities,
but no data available yet:

l = - - 0, __ 0.15, … 0.3:

Stopping peak position depends
on the gluon saturation scale

Y. Mehtar-Tani, G. Wolschin, PRL 102, 182301 (2009)                

AGS Au-Au data (E917: 3.4, 3.9, 4.5 GeV; E802: 4.7 GeV)
SPS Pb-Pb data (NA49: 17.2 GeV)
RHIC Au-Au data (BRAHMS: 62.4 GeV)
RHIC Au-Au data (BRAHMS: 200 GeV)
LHC Pb-Pb prediction (√sNN=5.52 TeV)*

l= 0.3
__ 0.15
- - 0

for ybeam > 5

 Mean rapidity loss at the stopping-peak position:
Dependence on the gluon saturation-scale exponent l 

=> Net-baryon (proton) LHC data at
forward rapidity needed


