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ALICE 3

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

ALICE 3 overview
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Figure 2: Longitudinal cross section of the ALICE 3 detector: The MAPS-based tracker is com-
plemented by PID detectors (inner and outer TOF, RICH), all of which are housed in the field from
a superconducting magnet system. In addition, the electromagnetic calorimeter (ECal), the muon
identifier, and the Forward Conversion Tracker (FCT) are shown.

tracking central barrel: |n| < 1.75, forward 1.75 < |n| < 4
PID: /K /p separation up to a few GeV/c
Lop =30x10%2 cm™2s7!,  Rpax =24 MHz, =12
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Scientific topics: Organizers:

* Proton-proton elastic and inelastic scattering Alexandra Holten (secretary)
* Single and double diffractive proton dissociaton Piotr Lebiedowicz (co-chair)
« Exclusive production of dileptons, W*W - and t pairs in pp collisions Rainer Schicker (co-chair)

e Exclusive production of dileptons and c¢ pairs in pA collisions Martin Volkl

* Diffractive bremsstrahlung

* Soft photon production

* Gamma-proton cross section

¢ Vector meson photoproduction

* Gluon saturation in heavy-ion collisions

Information: Website: More about EMMI:
www.gsi.de/emmi/workshops indico.cern.ch/event/1327118 www.gsi.de/emmi
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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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Perspective for ALICE

nBN_%fr'EV’Y Ia

L= dmepn 5*

 ATLAS & CMS: high luminosity experiments

* Main operational mode with squeezed beams (lowest possible 3*)

* Very limited beam time available with large (3* to exploit forward detectors
e ALICE luminosity is levelled: no need for small *

* If forward detectors were installed could operate nominally at larger (3*

* What optics and 3* could be envisaged?

High B*-optics for ALICE | P. Hermes
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Optics constraints

Largest possible 3* 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 = klk _ < 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 n/2

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

Aperture constraints must be respected

High B*-optics for ALICE | P. Hermes




Evolution with emittance (2013 study, LHC)
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Evolution with beta (2013 study, LHC)
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Dip-bump structures in pp elastic scattering
and single diffractive dissociation
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Elastic pp scattering and single diffractive dissociation
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Leading order Pomeron exchange graph contributing to
pp elastic scattering and to pp single diffractive dissociation
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Schematic rapidity distribution of outgoing particles in
pp elastic scattering and in pp single diffractive dissociation
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Elastic pp do,)/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)
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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 & DO Collabs., Phys. Rev. Lett. 127:6, 062003
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the position of the dip and the bump moves to
lower |t| values as the CM energy increases

observed in the |t|range measured up to now

no secondary dip-bump structures are




. L. L. Jenkovszky and A. N. Wall, Czech. J. Phys. B26, 447 (1976)
DI po I S Regge m Od el L. L. Jenkovszky, Fortsch. Phys.34, 791 (1986)

= basic assumptions:

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

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

= the partial wave amplitude is obtained as a derivative of a simple pole:
d [ BG) | __ BU)
da(t) | —a@®)| [j—a@®]?

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

a;(t) = a(j,t) =

APP(s o) = L AP (s, @) = e~ 3" <i> [G’(a) + (L _ i—”) G(a)]
da So 2

_ina s\” s
ASP(s,a) = e 2 G(a) (—) a = a(t) L=Iln—
So So




Dipole Regge model

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

0

_ina
APP(s, ) =e "2 [—

S) !G’(a) + (L _ i—”) G(a)]
S 2

motivated by the shape of the diffraction cone (exponential decrease), the

paramterization of G'(«) is:

G'(a) = aePle—1l

G () is obtained by by integrating G'(«) :

bla—1]
G(a) = jG’(a)da = a(e : — y)

b

introducing that € = yb the amplitude can be rewritten as:

APP(s,t) =1

als o (t=0) i
—5-(a(t=0)—
b(s(,)

D [@ (s)eri®la®-1] _ ¢ 12(5)er3 (s)[a(t)—l]]

r(s) =b+ L(s) —in/2

r3(s) = L(s) —imn/2




Model for elastic pp and pp scattering amplitude

A(s, )PP = ABP(s, 1) + AT (s,0) £ [ABP (s, ©) + ASP (5, )]

= the dipole pomeron and odderon amplitudes are:

ARP(s ) = e~ 5 (i) [Gf)(t>+(Lp<s)—i§) Gp<t>] ABP (s, t) = —iABP (s, )

Sop

(with free parameters

Gp(t) = apelPld®=1 || Gp(t) = ap(ebp[ap(t)_l]/bp — YP)

labeled by "0")
Lp(s) = In— ap(t) = 1+ 6p + abt
oP
= the simple pole f and w reggeon amplitudes are:
mocf(t) :
Af(s, t) = ase (s/s0) %D elit Ay(st) =iAg (s, t)

(with free parameters

ar(V) = af +at labeled by "w")
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do,;/dt with P and O contribution, p and g, w/o O

do_/dt [mb/GeV?]

the odderon contribution takes over

completely after the bump but at low-|t]
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do,;/dt with P and O contribution, p and g, w/o O

do_/dt [mb/GeV?]

the odderon contribution takes over
completely after the bump but at low-|t]
the odderon contribution is small
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Dip-bump structures in single diffractive dissociation?

= 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

M.G. Albrow et al., Nucl. Phys. B72, 376 (1974)

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
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t dependence of the SD process at 8 TeV
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Exclusive soft reactions
In high-energy proton-proton collisions

. . : THE HENRYK NIEWODNICZANSKI
Piotr LEb'edO)N'CZ iﬁ INSTITUTE OF NUCLEAR PHYSICS
IF) PAN, Krakow, Poland JJj POLISH ACADEMY OF SCIENCES

iIn collaboration with Otto Nachtmann (Univ. Heidelberq)
and Antoni Szczurek (IFJ PAN)

EMMI Workshop, Forward Physics in ALICE 3
18-20 Oct 2023, Phys. Institute, University Heidelberg, Germany
https://indico.cern.ch/event/1327118/



Pomeron: tensor vs vector

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

Ewerz, Maniatis, Nachtmann,

ppa) o p) p’/ p
S . P P
DRI SN PSS I
p(ps) ~ plp2) t "\
A P P | Ann. Phys. 342 (2014) 31
A (P 1 N (£)—
ZALV),FLA(Svt) ~ Us (glmgv)\ + Gurgvr — §g/~wgm>\) (—isap) Pt
(Ppp) (.. . 1 / / 1 /
L (0 p) = =i3Bepp () § 5 [Yu(P" + P + 7 (P + P)ul = 19 (P + §)

P trajectory : ap(t) =

Fi(t) : form factor
ap : scale parameter,

Bppp : coupling parameter,

ap(0) + apt

1

&p = 0.25 GeV 2

Bepp = 1.87 GeV ™1

“Pomeron Physics and QCD”, Donnachie, Dosch, Landshoff,

Nachtmann, CUP, 2002

do/dt (mb/GeV?)

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

. ] ()
Bt (o:8) = g (—isdp) ™0
iTGVEP) (', p) = —i3Bppp Fi1 (t) Moy,

M() =1 GeV

ap(0) =1+ ep ~ 1.08 — 1.09
op = 0.25 GeV 2

L L
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Central Exclusive Production (CEP)

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

t: p(p) P (Pa,Aa) +p(Po,Ao) = p(p1, M)+ folk) +p(pz2,A2), A= %%
! = The Born amplitude is written in terms of the the effective pomeron-proton
G- - fo (B)- vertex function, pomeron propagator, and the pomeron-pomeron-f, vertex:

6 — O+ N .
j JPc= 0++ 52 M§:§2%A1>\2f0 = (—d)u(pr, Al)zFLﬁﬁp) (P1, Pa)u(Pas Aa)
p(p2) w i AUP) pivi,on By (517t1)iF(IPJPfo) (q17q2>iA(IP) o B2, 122 (827t2)

a1 81,0282

X’L_L(pQ, )\Q)erffygp) (p27pb)u(pba >\b)

g1 =Pa —P1, G2=Dppb—Dp2, k=q +q

ti=qi, t2=q5, m; =k

8 = (Pa +pb)2 = (p1 +p2 + k)2 , c.m. energy squared
s1 = (p1 + k)Q, so = (p2 + k)2

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

P Ui’l_] M . :MBorn _|_Mpp—rescattering
pp—ppfo

pp—pp fo pp—ppfo
Mpp—rescattering — — . 1 dQE MBorn 5 E R ]g
TR f() pp—pp fo (8’p1J"p2J-) o 8725 L Vpp—ppfo (S7p1J_ — R1,p21 + J_)
IP—exchange 7.2
XMpp_>pp (S, _kJ_)

p(p,) Where k| is the transverse momentum carried around the loop



CEP, IP-IP-M couplings

We consider the annihilation of two “pomeron particles”

1 H H " P o . f
of spin 2 giving a meson M, in the rest system of M, parity of meson

[ — orbital angular momentum
S — total IPIP spin, we have S € {0,1,2,3,4}
J — total angular momentum (spin of produced meson)

and Bose symmetry requires [ — S to be even

q M —q L S|I-5<J<I+S ]| P=(-1)
P NANANAAN, P 0[0]0 =
2|2
. _ . 4|4
For each value of (£,S) we can construct a covariant Lagrangian density 110,12 _
coupling the field operator for the meson x to the pomeron fields IP,,. 312 3,4
202 +
The lowest (£,S) term for a scalar meson J*© = 0+* is (0,0). 210,1,2,3.4
The Lagrangian for a scalar meson corresponding to (£,S) = (0,0) is . ‘11 3’2’375’6
/HDPM<x) — MO g/ﬂDﬂDM PMV ('CU)P'UJV ('CC)X(‘/E) 3 7172a37475a6
with My =1 GeV, and ¢gjpp,, the dimensionless coupling constant. ! g 33 456 *
) , , 410,1,2,3,4,5,6,7,8
P The ‘bare’ vertex obtained from L5 5,, reads 511 456 -
w (PP . 1 2.3,4
(}}‘ _A,_ ZF/L(V,FL/\fO) — @g}P]PfOMO (gumgu)\ + Ju vk — 2guvg/<a)\> 6 g 6’3’ 15,6,7,8 n
0 - Jo 2 | 4,5,6,7,8
e 4| 2.34,5,6,7,89,10
‘“rlpm The ‘bare’ vertex for (£,S) = (2,2) obtained from L', is
1/
(PP 9pp
ZFM(V,,.;)\ fO)<Q17 Q2) =1 ZM(:CO [Q1I£QQ,UJ9V>\ + d1x9209Gu + qixq2u9vk + Qi 92v9urx — 2(611 ’ Q2)(g;m9u>\ + gl/:‘ig,LL)\)]

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

L0 (g1, q0) = (iF’(P]Pf o) 1 ir P (g1, ga) + I (g, 612)) Fprpy, (47,45, k)

JZNDN JIZN DN UV KA JIZ PN

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 (£,S) coupling term is needed

for the description of experimental results.




CEP, IP-IP-M couplings i

WA102 Collaboration observed that:
» there is an important qualitative difference in the ¢, distribution: P2l

- f,(1370), £,(1270) and f',(1525) peak as ¢y~ 1t

- 10(980), fo(1500), fo(1710) peak at ¢p,— 0
- the “undisputed” qq states (i.e. n, n’, f,(1285), f,(1270), f',(1525))

“glueball filter variable” F. Close
dP, = |dP;| = |11 — Gou| = |P2r — P11

are suppressed when dP: -» 0, whereas the states which could have a non-gqg or a large
‘gluonic component’ e.g. fo(1500), f(1710), f2(1950), -(2340) (potential glueballs) are prominent

Example: fo(980) [PL, Nachtmann, Szczurek, Annals Phys. 344 (2014) 301; PRD98 (2018) 014001]

(a) (b) (C) A1025 I L B BN
= 2r L 1 = I 2 0.57 — T > r pp — pp f (980) ]
£l pp - pp f0(980) s pp Sop f (980) 18 fmpo op f (980) CGD) via IP,IP;.- ? fusion 1

o L via IPyIP, - fusion] = [ via IP.IJPT fusion] ~ r viaIP. IPT fusion 1 >~ Is = 29 1 G v 1
o | % (s =201 Gev & o3k (=201Gev 1 & g4 5= 29.1 Gev a ¥ ©
S 15 WAL02 data s b WA102 data £ 7 WAI102 data 1 =2 WA102 data
) ) B F It, 6,1 <0.01 GeV*{ [ It,t,l 20.08 GeV* ] = 10f -
= S o6k 1 ° oaf 1.89=@22] S |

| : 3

o
IS
T
|

031 F (1,S) terms:

A
3]
3}
&
(=]
[3*]
T
—
|3
[3*]
b
[ -
PR N N R R

: L 00)
R T TN (S T O - 22) ‘\
O (08) O (0e0) By (de8) 0T e s
Example fo(1710) It (GeV?)
2 womimw e |+ for 7(980) both (£,S) = (0,0) and (2,2) contributions are necessary
SFoos] W“O“m"}iij‘l;i)t{ and the same for f,(1500) and f,(1710), but for f,(1370) only (£,S) = (0,0)
B —— (1,S)=(0,0) |

- at |t| » 0 the (2,2) component vanishes
» also theoretical predictions of dP: seem to be qualitatively consistent with data

o 1.8)=(2.2) {
0.06~

0.04~

0.02[~

« at low energies (WA102) the socondary exchanges (f2-reggeon)

e may also play an important role
0, (deg)

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. 8
[1] WA102 Collaboration, D. Barberis et al., PLB 462 (1999) 462; [2] PLB 467 (1999) 165; [3] A. Kirk, PLB 489 (2000) 29
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2. Net-baryon transport (“stopping”) in heavy-ion collisions

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

160} primarily at forward rapidities

120 |

| 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

dNp_s/dy

8o |

40 | :
’ Concentrate on the baryon number associated with the incoming valence el

ks in the forward-rapidity region, and investigate its time-dependence Quarks cannected to
quarks in the d-rapidity region, a g P a stopped junction
from the initial Fermi gas towards the final color-glass condensate (CGC) are sea quarks

stopping distribution

Net-proton rapidity distribution

f | Pb-Pb . . -
or centra & » 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)
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More pronounced effect of gluon
saturation in stopping expected at
LHC energies and forward rapidities,
but no data available yet:

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

100 Porpp 5.52 TeV

80

60

dN/dy

40

T

20

T

0 | L 2 N | - |
10 -8 -6 -4 2

A=--0,-0.15, -+ 0.3: Yecom

Stopping peak position depends (8y) = A
on the gluon saturation scale L
Y. Mehtar-Tani, G. Wolschin, PRL 102, 182301 (2009)

Ybeam + const. for Ybeam >5

AVAGS Au-Au data (E917: 3.4, 3.9, 4.5 GeV; E802: 4.7 GeV)

M SPS Pb-Pb data (NA49: 17.2 GeV)
=> Net-baryon (proton) LHC data at @ RHIC Au-Au data (BRAHMS: 62.4 GeV)
forward rapidity needed @ RHIC Au-Au data (BRAHMS: 200 GeV)

+%LHC Pb-Pb prediction (Vs,,=5.52 TeV) 12



