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The Large Hadron Collider at CERN

m The Large Hadron Collider
(LHC) complex

m Four main LHC experiments: ALICE, ATLAS, CMS, LHCb
m LHC data taking periods:

Run 1: 2009-2013, Run 2: 2015-2018, Run 3: 2022-2026,high-lumi Run 4: 2030-2033
m A very rich physics programme in pp, pA and AA collisions:

BSM searches, electro-weak physics, Higgs physics, Quark-Gluon plasma signatures

m Ongoing programme of Forward Physics: — Future of such Programme Run 5 (>2035)?
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The Large Hadron Collider (LHC) at CERN
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Hadron-hadron cross section and Regge trajectories

m QCD Lagrangian: Locp(qi, A) = g’ (iv*(

m Hadron-hadron cross section
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m Donnachie-Landshoff fits: our = X - s794% 4+ Y . s0-08
m Energy dependence of hadronic cross section from ISR to LHC energies well described by

Regge and Pomeron exchange

2 ‘1‘3 ' ;Ir* ' ‘ e .
pp total and elastic cross section

m W.Heisenberg, Z. Phys. 133 (1952), possibility of total cross section rising as /In?(s)
B Regge language: Diffractive reactions are Pomeron induced

Rainer Schicker n,n’ at the LHC

Sept 26, 2025 4 /19



Elastic scattering in hadronic collisions

Elastic scattering in hadronic collisions

m Elastic scattering cross section 92 at the LHC
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Fig. 7: (color) The pp differential elastic cross section do/dr of DS1 at /5 = 2.76 TeV.
m Elastic scattering measurements
» Goal: measure very small momentum transfer
» Needs beam with small divergence — largest possible §* (8* = S-function at IP)
» Very forward detectors as close to the beam as possible

Rainer Schicker n,n’ at the LHC Sept 26, 2025 5/19



Diffraction in hadronic collisions
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Difffraction in hadronic collisions

m Elastic p-p scattering can be by electromagnetic or by strong interaction

P electromagnetic interaction by photon exchange

» strong interaction by Pomeron exchange

> QCD Pomeron: multi-gluon color-singlet object, C-parity plus

» multi-gluon color-singlet object, C-parity minus — Odderon
C.Ewerz, The Odderon in QCD, arXiv:hep-ph/0306137

m Central production by Pomeron fusion

» fusion of two Pomerons

» gluon rich environment

» gold mine for searching for hybrids and exotica
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Diffraction in hadronic collisions
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Rapidity gap event topologies

elast. scattering single diff. diss. double diff. diss.

i
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central prod. central prod./single diss. central prod./double diss.
m Pomeron and Reggeons contribute to these topologies

m Pomerons and photons contribute differently in pp, pA and AA
m Single and double diffractive channels contribute 35-40 % to the total pp-cross section at

LHC energies, but are not well known
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EMMI workshop Heidelberg feb 17-21

Workshop of the EMMI Rapid Reaction Task Force on

‘Next Generation Facility for Forward Physics at the LHC"
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The following

hysics topics are discussed in dedicated sessions at this workshop

« Central production with tagging of protons in final state

+ Single and double diffractive dissociation in pp-collisions 1 1 1 i H H
2 St vt Attt Single diffractive dissociation
« Photon-proton cross seetion

Gl seturaton scole n hevy-ionrscins Central production with tagging of proton

+ Coulomb excitation and deexcitation in heavy-ion collisions

Organizers:

* Rainer Schicker; Heidelberg
» Antoni Szczurek, Krakow
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Diffraction in hadronic collisions
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Special £* run in 2023

2023 Nominal 2023 Special High-B run
STEITETLE [ Expenimens IR Pascal Hermes, EMMI workshop
ATLAS 0.3 ATLAS 3000/6000 .
Heidelberg, 18-20 oct 2023
ALICE 10 ALICE 10
CMS 0.3 CMS 3000/6000
LHCb 1.5 LHCb
m Question:

What are the prospects for a very forward physics programme in ALICE 37
What is the maximum g* for ALICE 3, while highest-lumi at ATLAS,CMS?

m Answer:
B* = 20m and 30m optics are feasible (Pascal Hermes, Sorina Popescu)
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Diffraction in hadronic collisions
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Single track acceptance

m Single track acceptance as function of t (Mandelstam t) and £ (long. momentum loss)

£*=10m
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Dip-Bump structure in Proton’s Single diffractive cross section

m The dip-bump structure seen in elastic hadron-hadron scattering is a universal feature
seen at the Intersection Storage Ring (ISR) to the LHC energies at CERN
m Does this dip-bump structure exist in single dissociation at LHC energies?
m L.Jenkovszky et al., arXiv:2406.01735
» nonlinear complex traj. (DAMA, Dual Amplitudes with Mandelstam Analyticity)
» double Pomeron and Odderon pole (dipole Pomeron/Odderon)
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Prospects for measuring exclusive n, " production at the LHC

m Lebiedowicz et al., arXiv:2506.04846, Central production of 1,7’ at the LHC
B The three particle final state p;pon’ represents a five-dimensional phase space,
for example t1, tr, ®1, 5, Y, (flat distribution in Y/, Mandelstam t)

m Distribution |¢|:
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n' decay

m Measure 7 by decay ' — 77771 (BR = 42 %)

m Dalitz decay parameters of ' — w7~ published by BESIII:
”Measurement of the matrix elements for the decays n/ — nntn~ and 1/ — nr°r
Phys.Rev.D 97, 012003 (2018)

m Decay distribution described by two variables X, Y: |[M(X, Y)[? = N(1+aY+bY?+dX?)
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m Five particles in final state: pa,pg, 7", 77,7

Measurement of pp — ppr 7

P two protons measured by very forward detectors
P two pions measured by tracking detectors at midrapidity
» 7 measured by measuring the two photons from 1 — v

m pp — pp1’(958) — pprtn—n (BR = 42%)
m pp — ppf(1285) — pprtm—n (BR = 35%)

Rainer Schicker
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Summary

m Very rich physics programme in forward and very forward measurements at the LHC
m Possibility for exploring new physics territories by tagging very forward scattered protons

m Work in progress for estimating needed detector position resolution for identifying
exclusive 7, 1" production

m Such very forward detectors also contribute very valuable information in p-Pb and
Pb-Pb collisions
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BACKUP
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Location of detectors for very forward measurements

strategy for proton tagging: Measure straight sections of tracks

ke

T e : 7 =
N 72 m \110 m 180 m /
DETECTOR 1: DETECTOR 2:
2-d pos., timing 2-d pos., timing
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Helicity amplitudes in pp elastic scattering

m 16 helicity amplitudes, 5 independent:

L] Utot(p, p) =

PR 120 (1960) 2250

<++|T|++> Goldberger et al.,
STHITIEC2 Buttimore et al., PR D18 (1978) 694;
SIZ|(T1Ix2 PR D59 (1999) 114010.
++|T|+—->
helicity tensor vector scalar
o1(s, t) non-flip 8s” 8s” 8 s’
¢2(s, t) | double-flip 10m2t 16m3t 25’t/m?
¢3(s, t) non-flip 8s” 8s’ 8 s
¢a(s, t) | double-flip -10m3t -16m3t -25’t/m?
#s(s,t) | single-flip | -8smpy/—t | -8smpy/—t | -4s2\/—t/m,
Table: s > m3, |¢|
‘R/S(%W Zsl’szl'm< 251,252|T|251,2S2 > |t:0
= Im[¢p1(s,0) + ¢3(s,0)]

_2\/5(5 4m32)

(Ewerz,Lebiedowicz,Nachtmann,Szczurek, PL B763 (2016)382.)

m 0w has no predictive power on scalar/vector/tensor nature of Pomeron
’
n,n’ at the LHC
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The vector Pomeron

m Problem with the vector Pomeron:

P (i) P(Ps,s;) PlPuse) Plps, 43)

@)

L = -

P(ﬂ, 5) PPy, %) P, £2) PPy, 4,
m The minus sign for amplitude pp versus pp is of same origin as in the case of eTe™ versus
e~ e scattering in the one photon exchange approximation (vector exchange has C=-1).
m Opt. theorem: 0, =3m A(t=0), — o:(p, p)"V=-o:(p, p)""
m Vector Pomeron not a viable option, we are left with scalar and tensor Pomeron, both
corresponding to C=+1 exchanges.
m Vector Pomeron does not contribute to real Compton scattering amplitude

— doesn't contribute to total photoabsorption cross section
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