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Forward Physics at LHC 

•  What is “Forward Physics at LHC” 

•  The need for coordination: the Yellow Report on 

“LHC Forward Physics”  

•  The total proton-proton cross section 

•  Soft and Hard diffraction 

•  Central Exclusive production 

•  New Physics 

The Yellow Report community 
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What is “Forward Physics” at LHC 

Forward physics includes a wide range of topics, and different 

experimental techniques. 

 

The most obvious measurement is the  total cross section and it’s 

components. 

 

Particle Multiplicity, dN/dη, Particle correlations are performed at 

low luminosity using detectors that covers rapidity < 3 

 

Soft diffraction, Hard Diffraction, and Exclusive production use 

higher rapidity detectors, and possibly proton tagging. 
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Let’s set the scale 

The total cross section 
is dominated by soft 
processes. 
 
If you were to eliminate 
every  process below 
the first line (even the 
Higgs) the value of the 
total cross section 
would be the same 

100 mb 

If R1= R2 = 10-13 cm (one fermi)  
!  s ~ 10-25 cm2 = 100 mb 
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A common origin… 
The  Elastic, Soft diffraction, Hard Diffraction, and Central Exclusive  

production have in common the exchange of a color neutral object 

between the incoming particles: 

 
p p 

p 
p 

p 

p p 

p p p 
p 

Elastic Soft Diffraction 

Hard Diffraction Central Exclusive Production 

p 

p p 
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What is exchanged? 
The most obvious configuration is the exchange of a 2-gluon state, 

but it can get very complicated… 

 

p p 

p 

Elastic 

p 

As these gluons are soft, calculations 

use various parameterizations as 

pQCD cannot be used.  

The exchanged colorless object takes 

the generic name of Pomeron 

 

5 
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The return of the Pomeron 
The word “pomeron” was very fashionable in the seventies, then it 

almost disappeared due to the lack of people able to do the 

appropriate calculations.  

It had a revival with the HERA data, and it’s still going pretty well 

 

 Number of paper with the word 

pomeron in the title 
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Experimental signatures: rapidity gaps 

If somebody says “pomeron” you should think “rapidity gap” 

In QCD fragmentation, rapidity gaps 

between two adjacent particles are 

exponentially suppressed: 

p(Δη)∝ e−Δη

In pomeron exchange, rapidity gaps 

between two adjacent particles are 

not exponentially suppressed: 

p(Δη)∝ const
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Where is the rapidity gap at LHC? 

Total LHC pseudorapidity interval: 

       Δη ~ ln (s/mp
2) ~ 20 

 

Assume a diffractive mass Mx ~ 500 GeV 

Δη ~ ln (Mx
2/mp

2) ~ 12 

 

The rapidity gap, Δη ~ 3-4, is very forward, 

 outside the  

CMS-ATLAS 

acceptance Δη ~ 10 

 

Not really usable!!  

-10       -6                   0                 6       10 

CMS-ATLAS 
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Experimental signatures: protons in the final state 

If somebody says “pomeron” you should think “proton(s) in the final state” 

As the pomeron is a color singlet, the proton does not fragment, and 

it retains a large fraction of the initial energy. 

It has high momentum and low pt, so it travels along side of the 

accelerator beam 

 

p 

p p 

Exclusive Central Production 

p 

Final state 
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How to catch a forward proton 

-  Use the beam magnet as a spectrometer, to bend away the 

slightly slower protons 

-  Insert your detectors inside the beam pipe, using a clever 

device called “roman pot”, at a ~ 2 cm from the beam   

-  In the pot, measure position 

(pixel detectors) and timing 

(Cherenkov radiators) 
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CT-PPS (CMS) AFP (ATLAS): High tech detectors 
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CT-PPS (CMS) AFP (ATLAS): High tech detectors 
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Why do we need timing? 
Pileup! At each bunch crossing, there are many interactions (~ 50) 

A precision of ~ 10 ps is needed in the detection of the leading proton to 

associate the proton to the correct vertex using “z-by-timing” 

proton 

2 pots for Timing 2 pots for Tracking 

~5 cm 
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What is the mass coverage of the CT-PPS/AFP? 
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Detectors coverage 
The goal of detector coverage is therefore to detect: 

•  Leading protons 

•  Rapidity gaps  

•  Particle production  

•  Identification of specific final state 
C

T-
PP

S 

C
T-

PP
S 
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The Yellow  Report 

•  Large community (>100), dispersed on several experiments. 

•  Lack of a  “Nobel prize” measurement to be used as PR weapon 

•  Very small weight in the LHC decision process 

! Need coordination into a single voice 

 

 

Main problem: data collected at high luminosity (~ 50 interactions 

per bunch crossing) cannot be used for forward physics, there are 

too many overlapping events 

 

Basic request to LHC: enough time at reduced beam intensity to 

collect enough luminosity for forward physics studies. 

 

5-10 days of running at low luminosity are necessary 
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The Yellow  Report - I 
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The Yellow  Report - II 
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The Yellow  Report - III 
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The Total cross section 
The cross section between composite particles has a much more 
complex dependence from the center-of-mass energy, and it’s not 
calculable.  

 

 

  
Let’s consider a proton.  
It contains: 
-  valence quarks 
-  sea quarks 
-  gluons 

These define the  particle to be a 
proton 

Mostly SU(3) color symmetric, common 
to protons and anti-protons  (almost 
true..) 

What part is controlling the total cross section? 
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The pp and ppbar cross section 

At low energy σ is different: è 
valence quarks need to be 
important here 

At high energy s  is the same: !  
sea quarks  and gluons can 
contribute 
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Pre-LHC situation 

Three large families of parametrization: 
 
σTOT(s)  = c + a s-0.5 +  b s0.08   
 

σTOT(s)  = c + a s-0.5 + g ln2(s)  
(most favorite COMPETE prediction) 
 

σTOT(s)  = c + a s-0.5 +  b ln(s) + g ln2(s)  
 
 

To infinity 

Pomeron 
 increase 

Reggeon 
decrease 

QCD: exchange of 
valence quark 

QCD: exchange of 
sea quark and 
gluons, glueballs.. 
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Post-LHC situation 

Very remarkable precision 
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The rise of the gluons 
As measured at HERA, the gluon PDFs experience a very strong 
rise as the energy increases. 

If the pomeron is related to “gluons”, it’s reasonable to assume a 
modification of the pomeron term, adding a “hard pomeron”. 

the cross section  starts rising more rapidly at higher energy. 

 

 

 

σTOT(s)  =  α s-0.5 +  β s0.067 + γ s0.45  

(2 simple poles) 

How much this rise will be at s ~14TeV 

is the key question for this year!  
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Montecarlo Models  

QGSJET 01,  
QGSJET II  
SIBYLL 
PHOJET 
EPOS  

Soft QCD 

Hard QCD 

RFT based 
 models 

pQCD 
based  
models 

PYTHIA 
HERWIG 
SHERPA 

Extended to 

Extended to 

σTot ,  σEl,  σInel,  σSD,  σDD  
 ~ Λ QCD 
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What is σtot made of? 

Elastic: two-particle final state, very low pt, at very high rapidity.   

 ! Very difficult, needs dedicated detectors near the beam 

Diffractive: Single, Double, Central diffractions, gaps everywhere.  

 ! Quite difficult, some events have very small mass, difficult to 
 distinguish diffraction from standard QCD, needs dedicated detectors 
 near the beam 

Everything else: jets, multi-particles, Higgs…. 

 ! Easy 

TOTAL cross section means 
measuring everything… 
 
We need to measure every 
kind of events, in the full 
rapidity range: 
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Diffractive scattering at LHC 

p p 

p 
p 

p 

p p 

p p p 
p 

Elastic Soft Diffraction 

Hard Diffraction Central Exclusive Production 

p 

p p 

Very difficult to tag diffraction using rapidity gaps:  

•  The gap is outside the detector coverage 

•  Pile-up events destroy the gap 

•  Gap-survival probability is low 

! Need to measure the protons in the final state 
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Case Study: Single Pomeron with Jets, Z, W 

Main Goal:  

Gluon structure function 

Tagging technique: gap + proton 
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Case Study: Double Pomeron Exchange (DPE) 

Main Goal:  

Gluon structure function 

Tagging technique: proton + proton 
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Case Study: DPE with Jet-Gap-jet 
Main Goal:  BFKL evolution between the 

hard scale set by the two jets 

Tagging technique: proton + gap + proton 
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Central Exclusive Production (CPE) 

Mx 

CPE is a particularly interesting reaction as its kinematics are over 

constrained.  

Mx can be determined either by: 

•  The central detectors 

•  The momentum of the two scattered  

 protons 

Mass acceptance of  the two forward protons 

Mass [GeV] 
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Central Exclusive Production (CPE) 

Mx 

CPE is a particularly interesting reaction as its kinematics are over 

constrained.  

Mx can be determined either by: 

•  The central detectors 

•  The momentum of the two scattered  

 protons 

Mass acceptance of  the two forward protons 

Mass [GeV] 



33 N
ic

o
lo

 C
a

rt
ig

lia
, I

N
FN

, T
o

rin
o

, C
o

rt
o

n
a

, 2
0 

A
p

ril
 2

01
5 

CPE: γγ !WW 

Mx 

Possibility of measuring quartic gauge 

coupling: γγWW

Standard Model:   σ(γγWW) = 95.6 fb, 
 

Very good place to look for 

anomalous coupling!
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CPE: γγ ! γγ

Mx 

Possibility of measuring quartic gauge 

coupling: γγγγ

Additional diagrams from 

exotic possibilities

γγγγ couplings can be modified in a 
model independent way by loops 
of heavy charge particles 
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Conclusions

The LHC restart opens an exciting period of new physics 

 

The installation of forward detectors will lead to 

unprecedented possibility in the understanding of forward 

physics:  

Better understanding the Pomeron structure in terms of quarks 

and gluon, universality of Pomeron, jet gap jets, search for 

extra-dimensions in the universe via anomalous couplings 

between γ, W, Z, for magnetic monopoles...  

 


