
Why measure the pp cross section and its related challenges

16th June, 2024

Elisa Sanzani – University and INFN Bologna 



A bit of context…
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àAll these processes account for ~60%
of the total pp cross section…what about the rest?

Ø Low pT diffractive processes (el. scattering, 
single/double diffractive dissociation)

Ø Very forward processes à need specialized 
detectors! 

Typical measurements at LHC
Ø SM processes (EW, QCD)
Ø New physics (SUSY, Exotics, DM,…)

Why is forward physics important?
ü Cross section not-calculable from pQCD à experimental approach needed!
ü Crucial for Monte Carlo simulations especially at high pile-up
ü We can have predictive power for high energy scales à cosmic ray physics and FCC!



Measuring 𝜎TOT and 𝜌
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At ATLAS, we can measure σTOT via elastic scattering

Optical 
theorem

σtot = 4πIm[fel(t → 0)]
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2
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dσel
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∣

∣
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and

à Measure the differential elastic cross section à get 𝜌 and 𝜎TOT
à Different beam conditions and 𝑠 values allow to investigate 

different regions of the 𝜎!" spectrum 

Already 3 measurements 
published and 2 more 

are ongoing!

Who performs these measurements?
ALFA à designed to measure small-angle proton scattering
LUCID + Inner Detector à provide luminosity to normalize 𝜎el



ALFA
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LUCID

Two tracking stations in vertical Roman Pots  

Ø Measure Cherenkov light 
produced on PMT quartz 
window

Ø Gain monitoring system with 
207Bi

16 PMTs for each side of 
ATLAS (A and C) at 17m 

from IP 

Single PMTs act as independent detectors 
or be combined in global algorithms

layers of staggered 
scintillating fibers

à detection of protons at |𝜂|> 8.5 

L =
µvisnbfr

σvis from vdM
scans

machine 
parameters, 
knownmeasured



The total cross-section for FCC
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• 𝜎#$# cannot grow faster than 𝑙𝑛%(𝑠) (Froissart-Martin 
bound)

• 𝜌 at a given energy becomes sensitive to the energy 
evolution of 𝜎#$# beyond that energy (given dispersion 
relations)

à We can be sensitive to 𝝈𝒕𝒐𝒕 at the FCC expected 𝒔!



The total cross-section for FCC
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BUT

• 𝜎#$# cannot grow faster than 𝑙𝑛%(𝑠) (Froissart-Martin 
bound)

• 𝜌 at a given energy becomes sensitive to the energy 
evolution of 𝜎#$# beyond that energy (given dispersion 
relations)

à We can be sensitive to 𝝈𝒕𝒐𝒕 at the FCC expected 𝒔!



The total cross-section for FCC
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Two recent measurements of 𝝆 (by TOTEM and 
ATLAS) do not agree with predictions from dispersion 

relation using the 𝑙𝑛%(𝑠) parametrisations 

BUT

𝜌

à We need to understand what is the cause of this ~3𝜎 (!) discrepancy 

• 𝜎#$# cannot grow faster than 𝑙𝑛%(𝑠) (Froissart-Martin 
bound)

• 𝜌 at a given energy becomes sensitive to the energy 
evolution of 𝜎#$# beyond that energy (given dispersion 
relations)

à We can be sensitive to 𝝈𝒕𝒐𝒕 at the FCC expected 𝒔!



Understanding the discrepancy: 900 GeV ATLAS/ALFA runs
1)  𝜎#$# grows slower than predictions at energies beyond LHC 
2)  Possible existence of the Odderon (𝐶𝑃 =− − state of 3 gluons) 

à Considering these two scenarios 𝜎#$# at FCC energies will lie in the range 130 -155 mb
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How can we discern between these two cases?

An interesting measurement can be performed by ALFA at 𝒔 = 𝟗𝟎𝟎 GeV

If the explanation is 1) à no influence on the 𝜌 value at 𝑠 = 900
GeV and data would then agree with prediction

If the explanation is 2) à it could affect 𝜌	at this energy and the 
𝜌 measurement will be at tension wrt prediction

The smallest possible uncertainty on 𝝆 and 𝝈𝒕𝒐𝒕 is needed
à A major – often the major – contribution to the systematic 

uncertainty has been the luminosity uncertainty

❓

See Ref. 3

𝜌



Luminosity measurement in ALFA runs 
14 runs at low-luminosity and high-β* (100m vs ~25cm in usual physics runs) done in 2018 at 𝑠 = 900 GeV
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Approach to luminosity measurement in ALFA runs

1. Measure the background-subtracted absolute luminosity (or 
𝜇), with various LUCID algorithms, calibrated in vdM scans

2. Compare different detectors and algorithms to account for:
• Background subtraction uncertainty
• Stability and algorithms compatibility

Background subtraction 
• Constant rate from 207Bi activity
• Afterglow from nuclear de-excitation after collisions

+ Single-beam (beam-gas) interactions
⇨ To be carefully evaluated using unpaired (non-colliding, filled) 

bunches

µ = µvisσtot/σvis



Luminosity measurement at 900 GeV 
Ø Ad-hoc van der Meer scans were needed to provide absolute luminosity calibration à very challenging analysis
Ø Accurate evaluation of background, whose magnitude can compete with signal
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Ø Relative algorithms stability 
is compared à input on 
the systematic uncertainty

Ø Track Counting luminosity 
data also considered
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Luminosity measurement at 900 GeV
Difficult evaluation of the single-beam background due to the low-luminosity and different beam 

currents in the filled colliding vs unpaired bunches
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L = 1437.58± 0.65stat µb
−1

Many methods have been tested and developed
•Observe the data looking for clear indications of beam-gas bkg
•Use the nominally empty bunches and compare them with the unpaired ones
•Use the LUCID AND algorithm: a logic AND between the two sides of LUCID 

allows to cut down on background and obtain a background free algorithm

Source Sys. Uncertainty (%)

Stability (LUCID EVENTAND BI) 1.50
vdM Calibration 1.85
Beam Gas 0.74

TOTAL 2.49

RESULTS (WORK IN PROGRESS!)

Integrated luminosity and its statistical uncertainty

Systematic uncertainty à

WORK IN PROGRESS!



Conclusion
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• 𝜎#$# is a pivotal parameter for hadron colliders
• There are open questions regarding 𝜎#$# evolution, which can result from new physics

ATLAS and ALFA have an ongoing measurement at 𝒔 = 𝟗𝟎𝟎 GeV in order to constrain 𝜎#$# and 𝜌
evolution à their measurement aims to discern between two alternative explanations of the 

disagreement of the 𝝆 measurement of TOTEM and ATLAS at 13 TeV wrt the expected evolution 

The luminosity uncertainty could be the determining factor of this measurement’s discriminating power 
à precise estimate required

Ø Very challenging beam-conditions affect the luminosity uncertainty evaluation à in-depth beam 
gas study was required and the use of less-used LUCID algorithms

Ø Currently the luminosity measurement is waiting for approval and the final uncertainty is expected 
to be of the order of 2.5% total luminosity uncertainty

STAY TUNED! J
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BACKUP
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More about dispersion relations

17/06/24 E. Sanzani - Erice 2024 15



Rho measurement
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Elastic scattering
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Disp. Rel in elastic scattering
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Predictions at FCC: slowing of sigmaTOT

17/06/24 E. Sanzani - Erice 2024 19



Predictions at FCC: odderon
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Analysis di ALFA
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differential elastic cross section 

fC Coulomb amplitude 
fN purely strongly interacting amplitude
G electric form factor of the proton 
B nuclear slope 

ß Coulomb interaction 

ß Coulomb–nuclear 
interference 

ß  Hadronic interaction 

We can then write



LUMINOSITY in ATLAS
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µ = average number of inelastic interactions per bunch crossing

nb = bunch pairs colliding per revolution

fr = revolution frequency

LAr (ECAL and FCAL) ➜
read out LAr gap HV 
currents, O(1)s integration 
time

LUCID II➜ ATLAS reference luminometer
Ø Only one which provides absolute 

luminosity measurement à vdM
calibration

Ø Can provide online and offline lumi, both 
per-bunch and integrated, for any 𝜇 range

BCM ➜ only for low (𝜇) and HI runs     TPX ➜ for radiation monitoring
Z-counting ➜ Cross-check of baseline luminosity vs time and 𝜇 

Tile➜ lumi∝ PMT current, 
integrates over O(10) ms 

ID➜ lumi∝ #tracks, 
can provide per-bunch 
lumi

L =
R
σ
=

µnbfr
σ

=
µvisnbfr

σvis

µvis = ϵµ

σvis = ϵσ

Except LUCID, in ALFA runs only tracks are available! 


