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• Total cross section at LHC 
σ(pp → anything) ~ 0.1 barn

• So a 1 pb Higgs cross section 
corresponds to one being produced
every 1011 interactions! 
(further reduced by BR × efficiency)

• Experiments have to be designed so 
that they can separate such a rare 
signal process from the background

• Rate = L • σ
where luminosity L (units cm-2s-1) is a 
measure of how intense the beams are
LHC design luminosity = 1034 cm-2s-1



◦PLAN:

◦The “break” B(t) and proton’s atmosphere;
◦The forward slope B(s);
◦The real part (or phase) at all t;
◦Dip-bump (crucial!);
◦Conclusions, problems.

◦
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1. On-shell (hadronic) reactions (s,t, Q^2=m^2);
t ßà b transformation dictionary:



α(0)\C + -
1 P O

1/2 f ω

NB: The S-matrix theory (including Regge pole) is applicable to asymptotically 
free states only (not to quarks and gluons)! 

Ahogy most a modellünket
használjuk, a kapcsolat O=-i*P 
(nem O=i*P, mivel a pomeronban
van egy "i" szorzó, addig az
odderonban nincs; tehát ahhoz, 
hogy eltüntessük azt az "i" szorzót az
odderon esetén a pomeront "-i"-vel
kell megszorozni) és omega=i*f. 
Tehát ezek az i szorzók elméletileg
egyfajta normalizációnak vehetőek? 



A simple ‘handle” (tool): DP (reproduces itself against unitarity corrections)
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“Break” 

R(t) calculated for low-|t| 8 TeV data.

𝑅 𝑡 =
𝑑𝜎(𝑡)/𝑑𝑡 − 𝑟𝑒𝑓

𝑟𝑒𝑓

𝑟𝑒𝑓 = 𝐴𝑒./

Local slopes B(t) calculated for low-|t| ISR 
data.

𝐵 𝑠, 𝑡 =
𝑑
𝑑𝑡 𝑙𝑛

𝑑𝜎(𝑠,𝑡)
𝑑𝑡

arXiv:1410.4106
arXiv:1503.08111G. Barbiellini et al., Phys. Lett. B 39 (1972) 663







Fitted 𝑝𝑝 and 𝑝𝑝̅ elastic slope.
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New elastic slope measurements

TOTEM 
preliminary
2.76 TeV

The elastic slope data with 
preliminary TOTEM results.

	𝐵 𝑠 =
𝑑
𝑑𝑡 𝑙𝑛

𝑑𝜎
𝑑𝑡 (𝑠, 𝑡) 	8/9:𝐵 𝑠 	~ln s → 𝑙𝑛@(𝑠)

M. Deile: Elastic and Total Cross-Section Measurements by TOTEM. EDS Blois 2017 ( 
Prague, 2017).







TOTEM (2017) and “discovery” the odderon

















◦Thank you!
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Conclusions & open problems:

A single data point, rho(13)=0.1 does not prove the “discovery” of the odderon;
Fits to rho+sig_t are not critical (informative); data on diff. cross sections should 
be added;
The odderon (or 3-g exchange) does exist since nothing prevents its existence;

Measuring of pp and \bar pp at the same energy;
The odderon & dynamics of the dip-bump; 
Universality of the “break”; the break in \bar pp? 
Rise (log s?) of the slope B(s);
Correlation between rho, sig_t and the dip;
BNL measurements are eagerly awaited!
Slow-down of total cross sections (saturation)?
“Oddballs”? 


