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Forces of Nature

• C-Even Forces: UNIVERSAL

Gravitational, Pomeron, f-reggeon,…

• C-Odd Forces: NON-UNIVERSAL

Electroweak, 𝜌,𝜔, 𝜑-reggeons

+ Odderon?



∆𝝈тот~ р𝒍𝒂𝒃
−𝟏/𝟐

~𝒔−𝟏/𝟐

Standard expectation from 𝜶− = 𝜶𝝎

0 ?

𝑻𝑶𝑻𝑬𝑴𝑫𝒂𝒕𝒂: 𝝈𝐓𝐎𝐓(𝟐, 𝟕𝟔 𝑻𝒆𝑽) = 𝟖𝟒. 𝟕 ± 𝟑. 𝟑 𝒎𝒃

Where a C-odd force can be detected in experiment?

∆ 𝝈𝑻𝑶𝑻 𝒔 =
𝟏

𝒔
𝑰𝒎 (𝑻 𝒑𝒑 𝒔, 𝟎 − 𝑻𝒑𝒑 𝒔, 𝟎 )

∆ 𝝈𝑻𝑶𝑻 𝒔 ~𝒔𝜶− 𝟎 −𝟏





𝑻𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒐𝒇 ∆𝝈 𝒇𝒓𝒐𝒎 𝒕𝒉𝒆 𝑪𝑶𝑴𝑷𝑬𝑻𝑬𝒎𝒐𝒅𝒆𝒍

𝑴𝒐𝒅𝒆𝒍 𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆: ∆𝝈𝐓𝐎𝐓(𝑳𝑯𝑪, 𝟏𝟑 𝐓𝐞𝐕) = 𝟏. 𝟖 ∙ 𝟏𝟎−𝟑𝒎𝒃

𝜟𝝈𝒕𝒐𝒕
𝑴𝒂𝒙𝒊𝒎𝒂𝒍 𝑶𝒅𝒅𝒆𝒓𝒐𝒏?~ − 𝐥𝐧 𝒔



TOTEM:
First determination of the ρ (=ReT(s,0)/ImT(s,0)) 
parameter at √s = 13 TeV: probing the existence of a 
colourless C-odd three-gluon compound state 

or 
…slowing down of the total cross-section growth ?



𝑾𝒐𝒓𝒍𝒅 𝑴𝒂𝒓𝒌𝒆𝒕:

𝑶𝒑𝒕𝒊𝒐𝒏𝒔 𝒇𝒐𝒓 𝝆 (𝒑𝒉𝒆𝒏𝒐𝒎𝒆𝒏𝒐𝒍𝒐𝒈𝒚)

“Maximal Odderon”

𝐍𝐨 𝐨𝐫 𝐝𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐭 𝐎𝐝𝐝𝐞𝐫𝐨𝐧:

A. Donnachie & P. Landshoff :  𝝆 𝟏𝟑 = 𝟎. 𝟏𝟒

𝑽. 𝑽. 𝑬𝒛𝒉𝒆𝒍𝒂, 𝑽. 𝑨. 𝑷. & 𝑵.𝑷. 𝑻𝒌𝒂𝒄𝒉𝒆𝒏𝒌𝒐: 𝝆 𝟏𝟑 = 𝟎. 𝟏𝟐



C-odd  𝒑𝒑/𝒑𝒑 difference in angular distributions at 53GeV

𝒅𝝈 𝒑𝒑 𝟓𝟑 𝑮𝒆𝑽

𝒅𝝈𝒑𝒑 𝟓𝟑 𝑮𝒆𝑽
𝐩𝐩 𝐝𝐢𝐩 ≅ 𝟑 ÷ 𝟒

The First Coming of the Odderon?



𝒅𝝈 𝒑𝒑 𝟓𝟑 𝑮𝒆𝑽

𝒅𝝈𝒑𝒑 𝟓𝟑 𝑮𝒆𝑽
𝐩𝐩 𝐝𝐢𝐩 ≅ 𝟑 ÷ 𝟒 ± 𝟑𝟎%

𝒅𝝈 𝒑𝒑 𝟏. 𝟗𝟔 𝑻𝒆𝑽

𝒅𝝈𝒑𝒑 𝟏. 𝟗𝟔 𝑻𝒆𝑽
𝐩𝐩 𝐝𝐢𝐩 ≅ 𝟏. 𝟓 ± ⋯

Dying odderon?



conclusions

Where have we come to and where are we? 

1. Odderon (= C-odd effect ) is unequivocally observed in 
elastic scattering.

2. Mathematical nature and parameters of the Odderon?

Pole, branching point,.., intercept, slope…?

Unknown.

3. Physical excitations (on the Odderon trajectory):        

mass, width etc?               

Unknown.

• All the more interesting life! 


