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cPLAN:

oThe “break” B(f) and proton’s atmosphere;
-The forward slope B(s);

oThe real part (or phase) at all t;
°Dip-bump (cruciall);
oConclusions, problems.




Elastic Scattering

Vs =14 TeV prediction of BSW model
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1. On-shell (hadronic) reactions (s,t, QA2=mA2);

I €2 b transformation dictionary:

dc/dii

h(s,b) = [5° dv/—tv/—tA(s,t)

Im h ,

absorptions

Gaussian

._ pion clouding
X “atmosphere”

~~




ou(s) = “TImA(s,t = 0); = T|AGs, 0% n(s);
do
);

tthr.~0 d
ael—/ _dt Oin = 0t—0¢; B(s,1) —E <dt

in~— s/2~oo

APB(s,t) = P(s,)£0(s,t)+1(s,t)Ew(s,t) = o~ P(s,t)£0(s,1),

where P, O, f. w are the Pomeron, odderon
and non-leading Reggeon contributions.

Ahogy most a modellunket
G(O)\C + _ hosznalju.k, a kqpcsolc‘r O=-1*P

(nem O=i*P, mivel a pomeronban
van egy "i" szorzo, addig az

1 P O odderonban nincs; fehdt ahhoz,
hogy eltUntessUk azt az "i" szorzot az
odderon esetén a pomeront "-i"-vel

1/2 f Q)

kell megszorozni) €s omega=i*f.
Tehdt ezek az i szorzok elméletileg

egyfajta normalizacionak vehetdek
NB: The S-matrixtheory (including Regge pole) is applicable to asymptotically

free states only (not to quarks and gluons)!




A simple ‘handle” (tool): DP (reproduces itself against unitarity corrections)
The Pomeron is a dipole in the j—plane

Ap(s,t) = % {e_’imP/zG(ap)G/So)aP] = (1)

e~ imar(t)/2 (s/so>ap(t) {G/<Oép> + <L — z'7r/2) G(ozp)] .

Since the first term in squared brackets determines the shape of the cone,

one fixes
G'(ap) = —apebrlor—1, (2)

where G(ap) is recovered by integration, and, as a consequence, the Pomeron
amplitude can be rewritten in the following “geometrical” form

ap S

Ap(s,t) = i-——[r(s)e” Wer=H —epri(s)er ar=ll], (3)

bp So

where r{(s) = bp + L —im/2, ri(s)=L—1iw/2, L=1In(s/sg).



Linear particle trajectories

Plot of spins of families of particles against their squared masses:
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T he Pomeron trajectory

The Pomeron trajectory has threshold singu-
larities, the lowest one being due to the two-
pion exchange, required by the t—channel uni-
tarity. There is a constrain (Barut, Zwanziger;
Gribov) from the t— channel unitarity, by which

Sa(t) ~ (t —to) Rl TL/2 0 4 4,

where tg is the lightest threshold. For the
Pomeron trajectory it is tg = 4m72r, and near

the threshold:

a(t) ~ \/4m2 — t. (1)




The slope of the cone for a single pole is:
B(s,t) ~ o/(t)Ins. The Regge residue eba(t)
with a logarithmic trajectory a(t) = «(0) —
~In(1 — Bt), is identical to a form factor (geo-
metrical model).



Representative examples of the Pomeron trajectories: 1) Linear; 2) With a
square-root threshold, required by t—channel unitarity and accounting for the
small-t “break” as well as the possible “Orear”, eV~ behavior in the second
cone; and 3) A logarithmic one, anticipating possible “hard effects” at large |t|
t] < 8 GeV~.

()épE()ép(t):1+5p+Oélpt, (TR].)
ap = Oép(t) = 14+dp +aipt — asp <\/4OJ§P — 1 — 2043]3) ; (TRQ)
ap=ap(t)=1+0p —aypln (1 — aspt). (TR.3)
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FIG. 6: Real part of f; trajectory on the left, width function I'(M?) on the right.
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New elastic slope measurements
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l. Szanyi: The CNIregion and forward physics of pp scattering at high energies
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TOTEM (2017) and “discovery’ the odderon
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REAL PART OF THE PROTON-ANTIPROTON ELASTIC SCATTERING AMPLITUDE
1E CENTRE OF MASS ENERGY OF 546 GeV
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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 (safturafion)e
“Oddballs?



