Current Status of the Odderon:
Odderon in diffractive dip region

M.G. Ryskin

Odderon is the C-odd amplitude which does not die out (or die very slowly)
with energy. We consider the constrains on the Odderon properties and the
perturbative QCD odderon given at the lowest «, order by the three gluon
exchange. We discuss the Odderon contribution observed at the LHC at
small £ — 0 and in the region of diffractive dip.

In both cases this contribution is hardly seen.

The goal is not to proof

that the Odderon exists
(no reason to have No Odderon)

but to measure the Odderon exchange
amplitude.



Theory
a) Constraints
At any impact parameter b

ImApaa(s, b) < ImAcpen(s,d)

That is {I()dd(t — 0) = ammn(t — 0) and B()dd < Br:-e:r?-n.

b) pert. QCD

At the lowest o, order (Born approx.)
Odderon = 3 gluon exchange

Properties: C-odd

1. Odderon does not couple to pion/meson
(due to C-parity)

2. 2(0)paa =096 — 1<1

3. for apgg = 1 C-odd amplitude Apgg 18 real



Theory:

At the lowest o, order (Born approx.)
Odderon = 3 gluon exchange

T
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3. Odd. coupling is small
TOdd ™~ OﬁBS' < Pl > ~ 1Imb&XBKP

i
O Pom ™~ CEQS' < TZ =~ 40 mb®BFKL

max

for avpgea = 1 C-odd amplitude Apgq is real

, S a0da(t) s
Aoaa = Bp(t) (—> ~ 9—050(75)

S()
Bo(t) = 0 for w (7 is C-even)
for K-meson Bo(t = 0) = 0 but So(t # 0) #£ 0

for proton Bo o< < rnin(qq separation) >
in quark-diquark model (with point-like diquark)
Bo(t = 0) = 0 as for K-meson



Dispersion relation

ReA(s, t = - 1f0 ds'ImA(s' t) 41 1 oo ds'ImA(s #)

s'—s 4m?2 s'—s

ImA(s,0) = g

o 1 (0 dts*"c(ir)ﬁ)(—sf—b—élm | 1 ds'o pp
R@A(S,t — 0) — = f_oo f_ﬁn

s'—s s'—s

signature factor: If A(s,t) s(1))

n(t) = 1 £ exp(—ima(t)) = e mW/2 « £(¢)
f(t) =sin(ma(t)/2) or cos(mal(t)/2)



for apgq >~ 1

ReAOdd ~ In S'IHIAOdd 1.€. REEAO(M o IHIAOdd

ReAeven y i hnAm;en

2s daapp = E@J(S)
ReAEUFn(S t = O f4m &'2 22 — 2.dlng



TOTEM 13 TeV oy, = 110.6 £3.4 mb
(110.3 £ 3.5) coutomp ==> 110.5 £2.4 mb
P = Re/lm = 0.10=x O-OlN:E} (0.09 T 0.01N:1)
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Fig. 18: Predictions of COMPETE models [32] for pp interactions. Each model is represented by one line (see



V.A. Petrov and N.P. Tkachenko,
PRD 106, 054003 (2022) accounts for
correlated errors and normalization factor

p=0.1140.01, o4y = 107.6 & 1.7 mb, n = 0.92
normalization to Coulomb

NEW  ATLAS/ALFA, EPJ C83, 441 (2023)
Oror = 104.7 4+ 1.1 mb, p = 0.10 + 0.01

LRK fit E.G.S.Luna, M.G Ryskin, V.A.Khoze
2405.09385 it < 0.1 GeV?, 50 Gev< /s < 13 TeV
Two channel eikonal Ay (s, b) = i(1—ef5:0)/2)

2 = Qpomeron + $20dd
A(s,t) = Any + €% Ac

- 1 i142(s
A(s,t) = ;5/ bdb Jy(bq) [1 — o o (1+7)*Q(s,b) /2
0

_1 oi(1=7%)Q(s,b)/2 _ }Fi(l—f}-)zﬂ(s,b)ﬂ

2 4



TABLE 1. Values of the parameters obtained in the global fits to Ensemble A & T'.

Model I Model II Model 11
B=(0) 2.247=0.013 2.259=x0.016 2.307x0.022
€ 0.1173£0.0021 0.1180==0.0020 0.1134+0.0019
a’p (GeV™?) 0.124=0.024 0.128=0.022 0.133%0.023
A (GeV™2) 5.01x0.20 4.7810.21 4.721+0.21
B (GeV™Y) 6.61+0.99 6.7+1.1 6.941.2
C (GeV™?) 20.445.7 17.744.0 17.0+4.2
Bo(0) (0.15 x10~*) 439 0.90=0.18 0.88+0.18
Nsa6 0.941 0.933 0.958
N s(E) 0.923 0.912 0.944
N1 5ic) 1.087 1.070 1.109
Nr(a) 1.015 1.015 1.056
Ng|a 1.003 1.003 1.045
Ni3ja) 1.009 1.009 1.052
N 1.077 1.077 1.121
Ngr 1.121 1.121 1.167
N3 1.150 1.150 1.200
pPP (/s = 13 TeV) 0.114 0.111 0.109
pPP(\/5 =13 TeV) 0.114 0.119 0.116
Allowed N; interval [0.85,1.15] [0.85,1.15] [0.80,1.20]
v 504 204 504
X2 /v 1.44 1.11 1.03

;)(2 — 560 with Odderon
')(2 = 726 without the Odderon
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Fig. 6 pp and pp differential cross sections at /s = 53 GeV



do_/dt (mb/GeV?)

ISR pp at 62.5GeV (x100)
model 2 (tuned 2018)

CERN (SppS)
34 Gev (xlO)*

_____________
--------
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FrE(e ) = Faet) = F(8,1);

2
(s e Fuled) +F (5.0 Vs >500 GeV,  0.2<|t] <1 GeV~.

N]p:- Nﬂ'
F(s,t) =) Fr(s,t) +7 ) _ Fo,(s,t),
i=1 j=1

E.G.S. Luna, M.G. Ryskin, V.A. Khoze, arXiv: 2608.25713

J.A. velazquez Corral, B.G. Giraud, R. Peschanski, C. Royon, e-Print:
2007, 11286 No pp data

(but extra phase ¢?" ===> C-odd admixture to A™)



TABLE V. Fit parameters and partial fit qualities for the A3/B3 family. In these fits the Odderon-like
slope are also released, with ag(t) = 1 + €g + agt. The reduced fits A3/13 and B3/13 are also shown.,

MODEL A3

MODEL B3 MODEL A3/13

E]Il

ap, (GeV~?)

ﬁpl ((])

Be, (GeV™?)

€p,

b, (GeV™?)

,51:».3 (U)

B, (GeV™2)

€F;

ap, (GeV™?)

'SP:!- (U)

By, (GCV_Z}

3

=i} 1
ap, (GeV™)

0.18942-£0.00036
0.086943+0.00068
-0.04424-£0.00030
0.96840.013
0.07707-+0.00021
0.31557-0.00063
3.01840.012
1.443+40.012
0.042940.0010
(0.0051x107')+0.0065
4.42940.082
12.162+0.071
(-0.13x10~*)+0.19
0.69240.069

0.1855940.00048
0.107500.00090
-0.06719-+0.00060
0.846+0.017
0.02247+0.00041
0.181240.0011
4.9724+0.037
2.63240.020
0.09088+0.00084
(0.70x107?)+0.22
2.813+0.042
10.47740.052
-0.0084-0.0091
0.66+0.12

0.18970+0.00034
0.08823-+0.00066
-0.04432+0.00029
0.94940.012
0.07609+0.00020
0.3133240.00062
3.023+0.011
1.450+0.011
0.0440840.00092

4.41240.075
12.080+0.065

0.69540.057

B, (0) 1.9540.95 2.24+1.7 1.98+0.91
By, (GeV™?) (2.2x107%)+7.4 (2.1x107%)45.0 _

v 436 436 439
Xiotal 1.86 1.50 1.84
2 |546 Gev 0.48 0.52 0.49
i2|1.8Tev 1.19 1.24 1.19
X2 |1.96 Tev 3.59 3.20 3.58
2 |2.76 Tev 2.23 2.08 2.23
|7 ey 4.46 4.30 4.46
X* s Tev 0.69 0.69 0.69
2|13 Tev 1.42 0.62 1.42
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Odderon parameter are not sufliciently fixed
e0o=0+0.19, Bpop=0=£74GeV2
The uncertainty about two orders of magnitude for

Vs =13 TeV and t ~ —0.5 GeV=.

Odderon contribution at dip can be compensated

by small variations of C-even amplitude parameters.

To improve the description of DO (1.96) and TOTEM

(2.76) data we need an additional C-even term.

Adding the 4th C-even term improves y? by 30

Adding an extra C-odd term improves x? by 8.6.
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Conclusion

e Odderon exists (i) in pert.QCD,

(ii) in experiment but the coupling is small

e It was observed experimentally
but number of =777
(accuracy is limited by systematics and not by statistics)
e Odderon can be observed 1n elastic
scattering at ¢ — 0 or in diffr. dip region
to exclude systematics we have to measure pp and pp in the

SAME experiment (LHC at 900 GeV)

e Odderon contribution to Re/Im ~ 0.004
not 0.04 as TOTEM claimed
C-odd contribution to ReA(pp) in dip region
Reyqq < 0.05Recpen



THANK YOU



TABLE II. Predictions for o%PP o’ and pPPPP using Models I and II. These results were derived for the scenario with
D= A/2.
Model I Model II
V3 (TeV)  of% | off (mb)  o®F | o (mb) ol | ot (mb) o |off (mb) | 7
0.541 64.2 | 64.2 l 3.2 | 13.2 {].1 30 | 0.130 63.8 | 64.1 li i | 13.5 0.117 | 0.144
1.5 78.0 | 78.0 17.6 | 17.6 0.124 | 0.124 T7.6 | 77.8 17.7 ] 17.9 0.116 | 0.133
7 95.9 | 95.9 23.9 | 23.9 0.117 | 0.117 95.7 | 95.9 24.0 | 24.2 0.113 | 0.123
8 97.9 | 97.9 4.5 | 24.5 0.116 | 0.116 97.6 | 97.8 24.7 | 24.8 0.113 | 0.122
13 105.1 | 105.1 27.2 | 27.2 0.114 | 0.114 104.9 | 105.1 27.3 | 27.4 0.111 | 0.119
Ensemble A @& T
D (GeV™?) 0.14 0.34 0.5A 0.7A 0.9A
Ba(0) 1.0940.24 0.95+0.19 0.90+0.18 0.86+0.17 0.83+0.16
B (0) 2.23540.023 2.25740.016 2.25940.016 2.25840.016 2.258+0.017
v 504 504 504 504 504
x> /v 1.11 1.12 1.11 1.10 1.09
pPP (/s = 13 TeV) 0.112 0.112 0.111 0.111 0.110
pPP (/s = 13 TeV) 0.119 0.118 0.119 0.119 0.120
oPP (/5 = 13 TeV) (mb) 104.9 104.9 104.9 104.9 104.9
oPP (/3 = 13 TeV) (mb) 105.1 105.1 105.1 105.1 105.1

Bo(t) = Bo(0)e”/?

Be(t) =

Bp(0)e (At+Bt*+Ct?) /2



do/dt (mb/GeV?)
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do/dt (mb/GeV?)
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do/dt (mb/GeV?)
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Dispersion relation

Red(s,t = 0) = L [0 4/ImaGn) | 1 oo avlmags

s'—s | Am?2 s'—s

ImA(s,0) = g4y

1 0 ds'o(pp)(—s'+4m?) i ds'a(pp)(
R@A(Sjt — O) —_ EI—OO / | f4,m2 /

9 8 &5 —8

for apgg ~ 1
REBAOdd ~ In S-IIHAOdd 1.e. RGAOdd PR IHIAOdd

ReAeven(s,t =0) ~ 2 [, 485D o gaa(“i)

f22
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The main lessons about the Odderon at low |t|

e The description using the Odderon improves the fit
(the x?/v is the lowest one).

e The sign of the Odderon amplitude needed to de-
scribe the very low |t| data is opposite to that pre-
dicted by the perturbative QCD three-gluon ex-
change contribution for ”quark-diquark” proton So(t =0) =0
then at ¢t = 0 Pomeron-Odderon cut dominate

e The quality of the description weakly depends on leading to
the Odderon t-slope, D negative sign

e The Odderon-proton coupling, g, is smaller than
that for the Pomeron, fp. For D = A/2 we
get Bo/Bp = 0.40, however after accounting for
screening by the Pomeron the final C-odd con-
tribution to p at 13 TeV becomes quite small,

: dp = (pPP — pPP) /2 < 0.004



do_/dt (mb/GeV?)
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C-even meson photoproduction

o(vyp — 7'p) ~300 nb (< 39nb - HERA)
(Rueter, Dosch, Nachtmann Ph.Rev. D59 (1999) 014018)

C-even Odderon Signal Backgrounds
meson (M) | Upper QCD Pomeron-
Limit Prediction vy | Pomeron | V — M +~
7! 7.4 0.1-1 0.044 — 30
f2(1270) 3 0.05- 0.5 0.020 | 3-45 0.02
1(548) 3.4 0.05 - 0.5 0.042 | negligible 3
e — 1(0.1-0.5)-107 ] 0.0025 | ~107° 0.012

Table 3: The expected cross sections (do/dYy at Yy = 0 in ub) of the Odderon signal and
backgrounds in the CEP* ultraperipheral production of C-even mesons (M) in high-energy proton-
lead collisions (Pb+ p — Pb+ M + P') integrated over the interval 0.2 < p; < 1 GeV. In the 7,
case a total branching ratio of 0.05 has been applied, i.e. summing over the channels discussed in



The goal is not to proof

that the Odderon exists
(no reason to have No Odderon)

but to measure the Odderon exchange
amplitude.

P 2 .
Maximum odderon (Apgq o< In” s) is another story.
Max. Odderon contradicts unitarity
(taking s- and t- unit. together)

THANK YOU



Maximal Odderon ~v7islates unitarity

2ImA.;(b) = |Ayu(b)|? + Gipa(b) (s-unit.)

Solution: A.(b) =i(1 — e2?0) | = b\/§/2
5(5) — 58?_,-'6?1 + 60(Zd Imé‘even(b) >0 p 2
Max.0dd. assume Apy; = ab(clns — b) _
p
Then o(pp > p+pp+p)(b) >lns ' p | J
p
i.e. Imd. 0, () xIns ==> A, =1
p % )



S(b) = 1+ iAu(b) — O

Max. Odderon screens himself to zero



T. Csorgé"?, T. Novak®?, R. Pasechnik* A. Ster’, I. Szanyi!®®

arX1v:2405.06733v1 [hep-ph]

Evaluating the H(x, s|pp) scaling function of elastic proton-proton (pp) collisions
from recent TOTEM data at /s = 8 TeV and comparing it with the same function
of elastic proton-antiproton (pp) data of the DO collaboration at /s = 1.96 TeV, we

find, signal of Odderon exchange. 1 do??

H($S|pﬁ) - Bn_plp dt 3 r = —iB
T e L

2.5 2.5
+ 2.76 TeV — B TeV + 1.96 TeV — B TeV
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® = © Lo
(=l o
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I 45— L 15+
3 2 .
“.‘-' 1.0 + ‘T 1.0 t
(=1 =% +
=) a +
Z ol £ os- Fpty.
¥ 0.5 3 0.5 _+_ +
| | ] ] | | | ]
0.0 5 10 15 20 0-0 5 10 15 20



Bethe phase ¢ = In I L4 v + const
p depends on const. For ¢ =0

Kohara-Ferreira-Rangel (Ph.Lett. B789, p.1)
got p = 0.131 with y*/ndf = 0.94
p=0.112 £ 0.005 for const=2 (x*/ndf = 0.96)

Cudell-Selyugin (1901.05863) accounts for
correlated errors and normalization factor n.
They got (const=0):

Otot — 106.4 = 2.2 mb, P = 0.098 = 0.008,
n=0914004 (x*/ndf=0.81)
(79 points  0.0008 < [t| < 0.07 GeV?)
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