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Odderon: 48 years old scientific puzzle

Odderon: L. Lukaszuk, B. Nicolescu, | coosueims
Lett. Nuovo Cim. 8, 405 (1973) MHCTHTYTA )
Received: 31 July 1973 . ’9&?
Odderon is an odd component of B s
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Odderon name coined: D. Joynson, E. Leader, B. Nicolescu, C. Lopez,

Nuovo Cim. 30A, 345 (1975) - Well established in QCD by now !
Honorable mention: A. V. Efremoyv, R. Peschanski, JINR-E2-6350 (1972)
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First publications, Odderon with > 5¢

Evidence of Odderon-exchange from scaling properties of elastic scattering at TeV energies

Eur. Phys. J. C(2021) 81: 180, Published: 23 February 2021
https://doi.org/10.1140/epjc/s10052-021-08867-6
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Eur. Phys. J. C(2021) 81:611, Published: 13 July 2021
https://doi.org/10.1140/epjc/s10052-021-09381-5

Comparison of pp and pp differential elastic cross sections and observation of the exchange of a

colorless ('-odd gluonic compound

Odderon Exchange from Elastic Scattering Differences between pp and pp Data at 1.96 TeV and
from pp Forward Scattering Measurements
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Three Oldest Hungarian Universities
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University of Pécs: 1367

The history of higher education in Pécs dates back to 1367, when Louis the Great initiated the establishment of
a university in the episcopal city of Pécs. As a result of an integration process of several stages, the University of
Pécs was founded, which has become one of the most famous, prestigious institutions having a leading role in
regional education. It has ten faculties which cover the full spectrum of high-quality higher education.

1367

The University of Debrecen, the oldest institution of higher education in the country operated continuously in the same city, is one of the research
universities of national excellence in Hungary offering the widest spectrum of educational programs in 14 faculties and 24 doctoral schools.

c ts of higher education in the city reach all the way back to the 16 century and the foundation

erSIty Of Debrecen: 1538 Reformed College of Debrecen in 1538. The College played a central role in Hungarian

- . 7R ¢ A I i education and culture for centuries. This is the date featured on the symbol of the university as well,

» ﬁ(é ’/ St A the gerundium, a tool originally used by the students of the Reformed College to put out fires,
> | ‘ X i showing respect for ancestors and traditions.
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(S,C) structure evident, predecessor of Eotvos Lordnd

S: statement, valid if University (ELTE) was founded

C: condition is satisfied in Nagyszombar in 1635 (sixteen

See talk of R. Dardashti at ISMD21 thirty-five) by Archbishop of Esztergom, Pérer

Pizmdny, and it is the oldest Hungarian univer-

E6tvds Lorand University: 1635 sity where the reaching has continued uninter-

rupted since its inception. More than sixty years



https://indico.cern.ch/event/848680/contributions/4438184/attachments/2282276/3878029/ISMD2021.pdf

Formalism: elastic scattering

B(s) = By(s) = lim B(s, 1),

f—s0)

p(s) = po(s) = llmplw t)

—0

Orot(s) =2Im T, (A =0, 5)

Basic problem: do/dt measures an amplitude, modulus squared.
If Odderon exists: signals in elastic scattering att = 0 and at -t > 0.




Formalism: Elastic scattering at small -t

If Odderon exists: signals in elastic scattering att = 0 and at -t > 0.
Where from the significance of the signal is coming ?




Odderon Search at small -t

valid for (AERNE\Y

Some simple consequences at small —-t, Gaussian sources:

1
(d—j(& t) = A(s) exp(tB(s))
If any of .

APP(s) £  AP(s),
B (s) Bpﬁ(!,' is statistically significant

for /s > 1TeV = T9(s,0) #0




Odderon Search at small -t

is statistically significant

for /s > 1TeV = T9(s,0) #0




Levy generalized Bialas-Bzdak Model

Simple results at small -t:

G0 (s) = 91 (2RGH (5)
a(s) (2 + CIL(S))
~b(s) ai(s)

From data fits: R, Ry, Ry, 0 is same in pp and pbarb
But!
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Lévy c-stable model for the non-ex n differential cross section

T. Csérgd (Karoly Robert U. Coll. and Budapes® U. Coll. and Budapest, RMKI and Eotvos U.,
Dept. Atomic Phys.) (Aug 9, 2023)

Published in: Universe 9 (2023) 361 » e-Print: 2308.05000 [hep-ph]
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® pp TOTEM

® ppATLAS
—— fit to all data
- fit to pp & pp ATLAS
- - - fitto pp & pp TOTEM

all data

p =2205.155 + 401.902 [mb/GeV’]
1]

p_=-307.315 + 52.053 [mb/GeV’]
1

p, = 11.8298 +1.6445 [mb/GeV’]
¥2/NDF = 38.508 / 8
CL = 0.00 %

pp & pp TOTEM
p, = 1212.999 +604.358 [mbiGeV’]
p,=-180.104 +78.708 [mbiGeV’]
p, = 7.9482 + 2.4821 [mbiGeV’]
y2INDF = 5.742 /5
CL=33.22%

PP & pp ATLAS
p, = 1133.250 +523.129 [mb/GeV’]
p, = -160.523 + 68.953 [mb/GeV’]
p, = 6.9110 £ 2.2163 [mb/GeV’]
¥2/NDF = 0.390/ 2
CL=82.30"%
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(do/dt-fit)/error
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Lévy c-stable model for the non-ex n differential cross section

T. Csérgd (Karoly Robert U. Coll. and Budapes® U. Coll. and Budapest, RMKI and Eotvos U.,
Dept. Atomic Phys.) (Aug 9, 2023)

Published in: Universe 9 (2023) 361 » e-Print: 2308.05000 [hep-ph]
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From Glauber’s theory, p=(q,d)
Good quality fits at 8 TeV and also
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pp TOTEM
pp ATLAS

—— fit to all data

- fit to pp & pp ATLAS
- - - fitto pp & pp TOTEM

p =2205.155 + 401.902 [mb/GeV’]
1]

p =-307.315 + 52.053 [mb/GeV’]
}

p, = 11.8298 +1.6445 [mbiGeV"’]
¥2/NDF = 38.508 / 8
CL = 0.00 %

pp & pp TOTEM
p, =1212.999 + 604.358 [mb/GeV’]
p, =-180.104 +78.708 [mb/GeV’]
p, =7.9482 +2.4821 [mb/GeV’]
¥2INDF = 5.742 15
CL=33.22%

PP & pp ATLAS
p, = 1133.250 + 523.129 [mb/GeV’]
p, =-160.523 + 68.953 [mb/GeV"]
p, = 6.9110 +2.2163 [mb/GeV’]
¥2/NDF = 0.390/ 2
CL =82.30 %
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QO  pp

¢ ppTOTEM

® ppATLAS
- = - fit to pp TOTEM & pp ATLAS

----- - fit to pp

—  fit to all

pP
p, =13.711 + 5.578 [mbiGeV?]

p,=0.168 +0.374 [mbiGeV’]

pp TOTEM & pp ATLAS
p, =4.382 +1.275 [GeV ]
p, = 0.876 +0.068 [GeV?]
¥2INDF = 21.081/7
CL=0.36%

pp fit vs. pp ATLAS data: CL < 6.0e-308 % (>37 o)
pP fit vs. pp TOTEM data: CL < 3.0e-309 % (>37 o)

pP fit vs. pp ATLAS & pp TOTEM data: CL < 5.78e-309 % (>37 o) |
pp ATLAS & pp TOTEM fit vs. pp data: CL = 1.4e-09 % (6.8 o) ___|

pP & pp TOTEM & pp ATLAS
= -15.504 + 6.853 [GeV?]

P,
P,

= 2.952 + 0.796 [GeV ]

p, = -0.0541 +0.0230 [GeV ]
¥2/NDF = 36.460 / 8

CL = 1.446e-03 % (4.34 o)
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po from fits to data

Observation of Odderon effects at LHC energies: a real extended Bialas—-Bzdak model study
T. Csorgo (Wigner RCP, Budapest and EKU KRC, Gyongyos), |. Szanyi (Eotvos U. and Wigner RCP, Budapest) (May 28, 2020)
Published in: Eur.Phys.).C 81 (2021) 7, 611 = e-Print: 2005.14319 [hep-ph]
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P, = 0.167 + 0.060 P, = -0.103 + 0.027
P,= -0.003 * 0.003 P= 0.018 + 0.002
¥%NDF = 0.760/ 2 = 0.380 ¥2INDF =1.212/2 = 0.606
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I L

10°

L l
10*

#
$
2

From data fits: R, Ry, R4 is the same, but
a~p (opacity) is not the same in pp and pbarb s

Py (s) # pb’(s),




Levy + Bialas-Bzdak at small t

(s,t) ~ a(s) exp [_(tb(" ))M/z}

Strong form of Pomeranchuk theorem, but
Signal of odderon exchange in optical point,
p and elastic cross-section!




OBSERVATION OF ODDERON

2020 - 2020
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ODE TO ODDERON -> OBERON

Ode to Odderon

“Discovery consists of seeing what everybody has seen,
and thinking what nobody has thought.”
Albert Szent-Gydrgyi

Let’s be truly happy,
for what we've come upon:

We have just discovered
the elusive odderon!

For forty-eight years,

forging a ring of colors white:
Odd number of gluons

has been hiding in plain sight!

OBERON POETRY MAGAZINE

So happy together,

with love for science and research:
Happiness and pleasure

must not slow down the search!

Let’s live in harmony,

and in egquanimity:

Let’s make light of the fight,
gloom is our true enemy!

@ by Tamas Csérgé
Gydngyds, Hungary, March 11 — April 11, 2021
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For most of us, physics terms such as odderon are — and will always remain — firmly lodged in the science fiction
realm. Not so for the scientific community, whose determined members spent nearly half a century searching
(without much success) for this mythical particle.

Now, a research team including physicists from Hungary and Sweden has discovered the odderon by analysing
experimental data from the Large Hadron Collider (LHC) at Switzerland’'s European Organization for Nuclear
Research, better known as CERN. Supported by the EU-funded MorePheno project, the physicists have published a
paper describing their findings in the "The European Physical Journal C’.

Particle physics milestone achieved at CERN

After 50 years of research, physicists have found evidence that the elusive
subatomic quasiparticle called odderon actually exists.
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scovery of the odderon
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Three Odderon Proceedings with > 5 ¢

Scaling of high-energy elastic scattering and the observation of Odderon

-1

Gribov’90 Memorial Volume, pp. 69-80 (2021)
https://doi.org/10.1142/9789811238406 0012

EPJ Web Conf. 235 (2020) 06002, proc. ISMD 2019
https://doi.org/10.1051/epjconf/202023506002

Comparison of differential elastic cross sections in pp and pp collisions as evidence of the existence
of the colourless ('-odd three-gluon state

https://doi.org/10.22323/1.390.0496
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Looking for Crossing-Odd(eron) effects

Three simple consequences:

doP?  doPP
— S = 2\
7 7 for /s > 1 Te\

{oPP 1o PP D¢
o AT o T3 0

for /s > 1 TeV = T9(s.t) #0

Odderon differential cross-section from pp and ppbar collisions, Reggeized Philips-Barger:
A. Ster, L. Jenkovszky, T. Cs., arxiv:1501.03860, Phys.Rev.D 91 (2015) 7, 074018



Odderon search: strategy with scaling

Known trivial s-dependences in
St(S)s cel(S), B(S), p(s)

Try to scale this out
Look for data collapsing (scaling)

Look for scaling violations

In the TeV energy range:

Odderon is equivalent with

a crossing-odd component
Look for violations of C-symmetry

Close the energy gap with scaling




Honorable mentions: Odderon, qualitatively

Proposal for LHC to hunt down the Odderon:

Ex-“acting the. Dd{IEIGn 'I'-rD_I"” 11711 mevel T ceattarimen Adatba
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Budapest, RMKI} {Jan 15, 2015 resonance region at the LHC
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Qualitative Odderon signals: in t- dependence of B(s,t) and p(s,t)

Odderon and proton substructure from a model-independent Lévy imaging of elastic pp and pp

collisions
Analytical representation for amplitudes and differential cross section of pp elastic scattering at 13
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