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CV OF LASZLO JENKOVSZKY
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'GRANT PROPOSAL, PASSED AWAY: AUGUST 16, 2025
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PhD supervisor: Nguyen Van Hieu (JINR, Dubna - Hanoi IP)

Physics Letters B
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High-energy behaviour of inelastic cross
section
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Abstract

Analytic properties of the differential inelastic scattering cross sections in cos6 are
considered and some bounds for their growth in the high-energy region are established.
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HADRONS (14 CONFERENCES)

Strong interaction at high-energies. Proceedings, 14th International Conference, Hadrons-98,
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BOLYAI-GAUSS-LOBACHEVSKII (13 CONFERENCES, 1997-2025)

! [91 =2 indico.cern.ch/event/1464707 /overview

biztosits... @ Beauty Of Aikido &%&... @ 1954 Aikido O Sensei ... @@ Morihei Ueshiba Aikid... T} Nyitooldal - Nébih £} FELIR keres6 - Nébih @ MERDO.hu - MaganE...

XIil Bolyai—Gauss—Lobachevsky Conference (BGL-2025) Non-Euclidean
Geometry in Modern Physics and Mathematics

2025. maj. 26-29.
Mohammed First University, Oujda, Morocco
Europe/Zurich id6zona

Osszegzés th ; i i

The 13'™" Bolyai-Gauss-Lobachevsky (BGL) Conference on Non-Euclidean Geometry in Modern
Regisztracio Physics and Mathematics will be held in Saidia, Morocco, at Be Live Collection Saidia LAST CONFEBENCE
Hotel (address: Parcela H7—Station Balnéaire, 60600 Saidia, Morocco). The conference is OF LASZLO

organized by the Laboratory of Physics of Matter and Radiation, Mohammed First University,
How to reach the venue Oujda, Morocco.
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Accomodation & AS FAR

Conference Fee This meeting follows the earlier ones held at Uzhgorod, Ukraine, (1997), Nyiregyhaza, Hungary (1999), AS I KN OW.
Targu Mures, Romania (2002), Nizhny Novgorod, Russia (2004), Minsk, Belarus (2006), Debrecen,

Hungary (2008), Cluj Napoca, Romania (2010), Uzhgorod, Ukraine (2012), Minsk, Belarus (2015),

Excursions Gyoénygyds, Hungary (2017), Kyiv, Ukraine (2019), and Budapest, Hungary (2024). 10
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NEW TRENDS IN HEP (2000-25, ~ 20 CONFERENCES)
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Osszegzés
’roceedings of: New Trends in High-Energy Physics
Organisers In Memoriam: Prof. Laszlé Jenkovszky (1942-2025)
L A pdf [4 cite [@ reference search <) 1 citation
Conference fee With deep sorrow, we inform the community that Prof. Laszl6 Jenkovszky, founder and inspiring spirit
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{passed away on August 16, 2025. roceedings, New Trends in High-Energy Physics : Alushta, Crimea, Ukraine, September 3-10, 2011
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He will be remembered with gratitude and respect by colleagues, collaborators, and friends. )
How to reach the A pdf [ cite [@ reference search <) 1 citation

SCHICKER, D. SAVCHENKO, CH. ROYON, F. NAVARRA, P.N. BOGOLIUBOV ...
COLLABORATION ACROSS BORDERS AND GENERATIONS.

COLLEAGUES, COLLABORATORS AND FRIENDS ...
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SCIENTIFIC IMPACT,
ODDERON PREDICTION
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Fig. 4: The measured de/dt compared to the predictions of several models (see table 4).



PREDICTION OF ODDERON DISCOVERIES AT LHC

PHYSICAL REVIEW D 91, 074018 (2015)
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FORWARDING PHYSICS WORLDWIDE, IN HUNGARY

OUR MENTORS

o'

V.N. Gribov (1930-1997)  R.J. Glauber (1925-2018) | jenkovszky (1942-2025)

Laszlo sprouted a school on forward physics in Hungary
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ODDERON DISCOVERY
NEW RESULTS ON SCALING PROPERTIES
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Odderon: extremely elusive, for 48 years

Odderon: L. Lukaszuk, B. Nicolescu, ;. \okueins
MHCTUTYTA

Lett. Nuovo Cim. 8, 405 (1973) I
Received: 31 July 1973 =LA

Odderon is an odd component of
elastic scattering:
Changes sign for crossing

E2-6350

1 =
% %

A.V.Efremov, R.Peschanski

Pomeron

EVIDENCE FOR NEW SINGULARITIES

IN REGGE PHENOMENOLOGY

AABOPATOPHY TEGPETHUE(KOMN @NINKN

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. Efremov, R. Peschanski, JINR-E2-6350 (1972)




Odderon: elusive experimentally

Odderon search at ISR: indication but no conclusive result
Breakstone et al, Phys. Rev. Lett. 54, 2180 (1985): CL = 99.9 %

1

. l— I T T
mES

| ——

b+
1

-
10711

Indication of Odderon
CL = 99.9 %,
Significance: 3.35 ¢

P~
T

1072

103

)

S S —

'R
=
a
&=
-
F=1
E
-
=l
~
o
-

(do /df:lﬁp ; [ﬂﬂ'.ﬁ’d”pp

It (Gev?)

Terminology for this talk:
Agreement if statistical significanceis < 3 o
Indication of signal if 3 ¢ < significance < 5 ¢
Evidence or observation of signal if 5 ¢ < significance
Discovery of signal if 5 o < significance, for the first time.
Accepted: Discovery if Clay Mathematical Institute (CMI) criteria satisfied.
Miscovery if CMI criteria for Millenium Prize Problems are not satisfied.



https://www.claymath.org/millennium-problems/rules/
https://www.claymath.org/millennium-problems/rules/

Odderon: well established in QCD

Odderon proposed in Regge phenomenology:
L. Lukaszuk, B. Nicolescu, Lett. Nuovo Cim. 8, 405 (1973)

Three Gluon Integral Equation and Odd c Singlet Regge Singularities in QCD
BKP evolution equation
J. Bartels, Nucl. Phys. B 175 (1980) 365-401
J. Kwiecinski, M. Praszalowicz, Phys.Lett.B 94 (1980) 413-416

A new Odderon intercept from QCD:
R. A. Janik, J. Wosiek, Phys. Rev. Lett. 82 (1999) 1092

Odderon in QCD:
J. Bartels, L.N. Lipatov, G. P. Vacca: Phys. Lett. B (2000) 178

Odderon in QCD with running coupling:
J. Bartels, C. Contreras, G. P. Vacca, JHEP 04 (2020) 183

For an excellent theory intro/review, see Yu. Kovchegov’s
CTEQ Webinar, April 28, 2021
http://youtu.be/yHBO3zcB3V4
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http://youtu.be/yHBO3zcB3V4

Formalism: elastic scattering

B(s.t) = Lin do(s) B(s) = Bo(s) = lim B(s, t),
dt dt t—0

I”.l Re T,Tl‘-r .A} t 1l'_ _.”H( }' - ]El‘l'_.“lH ﬂ
pls. Tm Ty (s, A)

Ttot l s)=2ImT, (A=0,s )

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

22



Formalism in b space

S d*A __
/w—t 40T (5,4) =
&7 )~ '

1 7.,
o /J{}[ﬂ b)Te(5,A)AdA

A|, b=|b|.

P(s,b)

Impact parameter or b space:
elastic scattering interferes with propagation w/o collisions: Genuine quantum physics.
In general, a complex opacity function Q(s,b) (eikonal, from unitarity)
0 < P(s,b) < 1 : inelastic scattering has a probabilistic interpretation




Odderon: first observation with > 5 ¢

EPJ Web of Conf. (2020) 235: 06005
https://doi.org/10.1051/epjconf/202023506002

Proton Holography -- Discovering Odderon from 5Scaling Properties of Elastic Scattering

LOgpest andc EE:'.E“'E:'_,' f.d

First publication of an at least 5.0 ¢ (6-26-6
published o
EPJ Web of Conf. 2
in an anonymously refereed / peer reviewed conference proceedigs.

(Proc. ISMD 2019, Santa Fe, USA)

BUT: ,Never be the first! It is too early!”
P. Carruthers ~ 1990



https://doi.org/10.1051/epjconf/202023506002

First journal publications, Odderon > 5 ¢

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

— R L - - H 2 Pa - - -
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Odderon discovered by a Hungarian-Swedish collaboration:

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

4 blogs . 2 Facebook pages

1 Wikinedia page
4 Wikipedia page

This article is in the 98% percentile (ranked 6,037™) of the 428,075 tracked articles of a similar age in all
journals and the 99 percentile (ranked 15 of the 231 tracked articles of a similar age in The European

Physical Journal C

Observation of Odderon effects at LHC energies: a real extended Bialas-Bzdak model study

ner RCP, Budapest and EKU KRG, Gyongyos), | Szanyi (Ectvos W, and Wigner BCP, Budapest) (May 28, 2020
5. LC 81 (2021} 7, 611 = e-Print: 2005.14319 [hep-ph] Hungarian team, Polish-Hungarian model:

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

SUMMARY News Blogs

Odderon Exchange from Elastic Scattering Differences between pp and pp Data at 1.96 TeV anc

from pp Forward Scattering Measurements Q 112 )

TR B 4 P e i et R e 1 . f ******
OTEM and D0 Collabaorations « V.M, Abazov (Dubna, JIMR) et al, (Dec 7, 2020
TWITTER DEMOGRAPHICS
- hmd e Dfee Do fodt 127 004 £ NEINND ot TN Ty _
2l shen e Bhn I - =FIr r | i
A= i LN LETE 120 LEUE O WD - L a2 loda DO d TOTEM C “ b .
o an ollaborations:

Phys. Rev. Lett. 127 (2021) 6, 062003, Published: 4 August 2021
https://doi.org/10.1103/PhysRevLett.127.062003 25
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.062003
https://doi.org/10.1103/PhysRevLett.127.062003

observations/confirmations of Odderon with > 5 ¢

Characterisation of the dip-bump structure observed in proton—proton elastic scattering at "'.-E =

TOTEM Collaboration:
8 TeV: EPJ C (2022) 82, 263 (2022).Published: March 26, 2022

https://doi.org/10.1140/epjc/s10052-022-10065-x
Publishes final data for DO-TOTEM PRL published in 2021

This article is in the 1% percentile (ranked 279,419 of the 343,818 tracked articles of a similar 2ge in
all journals and the 1% percentile (ranked 73 of the 114 tracked articles of 2 similar age in The

European Physical Journal C

CoArre
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Hungarian team, model of Polish origin:

New TOTEM 8 TeV data vs ReBB model predictions:

EPJ C 82 (2022) 9, 827. Published: Sept 19, 2022

In the ReBB model, Odderon exchange is a CERTAINTY-

This article is in the 64% percentile (ranked 57,525 of the 166,532 tracked articles of a similar age in
all journals and the 99™ percentile (ranked 1% of the 1 tracked articles of a similar age in The European
Physical Journal C °
What about model independent results?
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Looking for Crossing-Odd(eron) effects

TRV (s.t) = T (s,1) — T (s,1),
T!P(s,t) = T (s.t) + T (s.1),

2| — | —

T+{~, t) = T {5 r;+T"[a 1).

do™P

for /s > 1 TeV =% T{; (s.t) = 0.

for /s > 1 TeV — T:f (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
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Odderon search: a possible strategy

Known trivial s-dependences in
Got(S)s cai(S), B(S), p(s)

Try to scale this out
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
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AN OLD STORY REVIVED

GEOMETRIC SCALING



GEOMETRIC SCALING (GS)

Nuclear Physics B

Volume 59, Issue 1,13 August 1973, Pages 231-236

Geometric Scaling’ mUItipliCity distributions Vol. B6 (1975) ACTA PHYSICA POLONICA
and cross sections

]. Dias De Deus

Nuclear Physics B
Volume 71, Issue 3, 25 March 1974, Pages 481-492 GEOMETRICAL SCALING, QUARKS AND THE POMERON

By J. D1as pE DEeus

The Nicls Bohr Institute, University of Copenhagen

Scaling law for the elastic differential

SECtion in pp Scatte ring from geomEtI Theory Division, Rutherford Laboratory, Chilton*
. { Received December 10, [974)
scaling *

From quark model additivity applied in the impact parameter planc to the inelastic

overlap function we obtain a kind of scale invariant factorizable Pomeron. Quarks them-

AJ]. Buras, ]. Dias de Deus sclves are scen as behaving asymptotically like extended objects (quark pancakes), cross-
-sections and multiplicitics being related to their overlap in a high energy collision. Predic-

tions, which can be tested soon at NAL, are given for overlap [unctions, cross-sections, the

ratio 6®/o™! in the case of various reactions, Universality features of multiplicity distributions

are explained in a natural way and an attempt is made to compute the modifications coming
from the lecading particle effect.




GEOMETRIC SCALING: AN OLD STORY REVIVED

Phys. Lett. B 856 (2024) 138960

Contents lists available at ScienceDirect

Physics Letters B
journal homepage: www.elsevier.com/locate/physletb

Letter Phys. Lett. B 869 (2025) 1398458

Scaling laws of elastic proton-proton scattering s wsay Contents lists available at ScienceDirect

. . a . . b, &) N
Cristian Baldenegro “, Michat Praszatowicz , Christophe Physics Letters B

2 Dipartimento di Fisica, Sapienza Universitd di Roma, Piazzole Aldo Moro, 2, 00185 Rome, Tialy
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Letter

ARTICLE INFO ABSTRACT Geometric scaling of elastic pp cross section at the LHC iy

Editor: G.F. Giudice We show that elastic scattering pp Michat Praszatowicz

square |f| have a universal property Institute of Theoretical Physics, Faculty of Physics, Astronomy and Applied Computer Science, Jagiellonian University, S. Fojasiewicza 11 30-348 Krakdw, Poland

Keywords: _ the ISR to the LHC, from tens of GeV

E:jizgcﬁﬁzl?:gg scaling observed at the ISR with the
present experimental uncertainties, AR TICLE INFO ABSTRACT
scaling laws impose on the paramel

Editor: Dr Francois Gelis We show that geometric scaling conjectured and observed at the ISR more than 50 years ago, still holds at the

Keywords: LHC. We discus.is regularities ofhd']e di})‘— bll.l"ﬂp structures of the differential elastic crosfs secﬁun:s, emphasizing‘; t‘he

Elastic pp scattering fact that the ratio of bump to dip positions is constant from the ISR to the LHC. Applying crossing and analyticity

geometrical scaling we identify imaginary and real parts of the scattering amplitude and compute the p parameter and the ratio of
bump to dip values of the differential pp cross sections. We also discuss the energy dependence of the total elastic
cross section and the violation of geometrical scaling outside the dip - bump region at the LHC.




Geometric scaling Immediate consequences

o, 2
ou :h-m/d?B | — e~ UB)
O(s,b) = 2 (b/R(s)) e
P2/ ) 2 . —Q(B)
Opacity is a function of one varible, Otor =211 W/” B Re [l - ]
and R(s) grows with energy. Changing variable N
( ) g gy g g Tinel :h)u[ \]/([QB [1 _ |1"Q(B)|Q:|

b— B =>b/R(s)

Geometric Scaling If we neglect x (indeed p parameter is small),
2 o
Oie] = RQ(S) /ng [1 - ‘B_Q(B)’ } (GS) assumes ’éhen alc: cross-sections have the same energy
0o(s) ~ 0 ependence.
| J
1
B oo ot work at the LHC!

M. Praszalowitz: Immediate consequences
PLB 869 (2025) 1398-48, ‘ |
M. Praszalowitz: Tel = /dgb |1 - G_Q(S’b)HXM |2’

Uelhe s W attiame OICD 2023, Motivating issue (Cs.T.):

Otot = 2/d2b Re [1 — e Hsb)+ix b)] ; Opacity in general complex,
. Why not scaling for its imaginary part too?
'y 2
Oinel — /dzb |:1 — }S_Q(S’b)’ ] .



GS WHY DOES NOT WORK AT LHC?
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. ; : E : E s < indirect
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G, ((S)/0.(S) is not a constant of s at LHC energies:
Ta;ole 1ta;1d Fig, 1 from T. Csorg6 for TOTEM, Proc. ISMD 2018 - Does nOt work at the LH c !

Recent Results from the CERN LHC Experiment TOTEM -- Implications for Odderon Exchange M. Praszalowitz:
TOTEM Collaboration = T. Csérgé (Wigner RCP, Budapest and Eszterhazy Karoly U., Eger and CERN) for the collaboration. (Mar 16, 2019) PLB 869 (2025) 1398-48
’

Published in: ER/ Web Conf. 206 (2019) 06004 = Contribution to: ISMD 2018, ISMD 2018 = e-Print: 1903.06992 [hep-ex]



DERIVATION 1

H(x) SCALING FOR SMALL x « 1



H(Xx) scaling for small-x, in the cone region (x « 1)

do

— — A(s) exp [B(s)t
o =Als) exp[B(s)1]

B(s)ou(s) dr

B(s)oe(s) dt
—tB(s).

Advantages:
1) H(x) = exp(-x) in the diffractive cone, for x « 1

2) H(0) = 1 > Start from a place that you know
3) Measurable both for pp and pbarp

BONUS EXTRA: An Odderon signal
H(x|pp) scales with energy, but for pbarp, no scaling 35




Model independent H(x|pp) scaling yields Odderon > 6.26 ¢

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

Cemrmes O

Eur. Phys. J. C (2021) 81: 180, published February 2021
https://doi.org/10.1140/epjc/s10052-021-08867-6

—————

.....

E $ PP 2.76 TeV - TOTEM ; F s PP 1.96 TeV - DO
= b PP 7 TeV -TOTEM . - ¥ pp 7 TeV-TOTEM
B —— Hix) limit of ReBB I I — ReBB
10 107 o .
= 7TeV — .76 TeV (=, .= 0.26): x = TTeV —1.96TeV (= =-0.56):
- - ¥2/NDF = 35.8 / 63, CL = 1e+02% 7 c ¥2NDF = 80.1 /17, CL = 3.7e-08%
° = > -
'"_g 1072 = 276 TeV 7 TeV (= =0.33) % 1072 = 196 TeV =T TeV (g, =-0.59):
= ¥2NDF = 38.2 / 83, CL = 1e+02% B = ¥AMDF = 287 / 65, CL=1.3e-27%
l: 3 | 3 | "
m 0E | 10°E
— = o) = 4
= C C
A 4 i 3 4 .
= S~ =
10 = N 10 E
C | C +_
1 R | sl R S
10 E - | 10 E -
= | | L - | |
0 10 20 0 10 20
B =By(s) fromnowon | _p; X=-Bt=-By(s)t _Bt

S: Model independent Odderon significance = 6.26 ¢
C1: All DO and TOTEM published data at 1.96, 2.76 and 7.0 TeV
C2: domain of validity is still determined model dependently.
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DERIVATION 2

H(x) SCALING FOR ALL x



Derivation of H(x) scaling for all x

ta(s,b) = (i+ po) r(s)E(X).

Re exp [—()(s,b)] = 1 - '?"f-f—-'ﬂ'.ﬁl}E ‘U Similarly to GS, only one
Im exp [-Q(s,b)] = por(s)E(X). s-dependent scale R(s)
X = b/is), Dissimilarly to GS,
R(s) = v/ B(s), po(S) is not vanishing!

T 20,2(5) R (s) | E(R(s)A)

4

1+ iﬁ o o =g
() R (s)| E(O),
Dissimilarly to GS, no

Hungarian-Swedish team: 1 do B |EH’T}|3 — H(p Singularity at minimum!
Eur. Phys. J. C (2021) 81: 180, Adr — Flr — 0P = (),

Advantages:
H(x) # exp(-x) arbitrary positive def. in the dip-bump region
Measurable both for pp and p-antip. Normalized as H(0) = 1.




Test of the H(x) scaling at 7 vs 2.76 TeV

Between 8 and 13 TeV, scaling limited to the cone, but at 13 TeV
scaling violated beyond stat+syst errors in dip/dump/tail region!




MINIMAL ODDERON MODEL

For a general derivation of H(x) scaling



General derivation of H(x) scaling: MOM

let(s,b) =1 I:l — S_Q{M}}:I 1

P(s,b) =1 — |exp(—£2)|” = Gin(s, b),

1
Re 2(s,b) = —= In[1 — Gin(s, b)] .

Excitation function of elastic pp scattering from a unitarily extended Bialas—Bzdak model

RCP, Budapest and Unlisted, HU), M. Csanad (Eotvos U.) (Apr 16, 2015)

Im £2 (.5'.. b‘) = — - f_:.-l"jﬂ {:-S, b) . Published in 05.01415 [hep-phl

Scaling assumtion: o,,(s,b) = o;,(b/R(S))

Result: H(x) scaling follows,
but o,(s)/o..(s) is not a constant of s and pg(s) # 0.

Minimal Odderon Model (MOM):
signal if ou(s|pp) # a(s|pbarp)
Odderon exchange: by 1 parameter only.




Summary and conclusions
Geometric scaling is revived but
o > Jis does NOT work at LHC,

—ad— ATLAS-ALFA | .
e s by COMPT R because at LHC,

re-LHC model RRP (1.2, o .

. - - 6.,(s)/o,,(s) is not a constant of s
’ and py(s) # 0

But H(x) is valid if py(s) = const
- reason for H(x) violations at 13 TeV

If pO(S) = OI
b geometric scaling is recovered and
v o O, (s)/o.(s) becomes const(s)

1 TOTEM:

01.546 TeV

T T 1]
j PDG:

< indirect

{ eav oy Thus H(x) scaling is

1 COMPETE

5 (e LHC model RRPygL 2, a generalized geometric scaling !
pp

e Foundation of Odderon discovery.

corer 0.546 TeV roooevrieeorbis s ]

Odderon discovered by a Hungarian-Swedish collaboration:

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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Abstract In the present paper, we extend the Froissaron-
Maximal Odderon (FMO) approach at f different from 0. Our
extended FMO approach gives an excellent description of the
3266 experimental points considered in a wide range of ener-
gies and momentum transferred. We show that the very inter-
esting TOTEM results for proton—proton differential cross-
section in the range 2.76—13 TeV, together with the Tevatron
data for antiproton—proton at 1.8 and 1.96 TeV give further
experimental evidence for the existence of the Odderon. One
spectacular theoretical result is the fact that the difference in
the dip-bump region between pp and pp differential cross-
sections is diminishing with increasing energies and for very
high energies (say 100 TeV), the difference between pp and
pp in the dip-bump region is changing its sign: pp becomes
bigger than pp at |f| about 1 GeV?2. This is a typical Odd-
eron effect. Another important — phenomenological — result
of our approach is that the slope in pp scattering has a dif-
ferent behavior in f than the slope in pp scattering. This is
also a clear Odderon effect.

crucial in order to confirm the validity of QCD. It is very
fortunate that the TOTEM datum pPP = 0.1 £ 0.01 at 13
TeV [9] is the first experimental discovery of the Odderon
at f = 0, namely in its maximal form [10]. Moreover, we
checked recently that just the Maximal Odderon in FMO
approach is preferred by the experimental data. We general-
ized the FMO approach by relaxing the In? s constraints both
in the even- and odd-under-crossing amplitude and we show
that, in spite of a considerable freedom of a large class of
amplitudes, the best fits bring us back to the maximality of
strong interaction [11].

In the present paper, we extend the FMO approach at ¢
different from 0. We show that the very interesting TOTEM
results for proton—proton differential cross-section in the
range 2.76—13 TeV, together with the DO data for antiproton—
proton at 1.96 TeV give further experimental evidence for the
existence of the Odderon.




