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1986-1988: INTERMITTENCY

Moments of Rapidity Distributions as a Measure of Short Range Fluctuations in High-Energy

Collisions

A. Bialas (Orsay, LPT and Jagiellonian U.), Robert B. Peschanski (Saclay) (Sep, 1985) Nuclear Physics B

Published in: Nucl.Phys.B 273 (1986) 703-718 ume 308, Issue 4, 24 October 1988, Pages 857-867
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Intermittency in Multiparticle Production at High-Energy

A. Bialas (Jagiellonian U.), Robert B. Peschanski (Saclay) (Mar, 1988)
Published in: Nucl.Phys.B 308 (1988) 857-867
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Abstract
Abstract

It is proposed to study the dependence of factorial moments of the rapidity distribution
on the size 8y of the resolution. It is shown that if the fluctuations are purely statistical
no variation of moments 8y is expected, and thus observation of such a variation
indicates the presence of genuine fluctuations of physical origin. The region in which the
change occurs corresponds to the size (in rapidity) of the observed fluctuations. stringent tests of the intermittency patterns characteristic of random cascades. Using the
Intermittency, i.e. fluctuations of many different sizes, would show up as a power-law

behaviour of moments on 8y. A good experimental resolution can be obtained from the ) . . o .
rapidity distribution of high multiplicity events. process. Finally, we discuss how to take into account statistical corrections.

We present predictions of random cascading models for multiparticle production at high
energy. Standard and correlated factorial moments in rapidity are shown to provide

central limit theorem we show how to test directly for the existence of a cascading
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1992 - 2004: INTERMITTENCY & HBT EFFECT
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ol. 23(1992) Bose-Einstein correlations for Levy stable source distributions

T. Csorgo (Budapest, RMKI), S. Hegyi (Budapest, RMKI), W.A. Zajc (Columbia U.) (Oct, 2003)
Published in: Eur.Phys.).C 36 (2004) 67-78 « e-Print: nucl-th/0310042 [nucl-th]
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Dedicated to Wiestaw Czy2 in honour of his 65th birthd.:

Bose—Einstein correlations for Lévy stable source distributions

Relation of the intermittency phenomenon observed in spec
ticles produced in high-energy collisions to the intensity corre T. Csorg6'®, S. Hegyil?, W.A. Zajc>©
tween identical particles is discussed. It is argued that the co
of the two effects requires scale-invariant (power law) fluctuat
size of the interaction region.

! KFKI RMKI, 1525 Budapest 114, POB 49, Hungary
2 Dept. Physics, Columbia University, 538 W 120th St, NY 10027 New York, USA

Received: 19 November 2003 / Revised version: 27 April 2004 /
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Intermittency and the Hanbury-Brown-Twiss effect © Spring =/
A. Bialas (Jagiellonian U.) (Apr, 1992) Abstract. The peak of the two-particle Bose-Einstein correlation functions has a very interesting structure.
Published in: Acta Phvs.Polon.B 23 (1992) 561-567 It is often believed to have a multivariate Gaussian form. We show here that for the class of stable
ublished in: Acta Phys.Polon.B 23 ( ) B distributions, characterized by the index of stability 0 < a < 2, the peak has a stretched exponential shape.
. S The Gaussian form corresponds then to the special case of a = 2. We give examples for the Bose-Einstein
pdf [4 cite correlation functions for univariate as well as multivariate stable distributions, and we check the model
against two-particle correlation data.



https://www.actaphys.uj.edu.pl/fulltext?series=Reg&vol=23&page=561
https://inspirehep.net/literature/630563
https://inspirehep.net/literature/630563

2006: BIALAS-BZDAK MODEL FOR ELASTIC PP

. . . . . . 2. Low momentum transfer elastic scattering in
Constituent quark and diquark properties from small angle proton-proton elastic scattering at high P S
energies We follow the standard point of view that the imaginary part of the
A. Bialas (Jagiellonian U.), A. Bzdak (Jagiellonian U.) (Dec, 2006) elastic scattering amplitude, dominating at high energy, is generated by the
, . . absorption of the incident particle wave, represented by the inelastic (non-
Published in: Acta Phys.Polon.B 38 (2007) 159-168 « e-Print: hep-ph/0612038 [hep-ph] diffractive) collisions. The inelastic proton—proton cross-section at a fixed
impact parameter b, o(b), is calculated using the rules of the probability
calculus. One writes

pdf @ links [4 cite F@ reference search 2) 66 citatic

o(b) = /(12.5,,(12.~"’,d2.s(/dj.sf,U(.s'(,. s,;]L)('.sfl. 54)0(Sq, 5d; .s-:l. sipb), (1)
— quark-diquark model — quark-diquark model

_ where D(s,,sq) denotes the distribution of quark and diquark inside the
o 31GeV o 62 GeV nucleon, .s-q(.s:fl') sq(sl;) are transverse positions of the quarks and diquarks

o 23 GeV (x10 3) ! o 53GeV (X103) in the two colliding nucleons, and rr(.s'q.s,,:sfl.sfi:b) is the probability of

interaction at fixed impact parameter and the transverse positions of all
constituents taking part in the process. This configuration is illustrated in
Fig. 1. Since the constituents act independently we have [11,12]:

1 — 0(3q, 84; Sg; a3 b) = [1 — 0gq(b+ sq — 3¢)][1 — ga(b+ sy — 3q)]

Xrl = Urlq(b o E '*“l[ B “1!)1 T Url(!(b 2 5,’1 Z= '\'d)] ) (2)

/ 9 N 712 g g A . . i
where o.4(8) = d°oa(s)/d”s are inelastic differential cross-sections of the
constituents (ab denotes qq, qd or dd).

/o &\
l." S q |

Fig. 3. The quark-diquark model compared to data on differential cross section at

four energies. Diquark as a gq system.

Fig. 1. Proton—proton scattering in the quark-diquark model.

SII‘IgUlaI‘Ity Of BB at the dlp For the distribution of the constituents inside the nucleon we take a
9 Add real pa rt to fix it. Gaussian with radius R:
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2015: BIALAS-BZDAK MODEL REAL EXTENSION

Excitation function of elastic pp scattering f

F. Nemes (CERN and Wigner RCP, Budapest), T. Cs6rgé (
2015)

Published in: IntJMod.Phys.A 30 (2015) 14, 1550076 « e-
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The unitarity of the scattering matrix S is exj
St =1,

where [ is the identity matrix. The decompositio
transition matrix, leads the unitarity relation Eq.

L=’V =g 1)
which can be rewritten in the impact parameter b

21Imt(s,b) = |ta(s,b)|* + &;

We have studied several possible choices. (
the imaginary part of the opacity function so
probability of inelastic scatterings, which is knon
of the impact parameter b. A possible interpretat
that the inelastic collisions arising from non-colli
and diquarks follow the same spatial distributio
the same constituents

ImS(s,b) =

p+p — p+p, diquark as a single entity at \[s=23.5 GeV
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Figure 4: The fit of the ReBB model at \: =23.5GeVinthe 0 < [t| < 2.5 GeV?

squared four-momentum transfer |t| range. The fit uses the statistical errors of

the data points and the luminosity error of the systematic uncertainty according
to Eq. (32). Parameter values are rounded up to two valuable decimal digits.

Singularity of BB at the dip
Add real part to fix it.
ReBB solves three problems:
Describes dip-bump structure
Provides po # O
Provides Odderon

1 second order polynomial equation in terms of
ei(s,b). If one introduces the opacity or eikonal

szmm]

2Re Qs.b) (=
b)=1-—¢ 2Rafl(nb) (5)

'd eikonal form. From Egs. (5) the real part of

be expressed as

('TI.'H

1(s,b)] . (6)

jumed that the real part of £.; vanishes. In this

AT r‘r‘,,,,(.\-.b)}.

<en into account in Eq. (4) the result is
Qs.b ~ / \
g 'V 1 — Ginei(s, h)} .

ion of Im (s, b) is discussed later.
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ELASTIC SCATTERING



Formalism: elastic scattering

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

f—0

ReT,(s, A) p(s) = po(s) = limp(s,t)

S, t) = ————= =0
A Tm Ty (s, A)

Ttot l}} = 2 ]:111 II_:?E r“A — [} :r‘}

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




Formalism in b space

/ﬁp|J£J|T|ISJ|JdJ

._..7'1'
A, b=|b|.

_ ,—12(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




Looking for Crossing-Odd(eron) effects

for s > 1 TeV.

Three simple consequences:

doPP daPP _
= for /s > 1 TeV
dt dt Ve =

for \f_: > 1 TeV =%~ T:; {1- ﬂ — (.

. doPP

dt 7 dt

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
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Odderon: extremely elusive, for 48 years

COOBUEHMHA
OBBEAMHEHHOI'O
MHCTUTYTA
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Odderon: L. Lukaszuk, B. Nicolescu,

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

Odderon is an odd component of -

I i ; FRpLL s

elastic scattering: @ /B
Changes sign for crossing
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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. Efremov, R. Peschanski, JINR-E2-6350 (1972)




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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Odderon: elusive experimentally

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

% /s = 53GeV

oL 3 ‘ | : | Indication of Odderon
B | CL = 99.9 %,
Significance: 3.35 ¢
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Terminology for this talk:
Agreement if statistical significance is < 3 o
Indication of signal if 3 ¢ < significance < 5 ¢
Evidence or observation of signal if 5 o < significance
Discovery of signal if 5 ¢ < 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.
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A. STER, L. JENKOVSZKY, T. Cs. (PRD 2015):
PREDICTION OF ODDERON DISCOVERY AT LHC

PHYSICAL REVIEW D 91, 074018 (2015)
Extracting the Odderon from pp a do/dt data for pp, pp or

) 10000 -
Andris Ster EXTRACTING THE ODDERON FROM pp AND pp ... PHYSICAL REVIEW D 91, 074018 (2015)

Wigner Research Centre for Physics, Hunga :_122 mni= ::_122 i ]
H-1525 Budapest 114, P.O. Bo) ot {2 ]
8 s Sosf- 1
Laszlo Jenkovszk) 10007 X 2o .
: manTe 5, L _
Bl’l'l_’, National Academy of Sciencef of Ukn SpBS of 02 |
and Wigner Research Centre for Physics, Hun < . PINUHPINUUNPIIOUN [ it od

H-1525 Budapest 114, P.O. Boy © (6o & (GoV)

S ISR, pp o [ P P e
Tamds Csorgd' & g8 &8 ®r panawm e ] e ;
Wigner Research Centre for Physics, Hunga : z o ,;::/ ] eff :
H-1525 Budapest 114, P.O. Bo) [ | S o 1 = 1
and KRF, H-3200 Gyongyds, Mdtrc 10 { FNAL pp of T :
(Received 15 January 2015; publish Al i ; ]
Starting from a simple empirical parametrization of the scatt o = K Eo ot W
dip-bump structure of elastic pp scattering in 1 at fixed values e .8 el e [
between missing energy intervals to extract the Odderon contr - T T T Ezz ;;mk" " ”’
pp elastic and total cross sections. The model is fitted to data el 1980 1990 20( = B ]
extract the Odderon and its ratio to the Pomeron. From o year °§§E
as predicted by J. Bartels, L.N. Lipatov, and G.P. Vacc | et ]
chromodynamics. FIG. 1 (color online). Timeline of protoi 5 I 2° o
scattering measurements. New acceleratc Yy T M BE W B

DOL: 10.1103/PhysRevD. 91.074018

maximu m available energies; however, al FIG. 4 (color online). Energy-dependent values of the parameters from a fit to pp and p p data, constrained by of” = 6" as /5 — co.

The lowest right icon shows a cross-check for the (asymptotically converting) total cross sections.

accelerator, the pp and the pp elastic scauciing uaia were

measured at the same /s = 31, 53, and 62 GeV. 14




Odderon search with scaling: a possible strategy

Known trivial s-dependences in
GtOt(S)I Ge|(S), B(S)I 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

15



DISCOVERY: ODDERON EXCHANGE



Odderon: first observation with > 5 ¢

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

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

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
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First journal publications, Odderon > 5 ¢

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

= = , N B D _— - a e - . -e - a " p

FeRrni P— Burdanae nd CERN \leveale nlisted H D Dacacrhnil nel Nant Thanr Dhue Ctar NA o
I, Csorge (Wigner RCP, Budapes d CERN), T. Novak (Unlisted, HU), R, Pasechnik (Lund U., Dept. Theo ys.) A. St RCP,
2ida + Cra inr QCP Rudanect ~ 26 201¢C
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Hungarian-Swedish team:

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

Online attention

. 26 tweeters
@ 3 Mendeley

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 1%%) 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

T. Csergo (Wigner RCP, Budapest and EKU KRC, Gyongyos), |. Szanyi (Eotves U. and Wigner RCP, Budapest) (May 28 2020
oublished in: Eur.Phvs.C 81 (2021) 7. 611 » e-Print: 2005.14319 [hen-p Hungarian team, Real Extended Bialas-Bzdak model:

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

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

from pp Forward Scattering Measurements . 112

TOTEM and DO Collaborations « V.M. Abazov (Dubna, JINR) et al. (Dec 7, 2020
D ohlichad in Dhue Rov o 27 (720 & DAZNN2 o« 2.Print' 2012 N2A21 Then.avl 5
Published in: Phys.Rev.Lett. 127 (2021) 6, 062003 « e-Print: 2012.03981 [hep-ex] DO and TOTEM Collaborations:

Phys. Rev. Lett. 127 (2021) 6, 062003, Published: 4 August 2021
https://doi.org/10.1103/PhysRevlett.127.062003 18

Defense of this DO-TOTEM paper is in progress
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2022 observations of Odderon with > 5 ¢

Characterisation of the dip-bump structure observed in proton—proton elastic scattering at \/3 =

8 TeV

Online attention

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

(‘ ' x @ oneces 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 343,918 tracked articles of a similar age in
all journals and the 1t percentile (ranked 737) of the 114 tracked articles of a similar age in The

European Physical Journal C

The ReBB model and its H(x) scaling version at 8 TeV: Odderon exchange is a certainty

i , - -~
r RC2 Budanest ard Karolv Robert n Cearas W ar
RC yudapest and Karoly Robert U. Coll. Csorge 2

Hungarian team, using the Real extended Bialas-Bzdak (ReBB) model:
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-

Online attention

This article is in the 64* percentile (ranked 57,525%) of the 166,532 tracked articles of a similar age in

2“1\?!#:1?;’&1(1:1?9 99" percentile (ranked 1%%) of the 1 tracked articles of a similar age in The European What about model independent resu|ts?
— See some of the backup slides
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Three Oldest Hungarian Universities

Home » University » UP Story 650 yea
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University of Pécs: 1367

The history of higher education in Pécs dates back to 1367, when Louis th . . i
p— 2 episcopal City Of Pecs. As a result of an Integration proq University of Pécs:
e _' &2 1, which has become one of the most famous, prestigioy S: Oldest, C: in Hungary
- )n. It has ten faculties which cover the full spectrum of h _

3
A Ta 1= T 7
o

The University ¢ ~ 4 nstitution of higher education in the country operated continuously in the same city, is one of the research
. o “Y: '} - QO . - o . .
universities of n: O 102 gary offering the widest spectrum of educational programs in 14 faculties and 24 doctoral schools.

5 - y H H . It
niversity of Debrecen: 15: University of Debrecen: e
v .‘_"?,' // 4 \ . M education and cy S: OldeSt, C: N Hungary, vell,
P\ ) the gerundium, | gpergting continuously and in the same city |
ShOV\/lng respect

E6tvos University:

S: Oldest, C: in Hungary,

teaching continuously
A ¥ J ¥ in Nagyszombart in 1635 (sixteen
thirty-five) by Archbishop of Esztergom, Pérer

(S,C) structure evident,
S: statement, valid if
C: condition is satisfied
See talk of R. Dardashti at ISMD21
Condition changes = Statement changes (!!)

Eotvos Lorand University: 1635

Pizmdny, and it is the oldest Hungarian univer

sity where the teaching has continued uninter

rupted since its inceprion. More than sixty years



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

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

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

. e MNewvmé Th = | T A Chmy MR -
- . ~A nt Thanr Dh e A
. Pasechnik (Lund U., Dept e . A, St !

aaaaaa

pest). 1. 2zanyl (Wigner RCP, Budapest) (Dec 26, 2019 Eur. Phys. J. C (2021) 81: 180, published February 2021
-Phys.J.C 81 (2021) 2, 180 » e-Print: 191211963 [hep)  https://doi.org/10.1140/epjc/s10052-021-08867-6
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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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REAL EXTENDED BIALAS-BZDAK
AND MINIMAL ODDERON MODELS



Real Extended Bialas-Bzdak: dip fits, Odderon > 7.08 ¢

. , . Eur. Phys. J. C (2021) 81:611, published July 2021
Observation of Odderon Effects at LHC energies -- A Real Extended Bialas-Bzdak Model Study | pttps://doi.ora/10.1140/epic/s10052-021-09381-5
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Real Extended Bialas-Bzdak Model for Odderon

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.J.C 81 (2021) 7, 611 « e-Print: 2005.14319 [hep-ph]

pdf & DOI [4 cite @ reference search 2) 20 citations

Structure:
Introduction,
Fits with CL > 0.1 % to published pp and pbarp data function
In the dip/bump region (large -t fits)

Linear excitation functi
Sa n Ity t_eStS : V |. Szanyi (Eotvos U. and Wigner RCP, Budapest and Karoly Robert U. Coll.), T. Csérgé (Wigner RCP, Budapest and Karoly Robert U.
Extrapolations bc i) ¢ 21, 2022)
Odderon Sig n ifica nce ﬂ Published in: Eur.Phys.).C 82 (2022) 9, 827, Eur.Phys.J.C 82 (2022) 827 = e-Print: 2204.10094 [hep-ph]
From Comb|ned 1 .g pdf ¢ DOI [4 cite R reference search %) 7 citations
Odderon seen at 7.08 ¢
Cross-checks (quadratic trend, ISR data)

The ReBB model and its H(x) scaling version at 8 TeV: Odderon exchange is a certainty

82 pages, 31 figures, model dependent Odderon significance = 7.08 o,
If 8 TeV TOTEM data are added: significance more than 30 ©



https://inspirehep.net/literature/1798517

po from ReBB fits to data — Bonus 2

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

03 I T
Q-O L T. Csorgo (Wigner RCP, Budapest and EKU KRC, Gyongyos), |. Szanyi (Eotvos U. and Wigner RCP, Budapest) (May 28, 2020)
025 _:-_ Published in: Eur.Phys.).C 81 (2021) 7,5311 « e-Print: 2005.14319 [hep-ph]
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ReBB fits: R,;, R4, Ryq Is the same in pp and pbarp, but p(s) is not

ReBB predicts: at vs ~ 0.9 TeV, p(s) is the same in pp and pbarb



Minimal Odderon Model (MOM) and H(x) scaling in ReBB

P(s,b) = 1 — |exp(—$2)|* = Gin(s, b), , o — _
tey(s,b) =i (l — e“""’"(“’b) 1 — Gin(s, b)) .

1
Re2(s,b) = =7 In |1 — Gin(s, b)] .

Excitation function of elastic pp scattering from a unitarily extended Bialas—Bzdak model
F. Nemes (CERN and Wigner RCP, Budapest), T. Csérgd (Wigner RCP, Budapest and Unlisted, HU), M. Csanad (Eotvos U.) (Apr 16, 2015)

In] {? (S b) - — - 5—1.’1 (S b) Published in: IntJ.Mod.Phys.A 30 (2015) 14, 1550076 « e-Print: 1505.01415 [hep-ph]
Dy d A b ] ?

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

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

Minimal Odderon Model (MOM):
Odderon exchange signal if o(s|pp) # a(s|pbarp)

Odderon exchange: by only one s-dependent parameter.
ReBB is a MOM if R (s) : Ry(s) : RyqlS) = Ry(So) : Ry(Sp) : RyalSo)




Bonus Extra: ReBB model for o, vs TOTEM and ATLAS
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Observation of Odderon effects at LHC energies: a real extended Bialas-Bzdak model study
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TOTEM data on o, are systematically above ReBB result, but ...
ATLAS o, data agree with ReBB result, published in EPJ C81 (2021) 7, 611



Statement of the problem, with old 2

p+p — p+p, diquark as a single entity at \'s=7000.0 GeV p+p — p+p, diquark as a single entity at \[s=7000.0 GeV p+p — p+p, diquark as a single entity at \'s=7000.0 GeV
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ReBB fits to both TOTEM low-t and TOTEM-large-t fit acceptable at 7 TeV, but

The two datasets could not be ReBB fitted simultaneously, without an advanced y2 definition !




ATLAS and TOTEM: ReBB model to low -t, 7 TeV

Vs=7 TeV, pp Vs=7 TeV, pp
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TOTEM low-t vs TOTEM-large-t fit acceptable at 7 TeV, obtalned W|th
advanced PHENIX y2 definition, but with g > 1, outside expected range (-1,1)
ATLAS low-t vs TOTEM-large-t fit successful (CL = 10.2 %) at 7 TeV'!




ReBB model extension to low -t, 8 TeV

Vs=8 TeV, pp Vs=8 TeV, pp
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TOTEM low-t vs TOTEM-large-t fit FAILS at 8 TeV, but ...
ATLAS low-t vs TOTEM-large-t fit SUCCESSFUL with CL = 2.59 % at 8 TeV !




ReBB model: where to look for Odderon?

Recent review of Ryskin: asks for Odderon amplitude, intercept etc.
But this has been done (for ReBB) already in 2021!

Current Status of the Odderon
Mikhail G. Ryskin (St. Petersburg, INP) (Aug 4, 2024)
e-Print: 2408.01990 [hep-ph]

Modulus and phase
for both Odderon and
Pomeron
Extracted from UA4, DO and
TOTEM data using ReBB fit
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pp: ReBB model limit on H(X,s) = H(X) scaling

60 I I T T 1T T1 I T T 1T T

50

H(x) = exp(-x) at low x = -Bt at ~ every s
s-dependence: only Xax(S)
Xmin(S) ~ O in the diffractive cone !

30

20

Energy range: 200 GeV - 8 TeV (nearly factor of 40)
With decreasing s, the x = -Bt range for H(x) scaling decreases




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

]J. Dias De Deus

ey Nuclear Physics B
; Volume 71, Issue 3, 25 March 1974, Pages 481-492 GEOMETRICAL SCAL[NG, QUARKS AND THE POMERON

By J. Dias pE DEeus

The Nicls Bohr Institute, University of Copenhagen

Scaling law for the elastic differential

section in pp scattering from geometr Toeory Divilon, Ruthetord Laboreory, Chilon”
. { 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-

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

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

ratio 6°!/6*°* 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 leading particlc effect.




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

Scaling laws of elastic proton-proton scattering

2 Dipartimento di Fisica, Sapienza Universitd di Roma, Piazzale Aldo Moro, 2, 00185 Rome, Italy

Y Institute of Theoretical Physics, Faculty of Physics, Astronomy and Applied Computer Science, Jagiello
¢ Department of Physics and Astronomy, The University of Kansas, Lawrence, KS 66045, USA

4 Department of Physics, Penn State University, University Park, PA 16802, USA

ARTICLE INFO ABSTRACT

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

: square |f| have a universal property

Iélemrds: . the ISR to the LHC, from tens of GeV

RSRiE PP Scolteriag scaling observed at the ISR with the
Geometrical scaling . ..

present experimental uncertainties,

scaling laws impose on the paramet

Phys. Lett. B 869 (2025) 139848

Cristian Baldenegro ?, Michat Praszalowicz ™~ +*, Christophe

Letter

Contents lists available at ScienceDirect

Physics Letters B

journal homepage: www.elsevier.com/locate/physletb

Geometric scaling of elastic pp cross section at the LHC e

Michat Praszatowicz

Institute of Theoretical Physics, Faculty of Physics, Astronomy and Applied Computer Science, Jagiellonian University, S. Lojasiewicza 11 30-348 Krakéw, Poland

ARTICLE INFO

Editor: Dr Francois Gelis

Keywords:
Elastic pp scattering
geometrical scaling

ABSTRACT

We show that geometric scaling conjectured and observed at the ISR more than 50 years ago, still holds at the
LHC. We discuss regularities of the dip - bump structures of the differential elastic cross sections, emphasizing the
fact that the ratio of bump to dip positions is constant from the ISR to the LHC. Applying crossing and analyticity
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

) 2
o =R2(s) / @B |1 — e~B)
O(s,b) = O (b/ R(s)) S
_op2(a) [ 12 1 _ —9(B)
Opacity is a function of one varible, Tior =211 (“)/‘] B Re¢ [1 ¢ ]
and R(s) grows with energy. Changing variable , .
(s) & 8y ging o s =R(s) / 2B [1 _ |(.—Q(B)|2]

b— B =b/R(s)

Geometric Scaling If we neglect x (indeed p parameter is small),
2 S
Tinel = RQ(s) /dQB [1 . }B_Q(B)‘ ] (GS) assumes 'éheepr;r?!ecr:zzs sections have the same energy
Po(s) ~ O '
constant Does not work at the LHC!
M. Praszalowitz: Immediate consequences

PLB 869 (2025) 1398-48,

M. Praszalowitz: Oel

_ / de }1 . e—Q(s,bH—ix(},‘fz) ’2 ,
TR &6 W EiEnel QI 202, Motivating issue (Cs.T.):

Ot = 2/d2b Re [1 — e DR Opacity is, in general complex.

Oinel = / d’b {1 - ]e_Q(S’b)jz] , Why not scaling for the imaginary part of

the optical opacity (here denoted by y) too?



GS: WHY DOES NOT WORK AT LHC?

Wi Table 1. Summary of cross-section results of TOTEM at +/s = 2.76 and 13 TeV in pp
erc collisions [1, 3, 4, 51]. onseqguences
SCé

an \/; (TCV) O tot (mb) Oel (mb) Oin (mb) O-el/o-tot (%)
ter 2.76 84.7+33 218+14 628+29 257+ 1.1
50 13.0 1106 34 31017 795+1.8 28.1 £0.9

‘1 B (_,—Q(B)|2

fur Q(B)
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thﬁ = 140 = - — - —_— — ~ 30 ——— T T T T T
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an :g‘: 120 | O Auger (+ Glauber) g ATLAS/ALFA > CMS ] L_E 28 o TOTEM ,/’ 7 2
& 110 |—— Gt fits by COMPETE - = - : |~ B B —Q(B)
Ocl = ; 4 & |—— ATLAS-ALFA | ¥ — le
e E (pre-LIIC model RRP,(L.2,) 1 2% o . | -
3 100 |____ &, by TOTEM § — — —ratio of ¢ fit by TOTEM ¢ ///ﬁ$
ne; < w (1184~ 1.6171ns +0.13591n2s) - and it fits by COMPETE -
as ¢ g b 24 (pre-LHC model RRP, (1.2,,) }/" R
_~ !
ge' gz 70 — ,// I
3 | = ’ ' meter is small
o _ 4
dar ° v - P p parameter is small),
50 e S & . . — .
3 3 i 5 - 20 4 -1
del 40 b= E-’ e - "r' h h
SRS SN > > o> ~ - 4 R, z > B : = 7
N y ave the same energy
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Vs (GeV)
G.((s)/o..(s) is not a constant of s at LHC energies: D k h L H C l
Table 1 and Fig, 1 from T. Csorg6 for TOTEM, Proc. ISMD 2018 oes n Ot wo r at t e .
Recent Results from the CERN LHC Experiment TOTEM -- Implications for Odderon Exchange

TOTEM Collaboration = T. Csérgé (Wigner RCP, Budapest and Eszterhazy Karoly U., Eger and CERN) for the collaboration. (Mar 16, 2019)
Published in: EPJ Web Conf. 206 (2019) 06004 - Contribution to: ISMD 2018, ISMD 2018 = e-Print: 1903.06992 [hep-ex]

M. Praszalowitz:
PLB 869 (2025) 1398-48,




GS: Does NOT work at LHC, because

neither p(s) is 0 nor Ge|(s)/crtot(s) IS constant

p O T T T TTTTT T T T |||l| =1 T IIIIIII . | L
TOTEM results : : : : : : 3 PDG:

F. Nemes

0.2

E-Mail: fnemes@cern.ch

CERN

Presented at the Workshop of Advances in QCD at the LHC and the EIC, CBPF, Rio de Janeiro, Brazil,

November 9-15 2025 A v pp

............................ b | D] TOTEM:
A : ; : Y - s
: ! : : : 3 <  1indirect
0.05 ’ P i B R R O R R IRy R s I & 5 e s .......... s ..... % ............... ,> ................................. _E .Av ViaCNI
(D) Q = >> (D) =
..... B Pl ﬁg[_‘_ COMPETE
N o P
< = e (pre-LHC model RRP,¢L.2y):
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44— PP

0.15

0.1
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.11.\] - — 1.n2 103 104 105
ReBB limit for H(x) scaling coincides with p(s) ~ const

Recent Results from the CERN LHC Experiment TOTEM -- Implications for Odderon Exchange

TOTEM Collaboration = T. Csérgé (Wigner RCP, Budapest and Eszterhazy Karoly U., Eger and CERN) for the collaboration. (Mar 16, 2019)
Published in: EPJ Web Conf. 206 (2019) 06004 - Contribution to: ISMD 2018, ISMD 2018 = e-Print: 1903.06992 [hep-ex]
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DERIVATION 1

H(x) SCALING FOR SMALL x « 1



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

~ B(s)0u(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 40




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,0)] = 1 —r(s)E(X), Similarly to GS, only one
Im exp [-€2(s,b)] = por(s)E(X), s-dependent scale R(s)
' "JPH Dissimilarly to GS,
vB(s), pPo(S) = po(So) = po
But it is not vanishing!
r(s)R°(s)|E(R(s)A)|

L+p2 o 0 =
4__: 0125 )R*(s)|E(0)|,

Dissimilarly to GS, no

singularity at minimum!

it |E(x=0)]

— H(x )

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.




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

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

. e MNewvmé Th = | T A Chmy MR -
- . ~A nt Thanr Dh e A
. Pasechnik (Lund U., Dept e . A, St !

aaaaaa

pest). 1. 2zanyl (Wigner RCP, Budapest) (Dec 26, 2019 Eur. Phys. J. C (2021) 81: 180, published February 2021
-Phys.J.C 81 (2021) 2, 180 » e-Print: 191211963 [hep)  https://doi.org/10.1140/epjc/s10052-021-08867-6

2 15 ritatinne
Ny ~ Wiwelvv -

= $ PP 2.76 TeV -TOTEM ; E " pp 1.96 TeV - D0
- 4 PP 7 TeV -TOTEM " o + pp 7 TeV-TOTEM
B —— Hix) limit of ReBB I e — ReBB
107 107
E 7TeV — 2.76 TeV [=, = 0.26): x E TTeV —1.96TeV (s, =-0.56):
- - ¥2NDF = 35,8/ 63, CL = 1e+02% 7] C ¥%NDF = 80.1 /17, CL = 3.7e-08%
o] = > L
'"_g 1072 = 276 TeV - T TeV (s, =0.33): % 1072 = 196 TeV = T TeV (= =-0.59):
= ¥2NDF = 38.2 / 83, CL = 1e+02% B E ¥AMDF = 287 / 65, CL=1.3e-27%
-~ C o) N
b 3 | 3 | "
0 107°E | 10 3
— = o) c '
= C C
- 4 . a 4 .
= S~ =
10 = = 10 =
C i C
C — C
105 X | 10
= | | L - | |
0 10 20 0 10 20
B =By(s) fromnowon | gt =-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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H (x) ] do
X)) = : : .
| B(s)oe(s) dt
x = —tB(s).
1 1
4 TTev b 13Tev
’ID1E ' 276 TeV - 4 TTev
2_ 2:
ﬁ 10 E 3 ﬁ 10 E
T F N T F
1023 % 102
s 5, <
o - ! o -
o 107 Y e o 10
— E .":ﬁ_nﬂ':'n.'. - o E
C i . L ﬁﬁ‘f
-— 5 - 5 m’f
107 g .. 0 g e
E Te -+ E T1n-++
10°E el 10°E Trey,
= + = + o
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-Bt -Bt

Valid between 2.76 and 7 TeV, even with stat errors only,
H(x) scaling valid even in the bump/tail region!
Between 8 and 13 TeV, scaling limited to the cone,
as p(s) starts to decrease, so H(x|pp) scaling violated beyond stat+syst errors in dip/bump!




vs GS: Summary and conclusions

e T 2 Geometric scaling is revived but
T Tomn does NOT work at LHC,
: [ i

—<— ATLAS-ALFA

— — —ratio of v fit by TOTEM

and oyt fits by COMPETE 1 3 //, because at LH C,
el Gea(S)/ow(s) is NOt @ 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
1 - w geometric scaling is recovered and
= rors: c,.(s)/oi(s) becomes const(s)

s iy Thus H(x) scaling is
] (pre-LHC model RRPaeL2: a generalized geometric scaling !
—w Foundation of Odderon discovery
extended to 0.2 <v/s < 8 TeV
for H(x) scaling of the ReBB model.

TOTEM/ATLAS data support this.

TTT1]
1 PDG:




Summary and conclusions

Real Extended Bialas Model is beautiful

because it is a Minimal Odderon Model
it has a H(x) scaling limit
describes elastic pp and pbarp data
from 23 GeV to 8 TeV

It predicted successfully ATLAS o,(S)

and combined ATLAS low-t
+ TOTEL large-t do/dt data

Foundation of Odderon discovery
extended to 0.2 <Vv/s < 8 TeV.

Within the ReBB model, Odderon
exchange is a certainty!

Dear Andrzej,
Happy 90!




THANK YOU FOR YOUR ATTENTION !

- g T — I~
B y v

ﬂ.'.a 7;1 ).k-"_: 5

A —

47



BACKUP SLIDE
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Test of the H(x) scaling at ISR

} 62.5GeV
$ 528GeV
' 447 GeV
1 30.7 GeV
' 23.5GeV

—_— —A
< o
ro L

o
L

| do
~ B(s)oe(s) dt

7 2

o o o
A A &

o
b

E
E
E

Hungarian-Swedish team:
1B Eur. Phys. J. C (2021) 81: 180,

H(x) = exp(-x) in the cone
Works better than expected, up to x ~ 10, even in the bump/tail, x > 25 region!




OBSERVATION OF ODDERON

/7 TeV data shifted
by €57 tev 0 Minimize 2
Type A errors are shown only PP 1.96 TeV - DO
Both swing and dip regions important! | # P77 SReARY el

7TeV —1.96 TeV (c ___ =-0.56):
yNDF = 80.1/17, CL = 3.7e-08%

1.96 TeV — 7 TeV (g, =-0.59):
y2INDF = 287 | 65, CL = 1.3e-27%

"t o
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Model independent results:
only datapoints,
without s-dependent

Type A errors,
both vertically

pp 1.96 TeV - DO
4 pp 7 TeV (shifted by <, ;7.

extrapolations ! & horizontally
—
107 = \ 7 TeV points 7TeV — 1.96 TeV (= =-0.56):
- . . gfiigﬁ'r‘:; +INDF = 80.1/ 17, €L = 3.7e-08%
- -
B 2L type B errors _ _
B 107°% 196 TeV -7 TeV (= -0.59);
© - g Y/INDF = 287 65, CL = 1.3¢-27%
,@E - “vo! 7.0 < -Bt < 13.5, with 8 DO points
107 = e Minimal size of sliding window for
E - Yhe Observation of Odderon
~ - . with a significance of at least 5o
107 = A ;
- | " -
| I - s TanThke L™
— ."l.'*"'.* E + ""-.-.
B P +|-1' + i
— i |
& 10 20

Where is the signal of Odderon from?
All possible sliding windows,
where the significance is at least 5 ¢

-Bt




Is H(x,s) = H(x) at 1.96 TeV?

MODEL INDEPENDENTLY: YES!

In the background of the Odderon signal,
defined as x < 7.0 in union with x > 13.5
H(x|pp,7 TeV) ~ H(x|pbarp, 1.96 TeV)

Agreement: a significance of 2.39 ¢

Results for the background: x < 7.0 in union with x> 13.5
for €g51(7 TeV) =-1.1 that minimizes signal in the background

€gyy Of
Xmax . = A)(,Z(background) NDF(background)| c (background)
min[y“(background)]

202 | 110 | 2020 [ 9 | 239 |
New MODEL INDEPENDENT result
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Is H(x,s) = H(x) at 1.96 TeV?

A T T T T T T T {s=1.96 TeV

© pp data MODEL DEPENDENTLY: Yes

— reBB Hix) pp|

-=-reBB Hix) pp 1-96 TeV
Reras D380 <4 <1200 GV Highest energy where p+antip
data are available

¥YNDF =25.T1/111 =234
CL=T7.168-01 %

do/dt [mb/GeV?]

Hix) pp:
¥4NDF = 40.57/12 = 3.38
CL = 5.782e-03 %

H(x) scaling limit:
in the Bialas-Bzdak model

ol Fits pbarp data up to largest -t
o0 alenam (red line, dashed line: pp)
I-1_=1]l_IB!l 1 ﬂ_Dﬂ-lI tr:L=ﬂ.E=32 t I[ll_IZIlIH

B
| [ | ] ] L | | | ] | | | I | ] |
— T 1 1

IIIII|_|,|_| IIIII|_|,|_| IIIIIIII IIIIIIII IIIII|,|_|_|

.
-
L
.
C

Pull plots:
(data-fit)/error
(data-fit)/fit

tax(1.96 TeV, pp) > 1.2 GeV?
2 Xmax(1:96 TeV, pp) > 20

= =2 =
=

E:.IIIII|IIII||||||||' IIII|IIIIlIIII|IIII

Lo
= =
B

=

2.5
1 [GeV?]




Safely above the 5 ¢ threshold

Role of the H(x) scaling violations
Do they decrease the signal or not?

H(x) scaling: allows to project pp data ONLY
Scaling violations decrease significance at 1.96 TeV
BUT
Also allow to evaluate pbarp data at 2.76 TeV

Trade-off effect!

Odderon significance increases
from 6.26 to 7.08 ¢ .
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Predictions for pp and pbarp do/dt @ 510 GeV

-
o
)

do/dt [mb/GeV?]
=

I bl l

$=0.510 TeV
Q ppdata @ 0.546 TeV

= reBB p=(q,d) pp

= === reBB p=(q,d) pp

= 6™ =60.78[mb]  o°F=60.72[mb] =
~ PP =47.50 [mb]  o°F =47.44[mb] -
= " = 13.28 [mb] c°" =13.28 [mb] =
- PP =0.128 PP = 0.110 -
= 1.=0.500 =
= R, =0.347 [fm] =
— R, =0.822 [fm] -
=" R, = 0.281 [fm] E
— A,,=1.000 -
~ o™=0.135 ]
= P =0.116 =
[ | | | | | I | | | | | | | | | | | | | |

.0 0.5 1.0 1.5 2.0 2.5

-t [GeV?]

Model dependent Odderon signal @510 GeV: pp above pbarp !




Ratio of pbarp to pp cross-sections @ 510 GeV

% 14: T T T T | T T T T | T T T T | T
= - ReBB p=(q,d) In(s)
S 1.3
) = — {s=510 GeV
e 1.2 _
& - =
B 1.1:— B
E [ _
e =
0.95- =
0.85- =
nzEt -
Model dependent Odderon signal @510 GeV: no peak, but a hole
U.o— —
[ L1 v L1 [ L1 | L1 L1 | L1 L
0 0.5 1 1.5 2 2.5

-t [GeV?]

Scaling violations: dominant @510 GeV
Model dependent Odderon signal: pbarp do/dt ~ 25 % below pp !!




Asymmetry parameter @ 510 GeV
- 0.3

ReBB p=(q,d) In(s)

— {s=510 GeV

[alke ]

Model dependent Odderon signal @510 GeV: no peak, but a hole

_ | | | | I | | | | I | | | | I | | | | | | | | |
O'30 0.5 1 1.5 2 2.5

-t [GeV]

Scaling violations: dominant @510 GeV
Model dependent Odderon signal: A ~ - 15 % @ -t ~ 0.85 GeV?




SUMMARY: AT LEAST 6.26 c ODDERON

¢ TTeV —2.76TeV ¢ 7TTeV —1.96TeV

¢ 276TeV —7TeV ¢ 1.96TeV —7TeV
— ReBB _ — ReBB

A discovery level, model independent Odderon effect at TeV scale.

Published: Eur. Phys. ]J. C 81, 180 (2021).
https://doi.org/10.1140/epjc/s10052-021-08867-6
Domain of validity of H(x) scaling: full x =-tB range of DO at 1.96 TeV.
Published result confirmed with NEW, model INDEPENDENT result!
Model dependent results, using the ReBB model
Significance = 7.08 ¢, see e-Print: 2005.14319 [hep-ph]
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Mandelstam variables

P1,P>: four-momenta
before elastic scattering

Ps,P4: four-momenta
after elastic scattering

s=(p1 +p2)° = (3 +pa)’
t=(p1 —p3)° = (P — p2)°
= (ps —p2)’

2 2

-~

U — ('Pl — P4)

s: square of the cms energy
t: square of four-momentum
transfer
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Odderon and QCD in Laymen’s Terms

g1 & g3 O = (g1, 82, 83)

g,=BR+RB  g,=RG+GR g ,=GB+BG

Pomeron (2+4+...) gluon in pp:
(RGB)+(RGB) > (GRB)+(GRB)

Odderon (3+5+... gluon) in pp:
(RGB)+(RGB) - (GBR)+(BRG)
Well established in QCD
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Odderon and elastic collisions

81 82 83 0= (gll 82, g3)

Odderon exchange: both pp and pp
(RGB)+(RBG) > (BRG)+(BGR)
Changes sign for crossing

O = (g1, 82, 83)

g,=BR+RB g,=RG+GR  g,= GB+BG
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7 TeV data shifted
by €57 1ev t0 mMinimize y?

Type A errors are shown only —
Both swing and dip regions important! % PP 1.96TeV-DO
4 pp 7 TeV (shifted by <, ;1.,)
1L
10 = 7TeV —1.96 TeV (= =-0.56):
-~ - v2INDF = 80.1/17, CL = 3.7e-08%
5 - \
B 102 % 196 TeV — 7 TeV (¢ =-0.59):
© = 1, v2INDF = 287 / 65, CL = 1.3e-27%
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7 TeV data shifted
by &7 1ev t0 Minimize y?

Type A errors are shown only § PP 1.96 TeV - DO
Both swing and dip regions important! | ¢ PP7TeV (shiftedby & )
1 —
0 = \ 7TeV — 196 TeV (= -0.56):
- = Y2INDF = 80.1/17, CE=3.76-08%
e, - \, I 518087
© 102 * 1.96 TeV — 7 TeV (|  =-0.59):
© = "-__ v*INDF = 287 / 65, CL{=1.3e-27%
m 1072 = o
N — *+-+
~ - “ 4
o 4 "._+
10 - ., * .
: '“.. i.'.*lt :»F "q:nt.'t.._‘_‘_
- ‘ 3 des. .
T |+ ...
10° _I_
[ | |
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RESULTS FOR CLOSING DOORS

Two sliding doors of size n and size m:
(n,m): Leaving out the first n and last m DO point

Sliding door technique with two wings (n,m)
Left door excludes the first n, right door excludes the last m DO points

o | 2 | este | ame

New MODEL INDEPENT RESULT
Odderon signal at least 6.33 &
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DO/TOTEM FIRMS UP OUR RESULTS

If we study do/dt
\ o 196 Tev D0 and limit our
} PP 7TeV.TOTEM (rescaled) analysis to the
7 TeV ﬁ1.96TeV{ebﬂw=0.11}: same range as
Y?INDF = 21.8/ 8, CL = 0.53% DO/TOTEM:
1.96 TeV — 7 TeV (e =-0.13): Significance
¥?/NDF = 89.9 /35, CL =0.0001% reduces to
5.01 ¢ effect,
due to leaving
out 9 DO points

If we add DO’s

14.4 % overall

correlated error
to fluctuating

errors,

If we conservatively optimize coefficient eg 7rey for all DO data:
of point-to-point correlated errors: 2.79 o Our published

Significance of DO/TOTEM for do/dt: 3.4 ¢ value is 3.27 o




Recent results from DO/TOTEM

including our contributions

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

colorless C'-odd gluonic compound

0 and TOTEM Collaborations » V.M. Abazov (Dubna JINR) et al. (Dec 7 202
Jalld 11 CIVIE LONHgooiallons V.V RDcZOV 1UDNa, JINR) €L . /L 1, &VaV

Submitted to PRL in December 2020.
Uses 13, 8 7 and 2.76 TeV TOTEM data,
limited in -t to the dip-bump structure.

TOT ]‘11\ 1-D0O _
8 TeV
TOTEM m fs =1 TeV

TOTEM m s

C F f_
L
P
~

~
—
=
-
=

do/dt
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APPENDIX: DO/TOTEM Fig. 2 OK

TOTEM - DO « ppTOTEM
pp ISR
v  TOTEM extrapolated
Fit of pp (exp+const)
¢ pp DO

R=R;+a,- exp{bD ~s)
R,=1.77+0.01

a, =40 £ 24 1

b, = (-6.7+ 1.6) - 107 GeV"!

Fig. 2 of arxiv:2012.03981:
Fits ISR and LHC data with same curve

R(pp) = 1.77 £ 0.01 @ 1.96 TeV

Reggeon effects from ISR? Test this!

Our cross-test of Fig. 2 of arxiv:2012.03981.:

Fits ISR and LHC data with separate lines
p,:1¢=0.034 +0.050

Consistent with 0 = fix it to 0!

R(pp) = 1.77 £ 0.01 @ 1.96 TeV

— Reggeon effects negilighle @ 1.96 TeV, OK.

I|III|III|II*I|

Wh! T ! I

T T T T T T T T T T
p'DSR =-34.589 = 11.486
p'fR =-3412+1.035

spR=13TeV pEHC =1.770 £ 0.010
p%Hc =0.034 + 0.050
S'{—)HC =13 TeV

¢ data

— p0+p1ln(sfso)

[ ]+10unc.band
¥ extrapolation

|



https://arxiv.org/pdf/2012.03981.pdf
https://arxiv.org/pdf/2012.03981.pdf

APPENDIX: DO/TOTEM FIG. 3 OK

¢ data @t _
Q data@t

— a+b s, min(s)=

—_—
<

Our cross-test of

Fig. 3 of arxiv:2012.03981.:

Fits to max(s) and min(s) neglect
the constraint of Fig. 2:

max(s)
+0. n(s e

TOTEM & DO (Fig. 4)

do/dt [mb/GeV?]

R(s|pp) = max(s|pp)/min(s|pp)
measured to be 1.77 £0.01 !

What about constrained fits?

)ﬁ’ | | | | | | | | | | | | | | | | | | | | | | | |
2000 4000 6000 8000 10000 12000 14000
Vs [GeV]

Only two out of three quantities can be fitted independently :
max(s), min(s) and R(s) = max(s) / min(s)
Red lines: min(s|pp) = max(s|pp)/R(s|pp) constrained fits

- Fig. 3. of DO/TOTEM OK within 1 o
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CROSS-CHECK OF DO/TOTEM FIG. 5

I-,,lllllllllllll T | T | T
TEOTEM-DO

VE=196TeV

® pp measurement 11}' Do

A band center at D0 bins

+ — — banc nﬁ.-'ijfr;ll-hplf,;eﬂ:flr =177

- F =
-
2

1 1 1 1 i T
0.5 0.6 0.7 0.8 0.8
Empty circles from min(s|pp) = max(s|pp)/R(s|pp) constrained fits

- Fig. 5. of DO/TOTEM OK within 1 o



Status of DO-TOTEM Odderon search

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

from pp Forward Scattering Measurements

TOTEM and DO Collaboratio 1. Abazov (Dubna, JINR) et al. (Dec 7. 202 Phys. Rev. Lett. 127 (2021) 6, 062003, Published: 4 August 2021
b ished e Bhvs Bey Lett 437 (99341 & DEI003 « .Br e 2012.03957 Then.ex] https://doi.org/10.1103/PhysRevlett.127.062003
—~ 10 I T T T T T T T T T — 107" 71— . T
> E TOTEM e /5=13Tel j > £ 't sig, = 3.40¢ DO ]
- " — - iy W — L. 1TV i
) surement by DO: i
Lack of evidence for an odderon at small t tral values with error bars
A. Donnachie (Manchester U.), P.V. Landshoff (Cambridge U.) (Mar 12022 wpolation by TOTEM: i
Publishe Phys.Lett.8 831 (2022) 137199 « e-Print: 24 TOTEM S'gl (13 TeV t = 0) 4 2 o 1d center at DO bins
~ : ‘,‘i} N 1 width (+1 o) .
i u‘}& B TOTEM: comblned (5|gl + S|gz)/\/2 > 5. 2. c
u Ao S .

R VW

Donnachle Landshoff arxiv:2203. 00290
Phys. Lett. B831 (2022) 137199 sig; (13 TeV, t =0) ~ 0 (I)

-\
\ +\

10—2

| . 4

0.4

Petrov-Tkachenko, arxiv:2204.08815,
Phys. Rev. D 106 (2022) 5, 054003

: sigy (13 TeV, t=0) <1 (I) ——

ng

1

It is shown tha

Coulomb-nuclear interference: Theorv and practice for pp-scattering at 13 TeV {GEVQ}
TOTEM - DO detailed response :
in preparation, see also

K. Osterberg’s talk at LHC Forward Physics meeting, Oct 2022

p=0.10 % 0.04,

0.01 < |t| £ 0.05 GeV?.
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Status of DO-TOTEM Odderon 2.0

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

from pp Forward Scattering Measurements

) _ 777 Phys. Rev. Lett. 127 (2021) 6, 062003, Published: 4 August 2021
rublished in: Phys.Rev.Lett. 127 (2021 ) o IS LIS T O SN B
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> . e 5=13TeV : % sig, = 3.40 TOTEM-D0 -
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= R o 5=TTeV s oy N pp measurement by DO: |
= - .? o /5=276TeV . e - + e central values with error bars _
= i'ﬁ' * o 34 : pp extrapolation by TOTEM: |

Iy 10~ - ’,# ﬁk - | TOTEM: S1g1 (13 TeV, t = 0) 4, 2 o + + A band center at D0 bins
© - W — — band width (£1 o) 1

i '&& A - TOTEM comblned (sig; + S|gz)/\/2 520 e
- ATLAS CoIIaboratlon 2207. 12246 [hep-ex], EurPhstC83 (2023) 5,441 + . ¢ - * R
-2 L DO and TOTEM elther dlscovered the odderon or not. I + .
= C-F. Cui et aI Phys Lett B. 839, 137826 ]
s Sig(odderon) ~ 4.8-5.2 : a bit too small R R —

’ T 15 TH U7 0.8 0.9 1

TOTEM - DO response :
CO: i Paper in preparation, see also TeV
K. Osterberg’s talk at ISMD 2023
in August 2023 and at Diffraction and Low-x 2024



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.062003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.062003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.062003
https://doi.org/10.1103/PhysRevLett.127.062003
https://arxiv.org/abs/2207.12246
https://doi.org/10.1016/j.physletb.2023.137826
https://doi.org/10.1016/j.physletb.2023.137826
https://doi.org/10.1016/j.physletb.2023.137826
https://indico.cern.ch/event/1258038/contributions/5537135/attachments/2702375/4690980/KO_Odderon_observation_ISMD_2023.pdf
https://indico.cern.ch/event/1258038/contributions/5537135/attachments/2702375/4690980/KO_Odderon_observation_ISMD_2023.pdf
https://indico.cern.ch/event/1258038/contributions/5537135/attachments/2702375/4690980/KO_Odderon_observation_ISMD_2023.pdf
https://indico.cern.ch/event/1258038/contributions/5537135/attachments/2702375/4690980/KO_Odderon_observation_ISMD_2023.pdf
https://indico.cern.ch/event/1258038/contributions/5537135/attachments/2702375/4690980/KO_Odderon_observation_ISMD_2023.pdf

NEW RESULTS 1

H(x) SCALING, USING 8 TeV



H(Xx) scaling for p antip scattering

pp: DO - 1960 GeV
pp: CDF - 1800 Ge
' PP: UA4 - 630 GeV
pp: UA4 - 546 GeV

H(x) = exp(-x) at low x = -Bt at ~ every s
s-dependence: in X,.x(S|p+antip)
Xmin(S) = 0, scaling in the diffractive cone !

*'i-;_l i i
ﬁ S
L,

!.:- l'-‘!:l !"i!l!
) !Ei: I

Energy range: 546 GeV - 1.96 TeV
Qualitatively different from pp: scaling in the cone only for p+antip
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Where is the Odderon signal from?

Swing, interference, tail regions
Interference region is dominant

Partial significances from the swing, interference, tail and all regions,

characterized by Xmin <X < Xmax

: 2 2. . :
€gzr0of Min Ay A G in
xmm xmau
”-‘I xmln{x{xma‘ xm'n‘:x “xrﬂa“

-_

| 84 | 135 | 049 | 2531 | 5 | 384 |
| 51 [22 | o060 | 7541 | 15 | 623




OBSERVATION OF ODDERON

2020 - 2020

reBB p=(q,d)
— \§=7 TeV
— V§=2.76 TeV
- {s=1.96 TeV
Vs=0.51 TeV

10 12 14 16 18 20 22 24

X

Prediction for 510 GeV pp @ RHIC: scaling violations
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Test of H(x) scaling: 8 vs 2.76 TeV

Method of ratios, same as in M. Praszalowicz’s talk

1 . .
- But for H(x| pp,s;)/H(x| pp,s,) and to show H(x) scaling in pp } 276Tev - 8Tev
- T — ¢ 8TeV —2.76 TeV
— 107 = % 2.0
S - 8 TeV — 2.76 TeV Q <
L - \ Y2INDF =19.7 / 63, CL = 1e+02% ==
) x
—~ 107 “ 2.76 TeV — 8 TeV T
© - " ¥*INDF = 14/50, CL =1e+02% -
a8} - *
< 10 B © ul |
A ; ‘o z L I |
[ - % .
—_ - t Q
X 10 o < +’.
T = *i* —— >£
- Tt . =
105 d o 8
§ 1 1 | 1 0.0 | | | |
0 5 10 15 20 ' 5 10 15 20

Between 2.76 and 8 TeV, H(x) scaling observed!

Hungarian-Swedish team, e-Print: 2405.06733 [hep-ph],
MDPI Universe 2024, 10(6), 264



https://arxiv.org/abs/2405.06733

Test of H(x) scaling: 8 vs 7 TeV TOTEM

1 2.5
5 ¢ Pp7TeV-TOTEM $ 7Tev >8Tev
N ¢ pp8TeV-TOTEM
10-1 ¢ 8TeV - 7TeV
% g 8 TeV — 7 TeV o 2.0
- 2 = = Y Q.
S el »2INDF = 74.5 1145, CL = 1e+02% 2.
3 S % 7TeV — 8 TeV X
© - '2:. ¥*INDF = 48.6 / 72, CL = 98% T
(a8 -3 %
R 10 = [ ~
~ = 3 — ,
- - \3 N . m_ 0N
104 "‘ %
E: e, 3
T ok e T 05
- —_
10—6__ | | , ] (IG | | |
0 10 20 Hx)= ———— , 10 20 30
| B(s)oei(s) dt
X = -Bt , X
x = —tB(s).

Between 7 and 8 TeV, H(x) scaling observed, but ...

Hungarian-Swedish team, e-Print: 2405.06733 [hep-ph],
MDPI Universe 2024, 10(6), 264
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Odderon of H(x) scaling: 8 vs 1.96 TeV

| IIIIIIII T TN
./
..
...

But for H(x|pbarp)/H(x| pp) and to;lwow the Odderon signal

Method of ratios, same as in M. Praszalowicz’s talk

+ 1.96 TeV — 8 TeV

¢ 8TeV —1.96 TeV

g1

MHH*HFﬂ *

| | |

%)
8TeV —1.96 TeV (e, =-1.37): = 2.0
: ¥?INDF = 46.4 /17, CL = 0.015% o
- 1 196 TeV — 8 TeV (e, = -0.56): =
= 3 2INDF = 92.8 / 35, CL = 3.9e-05% L 1.5
- e P
— .. 6
= t
; -, 2 ho
- - [
- -t Q.
] - X
- —— el —
- T T § “F + T g T 0.5
+ + ——
= 4
] 1 | | : 1
0 5 10 15 N — 1 do 5
o S )01 S) dr
X = "Bt ( ) Ll \ )
x = —tB(s).

10 15 20

Between 1.96 and 8 TeV, H(x|s,pp) and H(x|s,pbarp) are

clearly different, with 3 < 3.79 < 5¢
Hungarian-Swedish team, e-Print: 2405.06733 [hep-ph], MDPI Universe 2024, 10(6), 264
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Odderon significances from H(x) scaling

Vs (TeV) x> NDF CL significance (o)
1.96 vs. 2.76 3.85 11 9.74x 107! 0.03

1.96 vs. 7 80.1 17  3.681x10~ %0 6.26

1.96 vs. 8 464 17  1.502x10~* 3.79

combined o

Vs (TeV) 5 NDF CL x?/NDF method Stouffer’s method

1.96 vs 2.76 & 8 50.25 28  6.064x1073 2.74 2.70
1.96 vs 2.76 & 7 83.95 28  1.698x10~7 5.22 4.44
1.96 vs 2.76 & 7 & 8 130.35 45 2.935x10~10 6.30 5.81
1.96 vs 7 & 8 126.5 34 1.415x10~12 7.08 710

If 1.96, 2.76, 7 and 8 TeV data are combined, H(x)
significances on all data results in 5 < 5.8 ¢
If 1.96, 7 and 8 TeV data are combined, at least 7.08 o.
Hungarian-Swedish team, e-Print: 2405.06733 [hep-ph],
MDPI Universe 2024, 10(6), 264
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