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Statlstlcally Significant Observations of Odderon in 2021
Hungarian-Swedish Odderon:
Significance = 6.26 ¢ —
Hungarian-Polish Odderon: ||
Significance = 7.08 ¢
DO-TOTEM Odderon:
Significance =2 5.2 ¢
New in 2022:
TOTEM data at 8 TeV published

Quisner

gd]| Hungarian-Polish Odderon: a certainty

' Hungarian-Swedish Odderon: confirmed

New relation between R and p Supported by NKFIH:
K 74458, Hungary




Odderon: 48 years old scientific puzzle

Odderon: L. Lukaszuk, B. Nicolescu, | coosucums
Lett. Nuovo Cim. 8, 405 (1973) s |
Received: 31 July 1973 R |

Odderon is an odd component of
elastic scattering:
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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: elusive experimentally

Odderon search at ISR: indication but no conclusive result

Breakstone et al, Phys. Rev. Lett. 54, 2180 (1985): CL = 99.9 %
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Vs = 53 GeV

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

0.6 .
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Terminology for this talk:

Agreement if statistical significance is < 3 ¢
Indication of signal if 3 o < significance < 5 ¢
Evidence or observation of signal if 5 o < significance
Discovery of signal if 5 ¢ < significance for the first time.




2021 observations of Odderon with > 5 ¢

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

R, Pasechnik (Lund L., Dept
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Hungarian-Swedish Odderon:
Eur. Phys. J. C(2021) 81: 180, Published: 23 February 2021

o: https://doi.org/10.1140/epjc/s10052-021-08867-6
155 ) e o
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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

Online attention

a real extended Bialas-Bzdak model study

S 2 - - i N o
Physical Journal C amyi {Eotvos U, and Wigner RCP, Budapest

b = e q rmmma e s s 4 m e  am _ .
Published in: Eur.PhysJC 81 (2021} 7, 6 o 2-Print: 2005.14319 lhen-nh

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

Online attention

Odderon Exchange from Elastic Scattering Differences between pj
from pp Forward Scattering Measurements
TOTEM and D0 Collaborations « W.M. Abazov (Dubna, JIN

Published in: Phys.Rev.Lett. 127 i 03« e-Print: 20 DO-TOTEM Odderon:
B pdf Phys. Rev. Lett. 127 (2021) 6, 062003, Published: 4 August 2021
il F https://doi.org/10.1103/PhysRevLett.127.062003



https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-08867-6#article-info
https://doi.org/10.1140/epjc/s10052-021-08867-6
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09381-5#article-info
https://doi.org/10.1140/epjc/s10052-021-09381-5
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.062003
https://doi.org/10.1103/PhysRevLett.127.062003

2022 observations of Odderon with > 5 ¢

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

8 TeV: EP) 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
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New TOTEM 8 TeV data vs ReBB model predictions:
EP) C 82 (2022) 9, 827. Published: Sept 19, 2022

In the ReBB model, Odderon exchange is a certainty
Presented at Zimanyi’22 by |. Szanyi

Online attention

This article is in the 64% percentile (ranked 57,525 of the 166,532 tracked articles of a similar age in What a bout mOdel independent resu Its?

all journals and the 99™ percentile (ranked 1% of the 1 tracked articles of a similar age in The European

Physical Journal C



https://link.springer.com/article/10.1140/epjc/s10052-022-10065-x
https://doi.org/10.1140/epjc/s10052-022-10065-x
https://link.springer.com/article/10.1140/epjc/s10052-022-10770-7#citeas

Three Oldest Hungarian Universities

Home » University » UP Story 650 yea

‘ University of Pécs: 1367

The history of higher education in Pécs dates back to 1367, when Louis th .,

TR S, PIscopal City of Pecs. As a result of an Integration prog University of Pécs:
St d, which has become one of the most famous, prestigiou S: Oldest, C: in Hungary
Py B | BN )N, It has ten faculties which cover the full spectrum of hi N !
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3 oo: ?f higf‘;ercﬂi University of Debrecen:
e neforme Q

education and culture S: OldESt, C:in Hungary,

/{f’; WP\ [\ the gerundium, a too

7, 5 A SN “1e gerindiom @ 99 operating continuously and in the same city
(S,C) structure evident,
S: statement, valid if

C: condition is satisfied

EOtvos University:
S: Oldest, C: in Hungary,
teaching continuously

See talk of R. Dardashti at ISMD21 AL 7 7 ¥ in Nagyszombar In 1635 (sixteen
Condition changes = Statement changes thirry-five) by Archbishop of Eszrergom, Pérer
(1) Pizminy, and it is the oldest Hungarian univer-

sity where the reaching has continued uninter-
E6tvos Lorand University: 1635 rupted since its inception. More than sixty years



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

Hungarian-Swedish Odderon, 2019 -

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

J, A Ster

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

$ pp 2.76 TeV - TOTEM
b PP 7 TeV -TOTEM
—— Hix) limit of ReBB

n PP 1.96 TeV - DO
4 PP 7 TeV -TOTEM
— ReBB
TTeV =196 TeV (= = -0.56):
b, 7TeV
FHMDF = 80,4 717, CL = 3.7e-08%
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J2/NDF = 35.8 1 63, CL = 1e+02%

s
o
i

2.76 TeV — 7 TeV l:ED . 0.33):
7/NDF = 38.2 | 83, CL =1e+02%

1.96 TeV — 7 TeV ten . -0.59):
FYMDF = 287 [ 65, CL=1.3e-2T%

-
=
o3

H(x) = 1/(B c,,) do/dt vs x

—
=
n
—
=
in

I
20

0

-+ |= TTT

B =B,(s) from now on X=-Bt=-Bys)

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.



https://doi.org/10.1140/epjc/s10052-021-08867-6

Hungarian-Polish Odderon, 2020-

Observation of Odderon Effects at LHC energies -- A Real Extended Bialas-Bzdak Model Study

T Cserge (Wigner RCF, Bugapest anc ERL KRG, Gyongyos, L3zany Bl gyr phys. ). € (2021) 81:611, published July 2021
e-Print: 200514319 [hep-ph] https://doi.org/10.1140/epjc/s10052-021-09381-5
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% 1055 .."q Range: 0.380 < 4t = 1.201 E 4 Range: 0.372 < 1 = E 10? Range: 0.377 < -t < 1.205 [GeV’] EE
C 7°MDF = 24.2813 = 1.87 b ¥2NDF = 100.35/20 - C y ¥3NDF = 2811.46/56 = 50.20 -
1 E '!e__n CL = 2.862e+00 % “n‘ CL = 1.092e-10 % 1 E_ c:& CL = 0.000e+D0 % _EI
F "=t__° b = - 15 :;?-__ 6, = 94.54 [mb] f
ok With new 8 TeV data: e R opni g
= e . - =10.169 -
102k +se, | Model dependent certainty | oo T " -
E A=0.500 5 F Ry =L . =
o Re=0:3% [mi as presented by I. Szanyi J[ Re=0819fm) ]
10" £ R, = 0.869 [fm] 10 Ry = 0.336 [fm] o E|
E R, = 0.294 [fm] ] Ay = 1.000 b 3
F An-100 Eur. Phys. J. C (2022) 82, 827, published September 2022 | «-o.20 e, 3
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: S: Model dependent Odderon significance = 7.08 ¢
Z C1: All DO and TOTEM published data at 1.96, 2.76, and 7.0 TeV
s C2: domain of validity extended to both pp and pbarp
sl But limited to 0.37 < —t < 1.2 GeV? and 0. 546 < sqrt(s) <7->8TeV
g Y L e B e L Z o0ofF—----- S
§ Model dependent, Real Extended Bialas-Bzdak theory results,
Odderon significance = 7.08 ¢, from 1.96 and 2.76 TeV data only Z5



https://doi.org/10.1140/epjc/s10052-021-09381-5
https://doi.org/10.1140/epjc/s10052-022-10770-7
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DO-TOTEM Odderon, 2020-

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

from pp Forward Scattering Measurements

TOTEM and DD Collaborations shazov (Dubna JINE 4 Phys. Rew. Lett. 127 (2021) 6, 062003, Published: 4 August 2021

S ublished in Bhys Bey Lot 137 (30211 & DE2003 « &.Brmt 20 https://doi.org/10.1103/PhysRevlett.127.062003
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‘ﬁ ¢ v ; B 576 " k=) L o e central values with error bars _
jﬁ, + A Iléﬁ' N i | pp extrapolation by TOTEM: |

101 = © Ve =9 T A band center at D0 bins
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CO: IF models used for significance | % P S $-

analysis form a ¢ 5 ¢ =0 + .
10-2 representative sample + T LUF T -
Q: What about ReBB results? N7 |

| [ 1 [ 1 [ i [ 1 [

S: Odderon significance = 5.2 ¢, IF

C1: if almost model

independently combined

with Vs = 13 TeV data at t = 0: o, and p,
C2: if a new pp dataset at 8 TeV and a new data point at 2.76 TeV,
C3: if only 8 out of the 17 DO points are used
C4: if DO pbarp data and TOTEM pp extrap.data are assumed to be equal at t=0


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.062003
https://doi.org/10.1103/PhysRevLett.127.062003

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
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Published in: Phys.Lett.§ 831 (2023 TOTEM sig; (13 TeV t=0)=4.20
Aot @000 B TOTEM: combined (sig, + S|gz)/\/2 520 D 3 citations
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Donnachle Landshoff arxiv:2203.00290,
Phys. Lett. B831 (2022) 137199: sig, (13 TeV, t = 0) ~ 0 (1) X
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Petrov-Tkachenko arxiv:2204. 08815
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.062003
https://doi.org/10.1103/PhysRevLett.127.062003
https://arxiv.org/abs/2203.00290
https://arxiv.org/pdf/2204.08815.pdf
https://indico.cern.ch/event/1195606/contributions/5097975/

Back to Scaling: Model independently

§ PP 1.96 TeV - DO _ H(x|pp)
§ Pp7TeV-TOTEM s-independent:

2.76 - 7(8) TeV

c,,(1.96 TeV)=20.2 + 1.7 mb

lin - exp interpolation H(XI PP, 7 TeV)
7TeV - 1.96 TeV (< =-0.56) +
¥¥INDF =80.1/17, CL = 3.7¢-08% H(x|pbarp, 1.96)

1.96 TeV — 7 TeV {emwu: -0.59)
¥*/NDF = 287 [ 65, CL = 1.3e-27% Odderon,

IF scaling holds
in pp down to
1.96 TeV
Domain of validity:
ReBB model

dependent

1

n

"y
<

o ]

6.26 ¢
Odderon effect

Energy range: tested both model independently and with modelling.
Modelling is useful, but model independent tests more important!




H(x) scaling of 7 and 8 TeV data

§ Pp7TeV-TOTEM
¢ Pp8TeV-TOTEM

8 TeV — 7 TeV
¥INDF = 74.5 1145, CL = 1e+02%

7TeV — 8 TeV
¥ INDF = 48.6 / 72, CL =98%

—
<
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0

Energy range: H(x) scaling model independently up to Vs= 8 TeV.
Uses final, published TOTEM do/dt data at 8 TeV




H(x) scaling of 2.76 and 8 TeV data

} PP 2.76TeV-TOTEM
¢ Pp8TeV-TOTEM

8 TeV — 2.76 TeV
¥INDF =19.7 / 63, CL = 1e+02%

276 TeV — 8TeV
¥INDF = 14 /50, CL = 1e+02%

CL = 100 %: too good

o T

Energy range: H(x) scaling valid between vVs= 8 and 2.76 TeV.
Uses final, published TOTEM do/dt data at 8 TeV




H(x): Odderon signal, new 8 TeV data

§ PP 1.96 TeV - DO
§ pPp8TeV-TOTEM

8 TeV — 1.96 TeV I:Eb _— -1.37):
%2INDF = 46.4 /17, CL=0.015%

P

1.96 TeV — 8 TeV (s __ =-0.56):
v2INDF =92.8 / 35, CL = 3.9e-05%

Significance: 3.74 o/ all DO points
4..55 o/ D0 signal region
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H(x) scaling is violated between v/s= 8 TeV pp and 1.96 TeV pbarp.
Hungarian-Swedish Odderon signal confirmed with final, published
TOTEM do/dt data at 8 TeV. Model independently.



H(x|pbarp)/H(x|pp): Odderon peak

¢ 1.96Tev —8TeV
¢ 8TeV — 1.96 TeV

Clear signal, even
w/o statistics

|
10 20

X = -Bt

H(x) scaling is violated between vs= 8 TeV pp and 1.96 TeV pbarp.
TOTEM do/dt data at 8 TeV. Odderon exchange, as a peak.




s 0 10]0); A

/ TeV data shifted
by &5 v t0 Minimize 2

Type A errors are shown only § PP 1.96 TeV - DO
Both swing and dip regions important! | ¢ PP7TeV (shiftedby &)
10_1 = \
= 7TeV 5196 TeV (s =-0.56):
s - VINDF =80.1/ 17, CE=372-08%
o - \,
B 102k % 1.96 TeV — 7 TeV (¢| _ =-0.59):
o — . | 5 _ I.'.-'_Te'l.l' .
— " y¥<INDF = 287 |/ 65, CL=1.3e-27%
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7 TeV RESULTS, CLOSING GATES

Two sliding gates 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

n m Odderon signal| Background
6.27C 1R C

2 2 _ _
3 2 6.33C | 1700 |

6.21c 2.37o

MODEL INDEPENT RESULT 1:
In best window, optimized Odderon signal is 6.33 ¢

MODEL INDEPENT RESULT 2:
Best window: leaving out first 3 and last 2 DO point

MODEL INDEPENT RESULT 3:
Outside the best window: H(x|pp) = H(x,pbarp)
pp and pbarp backgrounds agree within 1.7 ¢




CROSS-CHECK:

SIGNAL AT 8 TeV

n=left m=right
nm 0 1 2
eps=-1.26 eps=-1.05
chiz=45 854 fﬁf;i fg a1 chi?=41.006
Colours 0 kigma=3.74 sigma=3. 77 sigma=3_60
left=0.1354 i . left=0.1023
) -. left=0.1275 right=3 5| . _
right=1.31 right=56 .44
eps=-1.33 l eps=1.26 eps=-1.11
Greatest o in 1 chi2=45_709 chi2=44 408 chi2=40.898
the row kigma=3_87 kigma=3.90 sigma=3.74
left=0.073 right Weft=0.082 right=3.47 left=0.103 right=6.38
eps=-1.29 eps=1.21 eps=-1.07
Greatest oin 5 chi2=45.633 chi2=44.323 chi2=40.752
the column sigma=4.01 kigma=4.04 sigma=3_.88
left=0.115 night Mleft=0.128 right=3.50|left=0.153 right=6.42
eps=-122 eps=1.15 eps=-0.99
Greatest o in 3 chiZz=45512 chi2=44 191 chi2=40.631
the tahle cigma=4.15 sigma=4.19 sigma=4.03
left=0.018 nght 2|left=0.014 right=3.53 left=0.006 right=6.50
eps=-1.26 eps=-1.18 eps=-1.02
a chi2z=45.492 chi2z=44.175 chi2=40.524
sigma=4_30 Eigma=4.34 sigma=4.1%
left=0.436 rnight 1fleft=0.415 right=3.51|left=0.374 right=6.47
eps=-1.36 eps=1.28 eps=-1.10
5 chiZ=45 044 I chi2=43 748 chi2=40.241
sigma=4.42 Eigma=4.45 sigma=4.32
left=0.899 rigi‘:‘i left=0.8665 right=3.46|left=0.794 right=56.39
eps=-152 eps=-1.40 eps=-1.26
6 chiz=44.113 chi2=42 850 chi2=39.416
sigma=4.50 left=2_29 sigma=4.55 left=2_24 sigma=4 42 lefi=2.13
right=1.26 3.39 right=5.23
eps=-1.78 efs=1.68 eps=-1.51
7 chiz=41738 chi2=40 527 chi2=37.211

sigma=4.46 lefr=6.08
right=1.20

Eigma=4.52 left=5.97
right=3_28

sigma=4.41 left=5_80
right=598

Two sliding gates

of size n and m:

(n,m): Leaving out

first n and last m
DO point

(n+1,m): pull
vs (n,m+1) pull
Go direction of

greater signal

Color code:
Best signal 4.55
5.0 =2 signhal 2 4.0 ¢
4.0 = signal =2 3.0 o



A model-independent relation: R~p

Lack of evidence for an odderon at small t

m B T T |_ T . m | | |<13R |_| T | | | | I T TT1

14— p'DSR = - 14— Py = -35.2&55 + 14.914 T data pE
- PSR = — PSR = 3,469 + 1.349 ¢ data pp
- - 1

12 I1SR 12 ISR — — p0+P1|"{5-"50}
s =1 S =13TeV  pe=1772+0.025 410 unc. band
C ISR _ o + .

10fg cL™= 10, CL7=52801% pive =005 £ 0.077 ¥ extrapolation

s =13 TeV
CL"C = 41.482 %

I

o—" 7
- R= 168+ 029 @ s=1.96 TeV =
41— Odderon signal @ Vs=1.96 TeV: 1.936
21— \ - ——— —+—+ ot o=
01~ '\ =
B | | 1 1 R | | | | 1 1 11 | | | | | 1 111 | ]
3
10° 10 10
/s [GeV]

In the ReBB model: p = py + p; IN(S/Sy)
In the TeV range: R = Ry + R, In(s/sy)
Thus p (R) = A + B R : connects large t and small t signals!!



Scientific statements and conditions:

philosopy and the evidence for odderon

o 14 pPR= 35,255 + 14.914 ! @ 14— pPR= 34,589 + 11.486
C prR=-3.489 £ 1.349 C pyRt=-3.412+£1.035
12_ ISR = 12— ISR
K =13TeV  plH=1772+0.025 L =13TeV p.¢ = 1.770 £ 0.0
— -
\ ISR _ ISR _
10 v CL 52.501 % p|1-HC =0.025 +0.077 10 CL 53.526 % pLHC = 0.034 + 0.0F
sl StHC = 13 TeV - s stHC = 13 TeV
6 = CL""C =41.482 % 6 CL"" =92.629 %
u R= 168+ 029@ Vs= R= 164+ 0.19@
41— Odderon signal @ Vs=1. 4 Odderon signal @
2 = o : - — . =t 2 _ I'L'- . — ~
:_________-._\;.,________.___,____________: :————_——_—LR?—- ————————————————
0 Dlrectl from HEPDATA o :
- LALL from DO-TOTEM PRL | .

102 10 102 10°

If we just take data on R, both pp and pbarp, without any conditions
R values in DO-TOTEM PRL are different from available HEPDATA:
signal changes, too, but only slightly...



Scientific statements and conditions:

philosopy and the evidence for odderon

D: 40 ! I T T 1T || T T T —T T ||
p,=1.65+0.02 CL = 6.60e+00 % ¢ morRL

p,=0.12+£0.02 Odderon signal: 1.84 o | L
T
a=13.92+3.77

35

pP PRL

30

— pu+p1|n|:s.fsﬂ}+aexp{b5f5 ]

=]

b=-47884.37 + 8854.72
\'s; =8 TeV

25

20
15

from DO-TOTEM PRL

[ | | | L1 1 1 11 | | IIIIII|
10? | 10*

Vs [GeV]

If we just take data on R, both pp and pbarp,
from DO-TOTEM PRL (2021)
R values are consistent with a combined fit: CL = 6.6 %, OK




Scientific statements and conditions:
philosopy and the evidence for odderon

FT] ' T T T T
p,=1.65+0.02 CL = 6.60e+00 % ¢ morRL

p,=0.12+£0.02 Odderon signal: 1.84 o | L

¢ PEPRL
a=13.92 £3.77

— pu+p1|n|:s.fsﬂ}+aexp{b5f5 ]

=]

b=-47884.37 + 8854.72
\'s; =8 TeV

from DO-TOTEM PRL

If we just take data on R, both pp and pbarp, without any conditions
R values are consistent with a combined fit, given in the plot
(using DO-TOTEM PRL values): CL = 6.6 % OK



Cross-check: R~p

§ ISR data pp

x
() ISR data pp

— pp linear

In the ReBB model: p = py + p; IN(S/Sy)
In the TeV range: R = Ry + R, In(s/sy)
Thus p (R) = A + B R : connects large t and small t signals!!



Cross-check: R~p at TeV energies

o 0281+ 1T+ H(x) scaling: R = R,

Q —
0.26 ® p data, RPRL _ So p = p, follows
= o »4aarpre| OK in pp between 2.76 and 8 TeV !
0.24 = [T  ReBB H(x) limit T =
0.22F [] PRD 106 2022, —
— @  ATLAS =
0.2 ——— ReBBpp0.5TeV = |s <13 TeV —]
D.18:— - === ReBBppO0.5TeV < s <6 TeV =
0.16]" =
D.14;— TN l —;
0.12F “n\\ —
D.DB;— —;
I:]-DG:_I | | | | | | | | | | | | | | | | | | | T I“| | | | | | | I_:
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R

In the ReBB model: p = py + p; IN(S/Sy)
In the TeV range: R = Ry + R, In(s/sy)
Thus p (R) = A + B R : connects large t and small t signals!!




OBSERVATION OF ODDERON

Model-indepent H(Xx) signal confirmed at 8 TeV

THANK YOU FOR YOUR
ATTENTION



BACKUP SLIDES




Hungarian-Swedish Odderon: CORDIS
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& 8 cordis.europa.eu/article/id/429667-particle-physics-milestone-achieved-at-cer

Alkalmazasok CERM ET Wigner Stabil-Invest Kft. Szanyi Istvan

© Follow the latest news and projects about COVID-19 and the European Commission's coronavirus response.

F European | C 0 R D I S English m

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.




DO-TOTEM odderon: Nature, CERN

—— CERN Accelerating science

@ NEW!

News » News » Topic: Knowledge sharing

M e i

Voir en francais

Relive 2021 at CERN

Highlights of the year at CERN, from exciting particle physics results to accelerator

milestones and much more

21 DECEMBER, 2021

corrernarkty W thal thi was sl =i diffemeal coom-mctiom

o
i

Among physics results, the discovery of the odderon by the TOTEM and D@ collaborations, the first laser-cooling

of antimatter at ALPHA and first candidate collider neutrinos at FASER are only a few that generated awe at the
Laboratory. CLOUD, BASE, AMS, LHCb, CMS, ATLAS, ALICE, ISOLDE and NAG4 also had exciting news in store.
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Illustrations: Odderon, TOTEM, DO

0 =(g,,9,,9,}




Model independent results:

only datapoints,

- _ Type A errors, | 4 PP 1.96TeV-D0
without s dep_endent both vertically $ PP T TeV (shifted by ..
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I ——
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Where is the signal of Odderon from?
All possible sliding windows,
where the significance is at least 5 ¢ -Bt




n=e ft m=right

BEST SIGNAL AT 7 TeV

Two sliding gates
of size n and m:

(n,m): Leaving out
first n and last m

DO point

(n+1,m): pull

vs (n,m+1) pull
Go direction of

greater signal
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Passion for Discovery: Odderon

p+p > p+p

(RGB) + (RBG) = (BRG) + (BGR)

p+p > p+p
(RGB) + (RGB) > (GBR) + (GBR)

= BR+RB =RG+GR g, =GB+BG
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3+2 Oldest Hungarian Universities

Why Eszterhazy Karoly Catholic University (EKCU)?

s s by e e Eszterhazy Karoly Catholic University:
Z.".I.".:=.- ' .- e '. «.r - 1774 (Or’ 2020?)

Skl s el o P
History of MATE

With the foundation Hungarian University of Agriculture and Life Sciences (MATE), one of the largest agriculiural-focused, multi- disciplinary higher
education institutions in Europe was established on 1 February 2021.

With such a long history and legacy of excellence, Hungarian University of Agriculture and Life Sciences stands as a central pillar of higher
education in Hungary and throughout the region.

Milestones in the history of MATE:

MATE: 2021 (or, from 1787)

1787 Faculty of Veterinary Medicine founded

1880 Ybl Miklos Technical College founded

1917 Teacher Training College, Jaszberény founded
1920 University of Agriculture was founded in Budapest
1950 University of Agriculture moved to Godolld

2000 Szent Istvan University founded

2011 institutional integration to 7 faculties

2016 integration of 3 faculties (Food Science, Horticultural Science and Landscape Architecture and Urbanism) of Corvinus University of Budapest;
and the disintegration of the Faculty of Veterinary Medicine

2020 integration of Kaposvar University, Eszterhazy University's Karoly Robert Campus (Gyongyds) and Pannon University's Georgikon Faculty in
Keszthely




POMERON PROPERTIES

MODEL RESULT BASED ON EPJC 81 (2021) 7, 611

1st property:
Pomeron intercept normal: o,(0)-1 = 0.075 + 0.001
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ODDERON PROPERTIES

lnﬁtot 0

0,(t=0)-1 = 0.3304 **** @ 7 TeV
-0.0519

0,,(t=0)-1=0.3154 *0-3245 @ 8 TeV
-0.0468

I|IIII|IIII|IIII|IIII|III_5I|IIII

EPJC 81 (2021) 7, 611

1st property:
Odderon intercept is large, 0,(0)-1 = 0.32 +032_

Threshold effect, slowly decreases with s, but
Pomeron intercept normal: o,(0)-1 = 0.075 + 0.001

2nd property:
1 TeV ~ threshold energy

0.2

0.1

10°

10*
(s [GeV]



SUMMARY: ODDERON DISCOVERED IN 3 PAPERS,
NEW: FOCUS ON ITS PROPERTIES

Bialas-Bzdak p = (q,d) model: certain Odderon effect
statistical significance » 5 ¢

Odderon first discovered in three published papers:
three different analysis, each with a statistical significance >5 o

(S,C) structure evident,
Scientific Statement S is valid if Condition C is satisfied

Oth property: Odderon exists! (Questioned: where, at 13 TeV and t=07?)

Odderon properties: from Bialas-Bzdak model, so far
valid in a limited s and -t > 0.37 GeV? range only

Odderon intercept is large, 0,(0)-1 = 0.32 +0-32_
Pomeron intercept normal: o,(0)-1 = 0.075 + 0.001

1.96 TeV - 8 TeV:
Threshold effect, just appearing

Ongoing debate: what is the significance of the DO-TOTEM PRL?
Is there any evidence for Odderon at t= 0? Response is coming...




First three Odderon Proceedings, > 5 ¢

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

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

-
Fertarbh s
i (=

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

Comparison of differential elastic cross sections in pp and pp collisions as evidence of the existence

of the colourless ('-odd three-gluon state

PoS ICHEP 2020 (2021)
https://doi.org/10.22323/1.390.0496



https://doi.org/10.1142/9789811238406_0012
https://doi.org/10.1051/epjconf/202023506002
https://doi.org/10.22323/1.390.0496
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