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Content

A critical review of 3 recently published Odderon papers and
methods:
1) Model independent: H(x) scaling

2) Model dependent: Bialas-Bzdak model
3) Semi model independent: TOTEM-DO extrapolation
H(x) scaling of recently released 8 TeV elastic pp data

New Levy description of elastic pp data (preliminary)

Conclusion pp




H(x) scaling

The scaling eliminates collision energy (s) dependencies and overall
normalization problems (see example plots)

H(x,s)=(1/Bog)do/dt
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H(x) scaling

¢ Ppp: TOTEM - 2.76 TeV ¢ pp: TOTEM -7 TeV
¢ pp: DO - 1960 GeV + pp: DO - 1960 GeV
— Levy series

— Levy series




H(x) scaling

pp 1.96 TeV - DO
pp 7 TeV - TOTEM

71TeV — 1.96 TeV (eb — -0.56):
¥?%INDF = 80.1/17, CL = 3.7e-08%

1.96 TeV — 7 TeV (eb Tev= -0.59):
¥2INDF = 287 /65, CL = 1.3e-27%
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Bialas-Bzdak model

The model extrapolates pp and ppbar elastic scattering cross
sections in a few TeV energy domain via the extrapolations of its
model parameters extracted from fits to existing data sets

Correspondig fits, results and their plots can be seen in . Szanyi’s
talk




Argument: It depends on the the error bars of data and on the
extrapolated data which is different in the two extrapolation
directions since the extrapolation uncerties increase downwards
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TOTEM-DO extrapolation

4 elastic scattering pp data sets at 2.76, 7, 8 and 13 TeV were
used to extrapolate to 1.96 TeV pp to be able to compare with
1.96 TeV ppbar data measured by DO Collaboration. 8
characteristic points were selected in each double exponential fits
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TOTEM-DO extrapolation
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TOTEM-DO extrapolation
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o2, =
ot l + _ﬁ'

6ot = by log?(v/s/1 TeV) + b, (2)

gives o1y (1.96 TeV) = 82.7 4+ 3.1 mb [43]. The extrapo-
lated cross section 18 converted to a differential cross

section do/dt = 357 + 26 mb/GeV? at t = 0 using the
optical theorem




TOTEM-DO extrapolation

Vs = 1.96 TeV TOTEM-DO

pp measurement by DO:
e central values with error bars

pp extrapolation by TOTEM:
A band center at DO bins
— — band width (+1 o)
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TOTEM-DO extrapolation
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pp (PDG 2010) ATLAS, ATLAS-ALFA
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4 1960 Ref.

DO-ppbar 1960 49 0,0%| prp 86 (2012), PRL 127 (2021), EPJC 81 (2021)
TOTEM-DO 1960 82,7 3,1 0,145 0,10 357 26 -4,6%]| pre 127 (2021) (pub. Odderon: extrapolated)

TOTEM 1960 78,0 0,2 0,145 0,10 317 2 6,9%]| epjc 79 (2019) (pub. 13TeV, etc; extrapolated




TOTEM-DO extrapolation

Cross-check of OP mormalization of estimated pp 1.96 TeV by H(x)
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H(x) scaling of recent 8 TeV elastic pp data

Significance of

4 Pp8TeV-TOTEM deviation in standard
pp7 TeV - TOTEM . .
' deviation to 7TeV:

= 0.18

8 TeV — 7TeV
¥?INDF =59.2/72, CL = 86% G

m
7TeV — 8 TeV

¥?INDF = 95.1 /145, CL = 1e+02%

With more realistic
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H(x) scaling of recent 8 TeV elastic pp data

e

¢+ pPp8TeV-TOTEM
¢+ Pp1.96TeV-DO

8TeV —1.96 TeV (¢ =-0.25):
¥%/NDF = 50.8 / 17, CL = 0.0031%
1.96 TeV — 8 TeV (= 0.45):

x%NDF =91.5/35, CL = 6.1e-05%

o T

Significance to 1.96
ppbar data:

o) = 4.16

min

With more realistic
half-size x error bins:
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Old Levy description of elastic pp data

Example of model independent orthonormal Levy parametrization
up to 4th order

¢ pp: TOTEM-13 TeV R =0.722 + 0.004 fm
preliminary data A =361.9 * 5.2 mbGeV?
— Levy expansion (pos.def) o =0.903 + 0.004

4,=.0.318 + 0.004
b, = 0.0706 + 0.001
a,=0.0567 + 0.002
b, = .0.0350 + 0.002
a3=.0.0193 + 0.0006
b; = 0.0227 + 0.0007
a,=0.00675 + 0.0002
b, =.0.00216 + 0.0002
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S%t =115 +0.8 mb
O =31.4 £ 0.05 mb

p =0.087 + 0.0004
x2NDF = 330/279, CL=2%
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New Levy description of elastic pp data (preliminary)

Based on Phillips-Barger model (succcesful in limited =t and s
regions),

o A, + A,|2 = | Ae Bt + 7Pt C D2

Generalized Phillips-Barger model by orthonormal Levy series:

0@ 00

dG (D240l (D2 4\2 2
== (RZt) /zz:cljljJr o~ (R30) /2262],1.

where [, (R?t, @) are the Levy orthonormal polynominals
and ¢; = a; + b,




New Levy description of elastic pp data (preliminary)

Motivation: description of pp scattering data for the full coverage
of the ppbar 1.96 TeV acceptance

Phillips-Barger Levy generalized Phillips-Barger
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¢ Pp8TeV-TOTEM R,= 0.8597 +0.0011 fm ¢ pp8TeV-TOTEM R,= 0.7864 +0.0110 fm
— Levy series a, & 23.0785 + 0.0120 — Levy series a, 20.6204 + 0.1627
a,~-2.1874 +0.1234
b, = 3.2881 + 0.1337
a = 0.0024 +0.0112
b, -0.5576 + 0.0591
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R,=0.2807 + 0.0136 fm
a,=-0.2368 + 0.0143
b, -0.2474 + 0.0089
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R,= 0.3328 + 0.0129 fm
a, -0.0179 + 0.0050
b, -0.7234 + 0.0892
a,= 0.0687 + 0.0287

p=0.21 £ 0.008 b, 0.1481 + 0.0562

Oq = 27.4 0.6 mb

Oyor= 100.5 + 0.9 mb

typ=0.51, R =1.879

CL = 97%, Y?/NDF = 42.3/ 61

mb/GeV?)

do/dt (mb/GeV?)
(
=

do/dt
E

p=0.011 + 0004
O =27.1 + 0.05 mb
Oyor= 101.1 + 0.08 mb
“t4p=0.56, R = 1.109
CL = 8.3e-103%, x?/NDF = 693 / 67
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New Levy description of elastic pp data (preliminary

do/dt (mb/GeV?)

¢ Pp235GeV-ISR
— Levy series

p=0.13 +0.01
0, =6.7 £+ 0.3 mb
Otor=38.0 £ 0.7 mb
A= 1.4, R=7.519
CL = 48%, ¥2/NDF = 122 /122
| | 1 |

R,= 0.6011 £ 0.0130 fm
a,~ 8.2262 + 0.1366
a, = -0.3807 +0.0779
b, 0.8280 * 0.0805
a7 0.2681 + 0.0194
b, -0.2888 * 0.0319

R,=0.3123 + 0.0158 fm
a, -0.2583 + 0.0516
b, -0.0130 + 0.0123
a,= 0.0370 + 0.0089
b, 0.0231 + 0.0034

1 2 3 4 5 6

-t (GeV?)

+ pp 2.76 TeV - TOTEM
= Levy series

p=0.079 + 0.02
Oy =218 +2mb
Oir=85.2 + 3mb
typ=0.63, R=1.708

CL = 15%, x*/NDF =62.7 /52
| |

R,= 0.6855 +0.0241 fm
a,=18.4183 + 0.5341
a, = -1.5834 + 0.3034
b, = 1.0922 + 0.1967
a7 0.8682 + 0.0719
b, -0.2601 + 0.2060

R,= 0.3035 +0.0239 fm
a,7 +1.2498 +0.0219
b, -0.0364 + 0.0368
a,=0.3629 £ 0.1317
b,=0.1264 +0.1614

| |
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-t (GeV?)

do/dt (mb/GeV?)

$ Pp30.7Gev-ISR
—— Levy series

p=0.14 + 0.006
Oy =7.1 0.4 mb
Oii=39.4 + 1 mb
1.4, R=17.568
CL = 71%, ¥2/NDF = 151 /161
| ! l l

R, = 0.5999 + 0.0245 fm
a,; 8.1026 + 0.1648
a,=-0.6853 +0.1425
b, 1.0212 £ 0.0341
a7 0.1736 + 0.0210
b, -0.2055 + 0.0296

R,= 0.2372 £ 0.0526 fm
a,5 -0.0454 +0.0174
b, -0.0070 + 0.0037
a, 0.0057 +0.0012
b, 0.0032 00009

1 2 3 4 5

- (GeV?)

¢ pp 7 TeV - TOTEM
- Levy series

p=0.12  0.003
O, =254 +03mb
O= 985 + 0.5 mb
tgp=0.96, R = 1.506
CL = 0.00021%, Y2/NDF = 249 154
| ! I

R,=0.7155 + 0.0076 fm
a,+ 17.9476 + 0.0354
a, - -3.6895 £ 0.0237
b, = 1.5944 +0.0598

a g~ 0.7245 1 0.0790
b,z -0.6753 + 0.0169

R,= 0.2823 £ 0.0103 fm
a, -0.0680 + 0.0723
b, -0.2690 + 0.0057
a,= 0.0304 +0.0168
b,= 0.0613 * 0.0061
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do/dt (mb/GeV?)

¢ Pp625GeV-ISR
— Levy series

p=0.16 + 0.01

O, =7.6 +0.5mb

0= 42.7 +1mb

typ=1.3, R =2.281

CL = 15%, ¥&/NDF = 126 /111
! ! 1 1

R,= 0.6665 + 0.0284 fm
a,F 9.2711 £ 0.2179
a,= -0.2912 +0.2148
b, = 1.4147 + 0.1003
a7 0.1236 + 0.0148
b, -0.1625 + 0.0402

R,= 0.2097 + 0.0199 fm
a,7 -0.0276 + 0.0032
b, -0.0000 + 0.0011
a, = 0.0046 + 0.0005
b, = 0.0004 + 0.0003

-t (GeV?)

¢ Pp13TeV-TOTEM
— Levy series

p=0.15 +0.001
Oy = 30.9 + 0.08 mb
Ot=110.5 £ 0.1 mb
L ty,=047, R=1.761

CL = 2.5%, x?/NDF = 327 /279
1 1 |

R,=0.8599 + 0.0011 fm
a,+ 25.6182 + 0.0266
a, = -0.0347 +0.0035
b,= 2.3606 + 0.0280
a,70.2776 £ 0.0036

b, -0.1081 £ 0.0074

R,= 0.4041 * 0.0018 fm
a7 -0.9188 £ 0.0075
b= -1.0681 + 0.0084
a,-0.0291 £ 0.0013
b, = 0.1380 + 0.0028
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New Levy description of elastic pp data (preliminary)

Preliminary approximate values for the half spatial parameters
(R,/2) and ratios (R,/R,) (without error estimations):
23 GeV: 0.30 fm, 1.92

30 GeV: 0.30 fm, 2.53
62 GeV: 0.33 fm, 3.18
2.76 TeV: 0.34 fm, 2.26
/ TeV: 0.36 fm, 2.54
8 TeV: 0.39 fm, 2.36
13 TeV: 0.43 fm, 2.13
The half extension values coincide with earlier assumed hard core
nucleon radii (~0.40 fm) set in Glauber and DIPSY dipole
simulations. It might reflect nucleon and di-quark type scattering




Conclusion

Published Odderon results have been critically scrutinised

Assumptions and conditions with possible influence on results were
shown and investigated in each of the 3 different methods

Newly released 8 TeV data confirm the Odderon signal via H(x)
scaling

New Levy type expansion method was introduced to describe
elasticc pp and ppbar scattering data for possible extrapolation
to 1.96 TeV pp differential cross-section
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