Model -independent Levy analysis of
combined ATLAS and TOTEM high energy
elastic pp scattering data
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Motivations

) The Lévy expansion is an orthonormal function series similiar to the Taylor one
) It defines a leading function term, by which it converges faster

) It is broadly used, see such an applications in HBT studies., too, or example

) The current application is of description of differential pp elastic scattering data
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Motivations

This talk is based on the findings presented here by Roman Pasechnik
and also reported in our ISMD-23 paper, Universe (6), 264 (2024)

In brief, we could see systematic effects between the measured pp
differential cross-secttion data of the two experiments, TOTEM and
ATLAS, beyond the trivial normalizations, i.e, in case of data slopes,
too.

This study is a reiteration of a former one that was based on TOTEM
data only. Now, we combine low-t ATLAS data with high-t TOTEM
ones.

The current Levy preliminary fits to the combined data provide good
confidence levels, but they are limeted in the sense that the rho o
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Motivations

Old TOTEM 13 TeV Levy fit
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¢ pp: TOTEM-13 TeV
preliminary data

= Levy expansion (pos.def)

Ot =115 £ 0.8 mb
Ce =314 +0.05mb

p =0.087 +0.0004
¥%NDF =330 /279, CL=2%
| | |

R =0.722 +0.004 fm
A =361.9 + 5.2 mbGeV?
« =0.903 + 0.004
2,=.0.318 + 0.004

b, = 0.0706 + 0.001
a,=0.0567 + 0.002

b, = .0.0350 + 0.002
23=.0.0193 + 0.0006
b; = 0.0227 + 0.0007
a,=0.00675 + 0.0002
b,=_0.00216 + 0.0002
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-t (GeV?)

2

but with quadratically
added stat and sys errors

New ATLAS+TOTEM 13 TeV Levy fit

do/dt (mb/GeV?)

(data-fit)/error
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CL = 78%,,

¢ pp13TeV-ATLAS+TOTEM R =0.6809 + 0.0100 fm

— Levy series

p=0.091 £ 0.002
Ge|. = 27.2 i D-B mb

Gyo= 105.1 £ 0.9 mb

44,=0.47, R=1.750
CL=78%, XNDF =116/128 |

A = 277.07 +4.2 mbGeV?
o =0.9311 + 0.0063

a, =-0.3473 +0.0042

b, = 0.0720 + 0.0021

a, = 0.0723 + 0.0024

b, = -0.0418 + 0.0022

a, =-0.0255 + 0.0010

b, = 0.0236 +0.0013

a, = 0.0078 + 0.0004

b, =-0.0018 + 0.0003
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with stat errors only




Motivations

Old TOTEM 13 TeV Levy fit

New ATLAS+TOTEM 7 TeV Levy fit

¢ pp: TOTEM-7 TeV
= |evy expansion (pos.def)

(\’l-\
>
b,
O]
—
0

E
©
-~
O
©

O%t =99.8 +0.9mb
Ol =25 +0.09 mb
p =0.11 £ 0.002

x*/NDF = 224 /154, CL = 0.018%

R =0.639 + 0.004 fm
A =220 + 3.7 mbGeV?
o =0.933 +0.007
a,=.0.395 + 0.005

b, = 0.0796 + 0.002
a,=0.115 + 0.004

b, = 0.0734 + 0.002
23=.0.0369 + 0.002
b; = 0.0261 + 0.001
a,=0.00673 + 0.0008
b, =-0.00729 + 0.0005
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do/dt (mb/GeV?)
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CL =0.018%,

with stat errors
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(data-fit)/error

CL = 36%,

10%

¢ pp 7TeV-ATLAS+TOTEM
—— Levy series

p=0.078 +0.007
Gy =242+1mb

= 97.3 +3 mb

“14,= 0.96, R =1.501

CL = 36%, 7*/NDF =111 /106

R =0.6769 + 0.0203 fm
A =239.68 + 10 mbGeV
o =0.8994 £0.0121
a, =-0.3487 + 0.0185
b, = 0.0632 + 0.0052
a,=0.0791 £ 0.0118
b, = -0.0393 + 0.0087
a,=-0.0256 + 0.0035
b, = 0.0187 = 0.0043
a,=0.0066 = 0.0014
b, =-0.0015 + 0.0016
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Levy fits of TOTEM and ATLAS data

TOTEM 8 TeV Levy fit ATLAS+TOTEM 8 TeV Levy fit

¢ pp 8TeV-TOTEM R =0.6545 + 0.0361 fm _ ¢ pp 8TeV-ATLAS+TOTEM R =0.6403 + 0.0076 fm
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(data-fit)/error
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— Levy series

p=0.12 +0.02
Oy =27.4 +3 mb
Git= 102.0 + 5 mb
t4p= 0.51, R=1.781
CL = 56%, x%/NDF = 58.6 / 61

A =271.53 + 20 mbGeV
o =0.9945 +0.0322
a, =-0.3014 +0.0350
b, = 0.0891 + 0.0184
a,=0.0652 = 0.0118
b, = -0.0426 +0.0171
a,=-0.0210 +0.0048
b, = 0.0364 + 0.0070
a,=0.0136 = 0.0026
b, = -0.0061 £ 0.0043

'.P.I\II TTIT

A

oy

T

do/dt (mb/GeV?)

(data-fit)/error

— Levy series

p=0.15 = 0.005
O, =245 +04mb
Gtul= 96.8 £ 0.8 mb
Ay,= 0.51, R=1.828

CL = 1e+02%, pﬁ’NDF =31.5/56,

A =218.44 £ 2.8 mbGeV"
o =0.9468 + 0.0075
a, =-0.3472 +0.0042
b, = 0.0843 + 0.0056
a,=0.1280 +0.0039
b, =-0.0904 + 0.0039
a, =-0.0227 +0.0020
b, = 0.0408 +0.0034
a,=0.0044 +0.0012
b,=-0.0135 + 0.0026

|||,*||‘#;k|\|| TTIT

CL =56%, 4th order fit CL=100%, 4th order fit




Levy fits of TOTEM and ATLAS data

TOTEM 8 TeV Levy fit

¢ pp 8TeV-TOTEM
—— Levy series
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p=0.15 + 0.003
G, =276 +0.6 mb
Giot=104.0 £ 0.8 mb
1y, =0.52, R=1.958
CL= f-3% 'X,%"NDF =83,5/63

R =0.6974 £ 0.0100 fm

A =289.39 + 4.2 mbGeV"

« =0.9018 +0.0063
a, = -0.3335 + 0.0023
b, = 0.1068 + 0.0035
a,=0.0815 + 0.0020
b, = -0.0950 + 0.0028
a, = -0.0000 + 0.0004
b, = 0.0291 + 0.0018

a, = 0.0000

b, = 0.0000

II'+$":,’;‘HIH TTIT

(data-fit)/error

ATLAS+TOTEM 8 TeV Levy fit
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do/dt (mb/GeV?)
3

(data-fit)/error

¢ pp 8TeV-ATLAS+TOTEM
—— Levy series

p=0.082 +0.008
Oy =245 +1mb
Cint=97.6 £ 2 mb
-1dip= 0.51, R=1.840
CL= |1e+02%, |x2fNDF =|32.1 / 53|

R = 0.6814 + 0.0270 fm
A =260.58 + 10 mbGeV
o =0.9482 +0.0204
a, =-0.2922 + 0.0107
b, = 0.0462 + 0.0097
a,=0.0649 + 0.0078
b, = -0.0579 + 0.0058
a, =-0.0257 + 0.0024
b, = 0.0139 + 0.0028
a, = 0.0000

b, = 0.0000

CL =4.3%, 3rd order fit CL =100%, 3rd order fit




Levy fits of TOTEM and ATLAS data

TOTEM 2.76 TeV Levy fit TOTEM 2.76 TeV Levy fit

¢ pp 276 TeV - TOTEM R =0.6979 + 0.1024 fm ¢ Pp 276 TeV - TOTEM R =0.7018 +0.1016 fm
— Levy series A =316.98 + 68 mbGeV : — Levy series A =243.38 + 35 mbGeV
@ =1.1349 +0.0710 o = 0.9071 + 0.0866
a, =-0.2125 + 0.0659 a, =-0.2381 + 0.0337
b, = 0.2983 + 0.0540 b, = 0.0600 + 0.0300
a,=0.0963 £ 0.0509 a, = 0.0532 £ 0.0207
b, = -0.1747 + 0.0405 b, = -0.0532 + 0.0071
a,=-0.0572 + 0.0238 a, = 0.0000
b, = 0.0869 + 0.0221 b, = 0.0000
a,=0.0073 = 0.0106 a, = 0.0000
b, = -0.0446 + 0.0108 b, = 0.0000
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do/dt (mb/GeV?)

T T IIHII‘

p=0.48 +0.07
G, =28.9 +7mb .
Opp=111.3 + 1e+01 mb Oyx= 87.6 £ 7 mb

“t4,=0.63, R=1.609 “t4,=0.63, R =1.661

CL = 3p%, x2/NDF = 5752, CL = 27%, x2/NDF = 62.1/5p

p=0.082 +0.02
Oy =214 +4mb

T IIHI[‘

T IIIHI|
T IIIHI|
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HIII

L X .‘I-“ “-
antE

TT{TT

(data-fit)/error

(data-fit)/error
TT I-I Ld‘

CL =30%, 4th order fit CL =27%, 2nd order fit




Levy fits of ISR data

ISR 62.5 GeV Levy fit ISR 30.2 GeV Levy fit

¢ pp62.5GeV-ISR R =0.5593 + 0.0204 fm ¢ Pp30.7GeV-ISR R =0.5490 + 0.0212 fm
— Levy series A =53.596 + 2.4 mbGeV" — Levy series A =47.744 +1.8 mbGeV"
o =0.9013 + 0.0088 o = 0.8896 +0.0166
a, =-0.2742 + 0.0148 a, = -0.2772 + 0.0084

b, = 0.0898 +0.0090 b, = 0.1293 £ 0.0107

a, = 0.0736 +0.0082 a,=0.0644 +0.0040

b, = -0.0568 + 0.0052 b, = -0.0709 + 0.0060

a, =-0.0217 +0.0028 a, = -0.0081 + 0.0011

b, = 0.0214 + 0.0020 b, = 0.0227 + 0.0023

a, = 0.0034 0.0007 a,=0.0014 +0.0003

b, =-0.0062 + 0.0005 b, =-0.0050 = 0.0007
p=0.12 £ 0.007 p=0.16 = 0.009
Gy =7.6 £0.4mb O =7.2 £0.4mb

Oyi= 43.5 + 1 mb : Ci=40.3 + 0.8 mb
44,=1.3, R=1.979 tyo= 1.4, R=17.232
CL = 45%, X%/NDF =111 /11p . CL £ 86%, x/NDF = 142 /161
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do/dt (mb/GeV?)

(data-fit)/error
(data-fit)/error

CL = 45%, 4th order fit CL =86%, 4th order fit




Levy fits of ISR data

ISR 23.5 GeV Levy fit

There are 44.7 and 52.8 GeV ISR data,
P —— - 0586 - 0.0057 fm as well, but they are not continous and
— Levy series A =53.004 +0.62 mbGeV™* therefore not fittable by good

o = 0.8708 +£0.0039
a, =-0.2086 +0.0016 Confidence Levels
b, = 0.0744 +0.0022
a, = 0.0429 = 0.0006
b, = -0.0425 + 0.0010
a, = -0.0127 = 0.0003
b, = 0.0170 +0.0007
a, = 0.0015 +0.0002
b, = -0.0057 + 0.0002
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p=0.098 £ 0.002
G,=6.8+0.1mb
Cip=39.9 £ 0.2 mb

L -1Iﬁp= 1.4, R=7.544
CL = 54%, x2/NDF

(data-fit)/error

CL = 54%, 4th order fit




Levy fit parameters excitation functions

Parameters were fitted by 1st or 2nd order log(s) functions indicated on the plots

Levy fit parameters

+ pp(ISR-LHC)
---. p0 + p1*log(s)

PO =7.0677 +0.144
p1 =0.51114 +0.0276

%*/NDF = 33 /5, CL = 0.00032%

Levy fit parameters

10 10° 10* 10
is (GeV)

Levy fit parameters

4 pp (ISR -LHC)
---. p0 + p1*log(s)

PO = -0.146 +0.00327
p1 =-0.020764 + 0.000677

¥*/NDF =83 /5, CL =1.9e-14%

102 10° 10* 10
/s (GeV)

+ pp(ISR-LHC)
---. p0 + p1*log(s)

PO = 0.84712 +0.00615
p1 = 0.0086216 + 0.00106

¥*NDF =11/5, CL = 4.6%

Levy fit parameters

B

102 10° 10* 10
Is (GeV)

Levy fit parameters

+ pp (ISR -LHC)
---. p0 + p1*log(s)

PO = 0.080476 +0.00332
P1 =-0.0011115 + 0.00046

%*/NDF =38 /5, CL = 4.6e-05%

10° 10° 10* 10
fs (GeV)

4 pp(ISR-LHC)
---. p0 + p1*log(s) + p2*log’(s)
p0 = 141.29 +13.6

P1=-49.428 +5.7
P2 = 6.7724 +0.462

¥¥NDF =12/4,CL=1.7%

10% 10° 10* 10

Is (GeV)

Levy fit parameters

4 pp (ISR -LHC)
---. p0 + p1*log(s)

PO = 0.028901 + 0.00149
P1 = 0.004625 + 0.000377

%*/NDF =36 /5, CL = 0.00012%

102 10° 10* 10
Is (GeV)




Levy fit parameters excitation functions

Levy fit parameters

4+ pp(ISR-LHC)
---. p0 + p1*log(s)

PO = -0.043165 +0.00176
p1 =-0.00013865 + 0.00035

¥*/NDF = 37/ 5, CL = 5.8-05%

102 10° 10* 10
/s (GeV)

Levy fit parameters

% pp (ISR -LHC)
--- p0 + p1*log(s)

PO = -0.0017161 + 0.000288 r
P1=0.00099744 +6.78e-05 .-~

[ L]
X*NDF =3.8/3, CL =29%

10° 10° 10* 10
Vs (GeV)

Levy fit parameters

4 pp(ISR-LHC)
---. p0 + p1*log(s)

p0 =-0.0058311 + 0.000612
p1 =-0.0021035 +0.000148

¥%/NDF = 26 / 4, CL = 0.0038%

10° 10° 10*
Is (GeV)

Levy fit parameters

10

Levy fit parameters

+ pp(ISR-LHC)
---. p0 + p1*log(s)

PO = 0.015408 + 0.00113
p1 = 0.00070667 + 0.000209

by

%*NDF =17/4,CL =0.17%

4 pp (ISR-LHC)
--- p0 + p1*log(s)

PO = -0.0077793 +0.000355
p1 = 0.00062831 + 5.82¢-05

¥*NDF =5.3/3,CL=15%

10° 10° 10
/s (GeV)

10

10° 10°
fs (GeV)

10*

10




Levy interpolations between ISR and LHC energies

Preliminary Levy predictions
i N T e for elastic pp and ppbar

o =0.8743 o =0.9235 o o
- collision data
a,=0.0435 _q a,=0.0698

+ Pp 23.5 GeV - ISR R
A
a
b.
b, =-0.0436 =-0.0444
a.
b,
a,
b,

—— pp Levy prediction (prelim.)

2
;= -0.0125 5= -0.0245
, = 0.0217

\ : T Statistically limited confidence
e e levels were found between

e e e data and interpolation
functions

= 0.0176
,=0.0014

do/dt (mb/GeV?)
do/dt (mb/GeV?)

, =-0.0058

=
S
=
@
L
=
=
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o
]
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(data-fit)/error

The accuracy could be cured
v euaor AR R B Dy adjusting the amplitudes

_ 4 — Ppp Hx scaling prediction e
=0.9288 . — Pp TOTEM prediction o =0.9125

- o o phases to the measured one

=0.0727 a,=0.0640

e and better excitation function

=-0.0258
, = 0.0208

- ) choises

=0.0077
=-0.0018

¢ pp13TeV-TOTEM
—— pp Levy prediction (prelim.)
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do/dt (mb/GeV?)
do/dt (mb/GeV?)

. . p=0.094 +0
6, =27.5+0mb 1 = 16.4 0 mb

Gior= 105.5 + 0 mb R tot=75.4 =0 mb

typ=0.48, R = 2.091 “tgp=0.36, R = 20.666

CL =,0%, ¥2/NDF = 1.75e+06 /290 i | CL=1.5e74%, 3NDF =410(17

Such sort of pp and ppbar
deviations were theoretacally
expected, as well (Odderon)

(data-fit)/error
(data-fit)/error




Conclusion

Elastic pp scattering data can be described by model
indepenent Levy expansion functions with good precision

Preliminary excitation functions of Levy fit parameters of
elastic pp data were extracted

Elastic data Levy fit parameters usually can be approched
by logarithmic terms as a function of collision energy

Preliminary interpolations of elastic pp data for some
particular energies are under investigation. Work in
Drogress.




Conclusion

Replacing low-t TOTEM data by low-t ATLAS data
mproves the fit quality and the stability of the fits
n a statistically significant manner.




Thank Youl




