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DIFFRACTION: WHAT HAVE WE LEARNED?

ELECTRON-SCATTERING METHOD

C- (1.074+0.02)* 10713 A cm
f=(24-4+03).10713 cm = constant

Volume V of spherical nuclei ~ A (mass number)
Nuclear ,skin-width” is independent of A
— Central density of big spherical nuclei is independent of A
R. Hofstadter, Nobel-lecture (1961)




TOTEM pp @ 8 TeV, arxiv:1503.08111
do/dt non-exponential at low-t

Table 4: Fit quality measures for fits in Figure 11.

Np Y2 /ndf p-value significance
1 117.5/28 =420 6.1-107F 120

2 29.3/27 =1.09 0.35 0.94 0

3 25.5/26=0.98 0.49 0.69

¢ data, statistical uncertainties — Ny =1
full systematic uncertainty band — N, =2
7/, syst. unc. band without normalisation == N =3

=
==}
5
=)
—
I
(¥
o
o)
—
L
I
s
e

bl

do/dr —ref

0.02 0.04 0.06 0.08




TOTEM preliminary at v/s = 13 TeV
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MODEL INDEPENDENT LEVY EXPANSION
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T. Csorgo, R. Pasechnik, A. Ster,
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MODEL INDEPENDENT LEVY EXPANSION

Terms of a Normalized Lévy expansion for a=0.9
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As a 2 1, Levy polynomials approach
Laguerre polynomials. orthonormal to exp(-1)
T. Csorgd, T. Novdk and A. Ster,
arXiv:1604.05513 [physics.data-an]
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LEVY EXPANSION, 7 TeV

¢ pp:TOTEM-7 TeV R =0.6306 + 0.0047 fm
= Levy expansion (pos.def) A =214.8 + 3.7 mbGeV?
T. Csorgo, R. Pasechnik, A. Ster, ¢ =0.9448 + 0.0076
arxiv.orq:1807.02897 EI,I =-0.3984 + 0.0052
b;=0.08837 + 0.0022

a,=0.1157 +0.0042

b, = .0.08089 + 0.0016
a3=_0.03823 + 0.0019
b; = 0.02942 + 0.0015

a,=0.006914 + 0.00074
bs=_0.008362 + 0.0005

99.434 £ 0.94 mb

0.13 £0.002
2371154, CL=1.818e-05

J. Chwastowski, Trento, 2016: T. Csorgo, T. Noyak and A. Ster
Model independent, but physics =¢ 24 arXiv:1604.05513 {physics.data-an]
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LEVY EXPANSION AT 13 TeV LHC

10°
¢ pp: TOTEM- 13 TeV R =0.7216 + 0.0044 fm
preliminary data A =361.9 + 5.2 mbGeV™
— Levy expansion (pOS.dEf) o =0.9032 + 0.004
4;=.0.3184 +0.0039
b, - 0.0706 + 0.0013
a,=0.05673 + 0.0019
b, - .0.03504 + 0.0018
43-.0.01934 + 0.00064
= b; - 0.02269 + 0.00074
10 a,=0.006749 + 0.00023
- b, = .0.002157 +0.00023
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10 Owt  =115.21 +0.76 mb
107 p = 0.087 + 0.0004
+2INDF = 330/ 279, CL = 2.007e-02
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T. Csorgd, R. Pasechnik, A. Ster, 2
arxiv.org:1807.02897, arxiv:1811.08013 -t (GeV*)
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LOOKING FOR ODDERON EFFECTS
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LEVY EXPANSION FOR ELASTIC
PPBAR and PP
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COMPARISON: (P,P) vs (P,ANTIP)

Elastic slope B(t) for pp and pp collisions
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T. Csoérgd, R. Pasechnik, A. Ster,
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IMAGING AT ISR AND AT LHC ENERGIES
PP: PROTON+PROTON

¢ ppdata T. Csorgd, R. Pasechnik, A. Ster,
= | evy expansion (pos.def)
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LEVY FITS TO LARGE -t: SUBSTRUCTURES

Psub(b) for substructure in pp collisions
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Psub(b) for substructure in pp collisions
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Two different substructures in protons:
At ISR energies, looks like a dressed q
At LHC energies, looks like a dressed d=(q,q)

First suggested by |. M. Dremin, T. Csorgd, R. Pasechnik, A. Ster,
a9 y 2 g el
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Model p=(q,d)

T. Cs6rgd, R. Pasechnik, A. Ster, 31 Originally: A. Bialas and ACBzdak,
arxiv:1311.2308 by F. Nemes, T. Cs, M. Csandd
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SystematiC unceruaintes
Uncertainties in the shadow Uncertainties in the shadow profile for proton substructure (LHC)
008 na 1 2

A shadow is darkening in the proton at the LHC energies.
,,

13 TeV, sub

Femtoscopy - Episode I: The Phantom Menace

-0.02 | ) S S S E— == =S O T e ] et ey )
0.0 02 A4 : 2 ; : : 3.0

The shadow profile for the The shadow profile for the
substructures in the proton are substructures in the proton are
within errors the same from 23 within errors DIFFERENT from 7

to 62 GeV at ISR: the same to 13 TeV at LHC: the same size,

object is seen, within errors. but its shadow is getting darker.

T. Csorgd, R. Pasechnik, A. Ster, P=(q.d): A. Bialas and A. Bzdgk,
F.Nemesetal, .~

S. Brodsky,
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P=(q,d)

Shadow profile for proton and its substructure

— 13 TeV
7 TeV
----- - 13 TeV, sub

7 TeV, sub
==== G2GeV,sub

b, fm

From elastic scattering
two kind of sub-structures in p:
a larger (diquark-like) and a
T. Csorgo, R. Pasechnik, A. Ster smaller (quark-”ke). ObjECt.
arxiv.org:1807.02897, Grey bands: systematic errors!




P=(q,d)

Shadow profile for proton and its substructure

— 13 TeV
7 TeV
----- - 13 TeV, sub

7 TeV, sub
==== G2GeV,sub

b, fm

From elastic scattering
two kind of sub-structures in p:
a larger (diquark-like) and a
T. Csorgo, R. Pasechnik, A. Ster smaller (quark-“ke). ObjECt.
arxiv.org:1867.02897+in p’reparai’ion Grey bands: systematlc errors!




What about hollowness?

P(b)
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. Dremin, also in Alkin et al, /|
W. Broniowski et al, 35 Significance: s

V. A. Pet A. khin, - o . . .
SO el s se el T. Csorgo, R. Pasechnik, A. Ster, in preparation
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What about hollowness?

Uncertainties in the shadow profile for the proton (LHC)
100 gp0———F+——————

0.995

0.990

0.985

0.980

H = 0.0085 + 0.0006, significant!

A new regime opens up at LHC
Black ring, instead of a black disc?
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. Dremin, also in Alkin et al, /|
W. Broniowski et al, 36 Significance: s

LG el s Se el din, T. Csorgo, R. Pasechnik, A. Ster, in preparation
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Model p=(q.d)

b .

Thank you for your attention!
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POSSIBLE ALTERNATIVES: P = (q,q,9)?
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. . . . B. Kopeliovich, I.K. Potashnikova,
Is this p =(q,q9.q) picture consistent with data at LHC? 3g B. Povh and E. Predazzi, arXiv:hep-ph/0009008v2

Structures and oscillations in do/dt, jump in B(s) ?? B. Kopeliovich, I.K. Potashnikova, B. Povh, arXiv:1204.54446
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FIG. 3: (Color online) Ratio of real to imaginary parts of
elastic pp amplitude as function of ¢ (upper panel, Eqs. (12)-
(13)), and as function of impact parameter (bottom panel,
Eq. (14)) at /s =2, 7 and 14 TeV.

Is this p =(q.q9.q) picture consistent with data at LHC?
Structures and oscillations in do/dt, jump in B(s) ?? 39

B(2.76 TeV) overestimated by 3 ¢ BUT p(13TeV) by 6 o

Vs (GeV)

B. Kopeliovich, I.K. Potashnikova,
B. Povh and E. Predazzi, arXiv:hep-ph/0009008v2

B. Kopeliovich, I.K. Potashnikova, B. Povh, arXiv:1204.5446




POSSIBLE ALTERNATIVES: P = (q,d)?
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Figure 9: The shadow profile function at the extrapolated energies y/s. The
results show the increase of the proton interaction radius with increasing /s
energies. Also note that the “edge” of the distributions remains of approxi-
mately constant width and shape.

Vs [TeV] || otor [mb] | |taip|[GeV?] p |tdip| - Otor [mb GeVZ]
8 99.6 0.494 0.103 49.20

U N . ™ 13 1064 0465 | 0.108 10.48

1 15 2 14 107.5 0.461 0.108 49.56

4[GeV] 15 108.5 0.457 0.109 49.58

28 117.7 0.426 0.114 50.14

Figure 8: The pp elastic differential .
cross-section 1s C’HmPOla‘ted t"_s TeV The unitarized bialas-Bzdak mmodel, p =(q,d) picture /
as well as to future LHC energies and Reasonably good prediction for Vs = 13 TeV, but needs to be y&tined.

beyond. P =(q.(q.q)) variation gave too many oscillations in do/dt gtlarge -t.

From F. Nemes, M. Csandad and T. Cs, 15

40 .
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(IM)POSSIBLE ALTERNATIVES

Thus we feel strongly motivated to warn the astute reader against the over-interpretation
of model results that indicate certain features of the elastic scattering data correctly only
on the qualitative level, but fail miserably on a confidence level test. Actually, the Odderon
effects that we discuss in detail below are due to some robust and model independent features

of the data, but we have investigated other more subtle effects too that we do not emphasize

Nevertheless, we may warn the careful readers that descriptions of possible Odderon
effects or the lack of them, based on data analysis with zero confidence levels might have
apparently been over-interpreted recently: the significance of the interpretation of fits that

do not describe the data in a statistically acceptable manner is not particularly well defined.

We recommend extreme care before drawing big conclusions, given that we see the

sensitivity of some of the details like ¢(¢) at large |t| for tiny details in the data

and in changing some of the higher order coefficinets of the fits. Possibly these tiny
details differ in some papers that may apparently draw big, but contradicting, and not
particularly well founded conclusions about the exitence or the non-existence of the

Odderon effects.

T. Cs, R. Pasechnik, A. Ster, arxiv.org:1807.02897



POSSIBLE IMPLICATIONS

Finally, based on our experience with precision description of the differential cross-sections
of elastic proton-proton and proton-antiproton collisions let us warn the careful readers
against over-interpreting fit results when the fitted function does not represent the data

with a statistically not unacceptable confidence level.

May we hope that this data analysis method of Lévy series expansion, detailed for the
first time in this manuscript for a positive definite function, may find several important

applications in the future, in a broad range of quantitative sciences. Essentially this method

is able to characterize the deviations from Fourier-transformed and symmetric Lévy stable
source distributions. Given the ubiquity of Lévy distributions in Nature, we hope that our /
new method will be relevant in several areas of human knowledge, that extend far beyond

the science of physics.

T. Cs, R. Pasechnik, A. Ster, arxiv.org:1807.02897
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Diffraction: R. Hofstadter, Nobel-prize (1961)
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Scattering angle in cegrees

Fig. 5. This figure shows the elastic and inelastic curves corresponding to the scat-

tering of 420-MeV electrons by "C. The solid circles, representing experimental points,

show the elastic-scattering behavior while the solid squares show the inelastic-scat-

tering curve for the 4 43-MeV level in carbon. The solid line through the elastic data

shows the type of fit that can be calculated by phase-shift theory for the model of
carbon shown in Fig. 8.
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p+A > p+A
Glauber and Matthiae, NPB21 (1970) 135

1961 R.HOFSTADTER
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LEVY FITS: APPROXIMATE STRUCTURE
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Size of proton is increasing
with increasing Vs:
But at LHC energies,

the shape of proton changes too!
T. Csérgd, R. Pasechnik, A. Ster, 46
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Shadow imaging in p+p at LHC
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The BnEL effect. Can it explain TOTEM data,
- new trends of B at LHC?




SATURATION FROM SHADOW PROFILES

[E—

at 7 TeV, proton

A(b)

Blacker, but
not Edgier,
and Larger

BEL =» BnEL effect

arxiv:1311.2308
F. Nemes, T. Cs, M. Csanad

apparent saturation:
center of proton ~ black
at LHC, up to
r~ 0.7 fm
)

see also Lipari and Lusignoli,
arXiv:1305.7216
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ISR and SppS:
R.J. Glauber and J].Velasco
Phys. Lett. B147 (1987) 380
b,,b, fixed
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Imaging with shadow profile

SHADOW PROFILE FUNCTION

Glauber and Velasco,

hys. Lett. B147 (1984) 380 PP 546 GeV
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COMPARISON : (P,P) vs (P,ANTIP)

Shadow profile P(b) for pp and pp collisions

13 TeV, pp
7 TeV, pp
1.96 TeV, pp

SHADOW PROFILES:
C-ODD AND ENERGY DEPENDENT
EFFECTS MAY BE MIXED
TOGETHER

T. Csérgd, R. Pasechnik, A. Ster, 50 Z
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COMPARISON : (P,P) vs (P,ANTIP)

@(1) for pp vs pp collisions

NUCLEAR PHASE
in units of 1

13 TeV, pp

7 TeV, pp EFFECT:
1960 GeV. pb ODDERON

0.2

T. Csérgd, R. Pasechnik, A. Ster,
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