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DIFFRACTION: WHAT HAVE WE LEARNED?

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)
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TOTEM pp @ 8 TeV, arxiv:1503.08111 
ds/dt non-exponential at low-t
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TOTEM preliminary at √s = 13 TeV
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Growth of B:
Universal properties

of Pomeron

B(s) nearly jumps:
Opening of an 

additional physics
channel(?)

from
TOTEM preliminary
2.76 and 13 TeV

threshold ≤ 3-4 TeV
followed by

very sharp growth:

Change of low-|t| 
trend at LHC



TOTEM preliminary, √s = 13 TeV
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at 7 TeV, proton

Blacker, but
not Edgier,
and Larger

BEL BnEL effect
arxiv:1311.2308

F. Nemes, T. Cs, M. Csanád

SATURATION FROM SHADOW PROFILES

ISR and SppS:
R.J. Glauber and J.Velasco

Phys. Lett. B147 (1987) 380 
b1,b2 fixed

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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http://arxiv.org/abs/1311.2308
http://arxiv.org/abs/arXiv:1305.7216


MODEL INDEPENDENT LEVY EXPANSION
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T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897

non-exponential behavior

(NEB) in a single parameter

a
idea: complete set of 

orthonormal functions, put

NEB to the weight

https://arxiv.org/pdf/1807.02897.pdf


MODEL INDEPENDENT LEVY EXPANSION

8
T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897

As a 1, Levy polynomials approach
Laguerre polynomials. orthonormal to exp(-t) 

T. Csörgő, T. Novák and A. Ster, 
arXiv:1604.05513 [physics.data-an]

https://arxiv.org/pdf/1807.02897.pdf


T. Csörgő, T. Novák and A. Ster

MODEL INDEPENDENT LEVY EXPANSION

J. Chwastowski, Trento, 2016: Physics=?

arXiv:1604.05513 [physics.data-an]9

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

https://arxiv.org/pdf/1807.02897.pdf


LEVY EXPANSION AT LHC ENERGIES

10T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897

https://arxiv.org/pdf/1807.02897.pdf


IMAGING AT ISR AND AT LHC ENERGIES
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PP: PROTON+PROTON

T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897

https://arxiv.org/pdf/1807.02897.pdf


LOOKING FOR ODDERON EFFECTS
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Odderon prediction: L. Lukaszuk, B. Nicolescu,
Lett. Nuovo Cim. 8, 405 (1973)

Odderon differential cross-section from pp and 
ppbar collisions, Reggeized Philips-Barger: 

A. Ster, L. Jenkovszky, T. Cs, arxiv:1501.03860



LEVY EXPANSION FOR ELASTIC PPBAR

13T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897

PPBAR: 
PROTON+ANTIPROTON

https://arxiv.org/pdf/1807.02897.pdf


COMPARISON : (P,P) vs (P,ANTIP)
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SHADOW PROFILES:
C-ODD AND ENERGY DEPENDENT 

EFFECTS MAY BE MIXED 
TOGETHER

T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897

https://arxiv.org/pdf/1807.02897.pdf


COMPARISON: (P,P) vs (P,ANTIP)
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A C-ODD AND √s 
DEPENDENT EFFECTS MAY 

BE SEPARATED

C-ODD EFFECT:
ODDERON

T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897

EMPHASIS: NEED PP 
AND PPBAR AT THE 

SAME √s

https://arxiv.org/pdf/1807.02897.pdf


COMPARISON : (P,P) vs (P,ANTIP)
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C-ODD 
EFFECT:

ODDERON

NUCLEAR PHASE 

in units of 𝛑

T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897

https://arxiv.org/pdf/1807.02897.pdf


LEVY FITS: APPROXIMATE STRUCTURE 
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Size of proton is increasing
with increasing √s:

But at LHC energies, 
the shape of proton changes too!

T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897

https://arxiv.org/pdf/1807.02897.pdf


LEVY FITS TO LARGE -t: SUBSTRUCTURES 
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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)

T. Csörgő, R. Pasechnik, A. Ster,  

arxiv.org:1807.02897

First suggested by I. M. Dremin,

Universe 4 (2018) no.5, 65

https://arxiv.org/pdf/1807.02897.pdf
http://inspirehep.net/record/1678021?ln=en


LEVY FITS TO LARGE -t: SUBSTRUCTURES 
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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)

T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897
Confirming the results of 
arxiv:1311.2308 by F. Nemes, T. Cs, M. Csanád

https://arxiv.org/pdf/1807.02897.pdf


Systematic uncertainties
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The shadow profile for the
substructures in the proton are
within errors the same from 23 

to 62 GeV at ISR: the same
object is seen, within errors.

T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897

The shadow profile for the
substructures in the proton are
within errors DIFFERENT from 7 
to 13 TeV at LHC: the same size, 
but its shadow is getting darker.

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

https://arxiv.org/pdf/1807.02897.pdf


P = (q,d)
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From elastic scattering
two kind of sub-structures in p:

a larger (diquark-like) and a 
smaller (quark-like) object.

T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897



P = (q,d)
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From elastic scattering
two kind of sub-structures in p:

a larger (diquark-like) and a 
smaller (quark-like) object.

T. Csörgő, R. Pasechnik, A. Ster, 

arxiv.org:1807.02897

https://arxiv.org/pdf/1807.02897.pdf
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At LHC energies the proton becomes
Blacker, but not Edgier, and Larger: BnEL effect

p not only grows with √s, but its shape also changes

Looking for possible Odderon effects …
We identified two model-independent

ODDERON signals in TOTEM data

Bonus extra: evidence for substructures inside proton 
strikingly similar to dressed quark and  diquarks

P=(q,d)

SUMMARY

We measured two substructure sizes,
Rsub(ISR) < Rsub (LHC)

If these are different substructures, B(s) may jump !
If these are the same: growig gluon cloud, B(s) may be smooth



THANK YOU FOR YOUR ATTENTION!

Questions?
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POSSIBLE ALTERNATIVES: P = (q,q,q)?
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B. Kopeliovich, I.K. Potashnikova, B. Povh and E. Predazzi, arXiv:hep-ph/0009008v2  

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

Is this p =(q,q,q) picture consistent with data at LHC? 

Structures and oscillations in ds/dt, jump in B(s) ??



POSSIBLE ALTERNATIVES: P = (q,q,q)?

26
B. Kopeliovich, I.K. Potashnikova,

B. Povh and E. Predazzi, arXiv:hep-ph/0009008v2  

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

Is this p =(q,q,q) picture consistent with data at LHC? 

Structures and oscillations in ds/dt, jump in B(s) ??



POSSIBLE ALTERNATIVES: P = (q,q,q)?
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B. Kopeliovich, I.K. Potashnikova,

B. Povh and E. Predazzi, arXiv:hep-ph/0009008v2  

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

Is this p =(q,q,q) picture consistent with data at LHC? 

Structures and oscillations in ds/dt, jump in B(s) ??

B(2.76 TeV) overestimated (by 3 s) BUT r(13TeV) by 6 s



POSSIBLE ALTERNATIVES: P = (q,d)?
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The unitarized bialas-Bzdak mmodel,  p =(q,d) picture

Reasonably good prediction for √s = 13 TeV, but needs to be retuned.

P =(q,(q,q)) variation gave too many oscillations in ds/dt at large –t.

From F. Nemes, M. Csanád and T. Cs, arXiv:1505.01415

https://arxiv.org/pdf/1505.01415.pdf


SELF-CONSISTENCY OF TOTEM stot DATA

inelastic independent

r independent

L independent

7 TeV

8 TeV: PRL 111, 012001Excellent agreements between
- different methods (7 TeV)

- different beam conditions (8 TeV)
8 TeV



(IM)POSSIBLE ALTERNATIVES

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



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



Diffraction: R. Hofstadter, Nobel-prize (1961)

e+A: elastic electron-
nucleus scattering

3
2

Imaging: electric charge
distribution of spherial nuclei



p+A  p+A
Glauber and Matthiae, NPB21 (1970) 135

3
3

The distribution of the nucleons (p+n)
~ the distribution of electric charge (p) in atomic nuclei.



Imaging with shadow profile

Glauber and Velasco, 
Phys. Lett. B147 (1984) 380

Glauber and Velasco, 
IFIC preprint, 1996, 
unpublished

cross-check:

BSWW and  
Felst GE
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Shadow imaging in p+p at LHC

Can it explain TOTEM data,
new trends of B at LHC?
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The BnEL effect. 



First results @ Low-X 2013: GV works for ds/dt dip

Glauber-Velasco (GV)
(original)

describes ds/dt data
Both at ISR and

TOTEM@LHC 
in the dip region

arxiv:1311.2308

Note: at low-t
GV is ~ exponential

Really?
Lower energies?

36

http://arxiv.org/abs/1311.2308


Non-exponential pp in GV model

Figure 4 from
Glauber-Velasco

PLB 147 (1984) 380
Slope is not quite

exponential:

A non-Gaussian behaviour
of proton scattering
in coordinate space

_
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