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ACTION: WHAT HAVE WE LEARNED?

ELECTRON-SCATTERING METHOD 569

I " - (1.074+0.02)°10713 A cm
| f=(24403).10713 cm = constant
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: -13
rinumnis of 10 " cm

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 ¥ /ndf p-value significance
1 117.5/28=420 6.1-10°7 120

2 29.3/27=1.09 0.35 0.94

3 25.5/26 =0.98 0.49 0.69

4 data, statistical uncertainties — Ny =1
full systematic uncertainty band —_— N, =2

7/, syst. unc. band without normalisation —— Ny =3

0.06 0.08




TOTEM preliminary at vs = 13 TeV
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TOTEM preliminary, Vs = 13 TeV

* Large amount of data (trigger rate 50x w.r.t. Run I)
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‘elastic scattering /s = 13 TeV

“all 10 & fills from October 2015

- O(100 %) statistics

reconstruction froﬁn 220N and 220F -
‘tagging cuts at4 ¢

- conservative acceptance correction -
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SATURATION FROM SHADOW PROFILES

g I Sy o L N at /7 TeV, proton
b s | I
L T G sseo | Blacker, but
F Y not Edgier,
107 e and Larger
sl
107 . BEL = BnEL effect
. RN arxiv:1311.2308
10 0 4 D[] F. Nemes, T. Cs, M. Csanad

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

R.J. Glauber and J].Velasco Va

Phys. Lett. B147 (1987) 380 see also Lipari and Lusignoli,
b,,b, fixed arXiv:1305.7216
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MODEL INDEPENDENT LEVY EXPANSION
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MODEL INDEPENDENT LEVY EXPANSION

Terms of a Normalized Lévy expansion for a=0.9
2.0

1.5}

1.0¢
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Asa =2 1, Levy polynomials approach

Laguerre polynomials. orthonormal to exp(-t)
T. Csorgd, T. Novak and A. Ster, 8

arXiv:1604.05513 [physics.data-an]
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MODEL INDEPENDENT LEVY EXPANSION
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$ pp: TOTEM-7 TeV R =0.6306 + 0.0047 fm
— Levy expansion (pos.def) A =214.8 + 3.7 mbGeV?
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LEVY EXPANSION AT LHC ENERGIES
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$ pp: TOTEM-7 TeV R =0.6306 + 0.0047 fm
= Levy expansion (pos.def) A =214.8 + 3.7 mbGeV?

10°

10

TOTEM preliminary data R =0.7181 £ 0.0032 fm
elastic p+p at13 TeV A 358 + 4.1 mbGeV?
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T. Csérgd, R. Pasechnik, A. Ster,
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IMAGING AT ISR AND AT LHC ENERGIES

+ pp data

— Levy expansion (pos.def) PP: PROTON+PROTON

23.5 GeV

Shadow profile P(b) for pp collisions

---- 30GeV 1
== 23GeV

T. Csérgd, R. Pasechnik, A. Ster,
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LOOKING FOR ODDERON EFFECTS

Pomeron Odderon
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LEVY EXPANSION FOR ELASTIC PPBAR

PPBAR:

t ppdata PROTON+ANTIPROTON
= | evy expansion (pos.def)

Shadow profile for pp collisions for @=0.9, R=0.65 fm

1960 GeV
630 GeV
246 GeV
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COMPARISON : (P,P) vs (P,ANTIP)

Shadow profile P(b) for pp and pp collisions

13TeV, 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,
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COMPARISON: (P,P) vs (P,ANTIP)

Elastic slope B(t) for pp and pp collisions

13TeV.pp |
— = 7TeV.pp |
1.96 TeV, pp |

C-ODIj EFFECT:
ODDERON

A C-ODD AND Vs
DEPENDENT EFFECTS MAY
BE SEPARATED

= | |
1075 _ _ 25 4

0.5 -
, EMPHASIS: NEED PP
-1 (GeVT) AND PPBAR AT THE
T. Csérgd, R. Pasechnik, A. Ster, SAM E '\/S
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COMPARISON : (P,P) vs (P,ANTIP)

@(t) for pp vs pp collisions
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T. Csérgd, R. Pasechnik, A. Ster,
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LEVY FITS: APPROXIMATE STRUCTURE

+ pp data
— A exp( -(R[t])*)
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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,
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Psub(b) for substructure in pp collisions

CI.ICI L DL L L L L L L L
[ 235 GeV, pp |
t ppdata o8| — — 307 GeV, pp -
— Aexp(-RYt, [ 45 GaV, pp '
a=0.9 0.05 r;_: _____ . 53 GeV op ]

Psub(b) for substructure in pp collisions

235 GeV, pp |
— — 30.7 GeV, pp ]

==== 7 TeV, pp
c—=-= 13 TeV, pp

2.5

Two different substructures in protons:
At ISR energies, looks like a dressed ¢
At LHC energies, looks like a dressed d=(q,q)

First suggested by I. M. Dremin, 18 T. Csdrgo, R. Pg/s/echnik, A. Ster,
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T. Csorgd, R. Pasechnik, A. Ster, Confirming the resultsof

arxiv:1311.2308 by F. Nemes, T. Cs, M. Csandd
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Py J [ = Py p— - ) = , [ = - ' ] = —~
SYSLEinatiC unceroaindaes
Uncertainties in the shadow Uncertainties in the shadow profile for proton substructure (LHC)
| I I | I I I I I

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

13TeV,sub -
------ 7TeV,sub |

R?m = An BR?

1.0 1.5 20 25 3.0

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.

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. Csorgd, R. Pasechnik, A. Ster,
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P'=(q,d)

Shadow profile for proton and its substructure

—— 13TeV
—_ — 7 TeV |

0.6 N N N = 13TeV,sub -
N . °\. = - 7 TeV, sub
0.4L S, ’
ETS el N 62 GeV, sub
: \‘\\\ \\‘
0.2¢ RN
L “h‘:::
Of 0| R - TP L LL TP b, fm

i From elastic scattering
05 10 15 two kind of s_ub—stru;tures in p:
a larger (diquark-like) and a

smaller (quark-like) object.

T. Csorgo, R. Pasechnik, A. Ster, 21
arxiv.org:1807.02897




P'=(q,d)

Shadow profile for proton and its substructure

— 13 TeV
7 TeV
13 TeV, sub

7 TeV, sub
62 GeV, sub

b, fm

T. Csorgo, R. Pasechnik, A. Ster,

From elastic scattering
two kind of sub-structures in p:
a larger (diquark-like) and a
smaller (quark-like) object.
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SUMMARY

At LHC energies the proton becomes
Blacker, but not Edgier, and Larger: BnEL effect
p not only grows with Vs, 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)

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

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

POSSIBLE ALTERNATIVES: P = (q,9,q9)?

TABLE I: Predictions of Refs. 3-4 for the cross sections and

do/dt {mb}f(GEV}E elastic slopes at /s = 7, 8 and 14 TeV. Two values of the
slope correspond tot = 0 andt = —0.1 GeV? (in parentheses).
Vs =235(GeV) | 1° Vs = 30.5(GeV) Vs |of%,(mb) |0 (mb)| Ba( GeV—?)
107
TTeV | 98.00 25.63 |19.44 (19.82)
M\i\‘ m
- 2' —— Lli ik '+ 107 L '2 - -1""1""-*& = 8TeV | 100.41 26.50 (19.70 (20.19)
tiGeVy it(GeVy ® 14TeV| 111.07 | 30.30 |20.84 (21.92)
- - - -
A s=aaTGev) | 10° F s = 52.3(GeV) ' "' '
:\,—\ W0°E f three v: 1
:: ““""‘m.r..,_ 7 ::
1 1 1 I 1 1 1 I 1 Tb-.n-l 1ﬂ- 1 1 1 I 1 1 1 I 1 L] N &
ItlGeV)y t(GeV)* —— Z
, |.LK. Potas .
—— S v
F Vs = 62.5(GeV) s
I: aa)
6 05 1 15
ItiGevy tGev) 10—t i
Figure G: The differential cross sections of elastic pp and fp scatiering 10 — 10 10
at differant enargios. The first five pands show the pp data from ISR N'IS(GEV)

[24j, the last one the pp data 45 from SppS. The curves show our fit
Egs (37)-(20) in varient I

25

FIG. 5  (Color online) Elastic slope predicted at ¢ = 0 in
[3. 4] and measured by TOTEM [1, 2]. Dashed and solid
curves show B, caleulated excluding or including the real
part of the amplitude, respectively.

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



POSSIBLE ALTERNATIVES: P = (q,q,q)'—’

— pp

—e— TOTEM

—+— ATLAS-ALFA 5
.~ — fitlinearinIns, data \/s < 3 TeV |

102 10*

. : : : B. Kopeliovich, I.K. Potashnikova,
Is this p =(q.q,q) picture consistent with data at LHC?  >¢g B. Povh and E. Prédazzi, arXiv:hep-ph/0009008v2

Structures and oscillations in do/dt, jump in B(s) ?? B. Kopeliovich, I.K. Potashnikova, B. Povh, arXiv:1204.5446
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POSSIBLE ALTERNATIVES: P = (q,9,q9)?

PP
—v—PppP
_ .  TiYTOCAA

it] (GeV?)

[ —— s=TTeV

b (fm)

II.III|II.II]II.IIIII.IIJII.IIIII.II||II.II|III.IIlullullhllulllull'\.ll

FIG. 3: (Color online) Ratio of real to imaginary parts of
elastic pp amplitude as function of ¢ (upper panel, Eqgs. (12}-
(13)), and as function of impact parameter (bottom panel,

Eq. (14)) at /5 =2, 7 and 14 TeV.

Is this p =(q.9.q) picture consistent with data at LHC?
Structures and oscillations in do/dt, jump in B(s) ?? 27
B(2.76 TeV) overestimated (by 3 ¢) BUT p(13TeV) by é ¢

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

B. Kopeliovich, I.K. Potashnikova, B. Povh, arXiv:1204.5446
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results show the increase of the proton interaction radius with inereasing /s
energies. Also note that the “edge” of the distributions remains of approxi-
mately constant width and shape.

Vs [TeV] || o1or [mb] | |taip|[GeV?] P \tdip| - Otor [mb GeV?] y
8 99.6 0.494 0.103 49.20 4
13 106.4 0.465 0.108 49.48 ’
14 107.5 0.461 0.108 49.56
15 108.5 0.457 0.109 49.58
28 117.7 0.426 0.114 50.14

The unitarized bialas-Bzdak mmodel, p =(q,d) picture /
Reasonably good prediction for Vs = 13 TeV, but needs t6'be retuned.

P =(q.(q.q)) variation gave too many oscillations in d&/dt at large -t.

From F. Nemes, M. Csandad and T. Cs, 5.

28 /
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SELF-CONSISTENCY OF TOTEM Gy, DATA

p independent

Otot = Ol + Oinel

L independent

Excellent agreements between
- different methods (7 TeV)
- different beam conditions (8 TeV)
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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
agalnst 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

1s able to characterize the deviations from Fourler-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)

Corpon &S20 Me —— ]

Differentiol cross secuenin om? [steradion
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Scottering angle in cegreeas

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 sguares show the inelastic-scat-

tering curve for the 443-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.

e+A: elastic electron-
nucleus scattering

570

R 3
coutombfom

i

Chorge density g = 10

1961 R _HOFSTADTER

27E ,

250

kr
kr
[}

200 -

178 o

150

125 < F—

ors

OS50 =

N NN\

-] 9 L]

Rodiol distance (107 em

Imaging: electric charge

distribution of spherial nuclei




NPB21 (1970) 135

1961 R HOFSTADTER

27— ,

235 \

|
i U
| ! 19.3 Ge'u’/c protons

c=67Fm
t=32Ffm
——Elastic

i

{cm /sterad)

dg
d 3
=
‘.’,__{_'.f'
|
e

---Inelastic

Chorge density g = 10" couwcmblem?

-
1 lJ.lllJ

: = .z
T T !I!‘Il T T T
' I
1]

0 ' 5 0 J 15 3.['.'...*"5..;}' 20 ' coaer astance (0 em)
The distribution of the nucleons (p+n)
~ the distribution of electric charge (p) in atomic nuclei.
3 /

3



Imaging with shadow profile

SHADOW PROFILE FUNCTION

Glauber and Velasco,

J’]_XS. Lett. B147 (1984) 380 Bp 546 GeV

Glauber and Velasco,
+ IFIC preprint, 1996,
\‘!npublished
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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?
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. results @ Low-X 2013: GV works for do/dt dip

p+p — p+p, Glauber model \s=7000.0 GeV
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http://arxiv.org/abs/1311.2308

Non-exponential pp in GV model
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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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Fig 4

Logarithmic slopes of the  — p differential cross-section at 546 GeV calculated
according to: the BSWW form factor, which is accurate at small momentum
transfers (solid wave), the Felst form factor, which accounts only for the data at
larger momentum transfers (dashed curve) and the dipole form factor together
with the Chou-yang scattering amplitude (dotted curve).




