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Exclusive diffraction 1n the D1pole Model
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Exclusive diffraction in the Dipole Model
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Incoherent Scattering

Good, Walker:
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Incoherent Scattering in ep
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b; with a Gaussian distribution of width B
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one more parameter.



Incoherent Scattering in ep
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b; with a Gaussian distribution of width B
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Incoherent Scattering in ep

xg(x, 43) = Ax (1 = x)°

a1 _ 9|1 - exp AN (1*)zg(z, 1*)T (b)
d?b N, ° ’ , , C
do.ngsat 7T2 M —_ MO _|_ S
qq 2 2 2 2
= — 1« rq(x T(b r
b No s(p”)zg(z, u”)T'(b) -
L
8 N W =75 GeV
For bNOnsat, <<Qf > X <T(b)> E P\, = e bSat : By, =3.3, B,=0.7 (GeV?)
; 102 bSat modified profile :
Modified profile: 3 \ Bie =33, B,=0.9 (GeV?, §,=03
1 1 NS
T (b)= TN TN
a7 2B |
"Pqc ex b - S 10l
P\ 28, g ;'
i ¢
: ; H1 Coherent
b; with a Gaussian distribution of width B, nl t H1 Incoherent
SR BN RN BT U AT A A A A
0 0.5 1 1.5 2 2.5
Arjun Kumar, TT, Eur.Phys.J.C 82 (2022) 9, 837, arXiv: 2106.12855 [t [GeV2]




Larger |(¢| ?

Incoherent J/+p photoproduction

§10° £ SARTRE : blonSat Appears to be two slopes in the data:
o) E e B, =3.2GeV? B =0.9 GeV?,
S B, T One for 0.5 < |¢]| < 2 GeV?
2 ‘P\} Another for |#| > 2 GeV?
T :
10 |- ¥,

3 Y] :

i Which hotspot substructure can

i ¢ reproduce the z-spectrum?

1 f

- W

- HQ'&%

i A

= W =75 GeV

i % H1 Incoherent o &

107 42!
- 1 1 1 | I L 1 1 | i | | I | L 1 1 | | 1 1 ‘l\\L | L 1 X -
o 1 2 3 4 5 6
Itl [GeV?] 5§ ©e
Q-
- ©

Arjun Kumar, TT, Eur.Phys.J.C 82 (2022) 9, 837, arXiv: 2106.12855 g



103

—
<
[ay

do/dt [nb/GeV?]
o
o

103 L

Fluctuating colour point sources

CGC calculations
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CGC calculations

A.D. Le, H. Méntysaari, Phys.Rev.D 112 (2025) 11, 114006
Scheme: with N; fluctuation, with Q; fluctuation
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FIG. 10: Fit result compared to the H1 data [42, 68].
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Hotspot Evolution?
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Analytical calculation of the
Thickness function



Analytical calculation of the
Cross sections

IPnonsat (leading twist):
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Analytical calculation of the
Cross sections
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Analytical calculation of the
Cross sections
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Analytical calculation of the
Cross sections

First moment:
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Analytical calculation of the
Cross sections
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The Hotspot Shape

Results from Lattice QCD,
M. Loan and Y. Ying, Prog. Theor. Phys. 116, 169 (2006) [hep-lat/0603030].:

A glue ball with mass m, . = 1.680 = 0.046 is described by a wave function with radial
solution:
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The Hotspot Shape

Topological structure of the entanglement radius of Yang-Mills flux tubes
Rocco Amorosso, Sergey Syritsyn, Raju Venugopalan, e-Print: 2603.10255 [hep-lat
R. Amorosso, S. Syritsyn, and R. Venugopalan, JHEP 12, 177 (2024)

Calculating fluxtube geometry from entanglement entropy:

“Gaussian peak centred at x = — £, and an exponential decay e~ in its tails

— this decay length A/, /o, = 0.223(15) is consistent with both the inverse
glueball mass and the intrinsic width of the flux tube”

oo~ 1 GeV/Im = 4 ~ 0.5 fm

Massimo D’Elia, A. Di Giacomo, E. Meggiolaro, Phys.Lett.B 408 (1997) 315-319

Quenched YM results: 4 =0.22 +0.01 =£0.02 fm
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Calculating fluxtube geometry from entanglement entropy:
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Hotspot geometry:
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Perturbative Gaussian core of size /2B, = 0.105 tm surrounded by a
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Consistent with the lattice prediction of for the exponential tail in vacuum and a
factor of 2 above the glue ball prediction (depending on string tension).
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Conclusions and Outlook

Remarkably stable hotspot geometry, from several different models etc.
(We also tried a hotspot repulsion, which did not affect their geometry)
HERA data could not resolve any X dependence of the hotspots.

The emergent picture: The proton small-x proton consists of 3-4 hotspots with a hard
Gaussian core of 0.105(2) fm, surrounded by an exponential halo of size 0.220(15) fm.
These are frozen in Xp.

Next steps:
Comprehensive dipole model fit to inclusive reduced cross section and exclusive data

Investigate hotspot correlations.

Extend the analytical calculation to nuclei and higher twists.

Combined, B, =0.000 GeV? A=1.113 GeV"
Gaussian, B, =0.300 GeV?
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Remarkably stable hotspot geometry, from several different models etc.
(We also tried a hotspot repulsion, which did not affect their geometry)
HERA data could not resolve any X dependence of the hotspots.

The emergent picture: The proton small-x proton consists of 3-4 hotspots with a hard
Gaussian core of 0.105(2) fm, surrounded by an exponential halo of size 0.220(15) fm.
These are frozen in Xp.

Next steps:
Comprehensive dipole model fit to inclusive reduced cross section and exclusive data

Investigate hotspot correlations.

Extend the analytical calculation to nuclei and higher twists.
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