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Exclusive diffraction 1n the D1pole Model
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Exclusive diffraction in the Dipole Model
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Exclusive diffraction in the Dipole Model
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The “Pion Cloud’-

and Pion
Thickness functions




The “Pion Cloud”
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Chiral approach: a=0.24, b=0.12
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Exclusive Diffraction
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Pion Longitudinal Structure
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Pion Longitudinal Structure
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The Pion Thickness

t-spectrum off the proton
slope « (target size)?
Pion cloud is larger than the proton
Expect: Steeper f-spectrum.
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The Pion Thickness
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The Pion Thickness
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The Pion Thickness
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The nucleus thickness
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The nucleus thickness

Naively, use a Woods-Saxon distribution:
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Nuclear PDF
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The nucleus thickness

Naively, use a Woods-Saxon distribution:
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Incoherent Scattering

Good, Walker:

do/dt

Nucleus dissociates (f + 9):
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The nucleus as a collection of nucleons

TT, Thomas Ullrich
Phys.Rev.C 87 (2013) 2, 024913, arXiv: 1211.3048

Independent seattering approximations: Comput.Phys.Commun. 185 (201 4) 1835-1853 arXiv:1307.8059
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Into the heavy nucleus
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Into the heavy nucleus
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Hotspot model for incoherent ep-scattering
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A-A UPC at the LHC & RHIC

TT: SciPost Phys.Proc. 8 (2022) 148
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Even though coherent events dominate, the large | 7| tails have a significant effect on the cross sections!
Subnucleon structure becomes important for || > 0.2 GeV?
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The proton thickness revisited
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The proton thickness revisited
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do/dt [nb/GeV?]

The proton thickness revisited
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do/dt [nb/GeV?]
2
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The proton thickness revisited

A Kumar, TT, Phys.Rev.D 105 (2022) 11, 114011 arXiv: 2202.06631
Elastic J/y photoproduction
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The proton thickness revisited

A Kumar, TT, Phys.Rev.D 105 (2022) 11, 114011 arXiv: 2202.06631

N (xp)

9 (b-by? 1 _(b—by?
Tp(b,xp) — DN Bq(x”)) lzzl e 2Bqtp) Tp(b, xp) - zﬂNq(x”))Bq ; e 2B40p)
2 0
B (xp) = by ln — N, = N, (xp) = py X }(1+pry /Xp)

po = 0.011, p, = —0.56, p, = 165

J. Cepila, J. G. Contreras, J. D. Tapia Takaki,
Phys. Lett. B 766 (2017) 186—191.

— \/2(3 +B (x,p))

28



The proton thickness revisited

Elastic J/1p photoproduction
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o(y*+p—Jy +X)[nb]

The proton thickness revisited

The 1incoherent cross section gets suppressed as hotspots begin to overlap!

Arjun Kumar, TT, Phys.Rev.D 105 (2022) 11, 114011 arXiv: 2202.06631
Dissociative J/yy photoproduction
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The proton thickness revisited

Tension 1n the heavy 10on data
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Heikki Mintysaari, Farid Salazar, Bjorn Schenke e-Print: 2312.04194 [hep-ph]
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Large |t|?
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Large |t

Incoherent J/vy photoproduction o
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Non-perturbative phenomenology. Only valid for || < 1 GeV?.

What about larger || ?
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Arjun Kumar, TT, Eur.Phys.J.C 82 (2022) 9, 837, arXiv: 2106.12855
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Increased resolution appears as hotspots splittings. 1ot . 1 1
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Probing the Onset of Maximal Entanglement inside the Proton in Diffractive Deep Inelastic Scattering,
Hentschinski, Kharzeev, Kutak, Tu: Phys.Rev.Lett. 131 (2023) 24, 241901
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Hotspot Evolution

We consider a parton shower-like evolution based on resolution, where a hotspot may split into two
as the resolution increases.

Probability of a hotspot created at #, splitting at | 7| > |7,|
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1 27qu o

Inital State Parameters: dP a I—1 tO tO

S exp | —a — In —
B, =3.1GeV dl‘ 1t ¢ f f
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N, =3

35



Hotspot Evolution

We consider a parton shower-like evolution based on resolution, where a hotspot may split into two
as the resolution increases.
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Conditions for resolution:

2
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—

| A
Reject if not resolved.
This becomes an effective hotspot repulsion.
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Hotspot Evolution
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Into the heavy nucleus
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[1] =0

log(do/dt,. )
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2
Max thickness: ~ 1-10~! GeV? QS ~ T(b)
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Into the heavy nucleus
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Into the heavy nucleus
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Into the heavy nucleus
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Max thickness: ~ 1 - 10" GeV? QS ~ T(b )
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Into the heavy nucleus
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Outlook

Still to do:
Extend all these studies to eA

Investigate T(b) — T(b, xp, t)
Implement in Sarzre utilising the thickness functions.
...and much more.

All these compelling processes can be measured at the EIC
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The Pion Thickness
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? Self-similar hotspots within hotspots
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Outlook

Sartre can utilise the dipole model with a thickness function to describe a plethora
of exclusive diffractive processes: Coherent ep, Leading neutron pion clouds,
Coherent and Incoherent eA

HERA measurements show that the #-slope has an energy dependence. This can be
taken into account by modelling the thickness with an x-dependence:

I'(b) = T(b, xp)

We can also describe the total ep t-spectrum by introducing
a t-dependent hotspot evolution to the thickness function:

T(b) - T(b,1)

Still to do:
Extend all these to eA studies

Investigate T(b) — T(b, xp, t)
. Implement in Sartre utilising the thickness
functlons

" All these compelling processes can be
measured at the EIC
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_10t Aut+Au at b=7 fm
-10 ) 0 3 10

7 AN x (fm)

— & 14 2v5c082(p —YR)] + ...

&9 dp
G vy = (cos|2(¢ —YRr)])
Sensitive to early interactions and pressure gradientzs ,
: : : .. — &

In 1deal hydrodynamics v> X spatial eccentricity €2: €5 = <y >
(y? + 2%)

v2/€ versus particle density 1s sensitive test of 1deal hydrodynamic:

v h
O S= transverse area,

& + B/ (%%) h = hydro limit of v2/¢ and B « 1/s




Different initial distributions gives different flows!

< 2 x2> oo ' The question is what is €?
€ = A A * RHIC & LHC: low-pr realm
(y* + %) > ~driven almost entirely by glue
o = spatial distribution of glue

In nuclei?

Two methods for &: -
» Glauber (non-saturated)?

» CGC (saturated)?
KLN(CGC) _ 5
& 8 0g. AUTAU €ECGC =~ €Glauber
g /-”21/ ° — Glauber
° 4 e - — KLN (CGC)
2 e
0o 2 ylfm]
x[fm] 2 4 \\\\ 6 4 0.4+
-6 _\8\\/8
Glauber _
(Woods-Saxon),~-2 o 02
R R
e v - I Kuhlman, Heinz, and
g A Kovchegov, PLB838,171
6 - . . | . | . | .
P % 2 4 6 8 10 12
0o /
x[fm] 2 4 5 - b (fm)
6 _g\/ 3
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1/(47) ~ 0.08

- -0, l
- ~.
{4} “ h
2 ’ @ —-=_ ~
- Q
, /,." .\\\ N
C///’ /A-— '''' S~ = AL \\. .\
7/ =
| SO RN

s RHIC: n/s=0.16
o---o LHC: 1/s=0.16
MC-KLN -+ LHC: 1/5=0.20
Reaction Plane  ,_ | 1 HC: 1n/s=0.24

52

! I !
20 40 60
centrality (%)

Different initial states=

80

different fluctuation scales



The longitudinal 1nital state
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