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Diffractive dissociation in deep-inelastic scattering

Diffraction at HERA:

— Events with large angular gaps
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Similar observations at future EICs are expected !!! 2



Diffractive dissociation in deep-inelastic scattering

High-energy deep-inelastic y*A scattering with dipole factorization
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Yo C% Virtual photon diffraction ~ qg dipole diffraction

This talk:

- Diffraction in dipole-nucleus scattering

- Diffraction in virtual photon-nucleus scattering
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Distribution of the rapidity gap:



Diffractive dissociation of small dipole



Diffraction in color dipole model
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High-energy evolution ~ Color dipole branching process
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Highly-evolved dipole ~ a set of
dipoles with various transverse sizes

— random dipole density n(r,)



Diffraction in color dipole model: evolution equations

Forward elastic S-matrix element for dipole-nucleus scattering:
Qi
S(r,Y=0)=e *

(Q,: nuclear saturation scale)
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Challenging to solve analytically!



Probabilistic picture (I) : Cross-sections from S-matrix element

Chosen frame: Nucleus boostedto Y, ‘
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Probabilistic picture (Il) : S-matrix element for an event

For a dipole realization with density n(ri): Each is S-matrix for the scattering of an dipole of size r.

¥ off a nucleus boosted to Y (solves BK equation)

S({ri},Y,) = ‘_‘_is(ri/’YO)
= J_J_xv[s(x',Yo)]”“")d"'d = exp|— [ dx'n(x")In[1/5(x",Y,)]]
x — \
Log variable: x = In[1/(r*Q,?)] \
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For an initial dipole smaller than the inverse nuclear saturation scale [ r << 1/Q(Y) ]: relevant
configurations contain small dipoles x” such that S(x’, Y ) =~ 1
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Overlap of the dipole density and the dipole
scattering amplitude (T = 1 - S)



Probabilistic picture (Ill) : Cross-sections of a small dipole

Total cross-section

O = 2 <1_e_I>Y—Y0
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~ proba. of even number of participating dipoles

Remaining issue: How to average over relevant dipole configurations 7? 9




Phenomenological model (I): Deterministic mean-field evolution

Initial dipole of size r

Mean largest dipole in the Fock state
developed from the initial dipole
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Mean-field density at Y-Y_ (solves BFKL)

Typical realization
of dipole Fock state
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Phenomenological model (I): Deterministic mean-field evolution

A

Initial dipole of size r

Mean largest dipole in the Fock state
developed from the initial dipole

R(Y)

T{ff.“', }’E]} =1- S(:r’, }E])

Typical realization
of dipole Fock state
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Phenomenological model (lI): Large-dipole fluctuation

<"'>Y—Y0:,[ lef drlargestp(rlargest’Y_Yl)“'

Fluctuation is the largest dipole at Y-Y_ far from
its mean value

Proba. density for a fluctuation creating r
(solve BK)
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P(Margest, Y — Y1) =const x In

Mean largest dipole in the Fock state
developed from the initial dipole

R(Y)
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Largest dipole from a fluctuation

off the typical configuration
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Phenomenological model = "mean-field” evolution + 1 single fluctuation
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Analytical asymptotics of diffraction: Results

. I*
Recall: wy = { —e! , Orot = 2 E W, Orot = 2 E wy,
k! .
w 1_1}/[]

k=1 k=2 even

Wetghts 2 32 o (.2'2(?) = Q) er’{n'"]:m‘f'_?% lna,Y
wy = ¢ln 20T [r' () Y}] s A€
S 1
3 . : hd ]. {{: l {f: }f
e 1y, /2 W/res)) QA ™ Vg €
Yo k(k —1) \/ X" (70) VasYg >

H.-‘;cf_:: > =

W 2 . . C e .
g 1:'22 = ECD Events involving many participating dipoles are not rare!!
wa (k —

. . . .. Odiff In2
Diffractive cross-section for a minimal gap Y : — (
Ttot Yo \ In [1/'?"2(22 ) Va, ]”U

. 3/ 212
Rapidity-gap distribution : — 1 In2 Y In* [PQE(Y)]
P yeap ¥ Ymp Yo)= \/T:-s".-u 2mx" (o) Yo (Y - %) P 27{”( Yo)as (Y —Yy)

13



Diffraction at electron-ion colliders
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Diffractive dissociation of virtual photon

Diffractive cross section with minimal gap Y, : 1
[ d*r f“ dz > |'{.-f'-';f{r; z,Q%)? [1 —2S(r,Y) + Sp(r,Y: Y]

(t‘)’a’n.f'j‘")ﬂhJl _ 1 p=L.T:f
Ttot [ d*r ‘ﬁ]l dz S |wd(r,2,Q%)2 2[1 - S(r,Y)]
p=LT:f
Rapidity gap distribution:
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BK equation for S and S :

hG, = [:ﬁig-rlff(f‘._ r,12) (6,6, — &,]

Kernel K:
— ; 2
+ Fixed coupling: K/° = l .
2w rirs

+ Running coupling;:

= .2
_ 1) + iz (ﬂl”“_%) - 1)] (Balitsky presc.)
1
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Kinematics

Kinematics accessible at BNL-EIC and LHeC:
* Rapidity: Y = 6, 10 (x = 2x10-3, 5x10-5, resp.)

* Photon virtuality: Q2> =1 — 10 GeV?
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Result (1/3): Diffractive scattering with a minimal gap
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Result (2/3): Rapidity gap distribution
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Conclusions

i. The parameter-free expressions of the asymptotic rapidity gap distribution for small dipole-nucleus scattering

(i)
e

oY = Yo 2x" (v0)as (Y — Yp)

1 In2
Vs 304/ 27X (70)

H(TI'. Y Y:r,lup = }Il} =

— Diffraction is due to large-dipole fluctuation in the course of the QCD evolution of the dipole Fock state.

— Multiple exchanges are typical.

ii. Diffractive DIS at EIC/LHeC is studied: Predictions for the rapidity gap distribution and diffractive-to-total
scattering ratio.

- Diffrerent scenarios are discussed

Outlook:
i. Analytical study of diffraction with running-coupling corrections
ii. Determination of sub-asymptotic (finite-Y) corrections
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