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Motivation

The different regimes in ep
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With respect to the total
cross-section

e Photoproduction is
dominant

e Diffraction was 10% at




DIS event generation
Matched at NNLO accuracy
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Photoproduction
Clariftying the jargon

|
1

Direct photoproduction Resolved photoproduction




The total cross-section

Welzsacker-Williams a.l¢.a

, o Equivalent Photon spe&rum
In photoproduction, it is

OepXx = de JeX) do,p_x = de Jy1e(X) (ddy(gir_f;t) + da}f;eio;("ed))

where

ddy(ﬁif;t) = Z dx fyp (x, M,@) dayi ({Pk}, as(Ug), :[’t}(;'P)9/’l}(;‘y)>

. Py
l

dG;;eio)l(Ved) — Z del d-x2 fi/P (xl’ MI(TP)) ]3'/7/ ('XZ’ /’t](;'y)> dgij <{pk}’ aS(:uR)a /’tl(:P)a ﬂ;ﬁ)
ij

NB: The dependence on ,ulff’) cancels only in the total cross-section!




Photon PDFs

The photon PDF obeys the evolution
afi/?’ Qem

dloguz  2x

dg
Piy+2—ZPy-®J§-/y
da

hence, the solution is of the form

int—I. —1.
fi/y(x’ /’t]%) — i(/}piomt )(X, /41%) _l_fi(/?adron 1)()6, ,Lt}%)

e Four libraries interfaced to Sherpa

i(/jljadmn_l') is fitted from non-perturbative input, c.f. Vector-Meson

Dominance

* many available, but hard to find; mostly o

es of factor O



Photon PDFs
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Golng to NLO

Conceptual difference to protons

At NLO, the distinction between Direct and Resolved breaks down

s that a resolved photon? Or a real correctior



Validation against HE}

Jet transverse energy in different pseudorapidity bins
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Predictions for EIC

Transverse thrust and transverse thrust minor

g 10° = = 2 105 -
— - —+— SHERPA-MC@NLO 5 — = —+— SHERPA-MC@NLO =
~ 2 1 = = .
T 105 = — — — Resolved = m — — — Resolved ’
~ = = ~
S = — — — Direct 1 3 B — — — Direct 7
104 = —+— SHERPA-LQ = & 10t —— SHERPA-LO =
107 E ! i
E E 103:— =
10% E - -
10" — - i
= [F . 102 £ =
1= = - :
R R R e R RN N R RRNE
1.2 — | —] 1.2 — —]
1: |||||||||||||||||||I|I|I ! — - 1: ———— ! |||I|I|I|||I||||E
NI R AR AR AN RS = : I I B
£ 0.6 17 | & 06—l ~ =3
04 £ TTeem = o4 TS >
0.2 [ — 0.2 —
= | |1 1 1 | I I | I | |1 1 1 | |1 1 1 | L0 1 =1 | I | |1 1 1 | I I | I | |1 1 1 | L0 1
o O
0.65 0.7 0.75 0.8 0.85 0.9 0.95 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

=

k



do /dx., [pb]
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Predictions for .
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Photon PDF quality

The bottleneck in photoproduction phenomenology

e interfaced 11 photon PDF sets to SHERPA

e 1 million Leading Order events, scale and PDF varied independently

=

"3‘ _I [ | T T | T T | T T | T T | T T | T T | T T | T T | T I_
% —+— SHERPA-LO, PDF-averaged
ke - ——— Resolved |
N — — = Direct r-=
. RERE= .
T 104 |- /. PDF envelope f r_[" — e Deviations up to 50%
B ; r- _
| / ' , 1 _| . . .
] v 27 7]- * a¢value inconsistent with
N4 S - modern proton PDFs
/ | a
N r S .
- L * No error estimates
103 r L1| ] .
g BT |Nlew fits are needed!
1.3 E =
o 1I1E —
& o.; e =
0.8 = " —
0.7 = . : L1__ _,'_I _%
82 %I [ | I [ 111 | [ || I | [ 111 || II'I'll_[I [ | 111 | | | IE
) 01 02 03 04 05 o6 07 o8 09

=
2



Diffraction
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Diffraction
What we learned at HERA

e Process of type ep — eX + Y, where + denotes a separation in
rapidity

e Yis an intact proton or a low-mass excitation

e Experimental identification relies on either large rapidity gaps or
proton tagging

Diffractive processes made up 10% of the total cross-section at HERA

Probing the hadron at low-scales, insights of transition into the non-
perturbative region

Background to GPD




Factorisation of diffraction

Introduction of Diffractive PDFs

e
e 2
Y*(Q)
’
QCD collinear 7
factorisationat e X
fixed X ., t b X (M,)
._—-/————' J J
Protonvertex ||
factorisation
. y C)IP, R
P P P p
(t)

doP=XY (x, 0%, xpp, 1) = Y _fP(x, Q% xpp. 1) ® d6°i(x, Q). fP(x, Q% xp, 1) = frpp (X1, 1) fi(B = x/x1p, Q)




Diffraction

Contributions to the cross-section
taken from [Rev.Mod.Phys. 86 (2014) 3, 1037]

Rescatter
M with p?
jet
jet
jet
d (zy) jet
g (z)
(a) p p c P p

Diffractive DIS

factorisation proven to hold factorisation br
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RA data

L1

Validation against H.
Diffractive DIS
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Validation against HERA data

Diffractive Photoproduction

Photoproduction, Hi, Q%<2 GeV?
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RA data

L1

Validation against H.

Factorisation breaking has been observed at H1

ZEUS however does not support the evidence

Common explanations include:
e Soft rescattering, i.e. MPIs, between the photon and the proton
e Hadronisation effects

e Different phase space cuts

e DPDFs and their applicability; dependence on used data?

e Photon PDF and its X, = 1 behaviour?

See, for example, [Eur.Phys.J.C 66 (2010) 373-37
71(2011) 1741]




Factorisation preaking

Fit of the data in diffractive photoproduction

1 IS the assump’uon of factorlsahon breaklng 1‘
| onlyin resolved photoproductlon va||d7 }'

e e S e —————

Testing the hypothesis:

Fit direct and resolved component to data separately using full event
simulation

This is accounting for 1.) NLO corrections, 2.) parton shower, 4.)

hadronisation and 5.) bin migration

H1, EPJC51 (2007) 549 H1, JHEPO5 (2015) 056 ZEUs, EPJC55 (2008) 177
[72] [136] [137]

R, 0.4+0.1 0.6 £0.3 1.3+0.1




Factorisation preaking

Fit of the data 1in diffractive photoproduction

] s the assump’uon of factonsa’uon breakmg 1‘

only in resolved photoproduc’uon valid? }'

———ee e e ——— — = — g— e

| Conclusmn probably not' ZEUS actually in agreement W|th H1 in | |

| that factorisation breaking also in direct component! '

Direct and resolved photons are indistinguishable at NLO 1'

—

e ——— e e e e e e ————— e ——— — ~ ————— — -  —— T T = — — — - _ B -

Suppression based on additional interactions between the photon and
the proton might be the underlying reason for factorisation breaking

But multiple interactions for “direct” photons poses a conceptual
problem

R — S



Predictions for EIC

Leading-jet Erand inclusive jet pseudo-rapidity in diffractive DIS
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Predictions for EIC

Transverse thrust and thrust-minor in diffractive DIS
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Fitted simulation for H1 (left) and EIC (right)

Photoproduction, Hi, Q%<2 GeV?
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Event generation for the EIC

high-|¢],

low- | ¢],
inelastic elastic
<<
DIS Diffractive DIS

NNLO matched

Photoproduction

NLO matched

NLO matched

Diffractive
Photoproduction

NLO matched

e First hadron-level matched NLO
predictions for Photoproduction,
Ditfractive DIS and Diffractive
Photoproduction in Sherpa

Crucial for background studies and
inclusive QCD observables at the EIC,
for example in ag extraction and jet
physics

Photon PDFs are a bottleneck for

precision photoproduction
phenomenology
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factoris
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