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2 HERA: The World’s Only ep Collider

HERA-1 (1993-2000) ~ 120 ph~!
HERA-2 (2003-2007) ~ 380 ph~!

Final Data samples
H1+ZEUS: 2 x 0.5 fb~!
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3 Diffraction at HERA. Factorisation properties

QCD collinear y*
factorisationat @)/ My o
fixed ., t X (M) - P x VTl
IP p D q
p P 9, P
@, —U\
p = P
(t) . .
QCD versus Regge factorisation
QCD factorisation ol & 3. 67z, Q%) ® fP(x, Q% zp,t)

(rigorously proven for
DDIS by Collins et al.):

e 47— hard scattering part, same as in inclusive DIS
e fP - diffractive PDF's, valid at fixed « p, t which obey (NLO) DGLAP

Regge factorisation FY(xp,t,8,Q%) = ®(xp,t) - FF(8,Q?)

(conjectu e, e.9. RPM e In this case shape of diffractive PDF’s is independent of « p, t

by Ingelman,Schlein): while normalization is controlled by Regge flux ®(xp, t)



4 Selection of Diffractive Events

Measure the leading proton

= Forward spectrometers
(H1 FPS/VFPS)

Forwargd Proton
Neutron Dissociation ||,
Cailorimeter Togoers ‘ | '
Zim) v " Im‘_'_u
= . _— 20
220 106 80 61 24-28 H - :
Viary Forword Forwoirr
Proton Profor
Spachomater Spectomater

e X, and t measurements

® | ess statistics

® p-tagging systematics

Measure a Large Rapidity Gap

n max

Empty gap - 2
T ot T TR o V'

¢ Data integrated over [t] < 1 GeV?
e High statistics

® Contamination from proton
dissociation events

=2 Needs to be controlled

M Different systematics

M Different kinematic coverage
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Diffraction at HERA: Some old Results
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Diffraction at HERA: Some old Results
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Selected new Results

Bl Diffractive Photoproduction of Isolated Photons [ZEUS-prel-2015]
B D* Meson Production in Diffractive DIS at HERA [H1-prel-2016]
T4(25)

B Cross-section Ratio In Exclusive DIS [ZEUS-pub-2016]

TI/¢(18)

B Exclusive p® Meson Photoproduction with a Leading Neutron [H1-pub-2016]



Isolated Photons in Diffractive Photoproduction



Examples of lowest-order
diagrams

by which diffractive processes jet ]
may generate a prompt photon
v Mx

Direct incoming photon Zp
gives all its energy to the IP- remnant
hard scatter (x, = 1). rapidity

P gap
Resolved incoming photon "
gives fraction x, of its energy. \
An outgoing photon must
couple to a charged particle
line and so the exchanged
colourless object (“pomeron”) Jet Mx
must be resolved in these *
lowest-order processes.

|P remnant =

4 < E] < 15 GeV rapiiey

—0.7 <Y < 0.9

e Use energy-weighted e.m. cluster width (6 Z)
to distinguish ~ from #°, n background

e Diffraction: LRG signature, and xp < 0.03

|solated Photons in Diffractive PHP
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Isolated Photon-- Jet:
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D* in Diffractive DIS at HERA



D* Production in Diffractive DIS: Data sample
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D* Production in Diffractive DIS: Data vs NLO
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Cross-section Ratio 5,5 in DIS
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Motivation

Y(r)

o Jo )in DIS

w(2S) ~ JIw(1S

Ratio R = T py(25)p gives information about the

O yp—s J/2p D dynamics of hard process

VN T

node sensitive to radial wave

// function of charmonium
— e [

- »’/’;P(ZS)
W(2S) wave function different from J/p wave function:

e Has a node at = 0.35 fm

2
< b2
r2¢(28) 2<r J/LIJ(lS)>

PQCD predictions: R(Q? = 0) ~ 0.17 and rises with Q*




15 Data samples and Decay channels
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Rho-0 with a Leading Neutron at HERA



18 HERA as a ‘4 P’ facility

HERA enables to study structure of
Proton — F5, F7y, ... , o
Photon — g/~

Pomeron — FZD , F' ]%) .




18 HERA as a ‘4 P’ facility

HERA enables to study structure of

LLLLLL

Proton — F5, F7y, ...

09,

o N
Pomeron - FZ‘D’ FLD 06204 06 08 AN T A

T

FNV@=0.7T,

Here for the first time we investigate the reaction involving all these objects simultaneously:

V+Pp — p'TTn

’
y mfu;fl_io./n I; Photoproduction: Q? < 2 GeV? ((Q?) = 0.04 GeV?)

. IPEE S ; Low p;: It| < 1 GeV? ((|t]) = 0.20 GeV?)
g ¢ T Small mass: 0.3<m,,<1.5 GeV (M 0)
TJ[f ! w, 7w in CT. 20< W, , <100 GeV ((W,,) = 45 GeV)

D ‘XL: En/Bp n Leading n: E, > 120 GeV; 0, <0.75 mrad

t |
No hard scale present = Regge framework is most appropriate <‘3



pY with Leading Neutron

. S/B decomposition
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p-meson shape
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Analysis region: 0.6 < M +,- < 1.1 GeV extrapolated using BW to the full range: 0.28 < M, <1.5 GeV



21 Cross sections definitions
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B, = [ f1/e(y, Q*)dydQ? € Q—— T Ty = [ fusp(an, t)dapdt
+ 1
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21 Cross sections definitions

p° with Forward Neutron
—
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22 Constraining pion flux

p° with Forward Neutron
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Failure to describe b,,(x1) suggests strong absorptive effects (n rescattering) = try to quantify
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Estimate of absorption corrections

(2.33 £ 0.56) ub (9.5 + 0.5)ub
= S T Tg: #0 o e VDM & Pomeron (ref.[621)
3 C e H1 data H 1 E 35 } —— VDM & Pomeron (ref.[61])
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Optical Theorem:
Eikonal approach:
World data:
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Differential cross section inp3, )
9

0., g
P with Forward Neutron
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> i : - .
5 -
S [
5 Uf : p
\ - ISR
o : 2
© - \
_‘\?__ )
\ - p=2473b/
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Geometric interpretation: (r?) = 2b;-(hc)? ~ 2 fm? = (1.6R,)? = ultra-peripheral process

DPP explanation: low mass wn state — large slope, high masses — less steep slope



25 Summary

Bl Diffraction is an important part of HERA physics landscape.
Despite overall consistent picture, the field is challenging, as it represents
a complicated interplay of soft and hard phenomena.

B Statistically limited channels have been studied with full HERA data sample.
Whenever a hard scale is present, pQCD calculations are successful.

B The data show sensitivity to some QCD models parameters.
They can also be used to further constrain DPDF, especially at high zp.

B Photon-pion elastic cross section is extracted experimentally (in OPE ap-
proximation) for the first time.

B Strong absorptive effects are confirmed in Leading Neutron production.
Since the nature of these is non-perturbative, exp. results are essential for
tuning models of ‘Survival Gap Probability’.
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27 Open questions

|| F2D(4) from HERA-II VFPS data and final DPDF determination without as-
sumption on Regge factorisation.

B Explain factorisation breaking mechanizm in PHP, in particular indepen-
dence of Gap Survival Probability on x.

B Multiscale problem: (Q?, Er, My, t).
B Where is an Odderon ?

Bl Can one obhserve Glueball in a double Pomeron reaction in PHP?
Yp — (PP) — Mx (MX = \/xplicpzw7p =2-+14 GeV)

HERA has finished, but not DIS physics.
What's next? eRHIC ? LHeC?



