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HERA collider experiments

+ 27.5 GeV electrons/positrons on 920 GeV protons —J/s=318 GeV

* data taken in 1992-2007

* HERA LII: ~ 500 pb-! per experiment  e*27.5 GeV i{% p 920 GeV
>S¢ -

*H1& ZEUS - 41t detectors

/s = 318 GeV

Halle NORD (H1) \
Hall NORTH {H1)
Hall nord (H1)
HERA
Halle OST (HERMES) {

Hall EAST (HEBMES)
Hall est (HERMES)

Why to study diffraction?

Fundamental aim:

understand high energy limit of QCD
Novelty:

probe partonic structure of diffractive
exchange

Applications:study factorisation properties,
transport PDFs to hadron-hadron scattering
(Tevatron, LHC).
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g Diffractive kinematics

J

M
X>W

M, =m, proton stays intact, needs
detector setup to detect protons
My > m, proton dissociates,

contribution should be understood

Q?~0 GeV?- photoproduction
Q?»>0 GeV?- deep inelastic scattering (DIS)

HERA: ~10% of events diffractive

2. A2
+M
wP pr— p— Q X
Q+W
momentum fraction of color singlet exchange
__Q* _ =z
— Qg T Ta/P T ap

fraction of exchange momentum, coupling to v

_ a2 4-momentum transfer
t=({®-p) squared
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Methods of diffraction selection

5

2 H1FP
Proton spectrometers W T
H1: VFPS (2005-2007) 00 80 64

FPS (1997-2007) FPS ———» "~ H1
© free of p-dissociation background
© xrpand t measurements <—— VEPS
© access to high x;p range (IP and IR)
/

@ small acceptance, small statistics

Large Rapidity Gap

require no activity beyond n, .,
® t not measured,integrated over |t[<16eV?
© very good acceptance at low xp

® p-diss background about 20% &

Different phase space and systematics
- non-trivial to compare!
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QCD collinear
factorisation at

Factorisation properties of diffraction

fixed x_, t X (M,) = ﬂlP X
IP P P
P P ~
P -~ P
(t)
QCD Versus Regge factorisation
- . GD(y*p—)Xp): fiD(X’Q21X ,t)'O-}/*i(X,QZ)

QCD factorisation pa%;_i "

(rigorously proven for
DDIS by Collins et al.)

D
fi"- DPDFs - obey DGLAP, universal for diff. ep DIS (inclusive dijet..)

o’ - hard scattering cross section (same as in non-diffractive DIS)

Regge factorisation

(cor%jgcfute, e.g. Resolved f‘D(X’Qz’ Xip: 1) = Tip o (X, 1) - IF;{:B =X/ %p,Q°)
Pomeron Model by

Ingelman&Schlein) pomeron flux factor ~ pomeron PDF
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DPDFs used in HERA analyses -

DPDFs in DIS

DPDFs obtained by H1 and ZEUS from inclusive, dijet (and D* measurements....)

H1 fit B,

Main differences are in gluonic part.

N
Q*+tM,,’ N
Z:ZIP — —
Q2+MX2
M
— C, jet
LG, Jet
g (zy)
i P
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u?=25GeV’ x = 0.01
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:' \ gluons

—— H1FitB -z G(z)
B H1FitB -z X(2)

- -—-ZEUSSJ-zG(z)x 1.2
......... ZEUS SJ -z X(z) x 1.2
—--—- H1Fit Jets -z G(2)

----- H1 Fit Jets - z £(z)

0
0

0.2

30

20

H1 fit Jets, ZEUS fit SJ

u? =25GeV|, x _=0.02

10}

—— H1FitB -z G(z)
S HIFitB-zX(2)

- —--ZEUSSJ-zG(z)x 1.2
......... ZEUSSJ-zZ(z)x 1.2
—.-—- H1Fit Jets - z G(2)

----- H1 Fit Jets - z X(2)

gluons




Factorisation tests in diffractive dijet production

Measurements compared to NLO QCD predictions, q
{usllig [=ERA PPIPS) suppression factor | S% o (data)

o (theorypioac))

Motivation:
Factorisation was found to be broken in hadron-hadron collissions at

Tevatron and LHC (CMS and ATLAS), suppression factors S2 ~ 0.1

DIS - several measurements

Factorisation confirmed by H1 and ZEUS measurements for
dijets in DIS using both methods for diffraction selection
- LRG and forward proton detection (H1 -> FPS)

New measurement with 6x larger statistics than previous measurements,
LRG method, E+" je112°5.5(4) GeV, sophisticated unfolding procedure

H1 Coll., THEP 1503 (2015) 092
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Diffractive dijet production in DIS

4 < Q? <100 GeV?, Ex" ,y1p5.5(4) GeV

¢ H1Data

—— g + H1 Data
— NLO ® H12006 Fit-B x {1+8had) B NLO ® H12006 Fit-B x (1 +6had)
> 102 H1 Q' 100~
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Measurements in agreement with NLO QCD calculations, factorisation confirmed.
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Diffractive dijet production in DIS

¢ H1Data t H1Data
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Diffractive dijet production in DIS

+  H1iData
2 2 2 2
JPH1  4<dP<6aev 6<Q <10GeV B NLO ® H12006 Fit-B x (145 )
—— had

2;—H1 4<% <10 GeV?

Data/NLO

Data/NLO

| | | | '
10 < Q% < 20 GeV?

10<Q<18GeV? | 18 < Q2 < 34 GeV? 2
15 7 1=&
1 C
L L L | L L L | L L L | L L L | L L L
05F - 2k 20 < Q” < 40 GeV’
I S o AP R B B O = ]
ok 34 < Q% < 100 GeV' p*n[G eV] -
[ C
1'5? oL 40 < Q% < 100 GeV?
1 +  HiData .
i S NLO ® H12006 Fit-B x (145 ) 17
05F — had -
: . 3 *
B B L L L ‘ L L L | L L L ‘ L L L ‘ L L L
I B TR R 7'y % 02 04 06 08 1
p”., [GeV] Zp

a;(M,) = 0.119 £ 0.004 (exp) = 0.012 (DPDF, theo)
Result is consistent within uncertanties with the world average
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Factorisation tests in diffractive dijet production

Not evident that factorisation should be valid also for photoproduction,
in LO photoproduction contributions of resolved photon process

H iS"'OI"Y -three independent measurements @
« H1 - LRG method, tagged photoproduction, E¢f(2>5(4) GeV, ‘
52=0.5%0.1 EPJC C51 (2007),549

AT
H1 - LRG method, tagged photoproduction , E{¢t(2)>5(4) GeV, @
S? =0.58 +0.01£0.12(exp) +0.1410.09(th) EPJ C68 (2010),381 ~

e ZEUS - LRG method, untagged photoproduction E{¢t(2)>7 5(6.5) GeV
S22 ~1 Nucl.Phys. B381 (2010) =
iUS

L ==

A new H1 measurement with different diffractive method selection -
proton measured in forward proton spectrometer VFPS
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Factorisation tests in diffractive dijet photoproduction

M
—C, jet

In LO QCD! Rescatter
v with p?
g (x
— — C, jet
( ) —— C, jet x, - fraction of photon's momentum
g (z, in hard subprocess E ot
Z _ — L, Je
IP Xy _ X}?BS — (Z(E )pz)jets g (ZIP)
E- pz hadrons
- Z(E +pz)jets
ZIP (E "':)z)hadrons
NS
p p p p

direct photoproduction:

-

photon directly involved in hard
scattering -> Xy:].

resolved photoproduction:

photon fluctuates into hadronic system,
which takes part in hadronic

scatterina dominant at Q=0 -> Xy <]

Theor.prediction of Kaidalov,Khoze Martin,Ryskin
(European Journal of Physics 66,373 (2010))

no suppression

Forward Physics and Diffraction, Madrid

suppression: quarks 0.71(0.75) E{e'>5 (7.5) GeV
gluons 0.53(0.58) E{et!>5 (7.5) GeV
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Diffractive dijet photoproduction & DIS

- measurement in Very Forward Proton Detector

H1, DESY-14-242, accepted
by JHEP

DIS &  photoproduction

4¢ Q?<80 GeV? Q%<2 GeV?

other cuts identical:

0.01 < x;p< 0.024

|1] < 0.6 GeV?
[ ] beam envelope x12 0 t=0.1GeV?
Zyp < 0.8 6 M t=001Gev? M t=05 GeV’
x 0 T 5|0‘ - ‘160I - ‘1.':'|:0‘ - I260I —
ET j€T1(2)>5'5(4) GeV s(m

1< N jerye) <2.5

Data unfolded to the level of stable hadrons using
Tikhonov method (program TUnfold)

21.4.2015
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Diffractive dijet photoproduction & DIS

_E H1 VFPS data E H1VFPS data -~ AFG y-PDF

NLO H12006 Fit-B <083 =< {1+ ) NLO H12006 Fit-B « 0.83 = (1+5 )
] hadr — hadr

b]

2 100} :
- 1000

do/dz,, [pb]

do/dz,,

O O
Z =z
S 0
o o
0 02 04 06 08 0 02 04 06 08
Zip Zip
Data in agreement with NLO in DIS, Data suppressed in comparison with NLO
within uncertainites in photoproduction
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Diffractive dijet photoproduction & DIS

[pb/GeV]

T

do/dE "

—
o

—

—
<

ratio to NLO

1.5

0.5

i H1 VFPS data

NLO H12006 Fit-B = 0.83 = {1+6ha )

6 8 10 12 14
Eff“ [GeV]

Data in agreement with NLO in DIS,
within uncertainites

Forward Physics and Diffraction, Madrid

I H1 VFPS data
]

NLO H12006 Fit-B = 0.83 x {1+6h3 )

------ AFG y-PDF

dr

D

ratio to NLO

Data suppressed in comparison with NLO
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in photoproduction

10 12 14
Eje” [GeV]




B Diffractive dijet photoproduction & DIS

i H1 VFPS data _I'_ H1 VFPS data - AFG v-FDF
NLO H12006 Fit-B = 0.83 =< (1+3 ) | NLO H12006 Fit-B = 0.83 = {1+6hadr}|
O B B
= 30p H1 = 400k
= DIS =
< a4 F
T o 2
S S -
o o]

O o
— —
pd pd
L2 e
2 o)
0 0.5 1 1.5 2 0 0.5 1 1.5 2
|An| AT
Data in agreement with NLO in DIS, Data suppressed in comparison with NLO
within uncertainites in photoproduction
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Diffractive dijet photoproduction

y , h-h-like

NLO H12006 Fit-B x 0.83 x (1 +5h d)

resolved y $ H1VFPSdata -~ AFG y-PDF
—
|

- ; X 5 1500 >
x, - photon y-remnant o)
momentum &% x, ; 2 H1
: jetl -
fraction g 5
©
® 1000
jet2 S

X = XOBS _ Z(E - pz)jets

e g - (E - pz)hadrons

ratio to NLO

The suppression seems to be not dependent on x, .
It is in agreement with previous H1 and ZEUS observations!
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B Diffractive dijet photoproduction & DIS

I H1 VFPS data - RAPGAP x 0.83

NLO H12006 Fit-B x 0.83 x (1+d_ )
—— T hadr

Data in agreement with NLO in DIS,
H1 data suppressed for photoproduction.

ratio to NLO

1.5 C RAPGAP is not able to describe
shape and absolute value of the
1L cross sections neither for DIS

nor for photoproduction.

......................

[P
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B Diffractive dijet photoproduction & DIS

{8} H1VFPS data
NLO H12006 Fit-B x 0.83x (1+5_ )
I I GRVy-PDF === AFG y-PDF

“2_<E )+Q = .uzz(E:ie”)2+Q2f4

DIS

1P

double ratio

vp/DIS

1.5
ratio to NLO

Previous H1 measurements confirmed, factorisation breaking
in diffractive dijet photoproduction by factor ~ 0.5 observed
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NLO H12006 Fit-B x 0.83 = (1 +3had )
f

GRV v-PDF

AFGYy-PDF

not observed!
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% wwesaa DOUble ratio photoproduction/DIS

1 H1 VFPS data

NLO H12006 Fit-B = 0.83 = (1 fahaar}

Diffractive dijet photoproduction & DIS

Dependence of the suppression on E+ of the leading jet and zyp

The reason of the difference of suppression for H1 and ZEUS is not
connected with different phase space in E; of jets

1 GRV y-PDF  =eeees AFGy-PDF
' H1
8r N
6 1 1
B "-..Ti...
4 _‘i *
................ [ TTTTTT TR
2+ 4
L1 P L. ol I
0% 8 10 12 14
E;'e“ [GeV]
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Conclusions @.

New H1 measurement of diffractive dijet production in DIS >
measurements described by NLO QCD predictions using H1 DPDF,

value of a(M,) obtained from this measurement is in agreement
with world average.

New H1 measurement of diffractive photoproduction & DIS dijets
using VFPS proton spectrometer >

DIS dijets in agreement with NLO QCD prediction,

suppression factor 0.5 * 0.1 in photoproduction dijets observed,
consistent with factorisation breaking!

Third H1 measurement with the same result as previously -

this measurement uses complementary experimental methods as
compared with previous measurements.
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