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asymmetric detectors, prepared to see
more activity in the forward region

Forward Detectors

cylindrical around the beam axis

41T hermetic

HIl and ZEUS experiments

Each experiment collected lumi ~ 0.5 fb-1
|0% of events are diffractive

0V §1V ROH

H1/ ZEUS
FPS
BR 64“0_5 55,58 B17 04 (30 34 38 B26 BIX22 (615
' - e o : Hl
kT & -
S4 S3 S2 S1 LPS
3
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Diffraction at HERA - history

For the first time the diffraction was observed at HERA in 1993
21| years studies of diffraction at HERA !

19093-1994
H1 Collab., Nucl. Phys. B429 (1994) 477

ZEUS Collab.,Physics Letters B 315 (1993) 481-493
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(D)DIS kinematics
Diffractive DIS (DDIS)

e(k)

Deep inelastic scattering (DIS)

e(k’")

particle flow

current jet

colour flow

} A Y n proton remnant

Q? = -g? virtuality of the photon

Q? ~ 0 photoproduction  Q*>>0 DIS
/s centre-of-mass energy

W photon-proton CME

x Bjorken-x: fraction of proton’s
momentum carried by struck quark

y = Pg/Pk inelasticity

s = Q? xy

particle flow

} X > current jet

no colour flow

e(k)

Al } M, Y p -> beam pipe
y '1

xip fractional longitudinal proton’s momentum loss
B fraction of xp taking part in the interaction with
the photon

X = B XIp

t = (p-p’)? 4-mom. transfer squared at proton vtx
My = m, proton stays intact (elastic case)

My > mp proton dissociates
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Experimental methods

|0% of events at HERA - diffraction

Forward

Neutron »
Calonmeter
Methods of measurement:
Z(m]
Proton Spectrometer: 220
+ clean measurement p-tagging
+ free of p-dissociation background vy
+ xip and t can be measured Spectometer

+ access to high xjp range
- small acceptance

=075

Large Rapidity Gap:

+ very good acceptance at low xip => high statistics

- t not measured, integrated over |t|<|GeV2

T

- p dissociative background ~ 20%

Different phase space and systematics - not easy to compare

=
a
U2 77 M |1 KO,
HL_1
FGAL BOAL RCAL
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Modeling of diffraction

Diffractive structure function
approach

Dipole approach

*

(9007) sduipaado.d 34aq3ury Dis|emoy| ‘H

| Ogq ® r? xg(x,pu?=1/r?)
P corresponds to x => suppression of small dipoles

aP(Y p— Xp)=2 fiP(x,Q%xmp,t) - 07(%,Q?) doYPag/dt = [dzdr2¥*a2eq(x,r2,t) Y
fiP(x,Q2,xip,t) = fipip(xip,t) - fiP(B,Q3?)
pd Long living quark pairs interact

Pomeron flux factor pomeron PDF with gluons of the proton
e.g. Resolved Pomeron Model by Ingelman & Schlein

, e.g. two gluon exchange model by Bartels et al.
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Diffractive cross-section and factorisation

Reduced diffractive cross section (in analogy to the inclusive DIS ):
2

2
P (B, Q% xrp,t) = F2D(4)<5>Q27331P7t>_ 4 F£(4)(57Q27551P7t)

2 — 2y + y?

when proton is not tagged - integrate over t => 0:°C)(3,Q2,xp)
0:°® = F,P® at low and medium y

QCD factorisation:

HO-D(Y*P_’ XP) ~ fiD(X’Q29X|P,t) ’ O-Y*i(X’QZ)

/ N\

DPDFs - obey DGLAP hard scattering cross
universal for diff. ep DIS section

proton vertex factorisation:

fiP(x,Q%xip,t) ~ fipp(xip,t) - firP (P, Q%)

pomeron flux factor pomeron PDF

The DPDFs extracted from the inclusive diffr. data can be used with NLO
calculations to predict diffractive jet production g factorisation test.
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Diffractive cross section measurement

Overview of HI 0:P(®) measurements using different techniques

° H1 VFPS Preliminary o H1 LRG Published x 0.81
H 1 PR ELI M I NARY O H1FPS Preliminary H1 2006 DPDF Fit B x 0.81
o H1 LRG Preliminary x0.81 - ---- H1 2006 DPDF Fit B x 0.81 (extrapol.)
0.06} £=0-017 p=0.027 p=0.043 p=0.067 p=0.110 p=0.170 p=0.270 p=0.430 =0.670
0.04fXs=0-000 e &}f‘g‘
0.02 @ Yo
0.06PX5=0.0010 L R G
0.04f G
0.02t ° R o osB® %S R
0.06}%,>=0-0030
0.04f @ %
0-02-6_. . &.l . al A &ﬁ al d al d al d d d d d d
a 0.06F =0.002 $=0.004 $=0.007 $=0.011 $=0.022 $=0.045 $=0.089 $=0.178 $=0.355 $=0.708
0 .04 X,,=0.010 [H]
b& 0.02F o) o® DOQ- 0'&- QM QM— _ w - M - - %
X ook  xp=0.013
0.04f
0.021 P _es% _ oo e | geee | e | T T A VFPS
o.0sf  Xp=0.017
0.04f
0.02f _g-- _ ’Eaﬂ’— ’nm‘iﬁ&:— ‘__...00-.'.' _#Mﬂ R B -
o.06f  Xp=0.022
0.04
0.02f o %P B A ,ﬁw ,M L awd?? | oaeeef | __oeed®| - - —%90
0.06F $=0.002 3=0.006 $=0.018 =0.056 $=0.178 $=0.562
0.04f X,z=0.035 B T M
0.02[~ _ B _ - _____,_,_-E--E-—‘m' _——_——_,,—,————— =
0.06F x,=0.050 o
004F g p-=2— E/mm/“‘
0-02_”,- ’—B_— __E—‘ —___ - —___________—H
0.06[ 1] X,;=0.075 y_‘
0.04F O .— o B M M,E.—é- ]
0.02} -~ - _.n R e————————
10 10° 10 16 10 10° 10 10° 10 10°

0?
Y2 [GeVE] 1

In the region of overlap of kin. area available for different techniques - data consistent.

Good agreement with the DPDF fits .
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0:°®) in HI and ZEUS using proton spectrometers

D(3)

= 0.025 -

o

o 0

X,

0.025 -

0.025 -

0.025 |

0.025 |

0.025 |

0.025 |

0.025 |

0.025 -

H1 and ZEUS
O H1FPSHERAII /A H1FPS HERA| 0
0 ZEUS LPS 2 ¢ ZEUS LPS 1 0.09<[t|<0.55 GeV
| p=0.0018 | p=0.0056 | p=0.018 | p=0.056 | =018 | Pp=0.56
Y= T T T T Ts 284
- 0.0009 1 1o 15 2% |
00025 | : -
T T Q
1 1 1 o 1 .m gg 1 "g EE:ES 1 "§ gg;8§§
ottt , 4 —s . .
1 . 1 s T . |
P | P | "E M wgal mgglog P | "gggggé | 1 ??og?ol 9]
I ol-016 1 1 1 1 1 1 1 1 1 1
I I .Ia9| uggg Ecqao 1 "OOQ}OEOIQ" <>|ZS @OIQ'
— — — i .
- 5 g8 .mﬂaé AQE@EO 1 axzsco ¢ 500 o
0035 | ' e ' '

1, 0© , 0950 oooD§ 1 oooomo 2] , 8o 5|
e g A
.DO ﬁlga g@gag L AﬂQE'Q §-. goxﬁo §.. o §
Qors ' T 3 I T .1 =]

N o 1 1 1 ]
Eh |oo® @g58§§ ] gzuég§ % §g§ § %
009 | D S ' ' S ' -
g __-DE‘ B oo DDD o
10 10° 10 10> 10 10° 10 10> 10 10° 10 102
2 2
Q° (GeV")
10

used proton spectrometers LPS(ZEUS)

1 and FPS (H1) to detect leading protons

| | data extrapolated to a common (Q?Z, xip,B)
" { grid using NLO DPDF “ZEUS §J’

parametrisation and checked with

1 NLO DPDF HI Fit B,
— corrections mostly < 10%

" { shown data published in:

HI:EP] C71 (2011) 1578

] HI:EP] C48 (2006) 749

ZEUS: Nucl. Phys. B816 (2009) |
ZEUS: EP) C38 (2004) 43

data collected by different experiments
and in different running periods show
good agreement
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Combined inclusive diffractive cross section
LPS and FPS data combined using X? H1 and ZEUS

minimisation method O H1FPSHERAIl A H1FPSHERAI @ HERA

2
Input data are consistent : [ ZEUSLPS 2 O ZEUSLPS1 0.09<[t/<0.55 GeV

Ndof = total number of measurements © L AIpT |
- number of data points ><& 0.2 i p=0.018 (x 6) |
0.175 i .
correlation of systematic uncertainties 015 i ]
taken into account | |
0.125| S :
HIl and ZEUS use different i 1
reconstruction methods — the two 0.1 i $=0.056 (x 3) |
experiments calibrate each other 0.075 | % E -
reduction of experimental 0.05 - % % E ;
_N70° [ —
errors by ~27% 0.025 |- o $=0.18 & -
- oy @ N ® ®
precision of the cross section o—————— —
measurement after combination of 10 10
% 9 Q? (GeV?
data ~14% in the average, ~ 6% for (GeV?)

the most precise points

Monday, December 8, 2014



Combined inclusive diffractive cross section

® HERA
H1 and ZEUS 0.09<[t|<0.55 GeV?
| 5=0.0018 | (=0.0056 | (=0.018 | p=0.056 | (=018 | p=056
- @°=2.5 GeV T 1 T T T .

!g" i.!?i.. ° el %, o o ® . o o2 T ¢
v I5-1 'Glev2l I“ L | 1 v I" L | L L | L | 1 1 L L L | | L | 1 1
i ot s 1 13 .. i
°* 1  o0e® ® ceed ] © 0% ] t
v I8.8 'GIeV2l I- 1 1 v I" 1 L v I“ 1 1 1 1 1 I" L | 1 1
i e i o+ 1 1s i
o® (14 () ® ° ®
1 e o0% 1 ® oee0 ° eo5s® | ®

v 1I5.3'Glev2' 1 1 1 L | 1 L | v I“ L | 1 L | 1 1 L | 1 1 1
_ 1 k] o 1 il ]

Soo | o 0ge® ] * ooe® 1 ®° o5 "
'2I6.5'GIeV2l 1 1 1 '{I 1 L I- 1 1 v I“ L 1 v I" L | 1 L |
R 4 . oot .i" 4 E . .

0' | o 0g° 1 o o ...i{ | [ ] E
v I4.6 'Gle\lzl 1 1 1 1 1 L ;I- 1 1 v I“ L 1 L | 1 1 L |
N 1 _ 1 el 1 _

i | ...o! | . ...OS.. ° ¢ o3
I80 'GIeV2l 1 1 1 1 1 L 1 1 1 v I“ 1 1 L | 1 1 L |
I 1 ] 1 B toat] s |
| '2I00 'Glevz' I“ 1 1 1 '{I- v 1 v I- 1 v I-
$ % { i:;H .

10° 102 10% 102 102102 102 102 10% 10?2 102 102
12 Xip

Combined data cover the range:
2.5 < Q? <200 GeV?
0.00035 < xpp < 0.09

0.09 < |t] < 0.55 GeV?
0.0018 < B <0.816

The combined data provide

the most precise determination of
the absolute normalisation of the
ep—eXp cross section.
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Inclusive measurement of diffractive DIS

Combined HIl measurements for LRG method
X,=0.03

L) 20,0017 (=13) ® H1LRG (M_<1.6 GeV) = X,p=0.003
o _p=u (=13) v g, ® HILAG (M_<1.6GeoV) —— H1 2006 DPDF Fit B
~ ' p -y o . b
o ’ * } #=0.0027 (=12) A FPS HERAMIX 12 — 2 ZEUS LRG (M' <16GeV) e {extrapol. 1i1)
.’ ~
x& 10* e [=0.0043 (1=11) —— H1 2006 DPDF Fit B8 a « =« Dipole Model
_ s - *.&-é' ﬁ-:C(xﬁ? (1=10)  seees (extrapol, tit) *._ 102 - i g =0.017 (I=8)
™ - - 3 =0.027 (1=7)
PP ™ - o o .- B=0. (1=
103 | ‘.a ’ ‘ E’ =o'0| :|=g) N 0 _. - _!__,. %
- " —
"&".m‘—} ﬂ =0.02 :|:8| H 1 N i ‘ N g =0.043 |:|=6:l n
s [} -
o .- 8T ~
I Q,.t'm* #=0.03 (I=7) 10 o ¥ p=0067(=s5 ~
102 :_ - R = =J. ;=D| P
E ”r,‘m’f*_ 001 et F o : .u_. ; 8
- Y - 0 3 =0.11 (I=4) o
L ’Hq‘f‘" 4 =0.07 (I=5) I oo - J— B =0.11 (I=4) N
10 7 "‘H'—T— N S N
E -M ‘!'=01 |_~=4: 1 :_ Q 0 ':_0-‘—'—*_ — 3=0"7[I=3) 3
- e® ’,_a—-'—","—"' - o gt :';.:.w"' -h
- ] L o S
1 ,.—41‘?' ’ g §PAEeRl= i b 5 ooy B =0.27 (=2)
= ~ , 0 e . el
E -.---'._“M ﬁ=0‘3 1=2) i o _ ’x‘-;.-“‘w
i — 4 § D00 o8 =0.43 (1=1)
= 6 O, o e ied-aceoele—ei— B ‘
""f‘g ¢ . . 107 - S R
10k PR S WU Bt : "
—J— + ¢ i R S, 6 o~ » _PB=067(=0)
- = o - 400*—0_' 2
3 (] [} B =0.7(1=0) T oo o oe
— 4
|k —1 - H1
10-2 1 sl 1 e aaaul L1 1“113 1 11 | |
10 102 10 10.21 PR B B SR A 1 L IR S T N B A Y
0
2 2 10 1
Q° [GeV7]

Increase in statistics
Reduction of uncertainties
stat error (for Q?>12 GeV?) ~ 1%
systematic error (for Q% >12 GeV?) ~ 5%

Dipol model (including saturation) describes
the low Q?% kinematic domain well.

DPDF fits more successful

o o 2 o
LRG data (after subtraction of 20% of in the high Q* region.
dissociative events) in agreement with FPS |3
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Measurement of the F.P

FL.P measurement

- a tool to verify our understanding of underlying dynamics of diffraction in QCD
- a test of the DPDFs.

Particularly important at lowest z (direct information on the gluon density cannot be obtained from
dijets due to kinematic limitations.)

Data collected with :

F High's 0:° = F22 - (y/Y+)FL> Ep = 820 GeV
Ep = 920 GeV
Low s Y+=1+(1-y)? Ep = 460 GeV
ORrRP measured at different y Ep = 575 GeV
F2 . FL ] (but fixed X|P,B,Q2)
H1 Collaboration

D
0 yz/ % 1 F 0.06F~ —— H12006 DPDF Fit B

R extrapolated Fit B
" f IP/p

0.04

The data are compatible with H1 2006 0'02;_ 'I'*+ ..... 4—‘}__*_* E}Jﬂ
DPDF fit A and Fit B. of |

H1 data ' T

95% CL
|<:| uppoer limit

© O x,=00005Q%=4 GeV?
.0.02 O x, =0.0005 Q= 11.5 GeV>
~ 0w x _0003 02 4 GeV?
FP >0 [ e x.=0.003, Q=115 GeV?
-0.04 4 _0003 Q° =44 GeV
10‘1 1
B

Monday, December 8, 2014



Diffractive PDFs

DPDFs obtained by HI and ZEUS from inclusive measurements and dijets

u? = 25 GeV?, x_ = 0.01 w2 =25GeV2, x_ =0.02 Z - the longitudinal
—~ 40 T " —~ 40 v
Ol I —— H1FitB-2zG(z) N —— H1FitB-2zG(z) 4-momentum
N ‘l‘ S555 HIFitB-zX(2) N 555 HIFitB-zX(2) fraction of the
- \‘ 3 -—-—-ZEUSSJ-2G(z)x 1.2 -—-—-Z2EUSSJ-zG(z)x 1.2 hadron enter|ng the
o \‘ ......... ZEUSSJ-z:(z)x1.2 |  H | ZEUSSJ-zZ(z)x 1.2 hard SUbPrOCeSS
30— '\ |--- H1FitJets-zG(z) 30 —..—. H1Fit Jets - 2 G(2) ,
- - _ - , with respect to the
; \ "\ | - - - - - H1 Fit Jets - z 2(2) ‘ ----- H1Fit Jets - z 2(2)
3
i
203::- My < |.6 GeV,
1Y It] < | GeV?
-—‘\"z
10
0
0

In blue quark singlet density distributions in black gluons density.

|5
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Diffractive dijets in DIS

y
Two hard scales in the process: el /\/'/

the virtuality of the photon
the transverse energy of the jets

Sensitivity to the gluon given by the
production mechanism of the dijets:
Boson-Gluon Fusion

Dijets in DDIS as a benchmark for the DPDF and factorisation theorem

Supports the universality of DPDFs

The dijets data can be used to constrain the DPDFs in a combination with the inclusive data
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Diffractive dijets in DIS

Most important HERA results on diffractive dijets:

HI, LRG measurement, JHEP 0710:042 (2007)

ZEUS, LRG measurement, EPJC 52 (2007) 813

HI, proton tagging - FPS, EPJC 72 (2012) 1970
HI, proton tagging - VFPS, HI preliminary (2014)

HIl, LRG measurement, HIl preliminary (2014)

highest luminosity compared to former HERA data
used ~290 pb-1 data collected in years 2005-2007

cross-sections determined using regularised unfolding
procedure, which takes into account efficiencies, migrations
and correlations between measurements

measured cross sections compared to next-to-leading
order QCD predictions evaluated with input DPDFs
determined in previous inclusive diffractive measurements

All HERA results - within errors -
in agreement with NLO QCD

calculations

DDIS dijet selection:
4 < Q? <80 GeV?
0.1 <y<0.7

P*r; > 5.5 GeV
p*12 > 4.0 GeV
-l <n< pl

xip < 0.03

[t < | GeV?
My < 1.6 GeV

~14000 events accepted
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Diffractive dijets in DIS

correction to hadron level

¢ H1Data ¥
= NLO ® H12006 Fit-B x (145 )
| = o
> —
° H1 =
>
5 10E=== LS
o = @)
Ql B I ©
O E—
S 1= I—
B - o
e -
- —— ]
101 =
O 2__I | L1 1 | | | | | L1 1 O
— - —1
Z prd
~ ~~
© ©
© ©
D O | | L1 1 | | | | | | L1 1 D
10 10?
Q? [GeV?]

250

200

150

100

50

N

¢ H1Data
s NLO ® H12006 Fit-B x (140 )

H1

Inner error bars -
statistical uncert.
outer error bars -
systematic uncert.

added in
quadrature

NLO QCD
inner band -
uncertainty of
hadronisation and
DPDF fit added
in quadrature,
outer band - total
uncertainty (incl.
QCD scale
uncert.)

Data well described (in shape and normalisation) by the QCD prediction within
experimental and theoretical uncertainties

|18
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Diffractive dijet in DIS

¢ H1 Data 4 H1Data
—_ NLO ® H12006 Fit-B x (145, ) = NLO ® H12006 Fit-B x (1+5 )
— had
o) - — -
S w0 H1 & o
o 300 = 200 H1
> | g
O B B 150
&, 200 S -
© _ -
O L 100—
100/—
- = 50= -
=||||||| L1 1 | _lllllllllllll
O 2 O 2
—1 - —
prd - Z
~~ S~ 1
o) ©
e © -
CDU ||||I|III|III|| D O_III|III|III|III|III
0—>%5 > 18 16 0 02 04 06 038 1
log Xp Z,

Experimental uncertainty of measurement in zjp smaller than DPDF fit uncertainty = gluon DPDF may

be further constrained

Agreement with NLO QCD calculations, factorisation confirmed

19
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Diffractive dijet in DIS

t{  H1Data ¢  HiData
= NLO ® H12006 Fit-B x (1+5_) = NLO ® H12006 Fit-B x (1+5_)
crl
15 2 2 O 2 2
% H1 4<Q <10 GeV ~ 2 H1 4<Q <10 GeV
Q) 10 Z
= S
O S ]
2 5 @
Al — D
@] = e eee— | .
O B 2 2 B 2 2
N& 6— 10< Q<20 GeV 2 10<Q° <20 GeV
XS - -
B 4— ] -
-O -
e —————
l l |ﬁ I S B S .
20 < Q° < 40 GeV? o 20 < Q° < 40 GeV?

N
IIII|IIII T

- | | | T I R R S S
] 40 < Q? < 100 GeV? 2 40 < Q? < 100 GeV?
0_2'_ S 1
L) —
O 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 1 O
0 0.2 04 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Zp Zp

Good agreement with NLO QCD, the last bin in zp where DPDF is only extrapolated can
be used to improve further DPDF fits.

20
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10

T.1
- -
o o
V) N

do/dp*. dQ? [pb/GeV?]
>

10"

102

10

102

H1 4<Q<6GeV? 6 < Q<10 GeV?

= e —

g ——

E = =

= S —

3 10<@P<18GeV? [ 18 < Q* <34 GeV?

3 i— *
*E

_E_ .................. ;_IIIII|||IIIII|||I|

: 34<Q<ioogevz |0 8 10 12 14

C <Q°<

| p*,,[GeV]

v

_ }  HiData

_ NLO ® H12006 Fit-Bx(1+§>h )
= e ad

10°
| TR T BT | ] |

Diffractive DIS dijet - X

21

A fit to double differential cross section as
a function of p*r| and Q? used to determine
the value of strong coupling constant at
the scale of Z boson mass.

&s(Mz) = 0.119+0.004(exp)=0.0(had)+0.005
(DPDF)+0.0 1 ()£0.004(py)
= 0.11920.004(exp)+0.0 1 2(DPDF, theo)

in agreement with world average:
xs(Mz) = 0.1185+0.0006

Diffraction DIS can consistently be
described by NLO QCD using DPDF and
factorisation.
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Diffractive dijet in photoproduction

Test of QCD factorisation in diffractive photoproduction

suppression s2 = g(data) / 0(theory(NLO QCD))

EPJC C51 (2007),549

2 1000f H 1
a >n
. | =
3 750} ' 8
3 | | £
500} | '@
e
o
L®)
250
0 1 | |
02 04 06 08 1
xjets
Y
s2-0.5

No dependence of s? on xy,
(shape described OK)

e(k)

v" (@)

e(k’)

remnant
_ Zjelts(-E_pz) (u)
x,y o Ehad'l"ons(E_pz) — et
| ot M2 XY
4-mom. fraction of the photon Zp )
taking part in the hard interaction S
|| cap
P(P) Y(P)
EPJ C68 (2010), 381
H1 - r ' ‘ .
2 1 P 44 ¢ zEusadiet 1p99-00 _
_____ & 5 ZEUS DPDF SJ -
_____ o B DPOF exp. uncertainty
15+ - Q 49| ==== HIFit2007 Jets x 0.81 -
w T .
- ﬁ : l ; -1
1 o 10 f . ]. .-.+..: i
- 2 o i .
0.5 § 08f~-f--- g
Al...l...l.A.n...q 06 2 ‘
02 04 06 08 1 ' 0.4 0.6 0.8 N
xy]e‘h X,
2
s2 - 0.58 + 21 Sz ~ 1

w Different phase space in Hl and ZEUS analyses

w H| tagged photoproduction, ZEUS untagged

w ZEUS larger Et of jets

22

| (0107) 1€89 'SAud ‘IPNN
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Diffractive dijet photoproduction

located 220 m in proton beam direction

Selection of photoproduction :

do/dx., [pb]

Etietl > 5.5 GeV
Etie2 > 4GeV

-l <nietl® <25 DIS:

Q2<2 GeV2 4<Q?<80 GeV?
02<y<0.7
It| < 0.6 GeV?

xy =1 - direct photoproduction

Xy < | - resolved photoproduction

—A
-
-
o

New analysis with leading protons detected in Very Forward Proton

Spectrometer

¢+ H1 VFPS Data
=== NLO H1 2006 Fit B x 0.83 x (1+Shad)
------ Rapgap

— H1 Preliminary

TP

red - DPDFs
uncertainty

orange - overall
theoretical
uncertainty

500

Y
No hint that for xy < | suppression higher.

2%2 = Data/NLO = 0.60 + 0.08 (data) + 0.21 (theor.)
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Diffractive dijet photoproduction & DIS

scaled to elastic case

— i

=== NLO H1 2006 Fit B x 0.83 x (1+8hadr) ¢+ H1VFPS
...... Rapgap === NLO H1 2006 Fit B x 0.83 x (1+3hadr)
o) _y Y .
= H1 Preliminary TP | 100} H1 Preliminary DIS
~ 1000 |- —
— o,
S N
~ ©
L B
°

o
o

Photoproduction - data suppressed in comparison with NLO QCD by ~ 0.6
DIS - data satisfactorily described by NLO QCD calculations
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Diffractive dijet production - double ratio

statistical and systematic errors added in

d . .
uadra’®  overall theoretical uncertainty Double ratio of data to NLO QCD predictions
statisticallerrors o s luncertainties for photoproduction and DIS reduce data
v i systematic and theoretical uncertainties

l. H1 VFPS Data II NLO H1 2006 Fit B x 0.83 x (1+Shad)

1 ' !

(Data/NLO) H1 Preliminary

DIS

(DATA/NLO)y,
(DATA/NLO)pis

= 0.55 *+ 0.1 (data) + 0.02(theor.)

SN

(Data/NLO)_
(Data/NLO)

DIS

. | . 1 . |
0 0.5 1 1.5
Suppression factor

Previous HI results confirmed - factorisation breaking in diffractive photoproduction.
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Diffractive dijet production - double ratio

)DIS

(Data/N LO)yp/(Data/ NLO
o
o

H1 Diffractive Dijet Production

H1 Preliminary

—

$ Double ratio with the data uncertainty

B DPDFs uncertainty
Overall theoretical uncertainty

0 02

04 06
Zp

0.8

)DIS

(Data/N LO)Yp/(Data/ NLO

—h

O
o

0
5.5

H1 Diffractive Dijet Production

H1 Preliminary

e

i Double ratio with the data uncertainty

B DPDFs uncertainty
Overall theoretical uncertainty

10

1225 14.5
E** [GeV]

7.75

Double ratio photoproduction/DIS - uncertainties reduced

No dependence on zp or Et of the leading jet observed
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Diffractive photoproduction of D**(ZO | O)

Charm provides a hard scale, g9
Q
ensuring the applicability of pQCD  Z s} epeeD Xp ]
even for low Q2 007 I . ]
0.06 |- e — -
X is sensitive to the gluon content of [ ]
the diffractive exchange o0sl ]
0.03 - 4
RD - fraction of charm production o ZEUSTORY Q< 1GeV
0.02 v ZEUS 98-00 15<Q" <200 GeV N
diffractive/inclusive is approximately A ZEUSSS9T 4 <QF<d00 GeV?
. 2 001-m= H1 9697 2 <Q" <100 GeV 1
independent of Q . « | | i 3
1 10 10 10
llllllIIIIIIZIEIIIIIISIIIIIIIIlllllllll Qz(GeVz)

o
=2
=]

ep—eD*X'p

do/dx,p (nb)
[y
=
=

Supports the QCD factorisation theorem in

diffraction, implying the universality of diffractive
PDFs

2 =5 e ZEUS 79 pb’ The NLO QCD calculations reproduce the xp
S NLO QCD (FMNR) differencial cross section in both shape and
< 100 — H12006 Fit A o
- 3 H1 2006 Fit B normalisation
A Q) B I ZEUS LPS+charm Fit
80
U j }
6 60FT =
>~
e
o.
&
=
L

Illllllllllllllllllllllllllll

00 0.005 0.01 0.015 0.02 0.025 0.03 0.035

Xip

27

Monday, December 8, 2014



Exclusive dijet production in diffractive DIS

2-gluon exchange Resolved pomeron

c >
jet
jet
P IP-remnant
p p
/
p
Resolved pomeron model
(J. Bartels, H. Jung et al.) (G. Ingelman, P. Schlein et al.)
fully perturbative calculations calculations based on
based on proton PDF - pomeron structure functions

no extra parameters needed
Models predict different shape for dijet azimuthal angular distribution
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Exclusive dijet production in diffractive DIS

etp—e +p +jettjet

lepton plane

/

¢- angle lepton and jets plane
O - polar angle of a jet

do/dp = | +A cos(2d)

_ 2-gluon exchang/
. & (obara] k
:f / | 147

100 o m2e 2 GoVE N

the same function describes do/d¢
for both models

Resolved pomeron

]

pr"’> 2GeV”_|

: | pl>2Gev?
2-gluon exchange - negative A | 0s |
I){"i 5GeV* | .

Resolved pomeron - positive A 10

0.6 1
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Exclusive dijet production in diffractive DIS
Data collected in 2003-7

ZEUS Analysis method: LRG
‘E 1.2 - 'I ZEUS (prel.) 3|72 pb’! | | | | | | | I_ . . .
E [ EEEgu0nqqormalised) . Kinematic range to which data are unfolded:
- .
-g 1— Resolved pomeron (normalised) ] 90 GeV < W < 250 GeV
-‘; 0 —— fit= (1 + A cos(20)) T i 25 GeV? < Q2
~ [ l —
- i xip < 0.0l

osf 1 . 0.5<B <07
04F . {/{/ - Mjets = 2
B i 2 GeV < PTjet
0.2 -
of T Hadron level predictions: 2-gluon exchange
0 05 1 q)(:a-g) model and Resolved pomeron model as
implemented in RAPGAP 3.01/26
Negative A favours 2-gluon exchange model do/de = | +A cos(29)
None of the models is able to describe the
normalisation of the data fit -0.18+0.06(stat.) J25(sys.)
2-gluon MC -0.34+0.01 (stat.)
Res. Pom. MC 0.21+0.02(stat.)
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Summary

Diffractive events observed at HERA since 1993
Diffraction studies by means of LRG and proton spectrometer
Diffractive structure function F,D and FLD measured at HERA

Diffractive cross section measurement results from HIl and ZEUS unified —
increase in statistics and reduction of systematics

Diffractive DIS dijet cross section agrees well with NLO QCD calculations
— QCD factorisation confirmed

Diffractive dijet DIS and photoproduction with leading proton compared to
NLO QCD calculations. Factorisation breaking of ~ 0.5 observed in

photoproduction by HI. Result not confirmed by ZEUS, which sees good
agreement between data and NLO QCD also for photoproduction.

Measurement of the shape of the azimuthal angle distributions of exclusive
dijets in diffractive DIS prefers 2-gluon exchange model over Resolved
Pomeron model.
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