~

Low x & diffraction at HRA 4

3

onbehaf of H1 andZEU Collabora?ioﬁs




HERA collider experiments

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

- data taken in 1992-2007

- HERA 1,II: ~ 500 pb‘1 per experimenc: 27.5 Gev i{j}% p 920 GeV
= o

H1& ZEUS - 41t detectors

JS = <41 X
A = JSALO

o il
Why to study diffraction? Noiazm \

Hall nord (H1)
Halle OST (HERMES) {

Hall EAST (HERMES)
Hall est (HERMES)

Fundamental aim:

understand high energy limit of QCD
Novelty:

probe partonic structure of diffractive
exchange

Applications:study factorisation properties,
transport PDFs to pp scattering

(Tevatron, LHC).

Halle WEST (HERA-B)
Hall WEST (HERA-B)
Hall ouest (HERA-B)

Halle SUD (ZEUS]

Hall SOUTH (ZEUS)
Hall sud (ZEUS) /
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Historical reminder
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years after the observation of diffractive DIS events at HERA!
« HERA opened new era of diffraction studies

ZEUS Collab. Physics Letters B 315 (1993) 481-493 1993-1994

104}

H1 Collab., Nucl. Phys. B429 (1994) 477
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Historical reminder
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ZEUS Collab. Physics Letters B 315 (1993) 481-493

CLIrrent H1 status o H1VFPS Preliminary O H1LRG Published x 0.81
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J

M
X>W

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

contribution should be understood

Experimental methods:

 selecting LRG events

* measuring p in Roman pots
(60-220m from Int.Point)

g Diffractive kinematics A

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

HERA: ~10% of events diffractive

_ g @My
TP =& = grwe
momentum fraction of color singlet exchange
__Q* _ _ _
= @z~ Pa/P = ap

fraction of exchange momentum, coupling to v

t=(p— p')2 — 4-momentum fransfer
squared

HFS%,

Electron

Proton LRG

+Z
FPS, VFPS (H1), LPS (ZEUS)




Factorisation properties of diffraction

QCD collinear
factorisation at

fixed x, t X (M,) - P X
IP p p
P P ~/
p el p
(t)
QCD Versus Regge factorisation
D/ * . D 2 P 2

QCD factorisation o (yp—>Xp)= pa% fi (X,Q% Xpp, 1) - 07 (X,Q7)
(rigorously proven for =

D
DDIS by Collins et al.) fi" - DPDFs - obey DGLAP, universal for diff. ep DIS (inclusive dijet..)

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

Regge factorisation fiD(X’QZ’XP’t) = fIP/p(XIP’t)' f; " (B= X/X|P’Q2)

(conjecture, e.g. Resolved

Pomeron Model by pomeron flux factor pomeron PDF
@ Ingelman&Schlein) 24.6.2014

/




DPDFs used in HERA analyses -

DPDFs in DIS

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

H1 fit B,| H1 fit Jets, ZEUS fit SJ

Main differences are in gluonic part.

Q@M
Z:ZIP — —

M
——C, jet

———C, jet

g (z)
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Diffractive reduced cross section

« select diffractive events
« correct for detector effects
« derive cross sections -> F,0

2

d4o-(ep—>eXp) Ao’ ~ y o
dgdQ2dx,dt  BQ* (L-y+7) 0r " (B,Q% xe, 1)

y - inelasticity > 1-(E',/E, )

D(4 : : i
o-R( ! _, diffractive reduced cross section oW = FPW :lntecli?c‘:’ma;d
5 D(4) _ b4 .
D(4) D(4) y D(4) O-R F |f

21—y —y7) FoW = 0

Integrate over 7 when proton is not tagged

D(3 2
— OR ( )(BaQ ,Xp)
@ XXX-th International workshop on HEP Protvino 24.6.2014 /




Combined H1 LRG & FPS

EPJC 72, (2012),2074.
The ratio LRG/FPS :

o (My < 1.6GeV)
oY =p)
1.203 £ 0.019(exp.) + 0.087(norm.)
(1.6%) (7.2%)

FPS cross sections are multiplied by factor 1.2

to take into account the dissociation admixture

in LRG sample

Agreement with previous results,

no Q? or p dependence for the factor
observed |

X,p=0.01
§ [ @ H1LRG (MY < 1.6 GeV) — H1 2006 DPDF FitB
o) [ © HIFPSHERAdNIX12 " (extrapol. fit)
o 10°F
¥ F g $=0.005(I=11)
_ R 1LRG
™ - - =0.008 (I=10) H
3 . T
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E 1 _QA,.I"/W.—I
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WR-o
1 E !_QF D/WD'_ P =0.08 (1=5)
= -
: !g M_o,‘-c?-""bj'—ﬁ =013 (1=4)
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é ‘;'WT—B 032 (=2)
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B e
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Experimental summary for H1 F,P

to reach this:
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H1 LRG Published x 0.81
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H1 FPS

HERA combined O'r.D(3) - proton spectrometers

H1 Collab., Eur. Phys. J. C71 (2011) 1578

Kinematic range
H1 Collab., Eur. Phys. J. C48 (2006) 749

Q?=2.5-200 GeV?

ZEUS LPS ZEUS Collab., Nucl. Phys. B816 (2009) 1 x-» = 0.00035 - 0.09
ZEUS Collab., Eur. Phys. J. C38 (2004) 43 | IT 0.09 - 0.55 '
H1 and ZEUS
O H1FPSHERAIl A H1FPSHERAI ® HERA
. O ZEUSLPS?2 ¢ ZEUSLPS1 0.09<[t|<0.55 GeV> _ H1 and ZEUS 0.09<[t|<0.55 GeV?>
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Factorisation tests in diffractive dijet production

Measurements compared to NLO QCD predictions,

(UsingiHERADPDES): suppression factor | S%= o (data)

o (theorypioac))

DIS - several measurements

Factorisation confirmed by H1 and ZEUS measurements for
dijets in DIS

//’/ ‘ ,
P hOTOPf‘OdUCTIOﬂ -three independent measurements @

H1 - LRG method, tagged photoproduction, E{¢t(2)>5(4) GeV,

52=05%0.1 EPJC €51 (2007),549 e
y
« H1 - LRG method, tagged photoproduction , E{et(2)>5(4) GeV, @

S? = 0.58 +0.01+0.12(exp) +0.14+0.09(th)

EPJ C68 (2010),381

|
e ZEUS - LRG method, untagged photoproduction Ei¢t1@57 5(6.5) GeV E
S22 ~1 Nucl.Phys. B381 (2010) =

XXX-th International workshop on HEP Protvino
k 24.6.2014




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

{ HlData { HiData
. .
S NLO HI 2006 Fit B © (148 ) e VLOH12006FitB ® (145, )
|
> 102 L = 2F I
> H1 Preliminary = - H1 Preliminary
& a -
= & 150 ?
a 10 —— = L
e E e S - —
. ’;_r— - = 100
L E == | e
=y = 4 -
S 0 50 o
10" &

[}

E 1'2 e
<P;> [GeV]

T

Data/NLO
i
Data/NLO
T F i

(¢2]
o

Measurements in agreement with NLO QCD calculations, factorisation confirmed.

\@ XXX-th International workshop on HEP Protvino 24.6.2014 /
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Diffractive dijet photoproduction & DIS @

New measurement - proton measured in Very Forward Proton Spectrometer
Eet1(@)>5 5(4) GeV, sophisticated unfolding procedure

+ H1 VFPS Data _ $ H1VFPS Data
=== NLO H1 2006 Fit B x 0.83 x (1+haer) === NLO H1 2006 Fit B x 0.83 x (1+3hau)
[ H1 Preliminary Yo | 8 100 H1 Preliminary DIS
= 1000 =
N N
S S
@) - E ©
’ P i
500 i $
0 L 1
0 0.5
Photoproduction Z1p
DIS - measurements described by NLO QCD calculations

Photoproduction - data suppressed in comparison with NLO QCD

XXX-th International workshop on HEP Protvino 24-6-2014/




Diffractive dijet production - double ratio

(Data/NLO)

(Data/NLO) |

(Data/N LO)W

(Data/NLO)

DIS

[(DATA/NLO).,

((DATA/NLO)p1s

— 0.55 4 0.10 (data) + 0.02 (theor.) ]

ll HivFPsData | [

NLO H1 2006 Fit B x 0.83 x (1+3hadr)

H1 Preliminary

Theoretical uncertainties
B DPDFs uncertainty

Overall theoretical uncertainty

For QCD scale uncertainty the
scale varied simultaneously in
in photoproduction and DIS
by factor of 12 and 2

1

DIS II
05

0

1 15

. 12
Suppression factor

Previous H1 measurements confirmed, factorisation breaking
in diffractive dijet photoproduction established

@ XXX-th International workshop on HEP Protvino
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H1 Diffractive Dijet Production H1 Diffractive Dijet Production

2 &
@) O
! 1 _— . 1 __
o) H1 Preliminary O H1 Preliminary
—l —
z | < |
< £
A a
o 0.5 o 0.5F $
9 $ Double ratio with the data uncertainty 9 $ Double ratio with the data uncertainty
% [ WM DPDFs uncertainty % | BB DPDFs uncertainty
"(.—U' Overall theoretical uncertainty "Ej' Qverall theoretical uncertainty
D 0.|.|.|.|.|.|.|. D OIII
55 775 10 1225 145 0 02 04 06 08
t
E*T [GeV] Zip

Double ratio photoproduction/DIS

Dependence of the suppression on E of the leading jet and zyp
not observed!

24.6.2014
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Diffractive dijet production in y*IP CMS

How to distinguish between diffractive models???
Two gluon exchange model

] ] . .
e+p>e +p +jet+ jet . e’
3 e
o epton plane - . ‘
Jet
\ - jet
a
ot P
je
¢ p’
[P (Pomeron) J.Bartels et GI.,PhYS.LCTT.B386,389

® - angle between lepton
and jet planes
© - polar angle of jet

jet plane

2-gluon exchange o BGF
b e o do/do oc 1 + A cos(20)
'{_///,,_,f‘_‘jffffii 12 L 2o’ ]
T~  Two gluon exchange - negative A
e |  Boson-gluon fusion - positive A
T ] 2462014




Diffractive dijet production in y*IP CMS

90 GeV < W < 250 GeV

Kinematic r'egion 25 GeV2 < Q2
xp < 0.01
0.5 < o] < 0.7
Nigts = 2
LRG selection of diffraction 2GeV < P jet

« Jet finder - exclusive k; jet algorithm

* For corrections model SATRAP used (method of singular value
decomposition with regularisation - NIM, A372 (1996),469)

« Unfolded data compared to :

2-gluon exchange model - RAPGAP 3.01/26
Boson-Gluon-Fusion model (resolved pomeron) - RAPGAP 3.01/26

@ XXX-th International workshop on HEP Protvino 24 .6 2014
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Diffractive dijet production in y*IP CMS

‘_f"h L] L] L] L] I L L] L] L I L] L] L] L] I B

"-cu 1.2 C e ZEUS (prel.) 372 pb" ] dO' X 1 —~— A COS(2¢)

= : = 2-gluon qq (normalised) :

< R i

:.g 1 == BGF (normalised) — A

© [ e fit < (1 + A c0S(20)) ]

o o8k = fit —0.18 £ 0.06(stat.) 00 (sys.)

BGF MC 0.21 + 0.02(stat.)

o
o

2-gluon(qq) MC / —0.34 + 0.01(stat.)

0.4F -
0.2F -
C A R L]

05 0.5 1 15
¢ (rad)

« Negative A favours two gluon exchange model
* None of the models are able to describe the normalisation of x-section

@ XXX-th International workshop on HEP Protvino 24 .6 2014
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Conclusions

* H1 and ZEUS combined inclusive cross section measured with
forward proton spectrometers in DIS published = eric c72 (2012),2175

« HERA data available for comparison with models

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

« New H1 measurement of diffractive photoproduction and DIS dijets with
VFPS proton spectrometer -
suppression factor 0.55 * 0.1 in photoproduction observed,
consistent with factorisation breaking!

* The shape of the azimuthal angular distributions of exclusive dijets in
diffractive DIS has been measured by ZEUS for the first time >
the data prefer 2-gluon exchange model of qq production over
Boson Gluon Fusion model.
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