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HERA - e — p collider at DESY

Integrated luminosity

96-00 + 03-07 (high energy)
etp :~ 300pb~*

e~ p i~ 185pbh 1

0 Status: 1-July-2007

— electrons
—— positrons

Halle WEST (HERA-B)

Hall WEST (HERA-B) —g— Elektronen / Positronen
Electrons / Positrons

300
Protonen
= wirs

Synchrotronstrahlung
Synchrotmn Raniating

200

H1 Integrated Luminosity / pb™

Halle SUD (ZEUS)
Hall SOUTH (ZEUS)

100

0 500 1000 1500
Days of running

LISHEP-2015 - L. Favart — o. 2/17



e (k)

e(k)

e (k)

Y (9)

e(k’)

P()

Diffractive Scattering

Deep Inelastic Scattering (DIS)

particle flow
current jet
colour flow
roton
) emnant

Diffractive Scattering (DDIS)

particle flow

> current jet
no colour flow

p -> beam pipe
[

27.5 GeV
e =

920 Ge'

|1w-

|

LISHEP-2015 - L.Favart — o. 3/17




Kinematics

a
e (k) o Deep Inelastic Scattering IR

Q> = —¢° - virtuality of the exchanged photon

Y

W ~* — p system energy

8

Bjorken-z: fraction of proton’s momentum

carried by the struck quark

>
P

*

Y v* inelasticity : y = Q*/s x

Diffractive Scattering FE=E2.¢:

xp fraction of proton’s momentum of the colour

singlet exchange
2 M2
TP = s
15 fraction of IP carried by the quark "seen"

by the v* (B =uz/xp
t = (p — p')?, 4-momentum squared at the p vertex \
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Roman Pot

H1-VFPS H1-FPS |
! Ly
220 90 80 64 40 24
direct measurement of the scattered ot 1t
proton: giving ¢ and zp measurements ZEUS LPS

but lower statistics due to Roman Pot detector acceptance

H1 FPS zp < 0.1 156 pb~t HERA I+1I
ZEUS LPS ap < 0.1 33 pb~!  HERA I
H1 VFPS  0.009 < zp < 0.03 87 pb~!  HERA II (e*p)

‘HORIZON‘ ‘
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zp = 0.01 u
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e high acceptance (90 %)
e high rec. efficiency (96%)
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Factorisation Properties

QCD Hard Scattering Fact. Regge Factorisation

Dif _ fD 2 A
ODIS fq (:Clp7tax7Q )®O-PQCD qu(x]p,t,CE,Q2) — fP/p($P7t)'QP(B7Q2)

Diffractive parton densities Diffracti ton densities factor
iffractive parton densities factorise
qu(:CIP7tax7Q2) ve b

into “pomeron flux factor” and

— conditional proton parton prob- “pomeron parton densities”

ability distributions for particular
Tp,t.

DGLAP applicable for Q* evolution. = ﬂlp x v o

IP flux factor from Regge theory ...

Bt
}X fP/p('CUlP)t) = o1 where . . .
Tp
(XiprD) - a(t) = a(0) + o't

No firm basis in QCD
Rigorous for leading Q2 dependence \
but not in hadron-hadron collisions
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4

In this talk: recent results from H1 and ZEUS

Jet production in Diffraction
LRG measurement in DIS H1 [arxiv:1412.0928]
p measured in Roman Pots (VFPS) H1 [arxiv:1502.01683]

in DIS and photoproduction regimes

photon + jet in photoproduction ZEUS-prel-15-001

exclusive dijet production in DIS ZEUS [arxiv:1505.05783]
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Test of QCD factorisation: H1 Dijet in DIS

LRG: Q% > 4 GeV?, PI"" > 5.5 GeV ,PI** > 4 GeV
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- from FY’ measurements DPDFs are
extracted and used to predict dijet produc-
tion in DIS regime

QCD factorisation OK (in DIS)
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LRG: H1 Dijet in DIS - con’t

H1 Data
NLO 0 H12006 Fit-B x (1+3,_)

II
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0l F S
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- Double diff. x-sect. shown for the first time

in agreement with QCD factorisation

- precision of data allowed extraction of :
as(Mz) = 0.119 £ 0.004(exp) £ 0.012(PDF, theo)
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Dijet in Photoproduction: history

e For dijet in DIS: the factorisation holds. " e )
e in p — p collisions (TeVatron) the factorisation is ‘v%
broken. R
g_,_Jet
Look at dijet in Photoproduction g
e Real photon (Q? ~ 0) can develop a hadronic structure o) 0

* H1data
[ ] data correlated uncertainty
E== NLO H1 2006 Fit B x (1+nasr)

ZEUS
2 o W @ ¢ ot L -
! P 300 4
g 200 — —
500
U.IZ | 014 | lﬂ.lﬁl | h.IBI | I1 04 06 08 1
th Xy
Eur.Phys.J. C70 (2010) 15 Nucl. Physics B 831 (2010) 1
Udata/UNLO — 0.58 = 0.21 Why 7 Udata/UNLO ~ 1

Suppression observed in HI.

Suppression has no x., dependence.
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Dijet in Photoproduction: history

Why is the QCD factorisation broken ? / Why is there a difference H1 /ZEUS ?

e Different space phase in H1/ZEUS analyses.

H1: Et > 5(4) GeV
ZEUS: Et > 7.5(6.5) GeV

studies show is not the reason [EPJC(2011) 71:1741]

the measurements are different in an identical phase space.

e Could the contribution of p dissociation be the reason?
Z[PBBBG leé
p() Y

Xip, I Xip, t
p (p) p @)

new analysis, with measured final state proton.

B
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VFPS: Dijet in DIS and in Photoproduction
—m m— i HLVEPS data o AFG y-POF
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VFPS Dijet - conclusion

e DIS in agreement with QCD factorisation

GRVY-PDF == AFG y-PDF
e Factorisation broken in v — p (confirming previous H1 II PEER GG e el
measurements)
. . . . . DIS
e VEPS (i.e. p tagging): not related to p dissociation
e confirms not related to x, value (i.e. direct/resolved) VD
e Double ratio shows no jet E7 dependence
e Double ratio y dependence not described by NLO. Yp/DIS
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5 20F H1 a |
< < Al
b& 15; ......... b& 207
100 1 T ?
F I 3 wu i R

IS)Nl_o

(pr/ 0-D|S)data
(oyp/ GDIS)NLO
T
+—e—+
H+—e—+
(pr/ 0-D|S)data
(oyp/ Op

6 8 10 12 14 02 03 04 05 06 0.7
Ejetl[GeV] y
LISHEP-2015 - LL.Favart — o. 13/17



Photon + jet in photoproduction

LRG: Q% <1 GeV?, zpp < 0.03, E]. > 5 GeV, —0.7 <17 < 0.9, " > 4 GeV

jet 7 jet
, Mx
Mx
Zp
IP- remnant = IP- remnant =
rapidity rapidity
gap a
p ) p | e
ZEUS ZEUS ZEUS
N peepreereees prreroees Tttt R T 5 Ty R A L Y rreen 2 ‘5WW
S * ZEUS (prel) 374 pb" & [« zEus(prel)374 pb" & 40+ ZEUS(prel) 374 pb" ]
-~ | o - -1
-g. Rapgap ] § . r Rapgap ] _g’h ask Rapgap
'y E i3 ER Y l
] F g
- 4 E 25

+ 3 0 1 0
9 10 " 12 13 14 15 01 02 03 04 05 05 07 oa 09 1 0 01 0.2 03 04 05 06 07 08 09 1
E! (GeV) Xy Zp

e Fair description by RAPGAP (Fit B)
e Except at zpp ~ 1 (where Fit B not fitted)
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Exclusive Dijets in DIS

LRG: Q% > 25 GeV2, zp < 0.01, Njo, = 2, P > 2 GeV

e using Durham jet algorithm in v* — IP rest frame in exclusive mode (all
objects are in jets), yeur = 0.15.

e test the nature of the exchanged object in diffractive interactions

e reconstruct ¢ angle between lepton and jet planes

do/d¢ ~ 1+ A(PI") cos2¢  [J.Bartels et al., PLB386,(1996)389]

A > 0 for gq produced from single gluon

A < 0 two gluons exchange. W? 5\p' \

pl
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Exclusive Dijets in DIS
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e do/d¢ fitted in each S bin

® ZEUS372pb™

-0.2- W Two-Gluon (aT+T0)p, = 1.75GeV
Two-Gluon (q G+a3g) p, ., = V2 Gev

| B Resolved-Pomeron Fit B’
—— + = Resolved-Pomeron Fit A

0.4 0.6

02
B

e normalisation discrepancy of
factor two (NLO large ?7)

e A vs ¢: good description by
the two gluon model for g > 0.3
(i.e. towards exclusive dijets).
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Conclusion

Studies based on jet production in Diffraction

the QCD factorisation is confirmed with higher precision in DIS regime

the factorisation suppression that takes place for the dijet diffractive
photoproduction has been investigated further

the new results confirm the suppression factor and
- its independence w.r.t. p-dissociation
- 1ts independence w.r.t. x,

- its independence w.r.t. E%?t.

First photon+jet diffractive measurement - shapes agree with RAPGAP
except in zp.

study of nature of exclusive dijets: two-gluon exchange dominated (NLO
needed).

LISHEP-2015 - LL.Favart — o. 17/17



	HERA - $e-p$ collider at DESY
	Diffractive Scattering
	Kinematics
	Roman Pot
	Factorisation Properties
	Test of QCD factorisation: H1 Dijet in DIS
	LRG: H1 Dijet in DIS - con't
	Dijet in Photoproduction: history
	Dijet in Photoproduction: history
	VFPS: Dijet in DIS and in Photoproduction
	VFPS Dijet - conclusion
	Photon + jet in photoproduction
	Exclusive Dijets in DIS
	Exclusive Dijets in DIS
	Conclusion

