s, -+ :|EPSHEP 2013
International Europl

A 10D
— g T

Recent H1 results on Diffraction

S. Levonian, DESY

e Measurement of Inclusive Diffraction in DIS )
(abstract 53) DIF- E.I

fraction@
e Diffractive Dijets and QCD Factorisation H1 l;.l

(abstracts 50,65)




] HERA: TheWorld'sOnly 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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2 Diffraction at HERA

B Fundamental aim: understand high energy limit of QCD (gluodynamics; CGC ?)

B Novelty: for the first time probe partonic structure of diffractive exchange

B Practical motivations: study factorisation properties of diffraction; try to transport to
hh scattering (e.g. predict diffractive Higgs production at LHC)

Q2+M2
QZ (momentum fraction of colour singlet exchange)
e
_ Q> — =
A T N
x (fraction of exchange momentum, coupling to v*)
1P
P& P (My) t=(p—p)>
¢/ (4-momentum transfer squared)
Experimental methods: Proton LRG HFS! Electron
1) selecting LRG events
2) detecting p in Roman Pots s -

(60 — 220 m from IP) FPS, VFPS



3 Factorisation propertiesin diffraction

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 Inclusve DDIS: H1LRG Data Samples

Data Set ()* range Proton Energy | Luminosity
(GeV?) E, (GeV) (pb™1)

New data samples

” max

Empty gap e E 1999 MB 3< (_g: <25 02( 3.5

___________________ : M 1999-2000 | 10 < ) < 105 920 34.3

p' DD [] = .éhﬁ‘TE 2004-2007 | 10 < Q* < 105 ' 336.6
IEV1Oously publisned d

1997 MB 3P <135 820 2.0

1997 185 2 % <105 820 10.6

1999-2000 | 133 < Q? < 1600 920 61.6

L [H1 Coll. EPJC28 (2006) 715]
e Statistics increase: 3 to 33

Typical precision: 1%(stat) @ 5% (syst) @ 4% (norm)

H1 Large Rapidity Gap data

e 597 data points averaged to 277 measurements 8 “SE qus< 108
lterative x? minimisation with full error correlations E ;f: H1
x?/NDF = 371/320 "3
20%—
e Total kinematic range: 15E
10F
3.5 < Q% < 1600 GeV? o
4 - - - 4
0.0017 < B8 < 0.8 p

0.0003 < zp < 0.03 =) No large tension between data sets



Inclusve DDIS. LRG vsp-tagged methods

X,»=0.01
N OIPHl LRG (M, <1.6 GeV) —— H1 2006 DPDF Fit B Compare LRG and FPS cross sections
[ © HIFPSHERA-IX12 e (extrapol. fit)
E | peooos (et Ratio LRG/FPS:
B o. B=0.008 (I=10)
E = s B=0.013 (I=9) o(My <1.6GeV) —
: 2 "°’_ G B=002(=8) o(Y=p)
» = = =
LT 003 (= 1.203 & 0.019(exp) £ 0.087(norm)
5 . . B =0.03 (I=7)
= _.%-""M B =0.05 (1=6) (1.6%) (7.2%)
: . =u. = ° 0 © 0
. _o-...s-o-/"rv—'—
3 - C-/”(’/M’,_,o,_ B =0.08 (I=5)
; P ©  p=013(=2) _ | | h
i O./MOM_
- ories mm) Experimental control on the
= T T i amount of proton dissociation
[ B e :
T o B =05 (=1) in LRG data
; ____________ . - o r
S e S S ) )
L L L IIIII L L L IQIIIII2 L L L L - NOQ Orﬁdependent
10 10

Q? [GeV?] differences observed



6 Theoretical Approachesto DDIS. Partonsvs Dipoles

® [nfinite momentum frame: partons ® Proton rest frame: dipoles

N N E———Y ¢

FF(3,Q% EW:E DGLAP

T

® Factorization is assumed. ® |ong-living quark pair interacts
; with the gluons from the proton.
FP = fo(ep,t) FF(8,Q) : P

bt * 2 2
P 2:' . dcr;iff/dt o /dzdr gl G T
Tp T
e Diffractive parton densities can be
derived. ® Direct relation to inclusive DIS.

® |ncorporates saturation dynamics.

® No extra parameters for
diffraction are needed.



Inclusive DDIS.  Confronting Data and M odels

,
X,»=0.003
g " ® HLLRG(M_ <16GeV) —— H1 2006 DPDF Fit B COmpare H1 and ZEUS LRG data to
- B <16GeV)  =m==- (extrapol. fit) . .
o [ rEmememmeen e H1 DPDF Fit B and Dipole model
X 102 § B=0017(=8)
_00. - e - B=0027(=D) _ .
L7 Normalisation difference of ~ 10% between
' . ... B=0043(=6) L L
[ o okttt H1and ZEUS— within norm. uncertainties
10 _ _ .
: g et PTO0TCD of each experiment
1 Dipole model describes better low Q? trend
. B =0.27 (I=2) . .
e DPDF is better at higher Q2
101 B =0.43 (I=1)
E B =0.67 (1=0)
L1 m=) New precise data challenge models
102+ :




8 Inclusve DDIS.  Extracting Pomeron trajectory

e Regge fit to LRG cross section:

‘FQD(S) 2, ,ITp) = fp/p XTp FQP 2, ‘|‘n1Rf]R/p Xp FQJR Q27

_ tmin 6BZP>]Rt
fP/p,B/p :IjP o teut xQOéPJR(t)—ldt
P

e Mean value of the Pomeron intercept:
ap(0) = 1.113 £ 0.002(exp) 2922 (model)
e No (? dependence observed

e Consistent with other determinations

e Supports proton-vertex factorisation hypothesis

ap(0) — consistent with ‘soft IP’
op < 0.1 1s typical for ‘hard /P’

apr(t) =oapRr0)+ O/P,]Rt

—~ 12 ey ——y —
\O, | [ ) H1 LRG (M <1.6 GeV) (exp.+model) ]
& XXX XX -
S 1.18 B “9se H1LRG 1997 (M,<1.6 GeV) (exp.+model) ]
i H1 FPS HERA-II (exp.+model) ]
116 ZEUS LRG+LPS (exp.+model) i
i LR ]
i 000K 1
114f- .
B “z:?::k:f:z: SEBENS S 1
S SR 55 1
1.12 -
1.1 -
1.08 - -
1.06 - | | -
2
10 10 5 5
Q° [GeV7]



9
ZEUS-1993
([)/‘OB T T T T T T T T T T T T T T T T T T T
- RCAL ‘ BCAL ‘ FCAL ‘ (b)
¢ o ZEUS data
© Monte Carlo
102
o p T
/‘ T
| ’_‘ |
-2 0 2 4 6 8
7 mox
0.20 T T T T T T T . :
o < 0.0008
' 0.15 + /ZEUS ]
0.10 + ]
0.0b¢ 1
0.00 P
0.0008 < xp < 0.003
0.15
0.10 + + +
0.05 + +
O'OOO ‘ Z‘O ‘ 4‘0 ‘ 6‘0 ‘ 8‘0 ‘ 100

Q% [GeV]

First observation
of diffraction in DIS
1992 data, 24.7 nb—!

20 years of Diffraction in DIS



20 years of Diffraction in DIS

9
0103 e Current Hl status * HLVFPS Preliminary ©  HLLRG Published x 081
= RCAL‘ BCAL ‘ FCAL ‘ (b) O H1FPS Preliminary H1 2006 DPDF Fit B x 0.81
2 e ZEUS data 0 H1LRGPrelminaryx081 =----- H1 2006 DPDF Fit B x 0.81 (extrapol.)
e Monte Carlo oosk #0017 p=0027]  p-0043|  p=0067] p=0110] p=0170] p=0270] B=0.430| GB=0.670
107 . . . 004700003 - —;ﬂ?-‘
scaling violation up to @ »
| f P 0.0614,=0.0010
very large =xO0 004 &
B e y large 3 ( ) o . @ 2 | | | | LRG
f 0.06=0-0030)
0.04F ‘EME
L (YU OO o L O Ll st il IO
1L ® ook 0002 =0.004 =0.007 B=0.011] B=0.022 B=0.045 $=0.089) p=0.178 B=0.355 B=0.708
O+ o0 x,70010 1]
~2 - 0 2 4 6 8 b& 002 ] 0@ ow® out? oA | e | poomen® | _ o000 | -~ ~Todgoy
7) mox X oosk 0013
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' T T T T T <000 007 e Lo B LB P o S I o D
.
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0.04]
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0.04]
005 ] °re st |08 oo | e | e | st et | eeedd] -t
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: 002 F st __D.E/E/ra —_—M [
015 + 006k %,=0.050 . [
0.04f g 32— o_m
o + + oo} .- LB _JZI—M ___, J—— FPS
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First observation
of diffraction in DIS
1992 data, 24.7 nb—!

10 QZ [GeVz] 10

e Compelling confirmation of the NLO QCD picture of diffraction
over a wide kinematic range. Clear candidate for the textbook!

e Diffractive PDFs can be determined from these data. Are they universal?



10

QCD Factorisation holds in DIS regime (EPJ, C72, 2012)

da/dlog, () [Pb]

Py

10°

10°

10

QCD Factorisation Testsin Diffraction at HERA

two central jets

H1

| + H1FPS Data
E = NLO Fit 2007 Jets
[ = NLO Fit 2006 B

3 $
i

o

........... gy
-2 -1.5

log, ()

da/dz,, [pb]

o))
o

0]

one central + one forward jet

H1

| + H1FPS Data
[ = NLO Fit 2007 Jets
| NLO Fit 2006 B




10

QCD Factorisation holds in DIS regime (EPJ, C72, 2012)

two central jets

'9: F
oy | + H1FPS Data H1
><E—L 10° E & NLO Fit 2007 Jets
s E = NLO Fit 2006 B
>
o I e
=) L
) 107 F $
S i
10

R a

20 S S—

0 2 15 1

log, ()

da/dz,, [pb]

o))
o

0]

) 0.5 1

QCD Factorisation Testsin Diffraction at HERA

one central + one forward jet

| + H1FPS Data H1
[ = NLO Fit 2007 Jets

[ NLO Fit 2006 B

However, it breaks down at Tevatron ...

1
10

Tevatron vs HERA

e CoF
F—— H120020,0QCDFit(prel) e
——  QCDfittoZEUS97 data

Tl

=l



10

QCD Factorisation holds in DIS regime (EPJ, C72, 2012)

two central jets

'9: F
oy | + H1FPS Data H1
><E—L 10° E & NLO Fit 2007 Jets
s E = NLO Fit 2006 B
>
o I e
=) L
) 107 F $
S i
10

R a

2 S — S—

0 2 15 1

log, ()

da/dz,, [pb]

o))
o

0]

) 0.5 1

QCD Factorisation Testsin Diffraction at HERA

one central + one forward jet

| + H1FPS Data H1
[ = NLO Fit 2007 Jets

[ NLO Fit 2006 B

However, it breaks down at Tevatron ...
...due to soft remnant rescattering (S ~ 0.15)

1
10

Tevatron vs HERA

e CoF
F—— H120020,0QCDFit(prel) e
——  QCDfittoZEUS97 data

Tl

=l



10 QCD Factorisation Testsin Diffraction at HERA

QCD Factorisation holds in DIS regime (EPJ, C72, 2012)

two central jets

one central + one forward jet

g i o 600
oy | + H1FPS Data H1 ‘% L t H1FPS Data H1
><E—L 103 E = NLO Fit 2007 Jets _g_ M. z::g ?: zgg; ;ets
3 [ NLO Fit 2006 B B 400 '
(@)] o
B
s 10°F !
o 1
10 E ) 1 L L R j i\
R 5 ) oF
I ............. e ¥ . [ ‘
> 1% ) Og 0.5 1
l0g, (X,p) “
However, it breaks down at Tevatron ...
...due to soft remnant rescattering (S ~ 0.15)
Tevatron vs HERA
— ™~
(&) P
o 3 ® CDF
W ooz H12002 0,0 QCD Fit (prel.) — l?P R
——  QCDfit to ZEUS 97 data X;
i -
> M
10 ]
B
B Py
P
10 13

=l

= Test it in photoproduction:

e(k) e(k) e(k) e(k’)
Vgéc’)’ el () I~
jet i : remnant
o M )
! ' xXr '
20 B 1 ix(PX) 5 jet |
! jet Mo P
remnant | Zr &° (v) L
Xip
GAP remnant
Xp Gap
p(P) Y (P)
€)) p(P) (b) Y (PY)

direct, =, =1 (DIS-like)  resolved, =, <1 (hadron-like)



10

QCD Factorisation Testsin Diffraction at HERA

QCD Factorisation holds in DIS regime (EPJ, C72, 2012)

§_ F
oy | + H1FPS Data H1
><E—L 10° E & NLO Fit 2007 Jets
s E = NLO Fit 2006 B
>
S [ e
=) L
) 107 F $
S i
10

R a

20 S S— .

0 2 15 1

log, ()

two central jets

da/dz,, [pb]

one central + one forward jet

However, it breaks down at Tevatron ...
...due to soft remnant rescattering (S ~ 0.15)

Bl
10

Tevatron vs HERA

® CDF

F—— H1200200QCDFit(prel) e

—— QCDfittoZEUS 97 data

600
| + H1 FPS Data
| = NLO Fit 2007 Jets H1
400 | 7 NLO Fit2006 B
i\
2t
0o 0.5 1
Zp
\
P
X
RNy
J
B
_/
P
p -
p

do/dx, " [pb]

= Test it in photoproduction:

p(P)

1000

500

(a)
direct, ., =1 (DIS-like)

e(k) e(k)
- y* (@)
jet |
J ‘M, :

LIXPY Ly

v) !
remrant |

GAP

Xip

Y (P)

p(P) (b)

2010 publication

e(k)

remnant

(u) :
jet:
jet | Ms XY

W)

remnant

Y(P)

resolved, =, <1 (hadron-like)

g 500 -
(a) | § :
S

e ZEUS diff dijet yp 99-00

ZEUS

energy scale uncertainty @
ZEUS DPDF SJ

DPDF exp. uncert tainty
= == H1Fit 2007 Jets x 0.81

02 04 06 08 1

. Y
EN® > 5(4) Gev

xlets

S ~ 0.6

'12'

> 7.5(6.5) GeV
S~ 1.0




1 VFPSDijets. Data Sample

sl — Al
-~ «--*"/'/" ¢ h
i
FPS1
Pdiff .
VFP52

Statistics: 4800 dijet events after all cuts

Data unfolded to the level of stable hadrons
using TUnfold program (Singular Value Decomposition
of the responce matrix)

Results are compared to LO Monte Carlo (Rapgap)
and to NLO QCD calculations (Frixione-Ridolfi)

e Scales: p, = py = ES"
e DPDF H1 2006 Fit B and GRV-HO ~-PDF used

e 2006/07 e*p data, £ ~ 30 pb~!
e Leading proton measured by VFPS

e Untagged photoproduction
(e escapes in the beampipe)

Phase-space definition

Q2<2 GeV*
0.2<y<0.8
k ;. jet algorithm:

EF?>55(4)GeV
_1<njetl,2<2.5

Diffractive:

0.010<x,,<0.024
t|<0.6 GeV*

M,=M,




12 VFEPSDijets:  Differential crosssection in xz~ and zp

+ H1 VFPS Data + H1VFPS Data
=== NLO H1 2006 Fit B x 0.83 x (1+3har) === NLO H1 2006 Fit B x 0.83 x (1+Onaa)
------ Rapgap ------ Rapgap
o) a B ..
2 H1 Preliminary ! H1 Preliminary
- 1000 o
= N 1000 -
2 kS,
© o)
O ©

500 500

opara/onro = 0.67 £ 0.04(stat) £ 0.09(sys) £ 0.20(scale) & 0.14(PDF)

Suppression factor is independent of ., contrary to theoretical expectation
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do/dEX" [pb GeV]

VFPS Dijets:

Differential cross section in Egretl and (n?€t)

+ H1VFPS Data
=== NLO H1 2006 Fit B x 0.83 x (1+0hadr)

do/d (™) [pb]

------ Rapgap
= H1 Preliminary
102 | _*_
= ]
F .
B I
10 ‘ __
1 " 1 1 1 " 1 " 1 " 1 " 1
9.5 10

14.5
EX" [GeV]

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

H1 Preliminary

— RN
=
'I""'"" | EE
1 0 1.
<T]jets>

e E dependence of the suppression cannot be excluded within large uncertainties

e Rapgap MC predictions are too low as compared to the measurement



14 Summary

B Precision measurement representing a final H1 word on inclusive LRG
cross sections in DIS is publised based on full HERA 1+1| data

B These data provide new constraints to QCD models and support proton-
vertex factorisation hypothesis

B Dijet diffractive photoproduction cross sections with proton tagged in VFPS
are measured, and found consistent with previous (LRG) measurement.

B Gap survival probability = 0.67 4= 0.10(exp) =+ 0.24(th) with no evidence
for the difference between resolved and direct processes

B Some features of these new measurements reveal a complicated interpay
of soft and hard phenomena which still represent a challenge for theoretical
models of ep diffraction.



Extra slides



15 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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1-B) . X5 o,"9/o,

0.02

0.02

0.02 |

0.02 |-

Ratio of Diffractiveto I nclusive cross sections

e H1LRG (M_< 1.6 GeV) — H.l 2006 DPDF FitB =~ ===== (extrapol. fit)
Yy T aiaia Dipole Model )
X,=0.0003 X,5=0.001 X,=0.003 X,5=0.01 X,=0.03 %evz]
TR e o5, feaees! toenet Tl 35
e - 9_-;9"‘»‘ ;I".!?I’ ;lﬂh | - i_i?_g; | 5
. e - cettes - t_;v!i‘..‘ 65
- RN ooste EMI S S 8.5
S SR caset, c*otqns {”—1‘—‘ 12
SRt $eeen, beteses brran 15
- - Y oteeey m 20
g ;_\ foma, Freese, gray | 5
\ o Y M *
- ==y | e 45
N '.'t\ - % 60
. = | }7}?‘\, 90
o t*t\, 200
‘:g’ 400

L L L L A A L L A A L o A A L
10* 10° 10' 10% 10° 10! 10* 10° 10! 10* 10° 10" 10% 10° 10?

X

Ratio Diff/Inclusive cross section
Is approximately flat in
except of highest 3 regions

Ratio of quarks to gluons
Is similar in diffractive

and inclusive DIS
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—— H12007 Jets DPDF Diffractive PDFs extracted from NLO DGLAP fit, using Regge factorisation
- exp. uncertainty
|:| exp. + theo, uncertainty ZEUS
—— H1 2008 DPOF it A L DA B B L T B B
L 2 _ 2 ] 3 2 _ 2
=== H1 2008 DPDF fit B R 0.04- Q=6 GF‘J | % 004+ Q" =20 GeV .
[ — ZEUS (prel.) DPDF C incl ] i
= = L - -ZEUS [pral) DPDF G incl FFNS [
:: L& g 0,03 L. ---H120008 <081 ol ]
r ]
% 'E! L E Tl 1
N 015 ] ﬂ_ ﬂ_{ﬂ;k_fff’;f:i \ _:
0.1 ] ‘
0.01157 0.01f \—
0.05 - - ‘g
% 02 04 06 08 1 % 02 04 06 08 1
0 z z
_ _ R Q% =6 GeV?
E X L FEUS [prel.) DPDF C incl ]
= g 0.6 - -ZEUS (prel) DFDF Gincl FFNS | -
3 E - --H1-20068 x 0.81 1
= = I,
L] L] _|I|,‘ ]
0.4 - .
L \\-.‘_-“ J
02 e e ] .
u [ | | | | QI‘\I}\‘ |-
1
z

Diffractive PDFsasdetermined by H1 and ZEUS

nmp Combine H1 and ZEUS measurements to improve precision
nmp Determine DPDF (eventually without Regge factorisation assumption)
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| nter play of soft and hard contributions

q
sz,;:w<ﬁ

szw/

q

Yr 9

vr (2 = 0.5): (r}) ~ (2(1 — 2)Q* + m2)~" =~ 1/[(Q/2)* + m]]
v (2 = 0;1): (r]) ~ (2(1 — 2)Q* + m7) ™' ~ 1/m]

Small dipole

Large dipole

TABLE I: Interplay between the probabilities of hard and soft fluctu-
ations in a highly virtual photon and the cross section of interaction
of these fluctuations.

hard

hard

le;|3 Ou |Giw= L [ﬂ“!z’ﬁu O = L |Cﬂlzﬁgi
a=safr w=xofi
Hard| ~ 1 |~ 7 ~ 51 ~ gi
2
o o "‘%r ¢ mEE




