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Overview

Inclusive Diffraction at HERA
— Factorisation in Diffraction

— Experimental techniques

— Data to data comparisons

QCD Fits and Diffractive PDFs

Diffractive dijets in DIS
— Diffractive PDFs from a Combined Fit

Diffractive dijets in Photoproduction
— Suppression or not of the cross section

Summary
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Diffractive DIS Kinematics and Observables
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Factorisation in Diffractive DIS

QCD collinear
factorisation at

fixed x., t

(t)
QCD hard scattering collinear factorisation (Collins) at fixed x,, and ¢

dapartoni(ep — eXY) = fiD(xa QQ’ rp,t) ® d06i<xa QQ)
Applied after integration over measured M, and ¢ ranges
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Factorisation in Diffractive DIS

QCD collinear
factorisation at

fixed x., t X (M) X
Protonvertex ||
S "/ v factorisation PR
—~
Y
(t) p ~ .

QCD hard scattering collinear factorisation (Collins) at fixed x,, and ¢

dapa'rtoni(ep — eXY) = f@‘D(xa QQa rp,t) ® dgei(xa Qz)
Applied after integration over measured M, and ¢ ranges

"Proton vertex’ factorisation of f and Q7 from x,, ¢, and M, dependences

[P, Q% xp,t) = fp,(zp,t) - [17(B=,Q7)
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Experimentally selecting ep —> eXp

I Forward/Leading
Proton Spectrometer

Measure Leading Proton (FPS/LPS)
No proton dissociation
Measure the ¢ dependence

Low detector acceptance
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Experimentally selecting ep —> eXp

I Forward/Leading

Proton Spectrometer
II Large

Rapidity = |
Gap

\ \
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Measure Leading Proton (FPS/LPS) Require Large Rapidity Gap (LRG)

No proton dissociation spanning at least 3.3 <z < ~7.5
Measure the # dependence Kinematics measured from X system,
Low detector acceptance integrate |¢f| < 1.0 GeV?, M, < 1.6 GeV

High detector acceptance — precision
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Experimentally selecting ep —> eXp

ILPS/IFPS Il Large
Rapidity
. Gap
St LLLLL
Measure Leading Require Large Rapidity

Proton (FPS/LPS)
No proton dissociation

Measure the ¢
dependence

Low detector
acceptance
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Gap (LRG) spanning at
least 3.3 <y <~7.5

Kinematics measured
from X system, integrate
1| < 1.0 GeV?, M, < 1.6
GeV

High detector
acceptance — precision

Paul Laycock

— Slope(nondiff) - - - Const(diff) — Fit(diff+nondiff)

* D-PYT-Sang(E,,. > 1 GeV)
I DJG [ SR+Rhop & Sang(M, <23 GeV)

W =200 - 245 GeV
Q°=7-10 GeV*
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How do the three experimental
techniques compare?
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® ZEUS LRG (M\=M ) 62 pb" — Regge fit LRG
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Ratio of Leading Proton / Large Rapidity Gap

—~ ® ZEUS LPS/LRG --- Average fit

8 3=0.020 3=0.065 $=0.217 ~
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o E ] Bt it R j lndependent of QZ, X, p, B
o
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Xip

ZEUS LPS /ZEUS LRG = 0.76 +-0.01(stat) +0.03-0.02(sys) +0.08-0.05 (norm)
- p-diss. background in LRG data: [24 +-1(stat) +2-3(sys) +5-8(norm)]%
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* ZEUSLRG (M,=M)) 62 pb' o ZEUS FPC(x0.83) o ZEUS FPC Il (x0.83)

ZEUS LRG vs ZEUS M,

M, data (My < 2.3 GeV) normalised to LRG (My=m,)): factor 0.83 + 0.04
(determined via a global fit) estimates residual p-diss. background in M, sample

$=0.007 B=0.015 $=0.047 $=0.143 $=0.400
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Xip

Overall agreement satisfactory
Different x,, dependence ascribed to IR suppressed in M, data
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27 GeV? 14 GeV? 8 GeV?

Q%=45 GeV?

c,0G)

o

X

* ZEUS LRG (M,=M,) 62 pb"
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HERA inclusive diffraction

HERA Large Rapidity Gap Data

D
a_ ® ZEUSLRG (M < 1.6 GeV)x0.87
b HILRG | (M, < 1.6 GeV)
o 2 H1 Fit B . . . .
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Q? dependence of ¢ PC)ZEUS M, data

* ZEUS FPC | e ZEUS FPCII
- BEKW(mod) Total
—_ B=0.005  B=0.025 p=0.125 Pp=040  p=0.70  P=0.90  p=0.97
g ).05 g/ / é
s F x =0.65
d- 0 *y/ / ) 2 )
x&).os P §
0
0.05 ﬁ/ / e é .
0 - ""hu“_ $ ]
. a e odi—
0.05 o s -
) / ﬁﬁ/ e — R i 10 07 107 g0t
n Q" (GeV™)
0.05 / v | s B - : : :
. - =% F  Large positive scaling violations up to
0.05 / o || | | high-3 valges implies th.at the diffractive
oo - - exchange is gluon-dominated
0 M | e | it gy, et -
0.05 ‘ g
W | | e || .|
o — ™%, Atfixed B the reduced cross section
0 — —*|—=~——..— [ depends on x,, - these data seem to
0.05 i contradict Regge factorisation
0 |
T T B T B e N (e S U SR TR GRS s Regge factorisation is only a useful

Q2 (GeVZ) approximation but fits made thus far are
insensitive to this mild breaking
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H1 2006 DPDF Fit

Singlet 5
ey [GeV?]
8.5
20
90
800
I[P component: ; :
* Fit ;,(0) (x;p dependence). 02 04 06 08 ° 02 04 06 08
* Simultaneously, fit 5 parameters of z z
DPDFs (f and O? dependences) using H1 2006 DPDF Fit A = ki1 2006 BRDF Fit B
£ | (exp.error) | - (exp.+theor. error)
NLO QCD .| (exp.+theor. error)

2(2.05°) = A1-2)°9 ]| | 22,05 = 4,
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A Closer Look at the High z Region

0.02

We have only singlet
quarks, so DGLAP
evolution equation for F,P .. ..

* H1 Data (x, = 0.01)

0.015 -

0.01 — |

fipp1(Xp) - d 6,03/ d In Q7

0.005 [~
D [ ]
dF2 o -
—== ~ P ®g + P ®X
d1 Q2 2 L% qq 0 [tmreemememmmsnsmimsnizsiziziz
n
. H1 2006 DPDF Fit A
!}m< + -0.005 [ Gluon driven evolution
: ------ Quark driven evolution
I Sum
-0.01 2 =
10 10 1

B
At high g, relative error on derivative grows, g — gg contribution

to evolution becomes important ... sensitivity to gluon 1s lost
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e(k’)

Compare to diffractive dijets in DIS

S T I B B B B = R o N B B B LIS B LRI B

e [ @ ® ZEUS 61 pb" 18F 3

'.é 10°F Corr. uncertainty 3 1.6f (@) c

tu:- 10% = 1'45__ :llllllllllllllI_E

T F E 1.2 I e T

8 1 1 Fomy 3 E

E DISENT NLO ® had. =~ ] °'8:‘“: "w"'-"?'h:.::,_._.?:_. _* oo

L[ — ZEUS LPS+charm fit s | 06 -~

107E" s H1 fit 2006 - A 1 odb 3

F wse0 H1 fit 2006 - B ; - :

102, == MRW 2006 fit 4 % E

B T I VTR RIR e

. M, 2 + Q? E*,,(GeV) E*,,(GeV)

IP MX2+Q2 =) LA L NN LB L L [+ " B N B L B LB LI L B g

£ 450 = g ® ZEUS 61 pb” :

5,. 400 (d) _E 3.5:- (d) Corr. uncertainty

« Compare the ZEUS 5 = N\ o o UL
h P . © 300 EEEEE, 25E = === H1 fit 2006 - B E
dijet data to H1 Fit A E : s O 2086 it ]
and Fit B - f o3 i :

» Best agreement for '50 E ENRN E
. E L .-“-“"ll""\llllll‘llllll““||I‘ll|ll“............... -

H1 Flt B 100 Py B —; 15_ “““"luu!l!’”";ﬂ“_z

« Factorisation holds 50 o E 05F 3
in DIS 0 02 04 '0-I6' ' '0-|8' - : °-<l)' ) 'o.lz' ' 10.141 ' lo.lsl ' 'o.lsl = :
Xy xgPs
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Factorisation holds in DIS

H1
s0F |
M2 + Q2
P M2+ Q2 % 0z 04 06 08 1 0 02 04 06 08 1
—$— H1 data Zp —$— H1 data Zip
--------- H1 2006 DPDF Fit A =1 H1 2006 DPDF Fit B

At low z (< 0.4) Fit A and Fit B are similar

The data are in good agreement with the predictions, consistent with factorisation
At high z,, the data clearly prefer Fit B

Include the diffractive dijet in a combined fit with the inclusive H1 LRG data
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Combined fit of dijet and inclusive data

P B C X,p =0.01
—¢~ H1data 2,(2,Qp°) = Ay279(1-2)~9 5
[a]
—— H1 2007 Jets DPDF e D s
_ F I — H1 2007 Jets DPDF
‘% Lt HA 29 < qu-p;z,jet1 < 50 GeV? 0 102 H1 2006 DPDF Fit A
2t "8 0013, im0 H1 2006 DPDF Fit B
g = ,
=1 Z
S L — . e o0
Niu__{‘o..'\./....l 1 T T T e 102*
-l 2 2 2 - :
& F 50 < Q+p° < 70GeV fe 2% p=0032i=7
g 2: T,jet1 i -
2 f W‘ B=0.05, i=6
N 1[
s | 10 & $=0.08, i=5
LY ?()./'—c--v’v‘ =0.08, i=
r ;Vr(w'"."'_N p=0.13, i=4
1 W p=0.2,i=3
m = aanil aoe L
i L e ey BOEJE
- B=08,i-0 M
10 e 7 il 7:\ I V ! | |
2 3
Zp 10 10 10

Q% [GeV?]
 The diffractive dijet data can be used as an additional constraint in a NLO QCD fit procedure

» Details similar to the inclusive case but can now constrain 3 parameters for the gluon

Very good simultaneous fit of both inclusive and dijet data achieved
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Combined fit DPDFs from H1

—— H1 2007 Jets DPDF = N
I , T 0.2 5
exp. uncertainty > 3
£ ®
l:| exp. + theo. uncertainty N 0.15 "
----------- H1 2006 DPDF fit A
0.1
------ H1 2006 DPDF fit B
0.05
Singlet: |z2(z,0;) = quBq -
0
Gluon
2\ — C
Fit Ar 202 =A((1-979| & g
%:,, 0.2 §
[ -_— ‘0 m
Fit B: | 25(2Qp%) = A N 015 "

Jets: | Z(z, Q) = AgZBg (1-2)C9 0.1

The singlet and gluon are B
constrained with similar
precision across the

whole kinematic range

UNIVERS

ry OF

v ’
ICHEP 08 Philadelphi Paul L k 7 1
C 08 iladelphia aul Laycoc % LI\’ ERPOOL 9




Exporting DPDFs to Hadron-Hadron machines

W

az T H1 fit-2 —+- CDF data

w” F , Jet1,2 .

ool T Hfit3 Ey'*>7GeV When trying to use DPDFs
F (Q%=75GeV?) 0.035 < £ < 0.095

t| <1.0GeV’

extracted at HERA to predict
diffractive dijets at CDF...

10 -
... it simply doesn’t work!
1 L
0L — H12006 DPDF Fit A T
£ — H12006 DPDF Fit B TRy
0.1 1
P

That's a big problem when trying to
make predictions for Diffractive Higgs
production at the LHC
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Factorisation tests at HERA

e’ (k) e’ (k) e (K e' (k)

Use photoproduction at HERA as a

Direct . ] hadron-hadron collider
Less Resolved it
hadron-like® C °  How hadron-like the photon is
More ~  ,F=—  depends on the x, variable
Rapidiy G hadron-like, ] :
ray, 3P * Expect Resolved (low x )to be more
4 p(P) » suppressed than Direct (high x,,
H1 Diffractive Dijet Photoproduction ZEUS
l%l ?grrzf:%d = '2:0R02||-:|Ot>312§r25 g 800~ =} LII:US T b | (a) i
—~ 1000 — . : uncerltalnty _ER NLO . . . . 8 | 7FUS PS,GRY ...
fg; H1 a) "8_11000' H1 b) 1 c.:g:;- 600y - 112008 A, AMG ix 2.87) i
® 800 . % B [ oecenees 41 2006 A, GG3V ix D.87) g
gg& 4|_ _5_ 750 .8 400 412036 B, GV — ZEUS SaW
s ® il 00 /| consistency with
| = - \\\ | ol __ I ............ | no SuppreSSIOn but
S » ® | did confirm the
0 0.2 0.4 0.‘6 0.8 1 0 0:2 0.4 0.6 0.8 1 E B .
gt 8 | absence of
H1 saw that the cross sectionwas ¢ T+ + - . | dependence of X,
suppressed in photoproduction, but . »———
independent of x, § T —

0.4 0.6 0.8 1.
xgbs
U N 0
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ZEUS - W.Slomiriski

E - dependence of the suppression
’ H1-2006-B, GRV

data 'Zp l o I The H1 and ZEUS dijets in photoproduction
NLO 'f" 71 771" analyses have different analysis cuts on jet
0.8 ;; 0 2 - 4 - ET with ZEUS being at higher ET than H1
1 1 1
o orcmmany | Looking at the Data/Theory ratio as a
H1 HERA 99-00 e+ Data / NLO-FRx (135, ) function of jet E; suggests that there is an
s e Erdependence of the suppression

S T ' LIS
o 1
é H1 Diffractive Dijet Production
~ ﬂ 1.5 I
g & | H12006 Fit B DPDF
Q - [ based on H1 data from Al
= EurPhys,J. (2007) C51:549-568 «
8 i /_._._
) 1 AT
:& S ~
Q
2
The suggestion of an E- dependence is even 5 05 ¢ .
. . 2] [
stronger when looking at the double ratio of 2 |
Data/Theory yp / DIS where some systematic | HT
uncertainties cancel % 7 9 1
E *'(GeV)
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Summary

« A wealth of data from both the H1 and ZEUS collaborations using the Leading
Proton, LRG and My methods

— the experimental techniques are largely consistent

* Proton vertex factorisation is a good enough approximation of the data to allow
extraction of DPDFs from NLO QCD fits to 5, O° dependences of inclusive data

« Diffractive dijet data in DIS agree well with predictions of fits to inclusive data

« Diffractive dijet data in photoproduction show evidence of a suppression wrt
predictions that is consistent with

— No x, dependence
— An E; dependence

Combined fit to inclusive and dijet data constrains both the quark and gluon
PDFs to similar good precision2
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LPS vs FPS

— p=0.02 0.06 0.15 0.35 0.7
o
DL [
2 005 - mswsnp|%  The cleanest possible
8 | : °"™ | comparison in principle...
ioomo’o% 0 bonge bs,, o ofs
0
0.05 ; 3 ...butlarge normalisation
tMéi: ‘u‘ow‘sg bogad | f,;nzn; ® |3 uncertainties:
° (LPS:+11-7%, FPS: +-10%)
0.05 | { | | { Ii |3
§e ﬁg{ S
¥ §:a;g§; g | g :
0
i 3
0.05 gg é ﬁ °
; B |3
3% ﬂgg ﬁlﬁ 28 |©
0
10210 %10 ™ 10 °10 %10 " 10 °10 %10 " 10 *10 *10 " 10 *10 %10~
Xip

jsation uncertaintigs
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ZEUS corrected to My < 1.6 GeV with PYTHIA

X,=0.0003
o ZEUSLRG (M,=1.6 GeV) 62 pb”
o H1
+ L{ $=0.267 (I=2)
+ + g$ $=0.433 (I=1)
v
$H { $=0.667 (1=0)
10 10°
Q? (GeV?)

-
o

I
3%x,,0,03)

10

10

'
-

X,5=0.001
y $=0.080 (1=5)
1
B=0.130 (1=4)

iy

é §§ $=0.200 (I=3)

+$§§
4 §§3§
+§§§

} B=0.320 (I=2)

B=0.500 (I=1)
pot b #}
n §

3999 3s %§ ﬁ 3=0.800 (1=0)

i

2
10

Q% (GeV?d)

10

1
3%x,,0,D@)

10

N

-1
10

10

-2

ZEUS LRG vs H1 LRG

X,,=0.003

o ZEUS LRG (M,=1.6 GeV) 62 pb"
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- Remaining normalisation difference of 13% (global fit) covered by uncertainty
on p-diss. correction (8%) and relative normalisation uncertainty (7%)
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5,0(3) (LPS)/ c,0(3) (LRG)

Ratio of LPS / LRG

® ZEUS LPS/LRG --- Average fit

(=0.020 $=0.065 $=0.217
________ [ S N SR— D

$=0.031 $=0.098 $=0.302
________ §-&--- S S - _’__.!._-1-.?---
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-------------- R L]
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The ratio LPS/LRG cross sections
is independent of Q?, x,, B

ZEUS LPS /ZEUS LRG = 0.76 +-0.01(stat) +0.03-0.02(sys) +0.08-0.05 (norm)

- p-diss. background in LRG data: [24 +-1(stat) +2-3(sys) +5-8(norm)]%
H1 LRG /H1 FPS = 1.23 +-0.03(stat) +-0.16(sys)
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H1 2006 DPDF Fit - Overview

I[P component: R component:

* Fit ap(0) (x;p dependence). * Fit n; one parameter for normalisation.

* Simultaneously, fit 5 parameters of |+ Al flux parameters taken from previous H1

DPDFs (f and Q” dependences) using E data. PDFs taken from Owens-pion
NLO QCD. -
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H1 2000 DPDF Fit - Details

* Parameterise quark singlet zX(z,0,?) and
gluon zg(z,0,°) densities, where z is parton
momentum fraction (= f for QPM).

. . B C
« Parameterisation used is |z2(z.0;) = 4,27/ (1-z)~*

and |z¢(=.0)) = 4,0-2“| (gluon insensitive to B,)

* Results reproducible with Chebyshev
polynomials.

* Fit 1s stable with variations of, e.g. B, — the

max

maximum value of f allowed in the fit.

I[P component:

* Fit a;p(0) (x;p dependence).  Fit stable for 0°, . > 8.5 GeV2.

« Simultaneously, fit 5 parameters of

DPDFs (f and Q7 dependences) using| « Fit all data with:

NLO QCD. 0’ 28.5GeV? (and M, >2 GeV, B <0.8)
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H1 2000 DPDF Fit - Results

. Fit A o
Nn 0.2
07=1.75 GeV? T orke
v ~158 /183 d.o.f. 0 —
0.2 |

* Fit B

R
n1 =

P
f‘t.
0.1
- e -
N

Singlet

Drop C, - gluon is
parameterised as a constant at
the starting scale!

x2~164 /184 d.o.f.
0,2=2.5 GeV?

 Quarks very stable

02 04 06 0.8
Z

02 04 06 0.8
Z

[GeV?]
8.5

20

90

800

* Gluon similar at low z

* No sensitivity to gluon at
high z

H1 2006 DPDF Fit A

(exp. error)

.| (exp.+theor. error)

— H1 2006 DPDF Fit B

(exp.+theor. error)

z,(2,Q,2) = A,(1-2)%9

24(2.Qq°) = A
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x,»dependence of ¢ P@
Leading Proton data

First measurement in two t

Same x;, dependence in two t

Low x;p: 0,P4 falls with x,p
faster than 1/x,p

High xp: x,p0,P4 flattens or
increases with xp

(Reggeon and Tr)

31
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Suppression

e (k) e” (k)

p(P)

» |t was predicted that the suppression would depend on the
configuration of the photon in photoproduction - it doesn’t

» |t seems we only need a hard scale to resolve the scatter
« That can be provided by the Q? of the photon in DIS or by the E; of the
jets in photoproduction

* The latter seems to require playing the hard interaction backwards, but
there is no time-ordering of that hard interaction
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