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Overview

Diffractive DIS at Hera

— Kinematics and observables

- Experimental techniques

Factorisation, NLO QCD Fits and Diffractive PDFs
— QCD and the high z gluon

Diffractive dijets in DIS

-~ Factorisation holds in diffractive DIS
— Diffractive Dijet PDFs
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Diffractive DIS Kinematics and Observables
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Experimentally

selecting

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

Low detector acceptance

T A ) z=64,z=80m  Gap _
| ;;;.?ff' @—g———*lllllllllllllllllllllllllllllllllllllll‘;

ep —> eXp

Large
Rapidity

¢

Require Large Rapidity Gap (LRGQG)
spanning at least 3.3 <y < ~7.5

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

High detector acceptance — precision
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Two Levels of Factorisation

QCD collinear
factorisation at

fixed x., t

X
Protonvertex ||
"/ factorisation PR
P —— Y
(t) p N\ o

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

dapartoni(ep — eXY) = fZ'D(ma QQa rp,t)) ® daei(m’ Qz)
Applied after integration over measured M, and ¢ ranges

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

i (2,Q% zp,t) = fpp(apt) - £ (8=, Q%)

Tp’
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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 2006 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/ (1-2)~*

and |zg(z.0}) = 4, (1- z)%|(gluon insensitive to B,)

* Results reproducible with Chebyshev
polynomials.

o U/ o » Fit 1s stable with variations of, e.g. §,,,, — 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 2006 DPDF Fit - Results

: .
sf [GeV?]
- 8.5
| ; 20
------------ ' 9
| : 800
IP component. 002 04 06 08 e N TR TR
* Fit a,5(0) (x;» dependence). z z
e Simultaneously, fit 5 parameters of __ H12006DPDF FitA —_ 12006 DPDF Fit B
) i (exp.error) | - (exp.+theor. error)
DPDFs (f and O? dependences) using 1 (exp.+theor. error)
NLO QCD. _ C _
Q 22,02 = A[(1-2)% || | 2,(2,Q.2) = A,
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DPDFs from inclusive data

* Fit A

[GeV?]
8.5
Q02= 1.75 GeV?
v ~158 /183 d.o.f.
- Fit B 02 2
Drop C,, - gluon is LY — 051 Ve
parameterised as a constant at " | oosF 20
the starting scale! : o
2 05
v ~164 /184 d.o.f. all 025 | 800
Q02=2.5 GeV? o | ob e
02 04 06 08 02 04 06 0.8
Y4 Y4
¢ Quarks Very stable H1 2006 DPDF Fit A — H12006 DPDF Fit B
° GlUOn similar at 1OW z [ (exp.error) | - (exp.+theor. error)
o | (exp.+theor. error)
 No sensitivity to gluon at 5.2 = . (C 207) = A
. Z (z, = -7)™~9 Z (z, =
hlgh =z g( 0 ) g( ) g 0 g
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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 QZ 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
p

At high g, relative error on derivative grows, g — gg contribution
to evolution becomes important ... sensitivity to gluon 1s lost

Diffractive PDFs

Paul Laycock DIS 2008

Page 10



Compare to diffractive dijets in DIS

e(k’)
ek),
Y(@)

——— ————————

Y

p(P)  \ {/

jet1

jet2

M 122 + Q
Z —_
IP MX2 + Q2

We can compare the predictions of Fit A
and Fit B with the experimental
measurement of diffractive dijets in DIS

This process is particularly sensitive to

the gluon at large z

0.25

0.25 |

0.25 |-

H1 2006 DPDF Fit A
0 (exp. error)

= AANY

C W
0.5 N

C NS

- R
05— "N\
)

02 04 06 0.8

(exp.+theor. error)

Z

[GeV?]
8.5

20

90

800

—— H1 2006 DPDF Fit B
- - (exp.+theor. error)
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e(k’)

Q 2
[GeV ]
8.5

20

90

800

02 04 06 0.8
Z

—— H1 2006 DPDF Fit B
- - (exp.+theor. error)

H1 2006 DPDF Fit A
(exp. error)

(exp.+theor. error)

Compare to diffractive dijets

in DIS

— 200
D 5
2
Q.
& 150f
S,
©
n -
100_-
50}
0- .Iln;llnnlnnnlnml
0 0.2 0.4 0.6 0.8 1
$- H1 data Zip
--------- H1 2006 DPDF Fit A

Fit A is in good agreement
with the data at low z,
overshooting at high z
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e(k’)

Compare to diffractive dijets
in DIS

Q@ , — 200
[GeV ] Q0 F
i = H1
i 8.5 i
: o [
“.2)
n O
= -o B L
R 100 [ \IL
C 20 A 5 2
E sof | )
i - ,5‘ e
- 90 0$IIIIIIIIIIIIIIII
L 0 02 04 06 08 1
- —$- H1data Zip
s00 = H1 2006 DPDF Fit B
il eon T o i
02 04 06 08 Fit B is in good agreement
with the data at all z
H1 2006 DPDF Fit A — H1.2006 DPDF Fit B
I (exp. error) -~ (exp.+theor. error)
(exp.+theor. error)
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e(k’)

Compare to diffractive dijets
in DIS

— 200
L 0 g
| = H1
b Q ™
O I
o)
-o AR
i 100 IL
soF 1/ 50 <&
- A [
W - I
/ i
0-@.|...|...|...|."H!_ 1 N P \
0O 02 04 06 08 1 ~ 02 04 06 08 1
—$— H1 data Zp —$— H1 data Zp
-------- H1 2006 DPDF Fit A =1 H1 2006 DPDF Fit B

At low z (< 0.4) Fit A and Fit B are similar / at high z,; the data clearly prefer Fit B

The data are in good agreement with the predictions, consistent with factorisation

Include the sensitive diffractive dijet in a combined fit...
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Factorisation in DIS

H1 d 0.4 2 2 107 —
ata (z, < 0.4) : 100f H1 o  HA
i ° : 2 7
H1 2006 DPDF Fit B R ﬁ__t\_L 2 "
----------- H1 2006 DPDF Fit A L e | -l
50F = ; » g 5 10
- 8 S B
25F
0:-*. 1 1 1 1 1 L L L | 1 1 1 PR T [N TR T S N
Compare the dijet data 0.2 0.4 0.6 22 -2 -18 -16
to Fit A and Fit B for low y 10g,0(X;p)
zpp< 0.4 wheregluonis > = 2 sof
well constrained g 10 F H1 =, H1
Q0 *:.2. 40:_
Good, detailed 3’_ """ = e
agreement between data & g 30F
and predictions L TE ;%
. . . B E 20:_ ))
Factorisation holds in DIS © ! o i
p 2N 3
For more on factorisation 10 5_' | . = - | 'I'
in photo-production see 6 g 10 12 % s 15
K. Cerny’s talk P1 et [GeV] Anjets
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Combined fit of dijet and inclusive data

H1 d 2 B C XIP =0.01
o ata Zg(z’ QO ) = AQZ 9(1-2) 9 & 7
o -
—— H1 2007 Jets DPDF e | ® Hidata
- X I — H12007 Jets DPDF
‘% Lt HA 29 < Q%pfjm < 50 GeV? 0 102 H1 2006 DPDF Fit A
2t L8 B=0.013, =9 H1 2006 DPDF Fit B
Q 4 [ -
=1F 5
Tt A e L% B=0.02, -8
S'Ij_i%O-"':" RPN | ] Ilzﬁzl\l\‘z‘ = 102*
. B =0.032, i=7
% f 50 < Q +pT’iet1 < 70 GeV m B i
2 F W $=0.05, i=6
N 1 -
5! 10 & B=0.08, i=5
© of FE L s e
: /r"’.’—'— B=0.13, i=4
1 W p=0.2,i=3
P
1070 ey o B=05,i=1
| P08 M
2 7 | | ”\ | | ) |
10 ey, —

;10 10 2103 )

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

Diffractive PDFs
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Combined fit DPDFs from H1

H1 2007 Jets DPDF

— D O
- exp. uncertainty %:,, 02 %
l:| exp. + theo. uncertainty N 0.15 )
----------- H1 2006 DPDF fit A
------ H1 2006 DPDF fit B >

0.05
Singlet: |z3(z,02) = 4,257(1- )
0
IC:;iItuX:n 2o(2.Q5%) = Al(1-9)% | ¢ o
%:,, 0.2 g
Fit B: | Z(2 Q) = A, R o1s i

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

Diffractive PDFs
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Summary

A wealth of data from H1 using FPS and LRG methods - no time to show it all!

DPDFs from NLO QCD fits to 8, O? dependences of inclusive data

— (H1 2006 DPDF Fits A+B)
— Quark singlet very well constrained (~5%)

— Gluon constrained to ~15%, but poorly known at high z

Diffractive dijet data agree well with predictions of fits to inclusive data

Combined fit to inclusive and dijet data constrains both the quark and gluon PDFs to
similar good precision

H1 2007 Jets DPDF are our best knowledge of the diffractive partons

Diffractive PDFs
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BACK-UP SLIDES FOLLOW

Diffractive PDFs
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Effective Pomeron Intercept Independent of f and Q¢

From fit to LRG data: a, (0) ~1.118 + 0.008 (exp.) .09 (theory)

1.2F -
- ® Fitwith o (t=0,Q°) [ 4 Fitwith o (t=0,p)
1.175F B

* No dependence of o;,(0)
on O° or f3

1.151 B
* The x,» dependence also 11250 f_—£— ‘
factorises from Q¢ and S : # :

1.1

%p(0)

1.075F —

1.0 b
X;p, t and M, dependences} _ 12006 DPDFFitA

- @ (exp. error)

factorise from the Q2 and B} |

dependences within errors fo " o 10°
Q° [GeV“] B

— Data support Proton Vertex Factorisation

Diffractive PDFs
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t Slope Dependence on 8 or Q??
B measured double differentially in (S or Q) at fixed x,

S gk 0.0002 < xp < 0.03 SgEk 0.0002 < xp < 0.03
7| § ¥ > 7| $
Sef i Sof ’.r'
@ 4t @ f
3F 3f
2F 2F
8f 0.03 < xp < 0.1 8f 0.03 < xp < 0.1
A ® H1FPS A { ® H1FPS
5F 5F
g & | t
3f 3F
2F 2F
15_ | | 1§_ | | 0]
107 107 : 1 10 ,
B Q“ (GeV")

» ¢ dependence does not change with  or Q7 at fixed x,»

Diffractive PDFs
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t dependence from FPS

measurements
B(x;p) from fit to ‘é—g ~ exp Blt|

< 10f ® H1FPS
> | O ZEUSLPS
g i — Parameterisation ..
o 8 » Fitting low x,,, data to
6_— _ '
: B=B,+2a',In(1/x,,)
al .
: yields:
2f
] (e = 0060 GeVE By, =5.5,57 GeV™
10 10 10

xIIT)

* B(x,p) data constrain /P, IR flux factors in proton
vertex factorisation model

Diffractive PDFs
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X,p O,PB)

0.05

0

Comparison of H1 LRG, H1 FPS, ZEUS LPS

Data
: EiES%)P ] , *ZEUS (LPS) and H1 (FPS)
B:o.m( B:DM Y [y Py iGev? Leading Proton Data agree very well
- (P a5 (they agree to 8% cf. 10%
- iy F| By, normalisation uncertainities)
L ? ?
- AN ] meer | My [0 |5 . ZEUSLPS and H1 FPS
i scaled by global factor of 1.23 to
L EG%@D % |65 compare with LRG M, < 1.6 GeV
B g ?% l@g * Very good agreement between
12
i *%E@T i [ Ll Leading Proton and LRG methods
u t after accounting for proton diss’n
é
i : M opad W %&i 25
i

n % L Béy;,.g,-:lﬁ ®# |3 «Both experimental techniques

N R e measure the same cross section

’DFs
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= H1 Data

Paul Laycock

DIS 2008

© ZEUS (Mx) Q?
) [GeV?]
O o005/ B=0.01 |p=0.04 |B=0.1 B=D.2 g: %:;, 65 =0.9
b — @ o“!'!»u iﬁ"'ibo yt% o iﬁ) o 3.5
a
>< 005— % %gi %‘% 6 5
I Q ﬁ Qg .
B “ﬁ iy Shieo, e o
0
005— ? &
SR LT T . &“0 "5 o | 83
005 3 " %B
- §+ %ﬁ 'M C’% ’o.. o &0 15
0
005— I%& %
. . %% ) éﬁn 25
0
005—
:: : 60
- & W] W % fat
10 10'21lo'4 10'2.104 10'2‘104. 10'2;04‘ .10'2.104l 1lo'2‘1o4. ;o'2l
xl P
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Q¢ derivative and gluon/quark

- ratios
it Aoy /or)  gthen 1 _doy’ 1 doy g” g
din Q2 cDdinQ2 ~ ordin Q? ¢ g

Gluon Momentum Fraction
for 00043 <z<0.8

Diffractive 0.7. Inclusive

09 F—— H1 PDF 2000

—
N
xf(x,Q)

Q°=10 GeV

—r
| I

o
o

o
o

xg(x0.05)

H1 2006 DPDF Fit A
(exp. error)
(exp.+theor. error)

H1 2006 DPDF Fit B

10°

Q° [GeVz]

At low x, gluon:quark ratio ~ 70%/30%, common to diffractive and inclusive

o O
N L
Illllllllllll

 Om

o

|dz z g(z,@?) / |dz z [Z+g](z,Q°)

Diffractive PDFs
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Latest Zeus results - M, and LRG

O ZEUSMX98-99 ® ZEUSM

ZEUS

99-00 (prel.) @ ZEUS LRG 00 (prel.)

(GeV?
2.7

14

10°

102

'{’é—‘;' AL LR

ol

- —— D+cexp(bln Mi)

Lol = I | S R | I { By ] | I L1 1 I

<

"E 10 = ¢ H1data (prelim.)
[T [ | Subtracted part
Lﬁ " %24  Diffractive part

2

4 6 8

In M2 / GeV?

Zeus and H1 both comparing
LRG and M, methods

Shown here — Zeus LRG
(blue) and Zeus M, (red)

Reasonable agreement but
ongoing work to understand

the differences

- A wealth of precision data to
add to future diffractive PDFs
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Detailed Comparison LRG v FPS

@ H1LRG/FPS Data

| {II

o(M<1.6 GeV) / 5(Y=p)

e -2 s
© = o v w »
‘

0] - ® H1LRG/FPS Data

;1'3:_’r } I }

01.2_— }

1.4 - ® H1LRG/FPS Data

1.32— i 1 +
1

t ’i i

L. RG measurement
also done with FPS bins

e Form ratio of
measurements as a function

of x5, f and Q?

o(M, <1.6 GeV)

o(Y =p)

10 o2 (GeV?)

=1.23+0.03 (stat.)
+(0.16 (syst.)

M, dependence factorises from x,,, f# and
(0? within 10% (non-normalisation) errors

Paul Laycock
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Effective Pomeron Intercept Independent of f and Q¢

From fits to LRG and M, S 14 ZEUS
data) With Current 5& 135 O ZEUS MX 98-99 (2<M,<15 GeV)
experimental precision: © e ZEUS MX 99-00 (prel.) (2<M,<I5 GeV)
13 __ & ZEUS LRG 00 (prel.) (2<M,<16 GeV)
* Data compatible with no 125l
dependence of «,,(0)
1.2
on O’ (Zeus and H1) or B (H1) - I
L5 + + ﬁ
L _+_ —_— —
* The x,, dependence also L1 +++$_§__+—_¢+=+ ____________________________
. 2 =
factorises from Q- and Los|
* x5, t and M, dependences factorise |
from the O° and § dependences 0951
within errors 0.9 L ' s
10 10

— Data support Proton Vertex Factorisation

Diffractive PDFs
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GrD(3) (/39 Qz’x]P) at le = 001 i(,P=o.o1
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= H1 Data =z (extrapol. fit) © 104 ——— H12006 DPDF Fit A
_ Xp=001 == H12006 DPDF Fit A — (IR contrib.) x& - s (extrapol. fit)
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Q‘ Dependence in More Detail

Fit data at fixed x, x, to T oo
£ H1 Data
D 2 J oo b | 0 Xp=0.001
%h 002 [ | A X,,=0.003
D o) i 1 | Lg xIP=0'01
do : ; !
suchthat |p-_—r - <2 ] I | J { Ty " Xp=003
x C T M
dan T oot [ I } { .
s | ﬁ L % 5|9
. . 0.005 |- . T
Divide results by Jiprp (Xip) ; | ] £ i
to compare different x,, values i T
-0.005
Different x,, measurements agree ; 1
-0.01 —
1(I>'2 16'1 1

Derivatives large and positive... suggests large gluon
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