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Diffractive DIS at HERA

Study QCD Structure of high energy diffractionusing Y*p — X p

Standard DIS Diffractive DIS

€
)
ﬁ p
XIP
pi NS P A P
i/

Probe proton — F, Proton

Probe the Pomeron — F.,P
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Diffractive Kinematics

Q*=-(e—€) =—¢
t=(p-p")’
X ,B = Xquark/IP

S —
]N XIP - XIP/ proton
XBjorken = IB D(IP
Y
p & p

ep - exXY 2 2

| do _Ana (1 y+y_)JrD<4)
Cross section: dBdx.dt  BQ* 2

y?
Reduced Cross Section: Oy ' = F, - > FPW (679 =F7if F?® =0)
1+(1-y)
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Measurement at H1

ep - C'Xp'

Rapidity Gap

Require Large Rapidity Gap

Kinematics measured from X system and e’
Integrate over t and M, <1.6 GeV
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+ H1 99 (Vs=320 GeV, prel.) H1 preliminary
= H1 99-00 (Vs=320 GeV, prel.) — H1 2002 0,> NLO QCD fit (prel.)

e H197 (Vs=300 GeV, prel.) - extrapol. fit [QGZ V2]
™ e
o D(3) QDO, L o[0T [B=004 [B=01 |02 |B=04 =065 |p=09 | jp
Overview of o, & | 2
measurements at H1  <.. = * e w4 25
o.ogf W . I T e s z‘lz 3.5
/O.Og' AdA - asaaa-] Ak, | Asaaaa ARy fasa ‘Q 5
~ 4 , , I
New data at Low Q?, / =3.4pb 00 s | Mt [WE | 65
o.o;s)— P I I s %}N\/zﬁg 8.5
005  ar L My, e | Bk, 12
New H1 Measurements at Low o .
d High Q? o SR IS NSNS N o
an 9 o.ogf P -, o NS P 20
0'037 Pl frr|  Poseee] i;\~_/ i‘\._/ Sev0ge 25
:
Good agreement between "ok Tl e e e e e |
measurements. "L e e e e .
0.05 8, St Seoan e | 60
. 0 e
Data well described by o5 D N
QCD Fit (more later) 005 o el | 120
0.05— L - - — 200
0 a1
0.05— " - _— _ 400
. — (0] Wy
New data at High Q?, / =65 pb™ o] ST R R
0.05— 1600
fo 10 0 %010 0 G0 10 T0 %0 10 F0 %0 10 10 10 10 T0 To 10 %0 ?
Xip
EPS Aachen 2003 Inclusive Diffraction at H1

Paul Thompson



T ——

QCD Hard Scattering Factorisation for Diffractive DIS (Collins)

-At fixed xgp,T, Diffractive Parton Densities p(x,Q?) evolve with x and
Q? via DGLAP equations

Regge Factorisation

-shape of diffractive PDFs independent of x; and t

-Regge motivated flux factor g B
fIP/p(XIP) = "-Wdt
t IP

Y* cut

oly’p-Xp) = f(xst) O p(B,Q°) O 4&(8,Q%

EPS Aachen 2003 Inclusive Diffraction at H1 Paul Thompson

Factorisation of ¢ 2® . ...

6



Test of Regge Factorisation

A H199 (Vs=319 GeV, prel.)

® H1 97 (Vs=301 GeV, prel.)
----- IP only

H1 preliminary
— H12002 ¢,b NLO QCD fit (prel.)

2
- Q
A, 3=0.0
_ _ @) =0.04
XIPFZD ~ A(,B’QZ)le A o
<
0.05
Fit x;p dependence at
fixed B and Q2
Avoid F, y<045 0 o
-4 -3 -2 4 3 -2
10 10 10 10 10 10
Xip

Data well described by exchange

of Pomeron and Reggeon a,p(0) =1.173+0.018 (stat )
x?/ndf =0.95 +0.017 (Syst.) "y o (Model)
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Effective ap(0)

Possible increase with Q2?
Limited by ignorance of F,

Data inconclusive

Effective a;(0) at large Q?
greater than for soft IP

a;p(0) lower than for
inclusive cross section

XIPFZD ~ A(ﬁ’ QZ)X =)

|:2 ~ By (@®-D

H1 Ditfractive Effective a,,(0)

e 97 prel (F P=0) 4 99 prel (F b=0)
—~ 1.3
= ~ ~ Inclusive
& B - as e
c -
1.2 — 1 ?
: ’/' ——
1.1 — soft IP
- 0< FLD < FZD
1 . L . T R A
2
1 10 10
2 2
Q" [GeVT]
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3 Dependence

H1 preliminary

* X,5=0.0003 * X;=0.001 * x,=0.003 ¢ x,=0.01

of o,P

Divide by fp(X1p)

Compare different xqp
bins

B dependence relatively flat

-> Gluon dominated

Structure similar
at all values of xqp

-> supports Regge
factorisation

/-a_ 0 1 C 2 2 2 2 2 2 2 2
008 E Q%=6.5 GeV Q%=8.5 GeV Q%=12 GeV Q%=15 GeV
N ~
0006 [

@ 002 i— e s }$ﬁ§#§ _— éii;g et o
D“ 0.1 ; 2 2 2 2 2 2 2 2
o 0.08 % Q%=20 GeV Q%=25 GeV Q2=35 GeV Q%=45 GeV

0.06 X

0.04 | gy ¥t LMY am'gr, e ::*}g s ié%

002 '

0.1 ; - 2 24 2 2_ 2 - -1

008 |- Q%60 GeV Q=90 GeV Q?=120 GeV 10 10

0.06 — { B

0.04 ;— é iﬁ% { { Ei

0.02 {

- 2 1 2 1 -2 -1
10 10 10 10 10 10
* H1 97 (prel.) y<0.6
° H1 97 (prel.) y<0.6; M, <2 GeV
H1 2002 6,> NLO QCD Fit (F,0=0)
IP 2\ — 2 2
F"(8,Q%) =B &p(xQ%
i
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* X,,=0.0003 * x,=0.001

Q? Dependence of g,P

H1 preliminary
* X,p=0.003 * x,,=0.01

—~
o | p=0.013 B=0.020 B=0.032 B=0.043 B=0.050
3% -
0.05 |-
y— " A é $§§¢ ;Su‘
-~ L ]
™ 0.1
a © B=0.067 =0.080 =0.107 =0.130 B=0.167
© o5 [ » ‘ii
- _e® ‘ci" ‘o" é’i‘“ ¢o".‘
0.1 F
© B=0.200 B=0.267 =0.320 p=0.433 B=0.500
0.05 (X 3 (LF X
- ¢.§.!¢‘§§{ ¢“.“‘ #.i.“¢§ *“..ﬁli i‘!.‘i i
01 -
© B=0.667 =0.800
0.05 i;u.,;;} s * H1 97 (prel.) y<0.6
- oe SRR L ° H1 97 (prel.) y<0.6; M, <2 GeV
| 1 H1 2002 6,> NLO QCD Fit (F,0=0)
10 10° 10 10°
2 2
Q" [GeV7]
IP 2\ — 2 2
F,7(8.Q%) =B & p(x,Q%)
[
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Divide by f1p(X7p)

Compare different
X1p bins

Large +'ve scaling violations
except at highest (3

-> Gluon dominated

Scaling violations
similar at all
values of Xip

-> supports Regge
factorisation
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0.03

0.02

0.01

fep(Xp) - d ap/dInQ*

-0.01

-0.02
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Scaling Violations —

H1 Preliminary

* x,,=0.001
* X,,=0.003
o xIP:O.Ol

Inclusive Diffraction at H1

Quantify Scaling violations...
Divide by f1p(X7p)

o’ =A+BInQ’

do®

B= !
dInQ?*(c?)

Large +'ve Scaling
violations until B ~ 0.6
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- X;p = 0.01 H1 preliminary
© x=0.0002 , $=0.0200
~ 0.05
D - W&&/
oh
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o 005 T
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L ety e
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s o ® Y
— hd L}
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0.05
——— .
| — T
=0.008 , $=0.8000
0.05 — \N\.\‘
[ ‘ | | I ‘
2
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* H1 97 (prel.) )
—— Fit(a+ b log QY
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Comparison with inclusive DIS

H1 Preliminary

0.02 ° X|P=0.0
X|P=0.0
* X,p=0.0

X=Xp L

0.01

-0.01

fppXp) ' -d/dInQ? (5,0 /5,)

-0.02

-0.03

01
03
1

10 10

1

B

FitR=a+bInQ? ob/c.~ flat vs Q2

Similar Q% dynamics?
Inclusive Diffraction at H1
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Diffractive Parton Densities ...
H1 2002 oD NLO QCD Fit

H1 preliminary

z 3(2,Q%)

02 Singlet Na sluon Qevyy “FiT data: Q%> 6.5 GeV
i/\ o 65 -M,>2 GeV (leading twist)
0.1
-~ N 0 -xp/Regge factorisation

-DGLAP evolution
> _LOfit:y<0.45

-NLO fit: F ®>and full
propagation of errors

90
I -Diffractive PDF
02 04 06 08 1 02 04 06 08 1 Gluon dominated
S ? -Extend to large z
H1 2002 o, NLO QCD Fit
[ .
= (exp-eron z: parton momentum -Large uncertainty on
.| (exp.+theor. error) ) .
fraction w.r.t. IP gluon at high z

—— H12002 6.0 LO QCD Fit
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H1 preliminary

—~ 1.2
NO’ Gluon Momentum Fraction
- - for 0.01<z<1
R St
: -
(@) B
RS
~ i
N 0.6 [
S
— 04
& - H1 2002 o,b NLO QCD Fit
< - [ (exp. error)
N 0.2
= - [] (exp.+theor. error)
N O R |
% 10 102
— 2 2
Q" [GeV]

75+15% diffractive exchange
carried by gluons
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QCD Fit

JE——|

X» = 0.003 Ijl preliminary

& -
D_| - X:3.2E-_’Q5,,’_—B':O.0107
L 05
A
X L
_ x=0.00032 , $=0.1067
005
x=0.002 , 8206667
0.05 —
- Ly

2

10 10
Q° [GeV~]
—— F,D (from NLO QCD Fit)
.......... F. D
2

F P predicted at leading twist

-> large at low Q% and low 3
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H1 preliminary

= H199-00 (Vs=320 GeV, prel.) — H1 2002 ¢,> NLO QCD fit (prel.) QZ
v H1 94-97 (Vs=300 GeV, prel.) - IP only
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New Measurement at High Q> ...

Improved statistics and

[GeV] kinematic range of 99-00

measurement compared
with 94-97

-> Good agreement

Prediction of NLO fit to
medium Q? data

-> Good agreement

Subleading trajectory
needed at high x;, and
low 3
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Xp =0.03 H1 preliminary

x=0.00032 , 3=0.0107
0.05 —

X, 0,0G)
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10
Q° [GeV]
e H1 97 (Vs=301 GeV, prel.)
® H199-00 (Vs=319 GeV, prel.)
H1 2002 ¢,0 NLO QCD fit
(Vs=319 GeV, prel.)
----- IP only

.......... extrapol. fit

Q? Dependence at high x;p

Extrapolation of the
fit over an order of
magnitude in Q2 Il

->Good description of
the data

Inclusive Diffraction at H1 Paul Thompson 16



X, = 0.03

H1 preliminary

Q%=20 GeV?

Q%=120 GeV?

Q2=4$ GeV? Q?=800 GeV?
______ i
Q%=60 GeV? Q%=1600 GeV?
i‘\
\‘ | \\\HH‘ | [
2_ 2 -2 -1
Q%=90 GeV o 10 1

e H1 97 (Vs=301 GeV, prel.)
= H1 99-00 (Vs=319 GeV, prel.)

2
10

H1 2002 ¢,0 NLO QCD fit

10 1 (Vs=319 GeV, prel.)
B ----- IP only
---------- extrapol. fit
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B Dependence at high xp

Meson exchange has
negative slope

<— New data at high Q2 will

provide constraint to
future fits
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X;p =0.003 H1 preliminary

5 | oeiscev Q%15 GeV?
B Dependence at low x5 = o o
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nl el el il
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102 107! ,— H1a,> NLO QCD Fit (prel.)
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Summary

O New measurements from H1 at low and high Q?
Data will provide further constraints for fits and models
Hap(0) in diffractive DIS larger than soft Pomeron
0 NLO QCD fit yields PDFs dominated by gluon to large 3
Q Similar Q? dynamics to inclusive DIS at medium f3

High Precision measurement of F,P3) combined with
QCD factorisation theorem:

tools for pQCD to provide complete description of
diffractive final state as for inclusive DIS?
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