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Diffractive DIS at HERA

Large rapidity gap between leading proton p" and X

e
H1 /2
o A Q
R Zm
Xip
P S p
’ 2 2
Momentum fraction of proton carried  |x,; = 4:(p=p) e 2+ M}g
by colour singlet exchange: 4P O +W
Momentum fraction of color singlet g=" 0
carried by struck quark: x, O'+M,
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P
Diffractive Reduced Cross Section

MO /L (—y+—>aD“”<ﬁQ )

€ dpdQ’dx dt po*
€ " Q2

Relation to F, and F,?:

B
My .
X o 2@ _ 2@ _ Y FP@
IP v - 2 L
D A D 21—y +y°/2)
c”=F" atlowy o’ =F"if F," =0

Integrate over ¢ when proton is not tagged - ¢.”*
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-l Factorization in Diffractive DIS

QCD hard scattering factorization:

" (V'p—=Xp)= Y 1 (x,0% %1 07 (x,0%)

parton i

o”"- universal hard scattering cross section (same as in inclusive DIS)
fiD - diffractive parton distribution function - obey DGLAP,
universal for diffractive ep DIS (inclusive, di-jets, charm)

Additional assumption - Regge factorization:

fiD(xaQZaxlpat) = fIP/p(xIPﬂt) ' filp(ﬂ = X/xlpst)

S/, - POMeron flux factor

£ - pomeron parton distribution function
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FPS proton vs Rapidity Gap

AT |1=§F)>%79( rg(li) | H1 preli Q? . 1 .
g el ereliminary % vs Rapidity gap selection:
ot p=0.01 |p=0.04 |B=0.1 |B=0.2 |Pp=0.4 |Pp=0.65
oo - O7) | 24
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i*ﬁ §$ih ¢¢§§ iEE b E '
005 - ; < < 2
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e T T T FPS proton selection:
° |
e gﬁ;%‘ I ﬁi[ig S o,P@ integrated over
’ 'measured t range
0.05 — } } 15
E..¢ } .......... }iii‘. i§§§§
° = Good agreement
S R R between two methods
‘ U e

0
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2 H1 99 (¥s=320 GeV, prel.)

= H1 99-00 (Vs=320 GeV, prel.) — H12002 6,0 NLO QCD fit (prel.)
e H1 97 (¥s=300 GeV, prel.)

) Overview of g,° measurements
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" Measurement at Low Q2
Test of Regge Factorization

. — gggggm E:E)HR) ;alf)'??it(t%rde)l) H1 preliminary Q . .
% [ [poon [soa [0z s [wase [ps [f:” Fit x,,dependence at fixed 3, Q:
<o | DG)
e A | . % ’ O, (xlpaﬂan) — Z]{z(le)A;(ﬂagz)
IP,IR
Ooswﬂg/iﬁ/‘ﬂ;\i}ﬁl\ﬂ/*/ 2
A, M/WJ\M/ o M| as Regge Flux factor for /Pand /R
NN o
oos- \xw/m‘/\m\\%‘x\\&/ﬁg/ 65 ]FIP( ]P) ‘. x1P20(]P—1
0.05~ 4 \M/\%ﬁ/\ékw/{m&é\\%ﬂ/w/ 8.5 .
0 % : %/ ", Data well described by exchange
i [P [ 2 of [P and IR

4444444444444444444444444444
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o, =1.110+0.020(stat.) = 0.024(syst.) o o (model)
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H1 Diffractive Effective o(0)
e 97 prel (F b=0) 4 99 prel (F P=0)

1.3
- __ Inclusive

1.2 — | —1

op(0)

1.1 —
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Effective a,5(0) vs Q2

Diffractive cross section:
XipF P ~ A(B, Q) x,572

Inclusive cross section:
F, ~ B x"(@)

Effective a,5(0):

> Iower than for inclusive cross
section

> consistent with soft IP at low Q2

» data suggest increase with Q2
but consistent within the errors

> ungertainty due to ignorance of
I:L



III “ | III
I'\I I______-_- - .__."
-u -

arameters of QCD Fit

a Singlet quark and gluon parameterised at Q,°=3GeV? by
Chebychev polynomials, massive charm treatment via
BGF

0 Assume Regge factorization for x,, dependence, a,5(0)
extracted from data, GRV-1r sub-leading contribution at
high Xp

0 NLO DGLAP evolution, fit Medium Q2 data (Q%>6.5 GeV?)

0 Full propagation of correlated experimental systematic and
theoretical uncertainties
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* H1 97 (prel.) y<0.6

° H1 97 (prel.) y<0.6; M,<2 GeV
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H1 2002 6, NLO QCD Fit (F b=0)

* X;p=0.0003 * X z,=0.001 * x=0.003 * x=0.01
Q%=6.5 GeV? Q°=8.5 GeV? Q=12 GeV? Q%=15 GeV?
; \-—4‘\
° (6]
Q%=20 GeV? 2=35 GeV? =45 GeV/
Q%60 GeV Q%90 GeV* Q%=120 GeV? 0?2 107t
2 1 2 -1 2 1
10 10 10 10 10 10

At fixed x,, and Q?:

Data described by QCD fit

dCompare different x,p bins:
=» behavior is similar

=>»consistent with Regge
factorization
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Q? dependence of g °

At fixed x,p and 3:

H1 preliminary

* X,p=0.0003 * X,;=0.001 * x,,=0.003 * x,=0.01

| p=0.0

N

B=0.020
o

dLarge positive scalin

p=0.043 B=0.050 g
/ violations except at high 3

- B=0.067 B=0.080 $=0.130 B=0.167 eGluon domlnated

/ E 7

: * /W‘V/"“/ . .

: - dCompare different x,, bins:
- B=0.200 B=0.267 B=0.433 $=0.500

a et et e 3 scaling violations are

C B=0.667

{

10 10

Q% [GeV?

similar

* H1 97 (prel.) y<0.6

o H1 97 [ 0.6; M, <2 GeV . :
i1 2002 05 MO QCT it (o-0) 2 CONsistent with Regge

factorization
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H1 Preliminary

0.03 - * x,,=0.001
® X,,=0.003
L X,p=0.01

0.02

fipp(Xp) - -d o2/ dInQ°

-l l ?EH%J%%#

-0.01 —

-0.02 —

10 10
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Scaling Violations

dQuantify Scaling
violations at fixed x p
and [3:

oP=A+BInQ?
B=doP/dInQ?

U Large positive Scaling
violations up to 3~0.6
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Comparison with inclusive C

1S

X =001 H1 praliminary

=] k=f) K12 , 1=00200 _
23 e meemnay  Fit Q2 dependence
v #=(LDI032 |, I=04320 -~ 1 .
“:E n.0s% — - E 0.02 - T ::lpfggg; at f|Xed X IP and B.
_:m;s , 1=0.0540 ?_’: * " xp=00
0.0os e ‘b oot | ~ ,
¥=0_000F , 1=0.08a0 — ! } R - a + b InQ
0.0 :L'_' s, z 0 [rommmmemas l ......... 1 EEE{% _________
] U f $ = 0P/ o, isflat vs Q?
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| ————— l |
R ; > similar Q2 dynamics
e s in diffractive and
B R e o T 10 10 ! . .
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" _WT;M‘
_||||| I ||||||||?
" 0 ft;e\fzj

= H1 B7 (prel.)
—— Fltia + b log ©9
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H1 2002 6,0 NLO QCD Fit

H1 preliminary

Singlet

0.2
0.1 ﬂ

z %(2,Q%
2 9(z,Q%

02 04 06 08 1

z

H1 2002 6, NLO QCD Fit
[ (exp. error)
] (exp.+theor. error)

— H1 2002 6,0 LO QCD Fit
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NLO DGLAP Fit - PDF

Gluon

02 04 06 08 1

z

L Diffractive PDF’s:

Bt PDF extend to large

6.5 _
fractional momentum z

v’ Precise measurement of

. quark singlet distribution

v Gluon distribution dominated

v’ Large gluon uncertainty at
%0 high z

= Can be applied to test QCD
factorization in epfinal states
(charm, di-jets) and hadron-
hadron scattering

14



Gluon momentum fraction and £,

H1 preliminary X;p =0.003 H1 preliminary

Na L2 ~  Gluon Momentum Fraction E_, - X=3-2E105';"l3;0-0107

N1 O “ 005

o> 3 -

2y 08 —

N - R — | x=0.00032, B=0.1067 |

N - 005 — T

N OB T e

R -
N: 0.4 ; H1 2002 6,° NLO QCD Fit . x=0.002, p=0.6667

(,3: 02 [ & (exp.error) S S

=~ - [ ] (exp.+theor. error) -

(S B . ‘

E 0 5 10 10°

ke 10 10 , , Q? [GeV?

Q" [GeV7] —— F_D (from NLO QCD Fit)
.......... F2D
Momentum fraction of diffractive F,P predicted at leading
exchange carried by gluons twist - £, is large at
=275 +15% low Q2 and low
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H1 preliminary

= H199-00 (Vs=320 GeV, prel.) — H1 2002 ¢,0 NLO QCD fit (prel.)
v H194-97 (Vs=300 GeV, prel.) - IP only
on)
™
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Q2

[GeV?]

200

400

800

1600

" ["Measurement at High Q2 vs
= Prediction of QCD Fit

dImproved statistics and
kinematical range of new
measurement compared to
previous measurement

=» good agreement

L Prediction of QCD Fit
based on Medium Q2 data

=» good agreement

O Sub-leading trajectory
needed at high x,; and
low [3
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X,p 6,00)
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--------- .
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...... l;
___________ -,
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----- 'l"l‘k‘
Q*=1600 GeV?
T
) Ll
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oL

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

1] —— H1 2002 6,0 NLO QCD fit

(s=319 GeV, prel.)
IP only

extrapol. fit

xtrapolation of QCD Fit:

Prediction of NLO Fit
based on Medium
Q2 data

=» good agreement
with Low and High

Q2 data

d Low and High Q? data will provide additional
constraints on singlet and gluon distributions

M.Kapishin, F2D measurements
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Xp =0.01 H1 preliminary
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d Low and High Q? data will provide additional
constraints on singlet and gluon distributions

= H1 99-00 (Vs=320 GeV, prel.)
—— H12002 5> NLO QCD fit
(Vs=320 GeV, prel.)
extrapol. fit
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xtrapolation of QCD Fit:

X,p G,0G)

Q2 dependence

0.05

0.05

0.05

0.05

0.05

0

Xp = 0.03

H1 preliminary

x=0.00032 , p=0.0107

7

x=0.005 , p=0.1667

x=0.02 , p=0.6667

(Vs=319 GeV, prel.)
IP only

extrapol. fit

---------------- i -'-.'."."."."."_'i'_"_"_'i;
Il Lol ‘ Il | \‘ Il
x=0.002 , B=0.0667 102 103
Q° [GeV?]

® H197 (Vs=301 GeV, prel.)
= H199-00 (Vs=319 GeV, prel.)
—— H12002 6,° NLO QCD fit

Extrapolation of NLO
Fit over an order of
magnitude in Q2

=» good agreement
with Low and High

Q2 data
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dPhoton fluctuates in gg/gqg
long before interaction with
proton

1 Parameterization for dipole-
proton cross section:

v color transparency for small
dipole sizes

v  cross section saturation at
low X / Q2

= Model consistently
undershoots the data

M.Kapishin, F2D measurements
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Colour dipole saturation model
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SCI model
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edium and High Q2 data vs

H1 preliminary
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than original
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Summary

Q High precision measurements of the diffractive reduced cross
section have been performed at Low, Medium and High Q2

0 Data are consistent with Regge factorization assuming additional
contribution from sub-leading trajectory

a Similar Q4 dynamics to inclusive DIS at medium 3

0 NLO DGLAP fit to Medium Q2 data:

v diffractive parton distributions (quark singlet and gluon)

v gluon distribution dominates (75x15%)

v can be used to test QCD factorization in ep and A#h interactions

a High and low Q? measurements are in agreement with QCD Fit
predictions

0 Color Dipole Saturation model undershoots Low and Medium Q?
data

0 Soft Color Interaction model describes Medium and High Q2 data
except at low 3
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