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Diffraction at HERA

e HERA: An ideal laboratory to study hard diffraction:
e 10% of low-x DIS events are diffractive

/Sep = 320 GeV Can be viewed as diffractive
_-.- ~*p interaction:
) L
e v X
P

Virtual photon " as a probe Why diffraction?

e Inclusive DIS:

) e Diffraction is significant part of oot
Probe proton structure (Fx(z, Q%))

e Novel tool to study soft-hard transition in
QCD

e Low-x structure of the proton
(e.g. saturation)

e Diffractive DIS:
Probe structure of
colour singlet exchange!
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Diffractive Processes in vp Interactions

e All 4 processes can be measured with

; 0,w,0 varying Q°, W, t, Mx, My
H (EL)
P
P yp—\Vp

o large Q*:
————————————————————————— ~* probes diffractive exchange
,\9 }X This talk!
(GD)
P
P Yo— Xp

————————————————————————— e large |t|: perturbative QCD
pP,W, applicable to IP (BFKL)?
Y
“ (PD)
P
Y
- } yp— VY e Q*~0,|t] ~ O
_________________________ similar to soft hadronic diffraction
y I
(DD)
P
- }Y yp— XY Exclusive diffraction (VM, DVCS, ...):

————————————————————————— see talk by Mara Soares!

Diffraction at the LHC, Rio, April 2004 3



Frank-Peter Schilling
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Experimental Techniques

proton B77 B72 B67 Q515558 BA7 Q42 Q303438 B26BIS2Z Q615 [spg
= S -
| | H1
S5 S3 S2 Sl
LPS
Forward Proton Spectrometers Rapidity Gap Selection

atz = 24...90 m

Proton

Measure leading proton

e Free of dissociation bkgd.

e Measure p 4-momentum

e low statistics (acceptance)

Require large rapidity gap

in central detector

Jet 1

NMmazr = — Intan g

o Anlarge when M entral <K Wy

e integrate over outgoing p system

e high statistics (similar: M x method)
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Diffractive Cross section and Structure Functions
In a frame where the proton is moving fast:

e Q> +M3

e TP =8 = Gy = T/

2 Q (momentum fraction of colour singlet exchange)
%

€
2
5 v P = o =
X (fraction of exchange momentum of
X o q coupling to v*, © = xp )
P
~ > t=(p—p)°
- t / (4-momentum transfer squared)
9

D,

roe

4 2 2 D(4
dz p dci gﬁ aQ? — 4571-54 (1 -yt %) Or ( )(ZU]P,t,ﬂ, Q2)

Diffractive reduced cross section o

Structure functions F,’ and F:

D(4) _ D(4) 2 D(4) . D(3 D(4)
or =k, — 2(1_yy+y2/2) Fy Integrated over t: Fy ) = [ dt F,
~ Longitudinal F}’: affects o at high y [y inelasticity y = Q*/sx]
~IfFP =0:0" = F)
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Factorization in Diffraction
Diffractive pdf’s / proof of QCD Factorization for diffractive DIS:

e Diffractive parton distributions (Trentadue, Veneziano, Berera, Soper, Collins, ...):

d2 2 + 'y*p—>p/
O-(x7Q 7x_P7 )

X . . . |
dop dt = >, [P des™ (x, Q% &) pP (&, Q% xp,t) (4higher twist)

e 57 "hard scattering coeff. functions, as in incl. DIS

o p” diffractive PDF’s in proton, conditional probabilities,
valid at fixed z p, t, obey (NLO) DGLAP

Ingelman-Schlein Model (‘Resolved Pomeron” model):

xp,t dependence factorizes out (Donnachie, Landshoff, Ingelman, Schlein, ...):

(_/'2 (/2
v

= ﬂlp X a’ e additional assumption, no proof !
, P P ! p P e consistent with present data if
O - sub-leading IR included

FQD(leataBa Q2) — flP/p(xIPat) F2P(/B7 QQ)

Shape of diffr. PDF’s indep. of x pp, t, normalization controlled by Regge flux fp/,
Diffraction at the LHC, Rio, April 2004




Frank-Peter Schilling Inclusive Diffraction at HERA: Diffractive pdf’s and QCD factorization tests

Recent Diffractive DIS cross section data

4 3 2 4 3 2 4 3 2 4 3 _ 2 4 3 2 4 3 2 4 3 -2
0 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

4 H1 99 (Vs=319 GeV, prel.) H1 preliminary Z EUS
= H199-00 (Vs=319 GeV, prel) — H1 2002 g,> NLO QCD fit (prel.) 5
e H197 (Vs=301 GeV, prel) - extrapol. fit Q ) ZOOOMX:]..Z GevV 3GeV w0 6 GeV 11 GeV 20 GeV 30 GeV
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008~ t/ oo 4..../' 'Su.,./! ~!“"»—/ k/ Soge®, 15 100 a 3 ‘+’i¢ . - . °®® .l };‘I‘! L L E
0 et [ #° i s [S
005 = o M/W\_/h"'s_/{o"r 20 50:”‘\‘7‘”\‘ 507“‘\? oY) EEPRE R ER R M
° r i i : B LI B o
.l | fee] Teesn L\o.—/ L‘*‘—/ Sovage 25 5[ }giiﬁ 25};3i ot Bii T g
° 3 E e tes | : i IS &
Ovozi et e e B B 35 10:"'."!‘!".““‘ 20 Ll 20 | ‘,““‘,““E‘ ”:
F F F F ]
"L e S = S N gﬂﬁ AN
r ’ : ¥ 6 1
005 — P Fe|  Tesege| B | Fpes | 60 [efer s [ ol 1, ol 1. ‘i‘iw A N e
0 0 200 O 200 0 200 0 200 0 200 0 200
o.ozf + - - 5 90 W (GeV)
0.05 — 120
0 s = B . .
wosh 200 e [arge kmematlc range Covered
" - - R T
’ 2 2
oes - R s e 1.5 < Q° <1600 GeV
0 Wy |
0.05 |— 800 o« .
: o, e large stat. precision
0.05 | 1600
| Q1. .
: o e Atlow Q° limited by syst. err.

Xip from diffractive selection
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Forward Proton Detectors: ¢t Measurement

~ 14
‘Y> "~ ® H199-00 (prel.) 2<Q’<50 GeV?
O 50 ® ZEUS 97 (prel.) 2<Q?<100 GeV?
O L ZEUS 95 (prel.)
% measured for —0.4 S t < |t|min 2 oL
Exponential fit to ¢ distribution: 8 % i
do —b|t| o
d|t] ~ € i *
4+ E
b is related to 2 -
the interaction radius: b = R*/4 i
O\\\‘ \\\\\\‘ \\\\\\‘
-3 -2 -1
10 10 10
Xip
«— Energy

In Regge phenomenology expect ‘shrinkage”:
(proton gets ‘bigger” with increasing energy) b = by + 2a’ log ﬁ rp ~ My/ Wﬁp

So far inconclusive ...
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Forward Proton Detectors: ¢ Measurement

positron plane proton plane

/
/
/
/
/
/
/
/
/
/

®: Azimuthal angle between electron
and proton scattering planes

D .rs .
de_ sensitive to o through interf. term: 8
D -
o ~ o7 +eop — 2v/€e(l+ €)oprcos ® — eopy cos 2P
ZEUS
~ 147 — L4r .
-(.3 12 ; 0.00025<x,,<0.02 _(.3 12 ; 0.02<x,,<0.07 Measuref_ asymmetrles
~~ - ~~ - . ag .
3 g0, S f from fit & ~ 1 + Apr cos ®:
~ B \ ~ -
0.8[ 084 ©
2 o6l 2 06+ M A= 0020+ 0.0661002%
= or & O < .
i i 0S5 xp < 0.02; 8~ 0.32
S 04f S 04} ( o g )
02 02| o zEUSGre)er App = —0.005 4 0.05270:048
[ [ TR | [ PR TR L )
% 2 4 s 9 5 4 5  (0.02<zp <0.07; 8~0.1)
@ (rad) ® (rad)

= Interference term small in measured region
[Interesting high 3 region (pert. 2-gluon exch. predicts large asymmetry) not yet explored]
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Energy dependence and a p(0)

Example: ZEUS LPS data Diffractive effective a,,(0)

e H1 e ZEUS
D ZEUS Q? O H1 prelim o ZEUS prelim
5., 0% B=0.007 B=0.03 B=0.13 B=048 | (Gev?)
Uy 2% 20 o 13
Tomt | St | el N = - T__Inclusive
0.08F —_ -
0.065— c -
0.04E 3.7
0.0g:— -+
0,06 T—
002F s ‘. ,i \.;i \é\g;\{.o.
o.og:— ] 1T
0.0GE— \&\LL 135 [ P N T
04F ¢ :
o S o S| e, ! soft IP
e
o ZEUS(re)o7 o E ; \§\ 39 1 B e
—  Reggefit ook $ ¢ . o 10 -1 1 10 102
0 POTEETITY BRI I | PRETTTT BT et | PEEETITT BT BT AT |
10 0% 10" 10? 107 10? 2 2
Xip Q [Gev ]
Fit to = dependence: Indications for increase with Q~ ?
D 2 1\ 2Pt 2 Naive expectation o (0) = 2 a'2¢(0)
PP (zp, 8, Q%) = (55 A8, Q) p P P

fails in DIS region?
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Xp G,0G)

Comparision diffractive vs inclusive: 3 or x dependence

0.05 —

0.05 —

0.05

0.05 —

0.05

0.05

0.05

0.05

0.05

0.05

L] L]
Diffractive:
Xp =0.01 H1 preliminary
Q%=1.5 GeV? Q%=25 GeV?
7: M
Q%=2 GeV? Q%=35 GeV?
L e 0 *
A,
| Q*=25GeV? Q%=45 GeV?
Fha, . s 3 ’T."—r"\
Q%=3.5 GeV? Q%=60 GeV?
T A AaA A A FJ\FL\
| Q*=5GeV? Q%=90 GeV?
~ Adddaa —Ti_i\
| Q°=65GeV? Q%=120 GeV?
- Aveeaty j
| Q’=85GeV? Q%=200 GeV?
- AT A — il
) 3
| Q*12GeV? Q%=400 GeV?
L M """
[ 3
\\\HH‘ | \HHH‘ L1 Ll
2_ 2 - -
| Q*=15Gev 1072 107t
7 w
® H1 97 (Vs=301 GeV, prel.)
Q%=20 GeV? A H199 (Vs=319 GeV, prel.)
[ = H1 99-00 (Vs=319 GeV, prel.)
~ | /.“T'—-"‘“ —— H12002 6,0 NLO QCD fit
Ll LI [ RN LIl _
3 n (Vs=319 GeV, prel.)
10 10 [

extrapol. fit

= Only weak 3 dependence! Similar to photon ...

N O

Proton:
HERA F,
T Q%=27Gev? [T 35Gev® [ 45Gev’ [ 65GeV?

| Ml Ml | [ | Ml | Ml T Ml Ml Ml [ | | Ml Ml
N 85Gev? [T 10Gev® [ 12Gev? [ 15 Gev?
: ﬂg\: cxi%\: TR :
| | | L 1 [ | L | 1 [ | | | 1 \\
2Gev: [\ 27Gev?

ve

Y

L | | L [ | L | L1 | |
-\ 45Gev? [ B -\ 90Gev?
[ % [ : :
Il i | i Il i Il i i Il i Il i Il i Il i Il i Il i
B \ 120 Gev? B 10 -3 1 10 -3 1
I I —— ZEUSNLO QCD fit
L L —— H1PDF 2000 fit
i i o H196/97 » BCDMS
i i = ZEUS 96/97 E665
L1 il il L1 [ W NMC
3 3
10 1 10 1
X
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Comparision diffractive vs inclusive: Q* dependence

. . Proton:
Diffractive: ZEUS
- Xp=0.01 H1 preliminary
g’ x=3.2E-05 , f=0.0032 x=0.0008 , 3=0.0800 % « | x=0.008 | x=0.021
o 005 L | |
o = -
o B R <
x it AM f
0l e L ‘
x=5E-05 , B=0.0050 x=0.0013 , B=0.1300 L ,
0.05 = 3 N ® ZEUS9/97
B . es 051 ¢/ O H194/97
it W A Fixed Target
L P ——  NLOQCDFit
X=8E-05 , $=0.0080 x=0.002 , B=0.2000 3 ~ MRST99 3
L CTEQSD |
0.05 - Ol vl v el i el il il
. é}.. M L x=0.05 L x=0.18
7 L L
0 1+ L
x=0.00013 , B=0.0130 x=0.0032 , B=0.3200 I I
0.05 - | |
N M g [
0 ™ =0.0002, B=0.0200 x=0.005 , B=0.5000 2
0.05
- “f#— N PS Su—— [ I
e Ol il Cod il el el
0 ™ =0.00032, B=0.0320 x=0.008 , B=0.8000 L | x=0.65
0.05 — I "
L 0.2 -
x‘m\ \L‘-!—I_. ..... e L |
a ¢
0 L \\\HH‘ L \\\HH‘ | [ [
x=0.0005 , 3=0.0500 10 102 i i
0.05 Q?[GeVY 0.1F T
L <X} ® H1 97 (Vs=301 GeV, prel.) [ |
I}A A H1 99 (Vs=319 GeV, prel.) I I
0 [ HH\‘ [ \HH‘ . (| ™ H199—00(\/5=319Gev,prel.) [ |
10 10 , H1 2002 g,> NLO QCD fit OF | | | | | |
Q? [GeV)] (/52319 GeV, prel) Cvd vl vl vl vl vl il el il

1 10 100 10° 10*1 10 10° 10° 10*
2 2
Q° (GeV?)

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

= +ve scaling violations to highest 8: Gluon dominated!
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Ratio Diffractive / Inclusive: Q2 dependence (H1)

D(3),  ~2
. . . O z,Q°,x
Logarithmic Q° dependence of the ratio 2~ - ((x 22) P) ~ Ar + Bgrlog Q°
T )
_ X =0.01  H1preliminary T,Z p H1 Preliminary
E 0.05 x=0.0002 , 3=0.0200 —_
5 . 7/ © o002 - T * x,,=0.001
a,_ ~ 0 x,;5=0.003
o o -
o o0s | X70-00032, p=0.0320 o S ® X,p=0.01
X ~ -
— —e 3 -2 = N L
O 0.01 [
0.05 I x=0.0005 , 3=0.0500 E
. O E }
T U S S { ______________
0.05 x=0.0008 , 3=0.0800 -D r
L A 0 I $
e T o A& I
005 | X70.0013,B=0.1300 X 001 - }
| -, I
s — z - {
0.05 I x=0.002 , =0.2000 0.02 |
: - [ )
0.05 x=0.0032 , 3=0.3200 |
[ T S -0.03 1
10 10 1
005 | OO0 P08 Low g: rel. flat: B
i — ratio of diffr. to incl. g(x, Q?) constant
=0.008 , 3=0.8000 .
0.05 \ — diple models (IF o gipoie x R)
L] L] ASIB:]_: falling:

2
10 10

Rleevy Q*-suppressed higher twist (pert. 2-gluon exchange)

R e o — DGLAP evolution (gluon radiation)
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ZEUS

Diffractive / Inclusive:

8 M, <2GeV | M, =8-15GeV .
I | { - i Ratio from ZEUS
= i
hL §
© o ‘e A -
B SRR ' i ﬁ ﬁ #
002y y v oy} v* - XX 3 # Similar features observed:
% ;‘ & *; ; ’; Ll | | | | . 2 .
B M =2-4GeV | M, =15-25Gev |  ° 11ttlle Q BC;ependence athigh Mx
i i ~ low
0.06 — =
: ! & t
o ﬁf 4 " - e strong (negative) Q* dependence
R j‘ at small M x
0.02 - S L R ﬁ % .
ISR N S S S (N hlgh ﬁ)
O M =4-8GeV M, =25-35GeV
0.06 - 7ZEU251(5 ;elégs-?g 20 GeV*?
| i " 82;3'-1; w20:40(32v2
i i #“ i N 823 I()(3><\/z120-330<3ev2
0.04 - 1}£ v Q=106
ﬁ*# v é vxob :
0.02; L ¥ * ) ¥ T '
L [ N O I O O R BN

50 100 150 200 250 50 100 150 200 250

W(GeV)
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Prerequisite for NLO DGLAP QCD fit:

0.1
0.08
0.06
0.04
0.02

0.1
0.08
0.06
0.04

0,03 / fo(X;p)

0.02

0.1
0.08
0.06
0.04
0.02

— rising for 3 — 1 atlow Q”

Precise H1 Measurement of 3, Q% dependences

H1 preliminary

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

a2 ?=6.5 GeV? Q%=8.5 GeV? Q%=12 GeV? Q%=15 GeV?
giiii B e v Hi 30 e
SRR IY wtd® ¢ S0
i Q%=20 GeV? Q%=25 GeV? Q?=35 GeV? Q%=45 GeV?

3 P
— ] ¢ (3 1)

- oy gégj \ i’g&& ) i.!i.z $5¢ ii
E Q%60 GeV? Q°290 GeV” Q*=120GeV? g% 107

2 [ iﬁg { { iL

10?7 107 10?7 10" 10?7 10*

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

Bdep:n~ 3 ei(a +d)

— x p dep. taken out: factorization holds for zp < 0.01

0.1

0.05

0.1

0.05

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

H1 preliminary

do/dIn Q% ~ a, ® gP (8, Q%)

— positive scaling violations expect for largest 3 (gluon dominance)

[ p=0.013 B=0.020 p=0.032 p=0.043 B=0.050
e ¢ é‘i‘ 0y ts
L ]
T B=0.067 3=0.080 3=0.107 B=0.130 B=0.167
[ ii
L s .l; ppe .
L *® L * «® * é.“ ‘.IO.
T B=0.200 B=0.267 3=0.320 B=0.433 B=0.500
- (X Y
- ¢‘§.§O‘§§} o '.00. *.i.“éi *‘ .oo"! y ;o‘; $
[ B=0.667 B=0.800
- 3 " ;} ; * H1 97 (prel.) y<0.6
D ook gaty o H1 97 (prel.) y<0.6; M, <2 GeV
— | 1 H1 2002 ¢, NLO QCD Fit (F_D=0)
10 10° 10 10°
2 2
Q" [GeV7]
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NLO DGLAP QCD Fit (H1)
QCD Fit Technique:
: 9 H1 2002 o D NLO QCD Fit
e factorize f(xp)f(z, Q) r HL preliminary
e Singlet > and gluon g S Singlet S Gluon %2 2
parameterized at Q2 = 3 GeV?® 5 o2 N [GeV']
: N - > - 6.5
e NLO DGLAP evolution ",:,] 01 i/\ N -
e Fit data for o I
Q2 > 6.5GeV?, My > 2 GeV .
e For first time propagate exp. and | m i 15
theor. uncertainties ! e i
0 [ s s s \
PDF’s of diffractive exchange: 02
. - 90
e Extending to large 01
fractional momenta z - L e
e Gluon dominated 02 04 06 08 1 02 04 06 08 1
: 4 z
e > well constrained H1 2002 6,0 NLO QCD Fit
e substantial uncertainty for gluon B (exp. error)
at highest . 1 (exp.+theor. error)
. : : —— H12002 0,0 LO QCD Fit
e Similar to previous fits r
16
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H1 NLO QCD Fit: Gluon fraction and F”

Longitudinal F}’:

Integrate PDF’s over measured range: D I D I 9 D 2
FP ~ 82 |CLoFY +CL oY, e} 207 (2, Q%)

H1 preliminary

X;p =0.003 HI1 preliminary

O_’ : ]%rug.réll\/iinlentum Fraction D_l B xz3.2l§;05‘;“[§:o_o1o7

2 1 AR T R R, LL 0.05 7

> F <
N il . x=0.00032, B=0.1067

NO6pH—
e} ' 0.05 =

— O 4 | e
”8 s H1 2002 o,> NLO QCD Fit

i 0o | B (exp.error)  x=0.002, B=0.6667

Nl T (exp.+theor. error)

o i et S

N g e
% 10 102 L L ‘

= 2 2 2

Q" [GeV] 10 10
. . . Q® [GeV?]
Momentum fraction of diffractive exchange _
i — F. D (from NLO QCD Fit)
carried by gluons:
.......... |:2D
(k== 15% = Fg large at low Q?, low 3

Diffraction at the LHC, Rio, April 2004 17



Frank-Peter Schilling

Inclusive Diffraction at HERA: Diffractive pdf’s and QCD factorization tests

Extrapolation of QCD fit to high )*

Xp =0.03 H1 preliminary
x=0.0032 , p=0.1067

Xp orD(S)
o
3
[

0.05 —
___i_}T* ....... *i ......
0
x=0.02 , 3=0.6667
0.05 —

0 \\\\\\1‘ L \\\HH‘ L
10 103
Q*[GeV]

e H197 (Vs=301 GeV, prel.)
= H1 99-00 (Vs=319 GeV, prel.)

—— H12002 g,0 NLO QCD fit

(Vs=319 GeV, prel.)
----- IP only

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

Xp G,DG)

0.05

0.05

0.05

Xp =0.03 H1 preliminary

QZ:ZOO GeV?
...... L
o, [ T B
___________________ .-l'L';'
Q2:400 GeV?
e L . ...
___________________ !.";--
Q2:800 GeV?
Q2=1600 Gev?
..i'_...,""'
N o
-1
10 l

= H1 99-00 (Vs=319 GeV, prel.)
---------- H1 2002 ¢,0 NLO QCD fit
(Vs=319 GeV, prel., extrapol.)
----- IP only

New diffractive
cross section data for
200 < Q? < 1600 GeV?

Well described by evolved

pdfs extracted from
lower Q? data

Diffraction at the LHC, Rio, April 2004
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Jet and Open Charm Production in Diffractive DIS
Test QCD factorization by applying dpdf’s to final state cross sections ...

(Q?: Photon virtuality
W: ~*p CMS energy

*
- &/? - Y M x: mass of diffractively
Q° c, — produced system
Jete M, =
c M5 = v/: mass of two jets / c€ pair
o jet M 2 7r2
W Z|P g X x - Q _|_MX
C)/ P — QQ _|_W2
momentum fraction of diffractive
X I — exchange w.r.t. proton
P/ p
P P _ Q*+M7,

— P = QM
momentum fraction of diffractive exchange
entering hard process

— High sensitivity to diffractive gluon distribution!

e high pr jet production
e ¢ — D" Meson production
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NLO Calculations for Diffractive Final States

e So far mostly LO Monte Carlo programs with parton showers used
e QCD factorization: Hard scattering cross section same as for normal DIS
e NLO important to describe non-diffractive Jet production

—s use standard NLO programs for jets and heavy quarks in DIS (O(a?))

Diffractive DIS Jets: Diffractive DIS D™:
Use DISENT (Seymour) Diffractive version of HVQDIS (Harris,
c.f. Hautmann [JHEP 0210 (2002) 025] Smith) by Alvero, Collins, Whitmore

[hep-ph/9806340]
Calculate NLO cross section at fixed x p by

running with reduced E, = xpEp nom. x jp, t integration numerically
Use diffractive pdf p;,p(z, ©?) NLO Calculation in massive scheme
Mul. w/ flux fp(zp) = [ dtfp(zp,t) Peterson fragmentation

Data integrated over x pp:
"2 p slicing” Both Interfaced to H1 diffractive pdf’s
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NLO Comparisons with Diffractive DIS Jets

Data:

H1 Diffractive Dijets (prel.)

Published H1 data: H1 .I:It 2002’ l-lr:p-%-, IJ.?:4O GEVZ
[Eur. Phys. J. C20 (2001) 29]

4 < Q%<8 GeV? 0.1 <y<0.7, o L * H1 Data p ,,>5(4) GeV
N <QO 05 Y 2 600 = DDISENT NLO *(1+3, )
e CDF L GV 0 - e DDISENT NLO

Jets: CONE, PT jet > e g a -+~ DDISENTLO

N B
But: NLO unstable if pr; ~ pr2 T 400 - l
— Data corrected to pr 12y > 5(4) GeV o . ]'

S -
NLO Calculations with DISENT: B : *

200 _—* *
py = P, by = 40 GeV’ - i
Aégcp = 0.2 GeV (as in QCD fit) A C T 4"._
Hadronization corrections applied o Dr bl L Lo
) ) O 02 04 06 08 1

Inner band: 0.25u; ... 4u. (jets)
Outer band includes unc. in hadr. corr. ZIP
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NLO Comparisons with Diffractive DIS Jets (cont.)

e Cross section differential in zp H1 Diffractive Dijets (prel.)

H1 fit 2002, p2=p2, 12=40 GeV’
e [.O Calculation too low,

e NLO, corrected for hadronization:
reasonable description in shape 200
and normalization

shape of data not reproduced 2 600 [ * H1 Data pT,1(2)>f(4) GeV
(note: w/o parton showers!) - - == DDISENT NLO *(1+5, )
% - DDISENT NLO
S o - -+= DDISENT LO
e Size of NLO correction on N B
average factor ~ 2 (due to low jet pr) 3 400 1
o - ol
O -

1
|
n
1
1

e Renormalization scale unc. ~ 20% - | | | . =TT
O T [ [ [ [
, O 02 04 06 0.8 1
e Not shown: pdf uncertainty ets)
(gluon at high zpp) ZIP
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NLO Comparisons with Diffractive DIS Jets (cont.)

H1 Diffractive Dijets (prel.)
H1 fit 2002, W2=p?2, 12=40 GeV*

L -+ HlDatap,,>5(4) GeV < 29 C
) - E DDISENT NLO *(1+5, ) & -
Q i DDISENT NLO s 2 -
e Further Cross sections: S 10 ly T POENTEO = i
Ng :¢+ 2 15 - *
= L + 5 3 o * """"" i %
o 1 5 * ¥ g ] _ *
- aka - o5 LHL T *
e Size of NLO Corrections 0 M o b ‘ ‘ o
decreasing with Q2 20 40 620 280 100 150 200 250
(and pr ,not shown) Q" [GeV] WiGeV]
= : = 200 |
o C bl & i
o = JIRY T o) % L
X 2 e R c_ts/\'—:|.50 —
= 10" T — i
(o2 C sy + S V r
° - ; : o i
o e S 100 | +*
e Reasonable agreement S 1, * = i * -
o = : [ ieeegeess 3
with NLO calculation F f 50 | ¥ .- _ #
1 I | ‘ I | ‘ I ‘ I | ‘ L1 O ;\*\-\.\ ‘ | ‘ L L1l ‘ I 1:“:\‘:;-.4‘-'\.-"
25 -225 -2 -1.75 -15 1 -05 0 05 1 15
OglOXIP n jets
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Diffractive Open Charm in DIS

Use D* — Dgry — Knmg

ZEUS

<3

nmax
e ZEUS (prel.) 1998-2000

— Backgr. wrong charge
N(D" - KTUr) = 261+/-22

[
a1
o
T T T T
P S—

Combinpations/l MeV
[

0 Il Il Il Il Il Il Il Il Il
0.14 0.15 0.16 0.17

M(Kmr) - M(Km) (GeV)

1.5 < Q* < 200 GeV?
rp < 0.035
pr.px > 1.5 GeV, |np+| < 1.5

So far measurements statistics limited

Entries per MeV

0.14 0.15 0.16 0.17
M (Kmtrg) - M (Km) [ GeV ]
2 < Q% < 100 GeV?
pr.px > 2 GeV, [npx| < 1.5

Diffraction at the LHC, Rio, April 2004

24



Frank-Peter Schilling

Inclusive Diffraction at HERA: Diffractive pdf’s and QCD factorization tests

NLO Comparisons with Diffractive DIS D* (H1)

NLO Calculations with diffr. HVQDIS:

Hy = py = Q7+ 4m;
AHep = 0.2 GeV (as in QCD fit)

Peterson Fragmentation: e = 0.078
me = 1.5 GeV, f(c — D*) = 0.233

Inner NLO error band: O.25,u2 e 4,u7%
Outer band also includes

-1.35 < m. < 1.65 GeV (£12%)
—-0.035 < € < 0.100 (+21/ — 7™%)

Good agreement in shape and
normalization within uncertainties

Size of NLO correction smaller
than for dijets

— 500
450

400
350
300
250
200
150
100

do / dlog,,Q° [pb

50 |

— 200
180
160
140
120
100

80

do/dng. [pb

60
40

20

H1 Diffractive D (prel.)

H1 fit 2002, u*=Q*+4m?

® H1 Data
E DHVQDISNLO
- DHVQDISLO

0.5 1 1.5 2
log,,Q° [GeV’]

do / dx,, [pb]

do /dp*; . [pb/GeV]

10 "
10 e +
I — ‘ I — ‘ L1 ‘ I — ‘ I —
0 2 4 6 8 10
P*r o [GeV]
10 '+ *
10 I | |

0.01 0.02 0.03
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g p

Diffractive D* in DIS (ZEUS)

ZEUS

2 104 e ZEUS(pre) | S 40 |
i 10 = 1998-2000 S ck
s o NLoLAcTw. L& E e Theory: gluon dominated
) = e 2 B . . .
s 107 13<m<16GeV | B op - pdf’s from inclusive fits

f 20 %_ (ACTW), interfaced to

10 "= - .
- E 3 E % NLO matrix elements
I 5
10 - E
Bl ‘ L1 ‘ L1 ‘ [ B0 ‘ I | ‘ I | ‘ || . . .
0 02 04 06 08 0 001 002 003 e Differential cross sections
X well described by
IP .

_ — 5 . calculation!
s ¢ T 45 -
e 8.4
g 835 fﬂ%
’e = zzg 1 i
O A2 D 25
E 107 2 2 - 1 = Support for QCD
S b E 1 factorization in
3 L 05 -~ ! diffractive DIS!

[ T [ [ | | O ol Y B N I I

0.5 1 1.5 2
log,,(Q%) (GeV?)

50

100 150 200 250
W (GeV)
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Diffractive Dijets at the Tevatron (CDF)

Use pdt’s to predict hard diffraction in pp:

a e Serious breakdown of
oR 7 HL fit'z feth;DF data factorization observed if
0L 2H1 fit-3 , B >7GeV HERA pdf’s transported
E (Q=75GeV") 0.035 <& <0.095 to TEVATRON:
|t]<1.0GeV?
10 | - e Prediction based on H1 pdf’s
; one order of magnitude
above CDF data
1k
e Also observed for other
— H1 2002 0,0 QCD Fit (prel.) pI‘OCQ'SSGS: . .
0.1 IRonly __ Relative rate of diffractive
— I”oil - 1 processes ~ 1%

B

Due to presence of second hadron in initial state?
Spectator interactions/rescattering effects break up p, “rapidity gap survival probability”
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Understanding Factorization Breaking at the Tevatron

For Example:

Fo(B)

Model by Kaidalov, Khoze, Martin, Ryskin
(KKMR)

Soft rescattering corrections
of spectator partons

quark / gluon
| B e Py/ P
(Small / Large o, )

ol I I I I I L

1 1
0.04 0.06 0.08 0.1 0.2 0.4 0.6

B

Reasonable description using
HERA pdf’s + rescattering corrections

[Two-component eikonal model]
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Dijets in Diffractive Photoproduction (Q? ~ 0)

Real photon ~ hadron: Look at HERA in photoproduction ...

e e’

Real photon may develop hadronic structure

v remnant A . .
— similar to hadron-hadron interactions

jet
: x~: Momentum fraction of photon entering
the hard process

e x., = 1: Direct interaction, similar to DIS

e x., < 1: Resolved interaction, similar to
hadron-hadron scattering

e Does QCD factorization also work in diffractive photoproduction (although not proven)?
e Is there a dependence on x?
e Can factorization breaking w.r.t. Tevatron be understood?
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Dijets in Diffractive Photoproduction

H1 data:

Q% < 0.01 GeV?% 0.3 < y < 0.65
zp < 0.03

Jets: incl. kr algo.

pr12) > 5(4) GeV

Monte Carlo comparisons:
LO ME + parton showers: RAPGAP

2 2
IU/T:pT

e New 2002 LO fit describes data
very well

e Old “H1 fit 2” too high, but
large uncertainties

do/dZEs (pb)

600

400

200

H1 Diffractive yp Dijets

- ® H1 Preliminary — H1 2002
| correl. uncert. Fit (prel.)
u -« H1 Fit 2
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Dijets in Diffractive Photoproduction

e Cross section as a function of T~

—~ 600
e New 2002 fit describes direct and _QO
resolved contribution o
—r
2
. . ()
Direct comparison DIS vs yp: "= >.400
X
S
(M odel> b
Dat
Data Tp 1,25+ 0.30(exp.)
odel) 200
( Data / DIS

Within uncertainties no suppression
of vp w.r.t. DIS diffractive jets

H1 Diffractive yp Dijets

. @ H1 Preliminary
|| correl. uncert.
— H1 2002 fit (prel.)

directy

O \ \ |
Independent of fit 0.2 0.4 0.6 0.8 ¥ jetsl
(NLO Calculations being worked on...) Y
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Conclusions

HERA-I has told us:

e Diffractive DIS at HERA: Investiage quark/gluon structure of diffraction
High precision HERA data in large kinematic range available
Diffractive pdf’s of proton have been determined at NLO

[ ]
[ ]
e Comparison with jets/charm: Self-consistent QCD picture of diffractive DIS to NLO
[ ]

Does factorization also hold in diffractive photoproduction? (Need NLO calc.)

From HERA to the LHC (via TEVATRON):

e HERA-II to provide a lot more data
(in particular using the H1 VFPS)

e Understanding of factorization breaking mechanism ep vs pp needed

Need diffr. pdf’s in kinematic range relevant for LHC!

e Can diffractive pdf’s + non-factorizing mechanism be combined in a sensible way to obtain
predictions for the LHC (e.g. diffractive Higgs)?
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