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Diffraction at HERA

At HERA, diffractive 7(*)]3 interacti?gls can be studied:
V*

L

Y (%) zf’)

Variables:

Q> = —¢* ~ virtuality
W = (q+p)*® ~p CM energy
t=(p—p)° (momentum transfer)® at p vertex

M, My Masses of X and Y

Additional Variables:

2 2
= 4@=Y) Q4 My—t
P — q-p — QQ—I—W2—M3
— long. momentum fraction transferred from p to exchange

=0 - ___ &
¢-(p=Y) — QI+My—t

— fraction of exchange momentum carried by g coupling to ~

e Q° = 0, |t| =~ 0: similar to soft hadron-hadron interaction
e Q> 0: ~* probes IP structure
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Colour singlet exchange processes in v*p
interactions

QUASI ELASTIC

Wm{j:p 0,9 VECTOR MESON
PRODUCTION
(EL)
P
P ypo— Vp

SINGLE PHOTON
¢ }X DISSOCIATION
(GD)
P
P Yp— Xp
SINGLE PROTON
¢ P,w.Q DISSOCIATION
(PD)
P
- }Y yp— VY
I S DOUBLE
¢ }X DISSOCIATION
(DD)
P
—> }Y yp—» XY

— Vector meson production (EL+PD) covered by talk of S.
Kananov

— Focus here on inclusive diffraction, diffractive final states
and leading baryon production
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The Diffractive Structure Function FY

Most general case: Define five-fold differential cross section:

do(ep—eXY) _ 4w’ y”
dep dt dMy dB dQ2 — BQ* (1 y+ 2(1+RD< >)> *

F2D(5)<xﬂ37 ta MY7 ﬁ? Q2>

RP®) . Ratio or/or — neglected!
If Y is not measured, integrate over My ,t

d ep—eXY

o T D(3
al:lzpalﬁsz_45624 (1—y—|—y>F ()< 767@)

Inclusive diffractive DIS:

Q> > 0 GeV?, small Mx, small My:

rp L1 (H]. cp < 005)
small |t| (H1: [t| < 1 GeV?)
small My (HL: My < 1.6 GeV)

Factorizable Ansatz:

y*

L s

Vap, 8,Q%) o« fppler) x  FF(3,Q%
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Regge parametrization of FQD(3)

Parametrize long-distance physics at p vertex using Regge

phenomenology:
tmin(TP) 1 2ap(t)—1
freplep) = / <—> ePPt (i
—1 GevV2 \TIP
with app(t) = ap(0) + a/pt

F2D(3) (H1 1994): xp dependence varies with 3

H1 1994 Data
& 012 .
0,01 Q*=18GeV: — IP+R — Q’=18 GeV?
LL&o_og 7 =0.1 — IR onIy; 3=0.9
< 006 - -
004 - -
002 - ’ : M
0’\\\\\_3\”\\“”\\_2\ \\umﬁuu\_s\ \\\\\\\‘-2\”\\\\\\
10 10 X 10 10 X

— Additional sub-leading exchange necessary:

FP® = fp(xp) FE(B,Q%) + frypler) FE(B,Q%

H1 phenomenological Regge fits with free parameters:

apr(0), ar(0), F'(3,Q%), F,'(3,Q%)
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The Pomeron intercept ap(0)

Result from the H1 Regge fit:

e ap(0) =1.203 £0.020 & 0.013 £ 0.035
higher than in soft hadron-hadron physics (ajlg’ft = 1.08)

e ap(0)=0.50+0.114+0.11+0.10

consistent with f, w, p, etc. exchange

— Diffractive DIS at HERA dominated by IP exchange!

Comparision of H1 and ZEUS:

ap: averaged over t

® /EUS 1994 — H1 1994
a T — aor —
5160 M, =2GeV | LS 16 M, =5 GeV
14F 1 14F

1 Soft Pomeron 1 Soft Pomeron

| lllllH‘ | llllHl‘ 1 | llllHl‘ | lllllHl |

1 10 10 1 10 10

— no significant variation within Q* = 8 ...80 GeV*!
— agreement between ZEUS and H1 on ap(0)!
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The Pomeron intercept at very low Q>

ZEUS 1996 Preliminary

s 3.00<M <6.05GeV 6.05<M,<12.2GeV
S 220<Q°<0. 2
o [omamea ] | o New ZEUS results
2i5F E
3 Mﬂq/ S e use Beam Pipe Calo-
Tos5k E .

0 N B N B rlmeter(BPC)

0 100 200 3000 100 200 300

S7° 7 0.324<Q%<0.476GeV” el el 2 2
§ .| o ] ¢ Q?=10.22-0.7GeV
N E
=

ob P IR R .eXtraCt OéP(O) from

0 100 200 3000 100 200 300

55 W (GeV) W (GeV) .
%‘ 0.476<Q?<0.700GeV? flt to
=~ 27 E —_
%«5— E dO‘ ~ W2(2041p—2)
= 3 dM?2
RS ] X

OO ‘WE‘)O‘ - ‘2(‘)0‘\/\‘/((‘3;\%000 — ‘W(‘)D‘ — ‘2(‘]0‘\/\‘,((‘3;\%00

, ZEUS 1996 Preliminary

=) | i * ZEUSBPC diffractive (THISANALYSIS)
L e ZEUSBPC total
O1.35 -
i m ZEUSDISdiffractive
b o H1 DISdiffractive
i s ZEUSPHP diffractive
sl A H1PHP diffractive
1.2:—
1.15} %
: A
x J
i ALLM97 parametrization
105?
“ L Il \HHH‘ Il \HHH‘ Il \HHH‘ Il \HHH‘ Il \HHH‘ Il \HHH‘ Il \HHH‘ Lo
10° 10* 10’ 10?2 10! 1 10

5 10 2103
Q" (GeV’)
— access to transition region!
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Measurement of the ¢t dependence

e t can only be measured if outgoing proton is tagged directly!

.. do bt
e Fitto . X €

ZEUS 1995 Preliminary (LPS)

g 50 ep —> eXp
1Y) 2 2
= 0 3 <Q%< 150 GeV
2 60 <W< 270 GeV
30 M,> 2 GeV
x> 0.97
20
10—
9,
8,
7,
6,
5,
b=7.141.0 (stat.)£1.2 (syst.) GeV™?
4,
| | |

0.1 0.2 0.3 0.4
|t ](GeV?)

b="7.141.0(stat.) £ 1.2(syst.) GeV >

— Consistent with soft hadron-hadron interactions!
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QCD Analysis of F2D(3) (H1)

H1 observes scaling violations:

_ X,;=0.005
o~ | = H11994 B=0.01
><& 0.05- s« H1Preliminary 1995
L VO
op—— B =004
0.05- |
Nt S
of B=01
0.05 - l
A A D
ol © 0 B o H11994
B B=0.2 | o005 e H1Preliminary 19957
0.05 - | L[ & [ — FPfit3(IP+IR)
i by h by g ‘ - -~ FRfit3(p)
0 ! i - 0.04 -
r =04
0.05 - + A | . . i ]
g s UL L 0.03 |
°F . B=065 f | ST }
0.05]- \+ o 0.02 I ”
‘ \”1'77:77‘74'—:—'7 : . -eT
0:‘ + T . HH‘H 2
i =09 0.01
0.05 |- | | | B=04
° 1 10 102 10 10° 10°
Q% (Gev? Q (Gev)
H1 FF low Q* (95) H1 EP (94)
H1 FP (94) H1 F high Q* (95-97)
Q> 1 10 100 u 10 100 1000

e flat or rising behaviour, even at large beta!
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QCD Analysis of F2D(3) (H1)

H1 1994
(@) Q°=45Gev? - Gluon, fit 3
15 — e Gluon, fit 2
HE S T Light Quarks, fit 3 .
\g: . ,i Light Quarks, fit 2
® R ’
05 [ e T e
0 E\ T T T T T L | Lo L LT R
i 2 2
(b) Q=12 Gev
15 k-
e
05 } --------------------------------------------------
0 :?T[ L1 ‘ L1 ‘ I I L1 I I ‘m
- 2 2
(c) Q=75GeV
15 .
LE e
I
0 : I ‘ L1 ‘ L1 ‘ L1 \\‘\\\\“\\\\‘\\m
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
<

e within resolved IP model (Ingelman, Schlein), obtain PDF's

for IP through DGLAP QCD analysis
e can be successfully extended into low and high Q? regions!

e faut 2: 'flat gluon’ solution
fit 3: 'peaked gluon’ solution

80 — 90% gluons!
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SCI Model for Diffractive DIS

Edin, Ingelman, Rathsman: Soft Colour Interactions

e Start from standard QCD ME+PS description of Fy(x, Q%)
e low x: dominated by Boson-gluon-fusion

e additional non-perturbative interactions affect final-state co-
lour connections but not parton momenta

e free parameter: probability R to be fixed by data
e implemented in LEPTO 6.5

Low-x 99, Tel Aviv, 15-18/06/99 12



F.-P.Schilling

Diffraction at HERA

0.05

Xip FZD(3)

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0

FP® H1 and LEPTO 6.5

Ef

Q*=9
f=0.09 Rgcr =0.5
*+
e reasonable
$=0.04
. x p-shape
o does not
6=0.04
;3 describe
ﬁ Q? dep.
Q*=28
$=0.04

fails at

L\_‘l&+

b

=0
Il
=

high 3

R=Ys)
[
2y
o w
e

—

iy

10%10°107%10?10°10%10%10°%10%10*10°10%10?10°10%10*10°% 10 10"

Xip
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2-gluon exchange models

e Many models available:
Low, Nussinov, Mueller, Donnachie, Landshoff, Nikolaev,

Zakharov, Diehl, Bartels, Wisthoff, Bialas, Peschanski, ...
® qq / qqg production via gg-exchange / BFKL ladder

d o
0@ Oy
q q o
'VW< X g p
4 a
Y _ P SR »
O q
%,
Og

Example: BEKW (Bartels, Ellis, Kowalski, Wiisthoff) model:
e Investigate decomposition into leading / higher twist, lon-

gitudinal / transverse ~ interactions, q¢q / qqg final states

e 3 significant contributions to F2D, 9 free parameters:
T xo TL2(Q2)
Fg=A(72) B(1 — B)

T oo\ n2(Q%) p
o :B(—O) asln<g—%+1> (1—8)"

L zQ 0 Q2 L\ a3 o2
AF, =C (ﬁ) 4 [m <4Q%ﬁ +2) | B%1—28)

Low-x 99, Tel Aviv, 15-18/06/99 14
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FP® ZEUS 1994 / 2 gluon models

NZ:
BPR:
BEKW:

Xp FZD(3)

— Parameters can be fixed to describe F2D

Nikolaev, Zakharov

Bialas, Peschanski (incl. IR)
Bartels, Ellis, Kowalski, Wisthoff

ZEUS 1994
008 ..... NZ .......... BPR — BEKW
B SA A\ B=0.24 k. B=0.062°%
0.06 A =N | D
N HEANE 40
0.04 - - ~' ol?
0.02 - " - e’
0.08 :\‘\HHH‘ \\HHH‘ \\\\\\\\7\\‘\\\\\\‘ \\HHH‘ \H\HHi.\\l\HH‘ \\HHH‘ \\HHHN
. B=0.78 [\ B=0.36 [\ B=0.10 >
0.06 — O\ — N\ 10
C C A
0.04 - - ;‘
0.02 = = 4
008 .‘\‘\HHH‘ \\HHH‘ \\HHHi\:\‘HHH‘ \\HHH‘ \HHHF \"H‘\HH‘ \HHH\‘ Ll oN
- B=0.87 f\., B=0.52 [ -} B=0.18 >
0.06 [\ A A 10O
r EON N A
0.04 |- - - aN
0.02 - = = 4
0.08 \\HHH‘ \\HHH‘ L LI \\HHH‘ \\HHH‘ \\\\\\\\7\:\\‘\\\\\‘ \\HHH‘ \\HHHN
- A\ B=0.71f \ B=0.33 | B
0.06 |- —\ N AN O
C C O\, N 1 Q
0.04 — — — ﬁ
0.02 |- - - Sie’
0 - | HHHH L L ll‘Hl’l’Hi | HHHH | HHHH | HHM: | HHHM lHHHM L

4 3 2 4 3 2 4 3 2 -
10 10 10 10 10 10 10 10 10 10

X

, even at large (3
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5 dependence in BEKW model

""" (Qa);
""""" (9qg)
ZEUS 1994 ... (a
g aq),
& 0.06 i
1 005 FQ =8GV -Q% = 14 GeV?
L 005F 3
0.04 3
0.03 * 3
0.06 %II Ll 'l.l...'..]"l"-l-—l'l"l/ [ I\\\j N .|..',"'|-.,..l..4.-r],| L1 |\\\
0.05 FQ* =27 Gev” ~Q° = 60 GeV?

0.04

0.03

0.02

|IIII|IIII|IIII_}_I-"II|
IIIIIIIIIIIIIIIIII‘I-_L__.-

0.01 |- NE
0 F [ LJ..I...I.'l"-l-_.I—-:I’J'/l L1 1\\7| N |‘...|.'i'-|--4_.1’|']‘-| L
0 0.2 04 06 0.8 1 0.2 04 06 0.8 1

e Mixture of ¢q / qqg states

e Higher twist contributions important at large (3

— Clear prediction for partonic composition of final states!
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Diffractive Final States

Motivation:

e Hadronic final state observables sensitive to QCD structure
of diffraction

® Resolved IP model: distinguish ¢ / g dominated IP

® 2-gluon models: decomposition into qq, gqg

Studies made in y*IP - CMS (rest frame of X):

‘\\// ® ¢ induced:
(*) low pr, aligned

\f\f\f\ P e ¢ induced:

/\\ high p7, non-aligned
X

Topics:

Energy Flow
Event Shapes (Thrust, Sphericity)

°
°
e (Particle spectra, multiplicites, correlations) not here...
e Dijet production

°

Open charm (D") production

Low-x 99, Tel Aviv, 15-18/06/99 17
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Energy Flow (H1)

IP = = ~y

*

1994 DATA —— RG-Ffit 3)

°
“T

LEPTO 6.5

1N dE/dn~ (GeV)
[EY

*

UN dE/dn" (GeV)

*

UN dE/dn" (GeV)
N

e large M x: central rapidity pleateau emerges
— gluons are needed to model finals state!

e RAPGAP g-dominated IP fails!

o RAPGAP g-dominated IP and SCI: reasonable description
(except SCI at low Mx)

(Measurement in agreement with ZEUS LPS 1997)
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Event Shapes: Thrust and Sphericity

Observables:
® Thrust definition: T' = max %'Tppr|
e Sphericity definition: S = 3/2(Xy 4+ A3),

where the \; are eigenvalues of the Sphericity tensor

Saﬁ — Eipiapiﬁ
S lpil?
T — 3 S —1
1
S — 5
S —=0
Measurements:

e H1 1994 Data: zp < 0.05,
10 < Q% < 100 GeV?, 4 < Mx < 36 GeV

e ZEUS 1997 LPS Data: 0.0003 < zp < 0.03,
4<Q*<90GeV?i4< Mx <35 GeV

Low-x 99, Tel Aviv, 15-18/06/99 19
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_Thrust (H1 94)

A A .
= a)  ® H1 dota (94), DIS LRG
E ete—
£0.95
v .
Dﬁgﬁﬁ MX % OO,
09T Hy % 1/Mx — 0:
| ii hadronisation cor-
0.85 ¢ & o4 rections negligible
s 7
0.8 | ) increases with M x
¢ .
0.75 r
0.7 e
% 0 o H1%dto (94), Distre 92
g ] P (1 /Gev)
£095 | ~ I Remico .
A\ .
lower than In
0.9 r ete:
— higher parton
0.85 | .mu|t|p||C|t|es more
Important, e.g.
0s L q4q9
MEPS o.k!
0.75 1 CDM fails!
L

02
1 /My (1/GeV)
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Thrust/Sphericity (ZEUS 97 LPS)

A1
1))
> - e ZEUS97 prelim.
095
-  m ere (TASSO,PLUTO, Markil)
09 |+ Hle4@ESYOT20 w3
oz A
— m e ‘_,_.._--_‘-_"_"_" ''''''''
08 [Tt -eeioi. b
ORI ——— RAPGAP (ARIADNE)
------ RAPGAP (MEPS)
o — RIDI
07 ‘ L L ‘ L L ‘ L L ‘ L L ‘ L L ‘ L
5 10 15 20 25 30
M, [GeV]
A 04 oo
= SRS ——— RAPGAP (ARIADNE)
= 0.35 e ------ RAPGAP (MEPS)
E%- 0z b 3 . , ........... RIDI
vV C ’
025
02 &
015
01
- e ZEUS97 prelim.
005 = u eve (TASSO,PLUTO, Markll)
0 E ‘ L L L L ‘ L L L L ‘ L L ‘ L L ‘ L L ‘ L
5 10 15 20 25 30
9 M, [GeV]
e independent of Q°, zp, W, agreement with e e™
e Rapgap + Hadronisation: MEPS fails! CDM o.k.!

e RIDI (Ryskin v* — ¢q(g)): fails at low My
— too 2-jet like!

— Discrepancy H1-ZEUS!

Low-x 99, Tel Aviv, 15-18/06/99
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Diffr. Jet and Charm Production: Models

Motivation for Jets, Charm: Large sensitivity to gluons!

e e Resolved IP Model
J (Ingelman, Schlein)

2 X zp: Momentum fraction
from IP entering hard
wlp” process: | zp < 1

p , p’} Y
2-gluon gq Model
(e.g. Bartels et al.)
Y
Mx = Ma?
Zp = 1
, o (at parton level, not for ¢qg)

SCI model

Yy v

Low-x 99, Tel Aviv, 15-18/06/99 22
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Diffractive Dijets (H1 1994)

T -
> r
3 # pr spectra
O
=
%: Photoproduction:
g 102; Q2 < 0.01 GeV?2
s :
DIS:
75<Q2<80G6V2
10 70H1data '
F —POMPYT F0 fit 1 (IP+IR)
[ —POMPYT F,p fit 2 (IP+IR) X contains
:—POMPYT F,D fitz(lR) N=2 jets with
— POMPYT F,b fit 3 (IP+IR)
1 \ \ \ \ \ \ \ pr > 5 GeV
5 6 7 8 9 10 11 12
p{et [GeV]
o 102,
L F e H1lData
> i
T - — RAPGAPFpfit1(P+R) | resolved P
9& 7 i — RAPGAPFPRfit2(P+R) | ¢ dom. (0):
-aé: - ' — RAPGAPF0 fit 2 (IR) — low by
ie! | —— RAPGAP F,b fit 3 (IP+IR)
g factor 3-6!
o
10 i
K I resolved IP |
i g dom. (e e ):
7 — reasonable
I description!
1 | | | ‘
5 6 7 8 9
p{et [GeV]
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Dependence on fractional momentum from IP

o
= Zp Spectra
1600 |-
% r \—
N 1400 -
2 i have to introduce
= 100p | <S>=0.6
1000 - I I for res. vp
800 |-
i { g dom. res. IP
600 - reasonable!
- e Hldata y
4001 pompyT F,D fit 2 (<S> = 1.0) (th 2 better than
[ — POMPYT .0 fit 2 (<S> = 0.6) 3 fat 3)
200~ — POMPYT Fp fit 3 =
%2 04 06 08 1

2,9

Bartels gq (DIS):

=

=

[%2]

8 102—% only at large zp ;
5_ o

5

o

+—8-+

— large M x

f (low zp): qqg!
10 | e HlDaa T

.~ —
— RAPGAPFD fit 2
— RAPGAPFD fit 3
— LEPTO 6.5
1L | SCI model (DIS):
g G Fock Stat .
[T qa Fock State similar to res. IP
fit 3
10" |
0.2 0.4 0.6 0.8 1
Z,gets

— Momentum distribution neither soft nor 'super-hard’
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Dijets in vp (ZEUS 94)

ZEUS 1994

—— hard quark + hard gluon
- — - direct contribution
————— resolved contribution

== T T T T T

02 03 04 05 06 b7 08 09 1

pr > 6 GeV

Combined DGLAP
QCD fits to Jet
Cross

and F2D(3)

resolved IP model

sections
within

OBS
ZEUS 1994 Xy
E i —— hard quark + hard gluon
& 450 - - -- hardquark + leading gluon bl f |
g 400 + hard quark + (hard + leading) gluon accepta e fits on y
o 250 - if IP dominated by
g - hard gluons
S 300 -
250 -
200
150 -
100 - Gluon fraction in
0EHH\HH\HH\HH\HH
04 05 06 07 08
OBS
B
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Charm production: ep — e(D*X)Y

H1 data (95-97): D* — Knrw L =21 pb™*
$35 - 2 < Q% < 100 GeV?
2 30 a ® H1 Preliminary 1995-1997 zp < 0.04
§25; — Fit to data pT(D*) > 9 GeV
20 |
15
w0k N(D*) = 38 4+ 10 + 4
5| o = (154 4+ 45 £ 35) pb

:\\\\\\\\\\\\\ P I I R
8.135 0.14 0.145 0.15 0.155 0.16 0.165 0.17

AM | GeV
ZEUS data (95-97, 96-97):
D* - Knr L=43pb-! D* - K4ax L =37pb !

ZEUS 1995-97 PRELIMINARY ZEUS 1996-97 PRELIMINARY

120
8 25 - 8 @ signal
-l&s' "(-_6 ~ ——  background
° © T - fit
— _5 100 RN
© /
c 20 = T
© @® b
O O :
80 — \
15 -
60 —
10 -
L 20 -
- 121 + 24 Events
°r : | o
07‘\1”“‘\“‘%\““\”;‘“7\“‘7”‘7 07\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
0.14 0.145 0.15 0.155 0.16 0.165 0.14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156 0.158 0.16
AM/ GeV Mass Difference AM (GeV)

3 < Q% < 150 GeV?
pT(D*) > 1.5 GGV
zp < 0.012

1 < Q% < 480 GeV?
pT(D*) > 20 GeV
zp < 0.015
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D* — Krn cross sections (H1)

-1
rlif\ 10 J‘“““‘““““‘“‘“““\““““‘\““““LN’-\ T T T L
% e HlPreiminay | S e H1Preiminary |
O R — Rl P13 | 5, — Resol. IP+1/3
g -------- 2-Gluon g 10 + T | e 2-Gluon -
~)<|_ $| .1/2 Nv ........................... $| .1/2 T
g ; 5
310 | 1S
-3
10 - e I
_3 e s : ‘ I
1 s b b L L L L L (IR
0 0 2 4 6 8 10 10 210
py" (GeV) Q* (GeV?)
2 g [
= 10 | 1= 1
o o —
X N i
S S J(
5 5 i ! 1
S oS 1 [rooeeeeeessenes e e
10 F : 1 E
1 F i E i : ' ]
) H1Pre|iminary§ . [ e H1Preliminary |
| Resol. 1P+ 1/3. | : — Resol. 1P+ 1/3 |
1 ... 2-Gluon | 2 P 2-Gluon
10 boosclev2 1 OF SCl + 172
o b b b i . . . . . . . . . ]
0.01 0.02 0.03 0.04 0 1

X Z
® Resolved IP, H1 F2D fits:IPShapes o.k., but but rate toc|>P

high by a factor of 3!

e 2-gluon model, Bartels gq: reasonable normalization, but
fails at large masses (large xp, low zp) — need gqg!

e SCl model: Shapes o.k., but rate too high by a factor of 2!

— |n contrast to other H1 measurements!!
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D* — Krr cross sections (ZEUS)
ZEUS 1995-97 PRELIMINARY
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o ACTW: gluon dominated res. IP model
e RIDI: Ryskin's pQCD model ¢g AND ¢gg! (normalized)
e BHM: SCI| model

—> reasonable description by all models!
— Disagreement H1-ZEUS! Need more work...
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. Leading Baryon Production
Introduction:

e H1 and ZEUS use forward detectors:
Proton spectrometers and Neutron calorimeters
located 60...110 m downstream the IP

/ / .
e forward p's and n's measured over wide energy range

Kinematics:

e (k) e' (K)

p, n long. momentum:

xr (ZEUS) = z (H1)

ry = 1 — X p
(if exclusive p, n)

xrr ~ EI/E

P, n trans. momentum:
pPr

Questions:

® Description of p fragmentation region by 'standard models’
e Applicability of Regge models to soft physics at p vertex at
large x p

e Probe sub-leading exchanges (e.g. 7) at large xp
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Detector acceptances:

H1 ZEUS

Leading p pr < 0.2 GeV pr < 0.5 GeV
0.7 < xp < 0.9 0.6 <z <1.0
Leading n | pr < 0.2 GeV 8 < 0.8 mrad
02< 2, <10 |06<x2r <10

x, distribution (ZEUS)

ZEUSPRELIMINARY 1995

2 0.6
3
Z | W Proons0<08mad <05) + Frac. of DIS events
zg @® Neutrons © < 0.8 mrad ' . .
=05 = . Ariadne neutrons W|th Iead'ng
— Ariadne protons ba ryo n
1 dNLB

0.11 < Q% < 0.65
3 < Q? <254
(GeV?)

e diffractive peak at x; =~ 1

e If pure ™ exch., exp. Npp = %NLN But: Nrp > Npy!

e Ariadne Colour Dipole Model (CDM) fails to describe data!
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Regge model of baryon production

FLB ( , 3, Q Z fz/p(z)°F2i(BaQ2)
1=7,IP,IR
e Protons: add contributions from «°, IP, IR

IR = f5 (neglect other secondary reggeons)

e Neutrons: only w1 exchange contributes

(shown by the data)

e Flux factors: f;/,(2) from Hadron-Hadron data:

Fapp(z,t) = CFRR(1=2)' 72— exp (2R (t — m?))
with

C =2/3forn’s, C = 1/3 for p's.

fP/p(Zj t) __ 544 GGV (1 )1—20&P(t) exp (2R2Pt)
Fryp(z,t) = 390 ES:zzv (1 — 2o 20R(*) exp (QR%Rt)

with

ap(t) = 1.08 4+ 0.25 GeV ?t, R3, = 1.9 GeV 2

ar(t) = 0.50 + 0.90 GeV *t, R}, = 2.0 GeV ~°

e Structure functions:
large xp — low B: F, F2]P, Fz]R not much constrained.

Fy = FJ(GRV)
" = By
P = (0.026/0.12) - FJ (c.f. Szczurek et al.)
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Semi-inclusive structure functions (H1)
2 < Q% < 50 GeV?

0.00006 < = < 0.006
pr < 0.2 GeV

Q*=25 4.4 75 133  28.6GeV?
0.2
Hl g T E:
o B iR r
= LPG3) 1y, 2 : i
= oF, (x,Q%,2) : i %
Q LN@)/\, A2 : | ]
o ° F2 (X’Q ’Z) b
0_2:\\\\\\\‘\\\\\\\7\\\\\\\\\\\\\H}}}}}}}}}}\}}H}}}}}}}}}}\}}\}}}}}}}}}}\}}\
@ : 1
% r T s
Il ‘ 1l \’\ Il j:
T ‘ T
5 ]
o /1
= M s aace? |
] =4, e |
%. 1 - x =0.00104
™ 10 /!
< - i TP+|R«/L|/|3%/%’%%/ |
b 0.057 ///, “
S 0.1 ; ] + h i/":/ ’//i\\\\ '
g o1 T exchange =
I i N
S AT N R TO+IR+IP exch.  |p L
0 o " L L L L L L L L L L L L “\ﬁk
0.6 0.8 1
TO+IR+IP,,, exch. z

F2LN rises to lower z, higher xp — m-exchange!
F2LP approx flat — sum of IP + IR + . ..

do(e e(p,n)X Waz 2 LB(3 2
Elxp;)@gpdz) — tQ‘L (1 o y+y7) F2 ()(CBaQ 7Z)
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LN
F2

Constraint on F] (H1)

|f

(3)(’2767@2) — fw/p(z) ) F;(Ban)

and

Lr= [ fr/p(z =0.7,t) dt

then

FING) (.=0.7,8,0%)

FT(8,Q%)

I'z
t 0-5: T \HHH‘ T \\\HH‘ \: 0-8: T \HHH‘ T \HHH‘ \: 1-2: T \\\\2\\\‘ T HHH‘Z \:
S o4 @=25Gev? 5 D\ QP=4a4cGev® | N Q=T75GeVT o
QR o3 4 T 1 .
\N_l/ E E 0.4j ] 0.6? ]
s 02 ER S
ELLN 0.1? Hl é 02— 7~ E 03— - ?
07 | \HHH‘ | \HHH‘ ] 07 | \HHH‘ | \HHH‘ \7 07 | \HHH‘ [ HHH‘ \7
1-67 T \HHH‘ T \\\HH‘ \7 27 T \\HZH\‘ T \HHH‘ 2\7 10-4 10-3 10-2
T\ Q®=133GeV? ° -\ Q°=286GeV’
12; E 15;, & GRV-nLO
0.8} { 1; 1 - OW-tSet 1
C i R N SMRS-1T1Set 2
04— ~ 051 1 ABFKW-Tt Set 1
0: | \HHH‘ | \\\HH‘ \7 0: | \HHH‘ | \HHH‘ \:
0% 107 10 10 10° 10 2[3
— Consistent with GRV(LO)!
— First constraint on F27T at ¢ < 0.02!
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Ratios LB / all DIS (ZEUS)

ZEUS PRELIMINARY 1995

i 2; 0.61 < x. < 0.73 2 "'; 2F 0.61 < x, < 0.73 Bt
L L e %sy = 0,0398 El
/9\17 Q"= 100 Gev? @ AP ¢71 ,8\2: :g LP
Nox'*g: :g Ng' ;: xg = 0.0158 @ :; F2
S + LI ~2F b NI a
icy QF = 45 Gev* ++ io i;: xas = 0.0079 . ¢ L] :; FDIS
{‘;2, 12 {‘;27 . -2 2
T - ,
. Q* = 20 GeVv? o 2 412 .
=8, S E ere o . flating, Q
2 AL TR S SN L Y S i in ranges
(e 1o ok %a = 0.0016 EN
/| b6 6 D e e [ 45 <Q7 <100 GevV?
Q@ = 8 CeV* g: :g
9 9 1 1, 0.0002 < £ <0.04
i ¢ * . Q* = 4.5 GeV? | f: Y ‘o — 0.0002 :?
O 00 °of o
—4 —35 -3 —2.5 -2 —1.5 10 17
logyo(x) Q% [GeVAl
ZEUSPRELIMINARY (95-97)
§ (ZJE“‘\ B L ] B A B VRl S U
b 2 (LA TN
— 0E 0-2 3
= 2
VL OE LET UL 0.26 3
(ZJE "Eam 0.33 1§ NLN
2 S FPa
E omamas 0.4 3
9. I Nprs
0 0.5 3
2
E LR L] 0.6 3 . 2
0
26 07 = flat in @
SE xa=t1110% - 3 In ranges
2 "
2.110 L] -
oF 701 < Q% < 0,7 and
SE 4.2 10™ = = . 3 5 ’ 5
SE 8.5 10~ - = = = 3 7 < Q < 1000 GGV
SE 1.7107 = = = = = 3
SE 4.9 107 = = = = = 3
SEM L 32007 0 g, e
107 1 10 10° 10°
Q* (GeV?)

— same x behaviour, Q scaling as Fy(z, Q?)
— LB production factorising from hard interaction
(in Regge or Fragmentation picture)
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Summary

e At HERA, the QCD dynamics of diffractive scattering can
be studied

e - ap(0) in DIS higher than for soft IP |
now: transition region (very low Q”) accessible!
- t slope compatible with hadron-hadron scattering

® - Resolved IP model (Ingelman, Schlein) with gluon domi-
nated (80 — 90%) parton densities evolving with DGLAP
describes H1 data for inclusive diffr. DIS and several hadro-
nic final state observables (Energy flow, Jets, etc.)
- New results on diffractive charm production!
— H1 sees discrepancy to other hadr. final states, but also
disagrees with ZEUS! More work to be done!

e - Soft Colour Interaction (SCI) model: some problems,
esp. at low Q3
- Several 2-gluon models on the market, free parameters
can be tuned to describe H1 and ZEUS data;

—> clear need for gq + gqg states!

e Leading baryons:
- Clean sample of diffractive events (w.o. LRG etc.)
- Neutrons: saturated by pion exchange
— extraction of F, at « < 0.02!
-Protons: described by sum of IP + IR + mw-exchange
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