Results on Inclusive Diffraction From
The ZEUS Experiment
Presented by B.Loehr on behalf of ZEUS

Data from the running period 1999-2000.

The last period with the ZEUS Forward Plug Calorimeter (FPC)
and the Leading Proton Spectrometer (LPS) installed.

Three methods to extract inclusive diffractive events:
- Leading proton spectrometer
The My - method
Large rapidity gap method

We attempt to get a consistent picture from these three methods
using data from the same running period.
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Kinematics of DIS and Diffraction

2
S = (k"'P) center of mass energy squared

Q*=-q’= -(k-k’)2 virtuality, size of the probe

W? = Mil = (p+q)2 y"- proton cms energy squared

x: fraction of the proton carried by

<= Q’ y:M the struck parton
2p-q p-k| y: inelasticity, fraction of the
electron momentum carried by the
5 virtual photon
Q = X . y . s
Diffractive DIS events : mass of the
For diffractive % diffractive system x
e’ (k) events in addition )
/ 2 variables t = (p- r)z four-momentum transfer
e(k) p-p squared at the proton vertex

Y*(q)

, M2 +Q2 |

_ o (P-p)a_ x momentum fraction of the proton
— X(X) IP p-q W2 +Q2 carried by the Pomeron

—

no €olor
flow Q? X Q’ fraction of the Pomeron

; B= — = = momentum which enters the
E N(p’) 200)'q  xp MHQ'| pgnd scattering
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| DESY ) Extraction of diffractive events (I)
\
1) Forward proton detection  __ _____; '2‘ 'B_67| QL5558 B;r Q'_4|2| Q30,3438 IB'_2|6 :318,2|2| QoS 125
, T Tl_rl_l |_u|\ I Tu1u |u1\| Il |
S S6 S5 s S3S2 s1
S x, =1 -> diffractively scattered proton; x, =1-X
1w 4/ 2 _ 2
” (= Pr_(1=x) M. the only method to measure the t-distribution
XL XL =
© = e
. Forward proton tagged events are practically — Zos |
) IL\ free of proton dissociation background. S oo b
. ” s ' = s
04 06 08 1.0x They contain, however, contributions ﬁgﬁ 3
LPS has small acceptance from Reggeon exchange at high xpp or low x.. W |
0l E
0 Ex

v b s by by s
0o w4 0bs 008 0l

ip

2 ) The larae (bceudolrabidityv (n
h.l 7 VN Al qv \ng \-ﬂvll “P'“l 1 ) ’ \Il

Niax = -0 tan(® _, /2)

min

No tracks or energy deposits in calorimeter
for rapidities greater than n,, or
at angles less than ©,,,.

Events tagged by a large rapidity are dominated
by diffraction but they contain contributions from
proton dissociation and from Reggeon exchange.
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EE:Si Extraction of diffractive events (II)

3.) The M,-method
(i) Nondiffractive events .

Uncorrelated particle
emission between
incoming p-direction and
scattered quark.

Rapidity y=

Property of a produced particle

Detector
ﬁ* ||-| 1||_]||_: W 2 :C eymax _ymin
dy| - - : . 0
In M3 5 dN . \ .
§ = o Yiimit ~Ymin = -
A MX =c,e’ ™" dy cons

™ Poisson distr. for Ay in AN it — c.eb MMx

Y max ¥ Iih-:.:" Y min Vi
o nondiffractive events  [P(0)=€™" | = d In M%,
(ii) Diffractive events :
dNgw 1 At high energies and N
dM; M2)" not too low My =) —4I =~ const.
n =1 dlIlMX
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;%i ) Extraction of diffractive events (III)

LLommndliom o+ AL Lo e dliim mmsmdiiaile, .l o n
TTractive + dirrractive contripurions
dN __ D+ c-e®"Mx D is the diffractive contribution
d In M3
Two approaches :
1.) take D=const. for a limited range 2.) take D from a BEKW-model (see /ater)
in In M?, parametrization which describes

our measured data.

This is an iterative procedure.
Fit slope b, cand D

10° W= 200 — 245 GeV
Q"= 40 — 50 GeV*

EVENTS

for InM; < lnW?- 7,

Determine diffractive events

PP \\ N
by subtracting hondiffractive Nk
events from measured data bin x\\\ \§\§\ \
by bin as calculated from \ \\\\ \
fitted values b and c. \\\\\\ \
NNANANNN

Both approaches give the same results — InM,?
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(2 The ZEUS My-Analysis (I)

Example of InMy-distributions for four kinematical bins :

Diffractive data selected by the

--------- Fit exp(c-+b(InM7) wee Fit Db exp{c+b{InMyd)) My-method contain proton
[ DJANGOH || SATRAP+RHOP-+SANG(My<2.3 GeV) ] SANG(M.<2.3 GeV) dissociative events
@ DATA—PYTHIA-SANG{M\>2.3 GeV) but no contributions from Regge
W= 74 — 00 GeV W= 200 — 245 GeV exchange

MC-simulation :

EVENTS

nondiffractive : DJANGOH
diffractive : SATRAP

proton diss.: SANG

O'= 40 — 50 GeV?

SANG adjusted to fit data which are
dominated by proton dissociation

Proton dissociation can be
reliably calculated for
My > 2.3 GeV and has been
subtracted from data

IIIII|1|| IIIIII|T| TTTT

O'= 150 — 250 GeV*

; WA h L - LIS i,
] \\ co - B
o L :\\
\ I = P

=2 o F4 4 [ a 10 13 =2 Q 2z 4 a ] 10 12

2
In{M¥X2) Indux2) InM, The ZEUS My-results

= fit to datain the fit region ~ } contain contributions from
B proton dissociation for
fitted slope of of nondiffractive events masses M < 2.3 GeV.
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ZEUS My - data from 1998 - 2000 (IT)

2000/08/0/7 13.51
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% T 2006/08/07 15.04
5% ZEUS My~ data from 1998 - 2000 (II1) [ |ZESSFPEsIZISpr @)
— M,=12GeV  3GeV 50 6 GeV 20 11 Gev 20 GeV 30 GeV
= | N>
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at Q2 = 55 GeV? : 7 WH e od e i g
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‘E's;i' Fit W-dependence of inclusive DIS and inclusive diffractive DIS cross sections_

D
o

—

Inclusive DIS: S | ZEUSMX 98-99+MX 99-00(prel.)
=
For small x, F, rises rapidly g 15 ZEUSLRG ?O (prel.)
as x-> 0 S | = e g, (yp) (x<0.01)
I v 4 dog/dM (2 < M, <15 GeV)
F—c.x*| wedl 14l doy, /dt =0
- X . * Reggefit LRG
A=0,(0)-1

1.3

Inclusive diffractive DIS: I +* + + +

diff L
9% _ (WY : ?. t
dM, W, ! -
. 12| nt
ad1ff
Op=1+ averaged over t I + * l
’ ’ I + * ‘L + ‘L l *
i (8) = 21p (0) + o * kAR | CT
1.1
2 ! Y *
W I
49 _ . ez(““’(t)_l)'ln[%J i soft pomeron
dt .
1 ! ! ! R ! ! ! R >
do .. 1 10 10
—ocg for small t.
d Q° (Gev?)
take A =7.940.5(stat.) fg:z(syst.)Gevz Inclusive DIS and inclusive diffractive DIS are not described
as measured by ZEUS LPS by the same ‘Pomeron’.
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§E:S§ Ratio of fotal diffractive cross-section to fotal DIS cross-section

Ratio plotted at W=220 GeV because only there the full My range is covered by measurments

:i 0.2 i -

5 r = 69f(0.28<My<35 GeV)/c't

~ e _ Within the errors of the measurements
AN b Mx98-99 r is independent of W.

I oxs

i 014l + ¢  Mx99-00 (prel.)

= [ + At W=220 GeV, r can be fitted by

HE 012 [ +

f i r=0.22 - 0.034-In(1+Q?)

5 01 +

5 a

0.08 |-

v i + This logarithmic dependence of the ratio
E"" + of total diffractive cross-section to the
v Moo total DIS cross section indicates that
%0 + + diffraction is a leading twist process
':‘1 0.04 - for not too low Q2.
£ *

o 002

e W
Q (GeV?)
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DESY Diffractive Cross-Section and Diffractive Structure Functions

d*c 2maL, ZEUS neglects the contribution

dQZdtd dB o BQZm [1'(1'Y)2] . F2D(4) (Q2 ,t7XIP’B) from Iongi.l.udinal structure function
XIP

H1 defines: sizable only at highy

K_H
If tis not measured: o0 =FP _ y’ ED
(LRG and My-method ) ' 11y "

3 __diff
* 2
d 0-7 p—o>XN 2rna

dQ2dfdx,  AQ*

i+ a-y7 ] B (8x,0.Q%)

Aol M. W.Q7) : , \
y poXN VT X T _ Adr o DE) )
2MX dMX - QZ(Q2+M§()X|PF2 (ﬂaxlpaQ )

If FP®(8,x,5,Q%) is interpreted in terms of quark densities, it specifies the
probability to find in a proton which undergoes a diffractive interaction a
quark carrying a fraction x = Bxgp of the proton momentum.
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.0 xrpF,D(3) Results from the Mx 99-00 Analysis : 23

<L) 2006/08/07 09.59
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(89 ZEUS modified BEKW Fit

Fit with BEKW model
(Bartels, Ellis, Kowalski and Wusthoff, 1998)

o CCIPFQD(S) =cr - F T sTen b L Gy Fchg
FC;% — (;I(J)D)”T(Q ). 5(1 _5)
np(Q%) 3
:EIP) L Q2+Q2 [ln( +46Q0)] 16 ( /8) )

[y = (25" In(L+ &) - (1- B)

Flo=(

2\ _ Q2 2 Q?
assume ny(Q?) = c4 +crIn(1 + 2 5), np(Q%) =c5 +cgIn(1 + Qg),
0 0

ng(Q?) = c6 +co In(1 + gz)

The ZEUS data support taking n(Q?) = ny(Q?) = n;.In(1+Q%Q%,) and n =0

Taking x,= 0.01 and Q?%,= 0.4 GeV? results in the modified BEKW model (BEKW(mod))
with the 5 free papameters :

T
CTICLlcglnl ’Q:Y
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.9 xpF,D(3) Results from the Mx 98-99 and Mx 99-00 "
Yen Anclysessonots BEKW (mod) Fit (T) 2006/08/08 0041 | G0
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-  sum of all contributions qq

> 400 points, 5 parameters

Xz/nb - 0.71  total errors longitudinal qq contribution = * = * transverse qqg contribution
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§E.Si xpF,D(3) Results from the Mx 99-00 Analysis with BEKW(mod) Fit (II)

ZEEUSIRG-0b (ER -)

&= BEKW(mod): - Total ---(qq); ...(Aq). --- (999,
@D B \ \ \ \ ]
Q= eV?
o~ X,p =0.0200 = 3scev :
50.07| smer Fixed Xz = 0.02
>< i * 70 CeV? ]
- * 90 CeV? .
i > ] 2 2
0.06 |- X 1206eV N 25 < Q? < 320 GeV
i O 320 GeV? 1 In one plOT
0.05 |- -
i . The 3 contributions
0.04 - from BEKW(mod)
[ ] fit for the above
0.03 | T\ - Q2 values plotted
002 -
0.01} .
qqg-contributions longitudinal qg-contributions

The BEKW model has an effective QCD-type Q?-evolution incorporated.
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51?33/ x1pF,D(3) Results from the Mx 98-99 and Mx 99-00 Analyses s
*> with BEKW(mod) Fit: III _L

ZEUSFPC | + 11 (prel.) —

p=0.005  B=0.025 P=0.125 B 040 B=070  P=0.90 =0.97

oos)% 17¢! =
Fa e

——  Result of the BEKW(mod) fit

~0.0003 000015

~—0.0006

xtpF,D(3) shows considerable
scaling violations:

0.0012

from positive scaling violations over
near constancy to
negative scaling violations.

0.0025

0.005

001

0.02

0.03

X,p = 0.06

2

1 101 101 10°1 10’1 101 101 10

Q° (GeV?)
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\Feu xpF,D(3) Results from the Mx 98-99 and Mx 99-00 Analyses :
o Q?-dependence (I)

_ X;p = 0.0003 _ X,p = 0.001 s X,p = 0.003
D Baa —— D e —————ry — & 10 T
o e ZEUSFPCI +1I (prd.)] O, e ZEUSFPCI +1I (prel)| &_ ; 00;7 ZEUSFPC | +11 (prel.)’
i s ® = 0. ]
LLD_ | LLD_ ¢ B= 008 LLQ. |
X + ¢ B= 027 < 5o . . B = 0.043
X il x 10 | 1 x 102 E
—_ {= ¢ ¢ B=013 1.— e B= 0067
b R x 1% *
™ ¢ B=043 ™ ™ .+ B=ou
1k 4 ¢ B=02 ’
] ¢ 1 WF . e B=017 E
+ + 4 B= 067 1 L . e PB=o032 i . ,°° B=o0z
L 7] L '3 L]
=05 | -
PR A 1 1 o ce ottt P=04
ol ' t p=o085 | f - o ttessdy pB=o067
§ ¢ - )
101? ‘o ++ +++ B= 08 101? 4 ot ]
+ + B=085 ’ ] i + B= 0.5
] i ; } ]
t ] : byt ) ]
t ++‘ p=095 | 107 T H p= 0% §
10° —— e 0” el N B TR ]
1 10 2 10 2 1 10 210 > 10 102 103
Q*(GeV?) Q“(GeV?) Q%Gev)

Bernd Léhr, DESY Small x and Diffraction , 28-30 March 2007, Fermilab Page 17



10 L

10k

10 "k

x1pF,D(3) Results from the Mx 98-99 and Mx 99-00 Analyses :
Q?-dependence (II)

X,p = 0.01

) B:

*

L4

‘e ZEUSFPC I +11 (prel.)]
0.008 ]
B= 0013
B= 002 E
o PB=0032
¢+ B=005
¢ p=008

. 2t

) ¢ ¢

B= 013
B= 02

R ete ¢ B=oORR

© 4tet t4 0t PB=05

teteest ¢t B=08 ]

+++H++ B= 095

10 10

Q%(Gev?)

Q? dependence of xpF,D(3)

* %]

' X oF PG

10

10

on 10°
2

10°F

10 ¢

Xp=0.03
- "e ZEUSFPC I+ 11 (prdl.)]
t B= 00027 ]
¢ B=00043 i
ot f
+++ B= 0011 ]
} B=0.017 E
B= 0043
t +* tt B=o0e E
¢ PB=o011
¢4 Pyt
. ¢ t B=o017
t B=027
b4 B=o4s]
4 t t ot B=0.67;
T B= 095 7
Q*(GeV?)

The region x5 = x < 6-10-4 is dominated by positive scaling violations.
For 0.002 < x < 0.02 constancy is observed

Bernd Lohr, DESY

Small x and Diffraction, 28-30 March 2007, Fermilab

Page 18



,'?%’{ xpF,D(3) Results from the Mx 98—99 d Mx 99-00 Analyses

v'llr“l 1 ] v H L]
& 10 — x,P—00003 & x”,-ooo1 & Xp=0.003
O o ZEUSFPCI +11 (prel) a ‘e ZEUSFPCI +11 (prel.) 8 .3l | . ZEUSFPC|+|I( rel)
LL 0O H1 LLN [ 0 H1 LLNlO p
o 1 I
< 4 ++ B= 027 1 ><& +¢ 4 B=008 ><& o*, B= 0027
* L | e pB=0043
3 ? na v p= o013 Lo e TR E
(9p) ¢+++ B= 043 o f oo + ] Yoo | ‘s Dn:'a a"  B= 0067
tr o + 7 3 ¢ ¢¢ B=02 1 [ . «of p=o011
: + 1 $ o 9% ] 10 tods ? |
= 3 _e P p=017 E
¢+¢.¢+ ¢ p=o67 L + ¢.n¢+ 5= 032 g Lo% 9o ]
t oy o gyt B=0Z
a NER $c*%00 o
L 1 L% oabdotett PBE0E
} p=oss ’ o 00" a” @
10 t 4 i s b Foent 3'“’T+ p= o067
r } n oo he ol _
= 095 ok bt +$ +$+ P08 4 107 ot tyt E
¢ + - E i +B=°85 ]
1 ¢
' +++‘ B_°957 10720 +T++ ++ p=0% |
10 ] ‘ L 2 Ll ‘ A ‘ Ll L Ll i
1 10 ) 10 " 10 1 10 2102 " 1 10 10 ) 2103
Q(GeV") Q7 (GeV?) Q7 (GeV")

Note: ZEUS results contain contributions from p-dissociation with masses M,_gss¢ 2.3 GeV
H1 results contain contributions with masses M, _giss¢ 1.6 GeV.

ZEUS results do not contain contributions from Reggeon—exchanges,
H1 results may contain such contributions for higher xzp.

Bernd Léhr, DESY Small x and Diffraction , 28-30 March 2007, Fermilab Page 19



xpF,D(3) Results from the Mx 98-99 and Mx 99-00 Analysis
Comparison with H1 Results (II)
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Comparison to H1 data

Fair agreement,

except maybe for a few (xgp , 8@ bins

Note: ZEUS points are shifted to

H1 bins using BFKL parametrization.
Only those ZEUS point are shown for
which the shift was <30%.
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ZEUS Results from the LPS I E

<L Diffractive structure functions from ZEUS LPS mesurements
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B,p = 7.2+ 0.7(stat.) 37 (syst.) GeV 2 @, (0) = 0.75+ 0.07(stat.) %%, (syst.) + 0.05(model)
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ZEUS Results from the LPS (II)
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ZEUS Results from the LRG Method (I)

Events selected by : M., < 3.0 and energy in the Forward Plug Calorimeter (FPC) < 1 GeV
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Results of a Regge-fit Input parameters to the Regge -fit:
Fit results : orp(0)=0.75,  Br=2.0 GeV-2
0p(0) = 1.117 +/-0.005 +0.09% o= 0.06eV-2: By =7.26GeV-2
Bernd Lohr, DESY Small x and Diffraction , 28-30 March 2007, Fermilab Page 23



ZEUS Results from the LRG Method (II) E

Comparison of ZEUS LRG data with LPS data
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%» The ratio LPS/LRG = 0.82 +/- 0.01(stat.) +/- 0.03(syst)
it is independent of Q2 and P

The Regge-fit gives a good description of the , o .
ZEUS LRG data with ¥2/ndf = 159/185 Not shown is the normalization uncertainty
of the LPS measurement of about 10%.
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%ﬁ’ | ZEUS : Comparison of Results from the My-, and LRG- Method (T) E
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In gener'al 900d agreement P For xgp > 0.01 one can expect some IP
for Xgp < 0.01 differences from Reggeon contributions to the LRGdata.
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ZEUS : Comparison of Results from the My-, and LRG- Method (IT)
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[ DESY | Summary
oy

- ZEUS presented preliminary results on inclusive diffraction from
3 different methods for the extraction of inclusive diffractive events.

Results from all 3 methods are derived from data taken during the same time.
The results span a wide range of the kinematic region up to high Q2.
There is good to reasonable agreement for the results from all 3 methods.

There is good to reasonable agreement for the Q2-dependence of
the structure function between the My-method, the LRG-method and the H1 data.

There is also good agreement compared to results from H1 for the
FPS method.

Work continues to understand some remaining minor differences, in particular
with respect to the relative normalisations.

We try to get a consistent picture out of the results from these three methods.
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