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e [ntroduction

e DIS diffraction with ZEUS leading proton  spectrometer:
Nﬂm@@@%g 3,@Q?) and t dependence

e DIS diffraction from H1: new QCD fit, diffractive parton distributions

new data at low and very high Q?
e DIS diffraction from ZEUS with Forward Plug Calorimeter

® Summary
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Event Topologies of Diffractive Deep Inelastic Scattering

1. Diffractive scattering (Mx = 5GeV, Q* = 19GeV?, W = Bw Qo§
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2. Non-diffractive scattering (Mx = 45 GeV, Q* = 13GeV?, W = 93 GeV)
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ZEUS measurement of ﬁwﬁ%@ (xp, 3, Q*) with LPS
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Measurement of v jp(0) from ¢-dependencewith LPS

ZEUS

e ZEUS (prel.) 97
O ZEUS 95

10° 10° 10°

P

e Fit ¢ distribution to do /d|t| o< exp(—b|t|)

expect shrinkage of diffractive peak (Regge):

b= @o —+ MO\ MBAH\HEUV
b should rise as xp — 0

data note yet definitive
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Measurement of v jp(0) from ¢-dependencewith LPS
ZEUS

e ZEUS (prel.) 97
O ZEUS 95

e line shows expected behaviour
W for bg = 5 GeV~2 and o = 0.25 GeV 2

10 10~ 10°

P
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4 H199 (Vs=319 GeV, prel.)

H1 measurement of uﬁwﬁw@ (xp, 3, Q%) and QCD fit

H1 preliminary

= H199-00 (Vs=319 GeV, prel.) — H1 2002 0,0 NLO QCD fit (prel.) 5
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H1 F,

_._H preli
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D) %&@3 and QCD fit

e factorize diff. structure funct. of proton into

probability finding Pomeron with fract xp of
proton momentum

and structure function of the Pomeron:
D(3
ﬁw A vAHEUU QQ @wv
D(2
,\wﬁuAb&coSV ’ N.um ( vAQg @wv

note
Qw@\?w@muv = @b@@mf@&

° H197 (prel.) y<0.6; M, <2 GeV red band shows result of QCD fit to
H1 2002 0,0 NLO QCD Fit (F b=0) D(3
Fy P (@ p, 8,Q%)
2 1Py My
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H1 2002 o 0 Ni Rl fractive PDF’s from QCD fit

H1 preliminary

- Singlet N i Gluon z
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H1 2002 o, NLO QCD Fit

1 (exp. error)

| (exp.+theor. error)

—— H12002 o,b LO QCD Fit

inner error bands:

experimental stat + syst errors

outer error bands:

include uncertainties from theoretical

assumptions

75 £ 15% of Pomeron momentum with
0.01 < z < 1 is carried by gluons,
the rest by quarks

large uncertainty on g(z, Q%) at large 2
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H1 QCD fit compared with ﬁwﬁw@ (xp, 3, Q*) data including low and h

Xp =0.01 H1 preliminary
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SO R S N W2-mnn--- -
Proton: — Extend calorimeter acceptance by 1 unit in pseudo-
rapidity from n =4 to n =5.
— Increase the accessible M x range by a factor of 1.7
Vo i1 i y e For 1998-1999,
1 E+py o FPC — higher M x and lower W
rapidity : ) = 2 In E —py o Smaller RCAL beamhole — lower Q? and higher W
. 0
pseudo-rapidity : 7 = — In gimv
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Measurement of Fy(x, Q)
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Measurement of Q?c*°t (W, Q?)
ZEUS
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DJG [} SR+Rhop £ Sang(M, < 2.3 GeV) « D-PYT-Sang(E-. > 1 GeV)

Extraction of diffractive contribution
Const(diffy ~—— Fit(diff+nondiff)

— Slope(nondiff)

W =37 - 55 GeV W =200 - 245 GeV

10° o Non-

) 3 diffraction HE)
10 : = ™ P(p) P
10 | / > ~ T =

24 N N e'(K’
. Mg B ©
107 s
Lod P f 1
10 M/I/..wwwy ,%».//f 1S P(p) o)
B ot TN s NN P
1 [ e atisiaistates o L [ NSRSSSeSoSetose S80sSesrSo St
0 5 10 0 5 10
In M, *(GeV)
e |f color flow, N of particles produced per unit rapidity : m% ~ )\ ~ const
dN o\ . :
e —— = D + c-exp(b-InMx)with free parameters, D, b and c from fit.
dln M%
= (Diff) + (Nondiff)
e diffractive dissocociation of proton p — N
if M 2 2.3GeV N deposits approx. Erpc > 1 GeV — can recognize in data
— use data to adjust My spect. of MC — subtract from data MC contr. with M 2> 2.3 GeV
. dif f
— provide &qﬁﬁlxz\&&x for My < 2.3 GeV
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ZEUS do’s) e (Mx, W, Q%) /dMx.
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W dependence of

&Q%\\
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ZEUS

0<M, <2 GeV

sqft Pomeron

e ZEUS 98-99 (prel.
2<M, <4 GeV

%5

GGG ICICIRIIR R I ARKIGRCIRIR RIS IR

soft Pomeron

4<M, <8GeV

8<M, <15 GeV

soft Pomeron

° soft Pomeron

10

1

0% (GeV)

diff

— h-W° ~ AS\wvAwﬁlwv

(h, a®f7 free parameters)
cagp =1+ a%7 /4

Compare with soft Pomeron from hadron-hadron

scatteringatt =0

ﬁ 0.0HN . 0.0%m

corrected by 0.02(= da; ) for ¢ distribution

For Mx < 2GeV

a?iff as expected for soft Pomeron

4. At higher M x

a?iff higher than expected for soft Pomeron —
clear indication for rise with Q2 .
Note : For Q2 > 10 GeV?,
Probability that a%/f = g%t is < 0.001
——> Strong indication for pQCD
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Compare o p for diffractive and total v*p scattering
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® Q’°=27GeV W Q’=4GeV

A Q°=6GeV
* Q°=14GeV # Q?=27GeV X Q?=55GeV

ZEUS 98-99 (prel.)

v Q?’=8GeV

H 0<M, <2 GeV

2 006f 4 + 4 -
> 0044 4 @ . . w M
0.02|- %fw Fodos o

8<M, <15 GeV

RV

diff __
Ttot

My dif f
\JSQ &iX&QQMElNZv§ZAM.wQ®<\&ium

tot

Q.Q*B

For Mx < 2GeV, r// s falling with W’ .

* * * * &@.\..\. I I
NP A NS ST T For Mx > 2GeV, r, 7’ is constant with W .
i 2eMy<aGeV | 1o My <25 Gev — The diffractive cross section has about
0.06— —
: ; ;s ’ i the same W -dependence as o!°? .
o.o&% —
. w F w Y t w i w W m The low M x bins exhibit a strong decrease of
0.02}- T L .
o b F L H r3i7 7 with increasing Q2 .
) I S I I R I AN I AN AN AR AR AR
i 4<M, <8GeV [ 25< M, <35 GeV )
ool X - X For Mx > 8 GeV, no Q? dependence is ob-
m m served.
0.0hw W % W W B
- vy FO5 7 dif f tot _ :
L X I _ +1.5 2 _ 2
N T A = 19.871,% (Q° =2.7GeV~?)
50 100 150 200 250 50 100 150 200 250 +0.6 2 2
= 10.1 Vi = 27 GeV
W(GeV) o7/ (@ )
— Slowly decreasing with Q2
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ZEUS

> ZEUS 98-99 (prel.)
D u
y 3000 W = 220 GeV at W = 220 GeV
2 2500 o Q’=27GeV
—~ Nooo‘ B Q°=4GeV . .
x i + Q?=6 Om% e Rapid decrease with Q2 for Mx < 4 GeV
5 1500/ ‘ Q,=8Ge . . .
2 Q= 14 GeV — predominantly higher twist.
H_.OOOw M ON = 27 Om/ﬂw
) Q“= 55 Ge . . 5
5 500 e Constant or slow rise with Q< for M x > 10 GeV
Y I Ll L Ll T , : :
% 5 10 15 20 25 30 35 — leading twist.
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D
D
2
>
>
D
D
Y , L L L1 L L L1 ,
0 5 10 15 20 25 30 35
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O " "p-0049 | p=075 | p=0429 | p=0182 | P-=0.0632 p=00291 ® Mx <2GeVandlow Q=:
0.05 - W SRR N N % D(3) :
i % N mm i wm i w i % 6 s ~ constant with z;p .
e e I H ~
0 ‘, ,m,no,o«m, ‘, w,no,m,%, ‘, w,no.,m,op, ‘, ,m,no.mpw, ‘, w,no.,p,ﬁ, ‘, — s ® Mx > 2 GeV: _.m._o_o_ increase as xp — 0,
0.05 — = = = = = o
i % i ww i mw i wm i Mm i 3 ——>parton evolutionas x;p — 0.
Cotah o T i i o
o 7 ,7ﬂ ,M | 7 ,7 ,7 | 7 ,7 ,7 | 7 ,7 ,7 | 7 ,7 ,7 | 7 ,7 ,7 | Q
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BEKW .q: — Total -+ (qa); (@a). - (qag);

My =1.2GeV 3 GeV 6 GeV 11 GeV 20GeV 30 GeV

L L B '@ ZEUS 98-99 (prel.
| B=0.0698_ P=0.0218]  B=0.00671 P=0.00290

0.05

wwmuo.wﬁ

27 GeV?

Comparison with the BEKW model

8 GeV? 6 Ge\ 4 GeV? 2.7 GeV

14 GeV?

55 Ge\f

2 _

Q

(Bartels, Ellis, Kowalski w:o_ Wousthoff, 1998)

\,m\,»\ﬂm@”"

p
o&boﬁwb@Hmﬂ.mmwl_.ob. +om.ﬁmﬁmm
T n 2
Fog = (535)mr(@) - p(1-p),
_ (=m0 ynn(Q%) . _ Q5 .
AamuV - Q2+Q3
7 Q% V12 4371 _ or\2
2 2
Flag = (%)@ In(1+ Z5) - (1-5)
From data, ~ 0 and
2) a0 ng (Q2) ~ 1y In(14+ 25
nr(Q?) ~ ng(Q2) & ni In(1+ $5)

c.cr = 0.1174+0.003,cp, = 0.171 £ 0.012
cg = 0.0093 4 0.0003, 71 = 0.066 £ 0.003
v = 8.32 £ 0.51, x?/ndf = 132/198

only substantial at very large

107 10%10™® 10%0™ 10%10™ 10%10™7 10%10™ 107 (¢@)r dominates at 8 > 0.15
*ip (qqg9)T dominates at small 8
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Pomeron structure function ﬁwb@ AQU Qwv

1

).05
ZEUS 98-99 (prel.)
).04 Xp = 0.01
).03
).02
).01- e Q*°=2.7GeV v Q*=8.0 GeV
m Q%=4.0GeV Q?=14.0 GeV
. omu,m.o o,m/\MW | K m%uﬁ,.o Om,/w |
0 1 02 03 04 05 06 07 08 09
B
).05
X, =0.01
.04 P

).03-

).02-

Structure Function,  Proton z, Q2 — F»(z, Q?)
Pomeron 3, Q2 — @b@ (8,Q?)
— Probability for finding a quark

with momentum fraction 3 in Pomeron

Following the BEKW model,

@UAWVAQMQQ%N@V = fip/p(xp, Q%) - ﬁmbﬁvgu Q?)
fe/p(x1p, Q%) Pomeron flux factor

O (@)
ZIp X Ip

use ansatz fp,,(zmp, Q%) =

Setxg=0.01,C=1

—> determine @U@ at xp = 0.01

ﬁMUAMvAQQ @wv HHO@MUvaAHO:QQ @wv

For high 3, ﬁ%@ decreases with rising Q2 .

» D(2) .
.01 e As3—0, F, ) rises.
0 S S .| The rise becomes stronger as Q? increases.
10 10
B = Evidence for pQCD evolution
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FP?(3, Q?) including BEKW(mod) fi

).05 i ;
e BEKW(mod) fit does not reproduce the rise
ZEUS 98-99 (prel.) (mod) P
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.04 Xp=001 | or Iy as s — 0
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sy o T S
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B
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=0.01
.04~ 27 Xip
14 ST 7 |
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O Lol Lo T
107 10"
B
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ﬁw@@ (3, Q%) including radiation fit

.05 T P :
| ZEUS 98-99 (prel.) ® replace ¢, - I, by radiation term:
.04 Xp =001 | Q> Crad * Frad =
Curves:BEKW(rad.fit) 2.7 zrad 2
¥ 4 . X0 \n (Q?)
o.owuﬁ J \ .A.A,Fhv:: «h ) ar (Crad T %u v& .
N S = v | 8 ra
% Y .w+ ; 14 (/)" RY) — 1)) - (1 - B)Y
).02 ,,.,t,r.T\L\ 7 , T 27
- | e from fit to the data
01- e Q*=27GeV v Q?=8.0 GeV
e mwnw_.m o mwnwmooma ¢ = 0.113 £ 0.001, ¢, = 0.178 4 0.011
o4 Q=5600eY ¢ QT=2706GeV Craq = 0.116 4 0.024
1 02 03 04 05 06 07 08 09 1
B n®red = 0.068 £ 0.002
005 14 27
) nPred = 0.018 £+ 0.003
04l 8 Xp =0.01
6 v = 2.90 4+ 0.22
, |
u.ow/,w/,ﬂ,,/,, | + el m?é x2 /ndf = 144/196
o2 @ ? @,/ ot L..T\\\Ml b e — radiation term reproduces trend of the
-l data as 3 — 0 and Q? increases
0 R R L
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Conclusion

e Data from ZEUS leading proton spectrometer are promising but the mea-
sured ¢ dependence is not yet precise enough to measure ' and see

shrinkage

e DIS diffraction from H1: QCD-type fit with PDF’s for quarks and gluons
gives good description of data from Qm — 3.5 to 400 GeV?.
According to the fit, 75 &= 15% of the Pomeron momentum is carried by

gluons

e Results from ZEUS - M x analysis:
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My < 2GeV M~x > 2GeV
do® i1 JdM x Constant with W Rising with W/
azp(0) like soft pomeron For Q2 > 10 GeV? , above soft pomeron
and rising with Q2
rdiff Falling with W/ Constant with W
Decreasing with Q2 for Mx < 8 GeV | Weak Q? dependence for Mx > 8 GeV
Q%do S f JdM x Decreasing with Q2 Constant for Mx > 10 GeV
— Higher twist — Leading twist
a%ﬁ%@ Constant w.r.t. zp Risingas zjp — 0

"valence region”, 6 > 0.1

"sea region”, 8 < 0.1

FP®(8,Q2)

Decreasing with Q2

Maximum at 8 ~ 0.5, IP = qq

Increasingas 3 — 0

Increasing with Q2

—> DIS diffractive Scattering : Evidence for QCD evolution in xp and in (.
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