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Measurement of Fp(x, Q?)
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Event Topologies of Deep Inelastic Scattering
1. Diffractive scattering (Mx = 5GeV, Q® = 19GeV? W = 123 GeV)

it -
colorle bj

OV& / hadrons W4

é BCAL

[T 820 GeV & hadrons
e 920 GeV <
Rapidity :

2. Non-diffractive scattering (Mx = 45 GeV, Q* = 13 GeV?, W = 93 GeV)
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Kinematics in lab. system

W2 =(v"+p)?~—-Q°>+m+4E,-E)f9 ~ 4E, . Ebo™
E+Pp

rapidity: y = % In oEyEn

Ymazxzr Ymin-

beam beam beam
. 1 E +P,r ~ 1 2E _ beam
proton: Ymaz = 5 In E’geam_}ﬁ,zam ~ 5 1n i—g = In(2E,**™ /my,)
P P QEII%eam

pion with energy of ¥*, . = E.«: Ymin = In(my/2E+)
4.EbeamE N )
Ymax — Ymin = In ﬂip.mwﬂy = In %

2 ~ . _
W= =c¢- eajp(ymaaz - ymin) with co = my, - My
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DIS nondiffractive scattering

dN part edge of edge of
= FCAL RCAL
dy
‘ I
I
I
yk «——  forward beamhole e detector acceptance ———— >l rear
> | bear
I @
> | :
Lemmmmmm= ». ......... : :
Loceeemm- >_ ......... :
--------- | RRRRRER :
E' """" | bRt Y max = max
> - > eff
p N —— Y w3.95

W2 ~ Cq - exp(ymax - ymin)
- M)Q( ~ Co - exp(ylc%iitlit - ymz’n) — W2 ' exp(ylc%ﬁviit - ymaw)

Prob. that no particles emitted between y@°t _ and (y2t = — Ay): P(Ay) = exp(—AAy)

limit limait
—— exponential fall-off of the In M% distribution:

dNinclusive o 2
Tz = C exp(b-In M%)

QCD-models: b ~ 2
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Diffractive contribution

vt o

o, (0) .
>
o (1)
>
P P
e in triple Regge model daj}}%’g]\’ o exp[(1 + ax(0) — 2a;) - In M3 ].

e forlarge M x expect ay, (0) = 1

® hence, Pomeron exchange in t-channel with a; /=~ 1leadsto 1 4 o (0) — 2a; = 0

dif f
2 dgfy*p—>XN
and to a constant In M 5, spectrum: 5 = const
dln MX
® Reggeon exchange in t-channel with &; = 0.5 leads to 14+ ar(0) —2a; =1
and to
do 0 N 2
Y*p— , ~
a1n 012 x exp(br -In M%), br~1
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Forward Plug Calorimeter
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" {FPC centrel Calorimeter e Forward Plug Calorimter (FPC) : Shashlik type
T SO INW2-eenee -
| Proton 5 — 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

Yo y Je Yy e For 1998-1999,
""" 1 E+py o FPC — higher M x and lower W
rapidity : YV = — In 5 :
2 FE—py o Smaller RCAL beamhole — lower Q< and higher W
. 0
pseudo-rapidity : n = —In tan(i)
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Extraction of diffractive contribution

— Slope(nondiff)  ---- Const(diffy ~—— Fit(diff+nondiff)
[ 1 DJG [ SR+Rhop £J Sang(M <2.3GeV) + D-PYT-Sang(Epp. > 1 GeV) (k)
W =37 - 55 GeV W = 200 - 245 GeV
2.3
5 10 o~ Non-
> e £ 3 diffraction C
E '\& # ‘w”ﬁV" R - ! u(g“"“ TNy T -'-: " s - - - -
10 b0 Al IR
-‘u‘\\\l'!r VQ‘O“'H%’GI + 1 IW‘L%\'\F‘\I\ }A&}\\ \ N e(k)
PR s S Y i i L e (k)
10° -
(QV
2 1 . .
10 w2 o Diffraction
'\‘V P 00 2Lt Lo —
10 | n\w =, A \w\\\\: o PP)
TR N s s il N 1 NNRRSR0eSeSe oS fotsSotntotos
5 10 0 5 10
InM, *(GeV?)
e |f color flow, N of particles produced per unit rapidity : j—; ~ A\ ~ const
dN o\ . :
o — = D 4+ c-exp(b-In M%) with free parameters, D, b and ¢ from fit.
2 X
dln M%
— (Diff) + (Nondiff)
e diffractive dissocociation of proton p — N

if M 2 2.3GeV N deposits approx. Eppc > 1 GeV — can recognize in data
— use data to adjust My spect. of MC — subtract from data MC contr. with My > 2.3 GeV

— provide da;lij;f_)XN/dMX for My < 2.3GeV
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Use ZEUS - LPS data for vp — p.X to estimate Reggeon contribution

CUIPFQD(B)(B, rp, Q%) = Cpom CUIPFQD(S)pom(ﬁa e, Q%) + Cregge CUIPFQD(S)WQQ&(B, Tpom Q%)

Fit yields Cpom = 0.68, Cregge = 0.58 and x* /nd = 1.02.
LPS doto

F g=013

dash-dotted: pom dashed: regge solid: pom+regge

LPS studies y7p = Xp FPC studies v*p — XN
,0

t —channel exchanges are Pomeron, R° . T
possible ¢ —channel exchanges are Pomeron, R ™’ ,

where R = p°, w, f...
T where R = p, w, f, ...

~*p — X N: different R-charge states lead to different IV in the final state:
e.g. R emission from the proton can lead to p — n while R~ requires p — NTT

R _ R

R _ R
assume o_ %, x N(FPC) — 2.5 T % p(LPS)
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Compute neutral + charged reggeon contribution to In M)Q( distribution

o
[3]

describe inclusive DIS without contributions

T
from diffraction +reggeon exchange by § : gf aiOGGiX
> | 0= e
NQCD 102?
AN = ¢ exp(bQCP - InM X?) :
take b9 P from MC: DJANGOH: o ¢

pRED — 1.88 4+ 0.05

4 6 8 10 12
In(MX2) m

dashed: QCD dash-dotted: Reggeon

dashed solid: QCD+Reggeon also solid: fit
Conclusions:

reggeon contribution falls exponentially
reggeon is below the nondiffractive contribution from fit

using the [nMx method, reggeon is part of nondiff contribution determined by fit

the (nM x method extracts the diffractive contribution
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Summary of In M?% distributions

— Slope(nondiff) — Fit(diff+nondiff)
. | Djangoh [ ] Satrap+Rhop+Sang(M < 2.3 GeV) - Data-Pythia-Sang(Egp > 1 GeV)
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Kinematic region of FPC analysis

Q? (GeV?) 22-3 | 3-5 5-7 7-10 10 - 20 20 - 40 40 - 80
2o s (GeV?) 2.7 4 6 8 14 27 55
W (GEV) 37-55 | 55-74 | 74-99 | 99-134 | 134-164 | 164-200 | 200 - 245

Wier (GEV) 45 65 85 115 150 180 220

Mx (GEV) | 028-2 | 2-4 4-8 8- 15 15 - 25 25 - 35

Mxyef (GEV) 1.2 3 6 11 20 30
e - e -
q q
q e q
4 J vy g v g= g
939 :'é
=y >

Y
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Measurement of F'o
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Measurement of Q™ (W, Q?)
ZEUS
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Q?=55GeV?
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Q?=14 GeV?
Q% =8GeV?
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Q%=2.7GeV?

R = =

150

200

250 300

W(GeV)

slow rise with (Q*

— > as expected for leading twist

strong riseas W — 0
rise accelerates as Q2 increases

reflects the rise of fs asx — 0

fitotot =c. W

note azp(0) = 1 4 a*° /2

ap(0) ~ 1.15at Q? = 2.7 GeV?
~ 1.33 at Q% = 55 GeV?

W dependence quite different from be-

. tot
haviour of Opp

a Pomeron intercept, rising with 2, vio-
lates the assumption of single Pomeron ex-
change plus factorisation of the vertex func-

tions
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diff
a |

W dependence of

dif f
dO_’y*p%XN

JdM

0.8 -

ZEUS

0<M, <2GeV

e ZEUS98-99 (prel.)
- 2<M <4GeV

' soft Pomeron

0.8 -

8<M, <15GeV

) soft Pomeron

¢ soft Pomeron

10 1

02 (Gev?)

. Fit

diff
do_fy*p—>XN

dM x

_ . ppadifs

~ (W2)(2W—2)

(h, a®ff free parameters)
camp =1+a?/) /4

. Compare with soft Pomeron from hadron-hadron

scatteringatt =0

t 0.012
a7 (0) = 1.09670-012

corrected by 0.02(= da: ) for ¢ distribution

- a®oft = 0.30210 058

. For Mx < 2GeV

a?ff as expected for soft Pomeron

. At higher M x

a®ff higher than expected for soft Pomeron —
clear indication for rise with Q2 .
Note : For Q2 > 10 GeV?,
Probability that a4/ f = g5°ft is < 0.001
——> Strong indication for pQCD
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Compare o p for diffractive and total v*p scattering

ZEUS
14 ZEUS 98-99 (prel.)

i (0)

5 - e 0% (x<0.01)
1.35 diff
- x do /dM, (4<M, <8 GeV)

A2y 5
U,ty?ktp = - Fa(x, Q°)
1.3 1 o
: ~ s I Ty oy p (W2, 1 = 0) ~ (W2)om (01
125 (Optical theorem)
I d2odiff 5 dif f
12 -~ T ~ (W2)2(ap 7 (0)=1)
- dMth | YTP—Y p| ( )
i att =20
115 -
i e Data (4 < Mx < 8 GeV) show
1.1 B .
3 :a?;)fle—l—(a’}]%t—l)/2
1.05 -
0y =1+ (0p " -1)/2
1 | | Lo | | | Lo | 5
1 10 10
Q* (Gev?)
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Q*da™ /dM,,, (nb GeV)

Q*da™ /dM,,, (nb GeV)

ZEUS

ZEUS 98-99 (prel.)

W =220 GeV
Q?=2.7GeV?
Q’=4GeV?
Q?=6GeV?
Q*=8GeV?
Q%= 14 GeVv?

x Q*=27GeV?
Q?= 55GeV?

< > B O

T

o 5 10 15 20 25 30 35
M, (GeV)

I R B T R R

0 5 10 15 20 25 30 35
M, (GeV)

at W = 220 GeV

e Rapid decrease with Q2 for Mx < 4 GeV

— predominantly higher twist.

e Constant or slow rise with Q2 for M x > 10 GeV
— leading twist
therefore:
can expect substantial diffractive contributions
even at Q2 values much higher than studied

here
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ZEUS 98-99 (prel.)
® Q’=27Gev: W Q?°=4Gev? A Q°=6Gev® Vv Q*=8GeV?
* Q*=14Gev? & Q%=27Gev? X Q?=55GeV?
s 0<M, <2GeV 8<M, <15GeV
o i i i
S 008 . i $
S i
b o004s ## . i § E - § ;
o.ozit$$$f§ i ngf?
7* x * * * t
0’&\‘%%\%”?”%\‘#‘\ N
i 2<M, <4GeV 15<M, <25 GeV
0.06 - i -
0.04% # 1 -
LALE B
Y] S S § § é
I S %
o) S P R S PR L
i 4<M <8GeV 25<MX<3SGeV
0.06 [ s
0.04 |- -
%gg g g I
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St o : §
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W(GeV)

diff _

Fiot = —
My, diff
fMa dMXdO_v*p—AXN,MN <2.3GeV/dMX
tot
0%

e The diffractive cross section has about the

same W-dependence as ot°?
The low Mx bins indicates a decrease of
r&i1 7 with increasing Q2 .

For Mx > 8 GeV: no Q2 dependence.

EZJZ\;;J;<35 GeV)/UtOt at W = 220 GeV:
= 198713% (Q? =2.7GeV?)

= 10.1705% (Q? =27 GeV?)

— Slowly decreasing with Q2

Diffraction is a substantial part of deep inelas-

tic scattering
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X szD(3)
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14 GeV? 8 GeVv? 6 GeVv? 4GeVv? 2.7 GeV?

27 GeV?

55 GeV?

Q*=

Determine structure function of

Pomeron FQD(Q) (FPC)

e Following Ingelman + Schlein,

diff. struct. function of proton
= (flux of Pomerons) X (struct. funct. of Pomeron)
F2D(3) (Q%,8,zp) =
2 FD(Q) 2
fipyp(xp, Q%) - Fy 7 (B, Q%)
For Pomeron flux factor use ansatz

C TO (02
fp/p(xp, Q%) = (=)@

TP TP
Setxg=001,C=1

—> determine FQD(Q)

= 78,02 = 2oFy P (20,8,Q%)

atxpp =29 =0.01

use all xijZD(g) data with
0.005 < zp < 0.015
and transport them to x7p = 0.01
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F,p@(B,Q7%)

F,p(B,Q%

Pomeron structure function FQD(2> (5, Qz)

0.05
ZEUS 98-99 (prel.)
0.04 - X,p = 0.01
0.03
0.02
001 e Q?=27GeV? v Q°=8.0GeV?
m Q°=4.0GeV? Q%= 14.0 GeV?
n Q? =60 G‘ev2 | Kk cgz =210 GeYz |
001 02 03 04 05 06 07 08 09
0.05
X, = 0.01
0.04 - P
27
14 |
0.03 -
0.02 -
0.01 -
|

e Structure Function,  Proton z, Q2 — Fy(z, Q2)

Pomeron 8, Q2 — FX?) (8, Q2)
— Probability for finding a quark

with momentum fraction 3 in Pomeron

In the “valence” region, 3 > 0.1,

FP®) has a maximum around 3 = 0.5
suggesting that

main contribution from a Pomeron in a gq state

For high g3, FQD(Q) seems to decerase with rising Q2

In the “sea” region, 3 < 0.1,

D(2) . .
FP® rises as 3 — 0 and as Q2 increases

— Evidence for pQCD evolution of the Pomeron

structure function with 3 and Q?
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X PFZD(3)
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Comparison with the BEKW model

8 GeV? 6 Gev? 4 GeV? 27 Gev2

14 GeV?

(Bartels, Ellis, Kowalski gnd Wausthoff, 1998)
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FP%(3, Q?) including BEKW(mod) fit

| ks
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Th \ Curves: BEKW(mod)
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% cgz =210 GeYz

e BEKW(mod) fit does not reproduce the rise

ofF2D(2) as 3 — 0
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F,p@(B,Q%)

F,p@(B,Q%)

FQD(Q)(ﬁ, (2?) including radiation fit
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Conclusions
e diffraction contributes a substantial fraction of the total DIS cross section, viz.

Q® = 2.7 GeV?, %ﬁg < 0.025: %S Jgtot = 19.4115%

Q% = 27 Gev2, ¥ T < 0.025: g4I Jotot = 10.1700%

—> may require special treatment of the diffractive contrlbutlon when extracting the parton

distribution functions of the proton via DGLAP type fits
e strong indication for & zp to rise with Q2 also in diffraction: a5 7 ~ 1 + (a9 — 1/2)

e diff. struct. funct. of proton: a:[pF2D(3> for M x > 2 GeVrises strongly as xjp — 0
can be factorized as f(zp, Q?) X F2D(2)(ﬁ, Q?)

e structure function of the pomeron, F2D(2)(ﬁ, Q?%) = CIZQFQD(S)(CIZQ, B,Q%), g =0.01,
for 0.9 > 8 > 0.1 (“valence” region)
has a maximum near (3 = 0.5 consistent with a 6(1 — 6) behaviour
main contribution expected from v — gq diffractively scattering on proton
for 3 < 0.1 (“sea” region):
F2D(2) rises as 3 — 0 and rises as Q? increases,
main contrib. expected from v — gqg(+g..) diff. scattering on the proton
—> data suggest for F2D(2> a pQCD like evolution with 3 and Q?

e \We are making progress in understanding DIS diffraction in terms of quarks and gluons
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