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The deep inelastic diffractive cross section, d(J~:p-+x:v/ di\! x, has been measured in the

mass range Mx ::; 15 GeV for "(p center of mass energies 60 < W < 200 GeV and

photon virtualities Q2 = 7 to 140 GeV2
. For fixed Q2 and Mx, the diffractive cross

section is found to rise rapidly with W. Parameterizing the HI dependence by the form

dCT!;.-tXN/dMx ex (W2)(20iP-2) the data yielded for the i-averaged Pomeron trajectory a

value of alP = 1.135 ± 0.008(siai)~g:g~b(syst). This value for the Pomeron trajectory is

larger than alP extracted from soft interactions. The IV dependence of the diffractive cross

section measured in this analysis is found to be the same as that of the total cross section

for scattering of virtual photons on protons. From the measured diffractive cross section

the diffractive structure function of the proton F2
D

(3)((3,XlP , Q2) has been determined. \Ve

find the data to be consistent with the assumption that the diffractive structure function

Ff(3) factorizes according to XlP F2
D

(3) (:J.:lP ,3,Q2) = (xo/xlPtF!(/3,Q2). They are also

consistent with QeD based models which incorporate factorization breaking. The rise of

XlP F2
D

(3) with decreasing XlP and the weak dependence of F! on Q2 suggest a substantial

contribution from partonic interactions.
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it
y

g
ap

ev
en

ts
h
av

e
b
ee

n
al

so
o
b
se

rv
ed

at
II

E
R

A
in

th
e

re
g
io

n
w

h
er

e
th

e
p
h
o
to

n
em

it
te

d

fr
o
m

th
e

el
ec

tr
o
n

is
al

m
o
st

re
al

an
d

k
n
o
w

n
to

b
eh

av
e

li
k
e

a
h
ad

ro
n

[1
3,

14
].

T
h
e

d
is

co
v
er

y
o
f

la
rg

e
ra

p
id

it
y

g
ap

ev
en

ts
at

H
E
R

A
h
as

st
ee

re
d

m
u
ch

in
te

re
st

am
o
n
g

th
eo

re
ti
ci

an
s

an
d

re
n
ew

ed
th

ei
r

ac
ti
v
it
y

in
th

e
fi
el

d
.

S
in

ce
th

en
m

an
y

w
o
rk

sh
o
p
s

w
er

e

o
rg

an
iz

ed
w

it
h

th
e

ai
m

to
d
is

cu
ss

th
e

b
as

ic
th

eo
re

ti
ca

l
id

ea
s

an
d

p
re

d
ic

ti
o
n
s

fo
r

d
if
fr

ac
ti
v
e

p
h
en

o
m

en
a

w
it
h
in

th
e

Q
C

D
fr

am
ew

o
rk

an
d

to
im

p
ro

v
e

th
e

u
n
d
er

st
an

d
in

g
o
f

[[
E
R

A
d
at

a.

D
if
fr

ac
ti
o
n

w
as

ex
te

n
si

v
el

y
st

u
d
ie

d
in

h
ad

ro
n
-h

ad
ro

n
in

te
ra

ct
io

n
s

ap
p
ro

x
im

at
el

y
th

ir
ty

y
ea

rs
ag

o
.

M
an

y
p
ro

p
er

ti
es

o
f

th
e

d
if
fr

ac
ti
v
e

sc
at

te
ri
n
g

an
d

in
p
ar

ti
cu

la
r

th
e

o
b
se

rv
ed

fa
ct

o
ri
za

ti
o
n

p
ro

p
er

b
es

fi
n
d

a
n
at

u
ra

l
ex

p
la

n
at

io
n

if
it

is
as

su
m

ed
th

at
d
if
fr

ac
ti
v
e

p
ro

ce
ss

es

ar
e

in
d
ee

d
m

ed
ia

te
d

b
y

an
ex

ch
an

g
e

o
f
th

e
u
n
iv

er
sa

l
P
o
m

er
o
n

tr
aj

ec
to

ry
.

T
h
e

u
n
iv

er
sa

li
ty

o
f
th

e
ex

ch
an

g
ed

tr
aj

ec
to

ry
h
as

b
ee

n
p
ro

p
o
se

d
o
ri
g
in

al
ly

b
y

G
ri

b
o
v

an
d

P
o
m

er
an

ch
u
k

[1
5J

an
d

is
u
su

al
ly

re
fe

rr
ed

to
as

R
eg

g
e

fa
ct

o
ri
za

ti
o
n
.

T
h
e

ex
p
er

im
en

ta
l

p
ro

g
ra

m
to

st
u
d
y

th
e

p
ro

p
er

ti
es

o
f

d
if
fr

ac
ti
v
e

p
ro

ce
ss

es
in

th
e

p
re

s-

e n
ce

o
f

a
la

rg
e

sc
al

e
h
as

o
n
ly

re
ce

n
tl
y

st
ar

te
d
.

F
ro

m
th

e
th

eo
re

ti
ca

l
p
o
in

t
o
f

v
ie

w
it

b
ec

o
m

es
es

se
n
ti
al

to
an

al
y
ze

v
ar

io
u
s

p
ro

ce
ss

es
in

te
rm

s
o
f

w
h
ic

h
ty

p
e

o
f

P
o
m

er
o
n

co
u
ld

b
e

p
ro

b
ed

.
T
h
e

Q
C

D
p
ic

tu
re

o
f

th
e

P
o
m

er
o
n

p
o
in

ts
to

it
s

n
o
n
-u

n
iv

er
sa

l
n
at

u
re

.
T
h
er

e
is

g
en

er
al

co
n
se

n
su

s
th

at
an

u
n
d
er

st
an

d
in

g
o
f

th
e

P
o
m

er
o
n

n
at

u
re

ca
n

es
ta

b
li
sh

th
e

m
is

si
n
g

li
n
k

b
et

w
ee

n
th

e
sh

o
rt
-r

an
g
e

an
d

lo
n
g

ra
n
g
e

st
ro

n
g

in
te

ra
ct

io
n
s.

1
3
0
th

H
E
R

A
co

ll
id

eI
'
ex

p
er

im
en

ts
,

Z
E
U

S
an

d
H

I
h
av

e
st

u
d
ie

d
p
h
o
to

n
d
if
fr

ac
ti
v
e

d
is

-

s o
ci

at
io

n
in

th
e

p
h
o
to

p
ro

d
u
ct

io
n

re
g
im

e
[1

6,
17

],
in

w
h
ic

h
th

e
el

ec
tr
o
n

is
sc

at
te

re
d

u
n
-

d
er

a
sm

al
l

an
g
le

an
d

th
e

in
te

ra
ct

io
n

ca
n

b
e

th
o
u
g
h
t

o
f

as
p
ro

ce
ed

in
g

th
ro

u
g
h

a
b
ea

m

o
f

q
u
as

i-
re

al
p
h
o
to

n
s

sc
at

te
ri
n
g

o
n

a
p
ro

to
n

ta
rg

et
.

T
h
e

en
er

g
y

ra
n
g
e

co
v
er

ed
b
y

th
e

H
E
ll
A

ex
p
er

im
en

ts
is

an
o
rd

er
o
f
m

ag
n
it
u
d
e

la
rg

er
th

an
fo

r
th

e
fi
x
ed

ta
rg

et
ex

p
er

im
en

ts
.

F
ro

m
th

es
e

m
ea

su
re

m
en

ts
it

w
as

co
n
cl

u
d
ed

th
at

p
h
o
to

n
d
if
fr

ac
ti
v
e

d
is

so
ci

at
io

n
in

p
h
o
-

to
p
ro

d
u
ct

io
n

fo
ll
o
w

s
a

si
m

il
ar

p
at

te
rn

as
si

n
g
le

d
if
fr

ac
ti
v
e

d
is

so
ci

at
io

n
in

h
ad

ro
n
-h

ad
ro

n

in
t e

ra
ct

io
n
s.

T
h
e

m
ea

su
re

m
en

ts
o
f

d
ir
fr

ac
ti
v
e

p
ro

p
er

ti
es

in
d
ee

p
in

el
as

ti
c

sc
at

te
ri
n
g

h
av

e
al

so
b
ee

n

p
er

fo
rm

ed
b
y

Z
E
U

S
[1

8,
19

]
an

d
1I

l
[2

0,
21

].
T
h
es

e
ea

rl
y

re
su

lt
s

w
er

e
co

m
p
at

ib
le

w
it
h

th
e

R
eg

g
e

fa
ct

o
ri
za

ti
o
n
,

h
o
w

ev
er

th
e

v
al

u
es

o
f

th
e

P
o
m

er
o
n

in
te

rc
ep

t
d
et

er
m

in
ed

fr
o
m

th
e

en
er

g
y

d
ep

en
d
en

ce
o
f

th
e

d
if
fr

ac
ti
v
e

st
ru

ct
u
re

fu
n
ct

io
n

w
er

e
in

co
n
cl

u
si

v
e

as
to

th
e

n
at

u
re

o
f

th
e

P
o
m

er
o
n

p
ro

b
ed

in
d
ee

p
in

el
as

ti
c

sc
at

te
ri
n
g
.

T
h
is

w
as

o
n
e

o
f

th
e

m
an

y

o
p
en

q
u
es

ti
o
n
s

at
th

e
st

ar
t

o
f

th
e

an
al

y
si

s
p
re

se
n
te

d
h
er

e.
T
h
e

m
ai

n
is

su
e

w
as

w
h
et

h
er

th
e

P
o
m

er
o
n

p
ro

b
ed

in
D

IS
is

"s
o
ft
",

b
y

w
h
ic

h
it

is
g
en

er
al

ly
m

ea
n
t

th
at

th
e

in
te

rc
ep

t
is

th
e

sa
m

e
as

m
ea

su
re

d
in

h
ad

ro
n
-h

ad
ro

n
o
r

p
h
o
to

n
-h

ad
ro

n
in

te
ra

ct
io

n
s,

o
r

w
h
et

h
er

it
is

" h
ar

d
",

w
h
ic

h
co

rr
es

p
o
n
d
s

to
ex

p
ec

ta
ti
o
n
s

o
f

p
er

tu
rb

at
iv

e
Q

C
D

m
o
d
el

s.

Q
u
an

tu
m

C
h
ro

m
o
d
y
n
am

ic
s

(Q
C

D
)

h
as

p
ro

v
en

to
b
e

a
v
er

y
su

cc
es

sf
u
l

th
eo

ry
in

d
es

cr
ib

-

in
g

th
e

w
o
rl
d

o
f

st
ro

n
g

in
te

ra
ct

io
n
s.

Q
C

D
ex

p
la

in
s

st
ro

n
g

in
te

ra
ct

io
n
s

as
b
ei

n
g

d
u
e

to

ex
ch

an
g
e

o
f

g
au

g
e

b
o
so

n
s

(g
lu

o
n
s)

b
et

w
ee

n
g
lu

o
n
s

an
d

q
u
ar

k
s

(p
ar

to
n
s)

w
h
ic

h
ar

e
p
ar

t

o
f

th
e

fu
n
d
am

en
ta

l
co

n
st

it
u
en

ts
o
f

m
at

te
r.

T
h
e

co
n
fr

o
n
ta

ti
o
n

o
f

Q
C

D
w

it
h

ex
p
er

im
en

t

ca
n

o
n
ly

b
e

te
st

ed
in

h
ar

d
p
ar

ti
cl

e
in

te
ra

ct
io

n
s

o
cc

u
rr

in
g

at
sh

o
rt

d
is

ta
n
ce

s
fo

r
w

h
ic

h

th
e

co
u
p
li
n
g

co
n
st

an
t

o
f

st
ro

n
g

in
te

ra
ct

io
n
s

b
ec

o
m

es
sm

al
l.

T
h
is

la
tt
er

p
ro

p
er

ty
o
f

Q
C

D
,

ca
ll
ed

as
y
m

p
to

ti
c

fr
ee

d
o
m

,
is

th
e

fo
u
n
d
at

io
n

fo
r
th

e
Q

u
ar

k
P
ar

to
n

M
o
d
el

(Q
P
M

)
in

w
h
ic

h

p
ar

to
n
s

ar
e

b
el

ie
v
ed

to
ac

t
as

fr
ee

p
o
in

t-
li
k
e

p
ar

ti
cl

es
.

O
n
e

o
f

th
e

m
o
st

im
p
o
rt
an

t
as

p
ec

ts
o
f

st
ro

n
g

fo
rc

es
is

co
n
fi
n
em

en
t

o
f

co
lo

re
d

p
ar

to
n
s

w
it
h
in

h
ad

ro
n
s.

It
is

b
el

ie
v
ed

to
b
e

a
p
ro

p
er

ty
o
f

Q
C

D
b
u
t

h
as

n
ev

er
b
ee

n
p
ro

v
en

ri
g
o
ro

u
sl

y
,

as
p
er

tu
rb

at
io

n
th

eo
ry

is
n
o
t

ap
p
li
ca

b
le

in
th

e
re

g
io

n
o
f

lo
n
g

ra
n
g
e

fo
rc

es

re
sp

o
n
si

b
le

fo
r

co
n
fi
n
em

en
t.

In
th

is
n
o
n
-p

er
tu

rb
at

iv
e

re
g
io

n
so

m
e

g
lo

b
al

as
p
ec

ts
o
f
so

ft
in

te
ra

ct
io

n
s

ar
e

su
cc

es
sf

u
ll
y

d
es

cr
ib

ed
b
y

ll
eg

g
e

th
eo

ry
[1

].
In

R
eg

g
e

ap
p
ro

ac
h
,

in
te

ra
ct

io
n
s

b
et

w
ee

n
h
ad

ro
n
s

o
cc

u
r

th
ro

u
g
h

ex
ch

an
g
es

o
f
th

e
R

eg
g
e

tr
aj

ec
to

ri
es

w
h
ic

h
,

w
it
h

o
n
e

ex
ce

p
ti
o
n
,

co
rr

es
p
o
n
d

to
re

al

o
b
se

rv
ab

le
p
ar

ti
cl

es
.

T
h
e

Il
eg

g
e

tr
aj

ec
to

ry
w

h
ic

h
ca

rr
ie

s
th

e
v
ac

u
u
m

q
u
an

tu
m

n
u
m

b
er

s

is
ca

ll
ed

P
o
m

er
o
n

an
d

h
as

n
o

co
rr

es
p
o
n
d
in

g
k
n
o
w

n
p
ar

ti
cl

e.

D
es

p
it
e

th
e

w
ea

lt
h

o
f
d
at

a
[2

],
th

e
n
at

u
re

o
f
th

e
P
o
m

er
o
n

re
m

ai
n
s

el
u
si

v
e.

T
h
e

co
n
ce

p
t

o
f

th
e

P
o
m

er
o
n

h
as

b
ee

n
st

u
d
ie

d
in

te
rm

s
o
f

p
er

tu
rb

at
iv

e
Q

C
D

b
y

m
an

y
au

th
o
rs

[3
].

T
h
e

id
ea

s
ab

o
u
t

th
e

n
at

u
re

o
f

th
e

P
o
m

er
o
n

ra
n
g
e

fr
o
m

a
si

m
p
le

d
ia

g
ra

m
w

it
h

tw
o

g
lu

o
n

ex
ch

an
g
e

[4
,

5
]

to
a

co
h
er

en
t

P
o
m

er
o
n

[6
]

w
h
ic

h
in

it
ia

te
s

th
e

h
ar

d
sc

at
te

ri
n
g

as
if

it

w
er

e
a

p
o
in

t-
li
k
e

p
ar

ti
cl

e,
fr

o
m

a
so

ft
P
o
m

er
o
n

to
a

L
ip

at
o
v

P
o
m

er
o
n
,

fr
o
m

a
u
n
iv

er
sa

l

st
ru

ct
u
re

o
f

th
e

P
o
m

er
o
n

to
a

n
o
n
-u

n
iv

er
sa

l
o
n
e.

T
h
e

m
o
st

p
ro

m
is

in
g

la
b
o
ra

to
ry

fo
r

in
v
es

ti
g
at

in
g

th
e

P
o
m

er
o
n

is
d
iI
T
ra

ct
iv

e
sc

at
te

ri
n
g

in
p
ar

ti
cl

e
in

te
ra

ct
io

n
s.

T
h
e

b
es

t
ex

am
p
le

o
f
a

d
ir
fr

ac
ti
v
e

re
ac

ti
o
n

is
th

e
p
ro

ce
ss

o
f
el

as
ti
c

sc
at

te
ri
n
g

o
f

tw
o

p
ar

ti
cl

es
,

h
h
'

--+
h
h
',

in
w

h
ic

h
n
o

q
u
an

tu
m

n
u
m

b
er

s
ar

e
ex

ch
an

g
ed

.
In

ad
d
it
io

n
to

th
e

el
as

ti
c

sc
at

te
ri
n
g
,

th
er

e
ar

e
in

el
as

ti
c

d
if
fr

ac
ti
v
e

p
ro

ce
ss

es
.

T
h
es

e
in

cl
u
d
e

th
e

si
n
g
le

d
is

so
ci

at
io

n
,

h
h
'

--+
h
X

,
an

d
th

e
d
o
u
b
le

d
is

so
ci

at
.i
o
n
,

h
h

'
--+

Y
X

,
re

ac
ti
o
n
s

in

w
h
ic

h
th

e
b
ea

m
an

d
/o

r
th

e
ta

rg
et

p
ar

ti
cl

es
ar

e
ex

ci
te

d
in

to
st

at
es

w
it
b

th
e

sa
m

e
in

te
rn

al

q
u
an

tu
m

n
u
m

b
er

s
as

th
o
se

o
f

th
e

in
co

m
in

g
p
ar

ti
cl

es
.

T
y
p
ic

al
o
f

k
n
o
w

n
p
ro

p
er

ti
es

o
f

d
if
fr

ac
ti
v
e

p
ro

ce
ss

es
is

a
w

ea
k

d
ep

en
d
en

ce
o
f

th
e

cr
o
ss

se
ct

io
n

o
n

en
er

g
y

an
d

fa
ct

o
ri
za

ti
o
n

p
ro

p
er

ti
es

su
g
g
es

te
d

b
y

a
fa

ir
ly

in
d
ep

en
d
en

t
ra

ti
o

o
f

th
e

d
if
fr

ac
ti
v
e

to
th

e
to

ta
l

cr
o
ss

se
ct

io
n

[7
].

A
n
o
th

er
ch

ar
ac

te
ri
st

ic
o
f

b
ig

h
en

er
g
y

el
as

ti
c

an
d

d
if
fr

ac
ti
v
e

sc
at

te
ri
n
g

is
th

e

ex
p
o
n
en

ti
al

su
p
p
re

ss
io

n
o
f

tb
e

cr
o
ss

se
ct

io
n

as
a

fu
n
ct

io
n

o
f

th
e

sq
u
ar

e
o
f

th
e

m
o
m

en
tu

m

tr
an

sf
er

,
t,

b
et

w
ee

n
th

e
tw

o
h
ad

ro
n
s.

A
s

th
is

p
ro

p
er

ty
is

re
m

in
is

ce
n
t

o
f

th
e

d
if
fr

ac
ti
o
n

o
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r

o
f

H
E
R

A
.

T
h
u
s,

th
e

p
ro

to
n

b
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b
ea

m
p
o
la

r
an

g
le

is
1
8
0
°.

T
h
e

az
im

u
th

al
an

g
le

¢>
is

m
ea

su
re

d
w
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p
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f
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b
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d
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u
d
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n
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m
ai

n
co

m
p
o
n
en

ts
is

p
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d
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2
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e
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ra
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b
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b
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b
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b
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J
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b
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u
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p
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e

d
et

ec
to

r
es

se
n
ti
al

fo
r

th
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p
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g
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A
b
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b
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ra
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e
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d
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D
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a
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d
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b
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p
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h
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C
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b
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n
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g
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p
ro

v
id

in
g

a
fi
el

d
o
f

1
.4

3
T
.

F
o
rw

ar
d

an
d

re
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b
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e
ex

tr
a

tr
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at
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re
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b
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b
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A
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h
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C

A
L
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ro
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b
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re
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b
y

m
u
o
n

ch
am

b
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b
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p
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b
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r
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b
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b
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b
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ra
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b
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p
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ra
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b
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at
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b
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p
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b
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b
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b
ea

m
li
n
e

(2
0
-9

0
m

)
an

d
fo

rw
ar

d
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p
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v
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b
u
n
ch

cr
o
ss

in
g
s

at
B

E
ll
A

re
su

lt
s

in
a

n
o
m

in
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ra
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ra
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b
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p
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d
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p
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p
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p
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p
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p
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d
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b
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g
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p
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p
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p
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h
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d
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b
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b
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.
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at
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p
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p
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p
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.
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d
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b
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b
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9
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p
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b
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p
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b
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ei
r

w
ir

es
in

cl
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g
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b
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b
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b
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0.

01
6

fo
r

9
su

p
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u
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n
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n
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er

e,
as

th
es

e
re

g
io

n
s

ar
e

sh
ad

o
w

ed
b
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b
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d
u
le

s
an

d
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s.

T
h
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h
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h
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p
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b
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p
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a
l

C
ro

ss
S
ec

ti
o
n

~

:>
3
0
0

•.. ~ " ><
2
0
0

~ '0 t3 '0

!
I
I

j
t
I

I
I

t
j
I

I
I

.
,

,

If
l

I
I

t
t

I
I

i

I
,
'

,
,

,

I
!
I

1
l
I

jl
I

I

jl
I

,
,

,
,

II
I

I
!I

!
II

I
I

.
,

:>
1
5
0

•.. ~ " :E"
1
0
0

~ '0 :>
5
0

•.. ~
4
0

" :E"
3
0

'0 t3 '0
2
0 1
0

:>
1
0

•.. S2
8

,Q ..s ~
~

6

~ '0
4 2 o

o
5
0

1
0
0

1
5
0

2
0
0

2
5
0

0

W
(G

e
V

)

5
0

1
0
0

1
5
0

2
0
0

2
5
0

0

W
(G

e
V

)

5
0

1
0
0

1
5
0

2
0
0

2
5
0

W
(G

e
V

)

1
0
9

1
1
0 ;;- (5

10
:l
3 c i' '"

10
ti '"

'> .,
;;-

C
l ;!

(5
1
0

:l3

"
i·

'b
'"

1
0

ti '"

F
ig

u
re

8
.3

:
T
h
e

d
if
fe

re
n
ti
a
l

cr
o
ss

se
ct

io
n

d
(J

:;
'p

~
x
N

/
d
M

x
a
s

Ju
n
ct

io
n

o
j

vi
d
u
a
l

p
h
o
to

n

p
ro

to
n

ce
n
te

!'
o
j
m

a
ss

en
el

'!
]Y

W
,

Jo
r

th
e

M
x

a
n
d

Q
2

va
lu

es
a
s

d
en

o
te

d
in

th
e

fi
g
u
re

.
T
h
e

in
n
e
l'

en
'o

!'
b
m

's
sh

o
w

th
e

st
a
ti
st

ic
a
l

el
'r
O

l'
S
a
n
d

th
e

Ju
ll

b
m

's
th

e
st

a
ti
st

ic
a
l

a
n
d

sy
st

em
a
ti
c

er
ro

rs
a
d
d
ed

in
q
u
a
d
m

tu
re

.
T
h
e

o
ve

ra
ll

n
o
rm

a
li
za

ti
o
n

u
n
ce

rt
a
in

ty
o
j

3%
is

n
o
t

in
cl

u
d
ed

.

IV
=

6
6
G

el
'

IV
=

8
/G

el
'

IV
=

9
9

G
el

'

1

•
,

.
!

I

IV
=
/2

1
G

el
'

IV
=

/4
8

G
el

'
.

1
V
=

1
8
1

G
el

'

,
.

·
.

,

I
!

I

1
V

=
8
/G

el
'

IV
=

9
9
G

eV
1
V
=

I2
1
G

eV

1

•

•
•

IV
=

1
4
8

G
eV

IV
=

/8
1

G
eV

1
0

2
0

30
4
0

5
0

60
7
0

Q
'(
G

.V
')

I
.

;;- ~
10

1

S
.

:;: ~
10

;;- ~
tO
l

5
.

:;: ~
1
0

M
x=

l1
G

eV IV
=

/8
/

G
eV

F
ig

u
re

8
.4

:
T
h
e

d
if
fe

w
lt
ia

l
C

l'
O

S
Ss
ec

ti
o
n

d
(J

:;
'p

~
xN

/d
i\
{y

a
s

Ju
n
ct

io
n

o
fQ

2
,

fo
r

th
e

M
x

a
n
d

W
va

lu
es

a
s

d
en

o
te

d
in

th
e

fi
g
u
re

.
T
h
e

in
n
el

'
el

T
O

l'
b
a
rs

sh
o
w

th
e

st
a
ti
st

ic
a
l

el
T
O

l'
S

a
n
d

th
e

Ju
ll

b
a
rs

th
e

st
a
ti
st

ic
a
l

a
n
d

sy
st

em
a
ti
c

er
ro

l'
s

a
d
d
ed

in
q
u
a
d
m

tu
re

.
T
h
e

o
ve

ra
ll

n
0
1
'm

a
li
za

ti
o
n

u
n
ce

rt
a
in

ty
o
f

9%
is

n
o
t

in
cl

u
d
ed

.
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.
T

h
e

D
if
fr

a
c
ti
v
e

D
if
fe

re
n

ti
a

.!
C

ro
ss

S
e

c
ti
o

n
~

8
.2

.1
S
y
st

e
m

a
ti
c

E
r
r
o
r
s

T
h
e

sy
st

em
at

ic
er

ro
rs

o
n

th
e

cr
o
ss

se
ct

io
n
s

w
p
re

es
ti
m

at
ed

b
y

v
ar

y
in

g
th

e
cu

ts
an

d
al

-

g
o
ri
th

m
s

u
se

d
to

se
le

ct
th

e
ev

en
ts

.
T
h
e

b
in

-b
y
-b

in
ch

an
g
es

fr
o
m

th
e

n
o
m

in
al

v
al

u
e

w
er

e

re
co

rd
ed

.
T
h
e

sy
st

em
at

ic
ch

ec
k
s

p
er

fo
rm

ed
in

th
is

an
al

y
si

s
ar

e
li
st

ed
b
el

o
w

an
d

fo
r

re
f-

er
en

ce
ea

ch
te

st
is

n
u
m

b
er

ed
(t
h
e

n
u
m

b
er

is
g
iv

p
n

in
b
ra

ck
et

s
{
}
).

C
h
ec

k
s

re
la

te
d

to
th

e
el

ec
tr
o
n

en
er

g
y

sc
al

e
an

d
fi
n
d
in

g
ef

fi
ci

en
cy

:

{
1
2
}
:

In
o
rd

er
to

te
st

th
e

in
fi
u
en

ce
o
f

h
ad

ro
n
ic

fi
n
al

st
at

e
si

m
u
la

ti
o
n
,

ei
C

'c
tr
o
n

en
er

g
y

co
rr
ec

ti
o
n
s

an
d

k
in

em
at

ic
v
ar

ia
b
le

re
co

n
st

ru
ct

io
n
,

th
e

en
er

g
y

an
d

th
e

ce
ll
s

o
f

th
e

th
e

el
ec

tr
o
n

w
er

e
ta

k
en

th
at

o
f

th
e

id
en

ti
fi
ed

T
o
w

p
rl
sl

an
d
.

T
h
e

b
ig

g
es

t
d
if
fe

re
n
ce

2
.5

%
o
cc

u
rr

ed
at

h
ig

h
W

,
lo

w
Q

2
an

d
h
ig

h
M

x
v
al

u
es

,
w

h
il
e

al
l

o
th

er
b
ir
ls

w
er

e

es
se

n
ti
al

ly
u
n
af

fe
ct

ed
.

T
h
is

in
d
ic

at
es

a
g
o
o
d

si
m

u
la

ti
o
n

o
f

th
e

h
ad

ro
n
ic

fi
n
al

st
at

e.

{
3
}
:

T
h
e

fi
d
u
ci

al
cu

t
at

th
e

in
n
er

ed
g
e

o
f
th

e
re

ar
ca

lo
ri
m

et
er

(b
o
x

cu
t)
,

w
h
ic

h
g
u
ar

an
te

es

g
o
o
d

co
n
ta

in
m

en
t

o
f

th
e

el
ec

tr
o
n

sh
o
w

er
in

th
e

ca
lo

ri
m

et
er

,
w

as
in

cr
ea

se
d

fr
o
m

3

to
4

cm
.

T
h
e

re
su

lt
s

in
th

e
lo

w
es

t
Q

2
b
in

s
ch

an
g
ed

b
y

le
ss

th
an

2
%

,
w

h
il
e

al
l
o
th

er

b
in

s
w

er
e

es
se

n
ti
al

ly
u
n
af

fe
ct

ed
.

{
1
3
}
:

T
h
e

an
al

y
si

s
w

as
p
er

fo
rm

ed
w

it
h
o
u
t

re
q
u
ir
in

g
a

re
co

n
st

ru
ct

ed
ev

en
t

v
er

te
x

an
d

co
u
ld

th
er

ef
o
re

b
e

af
fe

ct
ed

b
y

b
ac

k
g
ro

u
n
d

fr
o
m

b
ea

m
-g

as
sc

at
te

ri
n
g
.

T
h
e

an
al

y
si

s

w
as

re
p
ea

te
d

re
q
u
ir
in

g
an

ev
en

t
v
er

te
x

as
d
et

er
m

in
ed

b
y

tr
ac

k
in

g
w

h
er

e
t.
h
e

z-

co
o
rd

in
at

e
o
f
th

e
v
er

te
x

h
ad

to
li
e

in
th

e
in

te
rv

al
-2

8
cr

n
to

+
4
0

cm
.

T
h
is

re
q
u
ir
em

en
t

w
as

sa
ti
sf

ie
d

b
y

9
4
%

o
f

th
e

ac
ce

p
te

d
ev

en
ts

.
T
h
e

v
er

te
x

re
q
u
ir
em

en
t

re
d
u
ce

d
th

e

to
ta

l
n
u
m

b
er

o
f

ev
en

ts
in

th
e

ac
ce

p
te

d
(M

X
,W

,Q
2)

b
in

s
o
b
ta

in
ed

w
it
h

u
n
p
ai

re
d

p
ro

to
n

b
u
n
ch

es
fr

o
m

2
0

to
0

ev
en

ts
an

d
u
n
p
ai

re
d

el
ec

tr
o
n

b
u
n
ch

es
fr

o
m

5
0

to
9

ev
en

ts
.

T
h
u
s,

su
p
p
re

ss
in

g
th

e
e-

an
d

p
-g

as
b
ac

k
g
ro

u
n
d
s

to
a

n
eg

li
g
ib

le
~
l1

lo
u
n
t.

A
p
ar

t
fr

o
m

th
is

ef
fe

ct
ch

an
g
es

o
f

th
e

cr
o
ss

se
ct

io
n
s

b
y

at
m

o
st

6
%

in
th

e
h
ig

h
W

an
d

lo
w

Q
2

v
al

u
es

w
er

e
o
b
se

rv
ed

.
P
o
r

th
e

o
th

er
b
in

s
th

e
ch

an
g
es

w
er

e
sm

al
le

r
th

an

2
.5

%
.

{
1
}
,{

2
}
:

T
h
e

cu
t

o
n

th
e

re
co

n
st

ru
ct

ed
co

rr
ec

te
d

en
er

g
y

o
f

th
e

el
ec

tr
o
n

E;
w

as
lo

w
er

ed
fr

o
m

1
0

G
eV

to
9

G
eV

({
I}

)
an

d
ra

is
ed

to
1
1

G
eV

({
2
}
).

T
h
is

p
ro

b
es

th
e

u
n
d
er

st
an

d
in

g

o
f

th
e

el
ec

tr
o
n

en
er

g
y

sc
al

e
af

te
r

co
rr

ec
ti
o
n
s.

T
h
e

la
rg

es
t

er
ro

rs
ar

e
ab

o
u
t

±
0
.5

%

at
h
ig

h
W

d
em

o
n
st

ra
ti
n
g

a
g
o
o
d

u
n
d
er

st
an

d
in

g
o
f

th
e

el
ec

tr
o
n

en
er

g
y

sc
al

e.

{
4
}
:

T
h
e

p
ro

b
ab

il
it
y

cu
t

fo
r

el
ec

tr
o
n

fi
n
d
er

w
as

ra
is

ed
fr

o
m

0
.9

to
0
.9

7
.

T
h
is

te
st

p
ro

b
es

th
e

se
n
si

ti
v
it
y

o
f
el

ec
tr
o
n

fi
n
d
in

g
ef

fi
ci

en
cy

an
d

ef
fe

ct
s

d
u
e

to
el

ec
tr
o
n

m
is

id
en

ti
fi
ca

-

t i
o
n

(i
.e

.
se

n
si

ti
v
it
y

to
p
h
o
to

p
ro

d
u
ct

io
n

b
ac

k
g
ro

u
n
d
).

T
h
e

la
rg

es
t

ch
an

g
es

o
cc

u
rr

ed

in
b
in

s
at

h
ig

h
W

,
h
ig

h
M

x
an

d
lo

w
Q

2
(-

3
%

).

{
l'
!}

:
T
h
e

n
o
m

in
al

p
ro

ce
d
u
re

fo
r

su
b
tr
ac

ti
n
g

th
e

n
o
n
d
if
fr

ac
ti
v
e

b
ac

k
g
ro

u
n
d

u
se

s
a.

fi
x
ed

b
sl

o
p
e

an
d

an
ex

te
n
d
ed

fo
rm

fo
r

d
if
fr

ac
ti
v
e

co
n
tr
ib

u
ti
o
n

D
.

T
h
e

an
al

y
si

s
w

a.
s

al
so

p
er

fo
rm

ed
w

it
h

a
fr

ee
b

sl
o
p
e

an
d

an
ex

te
n
d
ed

fo
rm

fo
r

D
.

T
h
e

re
su

lt
in

g
d
if
fe

re
n
ce

s

fo
r

th
e

d
if
fr

ac
ti
v
e

cr
o
ss

se
ct

io
n

w
er

e
sm

al
l,

le
ss

th
an

1
%

,
at

m
ed

iu
m

to
h
ig

h
\i
V

,
lo

w

M
x

an
d

al
l

Q
2

v
al

u
es

;
at

h
ig

h
er

M
x

a n
d
/o

r
h
ig

h
er

Q
2

an
d
/o

r
lo

w
W

v
al

u
es

th
e

d
if
fe

re
n
ce

s
u
p

to
6
%

w
er

e
o
b
se

rv
ed

.
{
5
}
,{

6
}
:

T
h
e

li
m

it
s

o
n

0
cu

t
w

er
e

lo
w

er
ed

fr
o
m

4
0

G
eV

to
3
8

G
eV

({
5
}
)

an
d

ra
is

ed
to

4
2

G
eV

({
6
}
)

in
o
rd

er
to

te
st

fo
r

p
o
ss

ib
le

m
is

m
at

ch
es

in
th

e
si

m
u
la

ti
o
n

o
f

h
ad

ro
n
ic

fi
n
al

st
at

e,
sh

o
w

er
si

m
u
la

ti
o
n
s

an
d

ca
lo

ri
m

et
er

en
er

g
y

sc
al

e.
T
h
is

ch
ec

k
al

so
te

st
s

th
e

se
n
si

ti
v
it
y

to
th

e
re

m
ai

n
in

g
p
h
o
to

p
ro

d
u
ct

io
n

b
ac

k
g
ro

u
n
d

an
d

to
th

e
Q

8
D

ra
d
ia

ti
v
e

e f
fe

ct
s.

T
h
is

re
su

lt
ed

in
sm

al
l

ch
an

g
es

o
f

th
e

cr
o
ss

se
ct

io
n
s,

ty
p
ic

aJ
ly

le
ss

th
an

2
%

.

{
1
5
}
,{

1
6
}
:

T
h
e

fi
x
ed

b
sl

o
p
e,

u
se

d
in

th
e

ex
te

n
d
ed

fo
rm

fi
tf
o
r

D
,

w
as

lo
w

er
ed

{1
5}

(r
ai

si
n
g

{
1
6
}
)

fr
o
m

1
.8

to
1
.7

(1
.9

).
T
h
e

h
ig

h
es

t
d
if
fe

re
n
ce

s,
u
p

to
4
%

,
o
cc

u
rr

ed
at

lo
w

W
an

d
/o

r

h
i g

h
M

x
v
al

u
es

,
w

h
il
e

aJ
l
o
th

er
b
in

s
w

er
e

es
se

n
ti
aJ

ly
u
n
af

fe
ct

ed
.

{
7
}
,{

8
}
:

T
h
e

ef
fe

ct
o
f

th
e

cu
t

o
n

Y
jb

w
as

te
st

ed
b
y

lo
w

er
in

g
{
7
}

(r
ai

si
n
g

{
8
}
)

it
fr

o
m

0
.0

2

to
0
.0

1
(0

.0
3
).

T
h
is

te
st

ed
th

e
se

n
si

ti
v
it
y

o
f

p
o
ss

ib
le

m
is

m
at

ch
es

to
th

e
d
at

a
in

th
e

si
m

u
la

ti
o
n

o
f

th
e

C
A

L
n
o
is

e
an

d
in

th
e

sh
o
w

er
si

m
u
la

ti
o
n

o
f

th
e

h
ad

ro
n
ic

fi
n
al

st
at

e.
T
h
e

ch
an

g
es

w
er

e
fo

u
n
d

to
b
e

b
el

o
w

2
%

fo
r

m
o
st

o
f

th
e

b
in

s,
ex

ce
p
t

fo
r

th
e

lo
w

W
b
in

s
in

w
h
ic

h
ch

an
g
es

o
f

ab
o
u
t

+
5
%

w
er

e
o
b
se

rv
ed

.

{
1
7
}
:

A
n

al
te

rn
at

iv
e

u
n
fo

ld
in

g
m

et
h
o
d
,

th
e

In
v
er

se
M

at
ri
x

u
n
fo

ld
in

g
,

w
as

ap
p
li
ed

in
o
rd

er

to
es

ti
m

at
e

th
e

se
n
si

ti
v
it
y

to
p
o
ss

ib
le

m
is

m
at

ch
es

to
th

e
d
at

a
in

th
e

M
C

d
es

cr
ip

ti
o
n

o
f

ac
ce

p
ta

n
ce

an
d

m
ig

ra
ti
o
n
s.

T
h
e

m
ax

im
u
m

ef
fe

ct
w

as
u
p

to
2
4
%

in
fe

w
b
in

s
at

h
i g

h
Q

2
v
al

u
es

,
an

d
w

as
le

ss
th
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Figure B.!: In MI distributions for the data (points) in the Wand Q2 intervals as indicated in the figure. The error bars

give the statistical errors of the data. Here NIx is the corrected mass. The distrib'utions are not con'ected for acceptance

effects. The histograms show the predictions for nondiffr-active scatte-ring as calculated from CDMBGF. The CDMBGF

distributions were normalized to the data in the high mass region.
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Figure B.2: In NIl distributions for the data (points) in the Wand Q2 intervals as indicated in the figure. The error bars

give the statistical erT'Orsof the data. Here Mx is the corrected mass. The distributions are not corrected for acceptance

effects. The histograms show the p'redictions for nondiffractive scattering as calculated from CDMBGF shifted upwur'ds by

0.4 (0.35. 0.2, 0.1) units in In M} at Q2 = 7(10,27,60) Ge V2 (see text). The CDMBGF distr'ibutions were normalized

to the data in the high mass region.
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Figure B.3: Distribution of In M} predicted fo'r the diffractive contribution by RAPGAP (H1Pl) at the generator' (his-

togTams) and detector (dots) levels for the Wand Q2 intervals as indicated in the figuTe.
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Figure B.4: Distributions of In M1 determined from the data (po'ints) for the Wand Q2 intervals as indicated. The

error bars give the statistical errors of the data. Here 1\.1x is the corrected mass. The distributions are not corrected fo1'

acceptance effects. The histogmms show the predictions for the sum of the contributions fl'om nondiffmctive scattering as

calculated from CDMBGF (shifted upwards in In JV[1 as explained in the text) and Jrom diffractive scattering as calculated

from RAPGAP (HJP1). The DIS and DIFF components wel'e normalized to give the best description of data.
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3

~
W 102

Figure B.5: Distributions oJ In M1 as p1'edicted by CDMBGF IV[Cmodel at the genemtor (histogmms) and detecto1' (dots)

levels for the W inte1'vals and Q2 values indicated.
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Figure B.6: Example of standard fit to DIS+DIFF MC sample. The solid histograms show the predictions for the sum of

the contributions from nondiffractive scattering as calculated from CDMBGF and from diffractive scattering as calculated

from RAPGAP (HJPl). The DIS and DIFF components were normalized to give the best description of data. The dashed

histograms show the predictions for the contributions from nondiffraetive scattering as calculated from CDIVIBGF. The

thick solid vertical lines indicate the maximum in Ml values up to which the fits were perf07med. The thin solid lines

show the results from the fits for the nondiffractive contribution.

Figure B.7: Example of extended fit to DIS+DIFF MC sample. The solid histogmms show the pr'edictions for the sum of

the contributions from nondiffractive scatter'ing as calculated from CDMBGF and fr'om diffractive scatter'ing as calculated

from RAPGAP (HJPl). The DIS and DIFF components were normalized to give the best description of data. The dashed

histogmms show the predictions for the contributions from nondiffractive scattering as calculated from CDMBGF. The

thick solid vertical lines indicate the maximum In Ml values up to which the fits were performed. The thin solid lines

show the results from the fits for the nondiffractive contribution.
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