
C
h
a
rl
e
s 
F
. 
Pe
rd
ri
sa
t

th
e 
C
ol
le
ge
 o
f 
W
ill
ia
m
 a
nd
 M
ar
y

T
h
e
 X
IX
th
 B
a
ld
in
 S
e
m
in
a
r 
on
 H
ig
h
 E
ne
rg
y
 P
h
y
si
cs
 P
ro
b
le
m
s

J
oi
nt
 I
ns
ti
tu
te
 f
or
 N
uc
le
a
r 
R
e
se
a
rc
h

D
ub
na
, 
S
e
pt
e
m
b
e
r 
2
9
 t
o 
O
ct
. 
4
, 
2
0
0
8

1

E
x
pe
ri
m
e
nt
a
l 
C
h
e
ck
 o
f 
th
e
 B
or
n

A
pp
ro
x
im
a
ti
on
 i
n 
e
la
st
ic
 e
p

S
ca
tt
e
ri
ng

9/
28

/2
00
8



O
ut
li
ne

In
tr
od
uc
ti
on

F
or
m
 F
a
ct
or
s 
fr
om
 R
os
e
nb
lu
th
 a
nd
 r
e
co
il
 p
ol
a
ri
z
a
ti
on

T
h
e
 p
ro
to
n 
F
or
m
 F
a
ct
or
 “
d
is
cr
e
pa
nc
y
”

Po
ss
ib
le
 2
γ
co
nt
ri
b
ut
io
n

R
e
la
te
d
 e
x
pe
ri
m
e
nt
s 
a
t 
J
L
a
b

C
on
cl
us
io
ns

(s
e
e
 a
ls
o 
re
vi
e
w
 i
n 
“P
ro
gr
e
ss
 i
n 
Pa
rt
ic
le
 a
nd
 N
uc
le
a
r 
Ph
y
si
cs
”,
 C
.F
.P
.,
 V
. 
Pu
nj
a
b
i 
a
nd
 

M
. 
V
a
nd
e
rh
a
e
gh
e
n,
 P
ro
g.
 P
a
rt
. 
N
uc
l.
 P
h
y
s.
 5
9
, 
6
9
4
-
7
6
4
, 
2
0
0
7
)

2
9/
28

/2
00
8



In
tr
od
uc
ti
on

•
A

t 
la

rg
e
 Q

2
e
le

ct
ro

m
ag

ne
ti

c 
F

or
m

 F
ac

to
rs

 c
on

ta
in

 
st

ru
ct

ur
e
 i

nf
or

m
at

io
n 

on
 t

h
e
 m

an
y-

b
od

y 
sy

st
e
m

 o
f 

qu
ar

k
s 

an
d

 g
lu

on
s 

of
 t

h
e
 n

uc
le

on
. 
A

t 
lo

w
 Q

2
th

e
y 

in
fo

rm
 u

s 
ab

ou
t 

th
e
 p

io
n 

cl
ou

d
.

•
W

h
e
n 

ob
ta

in
e
d

 f
ro

m
 e

x
pe

ri
m

e
nt

, 
th

e
 F

or
m

 F
ac

to
rs

 
ar

e 
re

la
ti

vi
st

ic
 i

nv
ar

ia
nt

s 
on

ly
 t

o 
th

e 
e
x

te
nt

 t
h

at
 t

h
e
 

pr
ob

e
 i

s 
a
si
ng
le

vi
rt

ua
l
ph
ot
on

e
x
ch
a
ng
e
d

b
e
tw

e
e
n 

e
le

ct
ro

n 
an

d
 n

uc
le

on
; 

h
ig

h
er

 o
rd

er
 c

on
tr

ib
ut

io
ns

 
d

e
st

ro
y 

th
is

 i
nv

ar
ia

nc
e
, 

w
h

ic
h

 o
ne

 m
ig

h
t 

re
ga

in
 a

ft
e
r 

ap
pl

yi
ng

 a
 n

um
b

e
r 

of
 r

ad
ia

ti
ve

 c
or

re
ct

io
ns

.

•
T

h
e
 r

e
ce

nt
 i

nc
lu

si
on

 o
f 

2
γ

e
x

ch
an

ge
 w

it
h

 t
w

o 
h

ar
d

 
ph

ot
on

s 
m

ay
 h

e
lp

 r
e
co

nc
il

ia
te

 t
h

e
 d

is
cr

e
pa

nc
y 

b
e
tw

e
e
n 

R
os

e
nb

lu
th

 a
nd

 R
e
co

il
 P

ol
ar

iz
at

io
n 

m
e
as

ur
em

e
nt

s 
of

 
G

E
p/

G
M

p
, 

or
 i

t 
m

ay
 n

ot
. 

3
9/
28

/2
00
8



R
os
e
nb
lu
th
 C
ro
ss
 S
e
ct
io
n

T
h
e
 c
ro
ss
 s
ec
ti
on
 f
or
 s
in
gl
e 
ph
ot
on
 e
x
ch
a
ng
e
 (
B
or
n 
te
rm
) 
is

w
it
h
:

T
h
e
 r
e
d
uc
e
d
 c
ro
ss
 s
e
ct
io
n 
us
e
d
 i
n 
R
os
e
nb
lu
th
 s
e
pa
ra
ti
on
 :

)
1/(

)
2

(
2

)2
(

2
τ

ετ
σ

σ
+

+
Ω

=
Ω

 

 
Q

M
p

G
Q

E
p

G
M

ot
t

d
d

dd

1

2

2
ta

n
)

1(2
1

−
+

+
=

 

 

 
 

eθ
τ

ε

2
2

)
1(

M
p

G
E

p
G

M
ot

t
dd

dd
re

du
ce

d
τ

ε
σ

σ
τ

ε
σ

+
=

 
 

Ω
 

 

Ω
+

=

4
9/

28
/2

00
8



vs
. 
R
e
co
il
 P
ol
a
ri
za
ti
on

9/
28

/2
00

8
5

F
or
 r
e
co
il 
po
la
ri
za
ti
on
, 
th
e
 t
w
o 
po
la
ri
za
ti
on
 c
om
po
ne
nt
s 
a
re
:

T
h
e
 b
e
a
ut
y 
of
 t
h
e
 m
e
th
od
 i
s 
th
a
t 
th
e
 F
or
m
 F
a
ct
or
 r
at
io
 i
s 

in
d
e
pe
nd
e
nt
 o
f 
th
e
 e
le
ct
ro
n 
po
la
ri
za
ti
on
 a
nd
 o
f 
th
e
 p
ol
a
ri
m
e
te
r 

a
na
ly
zi
ng
 p
ow
e
r:

εε
τ

θ
2

)
1(

2
ta

n
2

) '
(

+
−

+
−

=
 

 

l
l

PtP
or

e
M

e
E

e
E

PtP

M
p

G
E

p
G

Po
la
ri
za
ti
on
 t
ra
ns
fe
r 
in
  
  
  
  
  
 o
r 
sp
in
-
ta
rg
e
t 
as
ym
m
e
tr
y 
  
  
  

re
su
lt
 i
n 
e
it
h
e
r 
po
la
ri
za
ti
on
 o
f 
th
e
 r
e
co
il 
pr
ot
on
, 
or
 i
n 
pa
ra
lle
l-

tr
a
ns
ve
rs
e
 a
sy
m
m
e
tr
y,
 r
e
sp
e
ct
iv
e
ly
.

pe
pe

r
r

→
ep

pe
→

r
r



R
e
co
il
 P
ol
a
ri
za
ti
on
 R
e
su
lt
s

6

R
e
co
il
 p
ol
a
ri
za
ti
on
 r
e
su
lt
s 
ar
e
 i
n 
st
a
rk
 d
is
a
gr
e
e
m
e
nt
 

w
it
h
 R
os
e
nb
lu
th
 s
e
pa
ra
ti
on
 d
a
ta
.

9/
28

/2
00
8

A
rr
in
gt
on
 f
it

1
.0
5
6
-
0
.1
4
2
7
Q

2



T
h
e
 R
os
e
nb
lu
th
 d
a
ta
 s
h
ow
s 
no
 n
on
-

li
ne
a
ri
ty
 s
o 
fa
r!

9/
28

/2
00

8
7

M
os
t 
re
ce
nt
 p
ub
li
sh
e
d
 d
a
ta
 f
ro
m
 t
h
e
 

(s
up
e
r-
) 
R
os
e
nb
lu
th
 e
x
pe
ri
m
e
nt
 a
t

J
la
b
 s
ug
ge
st
 n
o 
ob
vi
ou
s 
no
n-
li
ne
a
ri
ty
.

I.
A
. 
Q
a
tt
a
n 
e
t 
a
l,
 P
h
y
s.
 R
e
v.
 L
e
tt
. 
9
4
, 
1
4
2
3
0
1
 

(2
0
0
5
)

O
ne
 m
or
e
 e
x
pe
ri
m
e
nt
 l
a
st
 y
e
a
r 
(J
. 

A
rr
in
gt
o
n 
e
t 
a
l)
 w
il
l 
a
ch
ie
ve
 s
m
a
lle
r 
e
rr
or
 

b
a
rs
 a
t 
se
ve
ra
l 
Q
2
 



S
o 
w
h
a
t 
is
 t
h
e
 c
a
us
e
 f
or
 t
h
e
 

d
if
fe
re
nt
 r
e
su
lt
s?

F
ir

st
, 

ra
d

ia
ti

ve
 c

or
re

ct
io

ns
 

at
 l

ar
g
e
 Q

2
ar

e
 l

ar
ge

 a
nd

 
st

ro
ng

ly
 ε

-d
e

p
e

nd
e
nt

.

8

gr
e
e
n
fo
r 
1
.7
5
 G
e
V
2

b
lu
e

fo
r 
3
.7
5
 G
eV

2

re
d

fo
r 
5
 G
eV

2

D
at

a 
fr

om
 A

nd
iv

ah
is

 e
t 

al
. 
(1

9
9

4
)

σ R
=[

ε(
1+

τ)
/τ

][
σ e

x
p/

σ M
ot

t]
/G

D
2
=

=(
G

2
M

p+
ε

G
2

E
p/

τ)
/G

D
2

9/
28

/2
00

8

µ
p2
=
7
.8
0
0



S
e
co
nd
, 
th
e
re
 i
s 
a
 s
ca
tt
e
r 
in
 s
iz
e
 o
f 

ca
lc
ul
a
te
d
 c
or
re
ct
io
ns

9

V
a
nd
e
rh
a
e
gh
e
n 
e
t 
al

: : : : c
od
e
 b
a
se
d
 o
n 

M
a
x
im
on
 a
nd
 T
jo
n 
(P
R
 C
6
2
:0
5
4
3
2
0
, 
2
0
0
0
):

e
x
a
ct
 s
of
t 
ph
ot
on
, 
b
e
tt
e
r 
ve
rt
e
x
 a
nd
 

e
x
a
ct
 b
ox
 d
ia
gr
a
m
 c
al
cu
la
ti
on
s.

A
nd
iv
a
h
is
 e
t 
a
l: : : : 
b
a
se
d
 o
n 
M
o 
a
nd
 T
sa
i,

(R
M
P 
4
1
, 
2
0
5
 1
9
6
9
) 
w
it
h
 i
m
pr
ov
e
m
e
nt
s 

fr
om
 W

a
lk
e
r 
e
t 
al
. 
(P
R
 D
4
9
, 
5
6
7
1
 1
9
9
4
)

B
ys
tr
it
sk
iy
, 
K
ur
a
e
v,
 T
om
a
si
-
G
us
ta
fs
so
n:

(P
R
 C
7
5
.0
1
5
2
0
7
.2
0
0
7
) 
w
it
h
 s
tr
uc
tu
re
 

fu
nc
ti
on
 (
D
re
ll
-
Y
a
n 
pa
rt
on
 p
ic
tu
re
).
 

R
a
d
ia
ti
ve
 c
or
re
ct
io
n 
fo
r 
e
le
ct
ro
n 
to
 

a
ll 
or
d
e
rs
.

In
te
rp
ol
a
ti
on
 f
ro
m
 H
a
ll 
A
 r
e
co
il
 

po
la
ri
za
ti
on
, 
G
M
p
fr
om
 K
el
ly
 f
it

(P
R
 C
 7
0
: 
0
6
8
2
0
2
 2
0
0
4
).

5
 G
e
V
2

9/
28

/2
00

8



Is
 2
γ
e
x
ch
a
ng
e
 t
h
e
 M
is
si
ng
 D
ia
gr
a
m
?

10

3~
2

.
2~

~
)'

,
(

F
MK

P
F

MP
M

p
G

p
p

µ
γ

µ
µγ

µ
+

−
=

Γ

9/
28

/2
00
8

~
~

)2
( 2

2
)2

( 1
'

,
Q

F
M

q
i

Q
F

p
p

ν
µν

σ
µγ

µ
+

=
Γ

 
 

G
ui
ch
on
 a
nd
 V
a
nd
e
rh
a
e
gh
e
n 
(2
0
0
3
) 
w
e
re
 f
ir
st
 t
o 
su
gg
es
t 
th
a
t 
d
is
cr
e
pa
nc
y 

m
a
y 
b
e
 d
ue
 t
o 
tw
o-
ph
ot
on
 e
x
ch
a
ng
e
, 
w
it
h
 e
a
ch
 p
h
ot
on
 s
h
a
ri
ng
 m
om
e
nt
um
 

tr
a
ns
fe
r,
 a
n 
in
te
rf
e
re
nc
e
 w
it
h
 t
h
e
 1
γ
pr
oc
e
ss
. 

A
d
d
in
g 
th
e
 n
e
x
t-
or
d
e
r 
d
ia
gr
a
m
 m
a
ke
 t
h
e
 a
m
pl
it
ud
e
s 
co
m
pl
e
x
 a
nd
 a
d
d
s 
a 

th
ir
d
 F
F
; 
e
ff
e
ct
 o
n 
R
os
e
nb
lu
th
 c
ro
ss
 s
ec
ti
on
 l
a
rg
e
 w
h
e
n 
G
E
p2
b
e
co
m
e
s 
ve
ry
 

sm
a
ll.
 N
ot
 k
no
w
n 
1
0
 y
e
a
rs
 a
go
 t
h
a
t 
G
E
p
d
e
cr
e
a
se
s 
fa
st
e
r 
th
a
n 
G
M
p
w
it
h
 

in
cr
e
a
si
ng
 Q

2
! 

C
ro
ss
 s
ec
ti
on
s,
 u
np
ol
a
ri
ze
d
 a
nd
 p
ol
a
ri
ze
d
, 
d
e
pe
nd
 u
po
n 
R
e
a
l 
Pa
rt

on
ly
. 
T
h
e
 

h
a
d
ro
ni
c 
ve
rt
e
x
 b
e
co
m
e
s:

N
ow
 t
h
re
e
 e
la
st
ic
 a
m
pl
it
ud
e
s,
 G

M
p,
 F

2
, 
F
3
, 
w
h
ic
h
 a
re
 n
ot
 L
or
e
nt
z 

in
va
ri
a
nt
 a
nd
 c
om
pl
e
x
, 
in
st
ea
d
 o
f 
2
 r
e
al
, 
in
va
ri
a
nt
 F
F
.

~



M
p

Ge
E

p
Ge

R
an

d
,

M
p

G

,
(Q

Fe

εε
τ)

τ(
γ

Y
~~

~
)

2
3~

11
1

2
ℜℜ

=
ℜ

−+
+

=
ε

a
nd
 r
e
pl
ac
e
 t
h
ir
d
 f
or
m
 f
a
ct
or
: 
 

b
y:

11

)
,2

(
~

)2
(

ε
Q

E
p

Ge
Q

E
p

G
ℜ

⇒
)

,2
(

~
)2

(
ε

Q
M

p
Ge

Q
M

p
G

ℜ
⇒

�
C
ro
ss
 s
e
ct
io
ns
 a
nd
 p
ol
a
ri
za
ti
on
s 
in
 S
pa
ce
-
Li
ke
 r
e
gi
on
 (
q µ

2
<
0
, 
Q
2
>
0
)

d
e
pe
nd
 u
po
n 
re
a
l 
pa
rt
 o
f 
F
or
m
 F
a
ct
or
s.

�
Im
a
gi
na
ry
 p
a
rt
 d
e
fi
ne
s 
ob
se
rv
a
b
le
s 
fo
rb
id
d
e
n 
b
y 
pa
ri
ty
 c
on
se
rv
a
ti
on
,

in
d
uc
e
d
 p
ol
a
ri
za
ti
on
 o
r 
si
ng
le
 s
pi
n 
as
ym
m
e
tr
ie
s;
 a
nd
 a
ff
e
ct
s 
F
or
m
  

F
a
ct
or
s 
in
 T
im
e
-
Li
ke
 r
eg
io
n 
(q
µ
2
>
0
, 
Q
2
<
0
)
.

�
T
o 
ta
ke
 i
nt
o 
a
cc
ou
nt
 e
x
ch
a
ng
e
 o
f 
tw
o 
h
a
rd
 γ
’s
, 
ca
n 
re
pl
a
ce
 B
or
n 

fo
rm
 f
a
ct
or
s,
 b
y 
a
m
pl
it
ud
e
s 
a
s 
fo
llo
w
s:
  
 

9/
28

/2
00
8

)
,2

( 3~
ε

Q
Fe

ℜ

A
s 
d
is
cu
ss
e
d
 b
y 
R
e
ka
lo
 a
nd
 T
om
a
si
-
G
us
ta
ff
so
n,
 (
N
P 
A
7
4
2
:3
2
2
,2
0
0
4
) 

a
b
ov
e
 i
s 
no
t 
un
iq
ue
, 
a
nd
 m
ay
 s
uf
fe
r 
fr
om
 s
e
ve
ra
l 
d
e
fe
ct
s.
 W

e
 p
ur
su
e
 

it
 h
e
re
 b
e
ca
us
e 
it
 l
e
a
d
s 
to
 a
 s
ol
ut
io
n!

2
γ
C
on
ti
nu
e
d



L
. 
Pe
nt
ch
e
v’
s 
m
e
th
od
 

9/
28

/2
00

8
12

γ
ε

τ
τε

σ
2

)
1(2

2
~

1
2

~
Y

R
R

M
Gre

du
ce

d
d

+
+

+
=

 

 
+

−
=

γ
σ

τ
ε

ε
2

~
2

~
)

1(
2

Y
R

re
du

ce
d

d
M

G
tP

 

 

+
+

−
+

=
γ

ε ε
σ

ε
ε

2
1

2
1

2
~

)
1)(

1(
Y

re
du

ce
d

d
M

G
P l

N
ow
, 
w
e
 c
a
n 
fi
nd
 v
al
ue
s 
fo
r 
3
 o
b
se
rv
a
b
le
s 
(Y

2
γ,
 G

M
2
an
d
 A

y,
 t
h
e

a
na
ly
zi
ng
) 
fr
om
 t
h
e
 3
 m
e
a
su
re
d
 q
ua
nt
it
ie
s 
(d
σ
, 
Pt
 a
nd
 A

y
×
P ℓ

) 
a
t 

3
 v
a
lu
es
 o
f 
ε
b
ut
 f
ix
e
d
 Q

2
, 
b
y 
in
ve
rt
in
g 
re
la
ti
on
s:

F
or
 e
x
a
m
pl
e 
fr
om
 P

ℓ
a
nd
 P

t 

1
/

~

2
−

−
=

F
r

F
r

R
Y

τ
τ

γ
w
h
e
re

εε
21

,
~~

~
+

=
=

=
F

an
d

PtP
r

M
p

G

E
p

G
R

l

r rrri
s 
m
e
a
su
re
d
, 
so
 a
b
ov
e
 g
iv
e
s 
Y
2
γ
ve
rs
us
 R
; 
li
ke
w
is
e 
fo
r 
G
M
2
a
nd
 A

y
,

th
e
 a
na
ly
zi
ng
 p
ow
e
r.

~

~

~ ~~~



2
γ-
G
a
m
m
a
 M
od
e
l 

Pr
e
d
ic
ti
on

13

0.
96

0.
981

1.
02

1.
04

1.
06

1.
08

σ re
d 

/G
M

2

B
or

n 
ap

pr
ox

.
R

os
en

bl
ut

h 
2.

64
 G

eV
2

G
P

D

ha
dr

on
ic

0.
64

0.
66

0.
680.
7

0.
72

0
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1 εε

G
P

D

ha
dr

on
ic

ε

µG
E
 /G

M

B
or

n 
ap

pr
ox

.
G

E
P

-I
   

2.
47

 G
eV

2

T
h
e
 i
nc
lu
si
on
 o
f 
h
a
rd
 2
γ
e
x
ch
a
ng
e
 c
al
cu
la
te
d
 b
y 
C
h
e
n 
e
t 
a
l 
(2
0
0
3
)
w
it
h
 

G
PD
s,
 a
nd
 B
lu
nd
e
n 
e
t 
al
 (
2
0
0
3
) 
in
 h
a
d
ro
ni
c 
m
od
e
l,
 c
re
a
te
s 
a 
ve
ry
 

sl
ig
h
t 
no
n-
li
ne
a
ri
ty
 i
n 
R
os
e
nb
lu
th
 p
lo
t 
(t
op
),
 b
ut
 d
is
ti
nc
t 
b
e
h
a
vi
or
s 
fo
r 

µ
pG

E
/G

M
fr
om
 p
ol
a
ri
za
ti
on
 m
e
a
su
re
m
e
nt
s 
(b
ot
to
m
).

9/
28

/2
00

8



T
h
e
 P
re
li
m
in
a
ry
 R
e
su
lt
s 
(2
0
0
8
) 14

T
h
e
 p
re
li
m
in
a
ry

re
su
lt
s 
fr
om
 e
x
pe
ri
m
e
nt
 0
4
-
0
1
9
 a
t 
J
La
b
, 

fo
r 
Q
2
=
2
.4
9
 G
e
V
2
 
a
nd
 t
h
re
e
 v
a
lu
e
s 
of
 ε
. 
E
rr
or
 b
a
rs
 n
ot
 f
in
a
l.

N
o 
ε
-
d
e
pe
nd
e
nc
e
 o
f 
µ p
G
E
p/
G
M
p
a
t 
th
e
 0
.0
1
 l
e
ve
l.

9/
28

/2
00

8



P l
P l

P l

P t
P t

P t

1
) 
D
is
tr
ib
ut
io
n 
of
 r
e
la
ti
ve
 

d
if
fe
re
nc
e
 b
e
tw
e
e
n 
P 
fr
om
 

θ
p
a
nd
 P
 f
ro
m
 s
pe
ct
ro
m
e
te
r

2
) 
Ph
ys
ic
a
l 
b
ac
kg
ro
un
d

3
) 
B
a
ck
gr
ou
nd
 s
ub
tr
a
ct
e
d

4
) 
R
e
si
d
ua
l 
b
ac
kg
ro
un
d

A
 f
ul
l 
d
e
te
rm
in
a
ti
on
 o
f 
th
e
 2
 

m
od
if
ie
d
 F
F
 a
nd
 F

3
re
qu
ir
e
s 

a
d
d
it
io
na
l 
m
e
a
su
re
m
e
nt
s:
 

e
+
/e
-
a
nd
 t
ri
pl
e 
po
la
ri
za
ti
on
 

ob
se
rv
a
b
le
s 
(M

.P
.R
e
ka
lo
 a
nd
 E
. 

T
om
a
si
-
G
us
ta
fs
so
n 
N
uc
l.
Ph
y
s.
A
7
4
0
: 

2
7
1
-
2
8
6
,2
0
0
4
) 

Pr
e
se
nt
ly
 w
e
 c
a
n 
on
ly
 

co
ns
tr
a
in
 t
h
e
 c
on
tr
ib
ut
io
n 

fr
om
 t
h
e
 t
h
ir
d
 n
on
-
B
or
n 

a
m
pl
it
ud
e
 Y

2
γ.
 

S
e
pa
ra
te
d
 P

t
a
nd
 P

l
15

9/
28

/2
00

8



T
h
e
 L
. 
Pe
nt
ch
e
v 
pl
ot

9/
28

/2
00

8
16

0.
91

1.
1

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

(GM/µGD)
2

-0
.10

0.
1

Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ Y2γ 0.
090.

1

0.
11

0
0.

5

Ay Ay Ay Ay Ay Ay Ay Ay Ay Ay Ay Ay Ay Ay Ay Ay Ay Ay

0
0.

5
0

0.
5

RRRRRRRRRRRRRRRRRR

ε=
0.

15
ε=

0.
64

ε=
0.

79
M
e
a
su
re
d
 P

t/
P l
, 
A
y*
P ℓ
, 
d
σ

Pl
ot
 ℜ ℜℜℜ
e
(G

M
p)
, 
Y
2
γ
a
nd
 A

y,
ca
lc
ul
a
te
d
 b
y 
in
ve
rt
in
g 
P t
,

P ℓ
a
nd
 d
σ
re
la
ti
on
s,
 

ve
rs
us
 u
nk
no
w
n 
ra
ti
o 
R

A
y
sa
m
e
 f
or
 a
ll 
th
re
e
 ε
’s
 

b
e
ca
us
e
 s
a
m
e
 Q

2
: 
h
or
iz
on
ta
l

li
ne
s.

D
e
fi
ne
s 
R
 a
t 
2
 o
th
e
r 
ε’
s:
 ~
0
.7
 

In
te
rs
e
ct
io
ns
 o
f 
ve
rt
ic
a
l 
li
ne
s 

w
it
h
 c
ol
or
e
d
 b
a
nd
s 
d
e
fi
ne
 

Y
2
γ
a
nd
 G

M
p.

~

~ ~~~

~ ~~~

/µ
p

~

~~~~

~



H
ow
 t
o 
ca
lc
ul
a
te
 c
on
tr
ib
ut
io
n 
fr
om
 

e
x
ch
a
ng
e
 o
f 
tw
o 
h
a
rd
 p
h
ot
on
?

•
G
e
ne
ra
li
ze
d
 p
a
rt
on
 d
is
tr
ib
ut
io
n 
or
 G
PD
, 

w
h
e
re
 t
h
e
 p
h
ot
on
 i
nt
e
ra
ct
s 
w
it
h
 a
 s
in
gl
e 

qu
a
rk
 (
A
fa
na
se
v,
 B
ro
d
sk
y
, 
C
a
rl
so
n,
 C
h
e
n 
a
nd
 

V
a
nd
e
rh
a
e
gh
e
n,
 P
R
 7
2
, 
0
1
3
0
0
8
, 
2
0
0
5
)

•
H
a
d
ro
ni
c 
m
od
e
ls
 (
K
on
d
ra
ty
uk
 a
nd
 B
lu
nd
e
n,
 P
R
 7
5
, 

0
3
8
2
0
1
, 
2
0
0
7
).

•
In
cl
ud
e
 b
ox
 d
ia
gr
a
m
 i
n 
K
-
m
a
tr
ix
 D
re
ll 

Y
ou
ng
 s
tr
uc
tu
re
 f
un
ct
io
n 
( B
is
tr
it
sk
iy
, 
K
ur
a
e
v,
 

T
om
a
si
-
G
us
ta
fs
so
n.

PR
 C
7
5
.0
1
5
2
0
7
.2
0
0
7
)

17

T
h
e
 p
ro
to
n 
in
 t
h
e
 i
nt
e
rm
e
d
ia
te
 s
ta
te
 i
s 
vi
rt
ua
l,
 

C
a
n 
b
e
 i
n 
gr
ou
nd
 s
ta
te
, 
or
 a
ny
 b
a
ry
on
ic
 s
ta
te
 

co
m
pa
ti
b
le
 w
it
h
 s
pi
n 
a
nd
 p
ar
it
y.
 S
o 
fa
r 
th
re
e
 

m
a
in
 a
pp
ro
a
ch
e
s 
to
 c
a
lc
ul
a
te
 b
ox
 d
ia
gr
a
m

:

9/
28

/2
00

8



H
a
d
ro
ni
c 
E
va
lu
a
ti
on
s 
of
 2
γ

18

La
te
st
: 
K
on
d
ra
ty
uk
 a
nd
 B
lu
nd
e
n 
a
d
d
e
d
 5
 l
ow
 l
yi
ng
 r
e
so
na
nc
e
s 
to
 p
re
vi
ou
s 

ca
lc
ul
a
ti
on
 w
it
h
 n
uc
le
on
 a
nd
 ∆
, 
a
nd
 u
se
 p
ol
a
ri
za
ti
on
 d
at
a
 a
s 
“B
or
n”

F
F
: 

h
ig
h
e
r 
re
so
na
nc
es
 ~
 c
a
nc
el
 e
a
ch
 o
th
e
r.

9/
28

/2
00

8

B
lu
nd
e
n 
a
nd
 M
e
ln
it
ch
ou
k,
 B
lu
nd
e
n,
 M
e
ln
it
ch
ou
k 
a
nd
 T
jo
n 

(P
R
 7
2
, 
0
3
4
6
1
2
, 
2
0
0
5
).
 F
ir
st
 p
ro
to
n 
co
nt
ri
b
ut
io
n 
on
ly
 (
2
0
0
3
).
 

La
te
r 
a
d
d
e
d
 ∆

co
nt
ri
b
ut
io
n.
 F
in
it
e
 s
iz
e 
of
 “
N
uc
le
on
”
in
cl
ud
e
d
 

th
ro
ug
h
 a
pp
ro
pr
ia
te
 F
F
.



G
e
ne
ra
li
ze
d
 p
a
rt
on
 d
is
tr
ib
ut
io
ns

19

x
 +

 ξ
x

 -
ξ

P 
-
∆

/2
P 

+ 
∆

/2

*
Q

2
la

rg
e

t 
= 
∆

2

lo
w

 –
t 

pr
oc

e
ss

 :
 

-t
 <

< 
Q

2

G
PD

 (
x

, 
ξ

,t
)

J
i 

, 
R

ad
yu

sh
ki

n 
(1

9
9

6
)

at
 l

ar
g
e
 Q

2
: 

Q
C

D
 f

ac
to

ri
z
at

io
n

th
e
or

e
m

h
ar

d
 e

x
cl

us
iv

e
 

pr
oc

e
ss

 c
an

 b
e
 d

e
sc

ri
b

e
d

 b
y 

4
 t

ra
ns

it
io

ns
(G

PD
s)

:

(x
 +

 ξ
) 

an
d

(x
 -
ξ)

: l
on

g
it

ud
in

al
 m

om
e

nt
um

 f
ra

ct
io

ns
 o

f 
qu

ar
k
s

V
e
ct
or

V
e
ct
or

::
H

 (
x

, 
ξ

,t
)

T
e
ns
or

T
e
ns
or

::
E

 (
x

, 
ξ

,t
)

A
x
ia
l

A
x
ia
l --
V
e
ct
or

V
e
ct
or

::
H

 (
x

, 
ξ

,t
)

Ps
e
ud
os
ca
la
r

Ps
e
ud
os
ca
la
r

::
E

 (
x

, 
ξ

,t
)

~ ~

9/
28

/2
00

8



E
va
lu
a
ti
on
 o
f 
2
γ
fr
om
 G
PD
s

20

0.00.20.40.60.81.01.2 012
345
678

Rosenbluthw/
2� �correctionsvs
.Polarization
data

Pol.:Punjabiet
al.

Pol.:Gayouet
al.

Pol.:Gayouet
al.fit Rosenbluth5And

ivahis,Mo5Tsa
icorr.only

Rosenbluth,incl
. 2�corr.w/gauss.
GPD

w/hardbrems.c
orrection

GE/(GM/Ip)
Q2 (GeV2 )

R
e
su
lt
s 
fr
om
 A
fa
na
se
v,
 

B
ro
d
sk
y
, 
C
a
rl
so
n,
 Y
.C
. 
C
h
e
n,
 

V
a
nd
e
rh
a
e
gh
e
n,
 P
h
y
s.
 R
e
v.
 

D
 7
2
 (
2
0
0
5
) 
0
1
3
0
0
8
,
us
in
g 

G
PD
s 
fi
tt
e
d
 t
o 
F
F
 

d
a
ta
, 
G
ui
d
a
l 
e
t 
a
l.
 (
2
0
0
4
)

9/
28

/2
00

8



M
or
e
 c
a
lc
ul
a
ti
on
s

2121

�
K
uh
n 
&
 W

e
ig
el
 a
d
d
 o
ne
-
lo
op
 c
on
tr
ib
ut
io
n 
to
 

b
ox
 d
ia
gr
a
m
 i
n 
ch
ir
a
l 
so
li
to
n 
m
od
e
l;
 c
on
tr
ib
ut
io
n

fr
om
 2
 p
io
n 
d
ia
gr
a
m
s;
 t
h
e
y 
fi
nd
 s
m
a
ll 
2
γ
e
ff
e
ct
. 

�
B
ys
tr
ic
ky
, 
K
ur
a
e
v,
 T
om
a
si
-
G
us
ta
fs
so
n:
 

st
ru
ct
ur
e
 f
un
ct
io
n 
(D
re
ll
-
Y
a
n)
 m
e
th
od
:

in
cl
ud
e
2
γ
co
nt
ri
b
ut
io
n;
 n
e
gl
ig
ib
le
 e
ff
e
ct

on
 C
ro
ss
 S
e
ct
io
n 
to
 5
 G
e
V
2
!

�
D
a
ta
 f
ro
m
 A
nd
iv
a
h
is
 e
t 
a
l 
a
nd
 C
h
ri
st
y
 e
t 
a
l

9/
28

/2
00

8



F
or
 e
x
a
m
pl
e:
 R
e
al
 p
a
rt
 o
f 
Y
2
γ

1
)

ε
-
in
d
e
pe
nd
e
nc
e
 o
f 
G
E
p/
G
M
p
in
 

re
co
il
 p
ol
a
ri
za
ti
on

2
)

cr
os
s 
se
ct
io
n 
d
if
fe
re
nc
e
 i
n 

e
+
a
nd
 e

-
pr
ot
on
 s
ca
tt
e
ri
ng

3
)

no
n-
li
ne
a
ri
ty
 o
f 
R
os
e
nb
lu
th
 

pl
ot

A
ls
o 
im
a
gi
na
ry
 p
a
rt
 

4
)

fr
om
 i
nd
uc
e
d
 o
ut
-
of
-
pl
a
ne
 

po
la
ri
za
ti
on

5
)

si
ng
le
-
sp
in
 t
a
rg
e
t 

a
sy
m
m
e
tr
y

−
+

e
an

d
e

22

H
a
ll 
C
 0
4
-
0
1
9
, 
co
m
pl
e
te
d

H
a
ll 
B
 0
4
-
1
1
6
; 
a
ls
o 
 N
ov
os
ib
is
rs
k,

O
ly
m
pu
s/
D
or
is
 w
it
h
 r
e
fu
rb
is
h
e
d
 

B
LA
S
T
 d
e
te
ct
or

H
a
ll 
C
 0
5
-
0
1
7
; 
b
e
in
g 
a
na
ly
ze
d

b
y-
pr
od
uc
t 
of
 0
4
-
0
1
9
/0
4
-
1
0
8
?

H
a
ll 
A
 0
5
-
0
1
5
 (
3
H
e 
 )

W
h
e
th
e
r 
tw
o-
ph
ot
on
 e
x
ch
a
ng
e
 i
s 

e
nt
ir
e
ly
 r
e
sp
on
si
b
le
 f
or
 t
h
e
 F
F
 “
cr
is
is
”

or
 n
ot
 a
t 
a
ll,
 i
s 
to
 b
e
 d
e
te
rm
in
e
d
 

e
x
pe
ri
m
e
nt
a
lly
  

9/
28

/2
00

8



Po
si
tr
on
/E
le
ct
ro
n 
D
if
fe
re
nc
e

23
9/

28
/2

00
8

T
h
e
 e

+
/e

-
cr
os
s 
se
ct
io
n 
d
a
ta
, 

J
. 
M
a
r 
e
t 
a
l.
 (
1
9
6
9
).
 B
e
a
m
 

e
ne
rg
y 
4
 t
o 
1
0
 G
e
V
, 
Q
2
fr
om
 0
.2
 

to
 5
 G
e
V
2
; 
no
 s
ys
te
m
a
ti
cs
 i
n 
ε-

va
lu
e
.

In
 p
ri
nc
ip
le
 b
e
st
 w
a
y 
to
 d
e
te
rm
in
e
 

2
γ
co
nt
ri
b
ut
io
n,
 b
e
ca
us
e 
si
gn
 o
f 

1
γ-
2
γ
in
te
rf
e
re
nc
e
 c
h
a
ng
e
s 
w
it
h
 

si
gn
 o
f 
e
le
ct
ro
n 
ch
a
rg
e.
 

E
x
pe
ri
m
e
nt
s 
w
it
h
 p
os
it
ro
ns
 w
il
l 

d
e
te
rm
in
e
 t
h
e
 B
or
n 
va
lu
e
s 
of
 t
h
e
 

F
F
:

F
ig
ur
e
 f
ro
m
 J
. 
A
rr
in
gt
on
 (
2
0
0
3
)

)
2

(
2

)
1(

2
))

(
)

(
(

0
21

)
2

(
)

2
(

)
1(

2
))

(
)

(
(

0
21

)
2

(
2

)
2

(
2

0
2

)
(

)
(

Q
M

p
G

eP
P

P
I

Q
M

p
G

Q
E

p
G

eP
tP

tP
I

Q
M

p
G

Q
E

p
G

ε
ε

τ

τ
ε

ε

τ
ε

σ
σ

σ

−
=

−
+

+

−
=

−
+

+

+
=

−
−

+
 

 

l
l



9/
28

/2
00

8
24

A
nd
 w
h
y
 d
o 
w
e
 n
e
e
d
 t
o 
kn
ow
 i
f 

tw
o-
ph
ot
on
 e
ff
e
ct
s 
si
gn
if
ic
a
nt
?

T
h
e
 B
or
n 
F
or
m
 F
ac
to
rs
 o
f 
th
e
 n
uc
le
on
 d
e
sc
ri
b
e
 t
h
e
 s
pa
ti
a
l 
d
is
tr
ib
ut
io
n 

of
 c
h
a
rg
e 
a
nd
 m
ag
ne
ti
za
ti
on
 i
n 
so
m
e
 a
pp
ro
pr
ia
te
 r
e
fe
re
nc
e
 f
ra
m
e
;

th
e
y 
a
re
 f
un
d
a
m
e
nt
a
l.

T
h
e
 n
uc
le
on
 f
or
m
 f
ac
to
rs
 a
re
 i
ng
re
d
ie
nt
s 
of
 t
h
e
 o
b
se
rv
a
b
le
s 
of
 m
a
ny
 

ot
h
e
r 
im
po
rt
a
nt
 q
ua
nt
it
ie
s:

Pa
ri
ty
 v
io
la
ti
ng
 a
m
pl
it
ud
e
s 
in
 e
le
ct
ro
w
e
a
k 
in
te
ra
ct
io
n

C
om
pt
on
 s
ca
tt
e
ri
ng

V
ir
tu
a
l 
C
om
pt
on
 s
ca
tt
e
ri
ng

N
uc
le
on
 r
a
d
iu
s

N
uc
le
us
 p
ro
pe
rt
ie
s 
fo
r 
qu
as
i-
e
la
st
ic
 e
,p
 s
ca
tt
e
ri
ng

H
yp
e
rf
in
e
 s
tr
uc
tu
re
 o
f 
h
yd
ro
ge
n



C
on
cl
us
io
n,
 P
e
rs
pe
ct
iv
e

25

B
ot
h
 e
x
pe
ri
m
e
nt
a
l 
ch
a
ra
ct
e
ri
za
ti
on
 a
nd
 p
h
e
no
m
e
no
lo
gi
ca
l 

un
d
e
rs
ta
nd
in
g 
of
 t
h
e
 s
tr
uc
tu
re
 o
f 
th
e
 p
ro
to
n,
 h
a
ve
 c
h
a
ng
e
d
 d
ra
st
ic
al
ly
 

si
nc
e 
1
9
9
8
, 
ye
a
r 
of
 t
h
e
 f
ir
st
 r
e
co
il 
po
la
ri
za
ti
on
 e
x
pe
ri
m
e
nt
 i
n 
H
al
l 
A
.

R
a
pi
d
 d
e
cr
e
as
e
 o
f 
G
E
p
w
it
h
 Q

2
no
t 
a 
su
rp
ri
se
: 
pr
e
d
ic
te
d
 

in
 a
t 
le
as
t 
3
 p
a
pe
rs
: 
I
a
ch
e
llo
 J
a
ck
so
n 
a
nd
 L
a
nd
e
 (
7
3
)
w
it
h
 V
M
D
, 
F
ra
nk
, 

Je
nn

in
gs

Je
nn

in
gs

Je
nn

in
gs

Je
nn

in
gs

a
nd
 M
il
le
r 
(9
6
)
w
it
h
 C
Q
M
, 
a
nd
 H
ol
zw
a
rt
h
 (
9
6
)
w
it
h
 c
h
ir
al
 s
ol
it
on
.

C
ur
re
nt
ly
 u
nd
e
r 
d
e
ve
lo
pm
e
nt
 a
re
 e
ff
or
ts
 t
o 
ge
t 
a 
fu
ll 

un
d
e
rs
ta
nd
in
g 
of
 t
w
o-
ph
ot
on
 e
ff
e
ct
s,
 a
nd
 r
e
vi
si
on
 o
f 
st
a
nd
a
rd
 

ra
d
ia
ti
ve
 c
or
re
ct
io
n 
ca
lc
ul
at
io
n 
co
d
e
s.
 

In
 m
y 
vi
e
w
 c
le
a
r 
e
x
pe
ri
m
e
nt
a
l 
e
vi
d
e
nc
e
 f
or
 t
w
o-
ph
ot
on
 e
x
ch
a
ng
e 
as
 

th
e
 e
x
pl
a
na
ti
on
 f
or
 t
h
e
 d
is
cr
e
pa
nc
y 
b
e
tw
e
e
n 
R
os
e
nb
lu
th
 a
nd
 r
ec
oi
l 

po
la
ri
za
ti
on
, 
is
 n
ot
 i
n 
ye
t.

9/
28

/2
00

8



26

T
h
e
 E
nd

9/
28

/2
00

8

E
x
p
e
ri
m
e
nt
s 
a
re
 t
h
e
 o
nl
y
 m
e
a
ns
 o
f 
k
no
w
le
d
ge

a
t 
ou
r 
d
is
po
sa
l.
 T
h
e
 r
e
st
 i
s 
po
e
tr
y
, 
im
a
gi
na
ti
on
.

M
a
x
 P
la
nc
k


