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Mp < W < 2 GeV
0.02 < Q2 < 0.2 GeV2

Kinematics Coverage
• The Experiment was conducted 

at JLab Hall A successfully 
from 3/2/2012 to 5/18/2012 

• Statistics:

Beam 
Energy /

GeV
Target 
Field /T

Recorded 
trigger

2.254 2.5 3.80E+09

1.706 2.5 3.20E+09

1.158 2.5 4.00E+09

2.254 5.0 7.00E+08

3.352 5.0 4.00E+08
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8'0,)(#J*4'01W'(1*"#

?*70()5;#8̀ #F'&2'"#
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Offline Calibration Constants for Experiment E08-027
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DB"



•  R(0'1,+(D(+07#?'41=0'(1*"#&*")k#
•  )00*0#'"'4;515#1"#%0*,0)55#

•  q)P#2)(+*&#(*#?'4?74'()#=)'2#
%*51(1*"#90*2#f#'"()""'5#

•  !&&1(1*"'4#(0'"59)0#97"?(1*"#90*2#
FJ3#(*#('0,)(#9*0#5(0*",#
(0'"5T)05)#('0,)(#[1)4&#^5(144#1"#
%0*,0)55_#

•  q)P#1"&)%)"&)"(#%'?N',)#9*0#
FJ3#1"9*02'(1*"#

FJ3#6'41=0'(1*"#

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0# ?*70()5;#J̀#L+7#
DQ"



•  >7)#(*#5)%(72#%0*=4)25#&701",#(+)#07"#%)01*&B#(+)0)#'0)#g#
&199)0)"(#?*"[1,70'(1*"5#*9#(+)#M<MR#5)%(72V#

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#

l%(1?5#

$%#&''(# )%#*+(# ,%#-!./#*+(#

%RW%RWDB" %TW$!WDB" %TWTWDB"

DR"



•  U105(#('5N#1"#*%(1?5#'"'4;515V#
–  .=)'2#r#-`-ig#G)QB#A8#8'0,)(#U1)4&#'(#st#
–  :144#5)0T)#'5#'#='5)#9*0#*%(1?5#P1(+#"*"D1&)'4#5)%(72#
–  3'(01/#'",4)#?'41=0'(1*"5#5+*P"#=)4*P#^9*0#I<MR_#

"TY"

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#

l%(1?5#

?*70()5;#3`#<7'",#
DS"



•  U105(#('5N#1"#*%(1?5#'"'4;515V#
–  .=)'2#r#-`-ig#G)QB#A8#8'0,)(#U1)4&#'(#st#
–  :144#5)0T)#'5#'#='5)#9*0#*%(1?5#P1(+#"*"D1&)'4#5)%(72#
–  3'(01/#'",4)#?'41=0'(1*"5#5+*P"#=)4*P#^9*0#I<MR_#

"TY"

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#

l%(1?5#

?*70()5;#3`#<7'",#

U*0#2*0)#&)('145B#5))#('4N#=;#31"#<7'",#
&701",#!"'4;515#:*0N5+*%k#

DS"



•  J0*%','()5#5?'(()0)&#)4)?(0*"#90*2#('0,)(#(*#51)T)#541(#
•  $5)5#Rq!O.#9*0P'0&#2*&)4#P1(+#"*#('0,)(#[1)4&#(*#(0'"5%*0(#)4)?(0*"#(*#

(+)#9*?'4#%4'")#
–  M)?*"5(07?(1*"#15#&*")##P1(+#"*#('0,)(#[1)4&#Rq!O.#='?NP'0&#2*&)4#*0#(+)#"*#('0,)(#

[1)4&#M.!I#*%(1?5#2'(01/#
•  :+)"#('0,)(#[1)4&#19#*"B#0)?*"5(07?(1*"#P144#5(*%#'(#51)T)#%4'")#

–  8+)"#&019(#)4)?(0*"#1"#2',")(1?#[1)4&5#='?N#(*#(+)#('0,)(#

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#

G)'"(f#R1274'(1*"#J'?N',)#^<MR36_#

?*70()5;#H`#L+'",#
!T"



•  J0*%','()5#5?'(()0)&#)4)?(0*"#90*2#('0,)(#(*#51)T)#541(#
•  $5)5#Rq!O.#9*0P'0&#2*&)4#P1(+#"*#('0,)(#[1)4&#(*#(0'"5%*0(#)4)?(0*"#(*#

(+)#9*?'4#%4'")#
–  M)?*"5(07?(1*"#15#&*")##P1(+#"*#('0,)(#[1)4&#Rq!O.#='?NP'0&#2*&)4#*0#(+)#"*#('0,)(#

[1)4&#M.!I#*%(1?5#2'(01/#
•  :+)"#('0,)(#[1)4&#19#*"B#0)?*"5(07?(1*"#P144#5(*%#'(#51)T)#%4'")#

–  8+)"#&019(#)4)?(0*"#1"#2',")(1?#[1)4&5#='?N#(*#(+)#('0,)(#

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#

G)'"(f#R1274'(1*"#J'?N',)#^<MR36_#

U*0#2*0)#&)('145B#5))#('4N#=;#H1/1)#L+'",#
&701",#!"'4;515#:*0N5+*%k#

?*70()5;#H`#L+'",#
!T"



! !

!"#$%"&"

'"()$*(+,
$-."//012

!"#$%& '!($)*+,-.

&/01$+2,*$-"+.3$
20.+/2$-"+.$/+-44

'"()$*(+,
$-."//032

%/+/-+)2
506,720+,)#

(-06/2.
8&593$'/6,-,+:3$%;$
;2,<</2.3$=%;9$>

;02</+$
0#06:.,.

?@%$-"+.
!/-)#.+2"-+,)#
-"+.

%,6"+,)#
-)22/-+,)#

&0-A<2)"#B
C.:11/+2:

!0B,0+,D/
5)22/-+,)#.

45.$67"89/:/$'8+#$;<"(&

*<9/:=/$
8-2)..E./-+,)#3$
0.:11/+2:>

>?@7&
$A@8@=&:+7

(,1"60+,)#
80--/*+0#-/>

$$$$$!"#
6/9))@&(9

5)22/-+,)#.F$%;3$0--/*+0#-/3/GG,-,/#-:$/+-444

C--/*+0#-/

&/01
*).,+,)#.

=60.+,-$!"#.
8+02<4$+H,-A#/..>

;02</+$?)64

%,6"+,)#
C#06:.,.

(,1"60+,)#.

*BC8:="&:+7/

I06:0#$C660B0
JK+H$(/*+$LMJL$
NO074(",B"&@D

!" !" !" !"!"

$%#q)/(#

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#

•  l%(1?5#9*0#5(0'1,+(D(+07#P1(+#='&#5)%(72#\#1"#%0*,0)55#
•  FJ3#?'41=0'(1*"5#9*0#"*"#5(0'1,+(D(+07#\#1"#%0*,0)55#
•  J0)%'01",#9*0#[105(#%'55#*9#9'02#%0*&7?(1*"##

!D"



R722'0;#

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#

•  q)P#1"5(072)"('(1*"#1"#<'44#!#=0*7,+(#2'";#?+'44)",)5#(*#,-%#

•  :144#5(144#'??*2%415+#2*5(#*9#*70#%+;51?5#,*'45B#&)5%1()#0)&7?)&#
N1")2'(1?5#

•  :144#%0*T1&)#(+)#[105(#2)'570)2)"(#*9#,-%#1"#(+)#4*P#Z-#0),1*"#

•  >'('#P144#'45*#%0*T1&)#1"51,+(#*"#5)T)0'4#*7(5('"&1",#%+;51?5#%7WW4)5#

!!"



F'?N7%#

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#



•  U'145#19#(+)#T10(7'4#6*2%(*"#
R?'(()01",#'2%41(7&)#^R-_#9'445#
(*#W)0*#9'5()0#(+'"#@h/#

•  U'145#19#,-#=)+'T)5#'5#'#&)4('#
97"?(1*"#'(#/rA#

•  Q1*4'(1*"#15#57,,)5()&#9*0#(+)#
%0*(*"#'(#4'0,)#Z-#

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#

F6#R72#M74)#

:

Z

$O-"

d2σ

dΩdE � = σMott[
1

ν
F2(x,Q

2) +
2

M
F1(x,Q

2) tan2
θ

2
]

d2σ

dΩdE � = σMott[
1

ν
F2(x,Q

2) +
2

M
F1(x,Q

2) tan2
θ

2
+ γg1(x,Q

2) + δg2(x,Q
2)]

� 1

0
g2(x,Q

2)dx = 0

F1(x) =
1

2

�

f
z2f(qf(x) + q̄f(x))

g1(x) =
1

2

�

f
z2f(qf(x)− q̄f(x))

g2(x,Q
2) = gWW

2 (x,Q2) + ḡ2(x,Q
2)

ḡ2(x,Q
2) = −

� 1

x

∂

∂y
[
mq

M
hT (y,Q

2) + ζ(y,Q2)]
dy

y

gWW
2 (x,Q2) = −g1(x,Q

2) +
� 1

x

dy

y
g1(y,Q

2)

1



0'12345(31+6"7.+189!.8!#:;31#<'6+.3=+>3634/#
•  F)"?+2'0N#()5(#*9#6+10'4#

J)0(7='(1*"#8+)*0;#

•  3)'570)2)"(#*9#YI8#P*74&#()5(#XJ8#=;#2)'5701",#'#"7?4)*"#
*=5)0T'=4)#(+'(#15#1"5)"51(1T)#(*#
?*"(01=7(1*"5#90*2#T10(7'4#uDc#
1"()02)&1'()#5('()5#

•  R1,"1[1?'"(#&15',0))2)"(#*9#
&'('#P1(+#%0)&1?(1*"5#P*74&#
1"&1?'()#57=5('"(1'4#5+*0(#
&15('"?)#?*"(01=7(1*"5#

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#

R%1"#J*4'01W'=141(;#D#YI8#

δLT (Q
2) =

16αM 2

Q6

� x0
0

x2[g1(x,Q
2) + g2(x,Q

2)]dx

∆S = ∆Z +∆pol

2



67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#

<;%)0[1")#R%41((1",#*9#<;&0*,)"#
∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν2/Q2

x
th = pion production threshold

1

R%41((1",#)/%0)55)&#1"#()025#*9#U)021#.")0,;#.UV#

:+)0)V#

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν2/Q2

x
th = pion production threshold

1

• #Z.>#0'&1'(1T)#?*00)?(1*"#

• #!??*7"(5#9*0#0)?*14#)99)?(5#

• #<'&0*"1?#'"&#27*"1?#T'?772#%*4'01W'(1*"5#o#(+)#
P)'N#1"()0'?(1*"#?*00)?(1*"#

• #J0*(*"#5(07?(70)#?*00)?(1*"#^4'0,)5(#7"?)0('1"(;_#

>075"["DTWDT"

Z4*8-41"["DTWD&"



∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν2/Q2

x
th = pion production threshold

1

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#

<;%)0[1")#R%41((1",#*9#<;&0*,)"#
cR#&)%)"&5#*"#,0*7"&#5('()#'"&#)/?1()&#%0*%)0(1)5V#

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν2/Q2

x
th = pion production threshold

1

>)()021")&#90*2#
)4'5(1?#5?'(()01",V#

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν2/Q2

x
th = pion production threshold

∆Z = −2αmerZ(1 + δradZ )

1

S"T*4T)5#?*"(01=7(1*"5#
P+)0)#(+)#%0*(*"#15#)/?1()&V#

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν2/Q2

x
th = pion production threshold

1

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν2/Q2

x
th = pion production threshold

1

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν2/Q2

x
th = pion production threshold

1

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν2/Q2

x
th = pion production threshold

1

∆E = 1420.4057517667(9)MHz

∆E = (1 + δ)EF

δ = 1 + (δQED + δR + δsmall) +∆S

∆S = ∆Z +∆pol

∆pol =
αme

πgpmp
(∆1 +∆2)

∆2 = −24m2
p

� ∞

0

dQ
2

Q4
B2(Q

2)

B2(Q
2) =

� xth

0
dxβ2(τ)g2(x,Q

2)

β2(τ) = 1 + 2τ − 2
�
τ(τ + 1)

τ = ν2/Q2

x
th = pion production threshold

1

S"T*4T)5#(+)#J'741#
9*02#9'?(*0#'"&#,@#
5(07?(70)#97"?(1*"#

>)%)"&5#*"4;#
*"#(+)#,-#
5(07?(70)#
97"?(1*"#



•  J0*(*"#?+'0,)#0'&175#90*2#]J#&15',0))5#P1(+#)J#
5?'(()01",#0)574(#=;#vsw#

•  3'1"#7"?)0('1"(1)5#'015)#90*2#(+)#%0*(*"#%*4'01W'=141(;#
'"&#&199)0)"(#T'47)#*9#(+)#L)2'?+#0'&175#

67#28995":;#####<'((#=#2*(('3*4'+5*"#6%%+5":>#?%@%93%4#A-+&>#0-A0#

J0*(*"#6+'0,)#M'&175#

\A3]"^"TER%DR%"_"TETTTBQ"`5"""""6+5G"1()a"),"547,)*"(b=;7/-,""

\A3]"^"TERSQ"_"TETDR"`5""""""""""""""P7;8="+,+8b1)1"7`"-:"1*+c-;),/"

\A3]"^"TERQBR"_"TETTBS"`5""""""""""'d9>?>"L7;8="+F-;+/-"


