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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

Inclusive Electron Scattering 

"!M. Cummings     SPIN2014     10/22/2014 

!"#"$%&'("

!)"#"$%)&')("

#!

*"#"$+&*("

,"#"$-&.("

/"

!"#$%&'()*!01234567*#+,&&*&)#-,"&.*

$%&$"!'()!()*'+),!+-!+.)!
/012!,1/+(1345-2!

 N(e,e’)X!

ν = E − E �

�q = �k − �k�

Q2 = −q2 = 4EE � sin2
θ

2

W 2 ≡ (P + q)2

W 2 = M 2 + 2Mν −Q2

x =
Q2

2Mν

5

ν = E − E �

�q = �k − �k�

Q2 = −q2 = 4EE � sin2
θ

2

W 2 ≡ (P + q)2

W 2 = M 2 + 2Mν −Q2

x =
Q2

2Mν

5

!"#$%&'()*'")$/&-#*
*89!01234567"#+,&&*&)#-,".*



Quark-Parton Model 
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Measurements of g2 and its Moments 
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Measurements of g2 and its Moments 
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Measurements of g2 and its Moments 

• !G(1-(!+-!=)'/4()=)2+/!'+!h<'3&!C(/+!,),1;'+),!)V0)(1=)2+!@'/!:<fX!a%OOV!!

• !01!H)'/4()=)2+/!-2!+.)!'()*+,'!'+!h<'3>!
• !akQP%W6>!5l"!c)Z&*31*m!%!c)Z"&!2!m!Wn"&!/+4,T!.1$.)(!+@1/+!F043*1/.),J!
• !akkP%%Q>!5l"!c)Z&!.1$.!31!F6PO!c)Z"J!F043*1/.),J!
• !akEPW%W>!=-=)2+/!'+!*-@!31!FWn%P%!c)Z"J!F043*1/.),J!
• !akQP%%W>!=-=)2+/!'+!S)(T!*-@!31!FWnW"PWn6!c)Z"J!F'2'*T/1/J!
• !aW%PW%">!=-=)2+/!'+!12+)(=),1'+)!31!F%PE!c)Z"J!F/43=1A),J!
• !aWRPW%E>!=-=)2+/!'+!.1$.!31!F"PR!c)Z"J!F'2'*T/1/J!

• !01!H)'/4()=)2+/!-2!+.)!-+,*,'!'+!h<'3>!
• !N::>!=-=)2+/!'+!12+)(=),1'+)!31*F%P"!c)S"J!F043*1/.),J!
• !:fDa>!=-=)2+/!'+!.1$.!31!F"PR!c)Z"J!F'2'*T/1/J!
• !aW_PW"Q!F016J>!=-=)2+/!'+!S)(T!*-@!31!FWnW"PWn"!c)Z"J!F'2'*T/1/J!
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2nd Moment: Spin Polarizabilities 
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2nd Moment: Spin Polarizabilities 

• !D)4+(-2!()/4*+/!?-(!;8<*

• !;8<!1/!/))2!'/!'!=-()!/41+'3*)!+)/52$!
$(-42,!M!12/)2/15S)!+-!pP()/-2'2;)!!

• !I'+'!1/!12!/1$21C;'2+!,1/'$())=)2+!@1+.!
]G^!!;'*;4*'5-2/!!

• !$"0!)V0)(1=)2+!@1**!0(-S1,)!+)/+!'+!*-@!["!

FZn!:4*9-/9T!J!
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Finite Size Effects 

%6!

• !\T0)(C2)!:0*1Y2$!-?!\T,(-$)2!
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• !N)/4*+/!?(-=!eG!,1/'$())/!@1+.!)G!/;'A)(12$!()/4*+!3T!qQr!

• !H'12!42;)(+'125)/!'(1/)!?(-=!0(-+-2!0-*'(1L'31*1+T!'2,!
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g2
p Experiment at JLab (E08-027) 

• !K1**!0(-S1,)!+.)!C(/+!=)'/4()=)2+!-?!01!?-(!+.)!0(-+-2!'+!*-@!+-!=-,)('+)!31*

• !K1**!0(-S1,)!12/1$.+!-2!/)S)('*!-4+/+'2,12$!0.T/1;/!04LL*)/>!
• !7X!/4=!(4*)!

• !I1/;()0'2;T!/4$$)/+),!?-(!.1$.P31!,'+'!
• *;8<*0-*'(1L'31*1+T!

• !]G^!;'*;4*'5-2/!,-!2-+!='+;.!,'+'!
• !`121+)!/1L)!)i);+/>!

• !\T,(-$)2!.T0)(C2)!/0*1Y2$>!0(-+-2!/+(4;+4()!;-2+(134+)/!+-!
42;)(+'12+T!
• !G(-+-2!;.'($)!(',14/>!0(-+-2!0-*'(1L'31*1+T!;-2+(134+)/!+-!42;)(+'12+T!

• !I'+'!@'/!+'9)2!12!\'**!f!12!"W%"!M!'2'*T/1/!1/!;4(()2+*T!42,)(@'T!
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Experimental Technique 
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Experimental Setup 

• !<'($)!/;'*)!12/+'**'5-2!12!\'**!f !!
• !IDG!D\6!+'($)+!@1+.!"nOuO!^!='$2)5;!C)*,!F*-2$1+4,12'*!'2,!
+('2/S)(/)!;-2C$4('5-2/J!!
• !D)@!3)'=*12)!,1'$2-/5;/!?-(!*-@!;4(()2+!Fv%WW!2fJ!(42212$!
• !X.1;'2)!'2,!/)0+4=!='$2)+/!
• !<-;'*!,4=0!

%R!

G-*'(1L),!
^'($)+!X.1;'2)!

H'$2)+/!

:)0+4=!H'$2)+!

7)'=!G-/15-2!
H-21+-(/!

7)'=!
X4(()2+!
H-21+-(/!

:*-@!N'/+)(!

<-;'*!
!I4=0!

%"nOw!

`'/+!N'/+)(!

Rw!
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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

Kinematic Coverage 

5!v!"!c)Z!

WnW"!v!31!v!Wn"!c)Z"!

7)'=!a2)($T!
Fc)ZJ!

'̂($)+!`1)*,!
F^J!

"n"! "nO!

%nQ! "nO!

%n%! "nO!

"n"! OnW!

6n6! OnW!

`1(/+!,'+'!-2!01!?-(!0(-+-2!'+!*-@!31*
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Status of Analysis 

• !N42!I'+'3'/)!
• !\N:!x05;/!

• !`1)*,!=)'/4()=)2+!'2'*T/1/!
• !ZIX!+W!;'*13('5-2!
• !:1=4*'5-2!G';9'$)!
• !x05;/!@1+.!+'($)+!C)*,!F<\N:J!

• !I)+);+-(!X'*13('5-2/uaU;1)2;T!
:+4,1)/!

• !c'/!X.)()29-S!
• !<)',!c*'//!X'*-(1=)+)(/!
• !:;125**'+-(!+(1$$)(!)U;1)2;1)/!
• H4*5P+(';9!'2'*T/1/!!

• !:;'*)(/!
• 7XH!;'*13('5-2!
• !\)*1;1+T!,);-,12$!
• !I)',!5=)!;'*;4*'5-2/!

• ! '̂($)+!G-*'(1L'5-2!f2'*T/1/!
• !7GH!X'*13('5-2/!

%_!

• !N'/+)(!:1L)!X'*13('5-2/!
• !G';912$!`(';5-2uI1*45-2!f2'*T/1/!
• !a*'/5;!f2'*T/1/!
• !y1)*,/uN',1'5S)!X-(();5-2/!

!,/-9(*(4& ='&>+,?+(33&
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Polarized NH3 Target 

%k!

$@(+2?(&&
>,92+AB2:,'>!
O >̂!qQWg!
"nO >̂!q%Og!

Run
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)

55

60

65

70

75

80

85

N42!z!
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C2+?(*&>,92+AB2:,'&D(3)9*3&E,+&FC&%A(94&.(G'?&

F'2'*T/1/!,-2)!3T! n̂!7',='2J!
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Detector Stack 

"W!

H23&!I(+('J,@&K(*(;*,+&"L;A(';M&

ZIX/!

:;125**'+-(/!

c'/!
X.)()29-S!

<)',!c*'//!
X'*-(1=)+)(/!
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Gas Cherenkov Detector Efficiency for RHRS

central momentum (GeV/c)
0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2

ef
fic

ie
nc

y

0.998

0.9982

0.9984

0.9986

0.9988

0.999

0.9992

0.9994

0.9996

0.9998

1

Legend
2.2 GeV, 2.5T, 90deg
1.7 GeV, 2.5T, 90deg
1.2 GeV, 2.5T, 90deg
1.2 GeV, 2.5T, 90deg (short cell)
2.2 GeV, 5.0T, 90deg
2.2 GeV, 5.0T, 0deg
3.3 GeV, 5.0T, 90deg

-N&OH(PQ;R&

"L
;A
('

;M
&

H23&!I(+('J,@&K(*(;*,+&"L;A(';M&

•  c'/!X.)()29-S!'2,!*)',!$*'//!
)*);+(-='$2)5;!;'*-(1=)+)(/!4/),!
?-(!0'(5;*)!1,)25C;'5-2!

•  \1$.!aU;1)2;T!F!lkkgJ!?-(!$'/!
X.)()29-S!'2,!*)',!$*'//!
;'*-(1=)+)(/!

•  ^@-!0*'2)/!-?!/;125**'+-(/!4/),!+-!
;()'+)!/12$*)/!+(1$$)(!

•  \1$.! (̂1$$)(!)U;1)2;T!Flk_gJ!?-(!
0(-,4;5-2!(42/!
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VDC Multi-track Analysis 

"%!

H23&!I(+('J,@&K(*(;*,+&"L;A(';M&•  ZIX!)U;1)2;T!1/!+.)!?(';5-2!-?!)S)2+/!@1+.!'!/4;;)//?4*!+(';9!();-2/+(4;5-2!

•  D4=3)(!-?!=4*5P+(';9!)S)2+/!;'2!()';.!q"Wg!?-(!/-=)!912)='5;!/)Y2$/!

•  X*4/+)(!)2)($T!-?!+(';9/!1/!)V'=12),!+-!,)+)(=12)!12)U;1)2;T!

F'2'*T/1/!,-2)!3T!hn!<14J!



HRS Optics  

""!

H23&!I(+('J,@&K(*(;*,+&"L;A(';M&

[%!:)0+'! ["!

[6!

I10-*)!'̂($)+!

ZIX!

• !\N:!.'/!'!/)(1)/!6!B4',(40-*)/!'2,!%!,10-*)!?-(!?-;4/12$!'2,!,1/0)(/1-2!

• *$"0!)V0)(1=)2+!'*/-!4/),!'2!',,15-2'*!/)0+4=!='$2)+!

• !x05;/!/+4,T!0(-S1,)/!'!='+(1V!+-!+('2/?-(=!ZIX!()',-4+/!+-!912)='5;!
S'(1'3*)/!
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HRS Optics  

"6!

H23&!I(+('J,@&K(*(;*,+&"L;A(';M&

• !X'*13('5-2/!,-2)!4/12$!'!?-1*!+'($)+!
'2,!0-12+!3)'=!

• *X'2!4/)!/1)S)!/*1+!+-!$)+!+.)!()'*!
/;'A)(12$!'2$*)!?(-=!$)-=)+(T!

• !H4/+!/0*1+!();-2/+(4;5-2!12+-!"!
0'(+/>!

• !X'2!4/)!\N:!+('2/?-(=!='+(1V!
?-(!();-2/+(4;5-2!?(-=!ZIX!+-!
/1)S)!/*1+!

• !^.)2!4/)!'!+'($)+!C)*,!='0!+-!
,-!'!('T!+(';)!-?!+.)!/;'A)(),!
0'(5;*)!?(-=!+.)!/1)S)!/*1+!+-!+.)!
+'($)+!

K1+.-4+! '̂($)+!`1)*,! K1+.! '̂($)+!`1)*,!

:)0+'!
'̂($)+!
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• !!E!'2+)22'/!4/),!+-!,)+)(=12)!+.)!
3)'=!0-/15-2!

• !`'/+!'2,!:*-@!('/+)(!/T/+)=!4/),!+-!
(),4;)!(',1'5-2!,'='$)!'2,!=121=1L)!
,)0-*'(1L'5-2!-?!+'($)+!

• !7GH/!;'2!-2*T!$1S)!'S)('$)!3)'=!
0-/15-2&!2)),!('/+)(!12?-(='5-2!+-!$)+!
0-/15-2!)S)2+P3TP)S)2+!!!

xb =
f(A+ −A+ped)− f(A− −A−ped)

f(A+ −A+ped) + f(A− −A−ped)

xb =
(A+ −A+ped + b+)− gx(A− −A−ped + b−)

(A+ −A+ped + b+) + gx(A− −A−ped + b−)

φx = f(A−Aped) = a(A−Aped + b)

x = Rxb

�
1

x2
b + y2b

− 1�
x2
b + y2b

�
1

x2
b + y2b

− 1

�

xb =
φx+ − φx−
φx+ + φx−

X = Xbpm +Xrasterfast +Xrasterslow

4

Beam Position Calibrations 

"E!

H23&!I(+('J,@&K(*(;*,+&"L;A(';M&

.-*)!4/),!?-(!
;'*13('5-2!

F'2'*T/1/!,-2)!3T!Gn!s.4J!

y{! |{!
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Preliminary Results 
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xb =
f(A+ −A+ped)− f(A− −A−ped)

f(A+ −A+ped) + f(A− −A−ped)

xb =
(A+ −A+ped + b+)− gx(A− −A−ped + b−)

(A+ −A+ped + b+) + gx(A− −A−ped + b−)

φx = f(A−Aped) = a(A−Aped + b)

x = Rxb

�
1

x2
b + y2b
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�
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xb =
φx+ − φx−
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X = Xbpm +Xrasterfast +Xrasterslow

x =
Q2

2Mν
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Summary of g2
p 

• !016!)V0)(1=)2+!@1**!0(-S1,)!C(/+!0();1/1-2!=)'/4()=)2+!?-(!0(-+-2!'+!*-@!31*
WnW"!v!31!v!Wn"!c)Z"!

• !K1**!0(-S1,)!12/1$.+!-2!/)S)('*!-4+/+'2,12$!0.T/1;/!04LL*)/!
• !7X!:4=!N4*)>!Z1-*'5-2!/4$$)/+),!?-(!0(-+-2!'+!*'($)!31!F:<fX!a%OOVJ!

• !<-2$1+4,12'*P+('2/S)(/)!/012!0-*'(1L'31*1+T>!3)2;.='(9!+)/+!-?!]G &̂!
,1/;()0'2;T!/))2!?-(!2)4+(-2!,'+'!!

• !\T,(-$)2!.T0)(C2)!/0*1Y2$>!;-(();5-2!?-(!0(-+-2!/+(4;+4()!;-2+(134+)/!
+-!42;)(+'12+T!

• !G(-+-2!;.'($)!(',14/>!;-2+(1345-2/!+-!42;)(+'12+T!12;*4,)!0(-+-2!
0-*'(1L'31*1+T!!
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