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The Proton Spin Crisis
Relativistic quark models:�� � ��� � � �� � � ���
	 � �� �
First measurements by EMC in 1988 found�� � �� � � � � �� �� � � �� � � �

� “PROTON SPIN CRISIS”
More recently:�� � �� �� � �� � � � �� � �

(E155 in 2000)�� � �� � � � � �� � �� � �� � � �

(HERMES in 2003)

Spin carried by quark, gluon spins, and their orb. ang. momenta:�
� � �
� �� � ��� � � �� � ���  
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Polarized Deep-Inelastic Scattering
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Polarized Deep-Inelastic Scattering
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HERMES
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Cross Section Asymmetries
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Cross Section Asymmetries
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Detector and QED Rad. Effects
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Detector effects:
Multiple scattering . . .

higher order QED effects:
Bremsstrahlung . . .

-ji % -jk 2i % 2k

E.g.
Elastic scattering

can appear to be DIS
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Detector and QED Rad. Effects

k’X

Bk’

k

qB
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Detector effects:
Multiple scattering . . .

higher order QED effects:
Bremsstrahlung . . .

-ji % -jk 2i % 2k

E.g.
Elastic scattering

can appear to be DIS

Simulate effects in Monte Carlo that keeps track
of measured and of Born kinematics.
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Unfolding Kinematic Migration
From the MC data in bins of P :

Compute matrices lnm �oR p  

o

. . . measured kinematicsp

. . . Born kinematics

Form

qm �oR p  I r X sm �o  
r X tm � p  � lm �oR p  
l tm � p  

Inclusive migration matrix
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Born Asymmetries on the Proton
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Born Asymmetries on the Deuteron
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The Purity Formalism
Rewrite semi-inclusive asymmetry in QPM:

M NO �QP  V � c U� ��� �QP  d �fe W N� �e  

� g c U� g � h �QP  d �fe W N� g �e  � �
c U� � �QP  d �fe W N� �e  

� g c U� g � h �QP  d �fe W N� g �e  [ \] ^I � N� �QP  

���
� �QP  

� N� �QP  

are known from UNPOLARIZED MC

Combine inclusive and semi-inclusive asymmetries
and fit for quark polarizations

� ��� � �  �QP  

,

� ��� �
,

��� �
, � � ��� �

,

� ��� �

, � ��� �
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The Polarized Parton Densities
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The Spin Carried by the Quarks
In Measured Range:

��� � T U� � �  � �f�   U  � �¢¡ £
�¢¡ � U b� P ��� �QPSR T U� � �  � �f�   U  

¤�¥ v¦ U§� x y �©¨ ª � {« �©¨ �¬ « �©¨ � ® ¤¯ v¦ U§� xy z �©¨ � � ª« �©¨ �¬ « �©¨ �° �

¤²±³¥ v¦ U´� x y �©¨ � � �« �©¨ �¬ ª« �©¨ � � ¬ ¤ ±¯ v¦ U´� xy z �©¨ �° ®« �©¨ �¬ ¬ « �©¨ � { {

��µ � T U�  � �� � � � � �� �� � � �� � ��

$5 2¶ 8 % & '5 2¶ 8 % � , · 9 ¸ � , � 6 9 � , �¹ ¹
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Summary
(Semi-)inclusive asymmetries on the proton and the deuteron

Pion and kaon asymmetries measured for the first time

A new algorithm to correct for QED rad. and detector effects��� �QPSR T U�  and

�� �QPSR T U�  measured with high precision

Sea polarizations decomposed for the first time:�³º»� �QPSR T U´�  V �

,

� º� �QPSR T U´�  V �
,

��µ �QPSR T U´�  V �

The total spin carried by the quark spins:

�� � T U�  � �
�¢¡ £

�¢¡ � U b� P ��� �QPSR T U�  � �� � � � � �� � � � � �� � � �
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Summary
(Semi-)inclusive asymmetries on the proton and the deuteron

Pion and kaon asymmetries measured for the first time

A new algorithm to correct for QED rad. and detector effects��� �QPSR T U�  and

�� �QPSR T U�  measured with high precision

Sea polarizations decomposed for the first time:�³º»� �QPSR T U´�  V �

,

� º� �QPSR T U´�  V �
,

��µ �QPSR T U´�  V �

The total spin carried by the quark spins:

�� � T U�  � �
�¢¡ £

�¢¡ � U b� P ��� �QPSR T U�  � �� � � � � �� � � � � �� � � �
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