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Intr oduction

It has long been known that nuclear structure
in�uences hyper�ne splittings in atoms.

Zemach, PR104(56)1771, calculates hfs
contribution from proton form factors.

Drell and Sullivan, PR154(67)1477, calculate the
polarizability contribution to hydrogen hfs.

Faustov and Martynenko, EPJC24(02)281,
estimate polarizability contribution to hydrogen hfs.

Friar and Sick, PLB579(04)285, determine the
Zemach radius from world form factor data.

Brodsky, Carlson, Hiller and Hwang, PRL94(05)
022001, determine Zemach radius via Faustov.

The inconsistencies call for an updated
determination of the polarizability contribution. ECT05 050527 – p.2/18



Hyper�ne Splitting

Feynman diagrams
for proton polarizability
term in the hydrogen
hyper�ne splitting

Ground-state hyper�ne splittings have been measured
to 13-digit accuracy. The largest theoretical
uncertainty comes from

���

(proton structure).
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Brodsky, Carlson, Hiller, Hwang use hydrogen and
muonium to extract an experimental
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from a model loosely constrained by SLAC E143 data.
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Polarization Terms
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� are the polarized structure functions
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��� � are kinematic functions
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x Integrals
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Integrals
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CLAS �

� with Model

-0.5

0

0.5

10
-1

Q2=0.05

g
1p

-0.5

0

0.5

10
-1

Q2=0.1

-0.5

0

0.5

10
-1

Q2=0.06

-0.5

0

0.5

10
-1

Q2=0.12

-0.5

0

0.5

10
-1

Q2=0.07

-0.5

0

0.5

10
-1

Q2=0.14

-0.5

0

0.5

10
-1

Q2=0.084

-0.5

0

0.5

10
-1

Q2=0.17

x

-0.4

-0.2

0

0.2

0.09 0.1 0.2 0.3 0.4 0.5

Q2=0.2

g
1p

-0.2

0

0.2

0.4

0.2 0.3 0.4 0.5 0.6 0.7 0.8

Q2=0.42

-0.4

-0.2

0

0.2

0.09 0.1 0.2 0.3 0.4 0.5

Q2=0.24
-0.2

0

0.2

0.4

0.2 0.3 0.4 0.5 0.6 0.7 0.8

Q2=0.5

-0.4

-0.2

0

0.2

0.09 0.1 0.2 0.3 0.4 0.5

Q2=0.3
-0.2

0

0.2

0.4

0.2 0.3 0.4 0.5 0.6 0.7 0.8

Q2=0.6

-0.4

-0.2

0

0.2

0.09 0.1 0.2 0.3 0.4 0.5

Q2=0.35
-0.2

0

0.2

0.4

0.2 0.3 0.4 0.5 0.6 0.7 0.8

Q2=0.7

x

0

0.2

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

g
1p

Q2=0.84
0

0.1

0.2

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Q2=2.0

0

0.2

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Q2=1.0
0

0.1

0.2

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Q2=2.4

0

0.2

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Q2=1.2
0

0.1

0.2

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Q2=3.0

0

0.2

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Q2=1.4
0

0.1

0.2

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Q2=3.5

0

0.2

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Q2=1.7
0

0.1

0.2

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Q2=4.2

x

PRELIMINARY DATA

Preliminary CLAS 


� data

�

�

��

�

�

�

�

�

�

�

GeV

�

Red line: Model
Model reproduces the data quite well over the full range of

kinematics.
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and

�

�

�

�

�

�

�

�

�

&

�

(generalized GDH Sum Rule) as

�

�

�

�

,

�

�

�

�
�

diverge.
If

�

�

�

�

�

�

�

�

&

�

(


�

�

�




� and GDH) as

�

�

�

�

,

�

�

converges.

���

�

�

�

�

�

�

)

�

�

�

ppm is small compared to

���

�

�

�

*

�

*

)

�

�

�

ppm from the HFS+Zemach analysis.
Discrepancy most likely lies in the low-

�

�

dependencies of 


� , 


� ,
�

! and

�

% .
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Conc lusions

Determination of

�

�

�

� can be improved only by
precision data for 


� , 


� and

�

� with

�

�

�

�

GeV

�

The behavior of 


� , 


� , and

�

� for

�

�

�

�

�

��

is
crucial, since a large part of

�

�

�

� comes from this
region.

Although beautiful 


� data exist from CLAS at JLab
over a large kinematic region, the errors on this
part are dominated by the lowest

�

�

data.

Finite hyper�ne splittings imply:

�

�

�

�

�

�

�

�

�

&

�




�

�

�




� ,

�

�

�

�

�

�

�

�

,

�

!

�

�

�

�

!
�

�

, and

�

%

� �

�

�

�

�

�

�

�

�

%

�

�

as

�

�

�

�

.

Higher orders (
�

0

�

�

�

, etc.) are crucial at low

�

�

for
an accurate determination of

�

�

�

� .
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