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Optical Pumping

Rb energy lev els ignoring n uclear spin

Collisional Mixing

Spin Relaxation
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Spin-Exc hange

Rb and

3

He atoms undergo binary collisions.
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The Hamiltonian term is a h yp er�ne-lik e F ermi

con tact in teraction (Herman, Phys R ev. 137 , 1062A):
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JLab T arget Setup
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T arget Cell

Circularly P olarized

3

He is p olarized in

pumping c ham b er.

It then di�uses to

scattering c ham b er.

Thin Windo ws � 130 microns

T uned to Rb D

1

� 90 W atts

e

�

b eam
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P ast Exp erimen ts at JLab

E94-010 (GDH) and E95-001 (G

n

M

)

The collab oration w as ready to tak e b eam on

sc hedule. A new laser system based en tirely on

dio de lasers w as built and used. The pumping

c ham b ers w ere spherical whic h allo w ed for

arbitrary p olaization direction.

E99-117 (A

n

1

), E97-103 (g

n

2

, Higher Twists),

and E01-012 (Spin Dualit y)

T arget cells w ere thoroughly c haracterized and

tested. W e used only the b est p erforming cells

with the most desirable ph ysical c haracteristics.

In other w ords, w e had the luxury of b eing pic ky!

E97-110 (Small Angle GDH)

This exp erimen t used an exotic cell geometry that

w as needed to k eep radiativ e corrections

reasonably small.
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\Ice Cone" Cell for Small

Angle GDH

This geometry w as sp eci�cally

designed for saGDH. R & D

to ok almost one y ear with

t w o glassblo w ers and t w o

target labs.

6 degrees

Cell w as a success!
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G

E

n

: Neutron F orm F actor at

high Q

2

No space for laser h ut.

T o o man y optics!
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Com biner & Homogenizer

5 to 1 com biner simply collects �v e �b ers in to one

�b er. Homogenizer outputs a b eam with uniform

spatial in tensit y .

Other medical groups use similar setups.

Curren tly , w e are studying problems with p o w er

loss and o v erheating.

Our goal is to go from 8 b eams with 90W total to

2 b eams with 200W total .
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Hybrid Alk ali Spin-Exc hange

Optical Pumping

Collisional Mixing

Spin Relaxation
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Spin-Exc hange E�ciency

The spin-exc hange e�ciency �

S E

is the fraction of

all spin relaxation pro cesses that are due to

spin-exc hange with

3
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The P oten tial of Hybrid SEOP

Baranga et al . PRL 80 , 2801 (1998)

Bab co c k et al . PRL 91 , 123003 (2003)
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Making Alk ali Allo ys

A lo w K to Rb ratio is not substan tially di�eren t

than \pure" Rb SEOP . A high K to Rb ratio

results in lo w alk ali p olarization. The ratio of K

to Rb has to b e optimized. W e made our �rst

batc h in a glo v eb o x. Our goal w as a ratio of

ab out 20:1 K to Rb in the v ap or form at 230

o

C.
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Our First A ttempt: Panache

This cell has a larger pumping c ham b er whic h w e

exp ect will mak e the cell less sensistiv e to

electron-b eam induced relaxation. It con tains 3.3

liters of

3

He!
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Initial Results
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170 33 13

215 14 41

235 6 43

255 3 40

1. W e only had 2 \go o d" lasers.

2. Only ab out

3

4

of the pumping c ham b er w as

illuminated.

3. T emp erature w as limited b y materials used in cell

o v en.
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Diagnostic T o ols

3

He P olarimetry using EPR with K

This w orks on the same principle as EPR with Rb.

The only di�erence is that the K EPR frequency is

b eing excited. Because K is more sensitiv e to

magnetic �elds, EPR with K should ha v e b etter SNR.

A measuremen t of the K �

o

is needed.

F arada y Rotation

The rotation of the plane of vibration of linearly

p olarized ligh t in a medium within an applied

magnetic �eld is called the F arada y e�ect . The angle

of rotation is prop ortional to alk ali metal v ap or

densit y , alk ali metal v ap or p olarization, and the

magnitude of the applied magnetic �eld. This

tec hnique has b een used extensiv ely b y the W alk er

A tomic Group in Wisconsin in their h ybrid alk ali

SEOP studies. W e are curren tly in the pro cess of

adapting this to ol to our setup!
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Conclusion

1. Com biner/Homogenizer tec hnology is

necessary for compact high p o w er SEOP

systems.

2. Hybrid alk ali SEOP sho ws great promise in

reducing the laser p o w er needed. In addition,

it can b e easily plugged in to the presen t laser

setup.

3. Higher temp eratures are needed for h ybrid

alk ali SEOP . Therefore, it migh t pro v e

necessary to completely rethink the curren t

cell o v en heating system.

4. It remains to b e seen if p olarizations higher

than 45% can b e reac hed with h ybrid alk ali

SEOP in our target cells.

5. W e hop e that w e'll b e able to address these

issues with the tests that w e ha v e planned for

the next few mon ths.
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