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Maximizing	  Polariza6on	  of	  Helium-‐3	  Gas	  Cells	  Using	  Diode	  Lasers	  
Daniel	  Matyas1,2,	  Daniel	  Banks3	  

Patricia	  Solvignon4,	  J.P.	  Chen4,	  Zhiwen	  Zhao2,	  Jie	  Liu2,	  Yawei	  Zhang5	  

•  As seen below, the Coherent lasers polarize the cell better than the Comet Lasers do. 
•  Since the spectrum is narrow and shifted, the Rb does not absorb enough polarization. 
•  The Comet diode lasers are emitting light that is coming out initially polarized. 
•  The fiber orientation determines the ratio of power between the pèp and sèp branch. 
•  Using the three most powerful diode lasers, the combined total power output is 63.5 W. 

Introduc)on:	  Observing	  the	  collisions	  between	  charged	  par6cle	  beams	  and	  helium-‐3	  gas	  targets	  allows	  scien6sts	  to	  probe	  nuclear	  reac6ons	  and	  nuclear	  proper6es.	  These	  He-‐3	  gas	  cells	  act	  as	  a	  
pseudo-‐neutron	  target,	  since	  neutrons	  naturally	  decay	  in	  about	  15	  minutes	  when	  not	  contained	  in	  a	  nucleus.	  	  Also	  present	  in	  the	  cell,	  is	  a	  small	  amount	  of	  rubidium	  that	  can	  absorb	  the	  laser	  light	  
from	  the	  three	  Comet	  Diode	  Lasers	  and	  its	  polariza6on	  is	  eventually	  transferred	  to	  the	  He-‐3	  nuclei	  through	  spin-‐exchange	  mechanisms.	  Those	  polarized	  nuclei	  will	  align	  with	  an	  applied	  magne6c	  
field,	  enabling	  the	  use	  of	  nuclear	  magne6c	  resonance,	  NMR,	  to	  measure	  the	  amount	  of	  polariza6on	   in	  the	  gas	  as	  a	   func6on	  of	  6me.	  This	  study	  describes	  aSempts	  to	   increase	  polariza6on	  by	  
minimizing	  power	   loss	  due	  to	  the	  op6cal	  system,	  maximizing	  total	  power	  output,	  and	  adjus6ng	  the	  diodes’	  emission	  spectrums	  via	  temperature	  control	  but	  was	  unable	  to	   increase	  the	  power	  
output	  enough	  for	  the	  desired	  experiments	  at	  Thomas	  Jefferson	  Na6onal	  Accelerator	  Facility.	  
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Figure 4-3: Spin exchange in a Rb-K hybrid cell. The figure is taken from Ref. [141].

et. al. [160]. The transfer of angular momentum is dominated by the binary collision

between atoms. During the collision, the spin-exchange is due to hyperfine interaction

between the alkali electron and the 3He nucleus [161],

HSE = –I · S, (4.1)

where I is 3He nuclear spin, S is the spin of alkali electron and – is the coupling

function. This interaction also shifts the alkali Zeeman frequency proportionally to

the 3He polarization, which is used as one of the target polarimetries as discussed in

Sec. 4.4.

Although it is di�cult to calculate the exact value of –, the spin-exchange rates

for 3He, “SE, were measured experimentally as function of alkali density,

“SE = kA
SE[A], (4.2)

where [A] is the alkali density and kA
SE is the spin-exchange rate constant for the cor-

responding alkali metal. For Rb, several measurements were reported, as summarized

in Table I of Ref. [162]. The average result of the repolarization [162, 163] and rate

balance methods [162] is kRb
SE = 6.8 ◊ 10≠20 cm3/s. For K, kK

SE = 5.5 ◊ 10≠20 cm3/s

was reported in Ref. [164, 165].

Another important parameter of SEOP is the spin-exchange e�ciency, ÷, where
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m  = +1/2J

+

m  = −1/2
J

m  = −1/2J

m  = +1/2J

5P1/2

Collisional Mixing

5S1/2

Figure 4-2: Optical pumping of Rb by a circularly polarized laser towards the + spin
state. The figure is taken from Ref. [141].

4.1.2 Spin-Exchange Optical Pumping (SEOP)

The term spin-exchange optical pumping (SEOP) refers to a two-step process. First

alkali metal atoms (heated to the vapor form) are optically pumped with a polarized

laser, and quickly polarized. Second, that polarized alkali metal atom exchanges its

spin with a noble gas nucleus, such as 3He.

As a technical breakthrough, a new spectrally narrowed laser [154] was first used

at Je�erson Lab with this experiment, which improved the laser absorption and max-

imum achievable 3He polarization. The details will be further discussed in Sec. 4.2.3.

4.1.2.1 Optical Pumping

As the first step to polarize 3He nucleus, a polarized electron source is generated,

which can transfer its spin to 3He. The polarized electron is provided by the outermost

shell in the Rb and K atoms which are vaporized and mixed with the 3He gas. In

the optical pumping process, circularly polarized photons are used to polarize the

outermost-shell electrons in Rb, which subsequently transfer its polarization to the

K atoms and the 3He nucleus.

To help illustrate the concept of optical pumping, the spin of Rb nucleus is first

ignored. There is a single outermost shell electron in the Rb atom, whose ground

state is the 5S1/2 state. Using 795 nm infrared lasers, the ground state Rb can be
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Fiber-‐Op6c	  Cable	  
from	  Diode	  Laser	  

Nuclear	  Spin-‐Exchange	  

Rubidium	  absorbs	  circularly	  polarized	  light	  and	  
the	  polariza6on	   is	   transferred	  to	  the	  helium-‐3	  
via	  a	  series	  of	  collisions.	  

Op6cal	  Pumping	  

But	  How	  Does	  3He	  =	  1n?	  

In	  90%	  of	  3He	  nuclei,	   the	  two	  proton	  spins	  are	  an6-‐parallel	  
and	  cancel	  out	  leaving	  a	  neutron-‐like	  par6cle.	  

The	  circularly	  polarized	   light	  excites	  rubidium	  from	  the	  
5S1/2	  m=-‐1/2	  to	  5P1/2	  m=1/2	  state.	  They	  then	  decay	  and	  
are	  trapped	  in	  the	  5S1/2	  	  m=1/2	  state.	  Note	  that	  some	  of	  
the	  rubidium	  can	  be	  transferred	  between	  the	  two	  5P1/2	  
states	  via	  collisions	  in	  the	  gas	  cell.	  

Op6cs	  Setup	  to	  Create	  Circularly	  Polarized	  Light	   Setup	  for	  Polarizing	  the	  3He	  

Comparison	  of	   two	   intensity	   vs	  wavelength	   spectra	  of	  
the	  W	  &	  M	  diode	  laser	  at	  two	  different	  temperatures.	  

20°	  C	  

12°	  C	  

Wavelength	  Spectra	  

The	  wavelength	  
shiUs	  lower	  at	  
lower	  opera)ng	  
temperatures!	  

çRb	  absorbs	  at	  794.8	  nm.	  

A	  comparison	  of	  maximum	  power	  output	  of	  our	  
four	  diode	  lasers	  measured	  by	  a	  power	  meter.	  
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FIG. 1. The schematic of optics setup for polarizing laser.

• Both spots have clear edges, good shapes and proper size at the target and the shape

of halos should be symmetric.

• The angles between the magnetic field and the laser’s final directions should be less

than 3 degrees to reduce the skew e↵ect.

• An ideal alignment will have all the reflections back to the fiber tip. However to

protect the fiber from being burned, we have to shift these reflections a little bit from

the center to the sides of the fiber. Normally, there are six reflections: three from

the �/4-wave plates, two from the cube front and back surface, and one from the 2.5”

mirror. Among these spots, the reflection from the 2.5” mirror which is the left over

5% of total laser power introduced by the cube is the brightest one.

3

7.99	  W	  

11.1	  W	  

Spligng	  the	  Power	  Distribu6on	  
Spligng	  cubes	  should	  split	  
the	  power	  evenly	  between	  
the	  s	  and	  p	  if	  the	  incoming	  
light	  is	  un-‐polarized.	  
Different	  power	  outputs	  
for	  s	  and	  p	  suggests	  our	  
laser	  is	  ini6ally	  polarized.	  
Rota6ng	  the	  emigng	  fiber	  
changes	  the	  power	  
spligng	  distribu6on	  
because	  s	  and	  p	  are	  
geometric	  defini6ons	  

Two	  types	  of	  
lasers	  can	  be	  

used:	  Coherent	  
or	  Comet.	  The	  
Comet	  lasers	  
have	  a	  much	  
narrower	  line	  
width	  making	  

absorp6on	  
greater,	  but	  

more	  difficult	  
to	  align.	  

Results and Conclusions 


