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Alan: here is a summary of my conclusions on DNP of anti-p.                  April 19, 1985, Friday 5 pm                        

           Carson Jeffries

1.) Assume we have a hot non-thermal equilibrium distribution of (many) polarized electrons and (fewer) 

unpolarized protons in a box or in a torus. This is not really much like the case of conventional DNP in 

solid targets because:

     1) there is no spin lattice relaxation; 

     2) the distance r is variable and large,

         where r is the average distance between electron  and anti-proton (or proton). 

Nevertheless let’s try to analyze the problem using DNP ideas. The Hamiltonian  

 = e Zeeman + p Zeeman + dipole-dipole

gives these states (M, m) in zero
th

 order, where M = <Pez>  m = < Ppz >.  The d-d term admixes these 

states so that a microwave field B1 [in a DC field B] induces forbidden transitions such as (e- p-) to (e+ p+)

that flip simultaneously both the electron and proton spins with transition probabilities: 

Wf (forbidden) for [(- -)  (+ +)]      and Wa (allowed) for [(- -)  (+ -)]. 
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One also has [???] 
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1  where B/B = B-field spread [or f/f] that broadens the resonance line. 

Assuming optimum pumping 
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Now let us use ne = 10
8
 electrons/cm

3
 as the density in our accumulator (assuming ne = nanti-p), then 
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25934 101010fw  /sec,        This is a very small spin-flip rate for anti-protons.       

We could get a rate of 10
-5

/sec (1 day to polarize anti-protons) by increasing the electron density to 
18810 101010 /cm

3
. This is relatively enormous; and it must be maintained for at least 1000 cycles 

8113 101010 sec. This corresponds to about several meters along the torus in the accumulator. 

2.) Conclusion: even though this model is not valid, the results are so far from realization that it seems 

nearly hopeless to use DNP, unless some tricky effects can reduce the effective radius r between e and p. 

3.)   Dan Kleppner calculated this in detail and finds that when he takes a scattering approach to the e–p 

dipole–dipole interaction, the results are still not favorable. In this case, one probably wants high relative 

velocities to make the impact parameter as small as possible. But this also adds a random field pulse at the 

proton; this will have a broad Fourier spectrum and the component at the p Larmor frequency will act as a 

noisy saturating field that tends to equalize the up/down p spin states and thus relaxes away the p 

polarization build up. This will be true even in the microwave method. Detailed calculations could be 

done but it is not too promising.   

[…]  added by ADK 
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Evaluated by C. Jeffries and D. Kleppner: 

Will be very difficult because polarization transfer rate may be very small due to: 

large v/v between the polarized electrons and the unpolarized antiprotons; 

low luminosity.

However, there have been interesting advances in physics since then:. 

Spin-flipping by adiabatically sweeping an RF magnet’s frequency through a resonance, 

proposed by R. Phelps, was successfully tested at IUCF and is now widely used.

Electron cooling technique proposed at Novosibirsk was successfully demonstrated at IUCF 

by R. Pollack et al.

Thus, one might now inject a stochastically-cooled polarized electron beam parallel to a stored 

unpolarized but electron-cooled anti-proton (or proton) beam.  Then one might sweep, by a range 

f, the frequency of microwave radiation injected into a region of longitudinal magnetic field B; 

this could flip the polarization of only those anti-protons (or protons) whose spins are anti-parallel 

to the electrons’ spins.

           a) At the f sweep’s center ½ h·f  B(µe+µp);

           b) f must be too small for ½ h·f  to ever cross B(µe-µp,);

           c) f/f must be larger than {( pe/pe)
2
+ ( pp/pp)

2
}

½
].

Thus, both the electron and anti-proton (or proton) beams, must be cooled (electron 

cooling for p-beam; stochastic cooling for e-beam).    

A “solenoid” magnet and a matching microwave source must satisfy ½ h·f  B·µe.

If this suggestion seems practical, then one might test it at COSY. 



Polarizing Device 
Strong longitudinal uniform B-field; 

Micowaves for e p± pol. transfer 

  -with sweepable frequency; 

Strong focusing of  pol. electrons 

Siberian Snake 

p
±

e



POSSIBLE DEVICE: Don Crabb's PPT*

 Very Strong 5 T

Solenoid Focusing:

 1 MeV/c electrons 

*w/140 GHz microwaves 

*wo/210 MHz NMR 

*wo/1 K refrigerator etc.
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