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Polarization Possibilities in the PEP-II Rings

· 1996 Nosochkov/Minty/Chao paper concluded that the PEP-II design, as is, will not give a useful polarization for colliding beam experiment.

P0 is too low => must inject e- polarized

Tau0 is too fast => loses injected e- polarization quickly.

· Recent new question (Leith): Is the polarization useful for beam energy determination?

Depolarization effects

 In approximately their order of depolarizing strengths,

a. Errors due to orbital misalignments, magnet strength errors, quad tilts, etc. This is not too serious. One should get P0>60% without too much difficulty.

b. Vertical bends in LER. These are serious perturbations. LER loses P0 significantly here. HER has no vertical bends.

c. Detector solenoid and its compensating skew quads. The only good way to compensate for the depolarization effects of a solenoid is anti-solenoids. Skew quads won’t do. These are strong depolarization effects => P0 ~ 1% for both rings.

d. Longitudinal polarizer to rotate the +-y polarization into +-z. Present design does not have longitudinal polarizer. A longitudinal polarizer will destroy polarization, P0 = 0.

In addition, we also have beam-beam depolarization to consider. It is likely that beam-beam depolarization is appreciable but not too serious when we back off from the beam-beam limit somewhat (at a somewhat reduced luminosity).

To recover from the depolarizing effects of b, c, d, the lattice design must satisfy 10 “spin transparency conditions”, which is a big deal. Present PEP-II design does not satisfy these conditions.

Colliding polarized beams

One most likely want longitudinally polarized beams with vertical bends and detector solenoids on. All four effects a, b, c, d, and beam-beam depolarization are present. 

[Polarization is a sad story at PEP-II so far, and understandably so because it is not needed at PEP-II so far.]

Nosochkov/Minty/Chao, 1996

· Effects b and c (no longitudinal polarizers, i.e. the present PEP-2 design without errors) give 


- betatron sideband resonances are weak.



(a gamma = k +- Nux)



(a gamma = k +- Nuy)



(a gamma = spin tune, a=0.00115965)

- synchrotron sidebands are strong, causing the broad 

suppression of polarization.

(a gamma = k +- Nus)


- Polarization is approximately +-y direction,



P0 = 0.8% (near 9 GeV) for HER



P0 = 3.5% (near 2.9 GeV) for LER


- If a polarized beam is injected, it depolarizes in


 
Tau0 = 1.5 minutes in HER



Tau0 = 17 minutes in LER

There are ways to possibly restore the polarization. To do so, stringent demands have to be met on the lattice (spin transparency conditions, or spin matching). To implement these conditions requires complicated IR optics.

Nosochkov/Minty/Chao showed that the storage ring can be made almost spin transparent by imposing 6 conditions on the lattice. 

[image: image1.wmf]Furthermore, for PEP-II, it is possible that last 2 conditions dominate. 

It remains to be seen what lattice modifications can be made to implement these 6 (or 2) conditions into the HER and LER lattices, and what P0 and Tau0 result.

Beam energy determination

Modulate the beam at a known frequency NU. The beam depolarizes when 

(a gamma = NU)

· Beam energy gamma can be determined.

If one only wants to measure the beam energy, and not to collide polarized beams, the situation can be much better (much less hopeless). It is not home free, however. 

· One certainly won’t need longitudinal polarizers.

· One may consider turning off the solenoid and its compensating skew quads when calibrating beam energy. (Would this affect the orbits too much?)

· Even if vertical bends and solenoids are kept, one still has P0=1-2% to work with. (Is the P0 measurement accurate enough for 1-2%?)

· One may inject polarized e- beam. This should help HER, but won’t help LER, and is not useful for center-of-mass energy measurements.

· Other ideas?

