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Towards axion searches with polarized hadron beams
and targets at the GSI/FAIR storage rings
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¢ polarized hadron beams can be used to explore interactions
that are not observable with unpolarized beams.

¢ axions are leading particle candidates for dark matter.

+* axion like particles (ALP): similar properties as axions, but
ALPs don't solve the strong QCD problem.

¢ in storage rings with polarized beams:

Osclllating electric
dipole moment
(OEDM)

Axion/ALP field

¢ first proof-of-principle experiment was performed with a

polarized deuteron beam at COSY, Forschungszentrum Julich.

Experimental Method
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*» store polarized hadrons.

* maintain precession in horizontal plane (long SCT).

s if myc? = hw, = Nypyh, polarization will turn out of the
horizontal plane, resulting in a vertical polarization
component.

¢ vertical polarization can be measured using a carbon target
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and a polarimeter.
axion wind effect enhanced in storage rings when v = c.
Qviom = ¥Gi...,,, a wide mass range can be covered by:
1) varying the three parameters y, G and {2...,,
2) use additional electric field.
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Spin Motion In Storage Ring

ds N . . N

T (-QMDM + Ogpy + -Qwind) XS
— q — 1 - —
-QMDMz_E; QEDM=—§dC,BXB-

d =dpc + dye cos(w,t + @,)
oEDM induced by axion field !

“* spin tune: v = GY.
¢ spin tune spread:

At Injection After some time
n 7

Av, = GAy = Gy,BZA?p + ..

** spin coherence time (SCT):
SCT = time after total polarization drops to 1/e.
G: the gyromagnetic anomaly.

Simulation

** CRYRING@ESR.

¢ spin tracking using the
BMAD software library.

¢ betatron tune:

Qx = Qy=2.42
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Two ways to optimize the SCT.

1. sextupole corrections:

Lo Avy = A+ o] - (Ax?) + 1B + bilyl - (y?) + 1€ + il - (22)
o C Avg = ail;| - (Ax*) ili] - (Ay*) Cil; p)
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Minimum Av, can be obtained by flattening the parabolas.
—at least 3 groups of sextupole are needed, and corrections

are dependent on energy.
2. zero crossing shift induced by betatron tunes.

Intrinsic spin resonances: yG = kP * Q,,.
—>unknown betatron tunes.

le-5

71.5- o : ®-8 S o
5.0 ¢ o * e : * e °
" 2.5 ® ° ® * e °
3 0.04-——— L — ® oS ® -
S o Qy=2.33|—9 °
—50{ ® Qy=242 . =
_7 5. e Qy=2.53 o
3.25 3.30 3.35 3.40 3.45 3.50
vG

daoning.gu@rwth-aachen.de



	幻灯片 1

