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The muon edm collaboration has submitted an LOI [1] to JPARC to measure the edm
of the muon to 10™* e-cm. Recently, it occurred to us that it might be fun and interesting
to try to measure the edm of the deuteron. Presently, there is no limit on the edm of the
deuteron. The deuteron is a proton and neutron bound state with spin one. The latest PDG

‘§value for the proton and neutron edms are d, = (4 £ 6)x10° 2 gcm and d, < 0.63x107% e-

cm. An experiment with a level of sensmwty for the deuteron of 10%° e-cm would be
quite interesting [2]. This note is the beginning of a dialogue with the machine physicists
on the technical aspects of the beam issues of such an experiment.

In this experiment, a radial electric field is applied to stop the g-2 precession. The
value needed is:

E ~aBcfy

‘where a = (g-2)/2 = -0 14 for the deuteron. The precessmn of the spin due to the electric

dipole moment d is:’

d—S~dx(E+ ﬁxB)»uC—iE
dt a

Thus for }/z 1, the edm. effect is directly proportional to the electric field value. We show

in Table 1 electrode information from three experiments which required high electric
field strength in vacuum. The smaller the distance between the electrodes, D, the higher
the maximum electric field strength E=V/D.

Table 1. KEK beam separator]3], [LL neutron beam edm experiment[4], and Berkeley
atomic thallium experiment[5] electrode parameters.

Exp. v D E=V/D Y L
KEK 250KV 10ecm  25KV/cm 40cm  9m

n beam 100KV~ lcm 100KV/em  9cm 1.8m
Thallium 246KV 2mm  123KV/cm Scm Im

We need to know the normalized emittance of your beam: smaller is better, ag the smaller

~. .
the beam the higher the electric field that we can agplz and the more sensitive the
exgeriment.



The nominal momentum is 0.4GeV/c (total deuteron momentum, not per nucleon).
Yuri Orlov’s edm ring lattice[1] parameters are given in Table 2.

Table 2. Ring parameters for 0.5 GeV/c muons (0.4 GeV/c deuterons).

E B R <R> Vx vy  Periods W Ag c L DI‘

20KV/em 0247 6.5m =~1lm 442 42 16

R is the bending radius given by:

E
=03 B—— R
d [ ﬂC}

p(GeV /c) = 0.26 BR(Tm)

<R> is the edm ring cifcumference divided by 27. The low value of E Was chosen

because the electrode aperture was D ~ 10cm for the muon beam, which has a very large
emittance. We decided[6] to optimize the deuteron experiment for the deuteron beam

emittance, not the muon beam emittance. Lgjye jn Table 3 an example of possible ring

parameters for £ = 60KV/cm.

Table 3. EDM ring parameters for £ = 60KV/cm. ﬁ 2.3 S'
E B P R <R>
60KViom  ~04T  ~0.7GeVic _ ~6.5m  ~lim ¥ /.0%

The emittance is £ = &/ The background from a non-planar electric field goes as
W, so higher deuteron momentum would be somewhat beneficial, but would require a
larger radius EDM ring: '

ac 2

026EM ¥

‘where E is the electric field and M is the deuteron mass. Thusitdepends onwhatsize
edmring vou could accommodate at your site.

The average dp/p over the measurement time of =~1s should be <1 0. This can be
achieved with a modest amount of RF. A complication is that energy is also gained and
lost in the betatron oscillations in the radial electric field. A simplified simulation showed
that initial dp/p = +107 and beam width +20ns was acceptable. What is your dp/p and
beam width?

~
~

Finally, we need to know the deuteron intensity (higher is befter), vector polarization
(higher is better), and tensor polarization (lower is better), as well as the momentum and
polarization stability. .



Also, we need to run at lower deuteron momentum. For any given ring design, this s
do T , Lhe etfect 1s approximately quadratic in momentum
under these conditions, whlle the non-planar electric field effect is approximately linear,
as shown schematically in Fig. 1. If we claim an EDM effect, we must verify that it
follows this momentum dependence.

Fig. 1. The effect of varying the momentum for any given ring design, ie. radius. We
must conform that the edm effect is quadratic in momentum.
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Whaet € Lield carn we achieve”?

Condition for canceling g-2:

9

Radial electric field:

&g zchéf ~aBc

Spin precession due to edm:

as =dx(E+cfxB)=dc/B1+a)=

dt ay’

Spin precession due to bagkground:
dS _ HEO,, N@“.Phw & “'OQH

dt cPy”*

NP

Ratio of background to signal:

cwlee




Whip ¥ p2iext. lamnl. gov/
mmischn/edun,

Breakdown data for vacuum
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Fig. 5. Performance of the 3 m separator. High-voltage is sup- : Pressury  (Tovr)
plied between stainless-stee! anode and anodised aluminium Fg. 6. Performance of the 9 m separator. The conditions o
¢a"  1e. The gap spacing is 10cm. A gas mixture of neon and - electrodes, gas mixture and gap spacing are the same as
heiwm (36.5%) is used 10 adjust the working pressure. Pres-  those of the I m separator. Pressures are ~ eauivalent nicrr
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