
Site Info for a Possible Deuteron EDM ExDeriment 

Bill Morse 

Brookhaven National Lab 

May, 2003 

1 of the muon to%-cmrRecently-s that it might be&n and inter&tizi 
The m,uon edm coihboration -__L_ has submitted an LO1 [ll to JPARC to measure the edm 

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 dp = (4 -i- 6 ) ~ 1 0 - ~ ~  e-cm and d,, < 0 . 6 3 ~ 1 0 - ~ ~  e-  
cm. An experiment with a level of sensitivity for the deuteron of l 0-25 e-cm would be 
quite interesting [2]. This note is the beginning of a dialogue with the-machine physic&ts 
on the technical aspects of the beam issues of such an experiment. 

In this experiment, a radial electric field is applied to stop the 8-2 precession. The 
value needed is: 

where a = (g-2)/2 = -0.14 for the deuteron. The precession of the spin due to the electric 
dipole moment d is: 

dS dE 
dt a 

- %  d x  ( E + c p x  B )  =: - 

Thus for y = 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, %_IE__- D, 
the maximum electric field - strength E> V7”: .-- -- 

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

KEK 250KV lOcm 25KV/cm 40cm 9m 
n beam 1OOKV 12m 100KV/cm 9cm l&m 
Thallium 24.6KV 2mm 123KV/cm 5cm lm 

Exp. V 2 E = V/D W L 

We need to know the normalized emittance of your beam: smaller is better, as the smaller 
tbe beam the higher the electric field that we can apply and the more sensitive the 
experiment. 
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The nominal momentum is 0.4GeV/c (total deuteron momentum, not per nucleon). 
Yuri Orlov’s edm ring lattice[l] parameters are given in Table 2. 

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

RC LO% E B R <R> vx vy Periods 
20KV/cm 0.24T 6.5m z l l m  4.42 4.2 16 

~~ ~ 

R is the bending radius given by: 

p=0.3 B--  R [ ;I 
p(GeV/c) = 0.26BR(Tm) 

<R> is the edm ring circumference divided by 2z .  The low value of E was chosen 
because the electrode aperture was D =: lOcm 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. I give in Table 3 an examule of possible rirg 
parameters for E = 6OKV/cm. 

- . .  

Table 3. EDM ring parameters for E = 60KV/cm. 

60KV/cm ~ 0 . 4 T  =0.7GeV/c =6.5m s l  lm 
E B P R <R> 

a 
larger radius. ED.M ring: 

ac 
0.26EM R =  PZ - 

where E is the electric field and Mis the deuteron mass. on w w  e 
P YOU could accommodate at your site. 

The average dp/p over the measurement time of =ls should be -4 O-6. 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 dph  = 

beam width? 
and beam width +20ns was acceptable. What is your dp/p and 

Finally, we need to know the deuteron intensity (higher is better), vector polarization 
(higher is better), and tensor polarization (lower is better), as well as the momentum and 
polarization stability. 
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under these conditions, while 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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Condition for canceling g-2 : 

Radial electric field: 
ER =fBcB# =- 
I, 

Spin precession due to e&: 

Spin precession due to b n :  

dt cPr 

Ratio of background to signal: 
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