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Requlrements to Sen51t1v1ty of the EDM Search

Ze
L S : 4= an
Let: d =~ 107 248 «cm :
7 3.86 - 10 ”cm e+, e~
— o~ 19-107 li‘ia‘n ut, p”
m 0.8-10"¢em 1331 10d1ne ion

0.5.10"8 et o~ Really, ne < 10718 4, <10~ 276’ cm
n~§ 1-1071 pt, o

2.5-10710 1891 |

T - Ze ¢ = -

Qedm == {E + U X B}

m

EDM spin tune is:
Vedm = chrﬁ/ Qp

Vedm =7 Yy -1

So, heavy jon system looks most promising for the search of the

EDM due to its relatively large value of the n—factor!



Weak Focusing Storage Ring
with Crossed Electric and Magnetic Fields
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Main Lattice Parameters of the Ring

For the arbitrary ratio Ey/By betatron tunes Q;; Q, are:
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In speclhc case, when magnetic moment spin tune is equal to zero.
they are:
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Momentum dispersion function is:
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Here p is the dimensionless momentum:

D, = Az/(Ap/p) = p

oA

p=yr ~1

For the discussed above numerical example (v = 1.1, a = 0.016):

Q2 + Q% = 1.0003
1.01575
pl —ng+(ng —ng)l.019
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Spin Tune Spread
Spin tune momentum depé'lfdénce (épin tune 'chroni‘atic:ity):
=av[l —a(y - 1)] x
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Effects on the spin tune from the hOI‘lZOIltdl betatron osc1lldt10ns
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dlld from the Vertlc al betatron oscillations:
- Ay, = Ea'yol —a(w —1)
N N_
Here x and 2 are the (‘léViatioiiis from the equilibrium closed orhit.
In principle, choosing appropriate values of the field indexes ng
and ng we can have both expressions in the braces vanishing, but
in reality only the c,pm tune (hroma.tlnty gives a large effect and-
the value of ng can be chosen more or less free, dppropua,te for
betatron stability, and the cancellation (omlltlon (C'=0) may

(1—ng—mng)

be expressed in the form:
1+ (2+a)(v§— Dng -1

neg =ng-+ ~ ;
1=-3a(v-1) 4
Note that ng = ng = 1 is one of the solutions of the above
equation, but ng = 1 is not dueptdl)le for betdtmn stability,

‘Snbsntutmg Yo = 1.1, dll(l a = .016 one g_,er
ng = 2.1883np — 1. 1883




The corresponding value of the closed orbit shift is:

) |
Z2=p i A~ 107 /ng

np(l < a(y? - 1))
Substituting_p =3.74m, ng =0.1 one get:

z >~ 3.74 nm

To measure orbital movement we can apply the increased electric
field: say not 24 kV/cm but £100 kV/em! Thus, sensitivity of
the order of 10 nanometers of the heam position monitors will he
sufficient for monitoring of the electrodes alignment.






Effects on the Spin Motion
from the Closed Orbit Distortions

Purely vertical or purely horizontal closed orbit distortions are not
dangerous, because of vanishing of the integral of the distortion
over the turn (except for the vertical zero harmonic, which gen-
erates the magnetic moment precession around x-axis). But in
«combination vertical and horizontal harmonjcs with equal ampli-
tude A and integer harmonic number k& being shifted in phase by
¥ produce 11011-zero“spin.rota_t_ion around longitudinal axis:

Avy(6) = Acoskd
Av:(0) = Acos(kb + 1)

2
Avg o — sin )
T2k
This effect is simply a consequence of the noncommutativity of

rotations around two orthogonal axes. S0, If: Vg, =~ 10719 then
A%/2k <1071 or ( for k = 1,y =7/2):

A<14.107

Below it will be shown that choosing appropriately values of elec-
tric and magnetic field incdexes ne and ng it is possible to make
horizontal spin tune insensitive to the racial orbit deviation ting
eliminating the circular component of the spin perturbation.






Discussion of Accuracy 'Requirefnents
to the Field Configuration

Let us estimate how severe are the restrictions on the spin chro-
maticity valucj.. Spin tune spread should not exceed Veg,, ~ 10710
otherwise decoherence of the spin directions will happen earlier
than the spin makes one turn due to the EDM precession. Two
numerical examples: | |

Ap/p =107 - C <1077 = Gng o~ 410~
Ap/p=10"° -5 C<107* — dng ~ £1072

Small value of the momentum spread in the ion beam can he
achieved using electron precooling. As a result, less accurate elec-
tric and magnetic field geometry will be needed.

As it was shown above, restrictions on the betatron tune spread
Av. and Av, are of the order:

Av,, < 1.4.107°

Since Ay, , ~ ay(z, z/p) (roughly), and having ayy ~ 1.8.10~
m our example, one gets:

T,z .
— <1073
p .
This restrictions on the amplitudes of hetatron oscillations anl
closed orbit distortions are more or less relax.



How Precise the Compensation of the Magnetic
Moment Precession Should Be Done?

In order not to have precession‘around vertical axis, rélative sta-
blhty of the ratio Eg /By should be of the order

uedm/a'y[l — a('y —1)] ~ 10~ -8

Nonzero radial component of the spin tune v, may simulate or

disguise the EDM effect! Let’s consider effect from the constant

vertical component of the electric field E, (such field may be gener-
ated by inclination of the potential electrodes). Radial components
of the magnetic moment prec 9551011 ﬁequen( 'y and frequency of the
momentum precession are:

e 1
, = ——[aB, — — E.
“faB, + (0 - B
Ze [ 2
(Q,), = —=< [B$+ 2 UEZ}
ym [ v¢ —1
Taking into account that (Qg))r =0 , B, = —Byngz/p
Qedm = —Zem‘lnqu/‘2(1 +a~!) one finds:
Q, = -Z—fUE 1+«
m Ty —1
Q  akF,
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p np(l—a(y?=1))E,
But E. = Af- E;, hence:

Af < 7]2 ~ 107°
a
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