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The electric dipole moment (edm) of the muon (4 ) is evaluated in supersymmetric models with
DONZETD Oeuiring masses and large newtring mixiog arising from the seesaw mechanism. It is found that
if the seesaw mechanism is embedded i the framework of a lef-nght symmetne gauge structure, the

interactions responsible for the right-handed neviring "-'!Iajnmna masses lead bo Wﬂ
i This should

to values as large 85 5 % J07 e cm,

. ==

provide a strong motivation for improving the edm of the mwon o the level of 107" cm as has recently

been proposed.

PACS numbers: 14.60.Pg, 11.30.Fb, 1L30.Er 1215FF

It has long been recognized that electric dipole momenis
{edm) of fermions can provide a unique window to probe
intey the mature of tee forees that are responsible for COF vio-
lation [1]. Experimental limits on the edm of neutron have
reached the impressive level of & * 107*e cm [2] and
have already helped constrain and sometimes exclude theo-
retical models of CF wviolation. Elecige dipgle_moment
of the n has severely been constrained by atomic
mn:asun:m-:ntq in Cs (df = 10725y and Ti (df =43 %
L0~ *"¢ ¢m) [3]. The limits on the muon edm, on the other
hand, are much weaker, the present limit denved from the
CERN (g — 2)experiment [4] is 4, = 1.1 % 107 "¢ em,
There has been a recent proposal (o improve tis Limit on
df, e the level of 107 ¢ em [5]. In this paper we will ar-
cue that there 12 a strong motivation for this proposed im-
provement, related to the observation of neutrine masses
amd escillations,

In a large class of moedels, & genens scaling law holds
for leptonic edm given by o Jdf = m,/m,. The present
limit on & would then imply that d% = 107**¢ cm. Ex-
amples where such a scaling law holds are (i) multi-Higgs
models where the dominant contributon o the leptonic
edm arises from a two-loop diagram involving y-V-Higgs
verlex, with ¥V = Z, W [6], and {u1) the munimal supersvim-
metrie slandard mode] (M35M) with the vsual assumplion
of universality of scalar masses and proportionality of tri-
linear A terms [7]. In both cases, ¢ — u universality in
cdm 1= broken only by the lepton masses, and hence the
scaling law, [Recently an extended Higgs model [B] has
been analyzed, where if has been shown that for large val-
ues of the parameter tan, the one-loop Higgs exchange
diagram can compete with the two-loop diagram (6], lead-
ing 1o order ong viclation of the scaling law.)

In the light of Super-Kamiokande [9], MS55M must be

exicnded to incorporate small neutnino masses. A natu-
ral place is lefi-right (LR} symmetric gauge theories [10]
with the seesaw mechanism. We have recently advocated a

(SUSYLR (11, where we simply émbed the MSSM inio.

50064
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LR %augc structure at a high scale ve ~ 10''-10"° GeV.

= ellective theory thal emerges ITOMm s mode] al scales
below wg is a constrained MSSM with far fewer nwmber
of phases. In particular, it has & built-in soluton to the
;‘3-'.]51.\" CF problem [11,12]. In dhis paper we 5t.ud}' il
in this class of models and show that the interactions re-
sponsible for the Majorana masses of the »g will lead to
an enhancement of 47 Our main cffect anses theough the
repormalization group extrapelation from the Planck scale
tr g [L3]. In this interval the Majorana Yukaws cou-
plings of the rgp felds, as well as the associated nlinear
A terms, will affect the soft supersymmetry breaking pa-
rameters of the effectuve MEEM, leading (o the enhance-
mes of df. Since the Majoruna Yukawa couplings do
ne o obey e — pouniversality, the scabng law &f /d) =
i, /. is not obeyed by these new diagrams.

The moddel —The electroweak gauge group of the model
is SU2), ® SU(2)g ¥ Uil)g. g with the standard assign-
ment of quarks and leptons —lefi-handed quarks and lep-
tons (0, L) transform as doubletz of 3U2),, while the
right-handed ones (0, L7) are doublets of 3U(2)y, The
Dirac masses of fermions arse through their Yokawa cou-
plings to a Higgs hidouhler $(2, 2, 0). We will confine
the mimimal version with only one such J+(2, 2,00 feld.
The SUZ)e > U(1)g-p symmetry is broken to ULy by
B — L = 2 wiplet scalar fields, the left triplet A and right
triplet A7 (accompanied by & and A7 fields, thewr conju-
gates to cancel anomalies). These fields also coupl: to the
lepions and are responsible for indocing large Majorana
masses for the rg. The gauge invanant matter part of the
superpoiential involving these ficlds is

W= &;Q’nm.—zg*’ + Yol rab Lt

+ (L7 irs AL + T.L° imaA°LFY, (L3

Under left-right parity, {2 — Q. L ~ L%, & o @t
A =~ A, along with Wy, ~ “’EL@]*.

Wg-r, and & ~ 8, Here the transformations apply to
the respective superfields. As a consequence, Y, = "1"‘:‘,
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Lepton Dipole Moments and

Rare Decays in the CP-violating MS5M

with Nonuniversal Soft-Supersymmetry Breaking
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(b) \ial?; the other parmmeters are the same as in the text.

i MSSM with (a)tan 3 = 5,
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For muon edm ~ 10" e-cm, 0 ~ 0.01prad.



(o cancel 3-‘2. ExaBe pAY* as fo-l)/z,
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T = Q VI+P 7
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___Table &: _The factor f for different particles. %ﬁa- $GWe
| Particle ' a (14 p*/m*)Y? | m (MeV/e?) | o
B 0.001166 =3 105 0.054 I
1.793 == 1 938 1.912

1| -0143 21 1876 0.076 |

Table 5: Relative sign of B, E and the spin observable due to the EDM and from non-
planar fields for muons and deuterons when injecting CW and CC. Both longitudinal (L)
and radial (R) polarizations are possible with the deuteron.

B-field direction | E-field direction | EDM | Evs, etc. |
- in | +d, | +Exp |
down in —dy +Enp .
down out iy Tﬁp_'
up out —~dy +Exp
i up out | +dy /5 +1=Eq
down out ~dyf5 | +#Exp
up B out 0 0 '
down out 0 0

ockwita (CW)
Q....u.-' "2.«..2'..;“ (ce)
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Table 2: Main parameters of PRISM-II FEAG,

number of sector
k value
trapsition gamma
orbil excursion
average radius
BEF /D

F/2 angle

[ [} angle

| F/2 hend angle
packing {
phase advance(H/V)
drift kength

BF length
B I rlgth

32

ol

T.1

(L5000 m
21 m
18T
0026 i
0018 rad
17 degrea
045
120061 deg.

2.060 m
1.10d m
0382 m |

normal conducting .I super-conducting

.77 m
10 1o
2RT
0052 rad
0,036 rad
26 dlegrroe
(.46
1317103 deg.
21200
1.065 m
0L2GT m

Table 3: The expected muon vield and NV P* for the PRISATI
—

Muon Momentum

| Momentum Acceptance of the FFAG ring

. : |
[ Horizontal and Vertical Acceptance of the muon EDM ring

Yield of Unpolarized Muon per proton [50

CraW fe)

Yield of Pelarnzed Muon per proton (50 GeV /e)

Muon Polarization (Longitudinal)
Expﬁ ted NP? per 107 Hemnd_u at J-PARC

i N 5 S i

S0 MeW fe

=

+30%

B0« mirne- ol

0.040%,

(| D016%

G0%
5 x 104

| ‘J[F Mr"r’i
| <30

| B0z ammemirad

| 0.025%
0.0095%
64%

3w 10

need NP* «/0'% Lor 16e.cm

32
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Figure 3: A setup of the EDM ring for the 500 Mev/e case.

ﬂ Es2MV/im

'B-o‘z'r
TB+E@
2. E!ﬁm—-—l
.r./m =4 3/5m Ve r 62
w42

Fiqure 4 : One period of f‘e. EDM ring lattice
The r:‘nj contains 16 Auch Pcrr‘a:ﬁ',



€d Stephamim I.U

deuterons from
carbon go here

deuterons from

Sample hydrogen go here

Polarimeter
Layout

spin e =
Aot e L i
g e = st

up Dr -\.::'_..‘_'_d._-_:_____,..-'

down T
R s bt

o

divide into
quadrants

“ section  3A,/2
H 17mb -038| dp-ndp

& __T" mb -D,-'-13_ ‘C"JG

S

With losses at ~2 kb, useful fractionis 1.8 x 105,



Conclusions

e Standard Model prediction unambiguous:
d,= 107 e-cm.

e An observation implies T violation from new
physics.

e New idea makes sensitive search to 107 e-ecm
possible at JPARC (NP* ~ 10'%).

e Systematic errors < 10" e-cm.

e Then move to NuFact: NP” ~ 99



