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High Energy Accelerator Research Organization
K E K Project Office for High Intensity Proton Accelerators

1-1 Oho, Tsukuba-shi, Ibaraki-ken, 305-0801, Japan |

E-mail: shoji.nagamiya@kek.jp
Tel: 81-29-864-5678, Fax: 81-29-864-5258

August 22, 2003

Professor Y.K. Semertzidis,
Physics Department,
Broonkaven National Laboratory,
PO Box 5000,

Upton, NY 11973-5000,

USA.

Dear Professor Semertzidis:

Thank you for the submission of Letter of Intent to J-PARC for an experiment at the 50
GeV. The project office formed the committee to discuss a) scientific merit, b) suggested
schedule, c) comments and suggestions to each experimental proposal. In addition, the
project office asked the committee to recommend necessary arrangements to be made at
- this stage of the project for all the proposals.

Enclosed please find the committee’s opinions and comments on your Letter of Intent.

The evaluation-and comments are carefully written and I fully endorse the enclosed
‘description by the committee.  In addition, | would like to inform you that, although it is not -
100% clear, it is very likely that the project office will arrange to call for full proposals on
Day-1 experiments within a year. Of course, if the system to call for full proposals is
established, the call for proposals will be arranged every year in the subsequent years.

According to the committee, your.proposal is regarded as one of the highlight experiments
at J-PARC. Although it is not feasible to start your experiment now, | encourage vou

strongly to proceed into the full proposal at an appropriate time.

1 thank you for your enthusiasm toward J-PARC. Please write me any comments,
questions, requests, etc., if you have.

Thank you again for your submission of the Letter of Intent at this early stage of the project.

Sincerely yours,

‘Director of the J-PARC Project




L22
- Search for a Permanent Muon Electric Dipole Magnet at the 10 e-cm Level
Contact Persons: J. P. Miller, Y. K. Semertzidis, and Y. Kunb

Schedule: Phase 2+

Comments:

The EDM of the muon is a fundamental property, and if it is found at the 10 e-cm
level, it is a clear signature of physics beyond the standard model. The LOI proposes the
first dedicated experiment to measure the muon EDM using a muon storage ring.

This new idea is still at a conceptual level, but some studies have been started. The
Committee encourages the group to study further, including potential systematic errors,
accelerator design and detector issues, and prepare a full proposal.

Also, the experimental study of this concept using deuterons is important for backing

up the proposal.
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Nuclear Physics B 560 (1999) 3-22

www.elsevier.nl/locate/npe

MSSM predictions for the electric dipole moment
| of the ®"Hg atom | |

Toby Falk*!, Keith A. Olive®2, Maxim Pospelov®3, Radu Roiban °*
? Department of Physics, University of Wisconsin, Madison, WI 53706, USA
® Theoretical Physics Institute, School of Physics and Astronomy, University of Minnesota, Minneapolis,
MN 55455, USA
¢ Institute for Theoretical Physics, State University of New York, Stony Brook, NY 11794-3840, USA

Received 23 April 1999; accepted 5 August 1999

Abstract

The Minimal Supersymmetric Standard Model can possess several CP-violating phases beyond
the conventional Cabibbo-Kobayashi-Maskawa phase. We calculaté the coniribution Of these
phases to 7-violating nuclear forces. These forces induce a Schiff moment in the '®Hg nucleus,
which is strongly limited by experiments aimed at the detection of the electric dipole moment of
the mercury atom. The result for dg, is found to be very sensitive to the CP—‘\_/iolatingﬁ phases

. -

of_the MSSM and the calculation carries far fewer QCD uncertainties than the correspondin
calculation of the neutron EDM. In certain regions of the MSSM parameter

space, the limit from
the mercury EDM is stronger than previous constraints based on eithier The neutron or electron

EDMs. We present combined consiraints. from the mercury and electron EDMS to linaif both CP-.,

Mt A A T8

Violating phases of the MSSM, We also present limits in mSUGRA models with unified gaugino
and scalar masses at the GUT scale. © 1999 Elsevier Science B.V. All rights reserved.

PACS: 11.30.Pb; 11.30.Er
Keywords: Electric dipole moment; Schiff moment; CP-violation; Supersymmetry
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1.2

1
0.8 -

D2

0.4
0.2

0 ' :

0 1 2 3 4 5 6 7 8 9 10
b=tm/tau
Figure 1. D vs b ysine the analytical function (see text).
DY ygp [fromfits to M.C.» data)

1.2

1 -— - -
0.8

al

0.4
0.2

0

0 1 2 3 4 5 6 7 8 9 10
b=tm/tau

Figure 2. D2 vs b from one parameter fits to M.C. data.
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oheXk hoep P

Wi Z-PAe. ik

2-par Fit to M.C. Data
1.2 -
1
0.8 %
N // ——h— &
~
a 0.6 / A ,
N e
/i
0.2
0
0 2 4 6 8 .10
b=tm/tau

12

—e— Series1
—m— Series2
—a— Series3

Figure 3. Series 3 corresponds to two-parameter MINUIT fits on M.C. data. For large

measurement times the loss of statistical sensitivity is a factor of V2. Series 11is the
same graph as series 3 only normalized to 1 at 10 lifetimes for comparison with the 1
parameter fit behavior shown as series 2. The loss of sensitivity is somewhat larger than

V2 for measuring times less than 10 lifetimes.

Case IV: Finite Measurement Time and Finite Polarization Lifetime.

The combination of the above cases II and III, i.e. combining equations (12), (13), (17)

and (18) we get:

1 h

‘\/—8- T 3/2
14 1/2 *
{m} D,“RAE N,
14

for the muons and

1 h

o, =

_\/’2' ’Z' 3/2
p 1/2 *
{m] D “FRAE [N,
14

for the deuterons for one parameter fit. The parameter D, is given by

20)

21)
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sigma vs b (=tmAau) K= -'i Coptimuan)

10 ik -

o4\

8 =l Y

7 8
T o
;'_ 6 \ _ = 7,= 10 s
z ° = 1
24 % | 7,=100 s
@ 3 Tz 0SS i

2_

L H_?_kr-———«-——% — g,;/oe:>

.({ The minimum

is around b=2, where the measuring time is equal to the polarization lifetime. One also
can see that going from 1 s to 100 s polarization lifetime there is a gain of a factor of 10
* In statistical sensitivity as expected.

sigma vs b (=stm/tau)
10—; -~
9 x TplctS :
8 .
&
AL A
3 6 - 7= 10 s
«©
E 4 Tp= (0> — Tp=100 s
“ 3
2 : :
1 ‘k?_.._rﬁf"‘ S = e— A Z",- =L
o 1 T T b
0 1 2 3 4 5 6 7 8 9 10
b (=tm/tau)
Y N
Figure 5. The statistical error (sigma) as a function of b fdr k = =1 The minima are

P




slightly higher than those shown in figure 4. The minimum is around b=1.2, where the
measuring time is about equal to the polarization lifetime.

sigma vs b (=tm/tau)
10 -t =
o A
8 &~ Tpe 1P
7
3 6 w -

3 Tp= 10 S
g 5 —h— = 1 s
- : - 1=
2 4 E—— Tp=100 s

3 T -——;_r——_ vr‘ -
2 ]
1 T T sobs |
0 e | —f
0 1 2 3 4 5 6 7 8 9 10
b (=tm/tau)
Figure 6. The statistical error (sigma) as a function of b for(k =t 0.3. (The minima

are slightly higher than those shown in figure 4. The minimumis around b=2.2, where
the measuring time is about equal to the 2/3 of the polarization lifetime. ‘

Simplifying the Equations'

1) Muon Case

Equation (26) is a very general one for the one parameter fit. Since it is expected that
the machine cycle is going to be much longer than the muon lifetime it is expected that
‘the measuring time is also going to be much longer than the muon (beam) lifetime. Also
it is expected that the polarization lifetime is going to be much longer than the muon
(beam) lifetime. The equation (27) becomes:

1 B
T, =
" V8rPAE'JN_N

tot,c* " cycles

28)

where N, is the total number of muons detected per cycle and Ny is the total number
of cycles. Nip.cXNeycies=Nior, is the total number of detected particles over the course of
the experiment. For the two-parameter fit there is an increase in the error by a factor of

V2 and the equation becomes:
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square root of(D) vs t_start/tau, from 1-par. fits with
MINUIT

;?‘_‘:;
j.

o
o

square root(D)
o
o))

N

0.4
0 r——
0 1 2 3 4 5 6 7 8 9 10

t_startftau

Figure 8. D’ versus the ratio of #/zfrom 1-parameter fits with MINUTT to M.C. data.
The agreement with the prediction (figure 7) is very good.

square root(D) vs t_start/tau, from 2-par. fits with MINUIT

1.2 ]

1 i
g 08 -
‘6 i
e s
o 06
(]
-
g 04

0.2 ~
0 % B—
0 1 2 3 4 5 6 7 8 9 10
t_starttau

‘Figure 9. D2 versus the ratio of t/7from 2-parameter fits with MINUTT to M.C. data.
The loss of statistical sensitivity is much faster now, compared to 1-parameter fit.
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Deuteron Quadrupole Moment

From ref. 1, the electric dipole moment is defined as:

d=[zprd (1) viola tas T)ﬁ

where we use cyclindrical coordinates with the spin pointing in the z direction, and pis

the charge distribution. oment is defined as:

0= é [Bz2-rp(r.dx (2)

The deuteron is a bound state of the neutron and proton with spins aligned in an S wave
with a small 7% component of the *D; state [2]. The deuteron quadrupole moment has
been measured to be:

1©)
B,S
=+ F=qcfxB
)

|

FIGURE 1. Cartoon of a relativistic particle in a vertical magnetic field showing the
torque on the spin due to an edm.

Fig. 1 shows a cartoon of a relativistic particle in a vertical magnetic field illustrating the
torque on the spin due to an edm:

-

‘;—f - d_)x(c Bx E) @)




The torque causes the spin to precess vertically. F ig. 2 shows a cartoon of a relativistic
particle in a vertical magnetic field illustrating the torque on the spin due to an electric
quadrupole moment: : :

ﬂ =Q0cff ngcos(2go) 2’. :S\'=cos @ (5)
dt 0z

ﬂ’S

FIGURE 2. Cartoon of a relativistic particle in a longitudinally changing magnetic
field showing the torque on the spin due to an electric quadrupole moment.

Fig. 2 shows the case when the magnetic field is increasing along the direction of travel,
ie. the deuteron is entering a dipole magnet. The torque direction is the same as for an
edm. If the spin is frozen in the forward direction, there would be no error due to the
quadruple moment as the torque direction reverses when the deuteron leaves the magnet.
However, if the g-2 precession is 7/2 as the deuteron passes through the magnet, then the
AS, would accumulate; see equ. 5. The change in the vertical component of the spin after
passing through a magnet with magnetic length L and fringe field dB/dz = By/Lyis:

L
AS, = dBocﬂc—;— =dB,L, (6)

AS, = Qcﬂ%’—f—;—Acos(Zqo) = 2QBQ sin(2¢)A? @)
!

from the electric dipole and quadrupole moments respectively. The ratio is:

p = 20sinCe)Ag

i - ®




6

For the JPARC lattice, Lz = 2.62m, and our goal is to limit Ag to 10'iradians, ie.+1
radian after passing through {ga million times. Then
A

,b
- 2(2.86x107% e —ecm*)107
d (262cm)

R

(®

| o ‘
Setting R < 10% and solving for d gives z10'3/ e-cm, as a level where the quadrupole

moment is still an acceptable systematic error. Of course, from equ. 5, dS/df varies as
cos(2¢), not cosg, so by fitting the angular dependence, the systematic error could be
even less. Therefore, it does not represent an important systematic error.

Bo +&

FIGURE 3. Cartoon of a relativistic particle in a radially changing magnetic field
showing the torque on the spin due to an electric quadrupole moment.

Fig. 3 shows the case for a radially changing magnetic field. The ratio of background -
from Q to signal from d would be:

oo Q@BIor) _ On ¥ R }B
B,  dR, " 8B

Setting R = 10%, gives d =107’ e-cm,

References

1. J. D. Jackson, Classical Electrodynamics.

2. I. B. Khriplovich, Variations on the Deuteron, Nucl-th/0007009.
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JPARC LOI Ring off the Booster or Ring in AGS Tunnel?

Guesstimate of de-polarizafion time due to E/B non-cancellation for small
ring with p » 0.5 GeV/c and large ring with p ~2 GeV/c (see edm note).

To cancel g-2: E ~ aBcfy’

Sco/m R=65m |R=10*m

(x/Ro)* term | 107 0.03 x 107
(dB)* term 3 x 107 1 x 107
E/B uniformity n=2,4, ... 2% 107 2x 107
Others 1x 107 1% 107
Total 10° 2.5x 107
De-polarization time constant |~is ~10s

Spin motion due to edm:

AS = dx(E + feB)AT = dfeB(1+ay*)AT ~ dAT(1 +a}/2)—EE—
ay

Guesstimate of figure of merit for statistical sensitivity (does not include
polarimeter considerations - see Yannis talk). '

p~0.5GeV/e |[p~2GeV/c
AT , Is 10s
aty’ 0.79 033
NU.D 1 . 3
AT x v*x N™® [0.79 9.9

The spin motion due to the non-planar electric field (systematic error) is:

ds LES

o~

at =By acfy’

The ratio of the spin motion from the non-planar electric field to the edm is:

R~ M
dp

The factor of 'B'l is better by a factor of about three for the large ring.




Belatron os Cil’d I'Ms dgn;g
the longth L of the or&ré:

anle accownt /n 4 EDAY /Vdﬁ@))
Particles o‘an’c_ ¥helt /6) R, v

&Lf = 2_?"-1' constan® ./ |

L=1, (1+ #6) +<4?f)) i
i

zcm /ae 7<'ﬁ|. .







Y A
gé'*ggj{;mg‘,& @ ENL @"V/ o &@LXW,

5‘52& el 39\3 - SRR\ e S'E’.V\Mﬁ'\v"ti
_ 2oz
\)
\O aﬂ /Cjch |

=L gev/k , buo ¥ 250Mev
27

B= 1.3 K& (30% Ceverage)

B 23 5 M (-&Q% oy

P >0, 4

g= 115

Tpx 35S

| -29
“A’a,)(z _ Z2Z.U4x%/0 e.cn,

e be(ieagr)ae fitn,  ATF

04~ 6.5

S Z.Qxlc.zﬂe.cw -5 e —2F
j___,) : — - 2.8 %10 €.t
_ Azo35
.f:éwlo“'f
-Z2%
5 % /0O S .
7\/\: .15

- f-o.f




1% Y} & passnostp uonezuewrered ay) 0 spuods
-a1100 aur] PANOP YL "%¢f 1amod BurzATeuE JOSUS} Y] °S 313

%

YA

(bap 'geyl) ©
0 o0z o 0 o0z O
I . ] 14 T _ T
* * Imrirmu‘ ‘ :__r: * _M.JP
| | 00L SLS
| ; &\Wrﬂ.: A * * _*TZW‘.
fir *, T .ﬂ
i 054 1 |0
L T
ety
| sy | o0z
£6¢t

z0-
0
0
20~
0 Ml
0~

0
0

“1x2} o) Ul passnosip uonezmwwered ay3 01 spuodsauioo
ourp panop oyl Mt Jomod BuwrzA[eue 101004 YL ‘Y Sy

(Bap ‘qe}l) ©

so10utavjod uosa1nap A3.40us wnipauw v SJWWOd / P 13 ukog g




T l T T
0.2} 127 ]
2 T
U ondaaiins P }
02} { B
0.2F 350 | H T 450 {{ 1
: 0 “:ré{‘;*“} Hi s AL*+‘+II 11] L‘ d
— 2 M _ o fl i |
-0.2} ‘ T {‘ i
0.2 575 { T 700 .
A b
0 biras m+*_h ;,.J*J uT }rr g
-0.2} i | f } |

© (lab. deg)

. Fig. 6. The tensor analyzing power T3,. The dotted line corre-
' sponds to the parametrization discussed in the text.
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5. Alessi /K. Brouwn

/Q%-ﬁ e \; g ‘/ ¥
JPARC LOI Ring off the Booster or Ring i

Guesstimate of de—polanzatlon time due to E/B non-cancellatlon for small

ring with p ~ 0.5 GeV/c and large ring with p ~2 GeV/c (see edm note 31). rcv n.se,d

To cancel g-2: E =~ aBcfy’

Sw/o R=65m |[R=10’m

(x/Rg)” term 10° 0.03 x 107

(dB)* term 3x 10”7 1x 107 Y.6,
E/B uniformity n =2, 4, ... 2 %107 2% 107 ”
Others 1x107  [1x107

Total 10° 2.5x 10"
De-polarlzatlon tlme constant | ~ls ~10s

Spin motion due to edm:

Guesstimate of figure of merit for statistical sensitivity (does not include

polarimeter considerations - see Yannis talk).

p~05GeVic |p~2GeVic
(AT)”-5 1 3.2 '3’ *;;7 /&;
T2 0.79 0.33 T e
S — . 53
Ai’* x N 10.79 3.2

The spin motion due to the non-planar electric field (systematic error) is:

The factor of 87 is better by a factor of about three for the large ring.
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Nominal dimensions are:
Chamber 6x12 inches g
| Plates 4 inches x 10 feet for each chamber |

# of high Voltage seetwnS' 240/5 = 48

Each section could be 50 feet 10118, area is 2400 111"‘2
(2GeV separator is 1585 in"2) - .

Gradient is 200kV in 2 inches (N40kV/ cm)
(2GeV separator is 7 5kV/ cm)

Cathode matenal 1s anodlzed aluminum.

i
[N
!

: Anode matenal is StalnleSS Steel.

- Power Wﬂl utilize a “spht de51gn Power Sect1on 1s separate from high voltage

sectlon

High Voltage Sectlon 1s mounted dlrectly to the chamber

Commercial 125kV 2 mA power supplies 96 @ $5k eaeh $480 000

We may need to develOP a high voltage section to be oil-free and plug dn'ectly into
the chamber socket. ,

Not cleaf if we need to leak gas into the chamber Wlth this geometry. -
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