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Abstract

The muon anomalous magnetic dipole moment (MDM) is calculated in the
framework of the minimal supersymmetric standard model (MSSM). In this paper,
we discuss how the muon MDM depends on the parameters in MSSM in detail. We
show that the contribution of the superparticle-loop becomes significant especially
when tan 8 is large. Numerically, it becomes O(10~% — 107°) in a wide parameter
space, which is within the reach of the new Brookhaven E821 experiment.
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1 Introduction

Supersymmetry (SUSY) [1] is one of the most attractive;candidates of the new physics
beyond the standard model. In SUSY models, quadratic divergences are automatically
canceled out, and hence SUSY may be regarded as a solution to the naturalness prob-
lem [2]. In addition, precision measurements of the gauge coupling constants strongly sug-
gest SUSY grand unified theory (GUT) [3]. Contrary to our theoretical interests, however,
evidences of SUSY (especially, superpartners) have not discovered yet, and hence super-
partners are fascinating targets of the forthcoming high energy experiments like LEP II,
LHC and NLC.

Even if we do not have high energy colliders, we can constrain SUSY models by
using precision measurements in low energy experimenfs. This i1s because superparticles
contribute to low energy physics through radiative corrections. Especially, superparticles
are assumed to have masses of the order of the electroweak scale, and hence their loop
effects may become comparable to those of W=- or Z-boson propagations. Therefore, low
energy precision experiments are also very useful to obtain constraints on SUSY models.

One of the quantities which are measured in a great accuracy is the muon anomalous
magnetic dipole moment (MDM), a, = 3(g—2),.. At present, the muon MDM is measured
to be [4] ‘

a® = 1165923(8.4) x 107°. (1)
On the other hand, the standard model prediction on a, is given by [5]
asM = 116591802(153) x 1072, : (2)

which is completely consistent with experimental value. (For a review of the calculation
of a3M, see also Ref. [6].)

Because of the great accuracy of ¢ and a5M given above, we can derive a constraint
on SUSY models from the muon MDM. Furthermore, the new Brookhaven E821 exper-
iment [7] is supposed to reduce the error of the experimental value of a, to 0.4 x 107°,
which is smaller than the present one by a factor ~ 20. The accuracy of the Brookhaven

E821 experiment is of the order of the contribution of the W*- and Z-boson loop, which



means we may have a chance to measure the SUSY contribution to the muon MDM by
that experiment. '

In fact, there are several works in which the muon MDM is calculated in the frame-
work of SUSY models [8, 9, 10]. Especially, Chattopadhyay and Nath recently pointed
out that the muon MDM is a powerful probe of the models based on supergravity if
tan 8 is large [10]. However, most of the recent works assume the boundary conditions
on the SUS_Yrbreaking parameters based on the minimal supergravity, and/or radiative
electroweak symmetry breaking condition, and hence it is quite unclear for us how the
SUSY contributions to the muon MDM depends on the parameters in MSSM. Thus, the
aim of this paper is to clarify it, and to investigate the behavior of the muon MDM in
the framework of MSSM. The mass matrices and mixing angles among the superparticles
have model dependence even if we assume the boundary condition based on the minimal
supergravity; and hence we believe that it.is important to analyze the muon MDM in a
more general framework of the SUSY standard model. V

In this paper, we investigate the SUSY contribution to the muon MDM in the frame-
work of MSSM as a low energy effective theory of SUSY GUT [11]. The organization
of this paper is as follows. In the next section, we introduce a model we consider. In
Section 3, we show analytic forms of the SUSY contribution to the muon MDM, AaiUSY.
In Section 4, typical behavior of AaSVSY is discussed. In Section 5, some numerical results

u
are shown. Section 6 is devoted to discussion.

2 Model

First of all, we would like to introduce a model we consider, ¢.e. MSSM as a low energy

effective theory of SUSY GUT. All the field we use in our analysis is
c - 0 H;-
IL=(pLv), ug, Hi=(H; Hy), Hy= HS ) (3)

where Iz, (2%, —1) and p$ (1, 1) are left- and right-handed mﬁon, while two Higgs doublets
are represented as Hy (2*, —1) and H; (2, 1). (We denote the quantum numbers for the
SU(2)L x U(1)y gauge group in the parenthesis.) The Higgs doublets H; and H, are

responsible for the electroweak symmetry breaking, and hence their vacuum-expectation



values are constrained as (H;)? + (H;)? ~ (174GeV)? in order to give a correct value of

the Fermi constant. On the other hand, the ratio of the vacuum-expectation values of

two Higgs doublets is a free parameter in MSSM, which we define tan 8 = (H,)/(H,).
Relevant part of the superpotential of MSSM is given by

W = y,e*PuSly o Hy g + pr Hy o HE, (4)

where y,, is the Yukawa coupling constant of muon, gy the SUSY invariant Higgs mass
and €*? the anti-symmetric tensor with ¢! = 1. Using the superpotential given above,

F-term contribution to the lagrangian is obtained as
Lp=— / 20 + h.c. (5)

Furthermore, soft SUSY breaking terms are given by

~ Ck

Lot = —milily —mpiigiis — (Aue® gl aHap + hoc))

1 ~ ~ o~
_i(mG2WW -+ mGlBB + hC) (6)

Here, ] L, [R, W and B represent left- and right-handed sleptons in second generation,
and gauginos for SU(2)L, and U(1)y gauge group, respectively. Gaugino masses mg; and

mg. are related by the GUT relation;

mege 3 mG1.
mey _ 3me 7
g5 5 gt U

where ¢g; and g, are the gauge coupling constant of SU(2); and U(l)y gauge group,
respectively.? '

Here, we should comment on a flavor mixing in slepton mass matrices. If thereis a large
flavor mixing in the slepton mass matrices, all the sleptons contribute to the muon MDM.
However, flavor mixing in the slepton mass matrices may be dangerous, since it induces
a lepton flavor violation processes such as p — ey, 7 — pvy and so on. Especially, the
mixing amon’g first and second generation is severely constrained from y — evy especially
when tan 3 is large [13]. On the other hand, the constraint on the mixing of the second

and third generation is not so stringent. In this paper, for simplicity, we assume that the

1The GUT relation given in eq.(7) holds in general if the gauge groups are unified in a larger group {12].
Therefore, we are not depending on specific model of GUT.



flavor mixing in the slepton mass matrix is not so large, and that it does not affect the
following arguments. A comment on the case with the flavor mixing is given in Section 6.
Once we have the MSSM lagrangian, we can obtain mass eigenvalues and mixing

matrices of the superparticles. The mass matrix for the smuon field is given by

= e ) @
where
m2;, = m}+m%cos2B (sin2 Ow — %) , (9)
mip = mk—m%cos2fsin’ Ow, (10)°
mip = Yukn(H2) + Au(H). (11)

The mass matrix M? can be diagonalized by using an unitary matrix U; as
i g g I
(UgMgUﬁ)AB = mf’;,AéAB (A7 B = 1a2)» (12)

where m;, is the mass eigenvalue of the smuon. Notice that, in our case, off-diagonal
element of the mass matrix given in eq.(8) is substantially smaller than the diagonal
elements, and hence m;;, and m;p almost correspond to the mass eigenvalues. The mass

of the sneutrino, m;, is also easily obtained as
2 =

1
m2=mi + §mZZ cos 23. (13)

Next, we derive the mass matrices for neutralinos and charginos. For neutralinos, the

mass terms are given by

Lo = —%(z'B W3 {9 A9)
—mai 0 — = (H)  Z501(H2) iB
. 0 _ 1_mG2 %gz(fﬁ) —%92<H2> inV3
—Z91(H1)  759:(H) 0 pH HY
7591(Ha)  —J592(Ha) KH 0 Hj
+h.c., , (14)

where H; and H, represent the higgsino field. Then, we can find an unitary matrix Ue

which diagonalize the mass matrix given above. Denoting the mass matrix given in eq.(14)



as M,o, mass eigenvalues for the neutralino field, m,ox, is given by

(U;QMXO Uxo)xy = mx°X5XY (_Sf,Y =1- 4). (15)
Similarly, mass terms for the charginos are given by
s, - ~ Hy) w-
Lys = —(W* Hy mas - g2 - hc. 1
x* ( ) ( —g2(Hz)  pm HT the, (16)

with W# = —ViE(Wl T iW?). The mass matrix given in eq.(16), which we denote M,

can be diagonalized by using two unitary matrices, U,+ and U,-;
(U MysUy-)xy = myaxbxy  (¥,Y =1,2), (17)

where m,+x represents the mass eigenvalue of the chargino field.

With the coupling constants and mixing matrices given above, we can write down
muon-neutralino-smuon and muon-chargino-sneutrino vertices. Denoting the mass eigen-
states of the smuon, neutralino and chargino as ji4, x% and x3, respectively, the interac-
tion terms are given by

Ling =Y B(Nix P + Nix Pr)Xxfa + Y B(Cx Py + CXPr)xX%7 + hec. (18)
AX X
where P, = 2(1 — s), Pr = 3(1'+ 75) and

Nix = —4u(Up)sx(Us)ra — V201(Uso)1x (Uz)Ra, (19)
Nix = —yu(Up)ax(Us)r —%gz(Uﬁ)M(Uﬁ)LA—\/Ligl(Uxf’)lX(Uﬁ)LA, (20)
C% = Yu(Uy-)ax, (21)
C% = —0(Ug)ix- (22)

By using the interaction terms given in eq.(18), we calculate the SUSY contribution to

- the muon MDM.

3 Analytic formulae

Now, we are in position to calculate the SUSY contribution to the muon MDM. What we
have to calculate is the “magnetic moment type” operator, which is given by

€

_ PA ‘
2m# FZﬂapAﬂF ’ (23)

LympMm =



where 0,5 = £[v,,7], F,x is the field strength of the photon field and F, the magnetic

form factor. Muon anomalous magnetic moment, a,, is related to F; as
a, = Fz. . » (24)

Thus, by calculating magnetic form factor in the framework of MSSM, we can have SUSY
contribution to the muon MDM.

In SUSY model, there are essentially two types of diagrams which contribute to a,,
i.e. one is the neutralino (x°)-smuon (i) loop diagram (Fig. la) and the other is the

chargino (x*)-sneutrino (#) loop diagram (Fig. 1b);

AU = AP + AaX*? (25)

u

. . ~ . 0~ .
Here, contribution from the x°-i diagram, AaX'¥, 1s
x°E L AL R AR 2 2 2 2 2 2
Aaf® = myu), { — mu(Nax Nix + Nax Nix)mpads(myox, Mg, M, Mias M)
AX

+mX°XN£XNfX J4(mi°Xa miOXv m;z‘ZAa mf.LA)}
1 m,
= —m —
1672 % { Gmfm(l — Tax)*
X(1 —6z4x + 3xf4X + Zmix — 624y Inzax)

(NixNix + NENE)

mxox
mZs(1 — zax)?

where we are using mass eigenstate basis of x° and i (and that of x* in deriving eq.(29)).

Here, z4x = mio x/ m% 4, and we define the functions Iy and Jy as

d*k 1

Intmsmi) = | Gy =) (@ — k)’ #7)
4 k2 ’
Inmd e mi) = [ (29)

(2m)% (k2 = mi)--- (k? —m})
Some useful formulae concerning the functions Iy and Jy are shown in Appendix A.

Contribution from the y*-7 loop diagram is also easily calculated, and the result is given

by

AT = my, Y [2mu(CECE + CECR){Ja(m2ex, m2ex,misex, mEsx)
X



2 2 2 2 2 2 2 2 2 2
+ng5(mx:tx, Mk x> Myx x> MyxX, m;) — J4(mxiX7 UOES SRUNED ¢ m;)}

~2my CY CRJu(m2ax, misx, m2ay, m3)]
1 my LAL RAR
= T6r2 ; {3m§(1 - xx)4(CXCX +6xC5)

-3 1
X (1 + —2-:cx —3z§{ + §x§( + 3zx lnxx)

3mxﬂ:x L R( é 1 2 g )
m?,(l—-xx):*CXCX 1 3:£X+3:cx+3lnxx ) . (29)

— 2 2
where zx = mxix/m,;.

4 Behavior of the SUSY contribution to the muon
MDM

Before evaluating the SUSY contribution to the muon MDM numerically, we would like
to discuss the behavior of AaiUSY, especially in large tan 3 case. As we will soon see,
|Aa§USY| becomes large as tan 8 increases. Thus, the discussion about the large tan 8
case will be helpful for us to understand the behavior of AaiUSY.

For this purpose, it is more convenient to use the mass insertion method to calculate the
* penguin diagrams rather than working in the mass eigenstate basis of the superparticleé
which is used in the previous section. In the case where tan 8 is large, five diagrams

dominantly contribute to AaiUSY, which are shown in Fig. 2. Their contributions are

given by
Aazu = gfmimGIpH tan 8
X {J5(méla m2Gl’ m;21L7 mf‘;R’.m?iR) + ']5(sz1 ) mé’lv m;ziLa mfiLa mfiR)}a (30)
1
Aalj2 = ngmimglpy tan
X {J5(m2Gla mél) /‘%-Ia mf-l,L’ m;ziL) + J5(mg;1a /'L?-I’ ”?Jv m;zlL’ mf‘;L)}, (31)
Aal:3 = —gim’me pytan B
X {J5(mél’ szla ”?{7 m;ZZR’ mf’;R) + J5(mél’ ﬂ%{a ﬂ%{, m;lea m;%R)}v (32)
1
MG = —Lgmimenuntan g
X {J5(mg}'23 sz27 .u%{a m;ZILa m;ziL) + J5(mé2’ /“3‘17 /‘i{a mf‘l,L’ m;zlL)}a (33)



AaS = gimimgapy tan B
X {214(”%‘2’ Mgy Mgy M3) = T5(My, My, w3, M3, M3)
+2[4(m2Gz, .uih /4&17 mg) - J5(m2G27 /‘?J’ :u%{a mxzh m?,)} (34)
Here, eqs.(30) - (33) are x°-i loop contributions, while eq.(34) represents the y*-7 loop
one. By using these expressions, the SUSY contribution to the muon MDM is approxi-

mately given by

AcX® ~ A+ Adl? 4+ AdP + Aal?, (35)
A~ AdS. (36)

Notice that the SUSY contribution to the muon MDM given in eqs.(30) — (34) approx-
imately correspond to the terms which are proportional to NYNF or CYC® (i.e. terms
which have a chirality flip in internal fermion line) in the exact formulae given in eqs.(26)
and (29).

The first thing we can learn from the above expressions is that all the terms given in
eqs.(30) — (34) are proportional to tan 8 [9, 10]. This is due to the fact that the chirality
is flipped not by hitting the mass of the external muon but by directly hitting the Yukawa.
coupling. This mechanism also occurs in the case of the lepton flavor violations [13].
Thus, |AaSUS¥| becomes large as tan 8 increases, and we obtain severer constraint on the
parameter space as tan 3 gets larger. ‘

The second point we should mention is that the relation between the sign of Aa‘S‘USY
and those of parameters in MSSM. The dominant SUSY contribution given in egs.(30) -
(34) are all proportional to mgug tan B (with mg = me1, ma, being gaugino mass). Thus,
if we change the sign of this combination, AaiUSY also changes its sign. Furthermore, in
the case where we assume GUT relation on the gaugino masses, we checked that Aai“
or AaS dominates over other terms (Aa)?, Aal®, Aal*) in most of the parameter space.
Here, both Aa];“ and Aaff have the same sign as the combination mguy tan 8. Therefore,
AaiUSY becomes positive (negative) when the sign of the combination mguytan B is

positive (negative).? In the next section, we will see that this relation really holds as a

result of numerical calculations.

2If mg or py is small, this relation does not hold. This is mainly because that the mass insertion
method breaks down in such a case. Furthermore, in such a case, we cannot ignore Aal‘:‘3 or terms which



Furthermore, we comment here that the contribution of x*-7 loop diagram dominates
over that of the x%-fi loop ones if all the masses of the superparticles are almost degenerate.
For example, let us consider the extreme case where all the masses for the superparticles
(mg1, maa, LH, MiL, MR, M;) are the same. Denoting the masses of the superparticles

msusy, contributions of the x°-7i and x*-7 loop diagrams to the muon MDM is given by

Adt® =~ Adl'+ Ad)? + Ad}® + Ad)?
1 m '
= “—(g1 — 92) tan B, (37)

19271‘2 m%USY

i-
xTr C
Aau ~ Aa“

2
1 m;,

2 tan B. 38
3277'2 mgUSYgQ , ( ) .

From the above expressions, we can see that the x*-7 loop contribution is substantially
larger than that of x°-fi loop. Thus, x*-7 loop gives dominant contribution, as in the
case of minimal SUSY GUT based on the minimal supergravity [10]. However, we should
note here that the x*—.ﬂ loop dominance does not hold in general. In the next section,
we will see the SUSY contribution to AaSUSY significantly depends on the right-handed

smuon mass m;gR in certain parameter regions.

5 Numerical Results

In this section, we numerically estimate AaiUSY by using eqs.(26) and (29). As we men-
tioned before, there are essentially six parameters on which Aa3"SY depends, i.e. SU(2)
gaugino mass mgg,> left- and right-handed smuon masses mjr, and mzg (which essen-
tially correspond to the soft SUSY breaking parameters m? and m%, respectively), SUSY
invariant Higgs mass py, ratio of the vacuum-expectation values of the two Higgs dou-
blets, tan 8 = (H,)/(H1), and SUSY breaking A-parameter for the smuon, A,. However,
especially in the large tan 8 region where SUSY contribution to AaEUSY may become
significantly large, AaSUSY is not sensitive to A, if A, ~ O(y,pun). This is because A, al- -

ways appears in expressions in the combination of (A, + y,px tan §), as shown in eq.(11).

is not proportional to tan 8 (i.e. terms which are proportional to N!NL, NENE CLCL and CEC® in
the exact formula given in egs.(26) and (29)). In that case, the sign of mgpy tan 3 is not directly related

to that of AaSUSY. '
3Gaugino mass for U(1)y gauge group is determined by the GUT relation (7).



Therefore, in our analysis, we take A, = 0.* Then, we take the other five parameters as
free parameters and calculate the SUSY contribution to the muon MDM for a given set
of parameters. _

First, we show the SUSY contribution to the muon MDM for fixed values of m;r and
mir in pg-mge plane.® In Fig. 3, we plotted the results for mzr = 100GeV and tan 8 =
30. Here, the left-handed smuon mass is taken to be 100GeV (Fig. 3a), 300GeV (Fig. 3b)
and 500GeV (Fig. 3c). The results for the cases of mzp = 300GeV and mzgr = 1TeV are
also shown in Fig. 4 and Fig. 5, respectively. As we can see, if we take a smaller value of
m;Rr, the SUSY contribution to the muon MDM is enhanced in the large g region. This
can be easily understood if we think of the fact that Aai“ gives a large contribution in
such a parameter region.

Furthermore, by choosing the right-handed smuon mass m;g so that |Aa3S¥| is min-
imized, we obtain the lowerbound on the SUSY contribution to the muon MDM. The
results are shown in Fig. 6. Here, we assume 45GeV < mzr < 1TeV. The lowerbound
is obtained from the negative search for the smuon [4], while the upperbound is due to
the naturalness point of view. In fact, the results are insensitive to the upperbound if we
take the upperbound larger than about 1TeV, since the effects of the right-handed smuon
decouple when we take m;p — 0.

The SUSY contribution to the muon MDM has quite a complicated dependence on the
parameters in MSSM. However, in a certain parameter space, |AaiUSY] becomes O(1078)
which is of the order of the present accuracy of the measurement of the muon MDM.

‘Remember that the SUSY contribution to the muon MDM is approximately propor-
tional to tan 5. Therefore, even for the case of tan § # 30, we can read off the approximate
value of AaSUSY from Fig. 3 - Fig. 6. For example, the contours for Aa5"SY =2 x 1079
in these figures correspond to AaSUSY =~ 4 x 1079 for the case of tan 8 = 60.

If the new Brookhaven E821 experiment measures the muon MDM with the accu-

“The supergravity model suggests A, ~ O(y,m;) [14]. Furthermore, it was pointed out that some
unwanted minimum appears in the potential of the smuon when |4,| > O(1) x y,m; [15], which may
cause cosmological difficulties. We checked that the results given in Fig. 3 - Fig. 7 are almost unchanged
even if we take 4, = 3y,m;r.

5Some regions of the py-mgo plane are excluded by the negative search for signals of neutralinos or
charginos [16], though we do not show the excluded regions explicitly. Notice that, in our convention, the
constraint becomes severer for the case of pgymegs > 0 rather than ugmgs < 0, as shown in Ref. [16].

10



racy of their proposal, it will give a great impact on MSSM. In a large parameter space,
|AaSUSY| becomes 0O(1079), which is within the reach of the new Brookhaven E821 experi-
ment. Furthermore, the theoretical uncertainty, which is almost originate to the hadronic
uncertainty, is also expected to be decreased due to better measurements of the cross
section of et + e~ — hadrons at low energies. Thus, the muon MDM should be regarded
as a good probe of MSSM.

Before comparing Aa5"SY with constraint from experiment, we would like to discuss
the behavior of AaiUSY shown in Fig. 6. As can be seen, AaiUSY changes its behavior
at around |pg| ~ mzr. This can be understood in a following way. In the case of
|ueg| ~ mar, Aaﬂ” and Aal;13 almost cancels out and AaEUSY becomes insensitive to mg.
In the case of |uz| 2 mzr, mzp-dependence of AaiUSY is almost determined by that of
Aaz“. Then, |Aa3"SY| becomes smaller as mzr becomes larger. On the other hand, if
le| N miL, Aal;13 determines the mﬁR-depepdence of AaiUSY. The important point is
that the sign of AaI:3 is opposite to that of Aaff which gives the dominant contribution.
Thus, |Aa3USY| gets smaller as m;r decreases. In summary, in the case of |pg]| 2 mar,
|AaSUSY| increases as m;g decreases, while in the case of |ug|S mar, |[AaSUSY| decreases
as m;g gets smaller. |

The SUSY contribution should be compared with the accuracy of the present values
of the experimental and theoretical values of the muon MDM, which are given in egs.(1)

and (2). Combining them, we obtain a constraint on the SUSY contribution to the muon

MDM, Aa3YSY, which is given by
—9.0 x 107° < Ag3Y <19.0 x 10™° (90% C.L.). (39)

In Fig. 7, we show the contour of tan 8 which gives the threshold value of the present
constraint on Aa5"SY given above (i.e. AaSUSY = —9.0 x107° and AaSUSY =19.0x 107°).
Here, we choose m g so that |ASUSY — 5.0 x 107°| is minimized (where 5.0 x 107° is the
- center value of the constraint (39)). Thus, Fig. 7 should be regarded as a constraint on
pH-mee plane for a fixed values of m;L and tan 3. Notice that if we assume a larger
value of tan 8, SUSY contribution exceeds the present limit on the muon MDM in wider
regions.

Before closing this section, we point out the fact that the contour in Fig. 7 is not

11



symmetric under gy — —ug. This is because the center value of the constraint given in
inequality (39) is 5.0 x 10~°, which deviates from zero. Therefore, constraint (39) prefers
positive value of Aa3USY, and hence we have severer constraint for pg < 0.

6 Discussion

In this paper, we investigated. the SUSY contribution to the muon MDM by regarding all
the parameters in MSSM as free parameters. Especially when tan g is large, the SUSY
contribution is enhanced, and some parameter region of MSSM is excluded not to conflict
with the present constraint on the muon MDM. In fact, even in the case where tan 3 is
not so large (tan g < 10), AaS"Y may become comparable to the present limit on the
muon MDM, if the masses of the superparticles are quite light (see Fig. 6a).

Here, we would like to comment on the case with the flavor mixing in the slepton mass
matrices. If the off-diagonal elements of the slepton mass matrices are substantially large,
all the sleptons contribute to the muon MDM, as we mentioned before. However, for
the case where the flavor mixing exists only in left- or right-handed lepton mass matrix,
the previous arguments are almost unchanged. If both left- and right-handed slepton
mass matrices have large off-diagonal elements, situation changes. Especially, in this
case, Yukawa coupling constant of the tau can contribute to the muon MDM through the
Feynman diagram like (N1) in Fig. 2, and hence the muon MDM may be enhanced.

Detailed analysis of this case is quite complicated since the muon MDM depends on a
large number of parameters. Thus, we only discuss the case where the diagonal element
of the left- and right-handed sleptons, /% and rm%, are proportional to unit matrix;
™y = mi, mh,; = mb (& not summed). First, we consider the case where one of 7 or
% has off-diagonal element. In this case, the results of the previous analysis are almost
unaffected. For example, even if 1} 3/} 5, = 0.5 (or 1} 43/} 5, = 0.5), the correction
to the AaSUSY is less than ~ 10%. If both rh} and 7% have large off-diagonal elements,
Aa;"Y may receive a large correction. Numerically, when i 55 /13 55 ~ % 05/ 5 2y ~
0.2, the correction is O(10%). The correction gets larger as the off-diagonal elements
increase.

The new Brookhaven E821 experiment will give a strong impact on SUSY models.
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By the experiment, the muon MDM is expected to be measured with accuracy about
0.4 x 107°. Furthermore, the uncertainty in the theoretical prediction, which mainly
comes from hadronic contributions, is hoped to be reduced by several experiments like
VEPP-2M, DA®NE and so on. On the contrary, we may have the SUSY contribution to
the muon MDM to be of order O(107?) even if all the superparticles are heavier than,
say, 300GeV (see Fig. 4b) in which case we cannot detect the superparticles even by NLC
with \/s = 500GeV. Therefore, we may be able to have a signal of the superparticles by
using the muon MDM even if the superparticles are out of the reach of the forthcoming

high energy colliders.
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A  Functions Iy and Jy

In this appendix, we show some useful formulae for the functions /y and Jy, which are

defined as

In(md, - m}) = | d'k L (40)

MR T T @ (R —md) - (B = i)’

d*k k?

2 PR 2 = .

In(mi, ;M) /(27r)4i (kz—m2)-~(k2—m?\,) (41)
Then, the signs of the functions Iy and Jy are given by
(_I)NIN(mfa"'vm?\’) > O’ (42)
(_I)NHJN(m%""vm?V) > 0, (43)
The functions Iy and Iy_; are related as
1

In(mi,---,my) = m{IN—l(mf, ymysy) = Ina(m, - ,my)},  (44)
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and the explicit form of I, is given by

1 m? m? m2 m2
) = -y (e () 4 e ()} @

Notice that the function I is logarithmically divergent, and hence I, defined in eq.(45)

depends on a cut-off parameter A. However, Iy (N > 3) which is iteratively defined by
using eq.(44) is independent of A, as it should be. In addition, Jy is related to Iy and

In_y as

. JN(m%a Tt m]2V) = IN—I(m%’ ST m?\/’—l) + m?VIN(mfa o >m}?\7) (46)

In the case where all the masses m; — my are almost degenerate, it is convenient to

use the Taylar expansion of Iy. Define
& = ———= (i=1-=N), : (47)

with 7 being an arbitrary mass scale, then Iy is expanded as

IN(m§7"',m?V) _ (—l)N _ ]_ i 1
1672 Mm2N-2) = (N+p—2)(N+p—1)
x Y dedr (N23), (49)
rteFin=p
and for N = 2,

L(m2 m?) =— {ln ( ) + 1} + a'e’ 49
2(m1, m3) A 1672 ;;P(P'*' 1) j1-§'2:=z7 H )

Notice that eqgs.(44) — (49) are useful for numerical calculations.

Furthermore, the function Ix has mass dimension (4 — 2N). Therefore, we obtain

= {v NIn(md, - dmd) ) =0, (50)
which reduces to
N
(2 - N)IN(mi o 7m?\7) + Zmz?IN+1(m%’ Tt ,m?,m?, Tt 7m]2V) = 0. (51)
i=1

Similar formula can be obtained for Jy;

N
(3—N)']N(mf?'“’m?V)+Zm?JN+l(mf7""m?am?a"Wm?V) =Vu. (52)

=1
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Figure caption

Figure 1: Feynman diagrams which give rise to the muon MDM in the mass eigenstate
basis. The external lines represent the muon (straight) and the photon (wavy).

Figure 2: Feynman diagrams which give rise to the muon MDM in the mass insertion
method.

Figure 3: The SUSY contribution to the muon MDM, AaiUSY, in py-mge plane. The
right-handed smuon mass is taken to be mzr = 100GeV. We take tan 8 = 30, and the
left handed smuon mass myy, is (a) 100GeV, (b) 300GeV and (c) 500GeV. The numbers

given in the figures represent the value of AaiUSY in units of 107°.

Figure 4: Same as Fig. 3 except for mzr = 300GeV.
Figure 5: Same as Fig. 3 except for m;p = 1TeV.

Figure 6: The SUSY contribution to the muon MDM, AaiUSY, in pyg-mege plane. The
right-handed smuon mass m;r is determined so that AaSUSY takes its minimal value. We
take tan 8 = 30, and the left handed smuon mass m;z is taken to be (a) 100GeV, (b)
200GeV, (c) 300GeV and (d) 500GeV. The numbers given in the figures represent the

value of AaiUSY in units of 10~°.

Figure 7: Contours which gives the threshold value, i.e. AaS"SY = —9.0 x 107° (dotted
line) and Aa3"SY = 19.0 x 10~° (solid line). The right-handed smuon mass myg is’
determined so that |Aa3SY — 5.0 x 107°| is minimized. The values shown in the figures
represent those of tan 8, and we take the left handed smuon mass mjz, to be (a) 100GeV,
(b) 200GeV and (c) 300GeV.
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