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g—2 of the muon: status report

K. Hagiwara®, A. Keshavarzi®, A.D. Martin®, D. Nomura?, T. Teubner®

ag = (2—2)¢/2,

a " = 1165 920 89(63) x 107"

The anomalous magnetic moment receives contribu-

tions from all sectors of the SM and possibly from New
: ED 7
Physics (NP): a, = nE +a.™ + ﬂ"ﬂdm”'c +ay, .



a%P =116 584 718.951 (0.009)(0.019)(0.007)(.077) x 10!

It
where the uncertainties come from the lepton masses,
the four- and five-loop contributions and the input
value for @ obtained from measurements using *’Rb

atoms [8], respectively.
a; = (153.6 £ 1.0) x 10711 [17].

Their uncertainty 1s large compared to the uncertainty of aSED

but small compared to the hadronic uncertainties.



The story 1s less straightforward for the hadronic
contributions. They are divided into hadronic vacuum
polarisation (VP) and so-called hadronic light-by-light
(HLbL) scattering contributions. Both classes are dom-
inated by contributions from the low mass spectrum of

hadronic resonances and can not be calculated within
perturbative QCD (pQCD).

Several groups have made estimates which are, by and
large, compatible, and recent estimates mostly used are
ﬂﬂLbL = (105 £ 26) x 107! (the ‘Glasgow consensus’,
following a conference on g—2 in Glasgow) [19] and
a, =t = (116 = 39) x 107" [20], see also [21].

However, unlike in the HLbL case, there are dispersion relations
which allow the direct calculation of HEW at LO, NLO and NNLO.
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Figure 1: Comparison of recent SM predictions of g—2 with the
current experimental average. The marker labelled *SMXX"
indicates an anticipated improvement in the SM prediction,
while ‘New (g-2) exp.” assumes no change in the mean value
but a four-fold improvement in the error of the experimental
value, as planned for E989 at Fermilab. See [4] for more de-
tails. (Figure from [4].)
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We use the effective Lagrangian method

1 . EQ _

+ — ’ Eu . = — f l_yu
Ol (4?]_}3’!(3‘2?) :F‘I'.' 04 —(4?]_)23(&'*4!?#;;:} f :FI,
eq) . _ o Mu 2
OF = (o D F - owsl,  OF = (gl wel,

e pm; -
07 = (Zijf [F - ov*w(iD,l), OF = {4%;.@}7-{1&.:;{

with D, = 9, +ieA, and wy = 152

The lepton MDM is the combination of the Wilson coefficients C5; 4
and can be obtained from the following effective Lagrangian

e 1
Ly = am. a, lo#] F
!
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To obtain the non-relativistic limit, look at the wavefunction in the (o) 3
U —.
rest frame of the particle, which has a Dirac spinor of the form e

—_{ =10 E-c—i1B-.o 0
= 20| (7
0 1 0 —~E-0c—iB-o
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EDM = 950" F,,1 E = -Vo-—
B = VxA
the spin
CP
g — J

However, the fields transform as

The overall effect of CP on the nonrelativistic limits is given by
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3. HEK

Ward identity required by the QED gauge invariance

KPA,. (pk)=eX, . (p+k)—X, . (p)].
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CEAEE RN, HIRZ.
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This result 1implies
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A2 = Tg -+ T%) -+ T% — 2xgx1 — 20T — 21 T9
The definition of W(x,y, z) 1s written as:
e V>0, U+ .z < T

\II(ITL-‘TE}ZQIH(I_Fy_z_A)ln(I_y_'_z_A)—lnElnE

2 2r T :-:‘é

where L;,(x) 1s the spence function;

e M>>0, Ve+vz<u: ¥Y(zr,y,2) = Eq.(Bl)(z < y) ;
e \2>0, o+ 7 < vz Yy z2)=EqBl)(z < 2);

e )\ < (:
U(z,y,z) = Q{Cﬁg (2 arccos( _I;\_/z_j z}) + Cls (2 a.rc:cos(I ;\j%: :))
+Cl, (2 arccos( a ;_j:r_; :})} :

where Cly(x) denotes the Clausen function.
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where the couplings (Sljfj, {Sg){j are shown as

1

: : : TMyr T+3)i '
(S))h = —Z(Zsw + Z ew) — —L—Z7""" 73,
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(a) (b)

The two loop Barr-Zee type diagrams with sub Fermion loop and sub scalar loop.
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The concrete forms of the functions Py, Ps are

- 2
Pi(v.t, f,s,w) = f{:SS W aafz

Ps(v.t, fos,w) = —%{2 faf)f’Pl(v t, f,s,w).

The functions C.Cy,.F are collected in the appendix.

(B(s,-w}(f(v,t, f)+ Flu.t, f.s,w) + Cl{lté;zf))

) — 1 rlog(x) ylog(y) zlog(z)
Cwn2) = 52y Tt oow 3t T )
RO zlog’(z) ylog®(y) 2log?(2)
w2 = (G- F Towe-9 T oo 1)

, _ G(f,s,w) G(t,s,w) G(v, s,w)
P65 0) = g ((f 07— F-H—1  w-H- t])

Glz,y,2) = —P(x,y,2) —2(x +y + 2) + 2(xlog(x) + ylog(y) + 2z log(z))
—zlog”(z) — ylog*(y) — zlog*(2).

1




When the vector is photon, contributions from the figure 2(a) are just produced by the
neutral CP even Higgs. That is to say the corresponding CP odd Higgs’ contribution is

Zero.
F 2
S.HO 8(23('3.1711 13 HH?SS
B ay”" (v) = ——— Z( Z )Re[ZR 1 ]
Si SWVIW = s g et My p
AT i=1  g=[.0,D,L' UD,H*
E v s B4 % B 1
e X ((Q3W1 + Py) + 21 (QsWo + sz)) (0, 21, T, TS, rs)
(a)

For the figure 2(a), with vector Z, both CP even and CP odd Higgs give corrections
to the lepton MDM, and their results are obtained here.

2

3
S,HO €71 ( ) l Hpos,s, , 1i
. Z) = E E Re|[————= Z
(;2 ( ) QQ%LJ-{?%‘;J\ / .TH,’ 1:_1 mmmmmm EI: ‘ﬂ‘{i TP GZSI 82 R ]

P
x (1 — 4s%,) ((Qng +Py) + 21 (QsWa + —2)) (x7, @1, 210, T3y, Ts,)

4
P2

2515, 2] ((QSWI +P1) — xp (QsWa + I))(-’?’?Z: Tyl T 40, TSy, -’T?Sz)]-.

Hﬂﬂﬂlgg G

+Re| Mnr



The used parameters in BLMSSM are collected here.

tan g —tan gy, =2, By =L, = g tan 7 = 15.

Mg, = Mg, =Mp, = 1.4TeV., mg, =myz, = 1TeV,
Mg, = Mp, =M, = Mg, =Mp, = 1TeV, mg, = 790GeV,
mi, = Mpy =1Mg, =Mj =My =mp = 14TeV,
Ay, = Ay = Ay, = Agy, = 550GeV Ay = A, = —1TeV,
Uvp, = \/-?,T:ZB + ﬂEB = 3TeV . v, = '\/?’i?, —I—F% = 3TeV .
m1 = 1TeV, mao = 750GeV, pg = —800GeV.
Yu, = 0.8Y, Yy, = 0.7Y,, Y, = 0.7Y,, Vi, = 0.1V,

AL = Al = AL =130GeV, \e = 1, Ay, = Ay = 550GeV,
A = A=A = A= AL = AL = 500GeV.

Yy, = 0.6,Yy, = 1.1,Y,, = 1.3, Ve, = 0.6, 111, = 500GeV
Ay, = Ay, = Ay, = Aye = Aye = Aye = —500GeV.



We suppose the following relations in the numerical discussion, then the numerical discus-

sion 1s simplified.
..:4& — ..:4'”.. — ..:4‘1" — ..:4_[}4, ..:4{‘ — ..:45 — ..:4{_‘54,
Me = M =Mz = My, = M, = My, = ML

In order to reflect the flavor mixing obviously and simplify the discussion, we define

the off-diagonal elements in the following form.

(mze)ij = (m7)ij = (m%)i; = MLa*, (AL);; = ALa, withi# j,(i,j =1,2,3).

I/

When MLa =0, ALa = 0 there is no flavor mixing for the scalar leptons.
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The one loop scalar lepton and neutralino contributions to muon MDM, the dashed-line
and solid-line represent muon MDM varying with M Lg, for A, = —500GeV and A, = —800GeV
respectively.
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The one loop scalar lepton-neutralino contributions to

muon MDM, the dotted-line,
dashed-line and solid-line represent muon MDM varying with M L,, for M Ls = 600GeV, M Ls =
800GeV and M Ls = 1000GeV respectively.
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As AE 5 = 550GeV and A,y = —500GeV, AL = —800GeV, the solid-line and dashed-line
represent muon MDM varving with M )9, for ML, = 500GeV and M L; = 800GeV respectively.
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As A, = —800GeV, A, = —500GeV, M Q)2 = 1000GeV, the solid-line and dashed-line
represent muon MDM varying with AFEys5, for ML = 500GeV and M Ls = 800GeV respectively.
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