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Magnetic moment
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Anomalous magnetic moment in QFT

In QFT a, can be extracted from the p~fi—A? 3-point function

0(p' ) unou(p) = e(p') [3oFv(@®) + (P + P')pF(@®) + ...] u(p)
in the limit of vanishing photon momentum, g> — 0:

g =2[1-2m,Fpn(0)] = a, = —2m,Fu(0)

[ a, = 0 at tree-level = allf is leading order!
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SM contribution

SM __ _QED weak had
a, =a, +a, " +a,

aQFP = 11658471.895(0.008) - 10~ 1°
ae* =15.4(0.1) - 10710
azad = (692.3(4,2)"0 + 0.7(2.6)NLO) . 10_10[1010 4180,0901.0306]

= a2V =11659180.3(0.1)(4.2)(2.6) - 10
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Measurement

Spin precession in magnetic field B relative to momentum

e = 1 -
J=—|a,B— - E
o= B (nm) 7 E

vanishes for “magic” momentum p = 3.094 GeV.

a® = 11659208.9(6.3) - 10~ eezroeny

5P aSM _ (28-7 + 8~0) . 10710 (3.60)[1010 4180]
. # 1 (26.1£8.0)- 10710 (3.20) 105 21
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BSM contributions

generic expected scaling:

2
m
BSM u
a x C—4—
W 2
Mgsm

Reason: Fj, corresponds to chirality flip of muon
fph = pPREL + LR
Terms in £ corresponding to chirality flip oc m,, include:

KL

HR ocmy

Jr— ~---- jir o< mytanp

Potential enhancement factors: C « tan g, log (MmLZM)
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MSSM contribution — 1-loop

X X
Yy Kk

100 GeV \ 2
ay>sMIk ~ 1310710 (()()e) tan 3 sign(pM)
Msysy

Properties:
e enhanced by tan 3
e suppressed by 1/M2,qy

e can explain deviation for e.g. Msysy = 500 GeV, tan 8 = 50
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MSSM contribution — 2-loop

2L _ _2L(a) 2L(b)
a, =a, +a,

where

22L(

" ) = 2-loop correction to SM 1-loop diagram

aﬁ"(b) = 2-loop correction to MSSM 1-loop diagram
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MSSM contribution — aiL(a)

2L(a) _ 2Ly, oL, f oL,f 2L,bos
a, =a, —i—au —i—au —i—au
X /F\f
g tat = —< P 0(10- 1071
f‘
H O\{/
gl = —& <1071
Y
H W
a2L,|:)OS — - < 10—10
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MSSM contribution — aiL(b)

2L(b) _ 2L,y 2L,f/f 2L, rest
a = + a + a4

M
a = *éi::}—* x log 29 — _(0.07...0.00)aMSSM 1L

o

my
~ \ y M
!t = CRIN e o log MBUSY g pgussmaL
/ m
w

2L, rest rov N _10
' = >l 1l — .

3" 0(2-1071°)

known

incomplete
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Comparision of public codes

Program a}l)ASSM,lL aﬁ"’x’ aﬁL,? aiL,f aﬁL,bos
GM2Calc v X X
FeynHiggs 4 4 v 4 4
FlexibleSUSY 4 X X X X
SARAH/SPheno v X X X X
Program aﬁ'ﬂ aﬁL’f/ 7 afLL"’eSt tg—res. scheme
GM2Calc v X v OS/DR
FeynHiggs v X X X 0OS/DR
FlexibleSUSY X X X DR
SARAH/SPheno X X X X DR

vV =full, v = , X = missing
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Impact of tg resummation
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Remaining theory uncertainty

GM2Calc (conservative):

Aa/l)/ISSM — A[ + ] [32L f + a2L bos] + A[ 2L, rest}

=03 (|af™| + |2 7"]) +0.3- 10710+ 2. 1071
= 0.3 (ja0")] + [al"™)]) 4 2.3 10710
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Remaining theory uncertainty

45 I
tan B resummation
40 | notan B resummation - - - -
35
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a, SuUsY x 1010
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BM1 [arXiv:0808.1530]

18/ 21



Sources of uncertainties in public codes

1-loop calculations suffer from:

e uncertainty from choice of renormalization scheme for
important parameters (em, mj;, ... ), because 1L = LO
— (partially) resolved at 2-loop level

DR calculations suffer from:

e renormalization scale uncertainty, because 1L = LO
— (partially) resolved at 2-loop level

e potentially large 2-loop corrections from quadratically
enhanced smuon self-energy contributions
— avoided in the OS scheme

DR-0S conversion can suffer from large corrections!
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Summary and conclusions

Facts:

* 3-40 deviation between a;*? and aEM
— might be due to by BSM physics!
2
BSM m
e a x C2
# Mswm
e large for low BSM masses
e can be enhanced by model-dependent factors

C o tan 3, log(Mesm)

my

Recommendations:
e prefer 2-loop calculations over 1-loop calculations
(1-loop = LO, with many ambiguities)
e prefer on-shell calculations over DR calculations in the MSSM
(to avoid large corrections to the smuon mass)

e avoid DR-OS parameter conversions, if large corrections
present
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tan S resummation

[au]tan B-res. — [au]}/f—>}7f’

3 1%
pr— f:
vr 1+Aﬁ . T, b)

A¢ = tan S-enhanced contributions to f self energy
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Contributions to a,
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New Physics 7
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