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Observed deviation:

a%P — a W AMNT — (276 +-8.1) x 107 1°

SUSY contributions:

. 100GeV \ 2
a5’ ~ 13 x 10710 tan 3 sign(p) <|8|0i>
SUSsY
e.g. a5’ = 26 x 101 for
tan g = 2, Msysy = 100 GeV
tan 8 = 50, Msysy = 500 Gev > 0)

= SUSY could easily be the origin of the observed deviation!
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SUSY vs generic BSM physics

Generic BSM physics with new, weakly interacting particles at Myp:

2
@ suppressed compared to SM weak contributions by (M—LL)

@ SM weak itself is only 15.4 x 1010

Two advantages of SUSY:
@ tan g-enhancement
@ low SUSY masses possible
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Overview

Status of SUSY prediction
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Status of SUSY prediction

2-Loop (SUSY 1L) 2-Loop (SM 1L)
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tan 8 enhancement and sign( )
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tan 8 enhancement and sign( )

g — 2 in the MSSM

Key to understand g — 2:
chiral symmetry

g — 2 = chirality-flipping interaction

i (p) 224 u (p) + (L = R)
“w

in each Feynman diagram we need to pick up one transition
P — PR OF fiL — fiR

Chiral symmetry would forbid g — 2
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tan 8 enhancement and sign( )

g — 2 in the MSSM

Like in the SM, chiral symmetry broken by A, m,,:

Lm, yukava = —My(ArpL + ALUR)
— MHD (R + fiLpr)

However, in the MSSM there is a second Higgs doublet Hy:
H »
tang = TRy 1 = Hy — Hj transition

If tan 3 is large: enhancement )\, — )\ﬁ’\" tang = A, oc m,tan 3
(and (Hz) — (HSV))
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tan 8 enhancement and sign( )

Chirality flips

Chirality-flipping interactions relevant for a,,

pL KR i s
——e—— xm, ------ xmytang p
H,
Ha )
| Hi
[ S .~
i procM, tang  p fir ccmy, tan g p
some terms ,
SUSY my
o m —a o
a “ MZssy
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Chirality flips

Chirality-flipping interactions relevant for a,,

pL KR i s
—e—— xm, ---e--- occmutanj u
H,
Hi 3
| Ha
pL—*procm, tang  pp T T frocmy tang p
some terms ,
ocm, tan g — a3y’ o Mmz—“ tan 3 sign(y)
SUSY
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tan 8 enhancement and sign( )

Chirality flips

Chirality-flipping interactions relevant for a,,
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tan 8 enhancement and sign( )

a, in the MSSM — leading contributions

©

oc m2 tan 3yt Mz F (1, Mz, mp, )

(N1)

ocm2 tan § My F (Mg, mj )
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tan 8 enhancement and sign( )

Leading contributions — alternative explanation

tan S behaviour can be explained using effective field theory:

Two simplest gauge invariant operators contributing to a,, in MSSM
(a = 17 27 37,)

)‘H /_I,R O"uy[LTaHl]FSV
[\ iR a“”[LTaHg]F;j‘V

Factors ), ;1 necessary because of chiral/Peccei-Quinn symmetry.
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Leading contributions — alternative explanation

tan S behaviour can be explained using effective field theory:

Two simplest gauge invariant operators contributing to a,, in MSSM
(a = 17 27 37,)

A iR o [LTAHLFS, — ro™ i Fu (Auvi)  — my,

g fir oM LTAHSIFE, — firo™ uFuy (A\V2p)  — mytan fp

Factors ), ;1 necessary because of chiral/Peccei-Quinn symmetry.
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tan 8 enhancement and sign( )

Leading contributions — alternative explanation

tan S behaviour can be explained using effective field theory:

Two simplest gauge invariant operators contributing to a,, in MSSM
(a = 17 27 37,)

/\H /_I,R O"uV[LTaHl]FSV
[\ iR a“”[LTaHg]FSV

Factors ), ;1 necessary because of chiral/Peccei-Quinn symmetry.

Bottom line

2
o _ m
' ~ — tan g sign(p) —=
™ 8s
w Susy
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SUSY one-loop and two-loop contributions

Status of SUSY prediction

2-Loop (SUSY 1L) 2-Loop (SM 1L)
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SUSY one-loop and two-loop contributions

Discussion of SUSY 1-Loop contributions

One-loop plus two-loop leading QED-logs

100 GeV

13 x 10710 <
Msusy

2
) tan 3 sign(uMy) <1 _ Ao log M)
T

my

@ Msysy = combination of smuon masses, 1, gaugino masses M ».
@ Generally, increasing a mass parameter leads to a suppression

@ Exception: p — oo with fixed smuon, gaugino masses: increases
a3’SY due to diagram with bino exchange (N1)

@ The observed deviation of 27 x 10710 can be easily explained,
large tan g, rather small Mgysy preferred, but no particular mass
pattern required.
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SUSY one-loop and two-loop contributions

Discussion of SUSY 2-Loop contributions

Largest non-logarithmic two-loop contributions: from closed chargino
loop or closed stop loop:

_10 (tanp 100 Gev \?
(VH) ~ 11 x 10710 M
2 x 10 ( 50 ) <{N7M27MH}) Son(Mz),

P _ tanﬁ) <mt) ( J ) .
(tvH) ~ 10

a ~ —13 x 10 —_— sign(X
# ( 50 my 20My an(Xe)

@ for degenerate masses: only 2% of the one-loop contributions

@ large contributions of up to 10 x 10~1° possible for:
@ very light My, My, i, large tan 3
o very light My, my, large tan 8 and p
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SUSY one-loop and two-loop contributions

Summary: SUSY prediction

@ 1-loop and most 2-loop contributions known
@ remaining theory uncertainty of SUSY prediction: s e
a3’ ~ 3 x 10710

based on:
@ unknown two-loop contributions with ff loops (can be compared to
SM t/b loop contributions): 0.5 x 10~1°
@ unknown further two-loop contributions (would go beyond the
QED-logarithms; partial evaluation in (reng, Li, Lin, Maalampi, Song '06]):
2.5x 10710
@ Currently under investigation: (tan 3)?-enhanced two-loop
contribution from renormalization constant ém,, o tan 3

[Marquetti, Mertens, Nierste, DS]
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Conclusions

@ Case for new physics gets : . ; ;
stronger! K B, e

full result

— — — improved one-loop

@ SUSY with low mass scale
~ 200...600 GeV fits very
well and large parameter
regions already excluded

100 200 300 00 600 700

@ SUSY contributions enhanced by tan gsign(u)
@ SUSY theory prediction reliable, az”s" ~ 3 x 1071
@ so far, all one-loop and most two-loop contributions known

@ further improvements possible
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