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What's g — 27

B-Field
Spin precession: g

Circular motion: 2
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Why g — 27

Simple to measure
e.g. (g —2). used to measure aqrp

Sensitive to quantum corrections (birth of QFT)

One of the most precisely measured and computed
quantities
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Computing g — 2 in QFT

% ~ —iet(p") [v*Fe(q?) + (p + ') Fu(q?) + ... u(p)

g =2(1—2mFy(0))

g — 2 = 0 on tree level (cf. Dirac eq) W< ~ —ieyH

g — 2 oc m makes (g — 2),, interesting

Loops with heavy particles (mass M):
g—2x %22 = muon ca. 40,000 times more sensitive



History: experiment and SM predictions
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/27 49 Schwinger: QED 1L
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(g — 2), experiment in Brookhaven

af® = 11659208.0(6.3) x 1010
[Phys.Rev.D 2006]



Experiment vs. SM predictions
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Scenarios

Higher statistical error in experiment

Missing higher orders of SM contributions

Underestimated theory error

New physics! Supersymmetry (MSSM)



(g —2)y in the MSSM
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SUSY 1 loop
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complete

[Fayet '80]
[Kosower et al '83]
[Lopez et al '94]

[Moroi '96]



SUSY 1 loop

AW
’g\tz
=<

o

for K, Mg, mg ~ MSUSY

2
SUSY 12 ~10 tan 3 sgn 1Y . -
3 ~ 12 x 10 gn( )(W)

e.g. aEUSY =24 x 10719 for
tanG =2, Msysy = 100 GeV
tan 8 =50, Msysy = 500 GeV

SUSY could account for 3.4 ¢

g — 2 constraints MSSM parameters



SUSY 1 loop
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2 loop: SUSY-enhanced SM loop

v, W N
2




2 loop: SUSY-enhanced SM loop

v, W
f’,Q/\/\/\»Li i
I
x mg-tanf3 - p

complete

[Chen, Geng '01]
[Arhib, Baek '02]
[Stockinger et al '03]
[Stockinger et al '04]



2 loop: Photon enhanced SUSY loop
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2 loop: Photon enhanced SUSY loop

= : etc.

Msysy a1L

x log e A

leading log

[Degrassi, Giudice '98]

goal: complete



Methods of computation
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Simplified model

QED + xF +X° + ji + ¥

Chargino and neutralino coupling arbitrary for now:

Lt = A(nLPr — ng*PL)X°fi
—I—E(CLPR + CR*PL)X_ﬁ + h.c.

Later:
Plug in values from gauge and Yukawa couplings.
Sum over gauginos and muons in the MSSM.



FeynArts finds 28 unique diagrams oc c?e?, n?e?
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FeynArts applies Feynman rules

For example:

_ / i(cgPL+ clPR)(K + ¢ + m\)(—iey")(k + my)i(cLPL + crPR)
[k2 — m2][(k + q)> = m2][(k — p' + q)* — mZ]



Extract g — 2 from diagram amplitude
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Extract g — 2 from diagram amplitude

Idea: use projector P to extract g — 2 from amplitude:

=(r)

=c, V' +c, T

0
LN s
T aqy<

VE TH look like selfenergies!
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TwoCalc/OneCalc evaluates selfenergies

Perform Dirac calculus
eg WY =2 — D)y,

Express result in standard integral notation:

12
? AO7 BO7 7—1237 Y1234a etc.

| i

Goal: Decompose to tabulated integrals
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Large Mass Expansion

Hard to handle: loop integrals with more than one heavy
particle

Naive Taylor expansion (7°) will result in extra IR
divergences

Solution: only expand loops with large masses




Renormalization: 10 unique counterterm diagrams

(<
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Renormalization scheme
Muon is an external particle = on-shell

x* and ji masses on-shell (not possible for both smuons in
the MSSM)

Idea: couplings ¢, n in MS scheme

Problem: ¢, n contain m,, (large logarithms), need to
account for that:

om
5(CLCR) = m—uCLCR + ...
m

)
d(nLng) = %nLnR + O(mi) + ...
w



Analytical

L =

L =

result
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Analytical

B =

BL

result

1 €2

1672 272




Analytical result

+° 1 €2 axi f
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Conclusion

\/ Analytical results

\/ Degrassi, Giudice confirmed:

2 I m,
aL = 510
72 8 Msusy

ajL+...

\/ Non-logarithmic contributions complete



Numerical evaluation
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Can non-logarithmic contributions be large?
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Summary
g — 2 is a precision observable with rich history.

3.4 ¢ discrepancy between SM predictions and experiments
suggest new physics.

Supersymmetry could explain discrepancy, MSSM parameters
are constrainted by g — 2.

SUSY two-loop contributions involving photon loops have
been computed.

Analytical result reproduces leading logarithm, corrects one
loop result by ~ —7... —9%.

Non-log contribution amounts to ca. 1% of the one loop
result.



Questions?



