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Motivation

35821 — (116592089 + 63) X 10(710) [Bennett et al. '06]
New experiment: moving from BNL to Fermilab
E969
0.54 — 0.14 ppm

current accuracy of agM: 0.42 ppm [Davier et al. '10]

motivated to improve the accuracy of all aspects of the theory
prediction, in SM and SUSY
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Recent SM theory progress

e QED 5-loop calculation completed [aoyama, Hayakawa, Kinoshita, Nio '12]
e Convergence of hadronic contributions [pavier et al., Hagiwara et al., Benayoun et al |
o Electroweak (full 2-loop) contributions with My = 126GeV:

aEW = (153.6 + ]..0) x 10711 [Gnendiger, Stéckinger, S-K '13]
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a, as important constraint on SUSY

(287 + 80) X 10710 [Davier et al.]

Aa,(E821 — SM) =
3 ) {(26.1 +8.0) X 10710 pragiuaca et )

devistion

tension between LHC-limits and a,,
® a, is an important constraint on SUSY
e some scenarios (e.g. Constrained MSSM) cannot explain a,
deviation
e still, large contributions possible, e.g. if sleptons << squarks
(non-traditional models)

Summary
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Already known SUSY corrections
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e SUSY one-loop diagram: u, My, Mo, Mg, M, tan 3

[Fayet '80]...[Moroi '96]

e SUSY two-loop corrections to SM 1L diagrams

[Chen, Geng '01],[Arhib, Baek '02],[Heinemeyer, Stockinger, Weiglein '03, '04]

e Photonic corrections to SUSY 1L diagrams:
12 Mla M27 ME7 MLvtan 5

[v. Weitershausen, Schafer, Stockinger, S-K '10]

estimated resulting MSSM theory error ~ 3 x 10710 (sicuinger 06

Summary
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MSSM photonic two-loop corrections

[v. Weitershausen, Schifer, Stockinger, S-K '10]

exact results of photonic two-loop corrections
e same parameter dependence as SUSY one-loop diagram

e reproduces the leading QED-logarithms:
4a mu  _1LSUSY
w108 Msusy 9u

- (7...9)% corrections for 100 < Msysy < 1000 GeV

[Degrassi, Giudice '98]
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MSSM fermion /sfermion two-loop corrections

[Fargnoli, Gnendiger, PaBehr, Stockinger, S-K '13]

e remaining class with dependence on squarks

(f.F) € {(v,0), (11), (u, 0), (d, )},
(F',£) € {(1,9), (ve, 1), (d. ), (u", dT)}

e maximum complexity: 5 heavy + 2 light scales

computed exactly, including renormalization

additional parameter dependence:
MQ,-aMU,'vMD,')ML,')MEn I € {1)273}
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MSSM fermion /sfermion two-loop corrections

[Fargnoli, Gnendiger, PaBehr, Stéckinger, S-K '13]

e iterated one-loop calculation

e 5-mass-scale two-loop diagrams and their counterterm
diagrams

e the sum of the inner loops build up compact vertices:
ir iy
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MSSM fermion /sfermion two-loop corrections: FJQ,-

[arXiv:1311.1775][Fargnoli, Gnendiger, PaBehr, Stéckinger, S-K '13]
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MSSM fermion /sfermion two-loop corrections:
sample analytic result

[arXiv:1311.1775][Fargnoli, Gnendiger, PaBehr, Stockinger, S-K "13]
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MSSM fermion /sfermion two-loop corrections:
sample analytic result

[arXiv:1311.1775][Fargnoli, Gnendiger, PaBehr, Stockinger, S-K '13]
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MSSM fermion /sfermion two-loop corrections:
sample analytic result

[arXiv:1311.1775][Fargnoli, Gnendiger, PaBehr, Stockinger, S-K '13]
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Non-decoupling behavior

[Physics Letters B 726 (2013)][arXiv:1309.0980][Fargnoli, Gnendiger, PaBehr, Stéckinger, S-K "13]
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Non-decoupling behavior

[Physics Letters B 726 (2013)][arXiv:1309.0980][Fargnoli, Gnendiger, PaBehr, Stéckinger, S-K "13]
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Leading logarithmic approximation

[http://iktp.tu-dresden.de/index.php?id=theory-software|
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Leading logarithmic approximation

[Physics Letters B 726 (2013)][arXiv:1309.0980][Fargnoli, Gnendiger, PaBehr, Stockinger, S-K '13]
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Summary

aEW contributions depending on My

— this uncertainty has been eliminated

SM.
a,

a,, still viable, complementary constraint on SUSY

a2"7: —(7...9)% corrections to an VY

fermion /sfermion two-loop contributions:

e first full calculation of 23" two-loop contributions:
5-heavy-mass-scale diagrams

e leading logarithmic approximation: invalid when tan 3 or
Msysy is very small

e In(m;) enhanced, non-decoupling behavior for (very) heavy
squarks: 10...30% corrections to al°USY possible
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