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MOTIVATION

Uncertainty of the SM prediction for the muon anomaly (g—=2), is
dominated by hadronic contributions (HVP and HLbL)

et

HVP is calculated with a data-driven dispersive approach:
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F. Jegerlehner, Springer Tracts Mod. Phys. 274 (2017).
M. Davier, Nucl. Part. Phys. Proc. 287-288, 70 (2017) [arXiv:1612.02743 [hep-ph]].
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MOTIVATION
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Limitations of the standard approach to HVP:
Two-photon exchange corrections

QED radiative corrections
For HLbL: no analogue of the simple dispersive formula

In this talk: Schwinger sum rule as an alternative data-driven
dispersive approach for both HVP and HLbL
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HHE SCHVWINGER SUM RULE (97

J. S. Schwinger, Proc. Nat. Acad. Sci. 72, 1 (1975); ibid. 72, 1559 (1975) [Acta Phys. Austriaca Suppl. 14,471 (1975)].
A. M. Harun ar-Rashid, Nuovo Cim. A 33,447 (1976).
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HHE SCHVWINGER SUM RULE (97
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Spin-dependent forward doubly-virtual Compton scattering:

1 i iQ7

Ty (¢,p) = =770 51(1, Q%) + 757" 52 (1, Q) E j
Im (o7

Optical theorem:

R

T 7z
Im S; (v, Q%) = e G O V;\f_ E [QOLT ‘|‘UTT] (v, Q)
% 2
Im SQ(I/, Q2) g OéM 92(55 Q2> G zj\f_ Q2 |:%O-LT % UTT] (Va QQ)

22.02.2018 @GMTWO2018 Franziska Hagelstein 6
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Sum rules are model-independent relations based on
very general principles:

« Analyticity/causality and crossing symmetry (dispersion
relations), and unitarity (optical theorem)

)
Sum rules of Compton scattering off a spin-1/2 particle:
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Gerastmov—D>rell—Hearn sum rule
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Gerastmov—D>rell—Hearn sum rule
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GDH sum rule for the muon:

huge cancelation requires
measurements with incredible accuracy

r.h.s.: HVP starts at O(x2),
lGpH starts at O(X>)

l.h.s.: hadronic photo-production
cross section starts at O(x3)
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Hadronic vacuum polarization: 2 Data-driven
approaches based on dispersion theory

A) Standard Formula
B) Schwinger Sum Rule
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photon selfenergy

decay rate of a virtual timelike
photon tnto hadrons
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HVP: SCHWINGER SUM RULE A,
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Cross section of hadron production through timelike Compton scattering:
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Timelike Compton scattering cross section:
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HVP: SCHWINGER SUM RULE A,

HVP from the Schwinger sum rule with the cross section of hadron production
through timelike Compton scattering:
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for M,=0, we find K (0) =1/2, and therefore
the Schwinger term: 1@ = a/27

Schwinger sum rule can reproduces the HVP standard formula
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LIMITATIONS & ADVANTAGES
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Limitations of the standard approach:
Two-photon exchange corrections
QED radiative corrections

Advantages of the Schwinger sum rule:

Different mechanisms contribute and will be included in the
measured cross section (... of course there is no data yet!)

No adjustment of the Schwinger sum rule needed for 5
different mechanisms

No separation of radiative corrections necessary — as long B
as there are hadrons in the final state ‘Jf
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Muon spin structure functions measured in inelastic electron-muon scattering:

pe — ue + hadrons
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Hadron photo-productlon off the muon:

Y* (v, @) (a) timelike Compton scattering

(b) Primakoff effect

il

HLbL contribution to Compton scattering

nadvows
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HLbL is more complicated to calculate as it usually involves dispersion
relations for 3- and/or 4-point functions

Different Channels:
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Clear relation to observables with no assumptions required

Electromagnetic channels

Hadron photo-production channels
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HADRONIC LIGHT-

Hadron photo-production channel
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Electromagnetic channels

Lo

pseudo-scalar pole

NG

?ff LLL’ (rfr contribution

Other possible contributions

No doubly-virtual transition form factors
needed, only Fyy

Reduced number of loops
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Schwinger sum rule is an exact formula for data-driven evaluation

of hadronic contributions to the muon anomaly (both HVP and
HLbL)

Muon spin structure functions could in principle be measured in
inelastic electron-muon scattering (with polarized muons)

polarized electron-muon collider
fixed-target u-on-e scattering
Hadron photo-production contribution can be measured directly

HLbL contribution to the e.m. channels is easier to calculate than
the standard HLbL, because of less virtual photons involved (only

Fryy+is needed) and a reduced number of loops
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Example: tree-level QED Compton scattering cross section
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helicity difference photo-absorption cross section: orr = 1/2(01/2 — 03/2)

longitudinal-transverse photo-absorption cross section:
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TIME-LIKE CS & PHOTON DECAY _A,

deﬂS AV: virtual-photon
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