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Motivation

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

S A

HVP is calculated with a data-driven dispersive approach:

o
HVP _ @ ds had 2
» = — — Im I1"*“(s) K(s/m*)
| 718 4m721- S
l
had o S * . F. Jegerlehner, Springer Tracts Mod. Phys. 274 (2017).
Im H (8) o 47‘(‘@ g (’}/ 7 anythlng) M. Davier, Nucl. Part. Phys. Proc. 287-288, 70 (2017)

HLbL is not as simple, data-driven, systematic

Schwinger’s sum rule is an exact dispersive formula which treats HVP and
HLbL (and everything else) in the same way.
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Schwinger Sum Rule

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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Spin structure functions
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Spin-dependent forward doubly-virtual Compton scattering;
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Optical theorem:
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Origin
Sum rules are model-independent relations based on
general principles of:

 Analyticity/causality (dispersion relations), 7 ¢

* unitarity (optical theorem)

* crossing symmetry .

Examples of sum rules include:

2 o0 ,

m o o Burkhardt—Cottingha !

(14 50)3 = = du[ LT TT] wrkhar ottingham 0 9o, Q%) = 0
T, Q V| g2—g sum rule (1970) 0
2 m? [ 1y orr (V) Gerasimov—Dprell—Hearn

T2y " U sum rule (1:366)
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Reproducing the leading QED result

2 o0 2
. m O U,
= Schwinger sum rule: = —— [ dv [ Lr (v, ¢ )]

T Vo Q Q2=0

» Input: longitudinal-transverse photo-absorption cross section

tree-level RED
Compton scattering
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Hadronic Contributions:
4 channels to order @3
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Reproducing the HVP formula

IL‘ a2 = M2 + crossed diagram
i X

Cross section of hadron production through timelike Compton scattering:

1 [ dM?
factorizes as: o(yp — puX) = — 2X o(yu — vy ) Im Hx(Mi)
T Jam2 M T T

timellke  virtua L-photon

Compton scattering  decay into hadrons

Timelike Compton scattering cross section:

YH—=Y" 2 2
OpT (v, Q%) _ T 2 2 2 2 B+ A
[ 0 ] —2m2yg[—(5s+m + M)A+ (s + 2m —2MX)logB_>\}
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5:(8+m2—M)2<)/28 s =m?+ 2mv
A= (1/2s5)y/[s — (m+ Mx)?] [s — (m — Mx)?]
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HVP from Schwinger sum rule

4m2
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for M,=0, we find K (0) =1/2, and therefore
the Schwinger term: 1@ = a/27

reproduces the HVP standard formula

o0 d 1 2 1 —
%HVP:% SImHhad( )/ d . 2= ( ) .
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Liaht-bu-Liaht contributions | )

I. Hadron photo-production channels \

-
+ ré% (pseudo-)scalar
contribution
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Electromagnetic channels
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Paseudo-scalar contribution in full glory
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No doubly-virtual transition form factors needed,
if hadronic channels are measured

T
Q- =

Pseudoscalar meson coupling to leptons.
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Feasibility of measurement at COMPASS
as part of MUonE ?

cf. The Workshop on

Evaluation of the Leading Hadronic Contribution
to the Muon Anomalous Magnetic Moment
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Possible refinements of the HVP
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Summary and Conclusions

. Schwinger sum rule — dispersive formula applying equally to
HVP and HLbL

2. Reproduces (d/2m and HVP formula:

/;\?-ﬂi’:hv L
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HvP mn

aﬂ -0(—T Sivfd-“: K'LT \X/A — X:/“ \ r<\(:-—‘7 Inacl.v-oh.s)
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(

3. Splits contributions into hadron production and e.m. (LbL) channels
X

<
o-ol. ol
T — /H-\,\whvns % hochreres % hodrons measurable

A % 7z )

Mo ’\«
X = Yo f :i X o Y 4u @C’ calculable by lattice

4. Near future:

evaluate the PS contribution by plenary meeting in Mainz

ladimir Pascalutsa — Hadronic Contributions via Schwinger sum rule — HLbL Workshop — UConn— Mar 14, 2018



Backup slides
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The Cross section oyt

Example: tree-level QED Compton scattering cross section

MT/ N, //M)\”)\”)\ A d3 !
_ 4 ¢(4) _m. YALATAL YTRTTTH Pa
dO_XyAL)WAM — (27’(’) 5 (pf pz) Z 41 H (277)32E/ )

/7 /7
a
RV

with conserved helicity: H=41"-1",=4,-4,
Ay A" A A’y
R

helicity difference photo-absorption cross section: | orr = 1/2(01/2 — 03/2)

2

longitudinal-transverse photo-absorption cross section:
v (A,=0) + u(A=-1/2) = y(1,=1) + p(}',=1/2)

Ay=0 /-I\ Ay=1
H‘@’Mﬂm
Ay=-1/2 I Ay=1/2
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TIME-LIKE CS & PHOTON DECAY _A,.

dfoﬂs AY: virtual-photon
decay vertex ¢

ho
1 -
L d3k d3p/ AT“A Puv ,
77\‘ A’ 7O / /HQEk (2)3 / /(27T)3‘[( 72)2 ] Z’“ )0 (p+a—p —d)
P P’ / ) T

R = -Q2 tnitial flux factor phase space of the Puv: squareo matrix
R=(pg)2-p2 g2 final state element of timelike CS

+ crossed diagram

Virtual-photon decay width into hadronic state X:
7 2Ek 27r3 2B, 0 T
1

= — (¢"%g" — ¢"*q"")ImIIx (¢'?)

/2
: ¢

m Mx: contribution of state X to the VP

. . / ImHX( )
Combine into: X) = d* ’/ 54 -
o(ypu — puX) 25, 27r e p+q—p —q)

. , , 1 [ dM3
Final factorized cross section: o(yp — pX) = — QX
‘ T Jam2 My

o(yp — v p) Im I x (M%)
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