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Anomalous magnetic 219
moment of leptons

« Known with a precision of
sub-part per billions

* Less influenced by
G new physics effects

 Value of the fine-
structure constant «a

Giudice, G. F. at al., "Testing new physics with the
electron g— 2." JHEP, 2012.



Anomalous magnetic 219
moment of leptons

« Known with a precision of
sub-part per billions

* Less influenced by
new physics effects

Now a can be measured
very precisely with atomic
physics experiments

 Value of the fine-
structure constant «a

Giudice, G. F. at al., "Testing new physics with the
electron g— 2." JHEP, 2012.
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moment of leptons

« Known with a precision of sub part per
million

w « More influenced by new physics effects

 Nowadays ~ 3,5 o between
experimental value and theorefical
predictions

T. Blum et al., “The Muon (g-2) Theory Value: Present
and Future”, 2013.
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Anomalous magnetic M
moment of leptons

 The most influenced by new
physics effects

« Very short lifetime: difficult to
measure

Eidelman, S., et al., "Theory of the 1 lepton anomalous
magnetic moment." Modern Physics Letters A, 2007.
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Anomalous magnetic
moment

Exact finite order
calculation



5/19

Anomalous magnetic
moment
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Anomalous magnetic
moment

Exaci finife order Soft Approximations
cciculation

Why?¢

Exponentiation Gauge-set cancellation



Gauge sefts

SO

P. Cvitanovic, “QFT and its discontents, a blog," 2018.




Soft IImit: how does It work?e 719

P1 p2’7

f (277)‘1

p1-k p2-k k2

—-63[L3E

v (o~ K+m)v (Ph—K+m).

Jj(QW)d

[(p1—k)?

—mZFin][(pz—F)Z—mZFin] [ +in]

Ephv*

2p1-k p2-k k?

bk

" 2p1-kpa-k k2
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approximation

Eikonal approximation
and Dirac Equation

Pvl p#n
(p- Kl) (p-Kn)

Mt (p, ki) = Mo(p)

Sterman, George. "Partons, Factorization and
Resummation, TASI?S." arXiv preprint hep-
ph/9606312 (1996).



Sum over permutations /17

* Physical quantity of the emitted photons

&
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» Eikonal [dentity
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1. Elkonal Feynman rule

Factorization

2. Define a subset of Feynman diagrams
generating the full eikonal amplitude

Exponentiation
M= Mpexp > G
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. * Spin dependent
Next-to-Elkonal

approximation .
e Remainder term

Exponentiation

M = Myexp Mgk + Mng] (1 4+ M.,)+ O(NNE)

Laenen, E., Magnea, L., Stavenga, G., & White, C. D.
(2011). “Next-to-eikonal corrections to soft gluon radiation:
a diagrammatic approach.” JHEP, 2011(1), 141.
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Q
af‘one loop — 91

Peskin, M. E. (2018). An introduction to quantum field theory. CRC Press.
Schwinger, J. (1948). On quantum-electrodynamics and the magnetic
moment of the electron. Physical Review, 73(4), 416.
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Where does it
come from@e

af‘one loop —

Peskin, M. E. (2018). An introduction to quantum field theory. CRC Press.
Schwinger, J. (1948). On quantum-electrodynamics and the magnetic
moment of the electron. Physical Review, 73(4), 416.



Analytical one-loop 13/19
calculation
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Which of these
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NO
contribution

Only term with one or two
powers of kK at numerator give
conftributions to the anomaly

CH4

q |

14/19

CHY

2TT

04

2TT

Eikonal approximation does not
suffice to obtain information
about g — 2
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One loop In the soft Imit

At NNE order | can

Massless case reconstruct the
whole form factor

What happens if |
put The massese
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One loop In the soft Imit

Only terms with at least one power of k#* af
numerator conftribute at the anomalous
magnetic moment

| compute the conftribution from the
NE and the NNE terms



Next-to-Elkonal order VI

kg ek
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Next-to-Elkonal order VI
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o
| have to calculate a m =
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Next-to-Elkonal order VI
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Next-to-Next-to-Elkonal 1T
order
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order
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Next-to-Next-to-Elkonal 18719
order

ki kg
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vy 9/2 g 9/2% —(1—¢) 'k ok
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On going



Beyond one loop 19119

: .o"go,-
« What happens inside g
each gauge sete

S " b « Can we see and
OME (U understand the

fo be answeread cancellation?

 Can this method be
generalized to all orderse












Glance beyond one loop

mp1-p2 (k] +k5)
(2m)2 (27)9 po-kq pa-ko p1-k1 p1-ka k2 k3
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(2m)d (2m)9 pa-k1 pa-ko p1-k1 p1-ka k3 k3
















