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QED IS SPECIAL IN A FINITE VOLUME
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QED IS SPECIAL IN A FINITE VOLUME
o5 = [ din [0, (x) - eQ Tw)y ()] 8 (As(a)
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QED IS SPECIAL IN A FINITE VOLUME

SOLUTION: ADD A UNIFORM BACKGROUND CHARGE/CURRENT DENSITY

LeED _ pQED YA, (]1/ N ju 4 bu)

REQUIRING/dV b’ = —e) RESTORES GAUSS'S LAW.




QED IS SPECIAL IN A FINITE VOLUME

HOW DO WE IMPLEMENT THIS?

LOPP — LD —p A,

REMOVE THE PHOTON
ZERO MODE
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D IS SPECIAL IN A FINITE VOLUME

COULOMB POTENTIAL OF A POINT CHARGE
WITHOUT THE UNIFORM CHARGE DENSITY

x-y plane



QE

D IS SPECIAL IN A FINITE VOLUME

COULOMB POTENTIAL OF A POINT CHARGE
WITH THE UNIFORM CHARGE DENSITY

x-y plane



PREVIOUS INVESTIGATIONS OF QED
FINITE-VOLUME EFFECTS ON MASSES

e VECTOR-DOMINANCE MODELS
e CHIRAL PERTURBATION THEORY

e SCALAR AND SPINOR QED

CURRENT WORK

e SYSTEMATICALLY INCLUDING COMPOSITENESS
CONTRIBUTIONS

1
e THE FIRST COMPLETE O(ﬁ) CALCULATION

e COMPLETELY GENERAL: APPLICABLE TO
HADRONS AND NUCLEI



A CLASSICAL EXAMPLE: CHARGED
SPHERE IN A FINITE VOLUME

SELF ENERGY
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A NON-RELATIVISTIC
- |

-FFECTIVE

LD THEORY APPROACH

HEAVY-FIELD FORMALISM
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COMPOSITE SPIN-O PARTICLES
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COMPOSITE SPIN-O PARTICLES

LEADING ORDER

NEXT-TO-LEADING ORDER
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VOLUME-DEPENDENCE OF KAON AND
PION MASSES




COMPOSITE SPIN-1/2 PARTICLES
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COMPOSITE SPIN-1/2 PARTICLES

NEW CONTRIBUTIONS:
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VOLUME-DEPENDENCE OF PROTON
AND NEUTRON MASSES




VOLUME-DEPENDENCE OF LIGHT
NUCLEI: DEUTERON AND HELIUM-4
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MAGNETIC MOMENT OF MUON

CF
NR—QEDX<\E> —> QED
RESULT
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Ippm PRECISION REQUIRES ~ (60 nm)* VOLUMES!!



WHY SHOULD WE CONTROL FINITE-VOLUME
EFFECTS IN SINGLE-HADRON SECTOR?

e MASS SPLITTING IN HADRONIC MULTIPLETS

() prediction

— expefiment
e QCD+QED

e HADRONIC CONTRIBUTIONS

TO MUON g — 2

:

j%jéi

e SINGLE-HADRON MATRIX ELEMENTS

I " 5
2N
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e MULTI-HADRON PROCESSES
WITH QED




e NREFT IS A SIMPLE AND GENERAL FORMALISM

TO STUDY FINITE-VOLUME QED EFFECTS.
CONCLUSION X ‘

AO,;\ A° A AO,A% A%
- , , : g
* ELIMINATION OF ZERO MODE GIVES RISE 7o 7o A} P

TO A SENSIBLE QED IN A FINITE VOLUME.

? e THE DIRECT EVALUATION OF MUON

MAGNETIC MOMENT TO REQUIRED
PRECISION REQUIRES UNFEASIBLY
LARGE VOLUMES.

a N )

e CHARGED PARTICLES ARE LARGELY AFFECTED
BY THE FINITE BOUNDARY OF THE VOLUME.

e NEUTRAL PARTICLES RECEIVE
CORRECTIONS TO THEIR MASSES DUE
TO THEIR MAGNETIC MOMENT (IF
ANY) AND THEIR POLARIZABILITIES.
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