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MOTIVATION

= Mass Hierarchy
= Absolute mass scale
* Dirac/Majorana

FH (Am?* <0)

NFH (Am* > 0)
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MOTIVATION
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B

JaJ
M(q) = e’QAQB Aq2 L
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QED COULOMB POTENTIAL

J —
momentum > position

A

JaJ
M(q) = e’QAQB AQQ L
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QED COULOMB POTENTIAL

F —
momentum > position

A

e’ QaQB
V(r) =

AT r

B

M(q) = e*QaQB JA"JB Photon is massless — range is oo

q2
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QED COULOMB POTENTIAL

v —
momentum > position
A
e’ QaQn
Vi(r) =
ATt 7
B
JaJB - tring .
M(q) = e*QaQB k SNep,, 'S — range is o0
q2 fhass/eSS Of/l/
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ALREADY ON THE LITERATURE...

Gy 1
V(r) =
y Z 87’('3 o
e e — Only ee — ee scattering considered

— SM: massless neutrinos
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ALREADY ON THE LITERATURE...

Hsu, Sikivie, arXiv:hep-ph/9211301

G4 1
m ® V(e = 3 .5 I
ISMI se d .
f f — Only ee — ee scattering considered
— SM: massless neutrinos
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LONG-RANGE WEAK INTERACTION

L/
r
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LONG-RANGE WEAK INTERACTION

G2
A 2
% 24 — N 2N | —
(1) = o5 [(27 - N)? +2N7]
A

y A and B are anything

Z = # protons = # electrons

B N = # neutrons
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LONG-RANGE WEAK INTERACTION

G2
A 2
% 24 — N 2N | —
(1) = o5 [(27 - N)? +2N7]
A

y A and B are anything

Z = # protons = # electrons

B N = # neutrons

Massless Neutrinos
Low-energy limit

Coherent limit

Dispersion Relation
S—matrix Unitarity
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THE WEAK CHARGES OF MATTER

Vi(r) = % (2Z — N)*+2N?| —
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THE WEAK CHARGES OF MATTER

mn~ 24 + N
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THE WEAK CHARGES OF MATTER (CONT’D)

_ G

V(T)_8?

m~ 7 + N The mter-actlon of -two atoms of the-same stable
element is determined by the couplings
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FINAL REMARKS

v' Interesting ranges

Ymin ~ 1 NM
T'max m;l ~ (01 eV)_l ~ 1Mm
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backup
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DISPERSION RELATION

Im{t] 1 (2')

13 | (2

N Cauchy Formula: f(z) = — | d2 /
21t Jo z' — 2

Physical Region:
=1 =1p

My <t < 4m;

1 ., Im{M(t)]

dt - Short Range
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UNITARITY
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LOW-ENERGY LIMIT

4 sin? Oy
1
1 + 4sin? Oy
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COHERENT CONTRIBUTION

Molecular matrix element

Ju(x) = G (A &) yue(a) |A) — g5 (A &) yuse() | A)

@ Scalar, 7v”: number operator, e'e.

COHERENT

@ Pseudo-scalar, v“~5: matrix element ~ G/ M.
INCOHERENT, RELATIVISTIC

@ Polar vector, 4: matrix element ~ ¢/ M.
RELATIVISTIC

@ Axial vector, Yv5: matrix element ~ 7.

INCOHERENT

0

~€ _iqT
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