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The SM and fundamental forces

1. Gravity
graviton: MY UL | UR A
2. Electromagnetic force YW d, |  dr TR
photon: AAAAAN
3. Weak force AN




Fundamental long-range forces

Long-range forces in spin-27 Gravity
spin-17 Photon
spin-07

Allan Franklin
Ephraim Fischbach

The Rise and Fall
Search for long-range Yukawa forces? of the Fifth Force

Discovery, Pursuit,

. nOt new ... and Justification in Modern Physics
Second Edition



Progress still going on ...

Torsion-balance tests of Equivalence Principle
Lunar Laser-Ranging (LLR) technology

Long-range forces in neutrino oscillation
And, of course, LIGO/VIRGO ...
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Progress still going on ...
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Lunar Laser-Ranging (LLR) technology

Long-range forces in neutrino oscillation
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Progress still going on ...

Torsion-balance tests of Equivalence Principle
Lunar Laser-Ranging (LLR) technology

Long-range forces in neutrino oscillation
And, of course, LIGO/VIRGO ...

Wavelength A [km)]

s 10 108 106 10% 102

10-1! 1 NI 1 1 1 e

{0

11

{ 0 )

N

p fnary pt & Al

Csrav 1t 1 - ipole radiatio '1_1 : .'". lr
= : : ‘ )
1 . ) 4 NS-NS merger L
Gravity ] dipole radiation)t ¥, AN
> + - ’L - ] SN W
X -7 e e e e e e S = == == == == o s 1 [T ;
-— \ ) ] ~os T
- T = R, W o — O
l ) L e e g u i
) ' ) L - Ep B \':‘\ it /!
X = NS. BH, WD, Star N Y\' e AL : ﬁl-h BH merger \\, <./ pd

\It - 1 —— optimistie p-fraction (dipole radiation " g 3
/F’\ E pessimisitic g-fraction = I:
10 .

¥R o L | 3 LRl Wi | “I'""I 2 bt J "‘."""T LB B L L, | "'”"“1 e,
10~22 10~™ 1018 10716 1 10~% 1=
Vector boson mass my [eV]




Experimental bounds:
L., 107% 107 10720, .




How weak do you expect the new force to be?

An answer from vg-philic scalar:

e~ CER 10 (1072, ~ S5 1 0 (1071)




The new dark force from
LD VRVRgb

does not couple to normal matter directly.
But, ...

4 Cou,d




Why -& Talz My, mye !

Because of
chirality flipping mp




Why -SE-m,m,? Seesaw formula:
T o My, My ! A
m, = mp /Mg
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In normal matter, ¢ only couples to electrons
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In neutron stars, we can probe the muonic force because
() (m,, /me)2 Fe) > ple)
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What if the dark force is mediated by a vector?

LD VRVROD — LD WZ/VR
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vr-philic dark photon in future experiments

r ~1
_9t
3T BaBar i’ m u

-
-
-

_______________

1-5
—8p—— /TN SHIP 1
______ ' Y —— U(1)R breaking scale: mp
‘6\,0:, ——— U(1)g breaking scale: Mp =mp/sinf -7
—10 % 1 1 1 |
—2 —1 0 1 2 3

log,, mz/GeV




Summary
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Seesaw formula:

= mp/Mp

W/’l)/ thic result ?
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