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|Classical vs Quantum Forces

* Single mediator exchange * Pair mediator exchange
e Linear:Yyy Y=vy,0,7Z... e Quadratic: Y2_)( Y=0¢,y,u,..
p1 P p1 P
I S—— —_———»
X X X PN X
' / \
Y I g Y\ )Y
| \ /
X | X X N7 X
%%, P P2 P
d’ r1 Yy
Vir) = - J e g (q) ~ “ (my — 0)
(27x)3 ro >, Yy
¢ v vy

® Chinhsan Sieng Cornell University 2




STRONGLY COUPLED QUANTUM FORCES - arXiv:2512.05968 03/10

MOTIVATION

'Why care about quantum forces?

Example: Neutrino Force - Unavoidable prediction of the SM

T — T
¢ Particle Threshold .
Measurements SClenceNeWS ALL TOPICS v HEALTH HUMANSv LIFEv EARTHv PHYSICSv SPACEv
- SLACE1I8 [ 1  [NDEPENDENTJOURNALISM SINCE 1921
0.240 -
3 Qe 1 N\ Cnews R
'5: k APV - ¢ & ]
& o | AN : A strange ‘neutrino force
™~ 0235 .'- e ] ®
c : DI ; helped heal a crack in particle
3 LEPI F hysics
s Tevatron FLIC ] p y
0.230 ™~ SLC > Neutrinos and other particles can produce a subtle force, relevant for precise
: - . measuremen t
0225 bl il il il il il il m
10~ 10~ 10% 1071 1 10% 102 103 10°

" it's a bigger effect than anybody had guessed, "
" the tension disappeared completely. "

Affects APV - help resolve tension in measurement of Weinberg angle

2512.07938, 2602.22466
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STRONGLY COUPLED QUANTUM FORCES - arXiv:2512.05968 04/10

MECHANISM

'How are forces generated?
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Quantum force arises from {(¢*)
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UPLED QUANTUM FORCES - arXiv:2512.05968

METHOD

|Computing (p?) : Step 1
Solve for general ¢ classically
(62 + mg + l()?)()) ¢ =0
? A

: L n,: source density  A~!: coupling strength
Spherical Basis: X
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Classically u,(r - 00) =0 = u_, = 0!
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STRONGLY COUPLED QUANTUM FORCES - arXiv:2512.05968 06/10

METHOD

|Computing (p?) : Step 2

Quantize the mediator ¢

Zero mean field

(¢(x)) =0

Why? | (), ()| = i3 — 1)
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Nonzero fluctuations
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|Computing (p?) : Step 3

Compute A{¢p*)
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STRONGLY COUPLED QUANTUM FORCES - arXiv:2512.05968 08/10

FORM FACTOR

'Results
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|Screening — Strong Coupling
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TAKEAWAYS

|Conclusion

Potential = Feynman Diagram Potential X Form Factor

- Factorizable in the IR limit

Non-perturbative theory with g, >> 1in vacuum

and

Perturbative theory with gy << 1 in dense environments

Thank you.
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