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Outline

 What are “Continuous” Spin Particles (CSPs)?
o Gravitational Wave (GW) Observable: Strain

e CSP corrections to the Strain



What is a “Continuous” Spin
Particle (CSP)?




“Continuous” Spin Particle (CSP)
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\  Not “continuous” — just a bad name
=
3 * An infinite tower of discrete helicity states

* Helicity states are not Boost invariant




CSP states mix under boosts

» ) — Boost factor
@ — Angular frequency

* p — Spin-scale
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Standard Model massless
particles are a of the
more general CSP




CSP Field and Interactions

 Free CSP Theory is a gauge theory = Allowed current must satisfy a
continuity condition

e Currents were found for scalar and vector interactions in: ArXiv —
2303.04816

The Interactions demonstrated —
e usual physics at high energies (UV) — large ® =— small mixing

* significant deviation at low energies (IR) — small @ — large mixing

Question: What about tensor currents?



Aim of this talk — Explore the
of a spin-2 CSP,

a generalization of linearized
Einstein Gravity




Gravitational Wave Observable:
Strain



The Gravitational Strain
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 This is the “+” polarization state for a

GW propagating along the z-axis
. propagating O
v . Relafcive stretchi_ng and shrinking along

X-axIs, and y-axis

e Light bouncing between mirrors — the

N

path length is sensitive to the
background GW

— —
g = M — 5_L _ ﬂ _,The strain — sensitive to the
GW Y =
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Worldline Formalism

Worldline — path traced out by a particle — y*(7)

|
Described by the action: S = N [dT (}'/’“‘(T)}'/”(T)’”IW)

Gravitational effects — promote 77, — g/w(x)

Assume weak gravity — g, (x) =17, + Z h(a)h(“)(x) h, | < 1

a=-+,X

The current — JH(x) = %de (}7”(7)}7”(@5(4) (X — }’(T)))
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Extracting the Strain

N* (0, 0,0) M,> U'JOIOB
¢

 EoM is a differential equation — need to fix
boundary conditions — match the
geodesics for the massless photon and

®

* The difference proper time at mirror 1
between the photon being emitted, and

absorbing the reflected photon is 1wy
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CSP Corrections to the Strain



Worldline Formalism With CSP

Assume weak gravity — g, (x) =1, + Z h(a)h(“)(x) h,| < 1

a=—+.,Xx

The mode expansion for h/%) contains terms
INn a way that

The current — JH¥(x) = [df yH(o)y(n) + O (ﬁ> 5 (x — 7’(7))

),

This Is a tensor generalization of the vector and scalar currents computed in —
ArXiv: 2303.04816
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CSP Strain

e p/lw — 0 = the GR strain
» Significant deviations for p # 0

e p/lw — 00 = strain vanishes

P
w
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Deviation In strain — effect is no longer purely guadrupolar
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Key points:
® EXxpect usual physics at high
energies
® EXxpect significant deviation at
low energies




Outlook



Outlook

 Can compute the production mechanism in simple cases — additional effects at
(PP
0,
* Treated the photon as a scalar — potential spin dependent effects?

 PTA measures a SGWB, which are at very large wavelengths — maybe pick up
CSP effects there?
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Conclusion

Key take aways —

 CSPs are the massless

particle

e Gravitational strain shows significant
deformation in the IR and recover usual

physics In the UV




