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Large-scale structure and GWs

. At 1st order, the density contrast is not affected by GWs.

. 2nd order density field induced by the coupling between GWs and

scalar tidal fields:
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. Anything affected by GWs
at 1st order?
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» Galaxy/Halo shapes!
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Intrinsic alignment (IA) of shapes

. Tidal fields tend to allgn galaXIGS/haIOS Catelan+00, Hirata, Seljak04, see also Kurita+20
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. Linear alignment model:
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. Schmidt+14 proposed that GWs also align galaxies/halos.
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. Do GWs really induce the IA? If so, how much?



Separate universe simulation

. Long-wavelength perturbations can be absorbed into the background
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Tidal separate universe sims with GWs

. Long-wavelength GWs are locally seen as (almost) uniform tidal fields
Schmidt+14, Dai+15
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. Evolution of local anisotropic scale factors ar,; = ag(l+ A;)
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Anisotropic scale factor

» depends on wavenumber of GWs |

cf. neutrino separate universe simulations in Chiang+18 .
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Power spectrum response from GWs
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Growth tidal response 2a(ky; kg) at z = 2
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Comparison of power spectrum responses
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. Similar trend to scalar case
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GWs induce the alignment of shapes!

. vij (M) = b (kp; M)hij(kr; m0)

> measured as a response of the mean halo shape to GWs: b =

0vij
((Nlij

. The mass dependence i1s similar to that of scaler tidal field case

- (kp; M) at z = 0.5
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Scale-dependent shape bias from GWs

+ vij (M) = bl (kr; M)hij(kr; 7o)
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> Schmidt+14's ansatz:
7 —0.02r
b (ki M) = bie (M) Ja(kr; 7)
= —0.04f
. Surprisingly(?), the simple £
ansatz works well! = —0.067
. For scalar perturbations, —0.08
b7 (M) 1S constant.
—0.10%=
0;0,;

0

Yij (M) = b (M) =3

1.0 x 10MMoh™t < My, < 2.15 x 10M4Moh™tat 2 = 0.5

i

b5 (M)a(kr, a) [not a fit]

tidal SU simulation

{

———




Scale-dependent shape bias from GWs

i (M) = bl (ks M)hi (ks o) ansatz: b (ks M) = bic(M) - a(ky;7)

» The ansatz seems to work well for all mass range.
b (kp; M) /b5-(M) at z = 0.5
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Observational prospects

. For the standard scenario, the shape noise iIs dominant for the B-

mode auto POWET. 1.0 x 10MMoh™! < My, < 2,15 x 10MMoh~t at 2 =

> but can put the upper limit on GWs
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Summary

. Effect of long-wavelength GWs on LSS can be investigated by tidal
separate universe simulations

. The shape bias induced by GWs is scale-dependent.

> This scale-dependence is In agreement with that of 2nd order density
iInduced by the coupling between GWs and scalar perturbations

. Future works
> the physical explanation for the simple ansatz
> Improving the quadratic estimator from the density for GWs?

> other possible observables



