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The Asia Pacific Center for Theoretical Physics (APCTP), the nation’s first and only international
research institute, was established in Korea in June 1996, with Professor C. N. Yang as its founding
President.

As an international non-govermmental organization, its current 19 member countries & regions
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science in the Asia Pacific region.

Roles : To create a basic research hub and to enhance global leadership capability To provide an
academic platform for theoretical physics community in the Asia Pacific region
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any sources?

e Conventional inflationary GWs are perhaps too small:
h<(L/H,')’x10°<10® & scalar: ¥~ 10~
¢

* h can be enhanced,
e.g. by another tensor t coupled to h

N Gorji & MS, 2302.14080
!/
Lint"'arHtU hij talk by Tomo Fujita yesterday

excitation in t = excitation in hij Mohammad Ali (Iman) Gorji
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https://inspirehep.net/authors/1275239

GWs=tidal force=tidal deformation

 GWs are frozen (static in our timescale)
= locally identical to scalar (Newtonian) tidal force

* The difference is its space-time dependence

N G

N
* different correlation functions reds/),ﬁ
2

- in linear theory, Newton 7=0
potential yA(t,x) is almost
constant in time: GWs propagate:

(W, (W, (t)) ~ time-indep <> (hi(t)h,(t)) ~ time-dep
~ Py (k) ~ Pp(t, t'; k)



Tidal force field

* metric perturbation tensor = GWs

ds? = —a®(n) ([1 + 2W (1, X)M;;E + {[1 — 29 (5, x)]di; + h?f(-;p._ X)}f.’f;i!'i{f;'i’.‘j)

* tidal force field scalar
5 REojo(n, x) = {@”(n. x) + 2H)V (1, %) + V2T (1, x)] ok
* dimensionless tidal force field tidal force
fij(n,x) = 452221;;),2 = sij (1, %) + tij(n, %)
51 (1:%) = ;M_ (u 0; — azjvz) U (1, ) ... scalar

1
) = RTTer [h‘;;(;;. %) F ?{(n}h;j(-;p. x)| - tensor

* tensor Fourier component

;_2

K
[Hj(n-k) 372 (1, k) J for k > H

H
for k = 1~100 Mpc?

=40~4000




L-R helicity (polarization) decomposition

* define * operation, R
X —> ij(ﬂ I"i) = (Ea'mnﬁm-}:nj T Ejmnﬂm}{m') 4@ —

then, L
hij(n. k) = [ i (k) Me(ry(m, K@

—>H'hl—j(?]. J= [ L }[k Vhpy(m

b | =

—>
€ij {k)h[f Uy XJ

N
K)Qey” (k)b (1, k}

except for the factor k, *op transformsR - R, L — —L

[ * can be used to detect parity violation (PV) in GWs ]




2-pt functions
(ho (0 ) (0, K)) = (27)%6(k + K) Poy (.1 k) A=R,L

h(n,k)h(n' X)) = 2m)°6(k + K') kx(n.7". k)P pery(n, 7, k)

P(R) (773 77’: k) - P(L) (779 77,7 k)
P(R—|—L) (777 77’; k)

xX(n,n', k) = . degree of PV

cosmological GW 2-pt fcns exhibit unique time-dependence

2
a

ol A e N ,
Py k) = oo omeoste(n = m)l Py (k) for kn > 1

[ How can we probe cosmological GW background?}

"%

Intrinsic Alignment of galaxies
N

(not apparent alignment by gravitational lensing)




Intrinsic Alignment of galaxies

 (scalar) tidal fields align galaxies

bKS%J

2;0; 1
51‘}(?}" X) — ( sz _ 3633) 5??1(7}?}{)

Van Waerbeke et al. astro-ph/0002500v2, ...

. * GWs also align galaxies

bGWt@J (777 )

k?
3—%2}1@;}(?7: k)

TNG Simulations image modified by Taruya-Okumura Schmidt, Pajer & Zaldarriaga, 1312.5616
Akitsu, Li & Okumura, 2209.06226

GW
Yij

tij (_”: k) —




Projected tidal force field in 3D

* Observable = projected tidal field 4
-
O
basis perpendicular ton line of sight 2

projection tensor: P’ = §' — n'n,,

* Projected field in 3D

fap = Pj’lP]f; Jij (A, B=1,2) oty =

1
ng = faB — ifcc
C trace part is difficult to detect
* Projected (traceless) tidal force field

T T 4 T
faB = S4B AB
' N How can we extract tensor part?
scalar tensor
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extracting PVGW components

e conventional method: E/B decomposition

) — . B Global Parity g
E-mode = scalar + tensor £ _

B-mode = tensor

— non-zero <B?> = GW
non-zero <E-B>=PVGW

....

E/B modes: defined globally

Principal ® Polarization
https://background.uchicago.edu/~whu/index.html

* new “local” method (complimentary to E/B method)

Xi(nx)=0"Xpa(n,x), |"XA(n,x) = "0pX5a(n,x)

A

X7 (1.%) = 04X (,%) = PCOM0,XE

---free from scalar components

11



2-pt functions of projected tidal fields

 2-ptfcns in terms of GW amplitude h

4 1.2 )
tij(n, k) = 372 hij(n, k)
k> ]2
0 ta= 3H2hA, “ta=grstha, Oa*hA =*hT
\_ vh rot h div-roth
2 6
N0 0 50) = Gy | OO k.0
x1 T A T/ 1 ! a(Q) k4dk
(BT x) W0 ) = = [ S PRI kA 0
# 0 if APV
I'xy (kr, kAn,0) --- “Overlap Reduction Function” for < XY >
X - x’

r=|x—-x'|, Ap=n—1n", cosf = ,
|x[[x’|

[ The above 2-pt functions can be obtained by local operations ]
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ORFs for <*h*h> and <*h h>
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PV signal vanishes in the limit (8, kAn) = (0, 0)
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ORFs for scalar and tensor
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* In principle it’s possible to distinguish tensor from scalar
contributions by template matching applied to the data.



Summary

Taking the divergence and the curl of the projected tidal
field £ : V-V x f, allows us to extract GW signals
locally, free from scalar (gravitational potential) tidal
force field.

Taking the cross-correlation between the divergence and
thecurlof f: (Vf -V x f), we can extract PVGW
signals.

Our method is complimentary to the E/B-method, as it
can extract GWs locally, in principle.

Projection of the signal-to-noise ratio is left for future
work.

15



Appendix: Relation to E/B-modes

e Fourier modes n y
A
1 1+ p? A
h(E) = hABe?E% — \/5 9 k(h(R) +h(L)), - 7. QQ
AB 1 @
h(B) = hape(p) = \ﬁuk(h(m — hy)- “=
)
® _ 1 .. N m® L =
GAB T —2 (:L‘ASCB _yAyB): BAB = _2 (.fCAyB —|—yA£BB)
_k-n
Hle ="~

....................................

* Power spectra
1 1
Pep(n,n' k) = (1+1)*(Pr) + Prry) = (14 m)"Paln, ', k),

1 1
PBB(T]: 77’7 k) = ZM%(P(R) + P(L)) = Zﬂiph(na 77,:' k)?
1 )
Pep(n 11, k) = 2 (1 + 1) (Pr) — Pry) = (1 + p)x (k) Pa(n, ', k)
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