Probing Ultralight Dark Matter
with Laser Interferometers in Space

TANG, Yong 53 &

University of Chinese Academy of Sciences

NPhiS 2026
Nanjing, 2026.5.15-19



Contents

Introduction
GW Laser Interferometers in Space

Direct Effects of Dark Matter
Sensitivity and Prospects

Summary

S



Evidence for Dark Matter

. -~

TICELE, >~ Rotation curve

| Gravitational lensing
Bullet cluster
Large-scale structure
Anisotropy of CMB

YV V VYV V



ence for Dark Matter

stars+gas

NGC3198 |
| | | | |

20 30 40
r [kpc]

68.3% Dark
Energy

26.8% Dark
Matter

4.9% Ordinary
Matter



Weakly Interacting Massive Particle (WIMP)

> Theories: supersymmetry, extra dimensions, =
> Direct, indirect and collider searches

> Impressive progress
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More Motivations

» Standard model is not complete
» Dark Matter and Dark Energy

» Neutrino mass | |
» Matter-Antimatter asymmetry

» Theoretical Problems
» Strong CP problem
» Hierarchy problem
» Fermion mass hierarchy

> Unification of forces




Dark Matter Candidates

> Primordial black holes » Weakly-Interacting DM
> Super heavy particles » Strongly-interacting DM
» Asymmetric DM » Sterile neutrino

» Hidden sector DM
> Self-Interacting DM -+

Wave-like Particle-like | Macroscopic I
| I I —>DM Mass
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Since we do not know what DM is, we may explore as much as we can!
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GW Laser Interferometers in Space
> LISA, Taiji, TianQin, LISAmax, Astrod-GW, pAres, DECIGO, BBO,:

Quantum fluctuations in early universe
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Time-Delay Interferometry

Review by Tinto & Dhurandhar 2021

» There are multiple combinations

» Michelson channels

X(t) = (myga2r +Muger + M3z + M) — (M3:2r373 + N1regra + N2es + M),
Y(t) = (3138 + Moz + Mgy +027) — Muegrarn + Marars + 0302 +M2),
Z(t) = (Mro1rr T M1 + Mo +13) — (Maaarare + N3nra + Mz +13).

» Sagnac channels

a(t) = (maiar2r + N3 +M1) — (M3:18 + M2:3 + 1),

B(t) = (m3.2rsr + Mg +n20) — (M:21 + M3:1 +102),

Y(t) = (Mingrar + N1 +030) — (N2:32 + M2 +13) -

» (¢ channel

C(t) — (nli:ll + 772!:21 + 773!:3’) — (771:]_ + n2:2 + 773:3) . . clockwise paths counter-clockwise paths :

TDIZ

9 Credit: Otto 2015



Signal Response

» Gravitational wave can change the structure of spacetime, and the

physical distance between objects

L—- L+ AL
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AL x Lxh

> h~AL/L~10"12m/10°m~10"21

» One can measure the length/phase by laser
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GW waveforms (time and frequency)
T~10%s 4 f~1mHz
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GW sources and waveforms
LISA, 2402.07571
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Main Noises

» Laser frequency noise

> The laser is not perfectly monochromatic, its frequency fluctuates.

> Need dedicated data analysis - Time-Delay Interferometry

» Secondary noises

> Acceleration noise of test mass, Sgce~10"1°m/s?

> Residual charges, self-gravity,

> Optical metrology noise, Syms~1071?m

» Shot noise, relative intensity noise,

LISA Taiji Tiangin BBO DECIGO
L (10° m) 2.5 3 0.17 0.05 1x107?
Sace (10~ -15 Hl/Sz) 3 3 1 3x 1072 4x107*
Soms (1072 ) 15 8 1 14x107° 2% 107 Barke 2015



Possible Effects from Dark Matter

> Direct - Interact with the detector directly

> Induce additional motion of test mass
el L L+AL {e

+—Pp +“—>

» Change the size of test mass, etc

» Modify the propagation of laser light
Refs. Pierce, Riles & Zhao 2018, Grote & Stadnik 2019, Morisaki & Suyama 2019, ......

> Indirect - Affect the messengers that interact with the detector

%1022

> Modify the GW from astrophysical sources s

» Cosmological phase transition

» As new GW sources, PBHSs, -

Refs. Eda, Itoh, Kuroyanagi & Silk 2013, Yue, Han, Chen 2017, :
Bertone et al 2020, Cardoso et al 2022, Gong et al, %

Kadota, Kim, Ko, Yang, ...... , , . . , .
9 7.0895 7.0900 7.0905 7.0910 7.0915 7.092

14 x10°
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Possible Effects from Dark Matter

> Direct - Interact with the detector directly

> Induce additional motion of test mass
el L L+AL {e

» Change the size of test mass, etc

» Modify the propagation of laser light
Refs. Pierce, Riles & Zhao 2018, Grote & Stadnik 2019, Morisaki & Suyama 2019, ......

> Indirect - Affect the messengers that interact with the detector

%1022

> Modify the GW from astrophysical sources
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Refs. Eda, Itoh, Kuroyanagi & Silk 2013, Yue, Han, Chen 2017, {1 |
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Ultralight/Wave Dark Matter
» Mass < 1 eV, QCD axion, ALP, Dark Photon, -

» A phenomenological approach

1 1 )
» Scalar £= 58“@1@ - §m<2p¢2 - CM—pOSM’

> Light dilaton, sz = -2 |- %53 pa paw = ™ (a4, 4 0 dy) madits
S Mp | 293 M Z._Zu;d( iy e Damour & Donoghue 2010
> ALP, — %aﬁ'ﬁyﬁuu,
1 1
» Vector £ = e imiA”A,, el

> Baryon number, B-L, Dark U(1), -

» Production Mechanism — viable DM candidate

scalar: misalignment, -
vector: Graham, Mardon & Rajendran 2015, Ema, Nakayama &Tang 2019, Kolb & Long 2024

16 Wang, Tang & Wu 2023, -



Wave Dark Matter Background

Foster, Rodd, Safdi 2018
» Number density Is very large, behaves as classical wave

B(z) = Z v 2p/N ilt—kex+0,). k= mt,w=2rf ~m, v~ 107,
m ™m
v ~ 2.4 X H
at a specific point ~ monochromatic within 7. d (10_176V) e
> lllustration for two components
cos(wit + ki - x 4 01) + cos(wat + ko - x + 63) Coherent time
1 : 1
= 2cos 5[(&)1—wg)t+(k1—k2)'X+91—92_ Te N —-—
1 :
Ccos 5[(w1 + wo)t + (k1 + ko) - x + 01 + 65 Coherent length
0 1
22cos[%t—|—k3-x—l—ﬁg]cos[wt—l—k-x—l—a AC ~ mo

17 Yue-Hui Yao, YT, 2404.01494



Wave Dark Matter Background

Foster, Rodd, Safdi 2018
» Number density Is very large, behaves as classical wave

a(z) = 3 V2PN itaexion) k=mv,w=2rf~m,v~10°
m ’ m
. ) v ) ) . f ~ 2.4 X (T) mHZ
at a specific point ~ monochromatic within z.. 10~*eV

2 10~17 e 10~V
)\C:—ﬂzl.24><1011>< ( 0 eV)km, .= =<~ 4 x 10% x (—e)s,

muv m v m
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18 Yue-Hui Yao, YT, 2404.01494  z/X. t/r.



Physical Effects

> Plane wave within T, ¢ (t, ) = ¢pe@F#+0)

1 1
> Scalar ¢, £= iﬁ“gbﬁugb — iméqf — CiOSMa

Mp
» Interaction depending on the underlying theory, e.g. y /
CMiPmlpEw = My, — (1 + C%) My, ol — —fm((b)\/—nwd:c#de. / l

» Additional oscillation around geodesic
621 (t, 7) = Mie™e =D M oc gl k| /m?
1

1 — — . I =
> VeCtor £ _ZFMVFMJ/ = §m2AAVAv - EDBJ}_VJAJ/; A(t, f) = |A|éAe%(wt—k.x)’

0z (t, %) = /\/lvéi‘eiml“(t_”];'f),/\/lv X eDqu,j\Z\/mAMj

» Axion — laser propagation
19




Ultralight/Wave DM - Signhal Response

» DM couples to SM particles, inducing oscillations of test mass,

effectively changing the length 2 ) L- L+AL (g

> One-way Doppler shift A e
(5t7.3 = —fbrs y [(53_3’(75, fT) g 53—7’(15 e L: fs)] )

5V'rs Vrs — dét’rb‘

Ly 140 dt
> Fractional frequency change

5 rs = — — . . A.—»
Yrs(t) = Z = s [W(t, %) — h(t — L, Z,)], h(t, @) x emE—vkd) 3
0
;

A

k-T,s for scalar field,

_)éx-n for vector field
By = < A s ) X
Ai A7 -

n’rsn‘vjﬂse’ij(k7 w)

—— for gravitational wave,
20 ( 2(1 + 75 - )

Yu, Yue-Hui Yao, Tang, Wu, 2307.09197



Transfer Functions

> Signal response in frequency domain a(t) =

_ VT

- h(w)e™tdw

. . \/T o© ~ it E — . P
_ — tw —ik-Z, _ _—i(T+k-Zs)
» One-way single link  yrs(t) = prs o /O dw h(w)e [6 e }

~

Urs(W) = prs h(w)

[ e—i(fé-fT) . e—f.v:(r+fc'-fs)] T =27 f L

» Transfer function, sky and polarization averaged

= 2
yTS(w) . 100 +
R(w) = |= , normalized
h(w)
1072
1 1 2m
I, = in dcos01/ dey -+, Lot
~1 0 o I
1 1 27 1 o
I, = d cos 6, deq d cos b, deg - - -
s ].67T2 = 0 - 0 ? 10—6 L
1 1 2m 21 GW
IGW = ﬁ dCOSHl/ dﬁl/ d’gb s 10-8 L 7/ ——— Scalar
=) 0 0
—-= Vector
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Transfer Functions

» Different channels have different transfer functions

> DM is also different from gravitational wave, velocity effect, -

a ¢
100 - 100 |
10—2 L
10—2 L
10—4 L
-4 |
\s 10 g 1076 |-
-8 | 2
10_6 L 10 P
10—10 L
. // — GW
107° a
// === Scalar 10-12 | ,/’ === Scalar |
’
/ —-= Vector /,’ —-= Vector
e
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1073 10~* 1073 1072 107! 100 107 103 1072 107t 100
f(H2) f(Hz)



Sensitivity — Michelson Interferometer

> Defined by so(f) = gz—gg, Ny = 165in®(r) {[3 + c08(27)] Sace + Soms}, T = 27 fL

2 -3 4 LI AZ oms=1 1—12 oo = 1_15 2
Soms(f)=(soms@) [H(&fHZ) 1 SA: s 5x 10712 m, 8,0, = 3 X 1071 m/s?,

Hz’
2 v 2
st () 1 (2222

Taiji: Soms =8 X 107 m, 840, = 3 x 107° m/s?,

f 1
ki <8 x 103 Hz) ] Hz' TianQin: syms =1 X 10712 m, Sgee = 1 X 1071 m/s2.

m/eV
10—18 10—17 10—16 10—15 10—14 10-18 10-17 10—16 10—15 10-14 10_15
1073 scalar ULDM  -—1sA |\ vector UUDM  ~ LS | gravitational wave - LsA
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. \ SO B U A
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10PL% 10"
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23 Yu, Yue-Hui Yao, Tang, Wu, 2307.09197



Sensitivity — Other Interferometers

Prince, Tinto, Larson & Armstrong

1 1 1 1
» Optimal channels 4= —z-x1p= _x-v+2.7= - (X+v+2. g =g +g +¢
f \/7 \/§ 77 A FE T
Scalar field Vector field
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Sensitivity on scalar DM

¢ d953 A A "
L =—— |——"F, F°HW — g Am; + Ym;dg) M,
MP 293 uv Z_Ud( z+f>/ i g)mw¢
, Damour & Donoghue

» Strong sector

» At nucleus level, 10
coupling is not « mass | P
> Equivalence principle 1° h
Is violated. 10+, -
> MICROSCOPE 1o — s
f —— Taiji
» Pulsars 10—6%_ — E];?erin
——--fifth force

Shao, Wex, Kramer 2019

10-18 10‘—17 10-16 10'—15 10’-14 10-13 10-12
m(eV)

25 Yu, Yue-Hui Yao, Tang, Wu, 2307.09197




Statistical Effects

> Velocity distributions, likelihood analysis

_ [ dP Lo (d|So(Amm), No ), detection probabilit
So(Amin) = Gn_o‘ _ 1) No, A2 — FN; (ln_o‘ _ 1) ' Y fp*(a) ¢ h( ‘ 0(Amin) O) p y
n-y one .
a = / dP Leoch (P’)\ = O,NO) . false alarm rate

m(eV) 1=
1

0716 10715

10_2: T TTTTI LB L | T T T TITT
10-%¢
1074¢
* > _@'U:

10-%¢
~6 L ™ === = A -
10 ‘:f“jjﬁ{ MICROSCOPE 3
Taiji -
10*77 —_— e e — “““7 10—‘:- sl NI | L el L el T | PRI

104 103 1072 107! 100 10-19 1018 10-17 1016 1018 1014 10-13
f(Hz) m(eV)

26 Yue-Hui Yao, Tang, 2404.01494(PRD)
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Sensitivity on vector DM

> For example, vector fields couple to baryon number B, or B-1,

effectively neutron number. Sensitivity on ratio ep =ep/e

2 i
10_ ’/’ /
/’ ./-/
/'/
T ey ot o
10—24
10-25
10—26 — L]SA
— Tuij
10-77 \ / — TianQin
\ [ e E-W test
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-28
1 10-19  1p-18 10-7 10-16 10-5  10-% 1013 10-12
m(eV)

27

— LISA
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E-W test
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10-5  10-1 103 1012
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Yu, Yue-Hui Yao, Tang, Wu, 2307.09197
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Sensitivity on Axion-Photon Coupling

» Axion-photon coupling
1 1

v, 1 9a
L= —ZFWF“ + 58,10,3“@ E §m2a2 — f

> Modifies Maxwell's egs V-E=-g,Va- B,

-
ak,, F*™,

OFE 0 0?
E—VXB:—ga,Y(a—:-B‘FvaXE)’ (@_VQ)B:QQ,Y&VXB

Dispersion relation for two polarizations, w? — k* = +g,,ak Birefringence

» Axion dark matter background affects the phase speed

of laser with different polarization, v, = % ~ 14 90

2w
Equivalent phase changes Melissinos 2009,
_ DeRocco & Hook 2018
Might be detected by LISA and Taiji detectors, etc Nagano+2019
L DarkGEO 2024
Need modifications LIDA 2024 --

28



Sensitivity on Axion-Photon Coupling

» Signal response L=

t—ATy 2

> Equivalent phase changes

AT, ~ LF 5 Jay 2 [a(t) - a(t - L)].

d(ATy) VM Gary
rs(t) = — = * — — L)|,
nalt) =~ 95 [o(t) — at — L)}
> Linearly polarized — pol angle
1 eiw(t—AT+) [ 1 ez’w(t—AT_)
E; = +cos [gM alt) - ;(t —L) cos[w(t — L)]
E, = —sin lgwy alt) = ;(t — L)] cos|w(t — L)]

» Need modifications

29

t
/ dt V4 = AT:t + % [a(t) — a(t - Ajjzlz)] ’

1/4-wave plate

1/2-wave plate

Yue-Hui Yao, Jiang, YT, 2410.22072



Sensitivity on Axion-Photon Coupling

> Signal response
> Equivalent phase changes

AT, ~ L F 99 [a(t) — a(t — L)].

\
= 2w /
d(ATy) W N

1MGar
rs — === — — L ,
olt) = =5 921 [o(t) — aft — L)
» Linearly polarized — pol angle - n_ (A)
' - e splitter fef,:r erecto n )
YOI M e R ) N e &
By =+ cos [gawa(t) “U D] cosfue - L) Om. @
i a(t) —at = L)] vmr ™ e Poferized ol B —* | 7 towards
By =sin lg'” 2 ] cosfw(t - L) WZ beam splitter Co O
> Need modifications AR

30 Gue, Hees, Wolf, 2410.17763



Sensitivity on Axion-Photon Coupling

Mass (eV)

108 10-"* 107® 107" 107 107® 107M
__107°
T
- 10710
2
;}g 10—11
2
2 10712 ¢
2 =
3 C
o 10—13 E
Q =
E r
2 1071 ¢
g - —— LISA
B 1071 —— Taiji

- —— BBO
1016 = —— TianQin
107° 10~4 1073 102 10! 10° 10!

Frequency (Hz)

Yao, Jiang, YT,
2410.22072, Oct 29, 2024

Gue, Hees, Wolf,
2410.17763, Oct 23, 2024

Yao, Bi, Yin, Huang, 2504.10083
Liu, et al, 2511.15438



Degeneracy — Orbital Modulation — Spectral split

ht,—k-x)—h(t—Fk-x,) .

> Response  yr(t) > fi, : — sy Yrs(t) D gitgs - [A(L %) = Alts X)),
2(1 —k- n'rs)
induced test mass motion heliocentric orbit
time series
AVAVAVAVAVAVAVAY ey
5 GWs or ULDM?
_) B
| @]
]
& |
03) ||‘ |||| I
)
Q. |£’;i| ||| ||“|| 1 ||| |'p'|
‘ .~ L Wn.ll l'.rv\. lL f\ |UW| \ JI‘ l J'In —
ULDM background frequency spectral harmomcs

32 Yue-Hui Yao et a/, 2508.14655



Orbital Modulation = Spectral split

h(t,—k-x,)—h(t—k-x,)
2(1 _E'ﬁ"rs)

X(t) = (y13 + ys1,2 + ¥12,22 + Y21.322) — (Y12 + Y21,3 + ¥13,33 + Y31.233)
> We adopt the Keplerian orbit

: ﬁ'rsa y'rs(t) D gﬁ'rs ) [A(t? X?") o A(tS’XS)] ’

> Response  4r(t) 2 i, :

1
z;(t) =rgcosa + gerg [cos(2a — ;) — 3cos B e is the orbital eccentricity,
+ %ezfr‘@ [3cos(3a — 28;) —10cosa — 5eos(a — 2B;)], & = 27w ft + K
y;(t) = rgsina + %erG [sin(2a — ;) — 3sin G;] fn =1/yr, B, =27(i—1)/3+ )\
+ %62’)"6) [3sin(3a — 28;) — 10sin a + 5sin(a — 28;)],
z;(t) = —V/3erg cos(a — B;)
+ V3 r, [0032 (a — B;) + 2sin’ (o — !3@,)] , (A1)

33



Orbital Modulation = Spectral split

> RESPONSE  ralt) D iy, - Ml =K Xe) “PEZR-X) 5 0y )5 gy - [A( ) — Altyrx,)]
2(1 —k- ﬁ"rs)

X(t) = (y13 + ys1,2 + ¥12,22 + Y21.322) — (Y12 + Y21,3 + ¥13,33 + Y31.233)
» For GWs, It can be rewritten as

X()Nlﬁ'ﬂ'ngLQ Z ?,27rf—|—nfm % Z D'n, [) f:r Z Gl iﬂ

n=—00 [=—27 p=+,X

» For ULDM, it is
J
X(t) ~ —2im>L? Z ei2m(fetnfm)t Zgg“)ap(xl),

n=-—j

34



Orbital Modulation = Spectral split

> RESPONSE  ralt) D iy, - Ml =K Xe) “PEZR-X) 5 0y )5 gy - [A( ) — Altyrx,)]
2(1 —k- ﬁ"rs)

X(t) = (y13 + ys1,2 + Y12,22 + Y21 322) — (Y12 + ¥21.3 + ¥13,33 + Y31,233) ,

0.6 x10716
[ — ULDM 275 @ Best-fit ULDM
0.5 _ GWs I Best-fit GW
[ - * Data
*
i * !
0.0 Ooyﬁw. |¢.z;i L EE ST ETedusesi
_Gfm _4fm _Z.fm f +2fm +4fm +6fm ' —4 f —2fm f +2fm +4fn

Frequency Frequency

35 Yue-Hui Yao, T.Y. Jiang, W.Y. Ren, YT, Y.F. Zhou, 2508.14655




Degeneracy — Null-Response Channel

> For a source from some direction, we construct a null-response
channel that is insensitive to ULDM or GWs,
i = a16 + azf3 + az¥.

» The Signal-to-Noise Ratio (SNR)
a'las + a?/és + a?fi’s

SNR; = / df 25.()a ,

2

» SNR = 0 gives
CLlCHYS + CEQ,@S + ag;?s = 0.

36 Xu, Yao, Tang, Wu, 2506.09744 (PRD)



Null-Response Channel

> In GR, two polarizations of GW, the response can be written as

= a2 (f, k)hy (f) + o8 (f, k)b (f),
> The condition a16, + asfBs + as¥s = 0 can be satisfied by

~

(a-x5(k)) by + (- X7 (R)) B = 0,
» Where
x8% (k) = [o8"(k), 687 (k), v&" (k)]"
» This can be solved by
a®" (k) = x&" (k) x x5 (k).

~

> So NRC is given by 7€ (f, k; k.) = a¥ (k) - [&, B, 7]
37



Null-Response Channel

> For a source from some direction, we construct a null-response
channel that is insensitive to ULDM or GWs,

il = a18 + a2 + asy.

x10~?
f=1 mHz
50
25 ¢
= 9
e 00 FF-F1-t-F-1-t-F4-1-t-F-1-t-F =
>L__<_..\- E
—2.5
(1.15,3.58)
—5.0 ¢ . :
(0.80,1.77) longituds
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Null-Response Channel

> For a source from some direction, we construct a null-response
channel that is insensitive to ULDM or GWs
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Xu, Yao, Tang, Wu, 2506.09744 (PRD)




Detecting Ultralight Dark Matter Gravitationally

» Can we probe DM with gravitational interaction in solar system
» What If dark matter has only gravitational interaction?
» Motivations from theories of gravity, particle physics, -

> Viable scenarios in cosmology

> Axion or axion-like particle, misalignment F3&4%, Tang, Wu, 2203.15452(PRD)
» Dark photon, vacuum fluctuation 1058 z;j}i v = Hiu

Graham, Mardon, Rajendran,1504.02102(PRD) 1024
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Ema, Nakayama, Tang, 1903.10973(JHEP), §10_2G z R
Ahmed, Grzadkowski, Socha, 2005.01766(JHEP)
Kolb, Long, 2009.03828(JHEP), - b F ol
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Detecting Ultralight Dark Matter Gravitationally

» Metric perturbation Iin solar system

ds® = —(1 4+ 20)dt? + (1 — 2®)6;;dx'dx’ + hyzdx'dx’

: : : PTA, e.g. Khmelnitsky & Rubakov 2014,
> Einstein equations g 5

ﬂ,‘_ﬂi@ = 45 Tnn,
30 + 9;0' (¥ — @) = 4G T},
-ii.g_j = 167G (Tsj - %Eiij) y

10~ 186y \ 2
m !

: - 7 x 10~
V= EﬂG% :D.:iGeV;“sz (
i Sy <2 e (WY,
hi; =~ hov?/2
> Perturbation for scalar is suppressed.
H. Kim 2023 0

m

» Not for h;; from vector
41 Nomura, Ito & Soda 2020



Detecting Ultralight Dark Matter Gravitationally

» Tensor perturbation

, 64 2 ¥ 256 al il — pi g
S5, =~ lsxp sz4T[v siny + Sm*L?sin? 2] h(ei) = 9 K4P2L4T[(”112”{2 A3ty )ei)

scalar vector

TABLE I. Arm lengths and instrumental noises of several planned laser interferometers in space. In the last row we give
the sensitivities on vector ULDM with mass 5.0 x 1071 eV. Here L is the nominal arm length of triangle constellation, while s,
and s, are the acceleration noise of test mass and noise from optical metrology system, respectively. Note that LISA/LIS Amax/
Taiji/Tiangin adopt frequency-dependent noise power spectra [101], s2.. o« [1 + (0.4 x 10> Hz/f)?][1 + (f/8 x 107 Hz)*] and
s20s % 14 (2 x 1073 Hz/f)*.

LISA Taiji Tiangin BBO DECIGO puAres LISAmax ASTROD-GW
L (10° m) 2.5 3 0.17 0.05 1x1073 395 260 260
$pee (10715 /2 ) 3 3 1 3x1072  4x10™* 1 3 3
Soms (10712 1 ) 15 8 1 14x107°  2x10°6 50 15 100
£(50x10eV) 795x10% 653x10° 382x10°  200x10* 134x10* 044 7.67 4.32

47 Yu, Cao, Tang, Wu, 2404.04333



Detecting Ultralight Dark Matter Gravitationally

» Tensor perturbation
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summary

» We discuss how GW laser interferometers in space may be able
to probe dark matter.

» Wave/Ultralight Dark Matter

»Induce the oscillation of test masses, leading to signals in
detectors. Also sensitive to axion-photon coupling,

»monochromatic signal can be distinguished from GW from
compact binaries,

»metric perturbation by vector ULDM may be detectable in
next-generation interferometers.

44 Thanks!



	Slide 1
	Slide 2
	Slide 3: Evidence for Dark Matter
	Slide 4: Evidence for Dark Matter
	Slide 5: Weakly Interacting Massive Particle (WIMP)
	Slide 6: More Motivations
	Slide 7: Dark Matter Candidates
	Slide 8: GW Laser Interferometers in Space
	Slide 9: Time-Delay Interferometry
	Slide 10: Signal Response
	Slide 11: GW waveforms (time and frequency)
	Slide 12: GW sources and waveforms
	Slide 13: Main Noises
	Slide 14: Possible Effects from Dark Matter
	Slide 15: Possible Effects from Dark Matter
	Slide 16: Ultralight/Wave Dark Matter
	Slide 17: Wave Dark Matter Background
	Slide 18: Wave Dark Matter Background
	Slide 19: Physical Effects
	Slide 20: Ultralight/Wave DM - Signal Response
	Slide 21: Transfer Functions
	Slide 22: Transfer Functions
	Slide 23: Sensitivity – Michelson Interferometer
	Slide 24: Sensitivity – Other Interferometers
	Slide 25: Sensitivity on scalar DM
	Slide 26: Statistical Effects
	Slide 27: Sensitivity on vector DM
	Slide 28: Sensitivity on Axion-Photon Coupling
	Slide 29: Sensitivity on Axion-Photon Coupling
	Slide 30: Sensitivity on Axion-Photon Coupling
	Slide 31: Sensitivity on Axion-Photon Coupling
	Slide 32: Degeneracy goes to Orbital Modulation, goes to  Spectral split
	Slide 33: Orbital Modulation, goes to  Spectral split
	Slide 34: Orbital Modulation, goes to  Spectral split
	Slide 35: Orbital Modulation, goes to  Spectral split
	Slide 36: Degeneracy goes to Null-Response Channel
	Slide 37: Null-Response Channel
	Slide 38: Null-Response Channel
	Slide 39: Null-Response Channel
	Slide 40: Detecting Ultralight Dark Matter Gravitationally
	Slide 41: Detecting Ultralight Dark Matter Gravitationally
	Slide 42: Detecting Ultralight Dark Matter Gravitationally
	Slide 43: Detecting Ultralight Dark Matter Gravitationally
	Slide 44: Summary

