
A collider test of nano-Hertz 
gravitational waves

from pulsar timing arrays
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𝑚! [MeV] 𝑣" [MeV] 𝑔# 𝜃$%&/10'( 𝛼 𝛽/𝐻) 𝑇) [MeV]

D57 8.46 42.5 1.01 0.849 0.309 11.2 9.56

D5; 9.16 47.9 0.981 0.GCC 0.269 9.17 11.2

D5@ 23.0 147 0.892 2.93 0.523 12.3 24.3

D5B 31.6 133 1.13 2.66 0.684 16.8 23.9
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If /<%($+.?(4%'/).(')6A2%4(/)(IQ(
"#+(Higgs portalZ
K<%&(/<%(MN5K(%OA2+&+/#)&('+&(
8%(/%4/%$(89(ℎ → 𝜙𝜙 → inv.
+/(/<%(_-^(+&$(*6/6.%(^!5^Z(S_^(
+&$(M^,̂%%V
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M0*328*82./*A'7*3,+ NA,@80.H*=/,82@'7*3,+

<9O+2@+
M,/,0*A'0,A*82328O

\ MN]
+
@

KMN\ &
G^

< 23
/ %MN

P*L7,AA',QB*82./+
_N` MN& ] aMb

_N c̀MN& '

:.B0@, P*++'R',/,0=O NA,@802@'@9*0=,

<0.K,08O D,/+.0'?MNd KMN] eMN S,@8.0'f M

<.A*02T*82./

D0*/+3,0+,'7*3,J'K0.K*=*82./'2/'g

PBA82K.A, UB*-0BK.A, G2K.A,

V+80./.HO ???
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`)#&/(A)/%&/#+2
𝑉 𝑆,𝐻 = 𝜇D

E 𝐻 E + 𝜇F
E 𝑆 E + 𝜆D 𝐻 , + 𝜆F 𝑆 , + 𝜆DF 𝐻 E 𝑆 E

K<%(:+44(')%**#'#%&/4

𝜇D,F
E = −

1
4 𝑚D

E +𝑚K
E ∓ 𝑚K

E −𝑚D
E cos 2𝜃 ∓

𝑣F

𝑣&G
sin 2𝜃

K<%(]6+./#'(')%**#'#%&/4

𝜆D =
1

4𝑣&G
E 𝑚D

E +𝑚K
E − 𝑚K

E −𝑚D
E cos 2𝜃

𝜆F =
1
4𝑣F

E 𝑚D
E +𝑚K

E + 𝑚K
E −𝑚D

E cos 2𝜃

𝜆DF =
1

2𝑣&G𝑣F
𝑚K

E −𝑚D
E sin 2𝜃

S&A6/(A+.+:%/%.47
• -#114(:+44(𝑚D = 125 GeV +&$(\!\( 𝑣&G = 246 GeV
• 2#1</(4'+2+.(:+44(𝑚K +&$(\!\( 𝑣FZ(+&$(ℎ,𝑠 :#O#&1(+&12%(𝜃
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𝑉&'' 𝜙, 𝑇C = 𝑉* 𝜙 + 𝑉XY 𝜙 + 𝑉J 𝜙, 𝑇C
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+-. & % 6
/0 ! 12&

7/8 /
( &

9: ; " <=>
8 /

" &

?3
" 0 @/ ' +-4

N&%,2))A(/<%.:+2(')..%'/#)&

+& &AB$ % 6
/0 ! 1512&

7/B$(

* ; " C6
8 /

" &
B$"

K<%.:+2(#&/%1.+2(𝐽Z 𝑦 ≡ ∫*
[ 𝑥Ed𝑥 log 1 − 𝑒U \* ]^

M#%2$,$%A%&$%&/(:+44%4(𝑀K
E 𝜙 = −

VB
*

E
1 − )K*

WF
* Z(𝑀_

E 𝜙 =

−
VB

*

E
1 − K*

WF
* +&$(𝑀H+ 𝜙 = 𝑔I𝜙

^)%**#'#%&/4(𝑛K,_,H+ = 1, 1, 3 +&$(𝐶K,H+ = 3/2, 5/6F
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