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Discussion from previous workshop Part I
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https://arxiv.org/pdf/1207.4956


Data = Noise + SignalData 
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Template: piecewise linear frequency 

hα(t) = e−i2π( fαt+ ·fαt2)

h̃α( f ) ∝ K( fα − f, ·fα, Tsft)

Tenorio & Gerosa 20258 Time tα = α × Tsft

( fα, ·fα)
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Detection statistic

𝒮α = ∫
d̃*α ( f )h̃α( f )

Sn( f )
df = ∫

fα+δ

fα−δ

d̃*α ( f )h̃α( f )
Sn( f )

df

Reduction per SFT 
104 → 10



Detection statistic

𝒮 = ∑
α

ℜ(𝒮α)

𝒮α = ∫
d̃*α ( f )h̃α( f )

Sn( f )
df

𝒮 = ∑
α

𝒮α

Brady & Creighton 2000 
arXiv:9812014 

Prix & Shaltev 2012 
arXiv:1201.4321

Gair+2004 
arXiv:0405137

https://arxiv.org/abs/gr-qc/0405137


(1) Draw (2) Inject one EMRI  
FEWv2 with LISA 
response + noise 
Duration: 1 year
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Search 
1 hour 
1 GPU 

(4) Best fit track  and statisticf(t)

(1) Draw

(3)

(2) Inject one EMRI  
FEWv2 with LISA 
response + noise 
Duration: 1 year
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EMRI-Search 

Normalised Detection Staistic
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https://github.com/lorenzsp/EMRI-Search


0 10 20 30 40
SNR

100

101

102

N
or

m
al

iz
ed

D
et

ec
ti
on

S
ta

ti
st

ic

Detection Threshold (pFA =0.01)

17



Detection Probability as function of injected SNR
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Large SNR requires 
less template

SNR=20 still 
increasing



Best fit track  and statisticf(t)
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SBI Samples

MCMC Samples
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Using the physical mapping 



Best fit track  and statisticf(t)
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Best fit track  and statisticf(t)

23

SBI Samples

MCMC Samples

24
32
40
48

m
2

[M
Ø
]

0.2
5

0.5
0

0.7
5

1.0
0

a

0.8
75

0.9
00

0.9
25

T
pl

[y
r]

5.8 6.0 6.2

log10(m1/MØ)

0.0
25

0.0
50

0.0
75

0.1
00

e f

24 32 40 48

m2 [MØ]

0.2
5
0.5

0
0.7

5
1.0

0

a
0.8

75
0.9

00
0.9

25

Tpl [yr]
0.0

25
0.0

50
0.0

75
0.1

00

ef

6.100 6.125
log10(m1/MØ)

26.5

27.0

27.5

m
2

[M
Ø
]

Zoom in

SBI Samples

MCMC Samples

24
32
40
48

m
2

[M
Ø
]

0.2
5

0.5
0

0.7
5

1.0
0

a

0.8
75

0.9
00

0.9
25

T
pl

[y
r]

5.8 6.0 6.2

log10(m1/MØ)

0.0
25

0.0
50

0.0
75

0.1
00

e f

24 32 40 48

m2 [MØ]

0.2
5
0.5

0
0.7

5
1.0

0

a
0.8

75
0.9

00
0.9

25

Tpl [yr]
0.0

25
0.0

50
0.0

75
0.1

00

ef

6.100 6.125
log10(m1/MØ)

26.5

27.0

27.5

m
2

[M
Ø
]

Zoom in

Mapping to 
physical 

parameters
6.1240+0.0123

°0.0191

SBI Samples

MCMC Samples

24
32
40
48

m
2

[M
Ø
]

27.0516+0.3436
°0.2867

0.2
5

0.5
0

0.7
5

1.0
0

a

0.8612+0.0069
°0.0131

0.8
75

0.9
00

0.9
25

T
pl

[y
r]

0.9020+0.0002
°0.0002

5.8 6.0 6.2

log10(m1/MØ)

0.0
25

0.0
50

0.0
75

0.1
00

e f

24 32 40 48

m2 [MØ]

0.2
5
0.5

0
0.7

5
1.0

0

a
0.8

75
0.9

00
0.9

25

Tpl [yr]
0.0

25
0.0

50
0.0

75
0.1

00

ef

0.0071+0.0139
°0.0071

6.100 6.125
log10(m1/MØ)

26.5

27.0

27.5

m
2

[M
Ø
]

Zoom in



Which EMRIs can we detect*?
*=If there was a single EMRI in the LISA data

Explore Parameter 
Space using 
emrisearch

24
Primary Mass log10 m1/M⊙
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https://huggingface.co/spaces/lorenzsp/emrisearch


Semi-coherent EMRI Search5.7 6.0 6.3 6.6
log10 m1/MØ

0

20

40

60

E
ve

nt
C

ou
nt

Detected

Not Detected

0.0 0.3 0.6 0.9
a

0.25 0.50 0.75 1.00
Tpl [yr]

2 4 6
f0 [mHz]

4 8 12 16
p0 [M]

Ratio=1

Ratio

0 30 60 90
m2[MØ]

0

20

40

60

E
ve

nt
C

ou
nt

0.00 0.03 0.06 0.09
ef

100 101

dL [Gpc]
0.0 2.5 5.0 7.5
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ḟ0 £ 1010 [Hz2]

0.00 0.25 0.50 0.75
e0

0

2

4

6

D
et

ec
ti
on

R
at

io

0

2

4

6

D
et

ec
ti
on

R
at

io

25



Maria 
Gonçalves 
Salgado 
MSc Leiden

Final Eccentricity

D
et

ec
tio

n 
St

at
is

tic

26

Prelim
inary



Application to Mojito light
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Conclusions

1 year of data analysed in 1 hour on 1 GPU 
 
Detection of single EMRI for SNR>30 for low eccentricity 

Future directions

Search extension to generic orbits 

LISA data challenges and search in presence of 
other sources


