
Alessandro Santini

Don’t reinvent the wheel
Including EMRIs in the global fit

EMRI Search and Inference within the LISA Global Fit 
25/06/25& Michael Katz, Natalia Korsakova,     

Nikos Karnesis, Jonathan Gair 



Alessandro Santini 25/06/2025EMRI search & inference Workshop Including EMRIs in the Global Fit

Global Fit framework: the wheel
Simultaneous analysis of all the sources
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Fancy a drink?
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the LDC2A: Sangria

Sangria:


• Red wine (+ Brandy)


• Fruit (Oranges, apples…)


• Cinnamon


• Combined in a jar

Instrumental Noise


Galactic Binaries


MBHBs (PhenomD)


1-year-long dataset 
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From Sangria to Mojito (light)

Throw 8 EMRIs in the mix

[+ better models for the other sources]
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Erebor: Sangria tools
BBHx 

https://github.com/mikekatz04/BBHx

GBGPU 
https://github.com/mikekatz04/GBGPU

LISAanalysistools 
https://github.com/mikekatz04/LISAanalysistools

Eryn

https://github.com/

mikekatz04/Eryn

Katz:2024oqg

https://github.com/mikekatz04/BBHx
https://github.com/mikekatz04/Eryn
https://github.com/mikekatz04/Eryn
https://github.com/mikekatz04/GBGPU
https://github.com/mikekatz04/LISAanalysistools
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Erebor: Mojito tools
BBHx 

https://github.com/mikekatz04/BBHx

GBGPU 
https://github.com/mikekatz04/GBGPU

FEW, Fastlisaresponse 
https://github.com/

BlackHolePerturbationToolkit/
FastEMRIWaveforms 

https://github.com/mikekatz04//lisa-
on-gpu

LISAanalysistools 
https://github.com/mikekatz04/LISAanalysistools

Eryn

https://github.com/

mikekatz04/Eryn

Katz:2024oqg

https://github.com/mikekatz04/BBHx
https://github.com/mikekatz04/GBGPU
https://github.com/BlackHolePerturbationToolkit/FastEMRIWaveforms
https://github.com/BlackHolePerturbationToolkit/FastEMRIWaveforms
https://github.com/BlackHolePerturbationToolkit/FastEMRIWaveforms
https://github.com/mikekatz04/lisa-on-gpu
https://github.com/mikekatz04/lisa-on-gpu
https://github.com/mikekatz04/LISAanalysistools
https://github.com/mikekatz04/Eryn
https://github.com/mikekatz04/Eryn
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Erebor’s core: data residuals
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r = d→
∑

i,j

hi,j

Source type Source count
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<latexit sha1_base64="Ewm/Y0UEHClQyuM2qCPpTsd00FE=">AAAB6HicdVDLSgMxFM34rPVVdekmWERXw0zpc1d047IF+4B2KJn0ThubyQxJRiilX+DGhSJu/SR3/o2ZtoKKHgg5nHMv997jx5wp7Tgf1tr6xubWdmYnu7u3f3CYOzpuqyiRFFo04pHs+kQBZwJammkO3VgCCX0OHX9ynfqde5CKReJWT2PwQjISLGCUaCM1Lwa5vGNXHLdWdrEhpUKtmJKq+dwqdm1ngTxaoTHIvfeHEU1CEJpyolTPdWLtzYjUjHKYZ/uJgpjQCRlBz1BBQlDebLHoHJ8bZYiDSJonNF6o3ztmJFRqGvqmMiR6rH57qfiX10t0UPVmTMSJBkGXg4KEYx3h9Go8ZBKo5lNDCJXM7IrpmEhCtckma0L4uhT/T9oF2y3bpWYxX79axZFBp+gMXSIXVVAd3aAGaiGKAD2gJ/Rs3VmP1ov1uixds1Y9J+gHrLdP5rKNCA==</latexit>→<latexit sha1_base64="Ewm/Y0UEHClQyuM2qCPpTsd00FE=">AAAB6HicdVDLSgMxFM34rPVVdekmWERXw0zpc1d047IF+4B2KJn0ThubyQxJRiilX+DGhSJu/SR3/o2ZtoKKHgg5nHMv997jx5wp7Tgf1tr6xubWdmYnu7u3f3CYOzpuqyiRFFo04pHs+kQBZwJammkO3VgCCX0OHX9ynfqde5CKReJWT2PwQjISLGCUaCM1Lwa5vGNXHLdWdrEhpUKtmJKq+dwqdm1ngTxaoTHIvfeHEU1CEJpyolTPdWLtzYjUjHKYZ/uJgpjQCRlBz1BBQlDebLHoHJ8bZYiDSJonNF6o3ztmJFRqGvqmMiR6rH57qfiX10t0UPVmTMSJBkGXg4KEYx3h9Go8ZBKo5lNDCJXM7IrpmEhCtckma0L4uhT/T9oF2y3bpWYxX79axZFBp+gMXSIXVVAd3aAGaiGKAD2gJ/Rs3VmP1ov1uixds1Y9J+gHrLdP5rKNCA==</latexit>→ <latexit sha1_base64="Ewm/Y0UEHClQyuM2qCPpTsd00FE=">AAAB6HicdVDLSgMxFM34rPVVdekmWERXw0zpc1d047IF+4B2KJn0ThubyQxJRiilX+DGhSJu/SR3/o2ZtoKKHgg5nHMv997jx5wp7Tgf1tr6xubWdmYnu7u3f3CYOzpuqyiRFFo04pHs+kQBZwJammkO3VgCCX0OHX9ynfqde5CKReJWT2PwQjISLGCUaCM1Lwa5vGNXHLdWdrEhpUKtmJKq+dwqdm1ngTxaoTHIvfeHEU1CEJpyolTPdWLtzYjUjHKYZ/uJgpjQCRlBz1BBQlDebLHoHJ8bZYiDSJonNF6o3ztmJFRqGvqmMiR6rH57qfiX10t0UPVmTMSJBkGXg4KEYx3h9Go8ZBKo5lNDCJXM7IrpmEhCtckma0L4uhT/T9oF2y3bpWYxX79axZFBp+gMXSIXVVAd3aAGaiGKAD2gJ/Rs3VmP1ov1uixds1Y9J+gHrLdP5rKNCA==</latexit>→ <latexit sha1_base64="Ewm/Y0UEHClQyuM2qCPpTsd00FE=">AAAB6HicdVDLSgMxFM34rPVVdekmWERXw0zpc1d047IF+4B2KJn0ThubyQxJRiilX+DGhSJu/SR3/o2ZtoKKHgg5nHMv997jx5wp7Tgf1tr6xubWdmYnu7u3f3CYOzpuqyiRFFo04pHs+kQBZwJammkO3VgCCX0OHX9ynfqde5CKReJWT2PwQjISLGCUaCM1Lwa5vGNXHLdWdrEhpUKtmJKq+dwqdm1ngTxaoTHIvfeHEU1CEJpyolTPdWLtzYjUjHKYZ/uJgpjQCRlBz1BBQlDebLHoHJ8bZYiDSJonNF6o3ztmJFRqGvqmMiR6rH57qfiX10t0UPVmTMSJBkGXg4KEYx3h9Go8ZBKo5lNDCJXM7IrpmEhCtckma0L4uhT/T9oF2y3bpWYxX79axZFBp+gMXSIXVVAd3aAGaiGKAD2gJ/Rs3VmP1ov1uixds1Y9J+gHrLdP5rKNCA==</latexit>→<latexit sha1_base64="Ewm/Y0UEHClQyuM2qCPpTsd00FE=">AAAB6HicdVDLSgMxFM34rPVVdekmWERXw0zpc1d047IF+4B2KJn0ThubyQxJRiilX+DGhSJu/SR3/o2ZtoKKHgg5nHMv997jx5wp7Tgf1tr6xubWdmYnu7u3f3CYOzpuqyiRFFo04pHs+kQBZwJammkO3VgCCX0OHX9ynfqde5CKReJWT2PwQjISLGCUaCM1Lwa5vGNXHLdWdrEhpUKtmJKq+dwqdm1ngTxaoTHIvfeHEU1CEJpyolTPdWLtzYjUjHKYZ/uJgpjQCRlBz1BBQlDebLHoHJ8bZYiDSJonNF6o3ztmJFRqGvqmMiR6rH57qfiX10t0UPVmTMSJBkGXg4KEYx3h9Go8ZBKo5lNDCJXM7IrpmEhCtckma0L4uhT/T9oF2y3bpWYxX79axZFBp+gMXSIXVVAd3aAGaiGKAD2gJ/Rs3VmP1ov1uixds1Y9J+gHrLdP5rKNCA==</latexit>→

Serial update of the residuals
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Residual-based Global Fit

<latexit sha1_base64="Vxo9OSk/eoHRz5m1uir+gXCCzfM=">AAAB6HicdVDLSgMxFL1TX7W+qi7dBIvgapgpfe6Kbly2YB/QDiWTpm1sJjMkGaEM/QI3LhRx6ye582/MtBVU9EDI4Zx7ufceP+JMacf5sDIbm1vbO9nd3N7+weFR/viko8JYEtomIQ9lz8eKciZoWzPNaS+SFAc+p11/dp363XsqFQvFrZ5H1AvwRLAxI1gbqSWH+YJjVx23XnGRIeVivZSSmvncGnJtZ4kCrNEc5t8Ho5DEARWacKxU33Ui7SVYakY4XeQGsaIRJjM8oX1DBQ6o8pLlogt0YZQRGofSPKHRUv3ekeBAqXngm8oA66n67aXiX14/1uOalzARxZoKsho0jjnSIUqvRiMmKdF8bggmkpldEZliiYk22eRMCF+Xov9Jp2i7FbvcKhUaV+s4snAG53AJLlShATfQhDYQoPAAT/Bs3VmP1ov1uirNWOueU/gB6+0TWG2NUw==</latexit>r <latexit sha1_base64="Vxo9OSk/eoHRz5m1uir+gXCCzfM=">AAAB6HicdVDLSgMxFL1TX7W+qi7dBIvgapgpfe6Kbly2YB/QDiWTpm1sJjMkGaEM/QI3LhRx6ye582/MtBVU9EDI4Zx7ufceP+JMacf5sDIbm1vbO9nd3N7+weFR/viko8JYEtomIQ9lz8eKciZoWzPNaS+SFAc+p11/dp363XsqFQvFrZ5H1AvwRLAxI1gbqSWH+YJjVx23XnGRIeVivZSSmvncGnJtZ4kCrNEc5t8Ho5DEARWacKxU33Ui7SVYakY4XeQGsaIRJjM8oX1DBQ6o8pLlogt0YZQRGofSPKHRUv3ekeBAqXngm8oA66n67aXiX14/1uOalzARxZoKsho0jjnSIUqvRiMmKdF8bggmkpldEZliiYk22eRMCF+Xov9Jp2i7FbvcKhUaV+s4snAG53AJLlShATfQhDYQoPAAT/Bs3VmP1ov1uirNWOueU/gB6+0TWG2NUw==</latexit>r
<latexit sha1_base64="Ewm/Y0UEHClQyuM2qCPpTsd00FE=">AAAB6HicdVDLSgMxFM34rPVVdekmWERXw0zpc1d047IF+4B2KJn0ThubyQxJRiilX+DGhSJu/SR3/o2ZtoKKHgg5nHMv997jx5wp7Tgf1tr6xubWdmYnu7u3f3CYOzpuqyiRFFo04pHs+kQBZwJammkO3VgCCX0OHX9ynfqde5CKReJWT2PwQjISLGCUaCM1Lwa5vGNXHLdWdrEhpUKtmJKq+dwqdm1ngTxaoTHIvfeHEU1CEJpyolTPdWLtzYjUjHKYZ/uJgpjQCRlBz1BBQlDebLHoHJ8bZYiDSJonNF6o3ztmJFRqGvqmMiR6rH57qfiX10t0UPVmTMSJBkGXg4KEYx3h9Go8ZBKo5lNDCJXM7IrpmEhCtckma0L4uhT/T9oF2y3bpWYxX79axZFBp+gMXSIXVVAd3aAGaiGKAD2gJ/Rs3VmP1ov1uixds1Y9J+gHrLdP5rKNCA==</latexit>→

Source type k

k − 1 k + 1

Fix all the parameters 


Take  and produce 


Take the “pseudo-residuals” 


Propose new points   accept/reject


Compute  

θn
i≠k, j

θn−1
k, j Hn−1

k = ∑
j

h(θn−1
k, j )

r̃ = r + Hn−1
k

θn
k, j →

r′￼ = r̃ − Hn
k = r̃ − ∑

j

h(θn
k, j)

× nrepeat

@ sampler iteration n
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Add one, Remove one

All of this is source-independent (ish), and ultimately propose = compute a log ℒ

Base proposal to take care 
of residual operations

Encode source-specific 
operations in child proposals

[e.g. Heterodyning for MBHs]

““Easy”” to add a new source type  
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EMRIs as fancy MBHBs

Modular proposal blocks


EMRIs single source PE

<latexit sha1_base64="oXXzja5lQ7EYuRKW/LmsPIwaooA=">AAAB6XicdVDLSgMxFL3js9ZX1aWbYBFcDTOlz13Rjcsq9gHtUDJppg3NZIYkI5Shf+DGhSJu/SN3/o2ZtoKKHgg5nHMv997jx5wp7Tgf1tr6xubWdm4nv7u3f3BYODruqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXmV+955KxSJxp2cx9UI8FixgBGsj3Q7mw0LRsWuO26i6yJBKqVHOSN18bh25trNAEVZoDQvvg1FEkpAKTThWqu86sfZSLDUjnM7zg0TRGJMpHtO+oQKHVHnpYtM5OjfKCAWRNE9otFC/d6Q4VGoW+qYyxHqifnuZ+JfXT3RQ91Im4kRTQZaDgoQjHaHsbDRikhLNZ4ZgIpnZFZEJlphoE07ehPB1KfqfdEq2W7UrN+Vi83IVRw5O4QwuwIUaNOEaWtAGAgE8wBM8W1Pr0XqxXpela9aq5wR+wHr7BBnYjcQ=</latexit>

} Straightforward to add the EMRIs block
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Galactic Binaries are tricky
~10000 resolvable over one year, but very compact in frequency


Update the odd/even frequency sub-bands in turn

For each walker , temperature :w t

Odd


Even

r̃even = r + Hn−1
k, even

r̃odd = r + Hn−1
k, odd
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Galactic Binaries are tricky
Must consider global memory storage: save only cold chain residual and parameters


For each sub-band, load a buffer
(w, t1)(w, t1) (w, t1)

(w, t1)(w, t1) (w, t2)

(w, tk−1)(w, t1) (w, t1)

(w, t1)(w, t1) (w, tk)

… ……
Update the even bands 


Use cold chain residuals for all the odd bands 
for all the walkers

even  odd↔
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Back to EMRIs
We do have a working proposal for EMRIs, FEW 2.0


Current roadmap: • Take the Sangria training data


• Take the Erebor catalogs 


• Subtract MBHBs and GBs


• Add an EMRI to the residuals


• Take the last PSD + foreground state


• Run on EMRI, PSD, foreground

https://zenodo.org/records/11130700
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The elephants in the room 
• No search is done here, 

just looking at the PE 
stage


• Not looking at 
correlations between 
source types


• Building a global fit has 
never been about building 
a global fit

• Ensure compatibility with 
external search pipelines 
(priors, starting point)


• Repeat the entire 
Sangria(HM) analysis with 
(at least) one EMRI(s)


• Investigate if we can be 
more efficient in the EMRI 
proposal / back to MPI 
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Conclusions
• With all the base residual operations already in place, it’s easy to add a new block


• EMRIs make no difference


• We can now sample in EMRIs together with the rest, but still in a ‘naive’ way


• Start to run on signals injected in our residuals


• Increase the complexity from there [include MBHBs, multiple EMRIs…]

TODOs
• Start to think about a time-iterative pipeline


• Address the elephants 


