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Angular and instrument dependency 
of detetectability of NS mergers
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Few ingredients for a joint GW-EM detection
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The GW detection space
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Given a CBC class (i.e., BNS, 
NSBH…), let us consider the 

prior distribution of GW 
parameters, after we impose a 

detection cut
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ω

Prior distribution of detectable GW sources
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The EM detection space
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Let’s add detection cuts for 
different EM components

The hatched areas show those 
sub-regions of the parameter 
space where a joint GW+EM 

detection is attainable

The probability peak is 
outside the joint detection 

space!! 
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Joint detection sub-spaces
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Let’s focus on the 𝛾-ray emission 
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Going deeper brings an overall 
increase in the detection 

horizon
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Increase given by 
lowering the detection 

threshold 
=
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Going deeper brings an overall 
increase in the detection 

horizon

The increase is even larger if the 
𝛾-ray search is targeted both on 
above- and sub-threshold GWs

Let’s focus on the 𝛾-ray emission 
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Sub-threshold 𝛾-GW searches

Enabled by the Swift-BAT/
GUANO infrastructure 

Performed 24/7 by the 
NITRATES pipeline

Details presented in Jimmy DeLaunay’s talk
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Some numbers

During O3 and O4 NITRATES analyzed an amount 
of GW triggers that would have required… 

… ~ 220 yr on a single CPU
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What we gain going sub-threshold in 𝛾?

Gain given by Swift-BAT/GUANO with respect to onboard joint detections 
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What we gain going sub-threshold in 𝛾?

Gain given by Swift-BAT/GUANO with respect to onboard joint detections 
<latexit sha1_base64="QbC2dUnlb9eQ71o1brG0dnxU9NM="></latexit>

L → 4ω(DGW
max)

2max(Flim(!))
<latexit sha1_base64="j8L9qEU8sG4lZpqLTbMJRz6le4s="></latexit>

L → 4ω(DGW
max)

2min(Flim(!)) Structured jet 
<latexit sha1_base64="Mt1IJ298Ed4Og5aSy/XSa/p55KU=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoqGVGirqSohsXLirYB7R1yKQZG5p5kNwRytCPcOOvuHGhiFsX7vwb084stPVAyLnn3EtyjxsJrsCyvo3c3PzC4lJ+ubCyura+YW5uNVQYS8rqNBShbLlEMcEDVgcOgrUiyYjvCtZ0B5djv/nApOJhcAvDiHV9ch9wj1MCWnLMg+tSB/oMyD7uKO7jtLhLjgajw6w4Ty+HOmbRKlsT4FliZ6SIMtQc86vTC2nsswCoIEq1bSuCbkIkcCrYqNCJFYsIHZB71tY0ID5T3WSy1AjvaaWHvVDqEwCeqL8nEuIrNfRd3ekT6Ktpbyz+57Vj8M66CQ+iGFhA04e8WGAI8Tgh3OOSURBDTQiVXP8V0z6RhILOsaBDsKdXniWN47J9Uq7cVIrViyyOPNpBu6iEbHSKqugK1VAdUfSIntErejOejBfj3fhIW3NGNrON/sD4/AGEZJ3m</latexit>

L(ω) → ω→k, ω > ωc

<latexit sha1_base64="IO+O7VH0rPljqP2xtO/xe/YZOlc=">AAACF3icbZDLSsNAFIYn9VbrLerSzWApuDEkEtSNUHTjSirYC7S1TKaTduxkEmYmQgl5Cze+ihsXirjVnW/jNA2orT8MfPznHM6c34sYlcq2v4zCwuLS8kpxtbS2vrG5ZW7vNGQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpjS4m9eY9EZKG/EaNI9IN0IBTn2KktNUzrY4vEE6uene3iUJikB5mGHIvTZMfhGfQddxOpWeWbcvOBOfByaEMctV65menH+I4IFxhhqRsO3akugkSimJG0lInliRCeIQGpK2Ro4DIbpLdlcKKdvrQD4V+XMHM/T2RoEDKceDpzgCpoZytTcz/au1Y+afdhPIoVoTj6SI/ZlCFcBIS7FNBsGJjDQgLqv8K8RDpoJSOsqRDcGZPnofGkeUcW+61W66e53EUwR7YBwfAASegCi5BDdQBBg/gCbyAV+PReDbejPdpa8HIZ3bBHxkf38Ign58=</latexit>

N targ
j →Nonb

j

Nonb
j

= 414%

<latexit sha1_base64="zZkNn1Ri4i2WRmWBnE1HMmFUkmw=">AAACF3icbZDLSsNAFIYn9VbrLerSzWApuDEkWrQboejGlVSwF2hqmUwn7djJJMxMhBLyFm58FTcuFHGrO9/GaVpQW38Y+PjPOZw5vxcxKpVtfxm5hcWl5ZX8amFtfWNzy9zeacgwFpjUcchC0fKQJIxyUldUMdKKBEGBx0jTG16M6817IiQN+Y0aRaQToD6nPsVIaatrWq4vEE6uune3iUKinx5mGHIvTZMfhGfwuGK7pa5ZtC07E5wHZwpFMFWta366vRDHAeEKMyRl27Ej1UmQUBQzkhbcWJII4SHqk7ZGjgIiO0l2VwpL2ulBPxT6cQUz9/dEggIpR4GnOwOkBnK2Njb/q7Vj5Vc6CeVRrAjHk0V+zKAK4Tgk2KOCYMVGGhAWVP8V4gHSQSkdZUGH4MyePA+NI8s5scrX5WL1fBpHHuyBfXAAHHAKquAS1EAdYPAAnsALeDUejWfjzXiftOaM6cwu+CPj4xvFMZ+h</latexit>

N targ
j →Nonb

j

Nonb
j

= 380%

<latexit sha1_base64="7mIy0Q2WCBfKskaeEQ3esdYtYK0="></latexit>

N
targ
j →N

onb
j

Nonb
j

↑ 4ω

FOV
→ 1
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Gain even larger considering a sub-threshold search 

joint with Fermi-GBM



NITRATES sky localization maps
IN/OUT FOV OUT FOV

Lowering the 
GRB flux

Real position
90 % credible region
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DeLaunay, S.R. + (in prep.)



NITRATES sky localization maps combined with GW ones

Example of joint GW+NITRATES map

The estimate is conservative, since it assumes 2 
LIGO + Virgo online, and @ design sensitivity

Plausibly, real GW 90% areas are larger than the 
simulated ones, so the improvement given by 

NITRATES map could be even better 
13

Shrinking of the GW 90% area, including 
NITRATES localization



NITRATES sky localization maps combined with GW ones

14

Example: S241125n (high-significance BBH) 

• Sub-threshold NITRATES candidate 11 s after the 
merger 

• 84% of the NITRATES sky localization probability is 
inside 5 arcmin around the peak position (blue star). 
The remaining 16% is spread around the sky

GW-𝛾 sky overlap essential to assess the significance 
of possible joint coincidences

<latexit sha1_base64="YlHXtv9rXReJyS7K2AzVIL2kHkY="></latexit>

RGW → FARω → !t

I!
Joint FAR ~ ~ 1 / 6 yr

Overlap between GW and 𝛾 skymaps



Ronchini+2024
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1. First CBC with a component in the mass gap 3-5 M⊙ 

2. NSBH with lowest mass ratio so far —> relatively 
high chance to  have a remnant mass>0 

3. Potentially EM-bright

Exploit the non-detection: GW230529
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Combined with GW posteriors

Angle dependent constraints on 
the apparent luminosity 
structure of the merger 

<latexit sha1_base64="xnXZ2ZtRym6Wn7KIgTaF981zn2Q=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQIkjYlaAegwp68BDBPCBZltnJbDJk9sFMbyAsAX/FiwdFvPod3vwbJ8keNLGgoajqprvLiwVXYFnfRm5peWV1Lb9e2Njc2t4xd/caKkokZXUaiUi2PKKY4CGrAwfBWrFkJPAEa3qD64nfHDKpeBQ+wihmTkB6Ifc5JaAl1zyoueltc1zqQJ8BcYen+Ma9P3HNolW2psCLxM5IEWWoueZXpxvRJGAhUEGUattWDE5KJHAq2LjQSRSLCR2QHmtrGpKAKSednj/Gx1rpYj+SukLAU/X3REoCpUaBpzsDAn01703E/7x2Av6lk/IwToCFdLbITwSGCE+ywF0uGQUx0oRQyfWtmPaJJBR0YgUdgj3/8iJpnJXt83LloVKsXmVx5NEhOkIlZKMLVEV3qIbqiKIUPaNX9GY8GS/Gu/Exa80Z2cw++gPj8wecApSe</latexit>

PGW (ωv, DL)



Follow up with Swift XRT/UVOT
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XRT/UVOT follow-up

MAX FAR MAX DISTANCE MAX 90% AREA
P_disrupt =0 1/10 yr / 30 deg2

P_disrupt <0.5 1/90 days 150 Mpc 300 deg2

P_disrupt >0.5 1/90 days 400 Mpc 300 deg2

Bursts 1/yr / /
Sub-Solar Mass 1/2yr 400 Mpc 300 deg2

• The ordering and selection of fields is done performing 
a convolution of the GW sky map with galaxy catalogs

• Preference given to the fields with more luminous 
galaxies

• For potentially bright GW sources, exposure optimized 
to maximize detection chance for Kilonova  

17

Page+20
Klingler+19
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Eyles-Ferris, …, S.R.+24
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Can we optimize even more?
Possibly YES!! Using posterior distributions from GW parameter estimation

<latexit sha1_base64="RQawfIX8T/8DW4Su6JDsYDlpTbo="></latexit>

ωεGW → P (Flux|t,DL, RA,Dec)

<latexit sha1_base64="9E+xw0R1sg+P8awbeeRjmP6EPW0="></latexit>

Pdet(t,DL, RA,Dec) =

∫ →

Flim

P (Flux)

Example done for an NSBH 
candidate where the chirp 

mass is known at 10% 
precision. 

Info on chirp mass used to 
estimate brightness and peak 

time of the transient 

For a given time, the darker 
regions are the ones with 
higher chance to have a 

detectable source

18

<latexit sha1_base64="D1ERW4oxgJwR8aY/tHKKahljyvY="></latexit>

P (g | Pp(D)) → P (g | Pp(D))↑ Pdet(g, t)

Re-weight

S.R. + (in prep.)



Swift legacy for 3G GW era: pre-merger slew

- On average, slewing asap is always the best strategy (even 
if sometimes BAT can point in the wrong direction) 

- Up to a factor 2 increase in the chance to have the GW 
in BAT FOV 

- Pioneering concept for the 3G GW detectors (ET and CE) 
where early warning alerts will happen routinely

Concept: in O4-O5 runs, GW skymaps can be available  
up to 30-60 s pre-merger (very loud nearby NS 

merger) —> quickly re-orient Swift to have the 
GW in FOV

~ 10-100 BNS 
detected / yr with a sky 
localization better than 
10 deg^2 5 min pre-

merger

19

Banerjee, …, S.R. +23

Tohuvavohu, …, S.R. +24

BAT position @ T0 - dt

BAT position @ T0 

Merger position- - - Optimal trajectory

GW sky localization @ T0 - dt



Summary 

- Swift-BAT/GUANO essential to perform subthreshold searches targeted on GWs 

- NITRATES pipeline running 24/7 increases the joint detection horizon 

- NITRATES sky localization maps crucial to assess the significance of joint GW-gamma associations 

- Even in the case of non-detection, e.g. GW230529, we are able to infer constraints on the jet 
luminosity and opening angle, once the flux-upper limits are combined with the GW parameter 

estimation 

- Swift XRT/UVOT tiling follow-up optimized for KN detection, and it can be even more 
optimized, if more GW parameters are released publicly in low-latency 

- Swift can re-point in extremely low-latency in response to Early Warning pre-merger alerts 
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BACKUP SLIDES
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N targ
j
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Nonb
j

What we gain going sub-threshold?

Gain given by Swift-BAT/GUANO with respect to onboard joint detections 
<latexit sha1_base64="QbC2dUnlb9eQ71o1brG0dnxU9NM="></latexit>

L → 4ω(DGW
max)

2max(Flim(!))
<latexit sha1_base64="j8L9qEU8sG4lZpqLTbMJRz6le4s="></latexit>

L → 4ω(DGW
max)

2min(Flim(!)) Structured jet 
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L(ω) → ω→k, ω > ωc
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