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• Very large-area, wide-FoV Compton polarimeter
designed to cover the peak energy 
output of a typical GRB
§ 50 - 500 keV polarimetry

§ 20 keV - 5 MeV spectroscopy

§ Localizations <5 deg for brightest bursts

§ Rapid alerts to the community within 10s of secs

• Proposed as a NASA Explorers MoO

• Externally attached to ISS

• Launch readiness date 2027

• Mission duration 3 yrs

What is the LargE Area burst 
Polarimeter?

LEAP will elucidate the 
nature of the prompt γ-ray 
emission of GRBs, by 
making the highest fidelity 
polarization measurements 
to date! 



LEAP Science Objectives
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LEAP will study the prompt emission 
polarization of GRBs to determine the 
following jet properties:
• Magnetic Field Structure

Are the jet magnetic fields randomly oriented or are 
they oriented in some ordered fashion?

• Composition
Are jets dominated by matter or by magnetic fields?

• Energy Dissipation 
Is energy dissipated within the jet by internal shocks 
or by magnetic reconnection?

• Emission Mechanism 
Is the radiation mechanism synchrotron or 
bremsstrahlung, and is the particle distribution thermal 
or non-thermal?
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LEAP achieves its objectives with sensitive 
measurements of an ensemble of >65 GRBs

FO1LEAP Science Objectives
Table FO1-1. The Science Traceability Matrix de!nes the mission functional requirements.

Table FO1-2. GRB model classes are de!ned by observable 
characteristics that guide the science objectives.

Figure FO1-C. The distribution of polarization parameters in a 2d dataspace provides 
further distinction between the model classes. Three different sets of simulations, 
one for each model class, are shown here. Each set represents a three-year mission 
sample of 86 GRBs with MDP < 30%.
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The LEAP  
science goal is 
to improve our 
understanding  

of 
astrophysical  
jets and the 
environment 
surrounding 

newborn  
compact 
objects.

1. LEAP determines the  
jet magnetic !eld 
structure  
(ordered or random)

2.  LEAP determines the  
jet composition 
(dominated by matter 
or Poynting "ux)

3.  LEAP determines the  
jet energy dissipation  
process (internal 
shocks  
or reconnection)

4. LEAP determines  
the prompt emission  
mechanism(s)

5. LEAP enables rapid 
community follow-up 
to better understand 
GRBs and their 
environments.

Number of GRBs GRB Prompt 
Emission

FoV ±75° (1.5 π) >75° (>1.5 π) Complies
Observing Strategy

• Space-based platform to avoid attenuation 
by the Earth’s atmosphere.

• Non-polar orbit to minimize instrument 
background from exposure to high-radiation 
regions.

• Mission lifetime must meet LEAP science 
objectives quanti!ed in the Level 1 
requirements (3-year baseline).

• The signal-to-noise ratio must be suf!cient 
to detect on-axis “standard*” gamma-ray 
bursts (50–300 keV range).

Instrument Accommodation
• Minimally obscured, passive space-based 

experiment with !xed orientation on ISS.
• Instrument must be pointed towards deep 

space (away from the Earth).
• Rapid dissemination of burst alert data to 

the community, quanti!ed in the Level 1 
requirements.

• Nearly-continuous communication with 
payload.

Launch Vehicle Capability
• Launch Readiness by 12/2027 (per NASA 

requirement).
*A “standard” GRB is de!ned as having a Band function energy 

spectrum with Ep = 230 keV, α = -1.0, and β = -2.3 [39].

Burst Triggers
(in 3-year mission) 300 390 30%

GRB Time History Photon Arrival Time Absolute Time Accuracy 1 ms 1 µs 999 μs

GRB Localization Photon Arrival 
Direction

Localization Error (1σ) for polarization 
analysis of GRBs with < 30% MDP

 <15° for all 
zenith angles 

in the FOV
8° 50%

Localization error (1σ) for GRB follow-up <5° <  5° for  
40 GRBs/yr Complies

GRB Spectrum 
(incl. Ep) Photon Energy

Energy Range 20 keV  
– 1 MeV 20 keV – 5 MeV Complies

Energy Bins  
(Emax  - Emin)/∆EFWHM 8 32 300%

GRB Polarization Photon Polarization

Energy Range 50 – 300 keV 50 – 500 keV Complies

Polarization Measurements
< 30% MDP in 3 years 65 GRBs 86 GRBs 32%

Energy Bins 
(Emax  - Emin)/∆EFWHM

3 8 167%

Time Resolution 0.1 s 1 µs 99,999 μs

Figure FO1-D.  The LEAP baseline mission requirement of 65 GRBs with better 
than 30% MDP is met with 7 modules (§E.1.1) in 3 years. The threshold mission 
requirement of 30 GRBs with better than 30% MDP can be met  in 3 years with only 
2 modules or in 15 months with 7 modules.

Figure FO1-B. LEAP’s statistical study of GRB polarization properties 
differentiates between classes of GRB models to provide a diagnostic of  
jet composition, magnetic !eld structure, energy dissipation processes,  
and emission mechanisms of GRB jets [48].

Figure FO1-A. LEAP provides simultaneous broadband polarization and spectroscopy 
data. A typical Band spectrum is shown.

LEAP adds a new dimension of high-energy polarization 
to our understanding of astrophysical jets in Gamma-Ray 
Bursts (GRB). Polarimetry breaks degeneracies  
that spectroscopy alone cannot resolve.

Baseline Investigation:  To distinguish between Poynting-"ux 
dominated and matter dominated classes of models at the 99.99% CL and 
to further distinguish between two matter dominated classes of models at 
the 95% CL. This requires 65 GRBs measured with a minimum detectable 
polarization (MDP) of 30% or better.

Threshold Investigation: To distinguish between Poynting-"ux 
dominated and matter dominated classes of models at 99% CL. This 
requires 30 GRBs to be measured with an MDP of 30% or better.
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∏ distribution peaks near 
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∏ maximum 60% 85% 40%

Fraction with 
∏>30% 62% 17% 2%
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Figure FO1-C. The distribution of polarization parameters in a 2d dataspace provides 
further distinction between the model classes. Three different sets of simulations, 
one for each model class, are shown here. Each set represents a three-year mission 
sample of 86 GRBs with MDP < 30%.
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requirements.
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Figure FO1-D.  The LEAP baseline mission requirement of 65 GRBs with better 
than 30% MDP is met with 7 modules (§E.1.1) in 3 years. The threshold mission 
requirement of 30 GRBs with better than 30% MDP can be met  in 3 years with only 
2 modules or in 15 months with 7 modules.

Figure FO1-B. LEAP’s statistical study of GRB polarization properties 
differentiates between classes of GRB models to provide a diagnostic of  
jet composition, magnetic !eld structure, energy dissipation processes,  
and emission mechanisms of GRB jets [48].

Figure FO1-A. LEAP provides simultaneous broadband polarization and spectroscopy 
data. A typical Band spectrum is shown.

LEAP adds a new dimension of high-energy polarization 
to our understanding of astrophysical jets in Gamma-Ray 
Bursts (GRB). Polarimetry breaks degeneracies  
that spectroscopy alone cannot resolve.

Baseline Investigation:  To distinguish between Poynting-"ux 
dominated and matter dominated classes of models at the 99.99% CL and 
to further distinguish between two matter dominated classes of models at 
the 95% CL. This requires 65 GRBs measured with a minimum detectable 
polarization (MDP) of 30% or better.

Threshold Investigation: To distinguish between Poynting-"ux 
dominated and matter dominated classes of models at 99% CL. This 
requires 30 GRBs to be measured with an MDP of 30% or better.
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Time- and Energy-Resolved Polarization
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not critical. A fixed pointing direction close to 
the zenith ensures that the instrument remains 
pointed toward deep-space (away from the 
Earth), maximizing the sky exposure, and mini-
mizing the instrumental background from Earth 
albedo. 

In the absence of localizations from other 
sources, LEAP must independently determine 
the source location. To ensure that the local-
ization uncertainty does not add more than 
25% relative uncertainty to LEAP's polariza-
tion measurement, the source direction must 
be determined with an error of <15° (1σ). If 
these localizations are sufficiently precise they 
enable follow-up observations with other facili-
ties [80]. If a counterpart is detected, this further 
reduces the LEAP response uncertainty and can 
lead to important context information (redshift, 
etc.). For example, to enable follow-up obser-
vations with wide-field optical telescopes, such 
as the ZTF [78], localization errors (1σ) of <5° 
are required. Absolute locations with respect to 
the fixed celestial sphere require attitude data, 
which must be known to < 0.5° in pitch, yaw, 
and roll. 

The GRB time history is measured with 
sufficient precision to discern small-scale struc-
tures [81] and to permit comparison with other 
measurements for the purpose of triangulation 
with the Interplanetary Network (IPN) of γ-ray 
detectors [82]. An absolute timing accuracy of 
~1 ms is sufficient for these purposes. 

The optimal energy range for GRB 

MDP of 30% or better (Fig. D-3). The number of 
measured GRBs is a function of several different 
instrumental parameters, including the energy-
dependent background, and the energy- and 
angle-dependent response (FO3-L, FO3-M), 
along with the mission lifetime. The number of 
GRBs expected at a given MDP is determined 
using the 50–300 keV fluence and duration 
values from the GBM catalog [58]. MDP values 
are determined for bursts drawn at random from 
the catalog and placed at random locations on 
the sky. It is assumed that 10% of these bursts 
will be obscured by ISS structures within the 
FOV. The results are shown in FO1-D for a three 
year mission, where it is seen that LEAP will 
measure 86 GRBs (72-100 GRBs at the 90% 
CL) with MDP <30%. LEAP will self-trigger on 
~390 GRBs. LEAP will identify an admixture 
of model classes (SO/CD/SR) by measuring the 
distribution of events in the 2D data space (FO1-
C). More detailed time-resolved and/or energy-
resolved studies will be performed on GRBs with 
an MDP of 10% or better. Nineteen GRBs with 
MDP <10% are expected in a three-year mission 
(12–26 GRBs at the 90% CL). Polarization 
measurements of SGRBs, when compared with 
those for LGRBs, will address whether differ-
ent progenitor systems lead to different jet prop-
erties. LEAP is uniquely capable of assessing 
these possible differences.

The instrument requirements are derived 
directly from the goal and objectives, as captured 
in the Science Traceability Matrix (FO1-1). 

Figure D-5. GAP observations of GRB 100826A [74] indicate variability in polarization 
angle (right), but not in polarization degree (left). LEAP detects variations in both param-
eters (solid error bars), as predicted by ICMART [75] (pink crosses).

Since GRBs 
occur randomly 
in both direc-
tion and time, a 
large, minimally 
obstructed FOV 
is required to 
measure a large 
sample of GRBs. 
Since GRBs 
are uniformly 
distributed on the 
sky, the specific 
pointing direc-
tion on the celes-
tial sphere is 
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most pronounced [71]. This requires the ability 
to resolve energy-dependent differences in 
polarization on the order of 5% (Fig. D-4). A 
recent claim of energy-dependent polarization 
based on data from ASTROSAT-CZTI for GRB 
171010A [32] is hampered by uncertainties in 
the measured polarization values. For this same 
event, an MDP of 1% would have been reached 
by LEAP, permitting a rigorous analysis of 
energy-dependent polarization (Fig. D-4). 

Key Analysis 4: Temporal dependence of 
GRB Polarization (Science Objective 3). Time-
resolved analyses can make full use of  the diag-
nostic power of polarization measurements. 
For example, in the Internal-Collision-induced 
MAgnetic Reconnection and Turbulence 
(ICMART) model of GRBs [55], each broad 
pulse in the GRB light curve is related to a 
collision between two outward-moving shells 
that destroys ordered magnetic fields through 
reconnection to produce radiation. In this case, 
a decrease of the polarization with time is 
expected across each broad pulse and the polar-
ization angle within each pulse would be uncor-
related with other pulses. A contrasting case is 
a GRB spectrum that evolves from thermal to 
non-thermal, corresponding to a magnetic field 
that becomes more dominant with time (e.g., 
GRB 160625B [72-73]). In this case, one would 
expect that the polarization degree increases 
with time. Figure D-5 shows the change in 

polarization angle observed from GRB 100826A 
[74], and as predicted by the ICMART model 
[75]. Simulated LEAP measurements for this 
burst show substantially improved capability to 
discern variations in both polarization angle and 
fraction (Fig. D-5). A time-varying polarization 
angle has also been reported for GRB 170114A 
[42-43,45]. During a three-year mission, LEAP 
is expected to constrain time-resolved polariza-
tion for ~10 GRBs with an MDP <10% in each 
of two or more independent time intervals.
D.1.3 Rapid Follow-Up Observations

Detection of afterglow emission would 
constrain jet properties such as the total outflow 
energy, jet opening angle, and viewing angle, 
which would significantly improve polarization 
models. For this reason, LEAP’s fifth science 
objective (Table D-1) emphasizes the impor-
tance of enabling rapid follow-up observations 
by the world-wide astronomical community. 
Precise localizations can be derived from corre-
lating LEAP triggers, both spatially and tempo-
rally, with optical transients, such as those 
detected by the Vera Rubin Observatory (VRO) 
[76]; or the Zwicky Transient Facility (ZTF) 
[77-78]. For example, in early 2017, the interme-
diate Palomar Transient Factory (iPTF) detected 
a GRB afterglow both spatially and temporally 
consistent with a prompt GRB trigger from 
Fermi-GBM [79], resulting in follow-up X-ray 
and radio observations.
D.2 Investigation Requirements & 

Baseline Investigation 

Figure D-4. A blackbody component (top) results in a 
reduction of Π. Energy-dependent data (bottom) from 
LEAP, assuming a 1% MDP, unambiguously discerns 
the presence of a blackbody component.

LEAP provides polarization and spectroscopy 
measurements for a large sample of GRB 
prompt emission with a single highly sensitive 
instrument.

LEAP conducts a statistical survey of GRB 
polarization to identify the dominant GRB 
model class, thereby constraining the jet physics. 
The baseline science investigation differenti-
ates between the Poynting-flux dominated (SO) 
and matter-dominated (SR, CD) classes of GRB 
models at 99.99% CL, and further distinguishes 
between two matter-dominated classes (SR, 
CD), at the 95% CL, under the assumption that 
all GRBs belong in the same class. This statisti-
cal study requires measuring 65 GRBs with an 

For the brightest bursts, LEAP will distinguish time dependent 
variations in polarization degree and angle, if present

For the brightest bursts, 
LEAP will detect energy 
dependent variations due 
to photospheric emission



Short GRB science with LEAP

• LEAP is expected to trigger on about 80 SGRBs 
during its 3-year mission

• LEAP is expected to observe 3.0+6.4
-2.0 joint 

GRB/GW events per year
• LEAP will provide rapid alerts (typically <16 s) to 

the community to facilitate follow-up observations
• LEAP localizations will be comparable to Fermi 

GBM
• Joint GRB/GW detections place important 

constraints on jet physics and fundamental physics

Abbott et al Abbot et al 2017



Non-GRB Transient Science with LEAP

LEAP
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eYolution on sub�millisecond timescales.  This 
emission is highly optically thick and heaYily 
&omptoni]ed. The interpretation that this signal 
is Irom a collimated relatiYistic outÀow emanat�
ing Irom the magnetic polar regions� which is 
sweeping across our line oI sight due to the 
star¶s rotation� suggests that there should be 
strong Yariation oI polari]ation characteristics 
that couples to the obserYed spectral eYolution.  
LEAP will be able to probe such polarization 
signals and variability in the intense spikes of 
Jiant flares from extraJalactic maJnetars, for 
which we have several candidate flares detected 
over the last 15 years (Burns et al. 2021).  
/($3 measurements oI correlations between 
Àu[ and polari]ation degree and angle will 
inIorm the magnetic geometry oI the emission 
region� discerning whether it is polar or eTuato�
rial� and will also probe the possible action oI 
photon splitting� Must as it will do Ior less power�
Iul magnetar bursts.  ,n addition� serendipitous 
measurements oI much nearer *alactic giant 
Àares will proYide a rich and unprecedented 
opportunity to probe the field geometry and 
relatiYistic plasma conditions. 

Periodic sources. /ike %$T6( (%ildsten et 
al. ����) and Fermi�*%0 ()inger et al. ����� 
0alacaria et al. ����)� /($3 serYes as a monitor 
oI spin IreTuency and pulsed Àu[ Ior accreting 
;�ray pulsars (Fig. D-9) and the &rab pulsar. 
These studies are enabled by /($3¶s high time 
resolution� eYent�based data� and high duty cycle 
obserYations oYer the duration oI the mission. 
/($3 has similar sensitiYity to *%0 Ior pulsar 
monitoring� trading oII its larger eIIectiYe area 

polari]ation degree to leYels around ��±���� 
aboYe �� ke9. The process oI splitting changes 
the linear polari]ation state oI the photon� so a 
signature marker oI its action is a rapid change 
in polari]ation angle Irom energies below 
��±��� ke9 to those aboYe� /($3 can measure 
this. $t higher altitudes� splitting is ineIIectiYe� 
and the optically�thick� &omptoni]ed spectrum 
possesses polari]ation at the ��±��� leYel. 
/($3 will also help discern whether particular 
bursts emanate Irom polar regions and� there�
Iore� generally e[hibit lower linear polari]ation. 
*iYen access to a serendipitous )5%�associated 
6*5 burst� /($3 can distinguish between polar 
or eTuatorial origin Ior such a soIt Ȗ�ray tran�
sient� thereby helping to adYance the magnetar�
)5% paradigm.

The 6*5 paradigm changed in another 
proIound way in ���� with the discoYery oI an 
anomalous short *5% ������$ locali]ed to the 
1*& ��� gala[y �.�0pc away (6Yinkin et al. 
����).  This was interpreted as being the intense 
initial ³spike´ oI a giant Àare Irom a magnetar in 
1*& ��� (5oberts et al. ����).  Two such giant 
Àares haYe been seen in the 0ilky :ay (e.g. see 
3almer et al. ���� Ior 6*5 �������)� and one in 
the /0&� all e[hibiting such intense sub�second 
spectrally�hard Àashes Iollowed by a signature 
oscillatory tail oI soIter γ�ray emission that lasts 
Ior a Iew minutes. *5% ������$ was too Iar 
away Ior the pulsating tail to be discernible� the 
tail being the hallmark oI magnetar rotation.  
<et its Fermi-*%0 spectroscopy (5oberts et al. 
����) reYealed Àu[es up to � 0e9 energies that 
would be readily detectable by /($3� and rapid 

Figure D-9. (New Figure) Simulated LEAP monitoring results for a giant outburst of 1A 0535+262 (left) 
and for a torque reversal in Cen X-3 (right).

Accreting pulsars

Solar Flares 

Magnetar Flares

• Long term monitoring
• Phase-resolved 

polarization for the 
brightest events

• Most sensitive polarization 
measurements to date

• Rapid notification for 
correlation with FRBs

• Polarimetry for the 
brightest bursts



Learn More about LEAP at AAS 240:
June 13 (2:00-3:30 PM) - New Mission Concepts
127.01 [ORAL] : The LEAP Gamma-Ray Burst Polarimeter: An Overview (J. Gaskin)
June 14 (9:00 - 10:00 AM) - New Mission Concepts
206.05 [iPOSTER] : Localization Capability of the LEAP Polarimeter on ISS (A. Goldstein) 
206.06 [iPOSTER] : Simulation Studies of the LEAP GRB polarimeter (M. McConnell) 
206.07 [iPOSTER] : The LEAP Prototype Detector (C. Ertley)
June 16th (10:30-10:40am) - Multi-messenger View of Supernovae, Gamma Ray 
Bursts, and Other Transients
411.04 [ORAL]: Transient Science with LEAP (C. Wilson-Hodge) – this talk


