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• ULTRASAT mission goals 
• ULTRASAT @ DESY: 
• Neutrinos 
• Cosmology 
• GRBs 
• AGN 
• …

mailto:iftach.sadeh@desy.de


• Coordinated by Marek K. 
• Working on a short white paper, summarising the science topics of interest for us at DESY

• Refine scientific goals

• Understand how these might impact the observation strategy of ULTRASAT

• Map out future projects / analyses to be developed


• First “complete” draft by early January, but this will be a living document

• Anyone interested is welcome to join the effort !

DESY ULTRASAT science book
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Science with ULTRASAT
• The death of massive stars 
• Shock breakouts & early shock cooling of CC-SNe

• Superluminous SN

• Type Ia SNe


• Wide-field UV time-domain survey 
• Discover transients

• GRB afterglows

• Transmit alerts to the community

• MWL / MMS correlations (IceCube, LSST, CTA, …)


• Compact object transients 
• Emission from GW NS-NS / NS-BH mergers

• Cataclysmic variables

• TDEs


• & more… 
• Flaring stars

• Eclipsing binaries

• …

High cadence UV observations

3

Sagiv (2014) arxiv:1303.6194

https://arxiv.org/abs/1303.6194


• Neutrinos 
• Astrophysical neutrinos ➙ AGNs,  Blazars, TDEs, SNe, GRBs, Starburst galaxie, …?

• Followup high-energy neutrinos

• Cross-correlation of cosmic neutrino sample with UV(+MWL) sources


• Cosmology 
• Type Ia SNe, plateau CC-SNe (SNe IIP) & kilonovae (KNe) ➙ distance measurements

• Probe the nature of dark energy and dark matter

• Tests of the early Universe

• Tests of general relativity


• Early UV+optical light curves of SN Ia needed ➙ redshift-evolution of progenitors?

• Kilonova cosmology

• Better models of dust extinction for distance measurements

• Time delay of lensed SNe & other exotic transients ➙ Hubble constant

ULTRASAT @ DESY
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• GRBs 
• Serendipitous UV(+MWL) detection

• Followup of external alerts

• Detection afterglows & shock breakouts of known GRBs

• SN Ic ➙ shock breakouts ➙ LL-GRBs ➙ HL-GRBs:

• Wide field survey UV(+MWL) ➙ early UV data ⊕ SN Ic 

classification

• Late time MWL followup ➙ identification of 

(sim-)relativistic outflows

• Populations studies of (low-redshift) GRB progenitors

ULTRASAT @ DESY
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Sagiv (2014) arxiv:1303.6194

Cano et al (2016) arxiv:1604.03549

6 Advances in Astronomy

(SBO) [30, 56–60] (see aswell Section 9). It was demonstrated
by [61, 62] that a key observable of !!GRBs are their single-
peaked, smooth, nonvariable "-ray LCs compared to the
more erratic "-ray LCs of jetted-GRBs, which become so(er
over time. It was shown by [60] that an SBO is likely present
in all LGRB events, but for any realistic con)guration the
energy in the SBOpulse is lower bymany orders ofmagnitude
compared to those observed in the GRB prompt emission
(#SBO = 1044–1047 erg, for reasonable estimates of the ejecta
mass and progenitor radii). *ese low energies (compared
with #!,iso) suggest that relativistic SBOs are not likely to be
detected at redshi(s exceeding $ ≈ 0.1. In cases where they
are detectable, the SBO may be in the form of a short pulse
of photons with energies >1MeV. Inspection of the #" values
in Table 2 shows that only a few events have photons with
peak "-ray energies close to this value: GRB 140606Bhas#" ≈800 keV [32]; however suspected !!GRBs 060218 and 100316D
only have #" = 5 keV and 30 keV, respectively. It should be
noted that while the SBO model of [60] successfully explains
the observed properties (namely, the energetics, temperature,
and duration of the prompt emission) of GRBs 980425,
031203, 060218, and 100316D, their SBOorigins are still widely
debated [63, 64], with no )rm consensus yet achieved.

*ermal, black body (BB) components in UV and X-
ray spectra have been detected for several events, including
GRB 060218 (X-ray: &' = 0.17 keV, time averaged from
)rst 10,000 s, [58]); GRB 100316D (X-ray: &' = 0.14 keV,
time averaged from 144–737 s, [65]); GRB 090618 (X-ray:&' = 0.3–1 keV up to )rst 2500 s, [66]); GRB 101219B (X-ray:&' = 0.2 keV, [67]); and GRB 120422A (UV: &' = 16 eV at
observer-frame ( − (0 = 0.054 d, [41]). A sample of LGRBs
with associated SNe was analysed by [68] who found that
thermal components were present in many events, which
could possibly be attributed to thermal emission arising from
a cocoon that surrounds the jet [69] or perhaps associated
with SBO emission. Reference [67] analysed a larger sample
of LGRBs and found that, for several events, a model that
included a BB contribution provided better )ts than absorbed
power laws. Reference [70] found that, in their sample of
28 LGRBs, eight had evidence of thermal emission in their
X-ray spectra, indicating such emission may be somewhat
prevalent. However, the large inferred BB temperatures (&'
ranging from 0.16 keV for 060218 to 3.2 keV for 061007, with
an average of ≈1 keV) indicates that the origin of the thermal
emissionmay not be a SBO.Moreover, the large superluminal
expansions inferred for the thermal components instead
hint at a connection with late photospheric emission. In
comparison, some studies indicate a SBO temperature of ∼
1 keV [71], while [60, 72–74] showed that for a short while the
region behind the shock is out of thermal equilibrium, and
temperatures can reach as high as ∼50 keV.

*e radius of the )tted BB component o.ers additional
clues. References [58, 59] derived a BB radius of 5–8× 1012 cm
for GRB 060218; [65] found ≈8 × 1011 cm for GRB 100316D;
[41] found ≈7 × 1013 cm for GRB 120422A; and [75] derived
a radius of ≈9 × 1013 cm for GRB 140606B.*e radii inferred
for GRBs 060218, 120422A, and 140606B are commensurate
with the radii of red supergiants (200–1500R⊙), while that
measured for GRB 100316D is similar to that of the radius of a
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Figure 7: *e positions of GRBs, SNe Ibc, and GRB-SNe in the#K-Γ- plane [32, 78–81]. Ordinary SNe Ibc are shown in green,!!GRBs in blue, relativistic SNe IcBL in purple, and jetted-GRBs in
red. Squares are used for the slow-moving SN ejecta, while circles
represent the kinetic energy and velocity of the nonthermal radio-
emitting ejecta associated with these events (e.g., the GRB jet). *e
velocities were computed for ( − (0 = 1 day (rest-frame), where
the value Γ- = 1 denotes the division between relativistic and
nonrelativistic ejecta. *e solid lines correspond to (green) ejecta
kinetic energy pro)les of a purely hydrodynamical explosion #K ∝(Γ-)−5.2 [57, 82, 83]; (blue/purple dashed) explosions powered by
a short-lived central engine (SBO-GRBs and relativistic IcBL SNe
2009bb and 2012ap: #K ∝ (Γ-)−2.4); (red) those arising from a
long-lived central engine (i.e., jetted-GRBs; #K ∝ (Γ-)−0.4 [84]).
Modi)ed, with permission, fromMargutti et al. [78, 81].

blue supergiant (≤25R⊙).*ese radii, which are much larger
than those expected for Wolf-Rayet (WR) stars (of order a
few solar radius to a few tens of solar radii), were explained
by these authors by the presence of a massive, dense stellar
wind surrounding the progenitor star, where the thermal
radiation is observed once the shock, which is driven into
the wind, reaches a radius where the wind becomes optically
thin. An alternative explanation for the large BB radii was
presented by [76] (see aswell [77]), where the breakout occurs
in an extended (0 = 100R⊙) low-mass (0.01M⊙) envelope
surrounding the preexplosion progenitor star. *e origin of
envelope is likely material stripped just prior to explosion,
and such an envelope is missing for high-luminosity GRB-
SNe [77].

For a given GRB-SN event there are both relativistic and
nonrelativistic ejecta, where the former is responsible for
producing the prompt emission, and the latter is associated
with the SN itself. *e average mass between the two
components is large: the ejecta mass of a GRB-SN is of order
2–8M⊙, while that in the jet that produces the "-rays is
of order 10−6 M⊙, based on arguments for very low baryon
loading [88]. A GRB jet decelerates very rapidly, within a few
days, because the very low-mass ejecta is rapidly swept up
into the comparatively larger mass of the surrounding CSM.
Conversely, SNe have much heavier ejecta and can be in free-
expansion for many years or even centuries. Measuring the
amount of kinetic energy associated with each ejecta compo-
nent can o.er additional clues to the explosion mechanisms
operating in these events. Figure 7 shows the position of SNe

Purely hydrodynamical Long-lived engine

https://arxiv.org/abs/1303.6194
https://arxiv.org/abs/1604.03549


• AGN 
• Blazar monitoring and flare follow-ups

• Large-scale AGN classification ➙ disk obscuration, 

MWL cross-correlation

• More details needed!


• What else? 
• …

ULTRASAT @ DESY
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