In order to save time and effort later on, and to get the best results from this process, please answer the following questions:
 
(a) What is your research question(s)?

Discovering hidden jets may be the key to deciphering some of the  open questions in astrophysics today.
The research questions of the proposal include the origin of high energy cosmic rays, the origin of the observed cosmic neutrino background, how jets are launched by accreting black holes, and how collapsing stellar cores explode creating supernovae.


(b) Why is the research question important? You may mention other literature in the field, and the expected contribution of your research.

How core-collapse supernovae (CCSNe) explode is a critical, yet still enigmatic question in astrophysics. A key aspect of such explosions is whether, and how, energetic jets are launched or chocked in the aftermath of the collapse. Joint observations of gamma-ray bursts (GRBs) and CCSNe may establish if choked jets can be launched following core collapse, likely by a newly formed black hole that accretes matter from the star. GRBs have been observed from stars that had lost their hydrogen envelopes. Jets launched inside intact envelopes could stall before burrowing out of the star, remaining hidden from the outside observer. These so-called choked jets are of special interest, both for the understanding relativistic outflows and their connection to CCSNe, and as potential sources of high energy neutrinos. 


(c) What are your hypotheses?

The proposed research is well suited to be the basis of observational breakthroughs with
future observations given our current limited knowledge of jets inside stellar envelopes, and due
to the new capabilities ULTRASAT will create.
The research will deliver advances in an emblematic inquiry of the multi-messenger era: the
combined analysis and interpretation of electromagnetic radiation and neutrinos, furthering one
of the Big Ideas: "Windows on the Universe: the Era of Multi-Messenger Astrophysics.”
With the near-future launch of the ULTRASAT mission, the proposed research will be an
important step in maximizing the science reach of low-latency UV observations by understanding
the targets and establishing optimal observing strategies. 


(d) What is the proposed methodology? Why was it selected?

The research will advance an emblematic inquiry of the multi-messenger era: the combined analysis and interpretation of electromagnetic radiation and high-energy neutrinos. The award will focus on two of the timeliest and pressing investigations focusing on multi-messenger transients: observations with the upcoming ULTRASAT mission, and high-energy neutrino observations taking advantage of the continued expansion of neutrino detection capabilities.
The proposed research will establish the early observational signatures and strategies for the multi-messenger observations of such hidden jets. The project will focus on two signatures in particular: fast ultraviolet observations with the future rapid-response, wide-field-of-view ULTRASAT satellite, which will be able to record radiation from the breakout of the shock created by the submerged jet; and high-energy neutrinos which can escape from the depths of the stellar envelope, carrying information on optically inaccessible processes. The work will establish the expected detection rate with ULTRASAT of breakout radiation due to hidden jets as well as those of other UV transients that need to be distinguished. It will determine the precision with which explosion and jet properties can be reconstructed from UV and multi-messenger observations. Finally, the research will develop a rapid follow-up observation strategy of high-energy neutrinos for ULTRASAT and estimate the required observing time to optimally search for hidden jets. The project will combine the multi-messenger observational expertise of the U.S. team with the experience and leadership of the Israeli team of the ULTRASAT satellite.


(e) What are the main steps that will be involved in conducting your research?

Here, we outline milestones for the proposal

1. Milestone 1: Determine expected ULTRASAT detection rates for shock breakout from
hidden jets, GRBs and low-luminosity GRBs 
2. Milestone 2: Determine hidden jet and population properties that can be estimated based
on observed UV+multi-messenger information. Establish procedure to carry out this de-
termination for observations 
3. Milestone 3: Determine whether/when/how hidden jets can be differentiated from GRBs
and LLGRBs based on ULTRASAT+multi-messenger observations (Objective 2; year 2).
4. Milestone 4: Estimate expected joint detection rate of UV + high-energy neutrinos by
ULTRASAT and IceCube/KM3NeT 
5. Milestone 5: Determine dependence of expected joint detection rate on ToO strategy, e.g.
on follow-up latency and observation duration of ULTRASAT (Objective 3; year 3-4).
6. Milestone 6: Establish recommended total ToO time for ULTRASAT for high-energy neu-
trino follow-up 
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