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Introduction and motivation 
 



The last months of stellar evolution 
• Last stages of fusion 
chain 
•  rapid evolution of 

isotopic composition 
•  increase of core density, 

temperature 
•  increase of neutrino 

emission 
•  detectable!  

A. C. Phillips, The Physics of Stars, 2nd Edition (Wiley, 1999) 
Odrzywolek, Misiaszek, and Kutschera, 
Astropart. Phys. 21, 303 (2004) 



A new neutrino signal! 
•  early alert of imminent collapse 

1×1050

1×1051

1×1052

1×1053

0.000.010.101.0010.00100.00

in
te
gr
at
ed

em
is
si
vi
ty

(M
eV

/s
−
1
)

hours to collapse

9.0

9.2

9.4

9.6

9.8

6.0 6.5 7.0 7.5 8.0 8.5 9.0

lo
g(
T
c
/K

)

log(ρc/(g cm−3))

β
thermal

t1
t2
t3

t1
t2
t3
t4

K .M. Patton. C. Lunardini, R. Farmer and F. X. 
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Direct probe of advanced stellar evolution 
• O(0.1 – 1) MeV thermal neutrinos  

•  test evolution of stellar temperature and density 

• O(0.1 – 1) MeV neutrinos from beta processes  
•  test evolution of isotopic composition, nuclear transitions in 

extreme conditions 



A presupernova renaissance 
•  Thermal neutrino emission 

•  seminal studies 

 
•  detectability 

 
•  detailed neutrino spectra + numerical stellar evolution  

A. Odrzywolek, M. Misiaszek, and M. Kutschera, Astropart. Phys. 21, 303 (2004) 
A. Odrzywolek, M. Misiaszek, and M. Kutschera, Acta Physica Polonica B 35, 1981 (2004) 
M. Kutschera, A. Odrzywolek, and M. Misiaszek, Acta Physica Polonica B 40, 3063 (2009) 
A. Odrzywolek and A. Heger, Acta Physica Polonica B 41, 1611 (2010) 
 
 
 
 
 
K. Asakura et al. (KamLAND), Astrophys. J. 818, 91 (2016)  
T. Yoshida, K. Takahashi, H. Umeda, and K. Ishidoshiro, Phys. Rev. D93, 123012 (2016)  
 
 
 
 
C. Kato et al., Astrophys. J. (2015), arXiv:1506.02358 
T. Yoshida, K. Takahashi, H. Umeda, and K. Ishidoshiro, Phys. Rev. D93, 123012 (2016)  
  
 
 
 



New: focus on beta processes 
•  neutrinos from beta processes (βp) + numerical stellar 

evolution 
•  βp neutrino spectra 
•  MESA stellar evolution code: extended nuclear network! 

 

K. M. Patton and C. Lunardini, arXiv:1511.02820 
K .M. Patton. C. Lunardini, R. Farmer and F. X. Timmes, in preparation 
 
 
 
 
 
 
For earlier, approximate predictions, see :  
A. Odrzywolek, Phys. Rev. C 80, 045801 (2009) 
A. Odrzywolek and A. Heger, Acta Physica Polonica B 41, 
1611 (2010)  
 



neutrino from beta processes and numerical 
stellar evolution 



• Output for each radial zone (r) and time step (t): 
•  temperature, mass density, electron fraction:  T(r,t), ρ(r,t), Y(r,t) 
•  isotopic abundances : Xk(r,t) 
•  neutrino emissivity for each process: Qi(r,t) 

•  For βp : nuclear network, 204 isotopes 
•  rates from tables 

• Not included: neutrino spectra à need dedicated work 

Modules for Experiments in Stellar Astrophysics 
version r7624  
Paxton, Bildsten, Dotter, Herwig, Lesaffre, and Timmes, ApJ. 
Suppl. 192, 3 (2011) 

K. M. Patton and C. Lunardini, arXiv:1511.02820 

G. M. Fuller, W. A. Fowler and M. J. Newman, ApJ 293 1 (1985) K. 
Langanke and G. Martinez-Pinedo, Nucl. Phys. A, 673 481 (2000) 
T. Oda et al., Atomic Data and Nuclear Data Tables 56 231 (1994) 



Calculating neutrino spectra… 
3

Processes Formulae Main References

Beta �± decay A(N,Z)! A(N � 1,Z + 1) + e� + ⌫e

A(N,Z)! A(N + 1,Z � 1) + e+ + ⌫e

[? ? ? ? ? ? ? ]

e+/e� capture A(N,Z) + e� ! A(N + 1,Z � 1) + ⌫e

A(N,Z) + e+ ! A(N � 1,Z + 1) + ⌫e

Thermal
plasma �⇤ ! ⌫↵ + ⌫↵ [? ? ]

photoneutrino e± + � ! e± + ⌫↵ + ⌫↵ [? ]
pair e+ + e� ! ⌫↵ + ⌫↵ [? ]

TABLE I: Summary of the processes included in this work, with the main references to prior literature. (from our previous paper.... omit? )
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FIG. 1: Left: The emissivity of a 25 M� presupernova star in all neutrino species (dashed) and from beta processes only (solid), a function of
the time-to-collapse. Right: The evolutionary trajectory of the core of the star in the temperature-density plane. In both panels, four instants
of time are marked, for which detailed results are given in this work (see fig. 2). (add t4 in the left panel. Also, somewhere write down the
exact values of these times...) (Add same figures for the 15 M� star, so figure will be made of 4 panels. )

that the flux from �p dominates the total ⌫e flux at E >⇠ 2�3
MeV for t >⇠ ..... (finish). **this does not appear to be
true...**) It is ⇠ 10 (⇠ 2.5) times larger than the pair produc-
tion flux at E = 5 MeV and t ' 6 hrs (t = 0). (recheck these
numbers) The di↵erence between thermal and beta spectra
lessens as t decreases (i.e., the the evolution progresses to-
wards collapse). This is because of the increasing e↵ect of
smearing of the beta spectra due to the medium temperature.
As the temperature and density increase, the decay spectra
broaden, eventually forming a continuous curve with the cap-
ture spectra [? ].

For ⌫̄e, the contribution from �p are negligible up to E ⇠
10 MeV, where the flux is very suppressed, with a negligible
contribution to the number of events. Therefore, antineutrinos
from the �p will not be discussed any further.

A more detailed view of these results is given in fig. 3,
which shows the time evolution of the neutrino fluxes di↵er-
ential in E, at selected values of E. We see that the neutrino
flux from �p increases very rapidly at t ⇠ 20 hrs (explain
why...). In the ⌫e channel, it dominates over the thermal flux

at all times for E = 5 MeV. At several MeV of energy, the
peak at t ⇠ 1 hr is more pronounced than at lower energy (ex-
plain physics of this). In some of the panes, it is possible
to see the smaller peak at t ⇠ 20 hrs due to ......(explain this
peak..).

An interesting question on the �p is what nuclear isotopes
contribute the most to the ⌫e flux in the detectable region of
the spectrum. This is addressed in Table III, where we list
the five strongest contributors at selected energies and times.
(comments to follow here....) (**couldn’t get latex to com-
pile the table with the caption. not sure what the problem
is**)

IV. PROPAGATION AND DETECTABILITY

A. Oscillations of presupernova neutrinos

The flavor composition of the presupernova neutrino flux at
Earth di↵ers from the one at production, due to flavor conver-

K. M. Patton and C. Lunardini, arXiv:1511.02820 



βp spectra: effective Q  
• Depend on phase space factors, normalization, and Q-

value:  

 
 
• Single, effective Q-value and transition strength  

•  accounting for all transitions involving different excited states 
•  fit to reproduce tabulated number- and energy-losses 

Introduction Elements of Spectrum What’s Next

Nuclear Processes: Spectrum
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Langanke, Martinez-Pinedo and  Sampaio, PRC 64 055801 (2001) 



•  Individual spectra are normalized to tabulated rates 

•  Total spectrum: sum over all nuclear species 

Introduction Elements of Spectrum What’s Next

Nuclear Processes: Summing Over Isotopes

Individual spectra are
normalized so that rates
match values from tables
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Thermal neutrino spectra 

•  Lengthy calculations, follow literature 
•  involve, e.g., 7-dimensional Monte Carlo integral 

•  first time application to MESA 

Introduction Elements of Spectrum What’s Next

Basic Calculation for Thermal Processes

R =

Z
(incoming momenta) ⇤ (incoming distributions)

⇥
Z

(outgoing momenta) ⇤ (outgoing distributions)

⇥|M|2�4(energy conservation)

Basically the same calculation needs to be done for each
process
Matrix elements will change, as will details of the
integration

13
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state-of-the-art presupernova neutrino flavor 
spectra  
 

All results for 25 Msun progenitor 



Emissivities at sample r,t 
•  Temperature-density diagram: dominant processes  

•  pair dominates near core 
•  some regions of photo-neutrinos and βp dominance 8
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FIG. 2: Left: Origin of the dominant neutrino emissivity as calculated by MESA as a function of both temperature and density, for the same
time instants tn as in fig. 1 (n = 1, 5, from bottom to top). Each curve describes the temperature and density encountered at di↵erent radii
within the star at a given time t. The di↵erent dashings/colors indicate which process dominates the total emissivity (see legend). For better
visibility, the curve for the time tn is shifted upwards vertically by 0.2(n� 1) units. The selected points in Table II are marked. Right: the same
figure, but for the emissivity of potentially detectable neutrinos (with energy E � 2 MeV).

point log(T/K) log(⇢/g cm�3) Ye log(R/R�) t log(Q/MeV cm�3s�1) log(Qth/MeV cm�3s�1)

(c1) 9.294 6.6350 0.498 -3.965 t1 = �107.2 days 3.380 ⇥ 1023 3.408 ⇥ 1022

(c2) 9.440 7.7102 0.490 -4.323 t2 = �1.18 day 5.564 ⇥ 1024 1.178 ⇥ 1024

(s2) 9.416 6.280 0.498 -2.253 t2 = �1.18 day 7.468 ⇥ 1024 6.433 ⇥ 1023

(c3) 9.558 7.511 0.488 -4.257 t3 = �12.01 hrs 2.596 ⇥ 1026 1.225 ⇥ 1026

(c4) 9.577 7.500 0.482 -4.253 t4 = �5.95 hrs 3.830 ⇥ 1026 1.820 ⇥ 1026

(c5) 9.699 8.356 0.455 -4.539 t5 = �0.99 hr 3.086 ⇥ 1027 2.391 ⇥ 1027

TABLE II: Selected points in the evolution of the star. The columns give the time (with t = 0 the time of collapse, see text), radial coordinate,
temperature, density times electron fraction, and neutrino emissivity (total of all flavors). Points labeled (c1) - (c5) are at the stellar core, while
point (s2) is in an outer shell.

ergy in the ⌫e spectrum for point (c1) are produced by electron
capture on 30P and 31S. Similarly, the bump in the spectrum
around E ⇡ 4MeV in the ⌫̄e spectrum in point (c1) is from
positron capture on 32P. For point (s2), the high energy peak
in ⌫e is due to electron capture on 27Si. As the temperature and
density increases, the isotopes dominating the � process spec-
trum move to higher A. The ⌫e and ⌫̄e spectra for points (c3)
- (c5) have the highest contributions from iron, cobalt, man-
ganese and chromium isotopes. This is consistent with the
findings of Odrzywolek [12]. The possibility that these decays
might, at least in principle, be observed in a neutrino spectrum
could serve as motivation for further theoretical study.

IV. SUMMARY AND DISCUSSION

We have performed a new study of the neutrino emission
from a star in the presupernova phase. This work is the first to

combine all the relevant microphysics – including � processes
– with a state-of-the art numerical simulation of stellar evolu-
tion. We were able to obtain, for the first time, accurate and
consistent neutrino fluxes and spectra from � processes, us-
ing the detailed isotopic composition calculated by the MESA
code, with a nuclear network of up to 201 isotopes. The ⌫e and
⌫̄e emissivities and spectra were calculated for selected times
and locations inside the star, with particular emphasis on the
detectable part of the spectrum, above an indicative threshold
of 2 MeV.

It was found that, in part of the parameter space, � pro-
cesses contribute substantially to the detectable neutrino flux,
even when they are subdominant to the entire neutrino emis-
sivity (integrated over the entire spectrum). Some of the �
decays that contribute the most, due to having high Q-value,
were identified; they would be an interesting target of further
study to obtain more reliable spectra above realistic detection
thresholds.
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within the star at a given time t. The di↵erent dashings/colors indicate which process dominates the total emissivity (see legend). For better
visibility, the curve for the time tn is shifted upwards vertically by 0.2(n� 1) units. The selected points in Table II are marked. Right: the same
figure, but for the emissivity of potentially detectable neutrinos (with energy E � 2 MeV).
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TABLE II: Selected points in the evolution of the star. The columns give the time (with t = 0 the time of collapse, see text), radial coordinate,
temperature, density times electron fraction, and neutrino emissivity (total of all flavors). Points labeled (c1) - (c5) are at the stellar core, while
point (s2) is in an outer shell.

ergy in the ⌫e spectrum for point (c1) are produced by electron
capture on 30P and 31S. Similarly, the bump in the spectrum
around E ⇡ 4MeV in the ⌫̄e spectrum in point (c1) is from
positron capture on 32P. For point (s2), the high energy peak
in ⌫e is due to electron capture on 27Si. As the temperature and
density increases, the isotopes dominating the � process spec-
trum move to higher A. The ⌫e and ⌫̄e spectra for points (c3)
- (c5) have the highest contributions from iron, cobalt, man-
ganese and chromium isotopes. This is consistent with the
findings of Odrzywolek [12]. The possibility that these decays
might, at least in principle, be observed in a neutrino spectrum
could serve as motivation for further theoretical study.

IV. SUMMARY AND DISCUSSION

We have performed a new study of the neutrino emission
from a star in the presupernova phase. This work is the first to

combine all the relevant microphysics – including � processes
– with a state-of-the art numerical simulation of stellar evolu-
tion. We were able to obtain, for the first time, accurate and
consistent neutrino fluxes and spectra from � processes, us-
ing the detailed isotopic composition calculated by the MESA
code, with a nuclear network of up to 201 isotopes. The ⌫e and
⌫̄e emissivities and spectra were calculated for selected times
and locations inside the star, with particular emphasis on the
detectable part of the spectrum, above an indicative threshold
of 2 MeV.

It was found that, in part of the parameter space, � pro-
cesses contribute substantially to the detectable neutrino flux,
even when they are subdominant to the entire neutrino emis-
sivity (integrated over the entire spectrum). Some of the �
decays that contribute the most, due to having high Q-value,
were identified; they would be an interesting target of further
study to obtain more reliable spectra above realistic detection
thresholds.

(curves shifted upwards for visibility) 

all species, E > 2 MeV	

all species, total	





Spectra at sample r,t 
•  βp important in detectable window! 
•  distinct spectrum peaks evolve into smooth spectrum as T 

increases 9
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FIG. 3: Neutrino spectra for di↵erent processes, for the sample points (c1), (c2) and (s2) in Table II (from top to bottom, in the order they
appear in the table), and for ⌫e (left column) and ⌫̄e (right column). The detectable part of the spectrum is shown with light background.
Relevant thermodynamic quantities are listed, with units as reported in Table II.

30P 31S 

32P 

~ center of star, t=-107 d 
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FIG. 4: The same as fig. 3, for the sample points (c3)-(c5) in Table II.
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Total neutrino emissivity (r-integrated) 
•  significant βp component at late times 
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Total neutrino spectrum (r-integrated) 
•  νe : βp dominate at E > 4-5 MeV  
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Time evolution 
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• Main contributing isotopes :  
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FIG. 3: The time evolution of the neutrino flux, di↵erential in energy, at selected energies. The contributions of the thermal and beta processes
are shown separately.
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their e↵ect were found to vary from negligible to strong
depending on the mass hierarchy, on the matter density
near the production region and on the relative strength
of the original fluxes F0

↵. The ⌫e and ⌫̄e survival proba-
bilities after collective oscillations typically have a step-
like form as a function of the neutrino energy (“spectral

split” or swap) [? ]. (say that probably collective ef-
fects are negligible due to the low luminosity... )

2. resonant flavor conversion inside the star, driven by
coherent scattering on matter [? ]. Two sepa-
rate resonances take place at matter densities ⇢H ⇠
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flux at Earth, detectability 



Oscillations  
• Matter-driven flavor conversion inside the star 

•  2 adiabatic MSW resonances  
•  depend on mass Hierarchy (Normal or Inverted) 

•  negligible:  
•  neutrino-neutrino refraction effects (low neutrino density) 
•  oscillations inside the Earth 

6

O(104) g cm�3 and ⇢L ⇠ O(102) g cm�3 (for neutrino
energy E = 1 MeV). (check... ) These resonances have
adiabatic character [? ]. (add comment about the pre-
supernova density profile being the same as for the
burst, and cite Kato et al. for adiabaticity.... ) While
the lower density resonance is in the neutrino channel,
the higher density one a↵ects neutrinos for the normal
mass hierarchy (NH) and antineutrinos for the inverted
hierarchy (IH). (define hierarchy.. call it ordering in-
stead?)

3. matter-driven oscillations inside the Earth (for Earth-
crossing neutrino trajectories). While these are relevant
to a supernova neutrino burst (see e.g. [? ]), they are
negligible (⇠ 1% e↵ect) at the energies of interest here
[? ]. (check the %... )

(in principle, the whole itemization above can be
skipped, to go directly here: ) In absence of collective ef-
fects, p and p̄ are entirely due to matter-driven conversion in-
side the star. They are independent of energy and of time, and
take the same values as for a supernova burst [? ]:

p =

8>><
>>:
|Ue3|2 ' 0.02 NH
|Ue2|2 ' 0.32 IH

p̄ =

8>><
>>:
|Ue1|2 ' 0.68 NH
|Ue3|2 ' 0.02 IH

(7)
(recheck values..) If collective oscillations are active, p and
p̄ have one or more time-dependent spectral splits, and their
values fall between the extremes given in eq. (7) [? ]. Here,
only these extremes will be considered, for the purpose of es-
timating the range of possibilities that can be expected. (say
better.... avoid repetitions...)

B. Window of observability, horizon and numbers of events

A detailed discussion of the detectability of presupernova
neutrinos is beyond the scope of this paper, and is deferred to
a forthcoming publication [? ]. Here general considerations
are given on the region, in the time and energy domain, where
detection might be possible, and the main phenomenology of
presupernova neutrinos in this region is discussed. (connect
this sentence with the rest.. )

One can define a conceptual window of observability (WO)
as the interval of time and energy where the presupernova
flux exceeds all the fluxes of other origin that are present in
a detector at all times, and are indistinguishable from the sig-
nal. These fluxes are guaranteed backgrounds, regardless of
the details of the detector in use; to them, detector-specific
backgrounds will have to be added. Therefore the WO de-
fined here represent a most optimistic, ideal situation. In the
assumption (not always valid) that neutrinos can be distin-
guished from antineutrinos, di↵erent WOs can be defined for
each species. For neutrinos, the competing fluxes are solar
neutrinos and atmospheric ⌫es. For antineutrinos, one should
consider fluxes from the atmosphere, from nuclear reactors
and from the Earth’s natural radioactivity (geoneutrinos).

Fig. 4 shows the presupernova neutrino signal at Earth for a
star at D = 1 kpc, and the background fluxes for the Kamioka

mine (home of the SuperKamiokande detector). Flavor oscil-
lations are included for signal (sec. IV A) and backgrounds
as well. (elaborate... what did we use as oscillation pat-
tern for the backgrounds? ) It appears that, already two
hours before collapse, the presupernova neutrino flux emerges
above solar neutrinos. An approximate WO is t = 0 � 2 hrs,
and E ⇠ 0.5 � 4 MeV (justify... note that the WO is not
really a square... ). Note that certain detection technologies
(e.g., water Cherenkov and liquid scintillator (??)) allow to
distinguish and subtract solar neutrinos using their arrival di-
rection [? ]. With a ⇠ 104 reduction in the solar background,
the WO would extend in energy and time, t ⇠ 0 � 10 hrs, and
E ⇠ 0.5� 9 MeV (reconsider...recheck atmospheric neutri-
nos.)

For antineutrinos, the WO is limited in energy from below
by geoneutrinos, and the large reactor neutrino flux further
restricts it, so we have ..... (continue...)

Clearly, the WO is dramatically larger for smaller distance
to the star: we find t ' ..., E ' .... for D = ... kpc, and .....
for D = 1 kpc. For d = 200 pc (the distance to Betelgeuse)
(say something about what Betelgeuse is, etc... ), the signal
is practically background-free (?).

( [.......... ] )
Let us now briefly discuss expected numbers of events at

current and near future detectors of O(10) kt scale or higher.
We consider the three main detection technologies: liquid
scintillator (JUNO [? ]), water Cherenkov (SuperKamiokande
[? ]) and liquid argon (DUNE [? ]). For each, we consider
the dominant detection channel – that will account for the ma-
jority of the events in the detector – and the first subdominant
process that is sensitive to ⌫e. The latter will be especially
sensitive to ⌫e from the �p.

For water Cherenkov and liquid scintillator, the dominant
detection process is inverse beta decay (IBD), ⌫̄e +p! n+e+,
which is not sensitive to the �p, as these are negligible for
antineutrinos. The sensitivity to neutrinos from the �p is in
the subdominant channel, neutrino-electron elastic scattering
(ES), where ⌫e is enhanced by the larger cross section. Note
that the two channels, IBD and ES, can be distinguished in
the detector, at least in part, due to their di↵erent final state
signatures: neutron capture in coincidence for IBD, and the
peaked angular distribution for ES (see, e.g., [? ]). In Su-
perKamiokande, e�cient neutron capture will be made possi-
ble by the upcoming upgrade with Gadolinium addition [? ].
Between water and liquid scintillator, the latter has the addi-
tional advantage of a lower, sub-MeV energy threshold, which
can capture most of the presupernova spectrum, and thus is
ideal for this specific application.

In liquid Argon, the dominant process is ⌫e Charged Cur-
rent scattering on the Argon nucleus. Therefore, DUNE is, in
principle, extremely sensitive to neutrinos from the �p. How-
ever, the higher energy threshold (Eth ⇠ 5 MeV [? ]) is a
considerable disadvantage. (say better.... )

([.......... ])
Our results for the number of events are summarized in Ta-

ble II. They show that a large liquid scintillator like JUNO
has the best potential, due to the lower energy sensitivity. If
we define the horizon of the detector as the distance for which
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FIG. 2: Neutrino spectra at selected times pre-collapse. For each set of curves, the thinner to thicker (lower to upper curves) correspond to
t = ......... (add exact times), as in fig. 1. The dashed lines show the contribution of beta processes, while the solid ones give the total of all
processes.

sion (oscillations). In terms of the original, unoscillated flavor
fluxes, F0

↵ (↵ = e, ē, x) (to be defined), the fluxes of each
neutrino species at Earth can be written as

Fe = pF0
e+(1�p)F0

x , 2Fx = (1�p)F0
e+(1+p)F0

x , (6)

(reconsider the notation of the second equation... ) where
Fx is defined so that the total flux is Fe + 2Fx = F0

e + 2F0
x . An

expression analogous to eq. (6) holds for antineutrinos, with
the notation replacements e ! ē and p ! p̄. The quantities
p and p̄ are the ⌫e and ⌫̄e survival probabilities. They have
been studied extensively in the literature on a supernova neu-
trino burst (see, e.g. [? ]), while only partial studies exist for

a presupernova [? ]. (kato, kamland paper as well... not
in polish papers) In general, a similarity is expected in the
oscillations patterns of presupernova neutrinos and of a super-
nova neutrino burst, due to the close similarity in the neutrino
spectra and flavor composition and in the star’s density profile
between the two cases. Specifically, three types of oscillations
e↵ects can occur:

1. collective, non-linear oscillations e↵ects, in the dens-
est part of the star, immediately outside the production
region (be more specific... ). They have not been stud-
ies for presupernova neutrinos (IDEA! Somewhere say
that this is beyond the scope...); for a supernova burst



Flux at Earth: detectability window 
• Optimistic window: S/B > 1  

•  S=signal, time-dependent, scales like 1/D2 

• B = competing neutrino fluxes (detector-independent) 
•  solar neutrinos (for non-directional detectors) 
•  reactor antineutrinos 
•  geo-antineutrinos  
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Detectability: energy threshold is key 
•  inverse beta decay:  E > 1.8 MeV , anti-nue only  
•  ν + e , elastic scattering: threshold-less, directional, 

sensitive to νe 



Number of events (preliminary)  

8

detector composition mass interval Nel
� Nel NCC

� NCC Ntot = Nel + NCC

JUNO CnH2n 17 kt Ee � 0.5 MeV 9.3 39.0 0 12.3 51.3
[4.1] [ 28.8] [ 0] 36.9 [65.8]

SuperKamiokande H2O 22.5 kt Ee � 4.5 MeV 0.11 0.17 0 0.65 0.82
[0.04] [0.08 ] [0] [1.9] [2.0]

DUNE LAr 40 kt E � 5 MeV 0.07 0.1 0.64 0.91 1.0
0.03 0.05 [ 0.04] [ 0.17 ] [0.22 ]

TABLE II: Numbers of events expected in the two hours prior to collapse, for a presupernova at distance d = 1 kpc with mass M = 25 M� and
the inverted mass hierarchy. The numbers in brackets refer to the normal mass hierarchy. .. (add parameters, etc., ) (Note: the numbers here
have about a 50% error due to the approximations used in the calculation. ) The results for Betelgeuse (d = 0.2 kpc) can be obtained by
rescaling by a factor of 25. (omit?) (check detector masses again)

contribute to the presupernova ⌫e flux in the detectable energy
window, (... continue... say what they are and if they are
the most abundant, or rare ones, etc.. ). The possibility that
neutrino detectors may test the physics of these isotopes is of
great interest (... justify the interest, otherwise it is just an
emotional statement.)

In closing, we stress that our calculation used the best avail-
able instruments: a state of the art stellar evolution code, com-
bined with the most up-to-date studies of nuclear rates and
beta spectra. Still, these instruments are a↵ected by uncer-
tainties, which, naturally, a↵ect the results in this paper. In
particular, while total emissivities are relatively robust (?), it
is likely that the highest energy tails of the neutrino spectrum,
in the detectable window, be very sensitive to the details of the
calculation, i.e., the temperature profile of the star, the nuclear
abundances and the quantities in the nuclear tables we have
used. (be more precise here.) Specifically for neutrino spec-
tra, a source of error lies in the single-strength approximation
that is adopted here (sec. II). (say better... how to call it? )
A very recent paper [? ], which appeared while this work was
being finalized, presents an exploratory study of this error and
finds.... (continue... ). A systematic extension of this result

to the many isotopes included in MESA would be highly de-
sirable to improve our results. Another interesting addition to
the code would be the contribution of neutrino pair production
.... (continue and cite both Wendell’s and Guo’s paper... if
public, of course!!! ), which is currently omitted in MESA.

Until these important improvements become available, our
results have to be interpreted conservatively, as a proof of the
possibility that current and near future detectors might be able
to test the models of �p in a presupernova. (find a better way
to say this... continue and finish on a high note. )
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el = elastic scattering on electrons 
CC  = Charged Current on nuclei 
β = contribution of neutrinos from beta processes 
 
  ..   = results for IH 
[ .. ] = results for NH 

2 hours pre-collapse, D = 1 kpc  (for Betelgeuse : multiply by 25) 

[        ]	





•  spectacular signal for Betelgeuse (D=200 pc), in ~6 hrs: 
•  ~ 50 events at DUNE (> 25 from βp)   
•  ~ 800 events at HyperK (E>4.5 MeV) (~ 100 from βp) 
•  > 2000 events at JUNO (> 400 from βp) 



Summary, discussion 



A new signal! 
•  potentially detectable at JUNO, for D < 1-3 kpc  

•  interesting chance of detection 

•  state-of-the-art neutrino flux prediction from MESA 
•  time dependent, energy spectra, include thermal and beta 

processes 

•  νe  from beta processes are important! 
•  direct probe of advanced fusion chain, isotopic evolution 
•  ~ few 10% of signal for sub-MeV thresholds (JUNO) 
•  > 50% of signal for multi-MeV thresholds (DUNE, SuperK) 



Towards more realistic predictions… 
•  beyond single Q, single strength approximation 

•  detailed structure of excited states important in certain cases 

•  include other neutrino production channels 
•  electron nucleus bremsstrahlung, pairs from nuclear de-excitation 

•  study progenitor dependence 

•  realistic detectability studies 
•  detector-specific background, time-domain analysis, early alert methods 

G. Guo and Y. Qian, Phys.Rev. D94 (2016) 
W. Misch and G. Fuller, arxiv:1607.01448 

W. Misch and G. Fuller, arxiv:1607.01448 
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