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Early	literature	(not	a	complete	list)	

ü  D.Z. Freedman, PRD 9, 1977 proposes the cohNS 
ü  A. Drukier and L. Stodolsky, PRD 30, 1984 propose NC  
       ν-nucleus scattering to detect MeV range neutrinos from 

•  spallation sources (νµ, bar-νµ, νe from π+ and µ+ decays) 
•  reactors and geo-neutrinos  (bar-νe from β- decays) 
•  solar neutrinos (νe) 
•  supernova neutrinos (all flavors) 

ü  M.W. Goodman and E. Witten, PRD 31, 1985 realize that detectors 
for cohNS can be used to search for DM particles 

ü  B. Cabrera, L.M. Krauss, F. Wilczek, PRL 55, 1985 propose 
bolometer detectors to implement ν-nucleus scattering for reactor 
antineutrinos, solar and supernova ν’s 

ü   …. 



Recent	literature	(not	a	complete	list)	

ü  J.F. Beacom et al., PRD 66, 2002 discuss neutrino-proton elastic 
scattering to detect supernova neutrinos 

ü  C.J. Horowitz et al, PRD 68, 2003 study in detail detection of SN 
neutrinos through cohNS in different targets (including Xe and             
 Ar) 

ü  A.J. Anderson et al., PRD 84, 2011 propose to discover cohNS in 
DM detectors 

ü  K. Arisaka et al., Astrop. Phys. 36, 2012 discuss SN neutrino 
detection in Ar and Xe DM detectors 

ü  R.F. Lang et al., PRD 94, 2016 discuss SN neutrino detection in DM 
xenon experiments (Xenon1t and larger proposals) 

ü  K. Abe et al., XMASS Collaboration, Astrop. Phys. 89, 2017, discuss 
SN neutrino detection in Xe using cohNS 

ü  D. Akimov et al., COHERENT coll., Science 2017, first observation 
of cohNS in a spallation source  



Coherent	neutrino-nucleus	scattering	
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CohNS	vs	IBD	and	CC	ν	interactions	

λ ≈
262 m

ρ /1013g cm−3  for 10 MeV  cohNS neutrino in Fe

λ ≈
3.8 ⋅104  m

ρ /1013g cm−3  for 10 MeV  neutrino-electron ES in Fe

Trade off between 
 1. large A for larger σ
2. low A for larger recoil energy 

Energy	range	of	interest	



Basic	requirement	to	detect	cohNS	

σ ≈ 2.539×10−18 N 2
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 cm2 / kg
Target Mean recoil energy 

[keV] 
Number of 

events 
[ton-1] 

Si 5.7 4.0 

Ne 8.0 2.9 

Na 7.0 3.6 

Ge 2.2 13.0 

Ar 4.0 6.9 

Xe 1.2 26.0 

Te 1.3 25.6 

Cs 1.2 26.1 

I 1.2 24.6 

For the sake of the discussion:  
Eν = 15 MeV and φν = 1012 cm-2 



Observation	of	ν-nucleus	scattering	[1]	

D. Akimov et al., COHERENT Collaboration, Science, Aug. 3, 2017 
Using neutrino emission from the Spallation Source at the Oak Ridge Laboratory 
Using 14.6 kg of CsI(Na) scintillator 

  
  

Fig. 2. COHERENT detectors populating the “neutrino alley” at the SNS 
(34). Locations in this basement corridor profit from more than 19 m of 
continuous shielding against beam-related neutrons, and a modest 8 m.w.e. 
overburden able to reduce cosmic-ray induced backgrounds, while 
sustaining an instantaneous neutrino flux as high as 1.7 × 1011 νµ / cm2 s. 
 

First release: 3 August 2017  www.sciencemag.org  (Page numbers not final at time of first release) 8 
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1.  8 m.w.e. overburden 
2.  effective shielding against  
     beam-related neutrons  
3.  1.76x1023 POT in 308 live-days  
4.  ~ 3x1014 ν/cm2 per flavor 



Observation	of	ν-nucleus	scattering	[2]	

Ê  134±22 events observed and 173±48 events predicted 

Ê  153.5 live-days of beam off and 308.1 live-days of beam on 

Ê  Events excess following cohNS correlated with beam activity 

Ê  Energy and time likelihood study determine the presence of cohNS at 6.7σ 

 
  

Fig. 3. Observation of Coherent Elastic Neutrino-Nucleus Scattering. Shown are residual differences 
(datapoints) between CsI[Na] signals in the 12 µs following POT triggers, and those in a 12-µs window before, 
as a function of their (A) energy (number of photoelectrons detected), and of (B) event arrival time (onset of 
scintillation). Steady-state environmental backgrounds contribute to both groups of signals equally, 
vanishing in the subtraction. Error bars are statistical. These residuals are shown for 153.5 live-days of SNS 
inactivity (“Beam OFF”) and 308.1 live-days of neutrino production (“Beam ON”), over which 7.48 GWhr of 
energy (~1.76 × 1023 protons) was delivered to the mercury target. Approximately 1.17 photoelectrons are 
expected per keV of cesium or iodine nuclear recoil energy (34). Characteristic excesses closely following the 
Standard Model CEνNS prediction (histograms) are observed for periods of neutrino production only, with a 
rate correlated to instantaneous beam power (fig. S14). 

First release: 3 August 2017  www.sciencemag.org  (Page numbers not final at time of first release) 9 
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Why	are	we	interested	in	Dark	Matter	
Detectors	for	WIMPs	for	cohNS	?	

ü  Designed 
§  to detected low energy nuclear recoils (< 100 keV) 
§  to have high discrimination power between Electron Recoils (ER) 

and Nuclear Recoils (NR)  
§  to have intrinsic low background due to the radio-purity of 

selected detector components 
§  To have good fiducial mass determination 

ü  Look	ideal	for	cohNS	measurement	and	SN	neutrino	observation 

 



Two-phase	LXe	and	LAr	DM	detectors			

Ê  GOAL: detect nuclear recoils 

Ê  Detect S1 (liquid) and S2 (gas) signals 

Ê  High discrimination power between NR and ER based on 
S2/S1 vs S1 measurement or timing PSD on S1 (mainly Ar) 
§  ~ 1/200 in LXe above ~3 keVr 
§  ~ 1/107 in LAr above ~ 50 keVr  

Ê  3D vertex reconstruction, based on S2-S1 timing and PMTs 
hit pattern, for fiducial volume definition 

Ê  Low background 



Probability	of	a	galactic	SN	vs		
distance	to	the	Sun	

Mirizzi,	Raffelt	and	Serpico,	JCAP	0605,012(2006)	



SN1987A: 1st SN ν observation 

•  23rd	Feb	1987	
•  ~	50	kpc	
•  Only	29	events	

–  16	
Kamiokande	
(Cherenkov)	

–  8	IMB	
(Cherenkov)	

–  5	Baksan	(LS)	 See talk by M. Nakahata for more details 



Estimation of the binding energy and neutrino 
energy from SN1987A 

Ê  Consider: 
Ê  12 neutrino observed in Kamiokande in 103 tons of water 
Ê  <Eν> ~ 10 MeV 
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The	SuperNova	model		
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Average energy expected to change as: 
νe : ~12-14 MeV 
bar-νe : ~14-16 MeV 
νx : ~14-16 MeV 
A. Summa et al. Astrophys. J 825 (2016) 

SN Signal duration ~ O(10) s 



SN	signal	in	Ar	and	Xe	
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The	SN	neutrino	spectrum	in	Ar	and	Xe	
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The neutrino signal is mainly 
due to νx contribution similarly 
to neutrino-proton interaction in 
a Borexino-like detector 
 
This allows to break the degeneracy 
between the Ebinding and Tx     
 
(see also F. Vissani et al  
arXiv:1708.00876 to measure the  
binding energy in SuperKamiokande) 
 



The	SN	neutrino	spectrum	in	a	Borexino-
like	detector	for	ν-p	scattering	
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Exploit	cohNS	with	a	SN:	main	feature	

The measured number of events has a typical NC degeneracy problem 
 
 
 
 
 
 
 
 
 
 
Due to the fact that the cohNC spectrum is mainly from νx above threshold, 
by measuring the spectrum we break the degeneracy between <Ex> and 
Ebinding_x. 
 
This was pointed out by J. Beacom et al. for the ν-p elastic scattering in organic 
liquid scintillators in 2002 
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Breaking	<Ex>	and	Ebinding_x	degeneracy	

Reference SN: Ex=16 MeV; Eb-x=0.5x1052erg (total energy is 1053 erg) 
LAr with ROI = [20,80] keVr 
Select different Ex and Ebx to give the same number of events above threshold 
Ex changing from 12 to 20 MeV 

10 20 30 40 50 60
0.0

0.5

1.0

1.5

2.0

Recoil energy @MeVD

dN
êdE
H<E

x>
,E
bx
LêHd

N
êdE
L stan

da
rd

20 30 40 50 60 70 80
0.00

0.02

0.04

0.06

0.08

0.10

Recoil energy @MeVD

dN
êdEH
<
E x
>
,E
bx
L



Considering	detector	properties	
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NR detection efficiency in the fiducial mass in 
Xenon1t, 2017, as an example 

SN events: 26   à 5 ton-1 



Probe	SN	parameters	

Standard NR selection in LXe above 3 keVr with 10 tons of LXe  
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XMASS	as	SN	detector	
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Figure 2: Energy spectrum as a function of true xenon nuclear recoil energy.
The upper most and middle curves are the energy spectra with and without
taking into account the detection efficiency, respectively. The lower most curve
shows the contribution from νx only. The upper line is calculated above 1 keV.
The supernova model used here is the one from Nakazato et al. with Mp =
20 M!, Z = 0.02 and trev = 200 ms. This specific model predicts neither
most nor least neutrino flux, hence is chosen to create the plot in order to avoid
any visual bias. The distance of the supernova from the Earth is assumed to be
10 kpc.

where NA is the Avogadro’s number, A is the averaged atomic
mass of natural xenon and d is the distance between the super-
nova and the detector, Emin = (Enr +

"

E2nr + 2MEnr)/2 is the
minimum energy a neutrino must have in order to give to the
nucleus a recoil energy Enr, and fi(Eν) is the neutrino energy
spectra shown in Figure 1.
The upper most curve in Figure 2 shows the true recoil en-

ergy spectrum calculated with Equation 7 above 1 keV. Nuclear
recoils below 1 keV create less than 1 photoelectron assuming
standard liquid xenon scintillation efficiency [50] and the light
yield recorded in XMASS [20], hence are ignored.
The full XMASS Monte Carlo simulation is used to estimate

the detection efficiency ε(Enr). The upper most curve in Fig-
ure 2 is used to sample the recoil energies of xenon nuclei as
input for this Geant4-based simulation. The quenching of nu-
clear recoil energy in the scintillation process, the optical prop-
erties of liquid xenon, copper and PMTs, the quantum efficiency
of PMTs and the electronic smearing of the number of photo-
electrons are all implemented [20] in addition to the tracking
process provided by Geant4. A PMT with the number of pho-
toelectrons above 0.25 is recorded as a hit. The total number
of hits, Nhits, is recorded for each simulated event. The detec-
tion efficiency ε(Enr) is defined as the fraction of events with
Nhits > 3 at a certain recoil energy Enr. The realistic recoil en-
ergy spectrum is then

dR
dEnr

(Enr) = ε(Enr) ×
dR0
dEnr

(Enr) (8)

as shown in the middle curve in Figure 2.
The lower most curve in Figure 2 shows the contribution to

the observable energy spectrum from νx only. Clearly, XMASS
detects mostly νx. The upper most curve in Figure 3 is exactly
the same as the middle curve in Figure 2. The lower curves in
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Figure 3: Sensitivity to various supernova neutrino energy regions. The upper
most curve is exactly the same as the middle curve in figure 2.

Figure 3 show contributions from neutrinos in various energy
regions. Due to the threshold effect, XMASS is mostly sen-
sitive to neutrinos above ∼ 15 MeV from the tail parts of the
supernova neutrino spectra shown in Figure 1.
The total number of observable events, Nobs, can be obtained

by integrating the realistic energy spectrum:

Nobs =
#

dR
dEnr

(Enr)dEnr (9)

Practically, it is enough to integrate over Enr = 1-50 keV as seen
in the middle curve of Figure 2. The values of Nobs from differ-
ent supernova models are listed in Table 2. Two distances are
chosen for comparison, d = 10 kpc is roughly the distance from
the center of the Milky Way to the Earth, d = 196 pc is the dis-
tance from Betelgeuse to the Earth. The number of observable
events predicted by most of the Nakazato models are signifi-
cantly less than that predicted by the Livermore model. How-
ever, one Nakazato model, which forms a black-hole, predicts
similar number of observable events as the Livermore model.
This points out the possibility to detect failed supernovae with
no optical signal. In case of a supernova as close as Betelgeuse,
all the models predict a definitely possible observation.

Table 2: Number of observable supernova events in XMASS. The weakest
Nakazato model is the one with Mp = 20 M!, Z = 0.02 and trev = 100 ms.
The brightest Nakazato model is the one with Mp = 30 M!, Z = 0.02
and trev = 300 ms. The black-hole-forming model is the one with Mp =
30 M!, Z = 0.004. Neutrino energy spectra used in the calculation are all
integrated from core collapse till about 18 seconds later.

Supernova model d = 10 kpc d = 196 pc
Livermore 15.2 3.9 × 104
Nakazato (weakest) 3.5 0.9 × 104
Nakazato (brightest) 8.7 2.3 × 104
Nakazato (black hole) 21.1 5.5 × 104

The energy of an event in XMASS is estimated by convert-
ing the recorded number of photoelectrons to keV using a mea-
sured relationship between these two. Such a relationship is

4
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Figure 4: The solid histogram in the middle is the same recoil energy spec-
trum as the middle curve of Figure 2, but in the unit of electron equivalent
instead of the true nuclear recoil energy. The dashed histogram on the top is
the electron equivalent recoil energy spectrum of the Livermore model. Both
of them are draw on top of the expected background estimated from XMASS
measurements, shown as the filled histogram on the bottom.

obtained in energy calibrations at various locations in the de-
tector using γ or X-ray sources with different energies as de-
tailed in Ref. [20]. There is less than 10% difference in the
energy converted this way from events with the same number
of photoelectrons but at different locations [51]. Due to the fact
that the scintillation efficiencies of nuclear and electronic re-
coil events are different [50], the energy calibrated this way is
called explicitly electron equivalent energy to avoid ambiguity.
The energy resolution is 36% at 1 keV (electron equivalent),
dominated by Poisson statistics [51].
The solid histogram in the middle of Figure 4 shows the same

recoil energy distribution as the middle curve of Figure 2, but
in the unit of electron equivalent recoil energy instead of the
true nuclear recoil energy. It is converted from the distribution
of number of photoelectrons obtained from the full XMASS
simulation. The spectrum is plotted on top of the expected
background spectrum estimated from XMASS measurements,
shown as the filled histogram on the bottom of Figure 4. The er-
ror bars represent Poisson 68% CL intervals. The error bars in
the background spectrum are invisibly small. For comparison,
the electron equivalent recoil energy spectrum of the Livermore
model is generated the same way and shown as the dashed his-
togram on the top of Figure 4.

6. Event rate

As shown in Table 2, the average event rate in XMASS can
be as high as a few thousand events per second for a super-
nova as close as Betelgeuse. Given such a high rate, it is pos-
sible to study in detail the supernova explosion mechanism by
examining the time evolution of the event rate, since the flux
and energy of the neutrinos predicted by different models vary
in different phases of the explosion. Figure 5 shows the rate
of CEvNS events in XMASS in about 18 second for a super-
nova 196 pc away from the Earth predicted by the Livermore
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Figure 5: Rate of CEvNS events in XMASS for a supernova 196 pc away from
the Earth predicted by the Livermore model (upper plot) and the Nakazato
model with Mp = 20 M!, Z = 0.02 and trev = 200 ms (lower plot). This
specific Nakazato model predicts neither most nor lest neutrino flux, hence is
chosen to create the plot in order to avoid any visual bias. The upper lines cor-
respond to all the CEvNS events above 1 keV nuclear recoil energy predicted
by models; the lower lines corresponds to all events that can be detected in
XMASS. About half of the events are detectable.

model and Nakazato model with Mp = 20 M!, Z = 0.02 and
trev = 200 ms, assuming without any DAQ loss. Different su-
pernova models can be clearly distinguished.
Event rates of other neutrino interactions such as neutrino-

electron neutral current scatterings and neutrino-nucleus quasi-
elastic scatterings are not negligible in this case. Possible opti-
mization of XMASS electronic system is under investigation to
cope with such a high event rate.

7. Conclusion

The possibility to detect galactic supernova neutrinos coher-
ently scattered with xenon nuclei in XMASS was examined in
detail. The predicted number of observed events depend on two
factors, one is the detection efficiency of the detector at low nu-
clear recoil energy, the other is the neutrino flux predicted by
the supernova model used for the calculation. The former is es-
timated using full XMASS simulation. The latter is estimated
by examining all models available in Nakazato’s database [36].

5

Only cohNS events with 832 LXe active mass for a 10kpc SN 
Number of SN events very much depend on the SN model. 
Due to threshold effect XMASS is mainly sensitive to neutrinos above ~ 15 MeV 

XMASS coll., Astrop. Phys. 89, 2017 	



SN	events	in	two-phase	LXe	detectors	

•  Xenon1t has measured ~ 2 x10-4 events/kg/day/keVe 
•  This background measurement turns into a background-free detector for 
     SN neutrinos with cohNS  in the ROI with a 50% acceptance for NR 
•  As suggested by R.L. Lang et al. PRD 94, 2016 an S2-only analysis could 

make possible to lower the detection threshold and increase the number of 
events observed from a SN: for 1 keV deposition <S1> ~ 0.5pe and <S2> ~ 
150pe 

 

S2≃ 30 PE [99], while for XENON100, it was 50% for
S2≃ 60 PE and reached 100% for S2≃ 140 PE [88].
Values have not yet been reported for LUX. The trigger
system for XENON1T has been significantly upgraded
relative to XENON100 and is expected to lead to an
improvement in the trigger efficiency. Therefore, while
the trigger efficiency does vary between different experi-
ments, here we assume a benchmark value of S2th ¼ 60 PE
and make the simplifying assumption that the trigger
efficiency is 100% above this value. This benchmark value
is consistent with the threshold in the sensitivity studies of
LZ, where it was assumed that the S2-only threshold is 2.5
extracted electrons [40], corresponding to S2th ¼ 50 PE
with an average of 20 PE per extracted electron (and
ignoring the small loss owing to the finite electron lifetime).
The second consideration when deciding S2th is the

signal uncertainty induced by the choice of the electron
yield Qy [cf. Eq. (9) for where it enters our analysis]. We
postpone a full discussion of this uncertainty until Sec. VI
and, for now, simply state that the signal uncertainty from
Qy is smaller than 10% when S2th ¼ 60 PE. This is
appreciably smaller than the ∼25% variation for the
LS220 and Shen EoS for the same progenitor mass as
well as the approximate factor-of-two difference for differ-
ent progenitor masses; so, this uncertainty should only have
a small effect on our results.
For all of the reasons outlined above, our main results

have been obtained by adopting an S2-only analysis with
S2th ¼ 60 PE. Figure 4 displays the expected number of
SN neutrino events from an S2-only analysis with this
threshold for the three detectors and four SN progenitors
that we consider in this study. Finally, since the background
rate is significantly smaller than the signal rate, we ignore it
in Sec. V unless stated otherwise.

V. SUPERNOVA NEUTRINO DETECTION

In this section, we calculate the discovery potential of an
S2-only search for SN neutrinos as a function of the SN
distance and discuss the discrimination power of xenon
detectors with respect to the SN progenitor. We then show
that it is possible to reconstruct the SN neutrino light curve
and, therefore, to discriminate among the different phases
of the neutrino signal. Furthermore, we demonstrate that
xenon detectors can reconstruct both the neutrino differ-
ential spectrum and the total energy emitted by the SN into
all flavors of neutrinos. Finally, we present a concise
comparison of the performance of xenon detectors with
dedicated neutrino detectors.

A. Detection significance

We first investigate the sensitivity of present and upcom-
ing xenon detectors to a SN burst as a function of the SN
distance from Earth. Figure 5 shows the SN burst detection
significance as a function of the SN distance from Earth for
the 27 M⊙ progenitor with LS220 EoS. We see that
XENON1T will be able to detect this SN burst at more
than 5σ significance up to 25 kpc from Earth, while
XENONnT and LZ will make at least a 5σ discovery
anywhere in the Milky Way. DARWIN’s much larger target
mass will extend the sensitivity to a 5σ discovery past the
Large Magellanic Cloud (LMC) and the Small Magellanic
Cloud (SMC).

FIG. 4. The expected number of SN neutrino events from an
S2-only analysis with a threshold of 60 PE for a SN burst at
10 kpc from Earth. The different colors refer to XENON1T (red),
XENONnT and LZ (blue), and DARWIN (green) detectors. For
each detector, the number of events is shown for the four SN
progenitors that we consider in this study.

FIG. 5. The detection significance is given as a function of the
SN distance for a 27 M⊙ progenitor with LS220 EoS. The SN
signal has been integrated over [0, 7] s. The different bands refer
to XENON1T (red), XENONnT and LZ (blue), and DARWIN
(green). The band width reflects uncertainties from our estimates
for the background rate, discussed in Sec. IV. The vertical dotted
lines mark the center and edge of the Milky Way as well as the
LMC and SMC, respectively. For this SN progenitor, XENONnT/
LZ could make at least a 5σ discovery of the neutrinos from a SN
explosion anywhere in the Milky Way. DARWIN extends the
sensitivity beyond the SMC.
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fðS2i; hETiÞ is the probability density function evaluated at
the S2 value of the ith event.
Figure 7 shows the ML estimators for AT and hETi for

XENON1T, XENONnT/LZ and DARWIN mock experi-
ments, where, by construction, each mock experiment has
the same ML estimators for AT and hETi. The N observed
events are randomly drawn from the dR=dS2 spectrum of
the 27 M⊙ LS220 EoS progenitor at 10 kpc, integrated
from 0.1 to 1 s. We consider all events in the S2 range from
S2th ¼ 60 PE to S2max ¼ 2000 PE. For this progenitor and
this time window, the mean number of expected events is
7.0 events/tonne, so N is drawn from Poisson distributions
with means of 14, 49 and 280 events for XENON1T,
XENONnT/LZ and DARWIN, respectively.
The left panel of Fig. 7 shows the best-fit ML estimators

(green dot circle) together with the 1σ contours for
XENON1T, XENONnT/LZ and DARWIN. These contours
are obtained from the ML by lnL ¼ lnLmax − 2.3=2. The
black triangle shows the values of these parameters from our
input SN progenitor. The DARWIN reconstruction of the
parameters is excellent, while the XENON1T reconstruction
has a significantly larger uncertainty. Besides reconstructing
AT and hETi, an estimation of the expected νx average energy
shouldbe also possible analogously towhatwas proposed for
neutrino-proton elastic scattering [11,32].
The dashed green line in the right panel of Fig. 7 shows

the differential flux obtained with the best-fit ML estima-
tors substituted into Eq. (17). This can be compared with
the true flux from the 27 M⊙ LS220 EoS progenitor, which
is shown by the dashed black line. The ML reconstruction
is in very good agreement with the true flux. Also shown
are the 1σ intervals. At each value of the neutrino energy,
the intervals were obtained by propagating all points in the
1σ regions for AT and hETi through Eq. (17) and selecting
the maximum and minimum values of the neutrino flux.
The right panel demonstrates that a DARWIN-sized

experiment will be capable of accurately reconstructing
the neutrino flux. The errors from XENON1T however are
substantial, owing to the fact that with XENON1T one
would observe only 14 events during this time window,
compared to 280 with DARWIN.

E. Total energy emitted into neutrinos

Finally, we show that it is possible to reconstruct the total
energy emitted by neutrinos, which is simply the luminos-
ity integrated over the duration of the SN burst (here taken
as the first 7 s) and summed over all neutrino flavors. This
is related to the free parameters in our ansatz by [see
Eqs. (1) and (17)]

Etot ¼
X

νβ

Z
7s

0s
dtpbLνβðtpbÞ ¼ 4πd2AThETi: ð20Þ

This relation follows from noting that

AThETi ¼
Z

dEνEν

X

νβ

Z
dtpbf0νβðEν; tpbÞ; ð21Þ

and using Eq. (1) to express f0νβðEν; tpbÞ in terms of
LνβðtpbÞ.
Figure 8 shows the 1σ range of the reconstructed total

energy emitted into neutrinos in 30 mock experiments for
each of XENON1T, XENONnT/LZ and DARWIN. As in
the previous subsection, we use the ML method to find the
estimators of the parameters AT and hETi for the signal
integrated over the first 7 s of a 27 M⊙ LS220 EoS
progenitor at 10 kpc from Earth. Then, we calculate Etot
from Eq. (20) and the 1σ range using the propagation of
errors as described in [104]. We do not include any
uncertainty on the distance d in our reconstruction.
The dashed vertical line shows the total energy from the

SN simulation of the 27 M⊙ LS220 EoS progenitor. As we

FIG. 7. The left panel shows the reconstructed average neutrino energy hETi and amplitude parameter AT (green dot circle) compared
to the true value for the 27 M⊙ LS220 EoS progenitor at 10 kpc from Earth integrated between 0.1 and 1 s (black triangle). Also shown
are the 1σ contours from 2-, 7- and 40-tonne mock experiments following our maximum likelihood (ML) analysis. The right panel
shows the reconstructed neutrino flux as a function of the neutrino energy. The dashed green line represents the differential flux obtained
with the best-fit ML estimators and is compared with the true flux, shown by the dashed black line. Also shown are the 1σ intervals from
our 2-, 7- and 40-tonne mock experiments.
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the maximum and minimum values of the neutrino flux.
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the previous subsection, we use the ML method to find the
estimators of the parameters AT and hETi for the signal
integrated over the first 7 s of a 27 M⊙ LS220 EoS
progenitor at 10 kpc from Earth. Then, we calculate Etot
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errors as described in [104]. We do not include any
uncertainty on the distance d in our reconstruction.
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FIG. 7. The left panel shows the reconstructed average neutrino energy hETi and amplitude parameter AT (green dot circle) compared
to the true value for the 27 M⊙ LS220 EoS progenitor at 10 kpc from Earth integrated between 0.1 and 1 s (black triangle). Also shown
are the 1σ contours from 2-, 7- and 40-tonne mock experiments following our maximum likelihood (ML) analysis. The right panel
shows the reconstructed neutrino flux as a function of the neutrino energy. The dashed green line represents the differential flux obtained
with the best-fit ML estimators and is compared with the true flux, shown by the dashed black line. Also shown are the 1σ intervals from
our 2-, 7- and 40-tonne mock experiments.
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UAr	for	cohSC	SN	detection		
•  DarkSide-50, ArDM and DEAP have shown a huge PSD efficiency for ER 
    (reduction factor ~ 107) in LAr 
•  DarkSide-50 has measured a depletion factor for UAr of the order of 1400 

with respect to AAr ( ~ 1 Bq/kg)  
•  In 10 ton of UAr we expect 70 39Ar events in 10 sec. 
•  For a window of [20,80] keVr ~ [5,20] keVe we expect some  6/1000 events, 

therefore the acceptance for NR  (~100% above 50 keVr) could be  much 
larger than what measured at present in the ROI for SN cohNS events 

•  Implement S2-only analysis 
    to lower analysis threshold  

S/N ~ 5 



Conclusions	

Ê  Dark Matter LXe and LAr detector offer an opportunity to detect SN 
neutrinos by means of cohNS 
§  In this respect they become multi-purpose experiments and help to 

guarantee the SN detection in underground labs 

Ê  These detectors will offer a complementary measurement to liquid 
scintillator low threshold detectors (Borexino-like) 
§  In this respect they offer the opportunity to understand better the SN 

model and parameters in combination with high rates detectors such 
as SuperKamiokande where CC interactions can be exploited 
o  see also F. Vissani et al arXiv:1708.00876 to measure the binding energy 

in SuperKamiokande 
§  At present it has been shown that Xenon1t with S2-only analysis can 

start probing the SN model 



Thank	you	for	your	attention	
	
Happy	ten	years	to	Borexino!	


