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 Credits: A Pﬁ:.me' of gas nearly the size of our solar system erupts from Betelgeuse’s surface in this
kist's E,gtiq.sk'\*a&dv\ of real observations gathered by astronomers using the Very Large Telescope in Chile.

4 o IRSE. European: Southern Observatory, L. Calgada

.



Based on:
arXiv: 2004 02045 -
“?resupermava neutrinos:
directional semsi&iv&v and

prospects for progenitor

identification” - MM, C.
Lunardini, F. X. Timmes, K. Zuber

(Astrophys.d. ¥99 (2020) 2, 153)

3 Worht su,pporl’:ed bv: National Scienmce Foundation (NSF)

B
f..‘re.c\.d:s A plume of gas hearly the size of our solar stjsf:em erupts »fi‘c:rm Be&ai.ge.u,sas surface in this
artist's illustration of real observations gathered by astronomers using the Very Large Telescope in Chile.

European Southern Obsarvaf:orj, L. L.atgacia
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‘Presu[p@.rmova Neubrinoes

- Whak?
Neutrinos of energy 0.1 - § MeV

15M¢), Ve, NH, 1kpc reactor
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Patton, Lunardini, Farmer & .
Timmes, 2017, ApJ, ¥51, & 1.0 Energy (MeV)




Presupernova Neubrinos

- When?

Last stages of nuclear
burining of a massive
star

Source: https://images-na.ssl-images-amazon.com/ Lmages/l/&ljﬁ:zerpIXL.,__ACm‘SLlooow.ng
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‘Presu[p@.rmova Neubrinoes

- How?

1) Thermal processes

.

2nd O shell =7 - Pair prodwﬁ:&mm
O core ,L;
l 1I) Weak reactions -
w2 Ve Reba processes
Ve [Ue pair -m- i
z/x/Dm pair --=- mamtv e e
O shellT TSi core @QP&uras de

nuclear d@.@&js

Pakbton, Lunardini, Farmer &
Tinames, 2017, Apd, ¥61, &



Is Ehis kallke about Ehe dﬁ%ads
owf presupernova heukrinos?

b Where to Lloolke?

Palbtown ek.al. (R017
a,b) and References
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Is this kallke about the de%a&tél
of presupernova heutrinos?

No....—¥ Where to look?

Palbtown ek.al. (R017
a,b) and References

¥ Thewn 4. whak?

Try to use this sighature to locate the
progenitor U the sky and serve as an
early wariing system (this talk....)

Also see: Li, Li, Wen and Zhou 2020, arXiv 2003,039%2



Motivakions

Early alert of collapse :

Observe a star before
and during collapse to
test stellar evolukiow.

~ 100 IBD evenks for Mearbj (o2 M’Prﬁ:)

star Like Betelgeuse in a detector Like
JUNO
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Motivakions

Early alert of collapse :

Observe a star before
and during collapse to
test stellar evolution.

Aligins with SN neutbrino
burst wariing which is

atreacij considered an
em'tv warning

13
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Motivakions

Very early alert of SN explosion (or BH
formation) :

1, Precedes the neutrino burst by hours (or even
davs): use§ut nfc::rr decision malking

2. Can be the only useful alert for {as%exptodivxg
stars (< 1 hours from collapse to expi.osmv\)
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Motivations

Prepare GW detectors: mulki-messenger
observations
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Motivakions

Prepare GW detectors: mulki-messenger
observations

Prepare to observe exotic physics during
&aitapse: Foiv\% axion debectors

See:~ Supernova-scope for the Direct Search of Supernova
Axions - Gre, Hamaquchi, Ichimura, Ishidoshiro, Kanazawa,
arXiv: 200%.03924-
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Detectors

- Fiducial detector mass:
17 ek

- Efficiency: 1

- Liqu,i,ci Scintillator: LAB
(Linear Alkylbenzene)

JUNG (Qiangmen Underground Neubrino
O-bservaﬁorj)



1%

Detectors

ijoéheﬁwat se&u,[a wikh Li
dissolved i Li;qu,i;ci scinkillakor

for enhanced angular sensitivity

Tanaka & Wakanabe 2014, Scientific Reports, 4, 470%



Inverse Beka Decay

(IBD)
U,+p—>n+e’

Whv?

Low energy threshold (1.% MeV)
Timing

Enerqgy resolution

Backqground discrimination
performance

19






Some dekails....

N, : No. of IBD signal events in detector
Npi, : Background events (Assumption: Isotropic
background)

N

\)

o =

= : Sighal to Background ratio
NBkg
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R2

Asymmetbry Factor

) No—=N. &
Backward el : Forward
2 NF + NB I
0> ) (9 <=
(G 5 )
Ny % N %
N =—<1 ) Siahaks N =—(1 | )
Bl D 3 27 b i
N g Background  Nrse = —

a (Nps + NF,Bkg) — (Npg NB,Bkg)

Ak (Np.s + Nppio) + (Nps + Np pio)




Background

Recall....

15M.. 7., NH, 1kpe o Ma i
- geo v = ba&wgroumd
: sources:
= Reactor v
2 Greo U
=

1.0 Energy (MeV)

R.3
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Backqground

Main background sources:
Reactor v
Cre U

AssumPEmw Iso&rapw

2.6 events/hour in reactor-on phase for
JUNG

An, An, An et. al. 2016, Journal of Physics G Nuclear
Physics, 43, 030401
Yoshida, Takahashi, Umeda, Ishidoshiro 2016, ‘ijs. Rewv. D,
93, 123012
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For geo-neubrinos (similar spec?:rum as pre-SN neubrinos)
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venk Rates

Pabbon ek, al.
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Pointing to the progemi&

“We” are h
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Pointing to the Fwogﬁmi&ﬁ
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Apollonio, Baldint,
Bemporaci et. al. 2000,
Phys. Rev. D, 61, 012001
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B as a function of N

100 S%O\V\d&f‘d LS
o localizes to ~ 70°
: after 100 events
oo m e 68%C.L.
’ Enhanced LS-Li
" localizes ko =~ 15°
" after 100 events
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Candi ci,a& es: M ollweide

\ / / = D<0.25 kpc

* 0.25<D < 0.6 kpc
RA v+ 0.6 <D < 1.0 kpc

34



Candidakes: Mollweide

Why 1 kpe?
T e 70
30 AN ERVANRRN
e N :
a 35\ -2<l0 2\10 1\80 1«50 1(20 / 90 ﬁo 70 7) 3730 700 \/ LU !"0‘ Lux ~Y —2
N A r
NN W |/ /
-45 6;\“%.““& _X \ / .
7 N Ds02siec No considerable
RA +0.6<D < 1.0 kpc fﬂ.u,x “fOT LO\T‘SQ
distances

~ 231 skars v D ¢ 1 H‘FC

38






What if ik is
Betelgeuse?

Distance : D = 0.222 kpc
Mass : M~ 15 M, .

27



Betelgeuse
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What E""f wWe Are MV\LM&M&:

a frar away star?

o Canis Ma joris

Distance : D = 0.513 kpc
Mass : M~ 15 M, .

39



= -2.0 hours

We omi.ij have considerable stgnal 2 hours
before the collapse....Huge uncertainty

even with LS-Li (Only 68%C.L.)
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&vu&ure Prospec&s

Repeating the analysis
for a 100 kbt detector
Lilke THEIA....

Things to leep in mind:

£S + IBD evewnts

The sheer size of it can help
with the number of events

Low energy Ehreshold
observed it each channel

rood directional SQMSLH\/LE:;

Pickure caur&esvz THEIA: an advanced OPEECQL neubrinoe debector - Aslkeins ek, al.



Future praspéc%s

Repeating the analysis
for a 100 kbt detector
Like THEIA...,

Mosk op&mis&r:
~ 4° — 6° error cone

Should significantly help
wikth directional roiu&iug!

Pickure ccur&es:j: THEIA: an advanced Op&cat neubrinoe debector - Aslkeins ek, al.

4-2
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Sum MATY

-» Pre—~SN neubrinos: emitted months, dajs, hours prior to
totiafase and are debectable. Even earlier than bhe lkowin SN
neukrine bursk

-» Directional sensitivity: Can help with locating the progenitor
about to collapse

-» Serves as ah early warking system and mulki-messenger
observations, Useful for GW, neutrinoe and astronomy
community. Can help in testing exotic particle physics -
AXLONS. ...

—» Error cones: ~ 70° for standard LS detectors, shortlisks ~ 10
- 12 candidates and ~ 20° for enhanced LS detectors, shortlists
~ 4 - § candidates



&he New Pork Eimes

OUT THERE

Just a Fainting Spell?
Or Is Betelgeuse About

to Blow?

A familiar star in the constellation Orion
has dimmed noticeably since October.
Astronomers wonder if its explosive finale
is imminent.

An image of Betelgeuse, made from a composite of
exposures from the Digitized Sky Survey 2. European

Southern Observatory

WHEN WILL BETELGEUSE

 EXPLODE?

Hope{uitj, we will be able to
kihow at least a few hours
(may be even days) in
advance through our very
early messengers: pre-
supernova neutbrinos!

Thanlke You....

44






Core exceeds
Chandrasekhar limit, 1.44 M
Core Collapses.

Sun®

Protons combine electrons and
form neutrons. Core shrinks.

Neutrons bounce back infalling matter,
due to The Strong Nuclear Force.

| &
Y\ s c
\‘\ ‘ éf He

SN Neubrinos "

ockwave accelerated by massive neutrino

. Star is torn apart. 10* J of energy re-
sed. Explosion brighter than entire galaxy
THe remnant is a neutron star or a black
e, initially 100 billion degrees K hot!

Shockwave slows down.

¥ S

Source: https:// EMagéé-ha.ssi.—i.mage.s—-amo.z.ov\.com/ images/I/61yf26rpIXL. AC_SL1000_ jpq



plosion 101

(Rre exceeds #
Cljandrasekhar limit, 1.44 M_ P
re Collapses .

Protons combine electrons and
form neutrons. Core shrinks.

Neutrons bounce back infalling matter,
due to The Strong Nuclear Force.

Shockwave slows down.

SN Neutbrinos

Nockwave accelerated by massive neutrino
w. Star is torn apart. 10* J of energy re-
sed. Explosion brighter than entire galaxy
e remnant is a neutron star or a black
le, initially 100 billion degrees K hot!




p as a %MMC&QM 04: ‘!

LS-Li

150 ©
L o= 00

100 -

eol
50
| 1 68%CL
O | | i i \ | ! ! | ! ! ! E 180 ! ! | ! ! ! |

0.0 0.2 0.4 0.6 0.8 1.0

d

N = 200



B as a function of

150 -

Improvemam&' 5

100 s Mo&w&&mt«s on why

@ skouhd we build
90% C.L. be&&e\* Mew%rmo detectors!
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Angular Uncertainty (5)
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Angular Uncertainty (5

P oy=0 ) <Z>:% i

— L Ll
Meain (Z}ﬁg Jéal 4 P =N2X%
o S i=1
pm e (0909‘ 1% ‘) = (0,0,0/3)



Av\gutar Umcer%amﬁv (p)

Mean of p :
= (0,0,] p'|) = (0,0,a/3)

T(COsO) — %(1 + acosé’)

Cenkral
Linaik Theorem

Craussian
Diskribukion



Anqular UM&QrEo\mEv (p)

1 N
= s Z (i)
N X”l’”‘
i=1

?rgbabd&%j distribution O“F P

<—P)%—Py2—(l?z— \7\)2>
2072

]
F(p,. Pl )= exp
e (Ongdy:



Angular Uncertainty (5)

J'(pxa py’pz) dpx dpy dpz ,

I=0.68 I=0.90
68%C.L. 90%C.L.

Black Box (Transform
to spherﬁﬂaL Nice QMQL?EL&&L

coordinates....) ' expression’

(Hush work in progress!)



What if ik is
Antares?

Distance : D = 0.169 kpc
Mass : M~ 15 M, .



~— ——— t=-4.0 hours




What if ik is a huqge
star?

S Mownocerockis A

Distance : D = 0.282 kpc
Mass : M ~ 30 My, .

Huqge!
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30 120/90,

RA

t =-2.0 hours

Pointing greaﬂv inmproves btowards kthe

end because of evemg (flux) distribution
(O'Mi.fj 68% C.L.)




