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Collaboration on SN axion.

[2008.03924, JCAP 2020]
S.Ge
K.Hamaguchi (EO1)
K.lchimura (DO1)
K.Ishidoshiro (D02)
Y.Kanazawa
Y.Kishimoto (D02)
N.Nagata
J.Zheng

(See below)



S.Ge, K.Hamaguchi, K.lchimura, K.Ishidoshiro, Y.Kanazawa, Y.Kishimoto, N.Nagata, J.Zheng.

S U E ernova-sco Ee [arXiv:2008.03924] JCAP 11 (2020) 059.
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Su ernova-scope [arXiv:2008.03924] JCAP 11 (2020) 059.
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Su ernova-scope [arXiv:2008.03924] JCAP 11 (2020) 059.

http://www-sk.icrr.u-tokyo.ac.jp/sk/physics/supernova-e.html
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neutrino burst within Ar ~ 10 sec.

- Future: various neutrino detectors



http://arxiv.org/abs/2008.03924

S.Ge, K.Hamaguchi, K.lchimura, K.Ishidoshiro, Y.Kanazawa, Y.Kishimoto, N.Nagata, J.Zheng.

S U Ee rnova=-sco Ee [arXiv:2008.03924] JCAP 11 (2020) 059.
NN — NN + a

/ C
nearby SN N,N =n - Vo
(. .P) Z NN = 2,—N7”?’N3,,¢61
Py oo "f.'.'..‘. ..-. ; ’ N:n’p a
C,=—0.47
a (KSVZ)
, C,=—-0.02
------- // —_ = 1 2— . in?
T o . C, 0.182 — 0.435 sin” (DFSZ)
C,=—0.160 + 0.414 sin*

1

If the axion exists in nature,...
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- Essentially the same as the Axion Helioscopes for the solar axion.

Magnet coil
solar axion p
) N 2 63\60\
axion
B fy OQ\"\OQ \I\«(a‘\;

Axion Helioscopes

Experiment (Proposed) site B (T) L (m) A (m?)
ON-goiNg  CAST [34-39 CERN 9 93  29x107?

BabyIAXO [41] DESY ~2 10 0.77

TAXO baseline [40, 411] DESY ~25 20 2.3
next-gen. TAXO+ [41] DESY ~35 22 3.9

TASTE [42] INR 35 12 0.28 Fig. from IAXO homepage
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Supernova-scope

- Essentially the same as the Axion Helioscopes for the solar axion.

« But the axion energy is different.

solar axion
E, ~ keV

SN axion

E, ~ 010 — 100) MeV

¥ X-ray focusing optics doesn’t work for y-rays.
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y-ray detector
IS necessary.

X X-ray detector cannot measure the y-ray energy, and hence the background rejection is difficult (see below).
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Supernova-scope

Idea: install a y-ray detector at the opposite end to the X-ray detector.

y-ray detector
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Idea: install a y-ray detector at the opposite end to the X-ray detector.
Normal operation time: It works as an axion helioscope.



http://arxiv.org/abs/2008.03924

S.Ge, K.Hamaguchi, K.lchimura, K.Ishidoshiro, Y.Kanazawa, Y.Kishimoto, N.Nagata, J.Zheng.

S U E ernova-sco Ee [arXiv:2008.03924] JCAP 11 (2020) 059.

Idea: install a y-ray detector at the opposite end to the X-ray detector.
Normal operation time: It works as an axion helioscope.
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Once a pre-SN neutrino alert is received,

SNEWS collaboration [2011.00035]
For a review of pre-SN neutrinos, 3
see, e.g., C.Kato, K.Ishidoshiro, T.Yoshida [2006.02519].
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Once a pre-SN neutrino alert is received,
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Once a pre-SN neutrino alert is received,

SN axion detection!
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10~7

108
We found that,
if a nearby SN (< a few 100 pc) occures, %
O
SN-scopes based on the next-generation ~ §
axion helioscopes (such as IAXQO) have |
potential to detect O(1-10) SN axions. to-tt 10
h|7:\XO - S picfl -
10—12- A« o o SNS.COpeT@.I'A.‘).(Qf-
103 10-2 10-1 100 ™

For more detalls, see
- The backup slides
-YouTube (15 min.) by Jiaming Zheng: https://t.co/gSx]ICNwiUL?amp=1
-YouTube (60 min.) by KH: https://t.co/UIP95kfPOt?amp=1



https://t.co/qSxjCNwiUL?amp=1
https://t.co/UlP95kfPOt?amp=1
http://arxiv.org/abs/2008.03924
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Nearby SN progenitor candidates

Antares

(~ 170 pc) Betelgeuse
(~ 200 pc)

https://www.civillink.net/esozali/




Dec

Nearby SN progenitor candidates

75°

30°

15°

e Peg
0" 300 0 3300 3000 270° 240°  210°
Oph Vir
150 o oV eoe@d< 250 pc
. Vi ® d > 250 pc
_ o kup

> x M > 10M only (more on this later)

-75° oA
HIP Common Name Distance (pc) Mass (M) RA (J2000) Dec (J2000)
65474  Spica/a Virginis 77(4) 11434+ 1.15 [79]  13:25:11.58  —11:09:40.8
81377 ¢ Ophiuchi 112(3) 20.0 [80] 16:37:09.54  —10:34:01.5
71860  « Lupi 142(3) 10.1 + 1.0 [81] 14:41:55.76  —47:23:17.5
80763  Antares/a Scorpii 170(30) 11-14.3 [82] 16:29:24.46  —26:25:55.2
107315 Enif/e Pegasi 211(8) 11.7(8) [81] 21:44:11.16  +09:52:30.0
27989  Betelgeuse/a Orionis 222735 [83] 11.6739 [84] 05:55:10.31  4+07:24:25.4




Pre-SN neutrino

The SN-scope has to be pointed to the exploding SN.
But SN-axions come within At ~ 10 sec. (cf. neutrino burst)

How do we know the timing of the SN in advance?

&)

w-ray detecto!
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~
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~
~
~
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~
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~/
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Pre-SN neutrino

Take the help of the pre-SN neutrinos.

E B | L ¢ & & [ ® & & | ]
> 10°° -
> 1050 F PreSN v eutrino burst)
= : —_—— :
= 48 | -
€ 10 | -
= B :
2101 -
§ ov .—" | Odrzywolek (2010) . Nakazato (2012)-
= 11.6d  -2.7h -10s 0 1s 2s 3s
Time

Figure from K.Ishidoshiro's talk in 2019.
https://www.lowbg.org/ugnd/workshop/sympo_all/201903_Sendai/

For a review of pre-SN neutrinos, see, e.g., C.Kato, K.Ishidoshiro, T.Yoshida [2006.02519].


https://www.lowbg.org/ugnd/workshop/sympo_all/201903_Sendai/

Pre-SN neutrino
~Core-collapse

Take the help of the pre-SN neutrinos.

x

21071

S 1050 . PreSN V

I% - i _

S gl d——

oé .IO _— o_

= - SN AXIpn

2 0% -

% 1044 y ~  Odrzywolek (2010)  Nakazato (20112): R T L
= 11.6d  -2.7h -10s 0 1s 2s 3s hours-days

Time

Figure from K.Ishidoshiro's talk in 2019.
https://www.lowbg.org/ugnd/workshop/sympo_all/201903_Sendai/

For a review of pre-SN neutrinos, see, e.g., C.Kato, K.Ishidoshiro, T.Yoshida [2006.02519].


https://www.lowbg.org/ugnd/workshop/sympo_all/201903_Sendai/

Pre-SN neutrino
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Pre-SN neutrino

- The pre-SN neutrinos can be detected (warning alert triggered)
O(hours)-O(days) prior to the SN explosion (d < a few 100 pc).

% SN progenitors with M < 10M 4

— Pre-SN v flux is too small to be detected even for d < 200 pc.
C. Kato et.al., [1506.02358].

— We discard them.

M > 10M only. .7
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Pre-SN neutrino

- The pre-SN neutrinos can be detected (warning alert triggered)
O(hours)-O(days) prior to the SN explosion (d < a few 100 pc).

|t Is In principle possible to estimate the location of the SN candidate

on the sky.
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The altitude of the progenitors O\ (?) seen from Hamburg (DESY).

6det — 53.60 (DESY), Hmax — 250
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Observational time fraction > 50% for all the progenitors except a Lupi.
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The time fraction can be increased by

. increasing the maximum elevation & .. and/or

- two SN-scopes at different observation points (e.g., Hamburg and Tokyo)

Bl Hamburg(DESY), Oqax = 25°
Hamburg(DESY), 6max = 50°
B Tokyo, Omax =25°
Tokyo, Bmax =50°

aVirginis-

: ._l
COphlUChl I
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a Scorpii -
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-0 .. =50

0 60 120 180 240 300 360
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- Hamburg + Tokyo.
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60\0‘ Magnet coil

A X-ray optics ~-ray detector
event a ad—
471d? !

Production

2 For the axion luminosity, we follow [P.Carenza et.al., 1906.11844],
which includes various corrections to the one-pion exchange approximation.
At the post-bounce time 1sec,

2
L,~242x10Verg s x % C]%,,eﬁ?,
a
N where Cy, . = C; + 0.61C; + 0.53C,C,.
CN Y, ? We also include the temperature dependence, ~ T2,
ZanN = Z f_N}/ y"Noa ? The axion energy is (E ) ~ 2.3T.
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C,=— 047 KSVZ) 2 Thus, the total number of axions from SN is . .
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~-ray detector

After all,...
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detector

x We expect roughly O(1)~10 uncertainty, especially from SN part.



S.Ge, K.Hamaguchi, K.lchimura, K.Ishidoshiro,

Eve nt n u m be r Y.Kanazawa, Y.Kishimoto, N.Nagata, J.Zheng.

[arXiv:2008.03924] JCAP 11 (2020) 059.

10~7

1 107°
=
()
O,
“I\G 1079
\A //: NeVeIlt — 1 d 10()
b% 10" -1 for Betelgeuse (d ~ 220 pc)

| [BabAXO L e |/ and Spica (d ~ 77 pc)

pica-100

N 10~ E

= HAXO G . Axion coupling: KSVZ model (Cy ¢ = 0.37 and C,,, = a/x)
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-Better sensitivity than helioscopes for large mass,
because of higher axion energy (EsN ~ 70 MeV > E°™ ~ a few keV).

-For small mass region, both solar axion and SN-axion may be discovered.
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vs. stellar constraints
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A design for the gamma-ray detector

Bore

J1010910p AeJ-L

Plastic Scintillator

Csl

+ O(1000) muon events in 10 sec.
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- They can be rejected by energy deposit and # of hits. # of hits
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Summary

- |[f a nearby (< a few 100 pc) supernova (SN) occurs,
a huge number of axions (in addition to neutrinos)
may arrive at the Earth.

- Those SN axions may be detected by an axion Supernova-scope
with the help of pre-SN neutrino alert.

Similar idea in: G.G.Raffelt, J.Redondo, N.Viaux Maira (2011), |.G.Irastorza, J.Redondo (2018).

- SN-scopes based on the next-generation
axion helioscopes (such as IAXQO) have
potential to detect O(1-100) SN axions.

[arXiv:2008.03924] JCAP 11 (2020) 059.

10~1!
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S.Ge, K.Hamaguchi, K.Ilchimura, K.Ishidoshiro, Y.Kanazawa, Y.Kishimoto, N.Nagata, J.Zheng.

A nearby SN is so rare — it would be a once in a lifetime opportunity
for directly detecting SN axions!
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