FOLEBME=—1—~J /MHRZQIAIMNKE+A >V Z 1 > 2023/3/2-3

HBIFHESNIISTANS D=2 — KN /EEEBFETICL D
FMEFENSTISTAD /NS A —S HETE
IRH © GE4HITHEMS)

HEMAEE: nuLCOZHRL— gy (BEE—ES (FUNK), BHFEE, H
FEHEN CBESE), AVv— - vz r7TI)L (ZERK)

iy
‘_ﬁ

f 2, IR (MILX), FRIESE, HEIHER EERX),




Gravitational Wave
Physics and Astronomy

(CRR)))

Institute for Cosmic Ray Research
Wniversity of Tokyo”
\—/

§.

nulL,C d5/HhRL

neutrino Light Curve

Yccypumnck
(o]

BBBBBBBBBBB

Roger Wendell(}?\%l?j( k%ﬁé)

EEEEEE
o

O]l
=H|
~—~

IR 1 (24, =

NGV RER 2. eSS
(LR, 525%)

Rk NEh IR (BRER K, ).
g ARIEJC(RRK, w5 00)

(|t
I\—I—I
|
il
|
)

h B ER (PN, 2)




BfE=a—MY /& & ER

EHTE

v=alb—>3YV

N LA DY
SRTCEEE D

]

HBAMENSD—1—b

)/ U

W
=)

Kamiokande —@—

IMB —&—
+ Baksan —il—

N
o

Eve~5x1052 erg (e.g. Sato & Suzuki 1987)
Etot~6XEve~3x1053 erg

=]

>

@

=
>
o
S
[T
c

1T}

! +++Ji+

4 6 8
Time after first event (s)

Courtesy of Suwa

e Kamioka Obs.. ICRR. UT

SN1987AD



BHE=-2—MNJ) /87> 7L—K

BHE—_1—NY /EHAOEFBFAER T L — )

A& (Levermore)ET )L (WilsonEFI)LICED )
-SNEWPY (SNOwWGL0BES/sntools) (Bt & Tld T= 73 0))
EBHMEDEREE Z2— N /DOHHIEDFEVNWIZNL— 3 VHRE |

=
AN

< /'
N —
/

~
O
[}
n
N
et
~
()]
o
2
(@)
v
[ S
>
=
n
O
g
3
—

|!!!Eii
shewpy.
snewpy.models Sl S snewpy.snowglobes
.I|

Average Energy [MeV]

Bakster+ (2021)
Totani+ (1997)



JREPEFESA T 2 —X

N
[RY
)
3

o

W

O
p—

)

(€)
—_—

%)
~
@)
—~
2
P
=
n
@)
S
o r—
&
-]
—

Luminosity [erg/s]

p—

-

50
100 200 300 5 10 15 (}O
Time after bounce [ms] Time after bounce [s]

Mori+ (2021)



BEHE= FU/GE%7I—“

Tamborra+ (2014)

JRBHREFESHI T T —X

JRFET T —X

FRAR TSDIRIBTE DN EME [ I
B2 TWT, ERHEAREED
RE LN

-.Segerlund+ (2021), Nagakura
& Vartanyan (2022)7& &

o

N

£
(@)}
-
()
QA
w0
()
4
>
=
n
@)
£
-
-
-

(&)

100 200 300 400 500
Time [ms]

enerated by DreamStudio

TV AEERE R LR EEERE

55";"




BfE—a1—M) /ORBPEFESHNT 2 —X

Nakazato+ (2022)

JRFET T —X

R TRDIEBIED E M (TR M
5o CWT, ERNBAREMED
AR

-Segerlund+ (2021), Nagakura
& Vartanyan (2022)7& &

BB HREFESEHI T T —X
Loor1s EEEMIEN S Y L (1 R ITTHE

162L15 s
162U15 BOIIE) T RNEED DR L

162540

162T40 . 2 3,9 N R+ 7
162140 NnuLCOZ/RL—>3 > TlEI5E

162040 5 (B
Bl EIET7 1 —X20/{X
SR | (CHEELTH DS, R

71— ADEFTDFENMDICT S

—_—
O
5
=

Luminosity (erg s-1)

< v NUVIHESEI 7 © —X—shallow decay 7 = —X—volume cooling”7 £ —X



NULCO S hDIEE
Ty FL— K

HEF—4AIR—2
RighEFESAN I 2L—Y3 > %
MDEE= - EOSICEDK
HT —IN—2X
NEI—RKGRIDICEDL., 1DTHEH
TAHLORBEDENAEY I 2L —
>3

FRTTETY VY

Lane-Emdenfg & =1 — b~ Y/ HEBOI{LL

[CE D < BRI R

BT SR INA T4 >

-pbackward time analysis

BEDIANXRY NDSRARAESICEDTT SR
BOmNRBFEFEDEBIEE IC{EF

. x-square 74 v Tra4 VY

MO OV L—MEFHIXR)LF—
ZERAT—5Y DT 4TV TICED




140815 D 147315 D k 154815
147T15
147L15

140U15 ¢ 147U15 154U15

Luminosity (erg s-!

._.
o
S
©
Luminosity

162515
162T15
162L15
162U15
162540
162T40
162140
- 162040

. Luminosity (erg s

—
(%]
—
= O
(2

Average Enegry (MeV)
Average Enegry (MeV)
rage Enegry (MeV)

Ave

1
1

Luminosity (erg s!)

Time (s) Time (s)

—
N
—

W
ty [erg/s]

(a) M, = 1.40Mg (b) My, = 1.4TM¢

w
S
f—
S N B O

—
(@]
—
Average Energy [MeV]

170540 T 178540 W f 186540

Luminosity [erg/s]
N

uminosi

170U40 e e 178U40 e ‘ 186U40

L

=
o}
2,
>
5
—
o}
s
5
)
o
©
—
g
&

[EN

Luminosity (erg s-!)

—~~
=
v
=
>
—
=71]
9
o
=S
)
e
©
j
3
>
<

o
N s O

50
0 100 200 300 5 10 15 20" 0 " 100 200 300 510 15
Time after bounce [ms] Time after bounce [s] Time after bounce [ms] Time after bounce [s]

tme ) ’ o " hime (9 Mori+ (2021)

(d) M, = 1.70Mg (f) M, = 1.86Mp,

Nakazato+ (2022)

Average Enegry (MeV)
Average Enegry (MeV)
verage Enegry (MeV)

A

HHEF—4IR—Z HET —INR—2X
REEHPEFESAY I 2L —2 3 Y TEHDIR NHEI—RKGRIDZZGEL DD, IDTHEAET

mPEFEEE - KMBEREAENICDOWNT DEOBEVNVREICDWVWT, ENEREEHNSIE
“a—hMU/IEHEET VYT . [RY
>/

L
\ =~

&
AFETESANEHRS I alb—2=

21T\ Za—hMNU/EEZET UV




WRT Y IL— b BRNET YUY

-Shallow decay 7 -

< > NIVUNKE

- —XLIED, B8 LR

VAN &
/DA

1

I
=
ul

— 2 —shallow decay”

i

Qu

= S TR ICE

162515
162T15
162L15
162U15
162540
162T40
162L40
162040

150 <00

A —volume cooling 7 -

W

- —A




w7 L—b  BTHET!

.Shallow decay 7 = —XLIEFED, BEEFENTEFT >IRAICE
Ly =2@0RY NO—IRREEARER Z{E > fcLane-EmdenfE CIRIEFEFEDESE TT )L U,
—a— MU /IRECELUCE D W T Z 2 — N /EEEBNFIITXRILF—DEEELZ R T 5

6 _6 4 6
L=33x10% ergs™! [ P8 Rens ﬁ) (““ f0>
| 1.4 M, 10 km 3 100s
3/2 ) _3n
(E)) = 16 MeV Mews Rpns LAY R :
g 1.4 M, 10 km 3 ) \100s t o \
015 _6/5 4/5 _1/5 a
ty=210s Mpxs Rps ﬁ Eoy i
’ 1.4 M, 10 km 3 1052 erg Sima 2021

JNT A =% EMpNns. Rens. Etot (shallow decay7 1 —XTODOZa— MY /BREHRT RILF—, H
MHEFEDEIXILF—TIEREW)D3ID




I FEDIRSR

3
s
=
=
N
=
o
>
5
)
>
=
5
E
=
=
O

BEDIANY NHOSEEERE

Z1ED & -T2 DFF

-

m II/'

Suwa+ (2019)

-backward time analysis

Vs

Suwa+ (2022)
5 10 15 20 \ .
80 100 120 HemLl — b 5 HI S /i/jj/:\*)lzr |
Time prior to last observed event (s) %‘E //\J I/ I\ \ \ I__n : M TS T * } [/ f\, _

/

2 (N;/At; — %i)z ((€); — Ee+,i)2

=) |
RN, (0.05E, . )?

X

7:9 }_ |J__| Eﬁ ?E [Etime bin

\

A LA 9 LY . x-square 74 v T4 >V
ITEOND YV NL—MNEFEEIXRILFE—%
F>T x2Zm/ M9 B/INTA—5 %S




ﬁﬁ’l‘ﬁ?a&d) E 5

Event rate (
=

[ N

~
>
=
~—
-
=70]
St
]
a
L
L
en
a1
St
o
>
<

¥ 2% {ES Dldad hoc’x ¥ D A,

EENETTRETRSTRR  GaussHT T BT — S IESRE
e BT T R)LF—
AL — I\\ \ \I‘E/?_/_yjlj'{“’ﬂF . ARK(FPoissonn = FAAT %
P :iamzebm(mg,zﬁ 2 ig?os_%)z ) ETT DDEIREHERIOD & = (T ES

. x-square 74T AV
BITEOND IOV NL—MNEFEHEIXRILF—%
FEo>Tx2Zm:/IMbT BINTA—=5 ZHET




fEtrIN 7541 Y : Likelihood function

-Likelihood function = #XZE® 52 5Nic/\ZX =5, ETIL »
INTX =5 2 B E IR T ERZEERE
-Likelihood functionO&RXZ5Z%/\FA =5 = XA KT1 vk
RS A—% T
(B BIBEITIE)RA RITIE/ €S X — & ORER T EERIM e
(N;/ AL, — R))* ((€); = Eer )’

EXp 7 I
2{%12/]\71 2(O°05Ee+,l)2 \ GALH —— bes(; fit

true value +

Event energy (MeV)

#HRIT— 5 DF Suwa+ (2022)

gGA({Ma RaE} ‘ {lj]a 6]}) — H CXp

[Etime bin

H (R£;AA€;)"

QB({M,R,E}\{Q,GJ}) — n.!

T 155

exp (— %iAtiAei)

IEtime & energy bin

Zus(IM, R, E} | 1), €;}) = exp (—J%(t, G)dtde) [ %a.¢

e JEevents
=R

11 12 13 1.3 1.5 1.7 9

radius [km] mass [Mg) energy [10°% erg]

AH+ In prep.



/N1 7 >4 > : SPECIAL BLEND
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& SPECIAL_BLEND_pyinterface.ipynb & SPECIAL_BLEND_pyinterface.ipynb
770 RE KRR BA FVIIL Y= ANVT IRTCOEEERFLELE 77 RE TR BA FVIAL VI ANVT INTOEEEREFLELE

+ 3—KF + F7FXh — * 1w _ 4+ 3-F + F7FXH v

B axvr &

RAM 1
: TARY M
v 1 !git clone https://{user_name}:{access_token}@github.com/akira-harada/SPECIAL_BLEND.git v ° 1D marginalized result
mass = 1.526519e+00 +4.92e-02/-4.78e-02 (68%) +9.14e-02/-8.68e-02 (95%)
Cloning into 'SPECIAL_BLEND'... o radius = 1.171508e+01 +2.65e-01/-2.60e-01 (68%) +5.25e-01/-5.04e-01 (95%)
remote: Enumerating objects: 54, done. energy = 9.901252e+52 +1.90e+51/-1.88e+51 (68%) +4.30e+51/-4.16e+51 (95%)
remote: Counting objects: 100% (54/54), done.
remote: Compressing objects: 100% (37/37), done. 2D marginalized result
remote: Total 54 (delta 24), reused 35 (delta 14), pack M-R: the best fit is (M,R)=(1.53e+00,1.17e+01), and the levels of CI is 7.36e+00 (68%) and 1.12e+0@0 (95%)
Unpacking objects: 100% (54/54), done. R-E: the best fit is (R,E)=(1.17e+01,9.91e+52), and the levels of CI is 1.39e-52 (68%) and 2.21e-53 (95%)
PR = I |"_'—-| B E-M: the best fit is (E,M)=(9.91e+52,1.53e+00), and the levels of CI is 8.32e-52 (68%) and 1.29%e-52 (95%)
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mass [Mo]

radius [km]

# visualize likelihood
visualize(mass,rad,et,mlogLH,LH_MR,MRvals,LH_RE,REvals,LH_EM,EMvals,LH_M,LH_R,LH_E)
! {sys.executable} -m numpy.f2py --quiet -c /content/SPECIAL_BLEND/SPECIAL_BLEND.f9@ -m SPECIAL_BLEND

14.0

%run /content/SPECTAL_BLEND/event_generator.py 13.5
13.0

# define functions 125
%config InlineBackend.figure_format = 'retina’
import numpy as np

import csv

import matplotlib.pyplot as plt

import SPECIAL_BLEND as SB

12.0

energy [erg]

€
=
«
2
=1
o
c

11.5
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def mainQ):
params = np.loadtxt('/content/SPECTAL_BLEND/parameters.dat') # 'parameters.dat’' file has the following contents: assumed gbeta, distance to the SN [kpc], detector mass [kton], parameter . . 2 2 X 2 QGD.O 105 11.0 115 120 125 13.0 135 14.0 100 105 11.0 11.5 12.0 125 13.0
origdata = np.loadtxt('/content/time_energy.dat') # 'time_energy.dat' file has the time and energy of each event: first column is time, second column is energy mass [Mo] radius [km] radius [km]
analysis_mode = int(params[10])# 1:unbinned, 2:full-binned (mode 3 and 4 work only in fortran version, not implemented in this Google Colaborator version)
tmin = params[13]
tmax = params[14]
data = loaddata(tmin,tmax,origdata)
if analysis_mode ==
print("unbinned analysis")
mlogLH,mass,rad,et = unbinned_likelihood(data,params)
print("likelihood calculation completed")
elif analysis_mode ==
print("binned analysis")
mlogLH,mass,rad,et = binned_likelihood(data,params)
print("likelihood calculation completed")
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