credit: IceCube collaboration
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. F&HIF(elementary particles): ¥1&
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. F&HIF(elementary particles): ¥1&
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. %=fiF(elementary particles): Y&
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. R - RF % - %F(BBFFEF) —
7 #—% (quark)
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Ve Vu Vt
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https://www.icepp.s.u-tokyo.ac.jp/elementaryparticle/standardmodel.ntml
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. B E{EMA (electromagnetic)

. 5LV HE{EA (weak interaction)

. MW EAE{EA (strong interaction)
. EJ(gravity)
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i*ﬁ?*}%ﬁ*ﬁﬂ(standam model of elementary particles)
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10  https://www.icepp.s.u-tokyo.ac.jp/elementaryparticle/standardmodel.html
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WREB=Za2—hkYU./: Tcm2ic660E/f

. RKEDY—T v hNZ2HEL. DI hHik
1— KU/ EDRIDZIRAD
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A—I\—HZA A>T R (5 E
# T IC50,000tDBHK+FEEFIZIEE =2 b/ RERE(E) &

NWEAHAYTKYVIRDODEE(T)

credit: R KFEFHIRMITAT

http://www—sk.icrr.u—tokyo.ac.jp/sk/library/image.ht|

http://www-sk.icrr.u-tokyo.ac.jp/sk/detector/howtodetect.ntml
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http://www-sk.icrr.u-tokyo.ac.jp/sk/detector/howtodetect.html
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http://www-sk.icrr.u-tokyo.ac.jp/sk/detector/howtodetect.html
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IceCube Laboratory

Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

Digital Optical
Module (DOM) 2450 m \

5,160 DOMs
deployed in the ice
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NEz=2—kK VY /

. FRICE ST, —%%LEfWT@%K%
neHa—K~Y/ 75\7551%]‘3 1. HOEKI(C
LT L\%(i(l3 —a—k"Y/:solar
heutrino)

. KigZ=a2—MU/OFHNIS, Za—KY
J DEBYPREGOYIBIC DO WTHANDMNS
D H7?

Za—KU/TERUEKEG
credit: R—/N\—HZIAHhVT
http://www-sk.icrr.u-tokyo.ac.jp/sk/sk/solar-e.html
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= XY
K Fﬁ @ 1 B '?' I%E’ﬁ KEBEFRE (GtEk: photosphere)

TOLFE /K (Asplund et al. 2009)

Solar photospheric abundance
Asplund et al. (2009)

. T T7IOVIRN—7 7—RICKDTTEDETE

AC)

. KBERXOET VI EHAEDLET &
DITRMNEDLS SVWEENEIDNZHEET S

. KEZZRE (OEEK) D#E A
. IKEFR. RWTAY DL EEINICE

FELLOKFEZ1012& 9 DK

. 3| %E@%ib ICTCEBDIKZFEAD

= ax 0 20 40 60 80
L+ E DEITR) FFES(=BTH)
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KZ=DIZELS Rt (hydrogen burning)

H
@ -
- ADDAIRRFRE] DO I LRFHIC "o R mxd
EZ BRI HFRTZOBREEY o 9,
. 4H - 4H€+2€+++y '
._:L NUJ/

. BEXRiE(mass defect): Ebhn/icB=IC ?

X9 2 LRILF—DRET S (HXIEIER) *
. Amc? = (4my — my, — 2m,)c? @ R

+(KbhcBEICXINT 5)TRILF—

. 0.07kg/7kzx&1kg x c2=6.3x1014[J/kg]
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IKZFE#RBE(Hydrogen burning)

I 1 >
. 4H - “He+2"+2u. +7y o N T
w ) a0+
—_ I/ f k7 . " — 1005 &
. 21EFA D PRBEIRTE - YW (K%
» ;. ‘“. 15E
. p-piE#H(p-p chain): KEDLSBET EN /

~BCHVICRS C B

. CNOHZJL(CNO cycle): KB &b :
a\,\E(EIZI/L,\ = Xbi\ \J\)Tj{ BE/] L_ﬁ;t_c__ credit: ISAS/JAXA
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P2 F-mFE#H (p-p chain)

p-p | branch®iE= X

. PP-17371% y ee 7y
" 2H SHe
- "H+'H - *H+e"+1, @ . @
H
@ @
- “H+'H - °He+y
1% O et 1 I
3He G
- "He+°He — “He+2 'H H pa
et Avak -
H

Q @ @ B7(H)
O F4EF(N)
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P2 F-mFE#H (p-p chain)

RVAN =5
pp-l1731% p-p Il branch®iERE
O et
- H+'H - H+et +1, ’ ) ’ ;
@
_ ‘H+'H - 3H€+}/ 1H @

@ @

- He+*He — 'Be+y *He

.

_ '‘Be+e — 'Li+u,

- Li + H - 2%He
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P2 F-mFE#H (p-p chain)

op-llIZ

p-p lll branch®E X

- 'H+'H - *H4+e"+v, 7 oer r

- ‘H+'H - °He+y i ?Hé @%QMQ \

'@ ”*e

- "He+*He — 'Be+y 4He

®

4He
- Be+’H — ’B+y @

- B - ®Be+e +v,

- SBe — 2 “He
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CNOT17I)L (CNO cycle)

CNO cycle () DiEXE
r

- KRR EBER-BRRTMEET D °C “N
R S8
PCc+'H - 13N+}/ v @ HQ

eﬁ:ﬁ ’ \J\
- BN - 13C-|—6_+I/e 13N 150 Y
e - B
r 1H V
- UN+'H - PO+y ] @ e+
@)
- PO - BN+4et+u, @‘7 @
15N

- BN+H - “C+%He @4He
2b

M

GI




CNOT17I)L (CNO cycle)

SR

CNO cycle () DEXE]

% BRZTHESE TS

M

PC+'H - PN4+y
PN - BC+e +1,
BC+'H - “N+y
UN+H - PO+y
PO - PN+et+u,

BN+ 'H - '2C+“He
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. T DILBUATE TIE

) -

. — AT, Za—RKMNYU/IFEKRIGICEL > THE
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75\
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B

. BRIGIC K > T TTL BEFIT RGN =
HREX (YUY - BBIEY) U 7ahy S AAN[E DS

. TOILEBIE CHERCEER E)IFRKDNS

) -

. — AT, Za—bMYU/IEERIBICE > TE
bhkb%@iimﬂ€LDWHT%mﬁ

AN 4'H — “He+2et +2u, +7v
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KEREETIL

. #: Bahcall,

Serenelli, & Basu (2005)

. ACEID S TEERETEANTH > TLKL

. FICERE I,

S oy BE
. FIDEE p,

.

~ 1.5 x 10’ [K]

~ 1.5 x 10° [kgm™]

. FALTIEIIKZEDINY TDLICE D> TWS

(TTAR [EIKZ=E

75%+~\Y 7 s23%< 5\)

29

y [gem™]

temperature [K]

pressure[ergecm™]

mass fraction

Bahcalll, Serenelli, & Basu (2005)

EEHS (7J<§, Y '7A)

_-_————_____--______ ....

— Hydrogen
——— Hellum




KIZE:J_— I\ I) /ﬁ:ﬁ% B - ®Be+e 41,

‘Be+e” — 'Li+u,
'H+'H - “H+e +v1,

. 1970%F. KGOS D(EF)=2—KU/ :li_hlj./@%i/. N

%_-/LJ//\IJ 0) FﬁﬁA (R _-j—_\_‘/r t X) 101t o) 117 ﬁos(om Neutring/ Spectrum

1010

. BY-a—hNJ/ERELE P s a
. KBORTHEIENEE THD (HoHe), 1075 |

KEDOBEZERDODICKREICLD XL ©
F—ERDIKELEFTE U TWBENGRIEHL o

-

10 ¢ : N N Sl A
> Neutrilno Energy in MeV
. e U, E@Ehdh o1 =1— kY /DIFILF— [MeV]

KGEEETILTCFEINDZa—K I /DART N
credit: Bahcall, Serenelli, & Basu (2005) Apd, 621, L8b
30 https://ui.adsabs.harvard.edu/abs/2005ApJ...021L..85B
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B — Be+e +v,
‘Be+e~ — Li+u,
H+'H - “H+e" +1,

:J—FIJ/U)gigz//

1011
1010

10 ¢

- -
-
b

~
-
-
-

-~ 108

— “
——
wa—t

|
|
0.1 1

Neutrino Energy in MeV

—a1—hJ/DIXRILF— [MeV]

KGEEETILTCFEINDZa—K I /DART N
credit: Bahcall, Serenelli, & Basu (2005) Apd, 621, L8b
https://ui.adsabs.harvard.edu/abs/2005ApJ...021L..85B
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EHEEK & AMcDonaldk

credit; / —NJVEAE
https://www.nobelprize.org/prizes/physics/2015/kajita/facts/
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KERADSD=a—K Y/

. KDL SBEEDENSZa—K~U/H o L 7n3avz

15K

BEENTWBZ EEPD-h BEED IR N\ ¥

50=a—hU/IEES KBS Totk B R

B (KR)

H i FEIREN TR § A\ ke

XK (FRm)
6000/E

 E S EBIRILF—BRERREY —5 Y 1;,,;yxdny
N (C > W e 50005
cL&KD SRR e

. B RREERY B2 IR R credit: ISAS/JAXA
. BENFRAIZ(AGN)
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0.0)

mass excess per nucleon [MeV] (M('%C)

1BE’X1‘I}E£ 1% FHIEDDEETIRILF— (12C=0%EFE LT 3)

The AME2003 atomic mass evaluation
1 '|H

6 ............................................... ................................................. ...........................................................................................................................................
. T (nuclear fusion)

N L L 7 .

56Fe(£5E§) (nucé:lear fissgion)

N

0 50 100 150 200
atomic number A B52#1 A(=N+2)

I&%FHlch DEEDEEHUKRTFH
data source: AMEZ2003 atomic mass evaluation
https://www-nds.laea.org/masses/
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CORE BOUNCE
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- 5t @ Rstyalian Astronofhical Observattry et i
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BHE=a—K~Y/

. DAINcE AT - [REFETE

. CDEEREDZa—MNU /DR ENS

- BKA 7 DENREED T XI)LF—=11046]

 ZDFEAEQIN)Z 12—/ EHHEDN
B5E
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