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INnteraction and decay of elementary particles
e e —De e U —e v,v
e

e
N
Time

Space
>

Feynman diagram of EM Muon decay by
iNnteraction between electrons weak interaction
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Neutrino
- BEBEBIARE (vq, vo, V)
. DU—NBERE (v, v, v) 1d, BEEERETREEL

J = J + + Ve Uer Uez Uez\ /1
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History of the Universe
CMB

Cosmic Microwave
Background

Key: W, Z bosons \/\, photon
q quark (%) meson " galaxy

g gluon . & ® baryon ;
star
€ electron o ion *

[Lmuon Ttau
V neutrino @ atom black
hole




Recombination (Photon decoupling)
FEHOIBNLHD

378,000 years after the Big Bang
« T~B000K (E=kgT~0.3eV)
e~ and p* become bound to form neutral H atoms
Photons get traveling freely though universe



R =
Radiation = matte, 20

energy

CMB
last scattering
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CMB Temperature Fluctuations by
Planck‘ Satellite

SN e
T~3000K = 27K (Red shiftt Z~1100
Almost uniform temperature, but very small fluctuations

Displayed by Red (hot) and blue (cold), but difference
between red and blue is ~1/100,000
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CMB is a snapshot of
the Universe

378,000 years

¥ This tiny fluctuation
" evolves into matter
density in the

universe at present.

Distribution of galaxies
from 2MASS Redshift
Survey

2MASS Redshift Survey (2MRS)




Curvature
of Universe

We know the
size of the hot
Spots.

0=1.000+0.005
(Planck+BAO)

\lz

A

Q< 1
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Cosmic Energy Budget
FEDOIRILF—AER

68.3% Dark 9% Ordi
4. nary
cnergy Matter

HRICEZATCVNDMEIL, FEDS%
cNt, CMBGEEDAIEDSIESDIEDIE. 14



Results from CMB on the universe

Parameter Planck WMAP Difference
(“CMB+Lens”) (9-year) value WMAP o

Qph? 0.02217 4+ 0.00033  0.02264 + 0.00050 —0.00047 0.9
Q.h? 0.1186 £ 0.0031 0.1138 £ 0.0045 0.0048 1.1
Qa 0.693 4 0.019 0.721 4 0.025 —0.028 1.1
T 0.089 4 0.032 0.089 & 0.014 0 0

to (Gyr) 13.796 4 0.058 13.74 4+ 0.11 56 Myr 0.5
Ho (km s~ 'Mpc™ 1) 67.9+ 1.5 70.0 & 2.2 —2.1 1.0
o3 0.823 4 0.018 0.821 4 0.023 0.002 0.1
Q 0.0481° 0.0463 & 0.0024 0.0018 0.7
Q. 0.257" 0.233 4 0.023 0.024 1.0

Various parameters on the early universe are obtained
from CMB.

« Age of the universe. Hubble constant, matter density,
dark matter density, dark energy density, -
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Neutrino decoupling

e
e
€ ¢
T>1MeV T<1MeV
T,=T, =T, T, # T,

vV+vee +et oyy
v+tpeet+n v4nee +p
v+eeovte
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Cosmic Neutrino
Background

Key: W, Z bosons \/\, photon
q quark (%) meson -‘ galaxy

g gluon i & & baryon t
star
e electron  _o o *

[Lmuon Ttau
V neutrino @ atom black
hole




Neutrino decoupling

When neutrinos were relativistic (E>1MeV), e*, v,, v,

were well interacted for each other and in thermal
equilibrium

¢ electron—-neutrino scattering
—ef+v, ot +,

— e+, oet+,
 Annihilation—-pair creation
—etT+e oV, +7,

o ~ G2E?, p, T3 - &

« efand y are also in thermal equilibrium
— et +e” 2y



Neutrino decoupling

e T<1MeVICT2D & (1sect®)
ety DVEVEE T <Isd., vIEEEEHBMND.
et +e” — 2y

T>1MeV T<1MeV

—>
a

T, =T, T, >T,

Ty ROFE—DORE — etDFH>CUV\EIY FOE—
HiphotonZ i ZR

T, x1/a
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CMBECvBDIRE
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HFMNIV)+EF «BBEF (D TIVITY) O

geff=2+(2+2)><£

)4 IZITDIHZE Jeff = 2

TV ROE—R7%F 217 = (2+ (2+2) x2) T3

L
3

4
L, = (E) T, = 1.95K



CMBECVvBDOEE

N FU/’&)R d3p 1

(fermion) Ay = (2m)3 exp(p/kT,) + 1
Yo FDIZS o d3p 1
(lboson) V' (2m)3 exp(p/kTy) —1

2

(o) X 3
P o dxgrg (L)' 2I3XB) 4 3.3
VY \kT, ) e y x?2 T,

re)a) 1174 11

n, =4118/cm* (2BHE) K0



FEER_1—FJJ

The Particle Universe
10°
BN T (D TIVIZY) DD TFEH < >

TRESLONZa— U/ ~330 / em?
mg 107
é 10 ’
CEDDDST. =
?@%%:1 __l\ IJ /@@E‘g, 105~ protons electrons
%%%B’Qlil_af, FREESLCUVRLD, 107 neutrons
(B0 RLDH)

108 ‘ dark matter
109
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Neutrino flux v.s. energy

1018 CvB Solar neutrino
S A o AMANDA-II
5 101 ®m Frejus
.y pp 'E\ 10 Kpc
- 10° 1987 I\
_.% 103 relic = éN . .
> Atmosphetic neutrinc
’ 2
I_I=- -7
% 10 Atmospheric
12
17
10
22
10
107
|I|||I||JI||I|I|I|II||\ |
-15 -10 -5 0

5 10
T log(E, /GeV)
Accelerator neutrino -



Neutrino Detector (Super Kamiokande)

> FAEIN R L
~ ’..




Neutrino Detector (Super Kamiokande

Not for CvB

To detect neutrino in

CvB directly is almost
impossible
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RERRITO 2 — ~ /BRI (EBhET)
RERERD S

Am?, = 7.65 x 107> eV?

ELU m<mi &£ITBDE

m, = 8.7meV
|AmZ,;| = 2.40 x 1073 eV? ms = 50meV

P B.Pal and L Wolfenstein, Phys. Rev.D23, 766-773(1982)
v 4L Vj Y /vf ms; = 50meV&d 5E
¢, g
AN ol oy, [3o12~(10%~10%yD)7
L Vi \ l

BERETHE, ZTa—krJ /OFamIIERICKRL).
cf FEHF#IR138ETF ~ 10105




“a—FYJ DR EER

1472 ND FIVISEIRIE, T —IARE TS
LN (e » gDEZTBZ TOICEZB5TXL)Y)

EMV]')/#VL'

ViR
WREERICESITDSISIYPVDIA
— " v
€,ViLio* q,vig
i
vV

W — _[yH4 4V
o 2[]/»]/]

oIS, DIUNFNZZRBZSATNDOTIZa—k~J) /D
N1 2T« —[3L-RiEE
Vle.O"uquViL D VjRiO"uquViR DIBFEF =N

28



—a—rYJDEKBERR
IEEREITTOHFIFTENEIDIE, ERIUKEEXRIBICXTT
DBV \HIFIRIERDZ 8D
EEIER SU2), x U(1)y

RERBTE, WKV VI, LA S
T4 DI TIVIAY EDHEE

—a—FJJEEEB m, (Vg + Vry) ZBUC L-RiGE ViR
2>m, CHF]

(BBRWRBERDIZE)NIRZEF, 21—, YODSF5L, HBELED
2> GIMINH]

e o)




Motivation of v—decay search in CvB

QIEERZBADIMBOSSDFADDUTE
onid, BIBICEHEGIFIRLEDRE

Bl Z 3 L-R symmetric model Tlg,
Right-handed & couple 23NV Y Wi, Zz H'1FTE.
ClE U CLERINDTSETOERIICHD > TUVEL),

2> 7=0010"yrs) X CHFMNREZDOEEEDHD.



L-R XyFMREE

£ LRight-handed®interaction &9 dWH'W, EES L TUNNDE

(%): (‘;frfg _C(S)lsr}() (VM;L) Zvﬁnd Wi [FZN2N L, REFBET D
’ R )

@ NASUT+BE
YN
BRI > TNDWHRIFISL, L, WD ETW,IFIERIC
S TCEEBEDND O TUVRWZITHEBE LNZL).
« My, EIRKT { = 0CIEEREE—H,
+ IREDRAIENIRIE My, > 1.8 TeV/c?, { < 0.013

@:“E@EM%

ATLASEPJ C72(2012)2056

My, =1TeV,{=0.02 EWDIYFUZAE+DHDED
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L-R XyFMREETOHZ a2 — 1 J BRIR (I UBER)

M. Beg, W. Marciano and M. Rudeman Phys. Rev. D17 (1978) 1395-1401
“a—rUJ/BREIBZSUR), x SUR2)g x UNERETEE

=} +.
IPHENt hand RECESP | RS SU2) x SUR)gxU(1) gy
28U C L-Riga

>m, DINFHIDZ0) My, = 1TeV, { = 0.02,

FEIIDY 1 PTS ADHD mz = 50 meV ZRET D
5593 < 4
>  GIMIIEINTRL Fsp~(10%3 yr)
_ -1
(~0.02(C K DINHIDH Irm~(1017 yr)

PRL 38,(1977)1252, PRD 17(1978)1395

1026 DIBENE
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FEHE="1— ") _/BIEEROMotivation

» IREREITOFmFIE v =0(10*yrs)
» IRFEDEERBIFHFTn NRIE © > 0(10%2yrs)

SKim et al,JPSJ 81 (2012) 02410
o 7> 0(10%yrs)Ild, EFIMLITFTSNTUVEVKRBDEL

>0 > TEERANBETIFR0)N

EL, CvBOLMIZa— k) /EBSERIEIREREZEXD
EFo>ERRNI0Yyrs < 1(v5) € 108 yrs CERAISNTZ S

D EEREZ B Z DMIBOFR B
- CvBoEEEL!
« Ta— kU /ESOMXIERE!N €m; =(mi—mi,)/2E,
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—a—RUJ/BECHRBENFIXRIVF—CORER

r <€

ms —ms3

- IRENEERD O
— |Am3;| = |m§ — m3| = 2.4 x 1073 eV? E,
— Am%, =m5 —m#% =7.65x 107> elV?

« CMB®DIES E (Plank+WP+highL) &/\NUJ 7 Y EERENBAO) K5
—ym; < 0.23eV

2Mmsy

M5=50meV
=2 50meV<im<87meV

E,=248meV | £y 724meV
E, =14~24meV

A, =51~89um m,=8.7meV

m4=1meV y
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Energy/Wavelength/\Wavenumber

| || ] ] ] 11 1 1 || ] ] ] 1 1 1 ||| l l l 1 1 1 1 ||
1 10 100 1000
E [meV]
| | | | 1 1 |||| 1 1 11 |||| 1 1 1L 1 1 ||||
0.1 1 10 100
v [THz]
| L |
0.01 0.1 1
v [10° cm™]
|| | I | | | | ||| L1 | | | || | I I | | |
1000 100 10
A [nm]
E, = 25 meV
C

v = 6 THz Ey=h1/= P
A =50um
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COBAND (COsmic BAckground Neutrino Decay) —i:iim

Search for Neutrino decay in Cosmic background neutrino
=>To be observed as photons in neutrino decays

V3 2 vy, +yin CvB
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—a—k) _JRIBIREREER
COBAND (COsmic BAckeground Neutrino Decay)
Collaboration Members (2019511 A8)
&{E5h, RNER, SREEF, (RBE—-), 2HFT0, (%59&%%]3 E%J&f o

REERF, BB, IUAR K, (KIBE—) BUEKXE) *
WHAZ EEFERKXFE), o

HMHE—, FIARKE, RER— (JAXA/ISAS), J ()
SHEAAE, BiAEE TTHM, RAREEHKP),

AHEM, 8MEF (BLUXE), Cﬂ) P
EERE (BEEEMERM), KRARBR(ERXZR),

ngg=Esh GEEKRF),

FEER FHEX, BHNBE (EIR/ILF—NERFRREE),
FDHR, SRR, BHE, KARKEE (EXxBIRRSURAR),
JNIATFZ (FRXZF)

Erik Ramberg, Paul Rubinov, Dmitri Sergatskov (Fermilab),
Soo0-Bong Kim (Seoul National University) ,

Yong-Hamb Kim, Hyejin Lee (IBS/Center for Underground Physics)

f» K
1+
> ¢ & .




I SNDSFEHE=R_1— M)/ DBRRITDOKREDT

A, distribution in v3 > v, +y

i

F Sharp Edge with M3 = 50 meV

- 1.9K smearing
Red Shift effect

T

dNy/dA(a.u.)

10 % 100 500 A[um]
70050 [20 10 5 ¢
50um(25meV) (meV]

BTy YEROEDME, HIBEERF M TO_ARHEICLDED
2> “a-—F_JEEIEDORTEBISE
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8 " COOum G &R A algEDM?

http://macroscope.world.coocan.jp/ja/edu/clim_sys/radiation/rad

100%
114
1 e
0 %
1A Inm I0nm I00nm Ipm IMm 100pm Irmm Ien I0cn Im I0m I00m
*
S0um

« KR, 50um%=ZE:E LS.
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8 E"COOumMI I3 &R R aJgEDM?

http://macroscope.world.coocan.jo/ja/edu/clim_sys/radiation/radiation.html
15 i K | | | |

I (M BE&Y) |

0 |

S0um |

12-

» M EHEDEER D128 5D DYAD 5 50um D hEY
> RSB TOERAID A "
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A g

&)876 (Zodiacal Emission)

« REFY A ICTKDIAEHE
DEYEL (AR5 0)
- CHOLIFBRICESEN)
° %EF@?&Z FD\B@%&$E§9L
— WEaEDOY X~ DR
ANE)E

wiki &0

42



i

=O0umig D EES

Infrared Space Observatory (ISO)
« ISOCAM/LW: 32x32 pixel array of SiGa (A=5~16um)
« B—REDOEAMSDMEICFit (T~270K)

Surface brightness /, [MJy/s

" 1000k

100

l"
/
1.0/

/ ,7 + PF=0°¢e=860°
7 . o B=0°€=120°
i 'ﬁ_' x F=90°
y
01l/ . Reach et al (20(

D3)

10

wavelength (um)
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CvB radiative decay and Backgrounds

100 ;CIB summary fr‘or‘n‘ Matsuura ‘et aI‘.(2‘O1‘1‘) _ S at )\ — 50 m
R e AKARI cmB / _ _ .IJ
2 10 COBE ~ Zodiacal Emission
=z M l § I, ~ 8 MJyl/sr
— 1L M .
A ZL . Cosmic Infrared
2 o1 : - N\ Background (CIB)
E” . 7 , | F— ‘*x I,~ 0.1-0.5 MJy/sr
ﬁ AL ]|,J'/ SD e decay CvB Decay
S 0.001 - pPGL A sL \ Expected E, spectrum
= ,/ \‘\\ \ \\\ ms = 50meV
(?)0'00011 e 0 1000 7 = 3 % 102yrs
T Wavelengh B Y
1000 500 200 100 50 |20 10 5 2 I, ~ 0.8MJy/sr
E [meV]\ Excluded by S.H.Kim et. al 2012
Y
A=50 um T =1 X 10Myrs
E =25 meV I, ~ 25kJy/sr

1Jy = 107%°W /m? - Hz



COBAND Z=5x1E=

“a—kUJGmBERREBR
7(v3) = 0(101*) yrs

JAXA R80T v ~ S-520
htto://www.jaxa.ip/projects/rockets/s r
ockets/index_jhtm]

BE 520mm
N4 O—F:100kg
AESE: 300km

SE200~300km T200#DEIE
FiEER20cm , FEmEEEESOcm DE =R
WER(FELE, 88, JsI5—, YvwvdhH—, OIFRFH T
E—C1 SKEFL/DH

'I-\—IHED-I_ T&I%%%ﬁ
BHEEOREHEIEDL, 60OBREDEIE
10T"EDRIEREZBIET

45


http://www.jaxa.jp/projects/rockets/s_rockets/index_j.html

COBAND =ERDEKT SIttEdes

» Za— U J/BRERET DD 1 -50umis 2D )L
AEIC KD EBNF ITRILF—IREENEER

» YERERIEDRMIRE K HFBOMETRE.

S DVOJRETSMERE

A~50um (E=25meV) B—HFi&EE

« Dark countrate A EZERER N BERENDREZRD S

« Superconducting Tunnel Junction (STJ) sensor

* Cryogenic amplifier readout
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COBANDO7T v hEE& THA4 2

ERMEICA=40-80um (16-31meV) ZH/N—F D EFHKF & 500 £5 @)
EO B OE 5'1"571~5'|§1‘ﬁ|':|:'|5§(STJ)

0 BLOESEILTRES £(01 = 0.8um)D e FETH

O 1E2®IILHEY) OZHERE400pmx400pm (R EF H400prad x 400prad)

Focal plane Instruments

IR Light

STJ Detector Arra
(50 x 8 channel
Pixel size

Secondary

mirror = : 100;‘7/ 100y
SPpixels L
120cm| . AR spixel
Main mirror Dipressurlzed AD '
15cmd =~ H_e ISK
F=1m =1W

Focal plane
Instruments

50 columns
A1 =40 — 80um

Depressurized
‘He 0.9K

Vibration Post-Preamplifier

Damper  Star Sensor DAQ system

50 .
o Weight 100kg

47
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COBAND rocket experiment sensitivity

200-sec measurements with a sounding rocket
20cm dia. and 80cm focal length telescope and grating in 40~80um range

Each pixel in 400umx400umx50pix. array counts number of photons with
detection efficiency of 22%

18

O ™
? L-R SM £=0.02, M(W,)=715GeV

101? = o ( 2) g
R v

10" & s, /7, COBAND rocket =
N COBAND  200sec meas.
g P p— fassss Expected Limit = 10

-."lllil"l_

llllll E:pnctﬂd Limit = 20

x100 improvement!
S.H.Kim et. al (2012)
|\/|II’IZZI et. al (2007)

45 50 55 60 65 70 75 80 85 90 95
m, (M&V]C) 48

95% CL Limit on 1, (years
— — — —
e Q Q
% w £ L4
_|-|'|T|T1 Illllml Illllﬂ‘ Illll'm'l Illllﬂ‘ Illll'l'l'l Illllm]_|




BEEIRILT—FvyD

»”
»
L

T>TC.

HBRERRETE 7 I ZENeDFHIEDENDEF _FEH 200 RE
ITXRILF—IZKRY) , Cooper HZFERK > TRILF—EMICF v+ v TH
£U %

Density of State
Density of State

Y

______Si_Nb__Ta__ Al HI
Tc[K] 9.23 4.48 1.20 0.165

A[meV] 1100 1.550 0.7 0.172  0.020
A~1.8kgT. (BCS theory)



B8 N > X JL1EE & T Superconducting Tunnel Junction (STJ)

=11

BEREWREEERCEADBE (a7 VIV ESR)

E

- - @9 @9~ -
P . 7 NE
20,200“\‘“
HizE | BHEN
A E
BEEERATEME(V|<240/e) % 1IN A BEEEFvyY TIXILF—

BIZERIZRIREN =R FDIRILF—IZKYERDI—/\—xth g B (FhfE) L,
HERIN-ERFICE ST, IRILF—CHAILIZFRILERDFAL.

s BEEXF Y YT NREFATARNOIRILF—K)ET 2> EPE VA< TmeV)
> FEEWICE , BRAE K FEiR LA

« 1Ius BEEOLBNESHEZ/NILAISENbDEE)
DHFFHAHRTHETSINOEL VE LA 50



STJ I-V %514

H8 A
DCYHIRHd V)
5L

-2A/e

ZIA/e >%4i

)— OB
N\ Y37V B
RIZENMC &K V) Hp &l
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STJ energy resolution for near infrared photon

back—illumination

1

2008 [ — ™ M
h o= 2.0 pm 250 1 ~
1500 200 1 %
;:é‘ 1000 1m: no illumingtion . __| \32-:/0'2
: sf I =
500 0 bl e e ] Lo ok
o - ] -
0 2 4 6 8
charge (odcf§ «1000) 0o
P. Verhoeve et. al 1997 ¢
m 30um sqg. Ta/Al-STJ
B AE~130meV @ E=620meV(A=2um)
|

O Electronic noise ~ 100meV

Charge sensitive amplifier at room temp.

4

2

0 measured resolution
+ electronic noise

]

1
“

-
¢ device limited resolution

3 4 5
Photon Energy(eV)

-
PP TP PRI I SRR ERS S

6

In sub-eV ~ several-eV region, STJ gives the best energy resolution among
superconductor based detectors, but limited by readout electronic noise.
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STIDIER ____Si_Nb Al _|Hf

: TclK] 923 1.20 0.165
Nb/AI-STJ AlmeV] 1100 1.550 0.172 0.020
« MELLELATVT , REEHEYT
« ABZANDCEICKY) | ITEFIET A~0.6meV
EAEIZNIBRE <400mK
/\‘ YORNZERILT A ~10
. 0.=25meV/1.7Ax10~ 250 cg/E~10% for E=25meV
-)25meV OD—HXFBREE AJEE . P ANXFEREHBALAEDE
> O v NEEBICAES ik H R

WK EIEIEER C LD ARMANETTHHLICKY)
25meVE—HFRBRHADTL—TURAI—%2BIET .
Hf-STJ

« R4 ZEHHAFOVK D2ADOTIIN—7HPHEREPELFIHEEZS
&7-75‘ FEERABRBOEODNATELEVSHEFFEL
. —25meV/1 A~ 735
. 25meV N — %%L_sdb'cz% DI FRIF—57HREE
PHIRAFRBULUTCIRILF—20MAIERBE
D> FROFTEEERRIZFES ik H B[R .




FD-SOI-MOSFET at cryogenic temperature
FD-SOI : Fully Depleted — Silicon On Insulator

Channel pic R m O Very thin channel layer in MOSFET on SiO,
Width : W wamen g M O No floating body effect caused by charge
¢’ Chann’el Le_______[lgth L accumulation in the body
O FD-SOI-MOSFET is reported to work at 4K

N*
Box SiO, '1‘ ~50nm ¢4 JAXA/ISIS AIPC 1185,286-289(2009)

Si P Substrate J Low Temp Phys 167, 602 (2012)
ld-Vg curve of W/L=10um/0.4um at |Vds|=1.8V |
TmA E*“—-‘%\h TmA -g _,_,-;:/f%k
[ L . A
= _ ROOM |\ 7 . ROOM _-
F_ 3K 1uA 13k L
TRA L \ /
4 p-MOS 4= 1nA H N-MOS
1nA L \ h.._,/ ]
Vas-(\A \A« r VgS (Vi
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Both p-MOS and n-MOS show excellent performance at 3K and below.
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SOl prototype amplifier for demonstration test

=
2 9.9 s % T=350mK
M2
o }E
M4 > INPUT
M3[—- IE =
(0@
P
'—‘ M1 M5
o IE
InF =—= >
Amplifier | Buffer g
stage stage Te)
Test ? s & -
pulse |
V 00 o Test pulse input through C=1nF at

T=3K and 350mK

 Power consumption: ~100uW
* Qutput load: 1TMQ and ~0.5nF

We can compensate the effect of shifts in the thresholds by adjusting bias

voltages.
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STJ response to laser pulse amplified by Cold amplifie&"“"ﬁ

COBAND
—AMW— \
10M R
T 3He sorption Tt
cold stage a—— ‘
77 T~350mK —t
4 4.7uF 5 ) == N
465nm laser ¥ = =9 50l
pulse through 1 -
optical fiber 2 Cold amp.
STJ GN output
< "/
777
Cold amp. Y
input monitor v

Connect 20um sg. Nb/AI-STJ and SOI amplifier on the cold stage
through a capacitance
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STJ response to laser pulse amplified by Cold amplifier COBAND
l 1’ Laser pulse(A=465nm)
-0 E—.Input 10 SOl'amp. from S1
ST E g il i Eli i :!|| | TITR
3 S | | ] . ' A — ‘ i | 1| 715 SR— '.illr l iR L n ,; J I
o 60 At L DEI R ¥ ilEt ____________ 1 gt 154 1A T
% 50 femt ’ i mwf . :{IJM S R R | \J f
s @t - ﬁ |
16005 Output from SOTamp. ' 7 ; T=350mK
> ﬁ
= 1200 5
o \
@ 800 [=
5 g ”\w“ |
- 400 H?MDWE*WU

=
o o
o

1

(o}

o

H

o

Demonstrated to show amplification of Nb/AI-STJ response to laser
pulse by SOl amplifier situated close to STJ at T=350mK

Development of SOI cryogenic amplifier for STJ signal readout is now
moving to the stage of design for practical usage!
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Prototype rcket-borne
He sorption refrigeratoy

Design of Telescope optics

Superconductor

Design of parabolic optical
concentrator for STJ

FIR laser

for STJ alib;ation
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Backup
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“a—hRJ/BECHBNFIXRILF—CORER

W—)%

mz

- IREVEERDH
— |Am3;| = |m§ — m3| = 2.4 x 1073 eV? E, =
— Am%, =m5 —m#% =7.65x 107> elV?

« CMB®DIES E (Plank+WP+highL) &/\NJ 7 YV BERENBAO) K5
—ym; < 0.23eV

2m3

M5=50meV
=2 50meV<im<87meV

E,=248meV | £y =24meV
E, =14~24meV

A, =51~89um m,=8.7meV
m4=1meV y
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