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we challenge discovery space not studied 
so far due to theoretical prejudices 

revolutionize dark matter research in Japan 
cross-field research beyond traditional barriers 

exploit existing facilities in unanticipated fashion
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Main point:Dark Matter exists, but unknown type of matter 
Search so far has been limited to tiny range of masses

huge discovery space

elementary particles
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Kepler’s law
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dark matter
is our Mom

without dark matter with dark matter

Jim Peebles 
2019 Nobel Prize
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indeed our Mom!
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dominant paradigm: WIMP

h�2!2vi ⇡
↵2

m2

↵ ⇡ 10�2

m ⇡ 300 GeV

interaction strengths
energy scales

right abundance with
“weak interaction”

theoretical appealing, predicts 10~1000GeV mass
furthermore good mass range for LHC and UG expts

colliders direct detection
indirect detection

G. Jungman et al. JPhysics Reports 267 (1996) 195-373 221 

Using the above relations (H = 1.66g$‘2 T 2/mpl and the freezeout condition r = Y~~(G~z~) = H), we 
find 

(n&)0 = (n&f = 1001(m,m~~g~‘2 +JA+) 

N 10-S/[(m,/GeV)((~A~)/10-27 cm3 s-‘)I, (3.3) 

where the subscript f denotes the value at freezeout and the subscript 0 denotes the value today. 
The current entropy density is so N 4000 cmm3, and the critical density today is 
pC II 10-5h2 GeVcmp3, where h is the Hubble constant in units of 100 km s-l Mpc-‘, so the 
present mass density in units of the critical density is given by 

0,h2 = mxn,/p, N (3 x 1O-27 cm3 C1/(oAv)) . (3.4) 

The result is independent of the mass of the WIMP (except for logarithmic corrections), and is 
inversely proportional to its annihilation cross section. 

Fig. 4 shows numerical solutions to the Boltzmann equation. The equilibrium (solid line) and 
actual (dashed lines) abundances per comoving volume are plotted as a function of x = m,/T 
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Fig. 4. Comoving number density of a WIMP in the early Universe. The dashed curves are the actual abundance, and 
the solid curve is the equilibrium abundance. From [31]. 
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10 7 Interpretation

 [GeV]χM
1 10 210 310

]2
-N

uc
le

on
 C

ro
ss

 S
ec

tio
n 

[c
m

χ

-4610

-4510

-4410

-4310

-4210

-4110

-4010

-3910

-3810

-3710

-3610

-1CMS, 90% CL, 8 TeV, 19.7 fb

-1CMS, 90% CL, 7 TeV, 5.0 fb

LUX 2013

superC
D

M
S

C
D

M
Slite

XENON100

COUPP 2012

SIMPLE 2012
CoGeNT 2011

CDMS II

CMS

Spin Independent

2Λ

q)µγq)(χ
µ
γχ(

Vector

3Λ4

2)
νµ

a(Gsαχχ

Scalar

-1CMS, 90% CL, 8 TeV, 19.7 fb

 [GeV]χM
1 10 210 310

]2
-N

uc
le

on
 C

ro
ss

 S
ec

tio
n 

[c
m

χ

-4610

-4510

-4410

-4310

-4210

-4110

-4010

-3910

-3810

-3710

-3610

-1CMS, 90% CL, 8 TeV, 19.7 fb

-1CMS, 90% CL, 7 TeV, 5.0 fb

COUPP 2012

-
W+

IceCube W

SIMPLE 2012

-
W+

Super-K W

CMS

Spin Dependent

2Λ

q)
5
γµγq)(χ

5
γ
µ
γχ(

Axial-vector operator 

Figure 5: Upper limits on the DM-nucleon cross section, at 90% CL, plotted against DM particle
mass and compared with previously published results. Left: limits for the vector and scalar
operators from the previous CMS analysis [10], together with results from the CoGeNT [60],
SIMPLE [61], COUPP [62], CDMS [63, 64], SuperCDMS [65], XENON100 [66], and LUX [67]
collaborations. The solid and hatched yellow contours show the 68% and 90% CL contours
respectively for a possible signal from CDMS [68]. Right: limits for the axial-vector operator
from the previous CMS analysis [10], together with results from the SIMPLE [61], COUPP [62],
Super-K [69], and IceCube [70] collaborations.

Figure 6: Observed limits on the mediator mass divided by coupling, M/pgcgq, as a function
of the mass of the mediator, M, assuming vector interactions and a dark matter mass of 50 GeV
(blue, filled) and 500 GeV (red, hatched). The width, G, of the mediator is varied between M/3
and M/8p. The dashed lines show contours of constant coupling p

gcgq.

K = sNLO/sLO of 1.4 for d = {2, 3}, 1.3 for d = {4, 5}, and 1.2 for d = 6 [71]. Figure 7 shows 95%
CL limits at LO, compared to published results from ATLAS, LEP, and the Tevatron. Table 7
shows the expected and observed limits at LO and NLO for the ADD model.

Figure 8 shows the expected and observed 95% CL limits on the cross-sections for scalar un-

18 26. Dark Matter

sections, and Figure 26.1 shows the best constraints for SI couplings in the cross section versus DM
mass parameter space, above masses of 0.3 GeV.

Figure 26.1: Upper limits on the SI DM-nucleon cross section as a function of DM mass.

26.7 Astrophysical detection of dark matter
DM as a microscopic constituent can have measurable, macroscopic e�ects on astrophysical

systems. Indirect DM detection refers to the search for the annihilation or decay debris from DM
particles, resulting in detectable species, including especially gamma rays, neutrinos, and antimatter
particles. The production rate of such particles depends on (i) the annihilation (or decay) rate (ii)
the density of pairs (respectively, of individual particles) in the region of interest, and (iii) the
number of final-state particles produced in one annihilation (decay) event. In formulae, the rate
for production of a final state particle f per unit volume from DM annihilation can be cast as

≈
A

f = c
fl

2

DM

m
2

DM

È‡vÍN
A

f , (26.18)

where È‡vÍ indicates the thermally-averaged cross section for DM annihilation times relative velocity
[27], calculated at the appropriate temperature, flDM is the physical density of DM, and N

A

f
is the

number of final state particles f produced in one individual annihilation event. The constant c

depends on whether the DM is its on antiparticle, in which case c = 1/2, or if there is a mixture of
DM particles and antiparticles (in case there is no asymmetry, c = 1/4). The analog for decay is

≈
D

f = flDM

mDM

1
·DM

N
D

f , (26.19)

with the same conventions for the symbols, and where ·DM is the DM’s lifetime.
Gamma Rays: DM annihilation to virtually any final state produces gamma rays: emis-

sion processes include the dominant two-photon decay mode of neutral pions resulting from the
hadronization of strongly-interacting final states; final state radiation; and internal bremsshtralung,

6th December, 2019 11:47am

WIMP: theoretically appealing 
predicts 10~1000 GeV mass 

searches exclusively in this range 
most stringent limits today 

reflection: need broader search
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indirect
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• world competitive experiments > $100M 
• use excellent existing facilities in Japan 

• exploitation for unforeseen purposes 
• B01：KAGRA（UTokyo）black hole mergers 
• B02, B03：Subaru（NAOJ）galaxy evolution 
• B04：XRISM（JAXA）supernova remnants 
• B05：Belle II（KEK）CP violation 
• B06：Simons Array（intl team incl KEK, IPMU 

etc）verify inflation theory

9
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ʢ̡̲ʣྖҬਪਐͷܭըɾํ๏ 1○ʢ͖ͭͮʣ ʳ
ֶज़มֵʢ̖ʣʢྖҬܭըॻʣ ̍̎

ਤ 5: ςʔϚɼୡ੒໨ඪɻDM͸μʔΫϚλʔͷུɻڀݚͷڀݚըܭͱ֤ܞͷ࿈ؒڀݚըܭ

μʔΫϚλʔʯ(A02)ɼʮࢹڊతμʔΫϚλʔʯ(A03)ɼ؍ଌɾ࣮ݧ൝ʮϨʔβʔׯবܭʯ(B01)ɼʮ͢
͹Δ෼ޫʯ(B02)ɼʮΠϝʔδϯάʯ(B03)ɼʮXઢʯ(B04)ɼʮe+e−Ճ଎ثʯ(B05)ɼʮCMBʯ(B06)ɼ
͞Βʹۃڀ൝ʮྔࢠॏྗཧ࿦ʯ(C01)ɼʮӉ஦ߏ଄ܗ੒ཧ࿦ʯ(C02)Λ഑ஔͨ͠ɻ֤ʑͷμʔΫϚ
λʔީิʹ͍ͭͯɼཧ࿦తɼ؍ଌతʹపఈతʹௐ΂ΔͨΊʹɼਤ 5ʹࣔ͞ΕΔΑ͏ʹɼ֤ܭըڀݚ
ͰλʔήοτʹͳΔμʔΫϚλʔީิΛఆΊΔɻ͜ͷྻߦͷ֤੒෼ͷμʔΫϚλʔީิΛ͢ڀݚ
Δܭըؒڀݚͷ࿈ܞΛଅ͠ɼྖҬ಺ͰԣஅతͳڞಉڀݚΛଅ͢ɻ͜͜ͰɼC01൝͸௒ݭཧ࿦ɼྔ
੒ͷܗ଄ߏΛ༩͑ɼC02൝͸Ӊ஦ݴॏྗཧ࿦ͳͲͷτοϓμ΢ϯతͳΞϓϩʔνͰཧ࿦తͳఏࢠ
γϛϡϨʔγϣϯΛ༻͍ɼμʔΫϚλʔ୳ࠪʹ͓͚Δఱମ෺ཧతͳܥ౷ࠩޡͷআڈɼ͋Δ͍͸ϩ
όετͳμʔΫϚλʔ୳ࠪͷख๏ΛఏҊ͠ɼ૬ิతͳ໾ׂΛՌͨ͢͜ͱΛظ଴͍ͯ͠Δɻ͞Βʹɼ
ʹһɼେֶӃੜʣڀݚ࢜ʢതऀڀݚͷएखؔػڀݚɼ͋Δ͍͸֤ऀڀݚͷڀݚಈྗͷ͋Δެืػ
͸ɼ֤ܭըڀݚͷάϧʔϓΛੵۃతʹདྷ๚͢Δ͜ͱΛଅ͠ɼྖҬ಺ͰԣஅతʹڞಉڀݚΛਐΊΔ
ͨΊͷ५׈༉తͳ໾ׂΛՌͨͯ͠໯͏ɻ͜ͷΑ͏ʹɼʮμʔΫϚλʔͷ໢ཏతͳڀݚʯͱ͍͏౷Ұ
ͷڀݚΰʔϧΛ͛ܝɼܭըؒڀݚͷີ઀ʹ࿈ڀݚͨ͠ܞΛଅ͠ɼ༷ʑͳ૬৐ޮՌͷڀݚͷల։ʹ
උ͑ɼ͔֤ͭڀݚάϧʔϓͰ͸ؒظڀݚ಺ʹ࣮֬ʹڀݚ੒ՌΛಋग़͢Δ͜ͱΛଅ͢ɻ͜ͷΑ͏ʹɼ
ɼ͋ΒΏΔσΟεΧόϦʔεϖʔεʹඋ͑Δͷ͕ຊྖ͠ڀݚ౷త͔ͭపఈతʹμʔΫϚλʔΛܥ
Ҭͷಛ৭Ͱ͋Δɻ

ʢ̏ʣࠃ಺֎΁ͷ৘ใൃ৴ͳͲͷऔ૊಺༰
ྖҬ಺ͷ֤ڀݚάϧʔϓʹ͸ɼ౰֘෼໺Ͱ׆༂͢Δւ֎ͷؔػڀݚͰ׆༂͢ΔऀڀݚΛ഑ஔ͠

͓ͯΓɼڀݚ੒Ռ͕ಘΒΕͨࡍʹ͸଎΍͔ʹൃ৴Ͱ͖Δɻ·ͨɼྖҬ಺ͷཧ࿦ɾ࣮ऀڀݚݧ͸ɼੈ
քҰྲྀͷؔػڀݚͰ͋ΔɼϓϦϯετϯେֶɼΧϦϑΥϧχ Ξ޻ՊେֶɼΧϦϑΥϧχΞେֶɾ
όʔΫϨʔ͓ߍΑͼϩαϯθϧεߍɼδϣϯζɾϗϓΩϯεେֶɼυΠπͷϚοΫεϓϥϯΫݚ
൫Λங͍جతͳωοτϫʔΫͷࡍࠃʹΛਐΊ͓ͯΓɼ͢ͰڀݚಉڞͳݻڧͱͷऀڀݚॴͳͲͷڀ
͍ͯΔɻ·ͨɼྖҬڀݚ୅දऀ (ଜࢁ੪) Λ࢝Ίͱ͢Δऀڀݚ͸ɼڀݚࡍࠃॴͰ͋Δ౦ژେֶΧϒ
Ϧ਺෺࿈ܞӉ஦ߏػڀݚʹॴଐ͓ͯ͠ΓɼڞࡍࠃಉڀݚΛਐΊΔͨΊͷྗڧͳϓϥοτϑΥʔϜ
(ͳͲ࠵ձ։ڀݚԉɼઃඋɼࢧํޙ) ΛఏڙͰ͖Δɻ
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manage Murayama Kavli IPMU / UC Berkeley particle/cosmology
A01 Takahashi Tohoku particle
A02 Murase Penn State / Kyoto astrophysics
A03 Yoo Nagoya relativity cosmology
B01 Michimura UTokyo Physics experiment
B02 Takada Kavli IPMU cosmology/astro
B03 Miyazaki NAOJ obs. cosmology
B04 Yamasaki JAXA/ISAS experiments
B05 Nishida KEK experiments
B06 Komatsu Max Planck / Kavli IPMU cosmology
C01 Yamazaki Kavli IPMU string theory
C02 Ando Amsterdam / Kavli IPMU particle astrophysics
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ultimate

space

What is dark matter?
Comprehensive study of the 
huge discovery space (PI: HM)
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W
IM

P heavy composite or macroscopic

ʢ̡̲ʣྖҬਪਐͷܭըɾํ๏ 1○ʢ͖ͭͮʣ ʳ
ֶज़มֵʢ̖ʣʢྖҬܭըॻʣ ̍̎

ਤ 5: ςʔϚɼୡ੒໨ඪɻDM͸μʔΫϚλʔͷུɻڀݚͷڀݚըܭͱ֤ܞͷ࿈ؒڀݚըܭ

μʔΫϚλʔʯ(A02)ɼʮࢹڊతμʔΫϚλʔʯ(A03)ɼ؍ଌɾ࣮ݧ൝ʮϨʔβʔׯবܭʯ(B01)ɼʮ͢
͹Δ෼ޫʯ(B02)ɼʮΠϝʔδϯάʯ(B03)ɼʮXઢʯ(B04)ɼʮe+e−Ճ଎ثʯ(B05)ɼʮCMBʯ(B06)ɼ
͞Βʹۃڀ൝ʮྔࢠॏྗཧ࿦ʯ(C01)ɼʮӉ஦ߏ଄ܗ੒ཧ࿦ʯ(C02)Λ഑ஔͨ͠ɻ֤ʑͷμʔΫϚ
λʔީิʹ͍ͭͯɼཧ࿦తɼ؍ଌతʹపఈతʹௐ΂ΔͨΊʹɼਤ 5ʹࣔ͞ΕΔΑ͏ʹɼ֤ܭըڀݚ
ͰλʔήοτʹͳΔμʔΫϚλʔީิΛఆΊΔɻ͜ͷྻߦͷ֤੒෼ͷμʔΫϚλʔީิΛ͢ڀݚ
Δܭըؒڀݚͷ࿈ܞΛଅ͠ɼྖҬ಺ͰԣஅతͳڞಉڀݚΛଅ͢ɻ͜͜ͰɼC01൝͸௒ݭཧ࿦ɼྔ
੒ͷܗ଄ߏΛ༩͑ɼC02൝͸Ӊ஦ݴॏྗཧ࿦ͳͲͷτοϓμ΢ϯతͳΞϓϩʔνͰཧ࿦తͳఏࢠ
γϛϡϨʔγϣϯΛ༻͍ɼμʔΫϚλʔ୳ࠪʹ͓͚Δఱମ෺ཧతͳܥ౷ࠩޡͷআڈɼ͋Δ͍͸ϩ
όετͳμʔΫϚλʔ୳ࠪͷख๏ΛఏҊ͠ɼ૬ิతͳ໾ׂΛՌͨ͢͜ͱΛظ଴͍ͯ͠Δɻ͞Βʹɼ
ʹһɼେֶӃੜʣڀݚ࢜ʢതऀڀݚͷएखؔػڀݚɼ͋Δ͍͸֤ऀڀݚͷڀݚಈྗͷ͋Δެืػ
͸ɼ֤ܭըڀݚͷάϧʔϓΛੵۃతʹདྷ๚͢Δ͜ͱΛଅ͠ɼྖҬ಺ͰԣஅతʹڞಉڀݚΛਐΊΔ
ͨΊͷ५׈༉తͳ໾ׂΛՌͨͯ͠໯͏ɻ͜ͷΑ͏ʹɼʮμʔΫϚλʔͷ໢ཏతͳڀݚʯͱ͍͏౷Ұ
ͷڀݚΰʔϧΛ͛ܝɼܭըؒڀݚͷີ઀ʹ࿈ڀݚͨ͠ܞΛଅ͠ɼ༷ʑͳ૬৐ޮՌͷڀݚͷల։ʹ
උ͑ɼ͔֤ͭڀݚάϧʔϓͰ͸ؒظڀݚ಺ʹ࣮֬ʹڀݚ੒ՌΛಋग़͢Δ͜ͱΛଅ͢ɻ͜ͷΑ͏ʹɼ
ɼ͋ΒΏΔσΟεΧόϦʔεϖʔεʹඋ͑Δͷ͕ຊྖ͠ڀݚ౷త͔ͭపఈతʹμʔΫϚλʔΛܥ
Ҭͷಛ৭Ͱ͋Δɻ

ʢ̏ʣࠃ಺֎΁ͷ৘ใൃ৴ͳͲͷऔ૊಺༰
ྖҬ಺ͷ֤ڀݚάϧʔϓʹ͸ɼ౰֘෼໺Ͱ׆༂͢Δւ֎ͷؔػڀݚͰ׆༂͢ΔऀڀݚΛ഑ஔ͠

͓ͯΓɼڀݚ੒Ռ͕ಘΒΕͨࡍʹ͸଎΍͔ʹൃ৴Ͱ͖Δɻ·ͨɼྖҬ಺ͷཧ࿦ɾ࣮ऀڀݚݧ͸ɼੈ
քҰྲྀͷؔػڀݚͰ͋ΔɼϓϦϯετϯେֶɼΧϦϑΥϧχ Ξ޻ՊେֶɼΧϦϑΥϧχΞେֶɾ
όʔΫϨʔ͓ߍΑͼϩαϯθϧεߍɼδϣϯζɾϗϓΩϯεେֶɼυΠπͷϚοΫεϓϥϯΫݚ
൫Λங͍جతͳωοτϫʔΫͷࡍࠃʹΛਐΊ͓ͯΓɼ͢ͰڀݚಉڞͳݻڧͱͷऀڀݚॴͳͲͷڀ
͍ͯΔɻ·ͨɼྖҬڀݚ୅දऀ (ଜࢁ੪) Λ࢝Ίͱ͢Δऀڀݚ͸ɼڀݚࡍࠃॴͰ͋Δ౦ژେֶΧϒ
Ϧ਺෺࿈ܞӉ஦ߏػڀݚʹॴଐ͓ͯ͠ΓɼڞࡍࠃಉڀݚΛਐΊΔͨΊͷྗڧͳϓϥοτϑΥʔϜ
(ͳͲ࠵ձ։ڀݚԉɼઃඋɼࢧํޙ) ΛఏڙͰ͖Δɻ

laser interferometer
Subaru 

spectroscopy
Subaru imaging

X-ray satellite

e+e– collider 

CMB

structure
formation

theory

quantum gravity

top down

bottom up

10–30 10–20 10–10 100 1010 1020 1030 1040 1050 106010–40 1070
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laser interferometer e+e–
gravitational lensing

CMB neutrinos

cosmic ray

X-ray

Subaru imaging/spectroscopic surveys

CMBX-ray X-ray

Subaru spectroscopy
huge discovery space



Looking forward to 
seeing progress!


