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面白くて大事な熱的暗黒物質候補たち

暗黒物質の正体を探るうえで重要となる質問の一つは、現在まで
の様々な観測において示唆されている暗黒物質量（平均質量密
度）、これがどの様に決定されたのか？である。様々な機構を考え
ることが可能だが、特に強い動機を持つ熱的暗黒物質に焦点を当
て、その中でも更に動機を持つ熱的暗黒物質について紹介する。

松本 重貴 (Kavli IPMU)

Kavli IPMU Thermal Dark Matter Project

暗黒物質理論 
Koichi Hamaguchi (University of Tokyo)  

ダークマターの懇談会2019 
@Waseda Univ., 2019.07.05 

7月早稲田DM研究会
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Magnetic Bubble Chambers and Sub-GeV Dark Matter Direct

Detection

Philip C. Bunting,1, ⇤ Giorgio Gratta,2, † Tom Melia,3, 4, 5, ‡ and Surjeet Rajendran3, §

1
Department of Chemistry, University of California, Berkeley, California 94720, USA

2
Physics Department and HEPL, Stanford University, Stanford CA 94305, USA

3
Department of Physics, University of California, Berkeley, California 94720, USA

4
Theoretical Physics Group, Lawrence Berkeley

National Laboratory, Berkeley, California 94720, USA

5
Kavli Institute for the Physics and Mathematics of the Universe (WPI),

University of Tokyo, Kashiwa 277-8583, Japan

Abstract

We propose a new application of single molecule magnet crystals: their use as “magnetic bubble

chambers” for the direct detection of sub-GeV dark matter. The spins in these macroscopic crystals

e↵ectively act as independent nano-scale magnets. When anti-aligned with an external magnetic

field they form meta-stable states with a relaxation time that can be very long at su�ciently low

temperatures. The Zeeman energy stored in this system can be released through localized heating,

caused for example by the scattering or absorption of dark matter, resulting in a spin avalanche (or

“magnetic deflagration”) that amplifies the e↵ects of the initial heat deposit, enabling detection.

Much like the temperature and pressure in a conventional bubble chamber, the temperature and

external magnetic field set the detection threshold for a single molecule magnet crystal. We discuss

this detector concept for dark matter detection and propose ways to ameliorate backgrounds. If

successfully developed, this detector concept can search for hidden photon dark matter in the meV

- eV mass range with sensitivities exceeding current bounds by several orders of magnitude.
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IPMU18-0113

Detecting Dark Blobs

Dorota M Grabowska,1, 2, ⇤ Tom Melia,3, † and Surjeet Rajendran1, ‡

1Department of Physics, University of California, Berkeley, California 94720, USA

2Theoretical Physics Group, Lawrence Berkeley

National Laboratory, Berkeley, California 94720, USA

3Kavli Institute for Physics and Mathematics of the Universe (WPI),

University of Tokyo, Kashiwa, 277-8583, Japan

Abstract

Current dark matter detection strategies are based on the assumption that the dark matter is a

gas of non-interacting particles with a reasonably large number density. This picture is dramatically

altered if there are significant self interactions within the dark sector, potentially resulting in

the coalescence of dark matter particles into large composite blobs. The low number density

of these blobs necessitates new detector strategies. We study cosmological, astrophysical and

direct detection bounds on this scenario and identify experimentally accessible parameter space.

The enhanced interaction between large composite states and the standard model allows searches

for such composite blobs using existing experimental techniques. This includes the detection of

scintillation in MACRO, XENON and LUX, heat in calorimeters such as CDMS, acceleration and

strain in gravitational wave detectors such as LIGO and AGIS, and spin precession in CASPEr.

These searches leverage the fact that the transit of the dark matter occurs at a speed ⇠ 220 km/s,

well separated from relativistic and terrestrial sources of noise. They can be searched for either

through modifications to the data analysis protocol or relatively straightforward adjustments to

the operating conditions of these experiments.

⇤Electronic address: dgrabowska@berkeley.edu
†Electronic address: tom.melia@ipmu.jp
‡Electronic address: surjeet@berkeley.edu
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IPMU19-0065

The Dark Matter Phonon Coupling

Peter Cox,1, ⇤ Tom Melia,1, † and Surjeet Rajendran2, 3, ‡

1
Kavli Institute for the Physics and Mathematics of the Universe (WPI),

UTIAS, The University of Tokyo, Kashiwa, Chiba 277-8583, Japan

2
Department of Physics, University of California, Berkeley, California 94720, USA

3
Department of Physics & Astronomy,

The Johns Hopkins University, Baltimore, MD 21218, USA

Abstract

Generically, the e↵ective coupling between the dark matter and an atom scales with the number

of constituents in the atom, resulting in the e↵ective coupling being proportional to the mass of

the atom. In this limit, when the momentum transfer is also small, we show that the leading term

in the scattering of a particle o↵ the optical phonons of an array of atoms, whether in a crystal

or in a molecule, vanishes. Next-generation dark matter direct detection experiments with sub-eV

energy thresholds will operate in a regime where this e↵ect is important, and the suppression can

be up to order 106 over naive expectations. For dark matter that couples di↵erently to protons

and neutrons, the suppression is typically of order 10�100 but can be avoided through a judicious

choice of material, utilising variations in nuclear ratios Z/A to break the proportionality of the

coupling to mass. We provide explicit illustrations of this e↵ect by calculating structure factors for

di-molecules and for the crystals NaI and sapphire.
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Dark Matter Heating vs. Rotochemical Heating in Old Neutron Stars 
K. Yanagi, N. Nagata, KH,   [1905.02991 + 1904.04667]

あらすじ  
1. WIMP DM は中性子星に当たって、内部で対消滅する。

中性子星

 bmax ∼ 800 R

 R ≃ 10 km

capture rate    
for  

≃ 1
σχN ≳ 10−45cm2

 対消滅 
  χχ → f f̄

DM  χ

単位時間あたりのエネルギー流入 
   
(DM mass に依らない)
LWIMP→NS ∼ πb2

maxρχvχ ≃ 3 × 1022erg/s

[ C. Kouvaris,0708.2362 ]→ 中性子星を暖める！

ほぼ
光速
に

浜口トーク 
＠7月早稲田DM研究会

中性子星 v
s. DM

PD, 2020～
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浜口トーク 
＠7月CERN研究会

Cas A NS Cooling with axion
Results fa = 1 x 109 GeV: 

can fit the data. 

fa = 4 x 108 GeV: difficult 
to fit the data even by 
adjusting gap parameters.

obtained a new bound: 
(for an envelope with a thin carbon layer)

cf. SN1987A bound: fa & 4⇥ 108 GeV
<latexit sha1_base64="T0eZR+OxqYAdqimgUxiSb8nsIVE="></latexit><latexit sha1_base64="T0eZR+OxqYAdqimgUxiSb8nsIVE="></latexit><latexit sha1_base64="T0eZR+OxqYAdqimgUxiSb8nsIVE="></latexit><latexit sha1_base64="T0eZR+OxqYAdqimgUxiSb8nsIVE="></latexit>

fa & 5⇥ 108 GeV (KSVZ)
<latexit sha1_base64="5ijmZvqFvoqyQf0If6kjEQNNK0o="></latexit><latexit sha1_base64="5ijmZvqFvoqyQf0If6kjEQNNK0o="></latexit><latexit sha1_base64="5ijmZvqFvoqyQf0If6kjEQNNK0o="></latexit><latexit sha1_base64="5ijmZvqFvoqyQf0If6kjEQNNK0o="></latexit>

K. Hamaguchi, 

N. Nagata, 

K. Yanagi, 

J. Zheng, 

1806.07151 中性子星 v

s. Axion

PD, 2020～
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INSPIRE searchInvisible  (Axion) Limits from Nucleon Coupling

pdgLive Home   >   Axions ( ) and Other Very Light Bosons, Searches for   >   Invisible  (Axion) Limits from Nucleon Coupling

2019 Review of Particle Physics.
M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 update.

Limits are for the axion mass in eV. 

VALUE (eV) CL% DOCUMENT ID TECN  COMMENT
• • • We do not use the following data for averages, fits, limits, etc. • • •

95 1 AKHMATOV 2018 CNTR Solar axion
90 2 ARMENGAUD 2018 EDE3 Solar axion
90 3 BEZNOGOV 2018 ASTR Neutron star cooling
95 4 GAVRILYUK 2018 CNTR Solar axion

5 HAMAGUCHI 2018 ASTR Neutron star cooling
6 ABEL 2017 Neutron EDM

90 7 ABGRALL 2017 HPGE Solar axion
90 8 FU 2017A PNDX Solar axion

9 KLIMCHITSKAYA 2017A Casimir effect
90 10 LIU 2017A CDEX Solar axion
95 11 GAVRILYUK 2015 CNTR Solar axion

12 KLIMCHITSKAYA 2015 Casimir-less
13 BEZERRA 2014 Casimir effect
14 BEZERRA 2014A Casimir effect
15 BEZERRA 2014B Casimir effect
16 BEZERRA 2014C Casimir effect
17 BLUM 2014 COSM  abundance
18 LEINSON 2014 ASTR Neutron star cooling

95 19 ALESSANDRIA 2013 CNTR Solar axion
90 20 ARMENGAUD 2013 EDEL Solar axion
90 21 BELLI 2012 CNTR Solar axion
90 22 BELLINI 2012B BORX Solar axion
95 23 DERBIN 2011 CNTR Solar axion

24 BELLINI 2008 CNTR Solar axion
25 ADELBERGER 2007 Test of Newton's law

1  AKHMATOV 2018 is an update of GAVRILYUK 2015 .
2  ARMENGAUD 2018 is analogous to ALESSANDRIA 2013 . The quoted limit assumes the DFSZ axion model. See their Fig. 4 for
the limit on product of axion couplings to electrons and nucleons.
3  BEZNOGOV 2018 constrain the axion-neutron coupling by assuming that thermal evolution of the hot neutron star HESS J1731-
347 is dominated by the lowest possible neutrino emission. The quoted limit assumes the KSVZ axion with the effective Peccei-
Quinn charge of the neutron C  = . The dimensionless axion-neutron couling is constrained as   .
4  GAVRILYUK 2018 look for the resonant excitation of  (9.4 keV) by solar axions produced via the Primakoff effect. The mass
bound assumes  = 0.56 and  = 0.5.
5  HAMAGUCHI 2018 studied the axion emission from the neutron star in Cassiopeia A based on the minimal cooling scenario
which explains the observed rapid cooling rate. The quoted limit corresponds to    GeV obtained for the KSVZ axion with
C  =  and C  = .

Home pdgLive Summary Tables Reviews, Tables, Plots Particle Listings

Send Feedback

A0 A0

A0

< 65
< 6.6
< 0.085
< 12.7
< 0.01

< 93
< 4

< 177
< 100

He4

< 250
< 155
< 8.6 × 103

< 1.4 × 104

< 145

n −0.02 g Ann < 2.8 × 10−10

Kr83

/mu md S

fA > 5 × 108

p −0.47 n −0.02

中性子星 v
s. Axion

PD, 2020～
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本領域での E01 + E02 の連携にも期待

PD, 2020～
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３月に東大本郷で理論研究会やります
• (暫定タイトル)  “New Directions in Cosmology” 

• 2020年 3/24-27 (or 25-27) 

• ＠東大本郷キャンパス. 

• Organizers: 
K.Hamaguchi (Co-chair), T.Moroi (Co-chair),  
S.Matsumoto, T.Melia, J.Menendez, K.Nagamine, 
S.Iso, N.Nagata, K.Nakayama, M.Yamaguchi, T.Yanagida.

LHC新学術の理論班との合同主催

宣伝1
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宣伝2
ニュートリノ新学術の理論班との共催


