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Why Light Dark Matter?
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×Modern cosmology :

×Compelling  paradigm :

V Massive,

V Non-relativistic (ὺḺὧ),

V Non-luminous (no/tiny EM interaction),

V Stable particles

The Standard Model

Many more other observations!

Dark Matter ?
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×Based on the WIMP paradigm .DM DM

SMSM

Interaction 32

1

[PRL (1977)] 
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Credit: NASA, ESA, T. Brown & J. Tumlinson
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× Assuming mDM ~mp ~ 0.94 GeV:

V ɮ ὲὺ   &  ὲ ”Ⱦά

flux area

Credit: C. Mucha

DM



, COSINE, SABRE

DarkSide

, LZ 
, PandaX

Lots of Exps . are 

in operation 

or planned. 
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WIMP



zeV=10-21 eV keV MeV GeV TeV PeV ρππὓἄ 1ͯ068 eV
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Astrophysical 
object

MACHO, PBH, 
non-particle 

Super -heavy

composite,
WIMPzilla , 

Q-ball,
Fermi-ball,
dark-quark 

nugget,
non-thermal

WIMP

well-motivated,
extensively 

studied,
thermal
No firm 

signal yet !

Light

SIMP,
ELDER,
can be 

thermal

Super -light

sterile Ȋ,
axino,

warm DM,
can be 

thermal

Ultra -light

(QCD) axion,
hidden photon,

scalar field,
fuzzy,

non-thermal

□▬
╔▓ͯ άὺ

kͯeV

□▄
╔▓ͯ άὺ

eͯV

Thermal DM:
Too hot
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Heavy mediator Light mediator

× Ek ~ ά v2 , ɮ ”Ⱦά ὺ Č lighter DM : smaller Er , but lager flux (lighter target)

Č low Eth preferred but even OK with small target mass (e-recoil )

Dark Matter Limit Plotter v5.18

zeV=10-21 eV keV MeV GeV TeV PeV ρππὓἄ 1ͯ068 eV

Limited by Eth

Super -light

?
Light

DAMIC: CCD
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V Targets : Superconductor, Superfluid He, 3D 

Dirac material, Polar material, Diamond, etc.

V Sensor technologies: TES, MKID, STJ, SNSPD, 

GJJ, etc. (mostly based on superconductivity)

Č The race to prove super -light DM has begun.

×Erͯ ╔▓ͯ άὺ ╞ͯ(meV)  with ά kͯeV & ὺͯ ρπ

×New approaches are required!

zeV=10-21 eV keV MeV GeV TeV PeV ρππὓἄ 1ͯ068 eV

Light mediator

No Direct 
Search Yet!

Dark Matter Limit Plotter v5.18

Super -light



Our  Proposal: GLIMPSE



We proposed a new super -light DM direct detection experiment , 

adopting the Graphene -based Josephson Junction * (GJJ) 

microwave single photon detector.

* A ñstate-of-the-artò technology: 

much lower Ὁ ὕͯ(meV)
14

[Kim, JCP , Lee, Fong, 2002.07821 & in progress]
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Ⱶ

Ⱶ

▄

I. DM scatters off ( ɸ-bond) free electrons , transferring some fraction of its incoming Ὁ.

× Ὁ άͯὺ 1ͯ meV for ά ρkeV

Č GJJ detector: sensitivity to the signal even by keV DM .

II. The recoiling e heats up & thermalizes with nearby eôs rapidly via e-e interactions.

III. The JJ is triggered : the temperature rise switches the zero-voltage (non-resistive) of JJ to a non -zero -

voltage (resistive) state .

Ὕ :ᴻ ὠ π ὠ π

▄
▄

▄

▄▄

▄
▄

V Achieved fundamental 

limit of sensitivity :

NEP= 0.7 aW/Hz 1/2

V Corresponding Energy 

Deposit:

ǧE=0.1 meV

[G.-H.Lee, D.K.E., W.C.Jung et al., Nature (2020)]

× GJJ microwave bolometer
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SC

SC

Ⱶ

Ⱶ

▄▄
▄

▄

▄▄

▄
▄

▬Ⱶ᷆

V Scattering : DM traveling in 3D  & electrons living in 3D but confined in 2D graphene layer.

Č Constrained elastic scattering !

V Prediction : angular dependenceof the signal rate Č applicable to background rejection.

V 2D detector unit : a single switched GJJ by DM interaction allows the series resistance.
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Achievements
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× ὲ ᷿ ὨὉὨὺ Ὢ᷆ ὺ᷆
᷆

Ὢ ὺ᷆
Ⱦ᷆

Ⱦ᷆

ὨÃÏÓ—
ρ
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Ὂ
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ὲ „ ὺ ᷆ ᷿
ȟ יִ

Ὓ ὉȟήὛ Ὁȟή

with Ὓ Ὁȟή ς“‏ὴȟ ὴȟ ɇὛ Ὁȟή

V ” 0.3 GeVȾcm3

V ὺ=220 km/s, ὺ =550 km/s

V ” χȢφςρπg/ cm2

× We assume that DM interacts with electrons via an exchange 

of mediator ‰:

„ Č „ for (ά ḻή)  

&  „ for (ά Ḻή)  

× From the linear dispersion of graphene: Ὁ ὺ “ὲ with 

ὺ ρͯπÃÍ/s & ὲ ρͯπȾcm2.
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V The proposed detector (GLIMPSE) can improve the minimum detectable DM mass (□╓╜ͯ O(keV) ) by 

more than 2-3 orders of magnitude over the ongoing/existing experiments.

V Capable of probing the prediction of freeze -in scenarios.



×Constrained elastic scattering: Electron confined in the 2D graphene sheeteven after the collision. 

Č Momentum transfer: the change of ὴ᷆Č Signal rate : DM incident direction dependence 
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DM wind from 

the Cygnus direction
SC

SC

Ⱶ

Ⱶ

▄

Ᵽ

▬Ⱶ᷆

▪

Ⱶ: DM



×Constrained elastic scattering: Electron confined in the 2D graphene sheeteven after the collision. 

Č Momentum transfer: the change of ὴ᷆Č Signal rate : DM incident direction dependence 

Č DM signals: in situ validation by actively rotating the detector or time information of each signal
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SC

SC

Ⱶ

Ⱶ

▄
▬Ⱶ᷆ Handle for 

BG rejection !

ⱣⱵ
Ἷ ⱣἍὁἯ [rad]

▪

Ⱶ: DM

Ᵽ
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[Detector performance 
with different dI c/d T]V |dI c/d T| ŷČ Detection efficiency ŷ& Dark count rate Ź

V Lower Tc of Jc(= I c/ W) & larger Jc at low temperature Č Aluminum

V Contact transparency (†)ŷČ |dJc/d T| ŷ

V For Al & †=0.78, |dI c/d T| ~ 5 ‘A/K (@ T=500 mK) is realized.

[dJc/d T of GJJ with various superconductors] [dJc/d T with different transparency]

W=1.8 um
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σππ‘ά

Large piece of graphene hBN-encapsulated graphene Etched hBN/Graphene/ hBN
stack

216 GJJsconnected in series

Schematics

LSCLJJ

WJJ

WG

LG

WT

superconductors

S

D
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103 GJJ array

Uniform Josephson junctions in series were fabricated!

Almost same I-V curve  when scaled

216 GJJ array
15 GJJs array

ωϷ variation in switching current
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Almost same I-V curve  when scaled

Almost same I-V 
curve  when scaled
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L=300 nm L= 700 nm

hBN/Graphene/ hBN stack 231 GJJ array

7 σͯʈÍȟ,ͯσππÎÍ

× CVD-grown Graphene with exfoliated hBN
(Chemical Vapor Deposition)

× CVD-grown Graphene with CVD-grown hBN

GJJs were demonstrated with CVD -grown large -scale graphene .
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DC 
Instrument

RF 
Instrument

Arbitrary Waveform Generator

Analog Signal Generator

Vector Network Analyzer

Spectrum Analyzer

Dedicated Dilution refrigerator
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IR Filter LP Filter

Circulator Directional 

Coupler

4 K

0.7 K

0.1 K

0.01 K

LNA


