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Things You Should Have Known ...

» Classical Mechanics, Thermal Physics ?
» Quantum Mechanics, Special Relativity ??

» General Relativity ???

.



Outline

0. Very Short Summary of the Standard Model
1. Observational Evidence of Dark Matter

2. Relic Abundance of Dark Matter

3. Direct Detection — Target particle recoil

4. Indirect Detection — Cosmic rays

5. Collider — Direct production



Exercises

1. DM vs Modified gravity/MOND (MOdified Newtonian Dynamics):
(a) What are Modified gravity and MOND?

(b) Compare DM & Modified gravity/MOND: pros and cons

2. DM candidates among SM particles:
(a) Which ones?

(b) Why not? (If possible, Relic density of neutrino)



0. Very Short Summary of
the Standard Model




Eternal Questions

What is the
Universe
made of ?
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19! ¢: Periodic Table

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 1 Atomic # 2
1H Symbol Solid ( Nonmetals Y — [ 73 |He
I o v Metalloids other . Noble Didene
3 24 z Liquid nonmetals ' 29 gases 5 zg 27 28 zg 2 10
2 Li Be r ﬁﬂetals 1 B (o] N o] F Ne
Lithium Berylium Baoron Carbon ‘Mtrogen Ouygen Fuorine Neon
6.941 9.012182 GaS I “ . Post 10.811 12.0107 14.0067 15.9894 18.9984022 204797
11 2 12 2 Alkali  Alkaline Transition ¢ ~cion 13 214 215 2 16 247 218
3Na ‘Mg * [Rf|Unknown metals earth metals Actinoids  metals iR Al 3Si ‘P 'S scCl Ar
Sodium Magnesium Aurminium Silicon Sulfur Chlorine Argon
22.98076... 24.305 26.8815386 280855 30.973762 32.085 35.453 39.948
19 2 20 22 2 22 223 224 z 25 2 26 2 97 2 28 2 29 2 30 z 31 32 2 33 234 2 35 2 38
4 K ECa :Se¢ Ti 2V “Cr "Mn “Fe “Co “*Ni “Cu *Zn "Ga "Ge "“As "“Se "“Br *Kr
Potassium Calcium ‘Scandium Titanium Vanadium Chromium Manganese lIron ‘Cobalt Mickel Copper Tinc: Gallium Germanium Selenium Bromine Krypton
39.0083 40.078 44955912 47 887 50.9415 51.9961 54.938045 55.845 58.933195 58.6834 63.546 65.38 69.723 7263 74.9216 78.96 79.904 83.788
37 2 38 2 (39 z 40 41 42 2 43 z a4 Z 45 z 46 z 41 48 49 z 50 2 5 Z 52 53 54
5Rb %Sr ©Y “Zr ENb Mo #Tc ©*Ru ZRh 2#Pd ©Ag £Cd £In #Sn £Sb £Te I 2 Xe
Rulbidism Strontium 2 | Yitriem 2 Zrconium Niobium i 2 " 1 Rnodium 1 Palladium Silver ‘Cadmium Indium 3 Tin 4 5 Tellurium lodine: Xenon
B5.4878 87.62 88.90585 81224 92 90638 9598 (88) 101.07 10280565 108.42 107.8682 11z4n 114.818 118.71 12178 1278 126.90447 131.293
55 56 z 72 73 274 75 z 76 277 78 279 80 81 z 82 z 83 z g4 85 86
6Cs ©2Ba |s5771|Hf £Ta (W 2Re £0s £2Ir 2Pt ELZAu 2Hg £Tl 2Pb £Bi £Po L£ZAt £Rn
‘Caesium Barium ‘Hafnium 10 Tantalum 11 Tungsten 12 Rheniwm 13 Osmium 14 Iridium 15 Platinum 17 Gold 18 Mercury 18  Thallium 18 Lead 18 Bismuth 18 Polonium 18 Astatine 18 Radon
132.9064... 137.327 2 178,49 180.94788 2 1834 188207 2 180.23 2 gz 2 qgeoed 1 1De0esssd 1 200.50 Z04.3832 3 2072 4 pegens 5 {210) (222)
87 88 z 104 105 106 107 2108 2109 2110 2 411 12 M3z 114 2415 2 116 17 118
7Fr 2Ra Ylso—10z3|]Rf £Db £Sg L2Bh LHs LMt 2Ds 2Rg %Cn 2 Uut % Uuq 3 Uup 2 Uuh 2 Uus 3|Uuo }
Franciom 1 Radium 1 ‘Rutheriodium ‘Dulbnium Seaborgium 32 Bohrium 32 Hassiom 32 Meitnenum 32 Demstadim 32 Reoenigenum ‘Copemicum Ununtrium 32 Unnquadum 32 Lhupenfium 32 Unurnesam Unnsspium 32 Ununoctium
(223 (e2e) % @er) 10 ew) 11 pr 0 2 ) o) W pre) D @y 7 @) 18 ees) 18 ey 18 ) 1B pes) 18 sy 18 e 18 pey)

For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in parentheses.
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57 2 58 259 2 80 2 61 2 82 63 2 64 265 2 68 2 67 2 68 2 69 70 Al
La $$Ce (Pr Nd 2Pm £Sm JEu 2Gd :Tbh Dy £Ho ZEr £Tm £Yb £Lu
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20! ¢: Standard Model (SM)

mass = =23 MeV/ic? =1 275 Ge\llc? =173.07 GeVic? 0
charge - 203 213 203 0
spin = 1/2 w 1i2 9 1/2 y 1
up charm top gluon
=4 & MeVic? =35 MeV/c? =4 18 GeV/c? 0
=103 =13 =143 0
112 12 5 112 b 1
down strange bottom photon
0.511 MeV/c? 105.7 MeV/c? 1.777 GeVl/c? 91.2 GeVWic®
A e -1 -1 0
12 1 112 E 112 ID 1 n
' =
electron muon tau Z boson @)
V)]
m =2 2 gW/c? =017 MeV/c? <15.5 MaV/c? 80.4 GeVWic® g
= 0 0 0 +1
L
E 112 .I)) 112 -I& 112 w 1 O «
o =
electron muon tau \
“ | neutrino neutrino neutrino W boson g

Lectures by Eibun Senaha




Higgs (1964)!

VoLUME 13, NUMBER 16 PHYSICAL REVIEW LETTERS 19 OcTOBER 1964

BROKEN SYMMETRIES AND THE MASSES OF GAUGE BOSONS

Peter W. Higgs
Tait Institute of Mathematical Physics, University of Edinburgh, Edinburgh, Scotland
(Received 31 August 1964)

Chicago (USA) Geneva (Europe)



Higgs (2012)!
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Now: Standard Model (SM)

Lectures by Eibun Senaha
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Now: Standard Model (SM)
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26.8%

Dark Matt
ark Matter 68.3%

Dark Energy

Supernova CMB |

+ The Standard Model explains only ~5% of the total E of the Universe.

See also BSM lectures by Margarete Miihlleitner
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Dark Matter (DM)

< Postulated by Fritz Zwicky in early 1930’s

< Rediscovered by Vera Rubin in 1970

<+ Compelling paradigm:

v massive,
v non-relativistic (2 v < ¢), .

v non-luminous

Dark Mattel': W Dark Energy
85 %

B Free Hydrogen & Helium

(no/tiny EM interaction),

O Stars

v stable particles

@ Neutrinos

@ Heavy Elements

v ~1/4 of the Universe



Existence of




1. Observational Evidence

of Dark Matter




Observational Evidence of DM

v Galaxy rotation curve

v Coma cluster

v Gravitational lensing

v Bullet cluster

v Structure formation

v Cosmic microwave background radiation (CMBR)
v SKky surveys

v Type Ia supervovae

v Baryonic acoustic oscillation (BAO)

Vo



Galaxy Rotation Curve

Solar System Eotation Curve 4

v = ~vOM/r i

P

Vera Rui
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The gravity of the visible matter in the Galaxy is not enough to explain the high orbital
speeds of stars in the Galaxy, For example, the Sun is meving sbour 80 km/sectoo fast,
The part of the rotation curve contributed by the visible matter only is the bottom curve.,
The discrepancy berween the two curves is evidence for a dark matter halo.
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Galaxy Rotation Curve
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<+ Much more galaxies
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Coma Cluster

% The gravity of the cluster: too weak to contain the hot gas.
- It would evaporate!: T o< v* & v? o< GM/r

Coma Cluster
0.5-2.0 keV

x-ray image from the ROSAT satellite




Gravitational Lensing

> General relativity: M distorts space-time

= When light passes around a massive

object, it is bent!

gettyimages'Korea

Interstellar: Gargantua



Gravitational Lensing

» Stars and hot gas:

too small to bend the light from the background galaxies so much

- Great concentration of invisible matter: Dark Matter !!



Bullet Cluster

< Two colliding galaxy clusters
—> significant displacement between their center of visible matter &
gravitational potential

Chandra X-Ray Observatory: 1E 0657-56

o N

Gravitational potential Ordinary matter
(lIensing) (X-ray)




Bullet Cluster

< Simulation of two colliding galaxy clusters

http://chandra.harvard.edu/photo/2006/1e0657/1e0657_bullett_anim_Ig.mpg
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Supernova Cosmology Project

Suzuki, et al., Ap.J. (2011)
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Observational Evidence of DM

v Galaxy rotation curve
v Coma cluster

v Gravitational lensing

v Bullet cluster

v Structure formation
v Cosmic microwave background radiation (CMBR)
v SKky surveys

v Type Ia supervovae

v Baryonic acoustic oscillation (BAO)

Vo



2. Relic Abundance of

Dark Matter




Thermal Freeze-out

Cosmological Lower Bound on Heavy-Neutrino Masses

Benjamin W, Lee®
Fermi National Accelevator Laboratow,(b) Batavia, Illinois 60510

and

Steven Weinberg(®
Stanfovd University, Physics Depavtment, Stanford, California 94305
(Received 13 May 1977)

The present cosmic mass density of possible stable neutral heavy leptons is calculated
in a standard cosmological model. In order for this density not to exceed the upper lim-
it of 2x10°% g/cm?®, the lepton mass would have to be greater than a lower bound of the
order of 2 GeV,

annihilation



Basics of Freeze-out

< Boltzmann equation: the statistical behavior of a thermodynamic
system not in a state of equilibrium =» time evolution of # density:

dn,

¥ + 3Hn, = — (o) [(n)* — (n5%)*]

< Decoupled when I, = (ov)n,, < H

< Comoving number density =» Scale out the expansion effect:
(ny/8)o = (n,/s)e =~ 100/(m,mp,g3/* {o4v7)
~ 107%/[(m,/GeV)({o4v>/107*7 cm®s™1)]
« Relic density in units of the critical density:

Q.h* =mmn,/p.~Bx107*"cm?>s7 1 /{o,0))

-
For more details, please see e.g., Ch.
5.1 & 5.2 of “The Early Universe”

\




Thermal Freeze-out

T

Annihilation

T=mDM

Inverse-production



Thermal Freeze-out

T

Annihilation

T=mDM

Inversgpgduction



Thermal Freeze-out

An;h‘ ation

p— g

T

T=mDM

Inversgpgduction



Summary of Conventional Thermal FO

Stay in
equilibrium
longer
Increasing <o,v> 1 Annihilation

‘% + 3Hn, = — o0y [(n)* — (”iq)zj‘
T

Freeze-out

Relic abundance

B
o
Mg ;

1 10 100 1000
x=m/T (time -)

» Correct thermal relic abundance:

ak

0.1pb 3%x10™%7cm3 m2 .
~ o~ —X (M: dark scale/mediator) vs Qh?,;s~0.1
M

(ov) (ov)
» Weak coupling - Naturally Weak scale mass = WIMP miracle!

QR2 /5 \with (gv)~

~1 GeV — 10 TeV mass range favored =» weak scale (new) physics



New Ideas for DM Relic Abundance

%+ Alternative mechanisms for DM relic determination:

v

AN N N Y VU U N N Y N N N N N NN

Assisted freeze-out [1112.4491] (SIDM) (SIDM)
Asymmetric dark matter [0901.4117] Self-interaction Self-interaction

Cannibal dark matter [1602.04219, 1607.03108] can be strong can be strong

Co-annihilation [PRD43 (1991) 3191] @T’be @0 e

Co-decaying dark matter [1105.1652, 1607.03110] strong
can be
very weak

Dynamical dark matter [1106.4546]
Dark freeze-out cogenesis [2112.10784 ] @

ELastically DEcoupling Relic (ELDER) [1512.04545]

Continuum dark matter [2105.07035]

Co-scattering mechanism [1705.08450]

x/w/

Freeze-in [0911.1120] X X/

Forbidden channels [PRD43 (1991) 3191, 1505.07107]

Inverse decay dark matter [2111.14857] x/p/
x/wp

Pandemic dark matter [2103.16572] X/p
Semi-annihilation [0811.0172,1003.5912] .

Strongly Interacting Massive Particle (SIMP) [1402.5143, 1702.07860]



Freeze-out Scenarios

Single stable New dark sector ~ SM state or
particle / PartiCVdecay to the SM
N Wiy — 00" | ¢id — ¢ | ity — Ywd | i — ¢;0
Lee-Weinberg v (i=]j) v (i=7) X X
[Co—annihilation} v v X @
Multi-component | v (i = j) v (i=j) X X
Semi-annihilation | v (i = j) v (i=j) @ X

® );1); — i)y, : always present

< Lee-Weinberg: simplest & usual case.

+ Co-annihilation: multi-particles but only one stable particle.
Griest & Seckel PRD (1991)
< Multi-component: multi decoupled stable particles.

< Semi-annihilation: reactions among > 2 stable particles are important
D’Eramo & Thaler, JHEP (2010)

in determining DM relic density.

Lee & Weinberg PRL (1977)




Co-annihilation

. . . Griest & Seckel,
< Involves N coupled Boltzmann equations: PRDA43 (1001)
dn"i al eq _eq

el —3Hn; — Z(O’ijl’g‘.j> (nmj —n; n,; )

j=1

= > o) (nanx — niny) — (o j0i5) (nynx —n5'n§) |
j#i
= [Ty (= n5®) = T (ny = n5%) |-
ji
< But possible to compute the relic density via standard methods:

in N N
— = —3Hn — Z (0ijvij) (niny — n*nS?) n = E n;
dt “ .
?,,j:]_ -'3,:1
dn- 2 2 ?’Leq neq
- = —3Hn — (oeqv) (n° —ng,) (TetiV) = Z(Jijvmn;q néq

1]



Standard Multi-component

+ Standard approach: to assume that each particle is thermalized

independently.

+ Total DM density is Qpyp = > . ;.




Semi-annihilation

D’Eramoé& Thaler, JHEP1006 (2010)
< One has to solve a system of coupled Boltzmann equations.

dn@- n
‘ _ 2 eq 2 k eq eq
7 + 3Hn; = — (0;;Vpe]) (ni —n, ) — E (0ijkUrel) | RN — —gn; n;

: nk
J:k
- - = -~
N - RN 2
. _
X Vs - @ X T 27 X
A . A a~
=~ =~ )
RN 7 RS 27
S >z
Bl ¥
2 ~ Z ~
L ” ~ 2 S
X - N @ X 2 S O
-~ - e -~
L - < ~

W
r
Y
r



® ®
Co-decaying: Basic Set-up
[P. Bandyopadhyay, E. J. Chun & J.-C. Park, 1105.1652]
Dark sector particle Self-interaction

But decaying to SM

Dark can be strong
JEEEEE———

can be strong

Sector

~ Weak scale Very weak
interaction interaction
Assuming

mDecaying < Mpy



Co-decaying: Timeline

[arXiv:1607.03110]

4. B  B—SMSM
. B <H_\I
A B SM

FIG. 1: Co-decay dark matter timeline. At 7T, the SM and
dark sector decouple; at Tt the decay of B’s begin to deplete
the dark sector density; and at 7y the AA <+ BB process
freezes out, resulting in a relic abundance for the A particles.



Co-decaying: Abundance Evolution

[P. Bandyopadhyay, E. J. Chun & J.-C. Park, 1105.1652]
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Assisted FO: Basic Set-up

[G. Belanger & J.-C. Park, 1112.4491]

Self-interaction Self-interaction

can be strong can be strong

can be strong
JEEEEE———

~ Weak scale Very weak
interaction interaction
Assuming

Mpy < Mpys



Assisted FO: Boltzmann Equations

[G. Belanger & J.-C. Park, 1112.4491]
< To find the relic abundances of DM 1&2, we should solve a set of

coupled Boltzmann equations.

s + 3Hn (ov) (ns)? (ngq)g(n )?

— . No = —(OU)o29_. K — —(1N )

At 2 22—11 2 (niq) o\ )

dn ; ‘ f n{H? .
Ttl +3Hn; = —{(00)11—xx [(nl)z — (nfq)z] — (OV) 1199 [(7?1)2 - Enéq%? (ng)?

X: SM particles

< If we limit our analysis to s-wave annihilation, we can simply express
the relevant matrix elements:

a= Mo 11 =Mi100, =My xx



Assisted FO: Abundance Evolution

ge e=0l A=l [G. Belanger & J.-C. Park, 1112.4491]
i
10-10} Y.=n;/s, x=m,/T,
; m,=100 GeV, m,=150 GeV
w7 1071 L
o2l a= Mo 11 =M, F=Miu—xx
1|:|—13 L
1014
10 =001, f=1
-8
107% ¢ 10
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1077k 1= -
].D_m _ ID_]'D o
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Freeze-in: Abundance Evolution




Observational Evidence of DM

v Galaxy rotation curve
v Coma cluster

v Gravitational lensing

v Bullet cluster

v Structure formation
v Cosmic microwave background radiation (CMBR)
v SKky surveys

v Type Ia supervovae

v Baryonic acoustic oscillation (BAO)

Vo
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Conventional DM Search Strategies

Low-energy photons Posi
> ositrons
Quarks >

©

p

e

Electrons
N
e

Medium-energy
gamma rays

\ -~ . Neutrinos
* s . \‘/L/ V\/ 'W o
e Leptons “ieigd . (-

Antiprotons

Protons

/

% Based on the WIMP paradigm.

Cosmological Lower Bound on Heavy-Neutrino Masses
Benjamin W. Lee®
Fermi National Accelevator Labomtowy,“’) Batavia, Illinois 60510
and

Steven Weinberg(®
Stanfovrd University, Physics Depaviment, Stanford, California 94305
(Received 13 May 1977)

\ ]

The present cosmic mass density of possible stable neutral heavy leptons is calculated
in a standard cosmological model. In order for this density not to exceed the upper lim-
it of 2x 10°%® g/em®, the lepton mass would have to be greater than a lower bound of the

order of 2 GeV, [PRL (1977)]




Diverging Efforts for DM Searches

Fermi-LA

8 stringe-opr R & 4 N i o, N\ 2 A V4, il < —
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2\ \ e > T Particle




Exercises

3. Nuclear recoil spectrum in DM direct detection:

(a) VUmin = \/ERmN/Z.u)(N \/ER/ZmN

(b) Shape of nuclear recoil spectrum (dependence on m, )

4. Fluxes of DM annihilation products, e.g., e¥, p:

(a) Annihilation cross section dependence

(b) m, dependence



3. Direct Detection

.



Target Particle Recoil




DM Direct Detection

A A Electrons

Vi

Medium- energy
gamma rays

= f\’ Neutrinos
»* -0 > e
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Dark Matter vs Human

ﬂlllx area
|

[

< When mypy ~ m, ~ 0.94 GeV: 300 km/s x

| 1

0.4 Ge\/"/c:m?’l
0.94 GeV

x 60 em x 170 cm

~ 10" /s
vV o, =n,v & 1y =p,/m,

% ~10"/s DM’s penetrate our body for mpy ~ m,!



DM Direct Detection

DM-nucleus " |
scattering

g

% DM: all around us! 2 recoil of DM-nucleus scattering

based on E & p conservation!

“ What is measure: E of recoiling nucleus ~ 1-100 keV for myp,, ~ 1-100 GeV

(E, ~ mv? with v/c~1073)

% Challenges: very small E, small event rate, large backgrounds



Detection Techniques

WM

conduction band
Egap = 0.7eV I

valence band

Electron semiconductor
energy

Phonons
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‘DM direct detection

: = 10° ern-—2e1 ( 100GeV Px
local DM flux: ¢, ~ 10°>cm™*<s ( i )(0.4Gevcm—3)

assuming DM has non-gravitational interactions (“WIMP")
look for recoil of DM-nucleus scattering m. coodman, E Witten, PRD 1985

&

cnts / keV recoil energy Eg:

dN P
O raca

V >Vmin

P~ DM energy density, default: 0.3 GeV cm 3

Viiin: minimal DM velocity required to produce recoil energy ER

T. Schwetz, PPC11 CERN



Beginning of DM Direct Detection

PHYSICAL REVIEW D VOLUME 31, NUMBER 12 15 JUNE 1985

Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)

We consider the possibility that the neutral-current neutrino detector recently proposed by
Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
teractions and masses 1—10° GeV; particles with spin-dependent interactions of typical weak
strength and masses 1—10% GeV; or strongly interacting particles of masses 1—10"* GeV.

Principles and applications of a neutral-current detector
for neutrino physics and astronomy

A. Drukier and L. Stodolsky
Max-Planck-Institut fiir Physik und Astrophysik, Werner-Heisenberg-Institut fiir Physik,
Munich, Federal Republic of Germany
(Received 21 November 1983)

We study detection of MeV-range neutrinos through elastic scattering on nuclei and identification
of the recoil energy. The very large value of the neutral-current cross section due to coherence indi-
cates a detector would be relatively light and suggests the possibility of a true “neutrino observato-
ry.” The recoil energy which must be detected is very small (10—10° eV), however. We examine a
realization in terms of the superconducting-grain idea, which appears, in principle, to be feasible
through extension and extrapolation of currently known techniques. Such a detector could permit
determination of the neutrino energy spectrum and should be insensitive to neutrino oscillations
since it detects all neutrino types. Various applications and tests are discussed, including spallation -
sources, reactors, supernovas, and solar and terrestrial neutrinos. A preliminary estimate of the
most difficult backgrounds is attempted.

PHYSICAL REVIEW D VOLUME 30, NUMBER 11 1 DECEMBER 1984




DM Local Density

Pdm < Pdm,ext Pdm > Pdm,ext

Pdm,ext

Pdm

Prolate Oblate/dark disc

< Two main approaches to measuring ppy

> Local measures: the vertical kinematics of stars in the local Milky Way = ‘tracers’

> Global measures: inter/extrapolating pp,; from the rotation curve

< Recently, there have been attempts to bridge two scales.



DM velocity distribution

fo(V,t) = foa1(V+ Vo + Vip(t)) frar(V) = { Nexp (—v*/v?)

v ~ 220km/s Vesc =~ 550 km/s
sun velocity: Vo = (0, 220,0) + (10,13,7) km/s

earth velocity: Vo (t) with vy &~ 30 km/s

June
WIMP Wind V| <
e I

December

V < Viss
V > Vesc

MB distribution is used for describing particle speeds in idealized gases, where the

particles _move fr)%%‘y inside a stationary container without interacting with one another,
except for very brief collisions in which they exchange E & p with each other or with

their thermal environment.



Event spectrum

dN (f) _ Px gPIF(q)|2A2 f d3V fEB(FJ t)
V>Vmin(ER)

dEr my, 2@% v
m, +M .. . .
| Vinin = ’f;; QE—,“;, : minimal DM velocity needed for recoil energy Egr
I '| 1 |' 1 'I L] l 1
— — 5 |
28 — 10 —
o — 20| m_[GeV]
s — 30 * }
A — 40 _
2 §
<
=]
2 spectrum gets shifted to low
3 energies for low WIMP masses|,
< energy threshold is crucial
0 E,; 10 20 30 40 50

E_[keV]

T. Schwetz, PPC11 CERN




Event Discrimination
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G. Deuter, Eurograd Workshop, Sept. 2010




Event Discrimination

Top PMT Array

time in between
indicates depth

S1

- cm""'a‘un an: iy
Ay

" Bottom PMT Array

ionization electrons

scintillation photons, UV ~175 nm

Nuclear recoil

S1 S2
-
drift time
Electron recoil
S1 S2
. : >
drift time




Annual Modulation

DAMA [arXiv: 1805.10486]
> As the Earth orbits the Sun, v of the detector relative to the DM halo varies.

» DAMA has detected an annual modulation in the event rate (12.9 o significance).
> 14 annual cycles, modulation amplitude: 0.0103 + 0.0008 in the (2-6) keV

» Phase: 145 + 5 days (cf. June 2nd), Period: 0.999 + 0.001 yr
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Current Status Direct DM Searches

% No (solid) observation of DM signatures w/ BG modeling

= Excluding more parameter space
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Current Status Direct DM Searches

% No (solid) observation of DM signatures w/ BG modeling

= Excluding more parameter space
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Current Status of Annual Modulation
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Current Status of Annual Modulation
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