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Outline

Searches for ...

e nuclear recolls
(CRESST, EDELWEISS, SuperCDMS, DAMIC)

e electron recoills
(SENSEI, DANAE)

« annual modulations / signal in Nal(Tl)
(DAMA/LIBRA, ANAIS, COSINE, PICOLON, SABRE, COSINUS)
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Nuclear Recolls
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CRESST

« CaWO,@0(10mK) @ LNGS
« Discriminate nucl./e- recoil via dual readout of

phonon and scintillation
» Veto near-surface a-decays via fully active surrounding

1.0 e’ly
0.8 R
Iscrimination between

S 46 glectron.recoils, | | |
c i.e. dominant radioactive background
k=) nuclear recoils,
é 0.4 i.e. potential DM signal ’
(@)
E 0.2 a
) Ea
z 0 ‘ . ‘ . W
'5) 0 20 40 60 80 100 120 140

Energy / keV
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Optimized detector design

reflective and
scintillating housing o, B4, TN

block-shaped target crystal

(with TES) I
light detector (with TES)
: , N\ -/
instrumented CaWO, sticks RV

(with holding clamps and TES)

Detector design optimized for low-mass dark matter:

« cuboid crystal with strongly reduced dimension: (20 x 20 x 10)mm? and ~ 24g

« goal: detection threshold of 100 eV

« self-grown crystal with low total background of ~ 3 keV~*kg=td~! in [1,40]keV

« veto against surface related background: fully scintillating housing +
instrumented sticks (“iSticks”)
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Status of CRESST-IIl phase 1

« May 2016:
10 CRESST-IlIl modules
installed
'+ QOct 2016:

extensive y-calibration

« Since Nov 2016:
data taking (80% blinded,
20% training set)

* ~April 2017:
extensive n-calibration

« July 2017:
first results @TAUP2017
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First results from CRESST-III phase 1
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First results from CRESST-III phase 1

140 | | Thresrhold
120 Det B i
— 100 Designgoal _____ I
>
< 80f Detector A high threshold analysis:
g Analysis threshold: 100 eV
5 601 Data taking period: 2016-10-31/2017-07-05
= a0l Detector mass: 24 g
Total exposure: 2.39kg d
20
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Light Yield

0.8
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Direct detection: new results from
solid state experiments

Detector A: physics data
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Detector A: energy spectrum

[arXiv:1711.07692]
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Light Yield
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Detector A: accepted events
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Detector A: accepted events

E . 4: [arXiv:1711.07692]
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Assume all accepted events are dark-matter caused
= Use Yellin's optimum interval method to set an exclusion limit
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Detector A: exclusion limit
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Detector A: exclusion limit
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Detector A: exclusion limit
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Detector A: exclusion limit
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Detector A: limitations

[arXiv:1711.07692]
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Detector A: limitations
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Detector A: limitations
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—Peak search in the e’/y band
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[Eur.Phys.J. C77(2017)299]
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Above ground limit

Target: Al,O4

Mass: 500 mg

Threshold: 19.7 eV 140MeV/c2

Dark Matter Particle-Nucleon Cross Section (pb)

Direct detection: new results from

S

olid state experiments

[Eur.Phys.J. C77(2017)637]
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Fully InterDigitized ~870g HPGe detectors

A. Broniatowski et al., Phys Lett B 681 (2009) 305-309 I D I LWI I : ; : ;
-1.5V

Cipp=+4V Viep=
 Ge crystals@~18mK @ LSM
« Discriminate nucl./e" recoil via dual readout of
phonon and ionization, FID for fidualization
« EDELWEISS-III (2016): >3000kg.d with 24FIDs
» 8 FIDs with lowest threshold + background model
+ maximum likelihood analysis = low mass limit

[Eur.Phys.J. C76(2016)548]

Cbott: '4V Vb0ﬁ= + 1 . 5V

% 19 : T
8 | 8 detectors combined E 10%  \eoeLwessmeor
£ 496 kg-days = &
= | B B
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c 10 0 &
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5 104
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o 42|
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2
Courtesy of B. Siebenborn / EDELWEISS (Slides from UCLA DM2018) WIMP mass m,(GeV/c")
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EDELWEISS

Courtesy of J. Gascon / EDELWEISS (Slides from TAU

P 2017)

m [ArXiv:1707.04308]: Complete study based on present measured
backgrounds and resolutions vs possible improvements
l’,\ll.
Lower thresholds ;"1". Use of Luke-Neganov boost to
10-38 S S . ,:' E lower thresholds (up to 100V bias)
- TN\l \EDWllresult 2016, s '12. ;'l' Improve heat resolution
[T RNG RIS S g = N, | =300V~ 100 v
5 10 \ P ] — e el = ( x5 gain in sensitivity already
Ew_.n S~ —_ —N — H ?_ achieved on 200 g detectors)
AN FOWATS00 ke, comeneble W= N1 3. Reduction x100 of heat-only
S s 00V, N e background
Em"‘f’ ‘*EE.HD h"-*"’-r: \‘\\ 8V, 200 eV, 781 |
2 = - = - ! p . i i i i
: EDWY 50 000 kg, ettt 4 -u\».\_:\h_“..____a._,,,:: 4. Improve ionization resolution
S 10°* e 100 V.. ion. 100 €V heat, Compton/10, no ?_EH N Gion = 200 eV, — 100/50 eV,
g1-::-“5 ?‘n BV
. s HOfToe
1o~ o | ! N | | v~ Also: effect of improved neutron/
-1
81071 2 wmfp Ma:s[éevfc*]? 8910 20 gamma background (+ increased
mass) in the environment planned
for SuperCDMS at SNOLAB
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EDELWEISS-LT

operation of 4x870g at 100V for 150 day in current LSM background

10738 T~ 1 T T ] TR it
. T~ \\\; B \‘—‘T‘ — \
Heat thresholds can be improved by - \| \EDW il result 2016,
& 100 V, 100 eV eat \_ \
\200 eV, ion) \) i T
. S

<<\

applying larger bias voltages

m  Heat sighal boosted by Neganov-Luke effect
(~Joule heating, factor [1+V,../3] )

m  Loss of ionization-based bkg discrimination:
method benefits low-mass searches only
-2 104 cm? with 500 kgd and current bkgs

v 100V bias already achieved

m ]
ey —_ - " - by
s & 2 3 & °
'S A 'S A & ©
S @ [ 2 ) ©

WIMP-nucleon cross section [c

-

<
»
o

v Observe nucl. recoils down to ~0.1 keV,,

v First WIMP Data@100V analysis underway | g1 s P
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EDELWEISS-DMBS8

= Cold front-end: replace JFET @100K with HEMT (High Electron Mobility Transistor) @4K

m  Can be operated at 4K: shorter cabling -> reduced capacitance -> better signal/noise
m  Successful HEMT amplifier with sub-100 eV resolution operated on a CDMS-II detector

[A. Phipps et al., arXiv:1611.09712] 2 mm spacing > 4 mm spacing
= EDELWEISS electrode design with lower capacitance: ’ —

2 > 4 mm spacing already achieved. Goal: reach 50 eV..
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EDELWEISS-DMBS:
Operation of a 200 kg array
@8V (with nuclear recoil
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background environment of
SuperCDMS @ SNOLAB
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—
o
A

B,y ..
"""""""""""" ) 3 Probing the region of the
EDW-DMBS coherent scattering of 2B
' solar v's with resolution
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810" 1 2 & & 8 B TSR0 20  and discrimination
[arXiv:1707.04308] WIMP Mass [ GeV/c® ]

Courtesy of J. Gascon / EDELWEISS (Slides from TAUP 2017)
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| g H E P H Y Direct detection: new results from
s

solid state experiments

Inslitute of High Energy.Physics

SuperCDMS

 Si, Ge crystals with O(1kg) @ O(10mK)

» iZIP: discriminate nucl./e" recoil via dual readout of
phonon and ionization, fidualization

« CDMSIite: Luke-Neganov boosted signal,
no discrimination power

« 2011-2015 @ Soudan, = moving to SNOLAB

CDMSlite [Phys.Rev.Lett. 116(2016)071301]

1.2 ‘
! Trigger ‘ |
| -——
al. — 100 | Sl Thresholds
- T>3 113
2o < z
s 0 = =
c S ol
I [T
2 S A1
N a4 0 0.5 1
5 2
0.3 g 1y “T ﬂ‘Jhr
5!
- HW
% 20 40 60 80 100 H , . .
Recoil Energy [keV] 0 4 6 8 10 12

Ener keV
Courtesy of B. Loer / SuperCDMS (Slides from UCLA DM2018) gy [ ee]
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1l H EPH Y ~ Direct detection: new results from
< &'w 8K solid state experiments

ristitdte of High Eneray:Phusics .

SuperCDMS @ Soudan

Ongoing analysis of Soudan data, e.qg.

» Majority of SuperCDMS dataset + Few keV threshold
« 2 calendar years, ~1700 kg.days « BDT background discriminant
[Phys.Rev.Lett. 120(2018)061802] e Observed 1 event, 0.33 expected

—_ —_ —_—
Q Q <
~ = e
W \] —_—

—_

=
1SN
(&2}

—_

t
i
(o)}

WIMP — nucleon cross section [cm?]
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WIMP Mass [GeV/c?|
Courtesy of B. Loer / SuperCDMS (Slides from UCLA DM2018)
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SHEPHY

Direct detection: new results from
solid state experiments

“Institdte of High Energy:Phusics

B Passed CD3 review last month to
begin construction

SuperCDMS @SNOLAB

B Underground installation starts next
year, completed by 2020

Dilution
fridge. .

Radon
' | Barrier

60 cm water
20 cm Pb
30 cm HDPE

{

Outer 10 cm: new lead
9 ¢cm < 19 Bg/kg Pb210
1cm < 0.08 Bg/kg Pb210

E-tank

Seismic isolator

10 HV, 50 iZIP
100

160

40

 Tsowm | snose
Phonon resolution, eVt ~250
HV Bias Voltage, V 70
iZIP Charge resolution, eVee ~400
HV Threshold, eVnr 300

B 4 tower initial payload
M 2 HV (4 Ge, 2 Si each)
l 2iZIP (6 Ge in 1, 4/2 Ge/Si other)

B Fridge, cryostat capable of 31
towers, nominal 15 mK

Courtesy of B. Loer / SuperCDMS (Slides from UCLA DM2018)

“April 5, 2018

31



. H E PH Y Direct detection: new results from
= solid state experiments

Institdte of High Energy.Phusics

SuperCDMS
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10742
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Dark Matter-nucleon og [pb]

Dark Matter-nucleon og, [cm?]

10744

-45 L
10 0.5 1

Dark Matter Mass [GeV/c?]

Courtesy of B. Loer / SuperCDMS (Slides from UCLA DM2018)
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e ‘ solid state experiments

‘Institute of High Energy-Physics .

SuperCDMS

107
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o

10742

1074

Dark Matter-nucleon og [pb]

Dark Matter-nucleon og, [cm?]
)

10744
For dark photon search

—> see talk by Belina von Krosigk
this afternoon

10—45 [ . !
Dark Matter Mass [Ge

Courtesy of B. Loer / SuperCDMS (Slides from UCLA DM2018)

“April 5, 2018

33



Y H E P H Y Direct detection: new results from
n solid state experiments

Inslitute of High Energy.Physics

675 um thick, 16 Mpix CCD, 6 g DAMIC

- @ SNOLAB

« 16Mpix CCD, 675um thick, 6g Si @ 140K

« 7x CCDs stable data taking

» Background reduced by factor of 3-4 to ~5dru
« Threshold as low as 50eVee (=600eVnr)

* 7.6 kg.d background data

» So far, 4.6 kg.d for DM search

Copper Kapton
module \ 107 WIMP DM 10-10 Hldde_n phOton DM
< This work ' PRL 118, 141803 (2017)
810 0.6 kg d PRD 994, 082006 (2016) . :
- Exposure 0.6 kg d 107 I Wy
a107%® S,
b 1012 L
g ---------
%107 . —
E CRESST II 2015 - 52\kg d e107BL N Tl
U107 Exposure 11.5gd | X~ T
e FE s T, TR ST NS e
$ CDMSLite - 70 kg d 107} __pAMIC (DM) 1 Il
~10-4! ; - - -\
il - Dish Antenna (DM) I PR -
? 10715 | - XENONI10 (DM) 1 V4
-42
g10 LUX - 14 ton d \ CDMS-II Si - 140 kg d —-XENON10 (Solar) -
g +«+=Solar power loss (Indirect)
1074 ] | 1016 "
10 10° 10
WIMP Mass [GeV c?] my [eVe?)

Courtesy of A.E. Chavarria / DAMIC (Slides from UCLA DM2018)
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SHEPHY

“Institdte of High Energy:Phusics

Direct detection: new results from

solid state experiments

DAMIC

Projected sensitivity

0, [em?]

TR |

10—y
10—3()
1097

107>

CDMS-II Si

-39
10 (2013)

10"

.............

------------

107"

42
107
DarkSide-50

(1]
Xenon L),

107%

experiments

Illllml IIII[ml III]mT] Illllm'l IIIII|T|| I]II[ﬂTl IIIImTl TTTIT

1O H et s
1 10
My [GeV]

Current exposure (03/2018)
and bkg (5 keV/kg/d)

exposure by end 2018

Exploring for the 1st time the CDMS signal with the silicon target
and a much lower energy threshold (0.6 keVn ~ 0.05 keVee)

Courtesy of M. Settimo / DAMIC (Slides from 53 Rencontres des Moriond)
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SIHEPHY

‘Institute of High Energy-Physics .

Direct detection: new results from

solid state experiments

DAMIC-M

» Next stage @ LSM: 1kg Si
» Skipper readout for sub-eV noise -«

6k X 6k x 1mm CCD, 20g
Further reduced background

Projected sensitivity

2
g, [em?]

107
107°
1077
107
107
107"
107"
1042
10—43

107+

WIMP search

-I\Il\ml ||\|I1TI] IIII|T|T| IIIII|T|'| I\III|T|'| I\II|T|T| II\I|T|T| TTIT

Xenon
experiments

(2018)

10

o, [em?]

10730 pr—

10731
10—32
10*33
10-34
10—35

10—36 [

10737

1038

10—39

10 40}

10*41
10*42

10-43, T I

Courtesy of M. Settimo / DAMIC (Slides from 53 Rencontres des Moriond)

DM-electron scattering via
ultra-light hidden photon

XENONI10

m APTITY BT ETEEIRTTIT BRI RS TTTT e ]
1 10 102 100 100 105 10° 107
my [MeV]
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e ‘ solid state experiments

‘Institute of High Energy-Physics .

Electron Recolls

“April 5, 2018
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. H E PH Y Direct detection: new results from
= solid state experiments

Institdte of High Energy.Phusics

S —

2 AT

SENSEI

@ Fermi National Accelerator Laboratory (FNAL)

CCD 724px x 1248px x 200um, active mass 71mg @ ~130K
Skipper readout (multiple readouts): ¢ « 1/vVN

dark current is limiting factor

Oe- peak: readout noise of 0.068 e~ rms/px

Currently: FNAL underground (~100m)

Surface run: 19mg.d

O | ' L
— 4000 I i
= 20000 PR . .
Ll + ano; % i
‘ b 3 sso0f- =
o 300? é
1500} 1]
g E »
el B = I 100 E
: | 1000} J Ml ER
3 ] i e T
o [ 0 10 20 30 40 50
(1] - charge [e]
o 7 i |
500+ .
10-1_ - L ]
N B il ~8 - ﬂ
1 10 10 10 i
number of samples per pixel 0= ‘ : : ' : — e

0 1 2

Courtesy of T.-T. Yu / SENSEI (Slides from UCLA DM2018) / Phys.Rev.Lett. 119(2017)131802, arXiv:1706.00028 Charge [e7]
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aS i | B I B solid state experiments

, ~:|nsrirute‘“c_1f-H\|':gl‘_1 Energy,Physics .

SENSEI

Results surface run

heavy dark photon electric dipole moment ultralight dark photon
10—2?
10_ 19 F T T T 3 _i9 T 2 T T
1028 10-20F Foy=am,/q ] ig_zu F Py =(am./q) 3
=21 ] F -
10727 %8_22 ] & ] 10—33 a > ]
10730 1072} 8= 1 1070 = P —
101 100t SENSEL 1 1000 o P
32 ].0_26 F AMOsphere - gt 3 10-25 a““ospbﬁf"s 3
— 10321 — 10-27} THealtering, g iny, — 1A
2 10 o %8—28 £l % 10 3? - \ SENSEI R
= 107°F <4 i 2 10—29E i 5 10‘28 F partmsoetET
Ik %, v TA=301 1 1070}
10724 R =i 1 b 3
1075 XENONIO &, | 1072 ] 10:2? . 1
e XENON100 %, 1077 r XENONIO i 10701 3
107% DarkSide—50 I L et S { 1072 i
I%e_ 10 B omle 1 10—33|_ Hle
10727 B5 ] —3g| M 2er Ma-s XENON10 1
B 10l B ; 10774 B3 ;
10723k 1 =1 1 1072} ]
1 1|0 |2 |3 ]-0 e I L |2 3 5 10—36 I I |2 5
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Courtesy of T.-T. Yu / SENSEI
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ZSHEPHY

“Institdte of High Energy:Phusics

Ultimate goal: 100g Si
Projected sensitivity

Direct detection: new results from
solid state experiments

SENSEI

ultralight dark photon

Beam dump
Collider |
WIMP-DD

Searches

Courtesy of T.-T. Yu / SENSEI (Slides from UCLA DM2018)

XENON100

Fpm=(am,/q)* -

my < keV
Ll . L

e e

0

“April 5, 2018
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/, H E PH Y | Direct detection: new results from
e ‘ solid state experiments

‘Institute of High Energy-Physics .

MELIES DANAE

» Proof-of-principle @ HEPHY, MPG HLL Minchen

« Si DEPFET matrix with multiple readout (DEPFET-RNDR)
» Prototype with 64px x 64px x 450um

» Fast framerate—> potential to run it with p-veto

» Single electron separation with 50 possible

« < Vacuum and cooling test (@200K) done in March 2018
* Next: readout implementation and tests of the matrix

* Goal for DM search: 1kpx x 1kpx x 1mm, 3.2g/device

Setup at’

&)
yr | )

' ‘ — 107%
% / o= 0’21 ¢ S
e 436
" | | | ' 10
50 Il —— Without laser (Noise peak)
—— Weak laser (poissonian photon distribution) -37
—— Gauss fit to noise peak 10 excluded by Xenon10
excluded by Xenon100
40 - -38
_u,, @room temperature o
3 il
3
-39
3 l 10
10740 —
20 u'J]' AN _ —
] {H 10741 o
10 E;=3e’, 6 background events, 1.0 kgy
-42
] 10 E;=2e, 6 background events, 0.1 kgy
E;=2e, 10 background events, 1.0 kg
0 . ~  —n_ — Fl]]ln&m[';’l.ﬂ,_m 1078 T 9 gy|
3 4 5 6

A 0 1 2 E;=2e, 6 background events, 1.0 kgy
L I L L 'l L Ll 1 1 I L L L 'l L1 I

Pulseheight (# Electrons) [ —— o Py
[Eur.Phys.J. C77(2017)905] m, [MeV]

Courtesy of H. Shi / DANAE
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‘Institute of High Energy-Physics .

Search for
annual modulations / signal in Nal(TI)

“April 5, 2018
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| 12 HEPH Y -

ristitdte of High Eneray:Phusics .

DAMA/LIBRA

* @ LNGS
« Scintillating Nal(Tl) crystals

« DAMA/Nal: 100kg Nal(Tl)
- 0.29 ton.yr

« Cosinusoidal signal compatible
with T=1yr, t;=June 2"
« DAMAJ/LIBRA-phase 1:

250kg Nal(Tl), new DAQ,
improved purification,

Direct detection: new results from
solid state experiments

Vo(t) = Viun + Voo COSYCOS[0(1-10)]

= |

dR

AE, R

EdER = 8o S, cos[a(t—1,)] .

* Wien — 232 kmy/s

(Sun velin the
halo)

* Vo =30km/s

(Earth vel
around the Sun)

e v=1/3, 0 =2n/T,

T=1year

to =29 June
(when vg is
maximum)

(@]

oo O (ool el eRh
o FENON R0 =
TITIT T

- 1.04 ton.yr

« DAMAJ/LIBRA-phase 2:
new PMTs with higher Q.E.,
trigger threshold
down to 1keV

coop

Lol
=R=R=N=

Residuals (cpd/kg/keV)
L
a

_p1 B

J

DANIA/NAL (.29 0537 =
(target mass +87.3 kg): |

— "DAMA/LIBRA (1.04 tonxXyr) —
| (Far'get mass =232.8kgj |

Ehdas

fi;/-r\\/i \Ua NN
T :‘i'@” el :
: : WE R ! ;
N R N RN o
000 2000 30 000
continuous line: t, =152.5d, T=1.0y Time (day)

Courtesy of V. Caracciolo / DAMA (Slides from UCLA DM2018)
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Dlrect detection: new results from

DM Model IndependenT Annual Modulation Result

experimental residuals of the single-hit scintillation events rate vs time and energy

DAMA/LIBRA-phase2 (1.13 ton x yr)

1-3 keV

E ) - DAMAILIBRA phase2 =250 kg (1.13 tonxyr)
3 ! Tt
2

@ 04 !

S !
~ 1 - ! |

Time (day)
1-6 keV

% — DAMA/LIBRA-phase2 =250 kg  (1.13 tonxyr)

E‘

@

T -0

-1

=

m =

2-6 keV
e DAMA/LIBRA-phasé2 =250 kg (1.13 tonxyr)

Residuals (cpd/kg/keV)

. Timer(rday)

Time (day)

Absence of modulation? No

+1-3 keV: 2/dof=127/52 = P(A=0) = 3x108
*1-6 keV: x2/dof=150/52 = P(A=0) = 2x10
«2-6 keV: y2/dof=116/52 = P(A=0) = 8x107

( Fit on DAMA/LIBRA-phase2 \

Acos[o(t-ty)] ;
continuous lines: t, =152.5d, T=1.00y

1-3 keV
A=(0.0184+0.0023) cpd/kg/keV
v?/dof = 61.3/51 8.0 o C.L.

1-6 keV
A=(0.01050.0011) cpd/kg/keV
v2/dof = 50.0/51 9.5 o C.L.

2-6 keV

A=(0.0095+0.0011) cpd/kg/keV
\ v?ldof = 42.5/51 8.6 O C.L./

The data of DAMA/LIBRA-phase2 favor the presence of a modulated
behavior with proper features at 9.50 C.L.

Courtesy of R. Bernabei / DAMA (Slides from CSLNGS March 26, 2018)
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Dlrect detection: new results from

Model Independent DM Annual Modulation Result

experimental residuals of the single-hit scintillation events rate vs time and energy

DAMA/LIBRA-phase1+DAMA/LIBRA-phase2 (2.17 ton x yr)

2-6 keV
s 0.08 < — DAMA/LIBRA-phasel (104 tonxyr) ———————> T DAMA/L[ERA-phaser(1.13 tonxy) —————F—>
2 | s | : i | s e SRR i o
3 o002 [ : I E : :' : . N
LENEENE PN NENP PPN ?% ﬁ%’%ﬁ &%
P R Y I R Y Y Y T
E_O'ME_ i | | 5 i | A
e I Lt | R L j 4 R BTN S B N
A 4000 5000 6000 7000 8000
Time (day)
( Fit on DAMA/LIBRA-phase1+ \
e o ™ DAMA/LIBRA-phase2
‘ e of Wioauiation® No
[se?: OV ORI IGE P(A=0) =2 8x10° J Joosialtlls
X : : continuous lines: t,= 152.5d, T=1.00y

2-6 keV
A=(0.0095+0.0008) cpd/kg/keV
\ v2/dof =71.8/101 11.90 C.L. /

The data of DAMA/LIBRA-phasel +DAMA/LIBRA-phase2 favor the presence of a
modulated behavior with proper features at 11.9 o C.L.

Courtesy of R. Bernabei / DAMA (Slides from CSLNGS March 26, 2018)
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: "I'Qﬂl, HEPH Y _ Direct detection: new results from
R /.2 B s g E N i ot .,

Releasing period (T) and phase (1) in the fit

AE A(cpd/kg/keV) T=2n/w (yr) t, (day) Cc.L.

(1-3) kev | 0.0184:0.0023 | 1.0000:0.0010 153+7 8.0c

DAMA/LIBRA-ph2 (1-6) keV | 0.0106:0.0011 | 0.9993:0.0008 148+6 9.60
(2-6) keV | 0.0096:0.0011 | 0.9989:0.0010 145:7 870

DAMA/LIBRA-phl + | (2_6) keV | 0.0096:0.0008  0.9987:0 1 12
DAMA/LIBRA ph2 | (276) keV | 0.0096:0. 9987:+0.0008 | 145:5 0o

DAMA/Nal +
DAMA/LIBRA-phl + | (2-6) keV | 0.0103:0.0008 | 0.9987:0.0008 145:5 12 .90

DAMA/LIBRA-ph2

Acos[w(t-t)]

DAMA/Nal (0.29 ton x yr) +
DAMA/LIBRA-ph1 (1.04 ton x yr) +
DAMA/LIBRA-ph2 (1.13 ton x yr)

_ total exposure = 2.46 tonxyr

y

Courtesy of R. Bernabei / DAMA (Slides from CSLNGS March 26, 2018)
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Dlrect detection: new results from

DM Model Independen‘r Annual Modulation Result

Single hit residual rate
(red) vs Multiple hit
residual rate (green)

+ Clear modulation in the
single hit events;

» No modulation in the
residual rate of the
multiple hit events

DAMA/LIBRA-phase2 (1.13 ton x yr)
Multiple hits events = Dark Matter particle “switched off"
_ 1-6 keV
T oo | A=(0.0004+0.0004) cpd/kg/keV
g 0.01 7 ® |—:r!—|
% 0 =r— ‘ Vv =
57001 E l—§—||_§_:—l—<
E_OI027 | 1|11|31|| | | | [ T R
Time (day)
_ 2-6 keV
g ook A=(0.00025:0.00040) cpd/kg/keV
;&: 001 .
& o Eo—w i }—i—‘—‘rV—t:E
2 :;‘—V—Izv:tzij,__ vY—
s |
é_O-OQ:—II'l\\||I||§\‘||II||\|||I||\‘ [ T R R
Time (day)
This result of fers an additional strong support for the presence of DM particles in
the galactic halo further excluding any side effect either from hardware or from
software procedures or from background

Courtesy of R. Bernabei / DAMA (Slides from CSLNGS March 26, 2018)
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Dlrect detectlon new results ligelnt!

Ener'gy dls'rr'lbuhon of the modulation apll'ruds

R()=5,+S5, cos [a) (l‘ —1, )] DAMA/Nal
+ DAMA/LIBRA-phasel
here T=2r/w=1yr and t,= 152.5 day + DAMA/LIBRA-phase2
total exposure: = 2.46 tonxyr

> 0.05 -
Eno.ozs Froee AE = 0.5 keV bins
a. 0 as ARSTRSNSIESSL NI S S AE s e
)
£0.025
w L
0.05 o

\
0 2 4 6 8 10 12 14 16 18 20
Energy (keV)

» A clear modulation is present in the (1-6) keV energy interval, while
S,,values compatible with zero are present just above

+ The 5, values in the (6-14) keV energy interval have random fluctuations around zero with x? equal
10 19.0 for 16 degrees of freedom (upper tail probability 27%)

+ The 5, values in the (6-20) keV energy interval have random fluctuations around zero with x? equal

to 42.6 for 28 degrees of freedom (upper tail probability 4%). The obtained %? value is rather large due
mainly to two data points, whose centroids are at 16.75 and 18.25 keV, far away from the (1-6) keV energy interval.

The P-values obtained by excluding only the first and either the points are 11% and 25%.
Courtesy of R. Bernabei / DAMA (Slides from CSLNGS March 26, 2018)
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Direct detection: new results from

SR U I S _ __

Is it an "universal” and “correct” way to
approach the problem of DM and comparisons?

SuperCOME Sougan COME-ite
SuperCOME Soudan Low Threshold

-39 I = 0MS I Ga Low Trveshold (2011) o,
10 — AR 10
\_0 \\
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S e S\ . &
3 10-'43' 8 - 11077 3
A Y .
2 10~ i 7 s 2
§ 10 Be \q : 10 E
5 . N va i - : 3)
o 10_45 _NeUtTInOS . N T > 'E e | 10_9 [t
g ol e
B 107} N\, "t s et e GO B 11010 S
= o\ .'.. e T D2 5 T
| Yo tummmivannl FUEES .
[aW) 10_47 - (Green ovals) Asymmetric DM \ ‘s T ’ ‘ 10_11 &
> (Violet oval) Magnetic DM LTS 1L z
< —48 | (Blue oval) Extra dimensions X N1 R 11n—-12
= 10 {Red circle) SUSY MSSM ‘ ENONLHUPGHACS ’sNBNe\I“‘“os 10 =
A MSSM:Pure Higgsino /‘Menc and ©
10~4°+ @ mssm:A funnel \ 2 P\m\osph {110-13
@ MSSM: Bino-stop coannihilation
10_50 * MSSIM: Binol-squa.rk c_oalnrzir:iI.a.tiPn A G e : L N s 10_14
1 10 100 1000 104
)
WIMP Mass [GeV/c]

No, it isn't. This is just a largely arbitrary/partial/incorrect exercise

Courtesy of R. Bernabei / DAMA (Slides from CSLNGS March 26, 2018)
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SR U I S __ __

Direct detection: new results from

Is it an "universal” and “correct” way to
approach the problem of DM and comparisons?

SuperCOME Sougan COME-ite
SuperCOME Soudan Low Threshold
o TS 1| 38 Low Trvasnold (2011) i
10739 P ac A4 0 Low d¢011) : T 1073
. \ \ \ 2
v S > \' >

10~40; 1104
Q| 410 -5 —
10 10~ 7
() Flees
= 10742} 110¢ g
S R e &
g 1078} o ‘ o J107 8
@ -~ s 7
2 1074} U e 10°% §
= 5 e _CEA =77 o
Q = -
= 107 S B0 &
S RNt 5
2 107} e e0e SE e 110710 2
T et T
QI_ 10—47 st :'—‘—‘ 10_11 o
= - =
p— 10—48 | (Blue oval) Extra dimensions XENON1T UPGRADE 1008 10_1') ;
= {Red circle) SUSY MSSM coHERF B Neutrin
A MSSM:Pure Higgsino /\’ oG and O
10~49+ @ Mmssm:A funnel Wy o= ¥ e 110-13
@ MSSM: Bino-stop coannihilation
10-505 * MSSIM: Bino.-squa.rk c_oa‘nr:ir:ilfa.tilc;n o ; N ; 10_14

I 10 100 1000
WIMP Mass [GeV /¢

- As DAMA pointed out, we need a model independent test of the observation
No, it isn't. This is just a largely arbitrary/partial/incorrect exercise

104

Courtesy of R. Bernabei / DAMA (Slides from CSLNGS March 26, 2018)
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a HEP H Y ~ Direct detection: new results from
solid state experiments

nshrute of H'gh Energy Phgsncs :

ANAIS

« @ Canfranc (LSC, 2450mwe)

« 3x3 matrix of 12.5kg Nal(TIl) = 112.5kg
 ANAIS-112 DM run started on August 3, 2017
« Triggering down to 1keV,,

» 5 years data taking needed for a 30 result

[arXiv:1704.06861]

1072 31074
4101
103 F

110%

90% probability of detecting ) &4
an annual modulation signal at L

90% CL o 160 10010046

M, (GeV)

410

_Courtesy of M.L. Sarsa / ANAIS (Slides from UCLA DM2018) |
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| g H EPH Y ~ Direct detection: new results from
Lz &'w 8K solid state experiments

Insfitdte of High EnerayiPhusics .
Quter Detector

« COSINE100 = DM-Ice + KIMS

* @ YangYang Laboratory (Y2L)

» 8x Nal(Tl) crystals = 106kg

ol « COSINE-100 running since Sep. 2016
T e e - Background: 2-4 x DAMA avg.

) ’ » R&D for higher purity for COSINE-200

COSINE-100
Shielding Structure

[Eur.Phys.J. C78(2018)107; arXiv:1710.05299]

€ 10 IBAmmansy
o E \’ FE DAMA allowed region (90%C.L., 30, 50)
~ C : COSINE-100, 2 years of data
S 108 | — — 220 keV,,, Median Sensitivty (90%C.L.)
= E — — 1-20 keV,_,, Median Sensitivty (90%C.L.)
Q - O+1c O*20
g 1 0_39 = : H H
w0 =
8 C
= 40|
o 10 =
c =
S C
s 107
=) =
s C
S 109
E 43|
wn 10

Courtesy of R. Maruyama / COSINE-100 (Slides from UCLA DM2018) WIMP Mass (GeV)
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Institdte of High Energy.Phusics

¢+ SABRE

» North and South twin experiments with Nal(Tl)
—>rule out potential seasonal effects
» Proof-of-principle @LNGS:
~liquid scintillator vessel, shielding, detector enclosure
« 2015: 2kg crystal with 9ppb #°K, goal: 5kg crystal
« Expect data taking in 2018

 SABRE in the south (Australia): 50kg Nal(Tl):
« @ Stawell Underground Physics Lab (3000mwe)
* Start vessel tests in 2018, lab ready in early 2019

e

Courtesy of B. Suerfu / SABRE (Slides from UCLA DM2018)
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solid state experiments

nstitdte of Hioh Energy:Phusics .

PICOLON

_Courtesy of Y. Takemoto / PICOLON (Slides from TAUP2017)

Project @ Kamioka Underground
Observatory

» @47 crystals of purified Nal(TI):

U/Th ~ DAMA,; 40K, 219Ph > DAMA

 Feb. 2018: 5" x @5” crystals of ~5kg Nal(TI);

>230 kg.d background data under evaluation

» Goal: test DAMA with 3x3 array of @5”

crystals, ~53kg Nal(TI)

* Future: KamLAN-PICO: 247kg Nal(Tl) inside

KamLAND

April 5, 2018
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solid state experiments
Inshrute of H”gh Energy Phgsncs :

" COSINUS

-« Si beaker as light absorber o Proof-of-principle @ LNGS

< Nal target crystal » Successfully run: 66g Nal @ O(10)mK
» Discriminate between nucl. and e- recaoil

/lnterface . . ;

1 _ * Next: quenching factor measurements

g =—=__ el orystals from Astrograde-powder (~4ppb 4°K); test Nal(TI)
e Thesmal Rnk «  COSINUS-11: O(100 kg.d) to see DAMA-like nuclear

recoils signal

40K contribution (600 m Bq) and flat background 1c/(keV kg d)

Light Yield
o &
R

3 14p
T 12 . . elg-band
i3 =) } e
1 - 1
0.8 0.8 . SR R
0.68 , | | 00 Signal simulation
" Calibration data . 0.4 [Eur.Phys.J. C76(2016)441] Narecsils
0.4 ~ . . . . 0.2
N _Na-recoils
0.20 . : 0
~ H7=Yalall[s _ -0.2F
0 SR = === & WIMP events from simulation
7 0.4
0 2 \ | | | | | | | | ‘ | | | | ‘ | | | | ‘ | | | qarrl\er p\llerllt\s : : : : 1|0 : : : : 2|0 : : : : 3IO : : : I4|0 : : : : 5|0 : : : : 6|0 I I I I 70
10 20 30 40 En gl?gy (kev-;o ) Energy (keV)
_ 1 . 2 . —
_Courtesy of F. Reindl / COSINUS (Slides from TAUP2017) DAMA-like: 10GeV/c , 210 pb [Savage et al'] |
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N | solid state experiments

‘Institute of High Energy-Physics .

Summary

« Solid state experiment are multi-purpose tools: sensitive to dark
photons, SIMPs (at surface), CNNS (in the future), ...

« DM-nucleon scattering: solid state experiments are exploring the
parameter space well below 1 GeV/c? (CRESST down to
350MeV/c?) or plan to do so in the near future (EDELWEISS,
SuperCDMS, DAMIC).

 DMe-electron scattering: extend sensitivity down to sub MeV-scale
(SENSE).

« DAMAJ/LIBRA-phase 2 increased the significance of the observed
annual modulation to 12.90. Several experiments are taking data
(ANAIS, COSINE-100) or plan to do so to test the DAMA/LIBRA
result in a model-independent way.

" April 5, 2018 56
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‘Institute of High Energy-Physics .

Additional slides

“April 5, 2018
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e ‘ solid state experiments

‘Institute of High Energy-Physics .

The CRESST experiment

Cryostat
(Ei=; ';; = == .
Located in Italy, — A é = = n shield:
under the Gran Sasso mountain, ~Active pveto —=4=4 0| = 45¢cm PE
at the LNGS @ ~3600mwe y shield: 4 /F_ | __— *nner PE
u's ~3:1078 s 1cm™2 20cmPb é; i % =
Y's ~7-10"1 s 1cm™2 T |_T[ i
‘ ~A . -6 .—1 -2 . o | ] == MN
ns 4-107" s "cm 14cm Cu against B B
background from Pb i g =8 Lo Ll

Max-Planck-Institut fir Physik
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N solid state experiments

Inshrute of H"gh Energy Phgsncs :

Detector A: neutron calibration

Light Yield

LR R IR DTy
R A ey S i &

i -
" a gt R oy T TE T 'IMT LT E L T T T L ST e

Energy [keV]

" April 5, 2018
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Counts

y In;rirutéloinﬁgh Energy Physics .

Detector A: energy spectrum

[arXiv:1711.07692]

70
Average background [1,40]keV: ~3.5 kgt keV-1 d?!

60 - same as in TUM40

530
40
30
20

i}

=

Energy [keV]

" April 5, 2018
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SHEPHY

“Institdte of High Energy:Phusics

Direct detection: new results from
solid state experiments

Results of CRESST-Il phase 2

T T T T T T T T T T T T T T T | T T T T T T T T
B TUMA40 data
Geant4 sum =
CaWO, - cosmogenics
+CaWo, - U/Th contamination
+Cu - far
+ Cu - near

Counts

10°

10

—_
II|||

T T T T

L L | | | 1 1 I | 1 | | | l L 1 | | 1 1 | | | l 1 Il | | | 1 | | | | 1 1

1 5 10 15 20 25

30

35

40
Energy / keV

Light yield

TUMA40: successfully
reduced intrinsic
background
Ongoing modelling
of em. background
with Geant4

Q 2I0 40 60 8IO 160 120 140
Energy / keV

“April 5, 2018
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ristitdte of High Eneray:Phusics .

CRESST-Ill: detectors

e S N U S
U U U U U
TUM73 TUM56 TUM73 TUM73 TUMS56

6/50 TES not working (including the 5 of detector |)
* The wiring is >10 years old
e ATES s a sensitive but challenging device

G-LD: no transition

I-all: no transitions

B- one iStick : heater broken
cannot be operated

C and D - iStick system:
working, but introduces
strong noise on phonon
channel

“April 5, 2018
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y In;rirutéloinﬁgh Energy Physics .

Pulse-height evaluation

Optimum filter

. . . o
with optimum filter: §
£ 10°

The Gatti-Manfredi filter maximize the o
ratio between the amplitude of the 10t
treated pulse and the noise RMS o
-IO-‘I'I

10—12

10—13

10-14

Farme [ 1m0

Spectral Density

Direct detection: new results from
solid state experiments

I'IJ III1 T T |T|'|| III1 IIIITI_l_“I'l IIII‘ IIII1 T

baseline

pulse template

f
|

V

1 0 100

Tanme [1ms]

T

Resolution typically improved by factor 2 to 3

Frequency‘gj]

A A " Ly IIM' il i M
i A V“\.""wfl'nl H"'r'] AP Iﬂ'h-".l"—'u" M'J“‘Ih'...'mm'-.am\“ '.lm IN\.lr WM
iN

" April 5, 2018

63
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7o

solid state experiments

Threshold

“Institdte of High Energy:Phusics

 New DAQ in CRESSTH-III:
continuous sampling of pulse traces

« Set threshold based on noise
distribution after optimum filter

Amplitude distribution of a typical empty base line pulse trace

=1

nalysis gain

Noise trigger rate Detector A

Analytical description of |

lOs_xamplitude distribution -

S

10 > 1

10—10 L

22.6 eV
26.1 eV

Rate of noise trigger above threshold [cts/kg d]

10—15 I 1 L ' L ' 1 I I
5 10 15 20 25 30 35 40 45
Energy [eV]
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e ‘ solid state experiments

Detector A: selections & efficiencies

Remove pulses where a correct
determination of the amplitude is not
guaranteed. Designed on non blind
data (20% of physics data randomly
selected) not included in the final
exposure

0.78

urvival Probability

S

0.77

« Data quality

events which cannot properly be 076
analyzed
* Pulse shape 074 73.6% @ threshold

-I-III|IIi|I|I.III.|IILI|IIII|III
- n

e.g. events in iSticks, pileup

11 | | | | L1 1| | L1 11 | | | | | | | 1111 | | | | | | | L1 11 |
0.5 1 1.5 2 25 3 35 4 4.5 5
Energy [keV]

 Coincidences
here: only with muon veto and
iSticks
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solid state experiments

‘|nstitdte of High Energy.Phusics .

Holder-related backgrounds

« Targetis held by CawOQO,
sticks

« Event in stick: surface
background, relaxation, ...

Signal in instrumented stick
(1Stick)

« Degraded signal in target

-

TES

" April 5, 2018 66
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Direct detection: new results from

“Institdte of High Energy:Phusics

solid state experiments

Holder-related backgrounds

0.8F W | ' | ' | W | T

0.6 iStick 7

amplitude (V)
(=]
=

o
no

o

time (ms)

Target is held by CaWO,
sticks

Event in stick: surface
background, relaxation, ...

Signal in instrumented stick
(1Stick)

Degraded signal in target

=>Stick/target is a powerful

tool to reject holder-related
backgrounds

“April 5, 2018
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SHEPHY

Direct detection: new results from
solid state experiments

« TUMA4O0: radiopurity improved by factor 2-10

'In'srirute"of-Hiigh Energy Physics .

179Ta L1(EC)

‘TUMA40’ radiopurity

« CaWOQ, crystal production at TU Munich

227AC 210Pb

~)
= (= o
- —

o

counts / [kg keV day]

N W B U M
(=]

o

80+ [Jé:AF" 5(2‘014If)18|]

Commercial crystal
TUM40

olii<— ~3.5 counts/kg.d keV

20 30 40

recoil energy [keV]

50

on average

" April 5, 2018
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: : , solid state experiments
institdre of High Eneray.Phusics

Going beyond ‘TUM40’ radiopurity

« Cleaning procedure e.g. by re- F
crystallization, chemical purification of raw Wanear

. MUNCHEN.

materials

* Recently: First steps in chemical
purification of CaCO, powder.

Measured contamination decreased by ...
e factor 2-7 for Th
» factor 15-35 for U |

" April 5, 2018 69
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institdre of High Eneray.Phusics

CRESST/nu-cleus

_ 107"+
E 10-70 -
= -~
= 1077 4 v-cleus
s Ideal
¥ o= - Surface \
E Projection
= 103 (this wnrk}"t
T
= 1n—3ﬂl -]
g
5 10736 -
[
= -
o 1073
lu-m L] T I LI T L] T L] I
102 10-1 109

DM Mass [Gevic?]

[J.H. Davis Phys.Rev.Lett. 119(2017)211302, arXiv:1708.01484]
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70



l\d/‘ H E PH Y ‘ Direct detection: new results from
2. :

solid state experiments

‘Institute of High Energy-Physics .

EDELWEISS

Gamma rejection & Surface rejection

m Rejection tested with >5000 kgd equivalent samples [arXiv:1706.01070]
m vy rejection factor: < 2.5 x 10

m  Surface evts rejection (21°Pb+210Bi 8, 210Po a, 206Pb recoils): < 4 x 105

i EDELWEISS FID 200
133Ba calibration (937977 v) 180

lonization yigld

160

140

14

=)
(=]
lonization Yield

After rejection

1.2 0

60 1k
40 08 F
>5009 kg.day I
equivalent 20 0a F

% "50 100 150 200 250 300 350 400 450 500 02f L EDELWEISSFID800 -

Recoil energy (keV) 0 1 eol - | .

10 10 10
Recoil Energy (keV)
July 24th, 2017 EDELWEISS @ TAUP2017 6

Courtesy of J. Gascon / EDELWEISS (Slides from TAUP 2017)
April 5, 2018
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Institdte of High Energy.Phusics

Direct detection: new results from
solid state experiments

EDELWEISS

EDELWEISS-LT: Heat-only background

= Standard signals on both NTDs
but none on any electrodes

m  Many studied hypotheses,
none conclusive so far

« Noise, cryogenics, stress from
detector suspension or from
glueing, natural radioactivity...

= New detector configurations being

tested to study these hypotheses
+ Deported NTD glued on separate
sapphire wafer
« Photolithographed high-impedance NbSi
TES sensitive to athermal phonons
= Dominant at low energy,
but sufficiently reproducible for
analysis of present 100V data

D

10-»38

S el -k
o o o o
IS 7 IS A
S 2 8

A
@

0

WIMP-nucleon cross section [cm ?

1074 N
& for EDELWEISS-LT: operation
of 4x870g at 100V for 150 days |
in current LSM backgrounds 105510 1 2 3 4 5 678091
WIMP Mass [ GeV/c? |
July 24th, 2017 EDELWEISS @ TAUP2017 16

Courtesy of J. Gascon / EDELWEISS (Slides from TAUP 2017)

“April 5, 2018
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’ Y e I B solid state experiments

y In;rirutéloinﬁgh Energy Physics .

EDELWEISS

EDELWEISS proj. for different voltages ﬂ(".

10'38 \\ T T T T T T T

500kgd, 0ion=1006Vee, Opeq=1008V > Heat signal boosted by Luke effect:

» 100 V bias already achieved

3
&

-----------------------

5 »  QObserve nuclear recoils down to ~0.1 keV,,
107

ES|
0¥ ;
Ng 5 RN NN N S E » ~Joule heating, factor [1+V,,./3]
gm-ao% ------ = » Loss of ionization-based bkg discrimination:
E‘]O"“;E | _| » method benefits low-mass searches
210*42; only
§ - » 10* cm? with 500 kgd and current
%310743 = bkgs

Nl ol

1074GI | ‘ | | | | | | |
8x107" 4 2 3 4 5 6 78910

WIMP Mass [ GeV/c? |
Phys.Rev.D97,022003(2018)
25  Bernhard Siebenborn EDELWEISS Dark Matter search

Courtesy of B. Siebenborn / EDELWEISS (Slides from UCLA DM2018)
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'In'srirute"of-Hiigh Energy Physics .

EDELWEISS

Detector R&D: Thermal model & heat sensor ﬂ(".

J. Billard et al., JLTP(2016)184:299

> Better understanding of heat signal 5 F — DataNTOA
» Thermal modeling of signal, <05 e
verified with dedicated R&D = E e Model NTD.S
» Identification of sensitivity to ballistic -
phonons 10°° =
» ldentification of parasitic heat capacity -
107
1075 “5 ' !

2
Time [s]

Parasitic Averaged 1 keV template

*I Best fit
85% C.L. band

Cryostat

» Sensitivity of 200 nV/keV

» (x6 wrt present FIDs)
achieved on 250 g test detectors

16 Bernhard Siebenborn EDELWEISS Dark Matter search

Courtesy of B. Siebenborn / EDELWEISS (Slides from UCLA DM2018)

" April 5, 2018
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y In;rirutéloinﬁgh Energy Physics .

EDELWEISS

IT

Detector R&D: HEMT read out
detect itch d t: foll
® JFET > HEMT ity
® Reduced intrinsic noise T_@(@ .
eedbgck
® Lower heat load detector HEMT capacitor
bias resistor switch HEMT
B Operates at 4K stage source follower
® —>shorter cabling l_ output
. detector coupling
® Reduced capacitance capacitor Topiter %

| Better SNR

600 600

® Successful HEMT amplifier soo| *'Am calibration 500 BaselliPe
. resolution
with sub-100 eVgys 5 400 2 49791 eViys
ionization resolution g 300 £ 300
© 200 © 200}
A. Phipps et al., JLTP(2016)184:505 100 100 ¢
collaboration between SuperCDMS and 0 0
EDELWEISS 0 20 40 60 -0.6 -03 0 0.3 0.6
Pulse Amplitude (keV,,) Pulse Amplitude (keV,,)

EDELWEISS Dark Matter search

17  Bernhard Siebenborn

Courtesy of B. Siebenborn / EDELWEISS (Slides from UCLA DM2018)
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SuperCDMS

SuperCDMS SNOLAB 7

Pacific Northwest

B k d NATIONAL LABORATORY
a C g ro u n S Proudly Operated by Battelie Since 1965

Predicted background spectrum in Ge HV Detectors after fiducial cuts

08
Analysis threshold =
0.04 keVnr

104 L

(events/kg-yr-keVnr)
SN

nr

w ‘\\
= 102
[+ 4
= \
\
10—4 1 i i B il | 1
1017 10° 101 4
// Recoil Energy (keVnr) l‘
1 GeV WIMP with 6 =10%?cm? 10 GeV
Total
3H and Comptons Ge activation Surface betas Surface 2%6Pb
neutrons Coherent neutrinos

@ Loer, SuperCDMS | UCLA Dark Matter 2018 2018 Feb 23 18

Courtesy of B. Loer / SuperCDMS (Slides from UCLA DM2018)

“April 5, 2018
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~ 8, g, 800 solid state experiments
Institdte of High Energy,Phusics .

SuperCDMS

Moving to SNOLAB

Proudly Operated by Ballelle Since 1965
MiniCLEAN ﬁ Cryopit

Worksh
46\ ) orkshop
DEAP é‘\ Ft DAMIC

PICO

N, P
HALO SupL rCOMS

Low Background
Counting

Entrance

Showers

2
\\ULAB

Lunch area
Meeting room

Drift B3
Cryogenics and
Access drift dibst

m Radon filter plant
[ — { |
o

ooling tanks | o&

] .g:"

. filter,
;|

& o=
Drift D - Electrical Power Distribution

@ Loer, SuperCDMS | UCLA Dark Matter 2018 2018 Feb 23 25

Courtesy of B. Loer / SuperCDMS (Slides from UCLA DM2018)
April 5, 2018

77



4 EPH Y : Direct detection: new results from
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: »'Insrirute‘Qin‘gl‘j Energy,Physics .

SENSEI

dark current

dark current| >1e- >2e" >3e
[e/pix/day] | [pix] [pixX] [pix]
measured — 103 1x108 3x103 7x10-2
[arXiv:1611.03066]
105 1x106 3x10-1 7x108
theory — 107 1x104 3x10-5 7x10-14
prediction

SENSEI with a 2-electron threshold
is a zero-background experiment!

12

Courtesy of T.-T. Yu / SENSEI (Slides from UCLA DM2018)
April 5, 2018
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YHEPHY

o+ Institdte ot High Eneray Phusics .

DAMA/LIBRA

Rate behaviour above 6 keV

* Neo Meodulation above 6 keV
% oos. 1020 keV Mod. Ampl. (6-14 keV): cpd/kg/keV
3| A=(1.0:0.6) 10~ cpd/kg/kev  (0-0032 £ 0.0017) DAMA/LIBRA-ph2_2
ooz (0.0016 + 0.0017) DAMA/LIBRA-ph2_3
% | (0.0024 + 0.0015) DAMA/LIBRA-ph2_4
i ~— ' = (0.0004 £ 0.0015) DAMA/LIBRA-ph2_5
& (0.0001 + 0.0015) DAMA/LIBRA-ph2_6

002~ DAMA/LIBRA-phase2

-0.04

B T T I
Time (day)
* No modulation in the whole energy spectrum:
studying integral rate at higher energy, Ry

* Rgy percentage variations with res%ec'r to their mean values
for single crystal in the DAMA/LIBRA running periods

Period

Direct detection: new results from

solid state experiments

(0.0015 + 0.0014) DAMA/LIBRA-ph2_7
— statistically consistent with zero

Mod. Ampl.

+ Fitting the behaviour with time, adding DAMA/LIBRA-ph2_2
a term modulated with period and phase DAMA/LIBRA-ph2_3
as expected for DM particles: DAMA/LIBRA-ph2_4

DAMA/LIBRA-ph2_5
DAMA/LIBRA-ph2_6
consistent with zero DAMA/LIBRA-ph2_7

+ if a modulation present in the whole energy spectrum at the level found in the

(0.12:0.14) cpd/kg

(0.08+0.14) cpd/kg

(0.07+0.15) cpd/kg

(0.05+0.14) cpd/kg

(0.03+0.13) cpd/kg

1(0.09+0.14) cpd/kg

lowest energy region — Rg, ~ tens cpd/kg — ~ 100 o far away

DAMA/LIBRA-phase2

2500~

2000+

:

frequency

1000 - I

500

0 S
-0.1 0 0.1
(Ryg = <Ryp>)/<Ry >

o ~ 1%, fully accounted by
statistical considerations

No modulation above 6 keV
This accounts for all sources of bckg and is consistent
with the studies on the various components

Courtesy of R. Bernabei / DAMA (Slides from CSLNGS March 26, 2018)
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ristitdte of High Eneray:Phusics .

DAMA/LIBRA

Energy distribution of the modulation amplitudes

Max-likelihod analysis DAMA/NaI + DAMA/LIBRA-phasel
R(t)=S,+S, cos[a)gt ~1,)] vs
here T=2n/w=1yr and t,= 152.5 day DAMA/LIBRA-phase2
_— [
> 0.05 -
% i AE = 0.5 keV bins
0025 - + .+
< - ety
n L
> [
50'025 u ¥2(6-20 keV)/dof = 35.8/28 (P-value=15%,)
w2 I ¥2(6-20 keV)/dof = 29.8/28 (P-value=37%,)
-0.05 7_| L1 | | I | I | ‘ L1 | | | L ‘ | | L1 | L1 | | I | | I

O 2 4 6 8 10 12 14 16 18 20
Energy (keV)

The 5,, energy distributions obtained in DAMA/NaI+DAMA/LIBRA-phl and in
DAMA/LIBRA-ph2 are consistent in the (2-20) keV energy interval:

) . (2:20)keV w2/d.0£=32.7/36  (P=63%)
1= 20074020 5 6y ey w2/d.0£=10.7/8  (P=22%)

Courtesy of R. Bernabei / DAMA (Slides from CSLNGS March 26, 2018)
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Direct detection: new results from
solid state experiments

1EPHY

, »:In;rirute”pf-Hi':glj Energy Physics .

DAMA/LIBRA

External vs internal detectors: DAMA/LIBRA-phase?2
AE=0.5 keV

% 0.04 A external

%\0 + ¥ internal

! Hﬁbﬁ ot !

oo T Tt T

b * T

@ -0.02 -

-0'04 71 11 J 1 ‘ 111 | 1 I 11 | \ 11 | I L1 | I I 1 | ‘ 11 1 ‘ 111
0O 2 4 6 8 10 12 14 16 18 20

= Energy (keV)

@

=

B} 0.04 ] Internal - External x2-Test

i 0.02 - 1-4 keV  x2/dof =2.5/6
Y S NS '#'ﬁ% e +++‘+ L 1-10 keV x?/dof =12.1/8
2, Tl Jrﬂ'%*ﬁtﬁ + 11 +‘H» T T 1-20 keV y?/dof =40.8/38
2 -0.02 -

mE-O.04 3 | | | | | ] | | |

0O 2 4 6 8 10 12 14 16 18 20

Courtesy of R. Bernabei / DAMA (Slides from CSLNGS March 26, 2018)
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DAMA/LIBRA

Direct detection: new results from

solid state experiments

Stability parameters of DAMA/LIBRA-phase?2

Modulation amplitudes obtained by fitting the time behaviours of main running
parameters, acquired with the production data, when including a DM-like modulation

Running conditions stable at a level better than 1% also in the new running periods

DAMA/LIBRA- DAMA/LIBRA- DAMA/LIBRA- DAMA/LIBRA- DAMA/LIBRA- DAMA/LIBRA-
phase2 2 phase2 3 phase2 4 phase2 5 phase2 6 phase2 7
Temperature (°C) (0.0012 + 0.0051) =(0.0002 = 0.0049) =(0.0003 + 0.0031) (0.0009 + 0.0050) (0.0018 + 0.0036) =(0.0006 = 0.0035)
Flux N, (I/h) -(0.15 £ 0.18) -(0.02 +0.22) -(0.02£0.12) -(0.02=0.14) -(0.01 £ 0.10) -(0.01 £0.16)

Pressure (mbar)

(1.1 = 0.9)<107%

(0.2 1.1) )*10°%

(2.4 = 5.4)=10%

(0.6 = 6.2)<10°

(1.5 = 6.3)10%

(7.2 £ 8.6)x10°%

Radon (Bg/m?)

(0.015 = 0.034)

-(0.002 £ 0.050)

-(0.009 + 0.028)

-(0.044 £ 0.050)

(0.082 + 0.086)

(0.06 = 0.11)

Hardware rate above
single ph.e. (Hz)

-(0.12 £ 0.16)=10°2

(0.00 = 0.12) =102

<(0.14 = 0.22) *10°

~(0.05 £ 0.22) * 1072

-(0.06 = 0.16) *10°

-(0.08 £0.17) <102

All the measured amplitudes well compatible with zero
+ none can account for the observed effect

(to mimic such signature, spurious effects and side reactions must not only be
able to account for the whole observed modulation amplitude, but also
simultaneously satisfy all the 6 requirements)

Courtesy of R. Bernabei / DAMA (Slides from CSLNGS March 26, 2018)
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solid state experiments

DAMA/LIBRA

Contributions to the total neutron flux at LNGS; =2 &, = & ; (1 + nicosw (t — tx))

*Counting rate in DAMA/LIBRA for single-hit Ri = Rox (1 + nrcosw (t — )
events, in the (2 - 6) keV energy region induced by:
» neutrons, (See e.g. also EPJC 56 (2008) 333, EPJC 72(2012) 2064,
» muons, IJMPA 28 (2013) 1330022)
» solar neutrinos. Modulation
EPJC74(2014)3196 amplitudes
Source o) M ti Ro k A = Ro knk Ar/S5P
(neutrons cm~? s7!) (cpd/kg/keV) (cpd/kg/keV)
thermal n 1.08 x 1075 [15] ~0 - <8x10°° 2, 7,8 <8x1077 | «7x107°
(1072 -10"' eV) however < 0.1 [2, 7, 8]
SLOW
neutrons epithermal n 2% 1079 [15] ~0 - <3x107% 2,7 8 <« 3x107* < 0.03
(eV-keV) however < 0.1 [2, 7, §]
fission, (a,n) — n ~09x 1077 [17] ~0 - <6x 107 2,7 8 L6x107° L5x 107
(1-10 MeV) however « 0.1 [2, 7, §]
# — n from rock ~3x107° 0.0129 (23] end of June [23, 7,8 | «7x107* (seetextand <<«9x107® | «x8&x107*
FAST (> 10 MeV) (see text and ref. [12]) [2, 7, 8])
neutrons
@ — n from Pb shield ~6x107Y 0.0129 [23] end of June [23, 7, 8] | « 1.4x 10~* (see text and «2x107° | «1.6x10°°
(> 10 MeV) (see footnote 3) footnote 3)
v—n ~3x 10710 (see text) 0.03342 * Jan. 4th * <« 7x1075 (see text) <«2x1078 «2x1074
(few MeV)
direct @09 ~ 20 p m—2d-1 [20) 0.0129 [23] end of June [23, 7, §] ~10-7 2,78 ~10° ~ 1077
direct v B ~ 6 x 10" v cm~2s~1 [26] 0.03342 * Jan. 4th * ~ 105 31] 3x10°7 3x10-°

* The annual modulation of solar neutrino is due to the different Sun-Earth distance along the year; so the
relative modulation amplitude is twice the eccentricity of the Earth orbit and the phase is given by the perihelion.

All are negligible w.r.t. the annual modulation amplitude observed by DAMA/LIBRA
and they cannot contribute to the observed modulation amplitude.

+ In no case neutrons (of whatever origin), muon or muon induced events, solar v can mimic the DM annual
modulation signature since some of the peculiar requirements of the signature would fail (and - in addition
- quantitatively negligible amplitude with respect to the measured effect).

Courtesy of R. Bernabei / DAMA (Slides from CSLNGS March 26, 2018)

April 5, 2018
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COSINUS

SIMULATION
100 KG-DAYS BEFORE CUTS

‘|nstitdte of High Energy.Phusics .

& 2

mK contribution (600 n Bq) and flat background 1c/(keV kg d)

X : ws| WIMP events
< 3 Srarveidss  Energy # Events Fraction
T 12 keV 1078 45 %
2-6 keV 1262 53 %
Na-recoils S 6 keV 46 2 o/o
I-recoils TOTAL 2386 100 %
’ WIMP events from simulation
041 1 I BRI PR BRI B
Ill)I = I20 30 40 50 60 70
Energy (keV)
Eur. Phys. J. C (2016) 76:441
DOI 10.1140/epjc/s10052-016-4278-3
7/24/17

Florian Reindl

13

Courtesy of F. Reindl / COSINUS (Slides from TAUP DM2017)
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COSINUS
COMPARE DAMA TO COSINUS

DAMA/LIBRA 2-6 keVe

Eur.Phys.J. C 56 333 (2008), arXiv:0804.2741

>
]
T

S (cpd/kg/kesg)

0 k= + 4
L AL B LI L B
0 2 4 6 8 10 12 14 16 18 20

Energy (keV)

COSINUS
E <—'::::rmal link

--—— Si beaker as light absorber

Light Yield

- Nal target crystal
Interf: Kol Na-recoils
nterface 0.2fRA!. *. >
// g N
L «—— carrier crystal (e.g. CdWOg4) [l
TES e
~«—— Thermal link 02
5 WIMP events from simulation
=04 ! ! I ! ! !
Eur. Phys. J. C (2014) 76:441 T s L s
: 2016} JEAH 10 20 30 40 50 60 70
DOI 10.1140/epic/s10052-016-4278-3 Energy (keV)
7/24/17

Florian Reindl
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Courtesy of F. Reindl / COSINUS (Slides from TAUP DM2017)
April 5, 2018
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