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WIMP Direct Search
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Observables: Characteristic Features

Annual Modulation

June
WIMP Wind V-
_—

Earth rotation around the Sun => largest
speed of the dark matter particles in the
Milky Way halo relative to the Earth ;
around June 2nd and smallest in December Cygnus

Expected seasonal variation at 2-10%
level

Directionality

The recoil rate, in the Galactic rest rack 2Y

frame, is highly anisotropic: the rate in 26 &

the forward direction is roughly an order 14 34 keV M

of magnitude larger than that in the 32 a

backward direction 30 - -3
28 - III - 2

10 WIMP events could be enough to reject 264 MIMAC ]

isotropy (Green & Morgan, Phys. Rev. D81 B e L

061301, 2010) 6 8 10 12 14 16 18 20
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P! Observables: the Rate

Event rate proportional

to: In case of positive
- Number of target ] P
. observation,
nuclei

measurements with
multiple targets are
needed

- Local WIMP density
- Elastic cross section

P.
R o N—/'O'ZN (V)

My

Spin-independent

For instance:

- liquid argon target
- 100 GeV WIMP mass

— o = 107% cm?

Rate [events Akg d keV)]

100 GeV mass
10-45 cm?

40 60 80
Nuclear recoil energy [keV]

=> 1 event/ton/year

Davide Franco — APC Paris



Backgrounds and Detector Requirements

Cosmic rays and cosmogenic isotopes

Natural (238U,232Th,?23%U,?%2Rn,..) and anthropogenic (8%ZKr,13'Cs,..)
radioactivity

Neutrinos (solar, atmospheric, diffuse supernovae)

Neutrons WIMP detector requirement:

- Large mass

- Low energy threshold

Er < 100 keV </ - Ultra-low background
- Signal/background

discrimination

Detectable Signal

Electron Recoil

Either background free or
B,y perfectly constrained background

Or clear signature (annual
modulation, directionality)
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Direct Detection Techniques

Phonons
Ge,Si: CDMS Cawo,,
Ge: EDELWEISS Al,0;3:
CRESST

c,F,I,Br:
PICASSO, COUPP
Ge: LXe: XMASS
Texono,CoGeNT LAr: LAr/LNe: Deap/Clean

3 . °
DREFT, DMTPC. -

’ ’ ArDM NaI: Dam?/lera
MIMAC NaI: Anais
Ar+C,H®: Newage LXe: CsI: KIMS

Xenon

PandaX

LUX .
Charge Light
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P - Search Status
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5 Search Status

Solid State Anomalies Noble liquids
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Inorganic Scintillators

Characteristics

* Operating at room temperature

* High density (3-5 g/cm’): large stopping power

* High light yield: low thresholds ~O(keV)

* Limited crystal size (several cm3): several detectors for large masses
* Limited background rejection (only multiple crystal cut)

DAMA/Libra

Annual modulations with high radio-purity NaI crystals
Exposure: 1.33 ton/year

Phase: compatible with June 27°¢ within 2c
Evidence at more than 9c

DAMA/NAI (029 tonxyr) 3

" =DAMA/LIBRA (0.5% tonxyrr>|

(target mass = 87.3 kg) 2-6 keV (targel mass = 2328 kg)

Residuals (cpd/kg/keV)

Time (day)

Several experiments in the next years with same
techniques (NaI, CsI) will probe the modulation signal:
DM-Ice, Anais, KIMs, SABRE
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Cryogenic Bolometers

Characteristics N

* Operating at mK temperature D yd
* Excellent energy resolution T 'WIi\\f//
 Very low thresholds <100 eV /PE

e Limited crystal sizes (100 g — 1.4 Kq) - \

* Good discrimination with phonon vs light/charge - Absorber

Phonon vs Light Phonon vs Charge
vl Lindhard nuclear-recoil energy [keVnr]
3 e /vy - “ﬁﬁ;a 4 5 6 7 8B 9
I;; 2 lNeorz
- - {
< LRGeS W g’ 3~‘:£ 15 GeVv
s [
Q S 21—
g8 2
g [ .
/a W = 1 s 5 Gev
, Soe
f Solid lines: 90% CL -
1 / Dashed blue line: 5c OE‘ - 11 cand1dates|
1 L J B N - l
15 o — 1 0 12
arxiv:1402.7137 0@l phonon energy [keV]
2 2 40 60 80 100 120
Energy (keV)
SuperCDMS
CRESST-II EDELWEISS
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Noble Liquids: Xenon vs Argon

WIMP SI cross section

WIMP SD cross section

Radio-purity

Density

Temperature

S1 Pulse Shape
Discrimination

Cost and availability

Limited to large masses
(My > 10 GeV)

Not accessible

39Ar contamination
(fixed: see next slides)

1.4 g/cm?

87.2 K (close to
nitrogen)

Yes (singlet ~7 ns;
triplet ~1600 ns)

Generically cheap (~$/kg)
+ extra costs for
underground extraction
Abundant

Sensitive also to low
masses

Accessible

Intrinsically pure

3.1 g/cm?

166.4 K

Very limited (singlet: ~2
ns; triplet: ~27 ns)

Expensive (~kDollar/kgq)
Limited world production



Single-Phase Noble Liquids

XMASS at Kamioka

* 832 kg of LXe

* Data taking ~1 year

« 642 2'' PMTs (62%
optical coverage)

e Light Yield: 14.7
pe/keV

* Looking for annual
modulation

PMT array

Clenve ben

o™ Deap-3600 at sNOLab

. Saced shell meck e 3600 kg of LAr
position ""‘ + 255 PMTs
resolution: ~cm Vewm wlodws e o Light Yield: ~8 pe/keV
S1 Coeling ool * Exceptional PSD
Acryhc flow gusdes * Ready for beginning
+ PSD - Soad

/

veto PMT,

> time

255 PMT
& loght pusdes

from L. Baudis@Solvey-Francqui Workshop 2015

Acryle vessel

Stcel shell

00 kg
Igusd arpe
Filler bhocks

Foam blocks behund
PMTs and filler blocks

Bottom spring support
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LAr Pulse Shape Discrimination

10!

1072

TT IIHl

IHIIII T T IIHI

—— Neutron

—— Electron

Averaged Wave forms

6 7
Time [us]

De-excitation times

LAr:
T ~ 6 ns

06 |

04|

singlet

Teriplet ~ 1600 ns

LXe:
Tsinglet ~ 4 ns
Ttriplet ~ 22 ns
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120 180 240
PE

rejection power: >10°



e Dual-Phase Noble Liquids

Particle discrimination through:

* Accurate 3D position identification
* Multiple-scattering rejection

* S2/S81 ratio

e S1 PSD (if available)

Ionkaﬁonr Excnaﬁonr

| |
Electrons r Ar* Ar’

I | !

[ ] [ ] [ A ( ] é Ara* Ary’
TMTIHITMTHITMT ' TMT _l |
‘\ Ar**

Smgbtr TﬂMetr

Recmﬂbﬁaﬁonr
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Dual-Phase TPC

Position reconstruction

) S2/S1 Particle Discrimination
and multiple scatter

Top [ [ Bottom - o - 2 C 3 -E
D (0] [ 8] /T (i & ~ H 380 ke e e e e L
" O [» Y/ " - = C 3 °
s W) L) [ u o 500 &
.u“ ~Hy . 3 u 3318 ER | 1 38
w/ ..“' n'n -‘4 O "w m 1y - ;‘q [ *_-1000_8
- o 3 o
" 1hd ~ . — -
-y O\ ] el = ~ -%'375? 15005
NEEER v o ls 6w ar - E :',,
EER - P K K AT | B 374— —-2000%
m"\ - CIC “u & . "l a1 ‘ - e C 5-2500
- n “ - 0 TRl . "w 3 - ™ -~ 372— B
S A C IR AN C —-3000
4= CIC)y I 370— 3
™ i = 3dim vertex TR\ - = 3500
, ™~ reconStrumion 368_7\1 1 ‘ 1 1 | ] 111 ‘ 111 ‘ 111 | L1 ‘ 11 | | 11| \ 111 ‘ 111 \_:.4000
- 02 57 . )
% S1: $.14 Pt Astropart. Phys. 35, 573 (2012) 0 20 40 60 80 100 120 :ig\pulsfimela?s]
E $2: 459.7 PE
' A double-scatter
S e wor  p —— -
Z 0.1 rejectlon .- ] £
1315 100 £
- 3 o
0.0% ' - 151 us > 3707 NR 1 200 E
0 - | 1. ‘ - Sz . .9'.
0 T8, 100 150 300 300 150 100 2655 [ 300 ;.',
Time [ps] - - - ] S
— 0,05 — 360~ <400 E
G | "~ r 3
2 0.04} o . -
g | = 3555 500
= 0,03 = ¢ -
< 002 < o 3501 s1 | {600
001} 0.0} 38k — — 2700
ol ieind b pied ! 0 20 40 60 80 100 120 140 160 180
):. o ¢ - sample time [us)
16 86.5 17 47.5 15 $5.5 196 19% 200 202 204
Time [us) Time [us)

Rejection factor ~ 102 - 103
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Dual-Phase Liquid Xenon

LUX:

calibration

XenonlT — LUX

(a) Tritum ER Calibration

log, (52 /S1) x,y,z corrected

() AmBe and Cf

20 30

S1 x.y.z corrected (phe)

XenonlT:

252 NR Calibration

;l&: 5 g P S R

: ol T U O T —

oA P e e ey
Rk o . e ted i L=

40 50

search region

Efficiency

4 Selee

Search region

20

Nuclear
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30 10 50

recoil energy [keV|

400

XenonlT: ~1 year exposure
Mass 1.3t 1.3 1t 091
(cS1, ¢S24) Full Reference Reference Reference
ER 627418 1.6240.30 1.1240.21 0.60£0.13
neutron 1.43+0.66 0.7720.35 0.41+£0.19 0.1420.07
CEvNS 0.05£0.01 0.0340.01 0.02
AC 0474227 0.10*2%  0.0619%  0.041092
Surface 10648 4.8440.40 0.02
Total BG 735420 T7.36+0.61 1.62+0.28 0.80+0.14
WIMP,, o5t 3.56 1.70 1.16
Data 739 14 2
W ER ™ Surface ™ Neutron 1 AC B WIMP " R,[”“l
1 | |

PandaX

cS1 [PE]




i DarkSide-50

Detector
050 kg dual-phase Liquid Argon TPC
« Using Underground Argon: depleted in 3°Ar

veto
* Ina 1000 ton Water Cherenkov Veto

* In a 30 ton borated liquid scintillator neutron

« Underground at Gran Sasso National Lab, Italy

Performance
S$1 and S2 Yields:

« SlYield ~7.9 pe/keV at null field
« Sl Yield ~7.0 pe/keV at 200 V/cm
« S2vyield ~23 pe / e-

Electron lifetime > 10 ms
Maximum drift time: 376 us

Position reconstruction:
« ResolutioninZ~1 mm
« Resolutionin XY <1 cm

Neutron Veto Rejection Efficiency: 99.6%

Soaa
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IAr issue: fixed!

e 10 ' ° AAr Data at 200 V/ems
. Atmospheric Ar — 25v Anti-coisc.)
G4DS o 10 2 UAr Data at 200 V/em
™ 1400 39A (LSV Anti-coinc.)
. x ~ X r Yxr ol i
the DarkSide Monte Carlo package w 107 (Flobet )
" Underground Ar VAE (Slebal Pit)
g 10 4
M PARIS: custom made LAr scintillation- T 10° Field-On
-
ionization response model g oo
H y
M Percentlevel accuracy in energy scale and 107
resolution oo | |
0 0 1000 2000 3000 4000 5000 6000
§1 [PE]
Calibration Result
16000 ¥ T T T T 1 ™ T T
t All pulses 57 I -
14000} ~——4—— DS50 Co 10° ¢ Field-Off=
| G4DS oo ' Data =
12000} - =
[ . . . - MC
10000} Single pulse . ; . “"i_, =
—+— DS50 g Fit f 3
8000/ G4DS 3 - TN ]
6000 - . wE E
4oooE ,.". .-"‘ .°_ - E
2ooo:--.-:::r::::'.--‘::'..'".. -‘. -- m! - . - ®°Kr - __I_E
s ) 2 - f le—— 3°Ar 3
(] 200 400 600 800 1000 1200 . , I I ] \ . I | .
51 [pe] l0 K1(700‘ I !OOO’ ‘ 0000' l ISOOO‘ . 1‘000(; I 11000. ' l‘lOOOI ‘ 1|000'(; I 1‘8000. 20 (I> ‘ 1'1000
1 (pel
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fQO

Advantages of Using Argon

High Mass WIMPs: > 20 GeV/c?

- Range: 45-200 keV,,

- S1 and S2 signals

- Excellent Pulse Shape Discrimination
- Background free (<0.1 events)

analysis
1”38 keV.  Atmospheric Argon ~206 keV,
0.9 WIMP. Expected. Region . 35000
0.8 - 0.-event observed 30000
0.7 NZhrssro
il —25000
0.6 - -
0.5 —120000
0.4 ~{15000
0.3
10000
0.2
5000

0.1
Lﬂ.‘- -JJ-- <. %1 [ | - 411-'{-
100 150 200 250 300 350 400 450
sl [PE]
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0

dR/dE [counts kg day ' keVT]

Low Mass WIMPs: < 20 GeV/c?2

- Range: 0.7-15 keV,,

- lonization signal only

- Profile Likelihood Analysis

- Lighter nucleus, larger recoil energy

T T TT \\\\\‘

0p= 10% cm?

--%-- Xe: M,=2 GeV/c?
--%-- Ge: M, =2 GeV/c®
-%-- Ar: M, =2 Gevic? |
—f— Xe: M =4 GeV/c2§
—— Ge: M =4 GeV/c?]

—f— Ar: M =4 GeV/c®

E,, [keV]
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i Nuclear Recoil Backgrounds

Alpha’s

Nevutrons neutron

A

- g

i

Background rejection:

« TPC: multi-scaftter

« LS Veto: efficiency from Am-C for
TPC single-NR: 0.9964+0.0004

« Water Cherenkov Veto

« Neutrons in data counted

Background rejection:
« Small fraction at low energies
Self-vetoing in DS-50!
« Smallorno S2
« Long S2 tail from TPB
fluorescence

NS

J' s Energy [MeV)
] 4 4.5 5 5.5 6 6.5

> ' an ‘
’ —— *H“ —*— Data

' .'I:Po

X

[

S
w

T

Data
MC 1.4

n+1B — o+ 7Li
VA

=
Degraded: } _
under TPB 4 \ R

T LA

. - Full energy in
- ¢ v T ft LAr

|\|||||[||II[[|N

Events / [250 PE)
(=]
@
[*TH]
‘lb
-
T
-
-
a-**
o
()

n+1"B —a+7Li*+

+

- +
4 v +
0.02 0.4} o 4
y “0",0‘"'
O.ZL 4
0 ,' P et eebed 1, PR - o » ‘.
Covv v b v b v b b v b v b b b by w0y 0 1 - —— =10
0 50 100 150 200 250 300 350 400 450 500 30 is a0 45
Energy [PE] Sl |PE)
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i Electron Recoil Backgrounds

Internal 3?Ar and 85Kr
External gammas

Events/[2 keV)

=
10 No A N,
E vl | \ L ead
V) \ \'j
1 J N | .. o I L 1 .
() 500 1000 1500 2000 2500 3000

Energy [keV])

Energy [keV]

Background rejection:
 Underground Ar

« §1 fraction in max PMT

« PSD: fyg = S1 fraction in first 90 ns

* Design cut to reduce ER to <0.08

event of background

Davide Franco — APC Paris

Cherenkov

Fused Silica
Ar gas pocket

l ] l l l
L

:

LAr

Fused Silica Cherenkov BG

7 Fused Silica
Ar gas pocket

T s

uoye)

LAr

Teflon Cherenkov BG

Normal ER

Cherenkov
coincidence
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High Mass: Blind Analysis

Energy [keV ]

. 1 20j i '4N0' i ‘6‘0‘ i '8‘Or' ‘1?0' i ‘1%0' i ‘1?1(2 i '1(;30' i ‘1?0' i ??0
o 0.95_ —4— "Li(p,n) in SCENE —— ?*'AmBe in DarkSide-50
0.8E el e
Goal: design an analysis that will have g
<0.1 event of background in 534 live- 0.5
0.4
days ol
0.2
0.1 AmC calibration
o - O™ iso 200" 286 300" 30 400 4s0
q-.o\ . S1 [PE]
1k
| & ° 5
1 & Final Box
0.8 i =
R 5 10°
0.6 =
[ = 10°
0.4 =
= 10°

10

) 100 200 300 400 500 600
S1 [PE]
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High Mass: Background and Acceptance

Expected background

Background Events surviving all cuts

Surface Type 1 0.0006 £ 0.0001 Goal < 0.1 events
Surface Type 2 0.00092 £ 0.00004 achieved: open the
Radiogenic neutrons <0.005 ’
Cosmogenic neutrons <0.00035 box!

Electron recoil 0.08+0.04

Total 0.09 £ 0.04

WIMP Acceptance

Energy [keV ]

1O 20 40 60 80 100 120 140 160 180 200
e LA B o o T T T T T T T T
0.95—
0.85—
0.7 ""'0 6' d i 1' d b
8 0.6 et ° °
o -
5o PSD ER rejection
§ Total cut acceptance
“ 0.4
= 0.3 £f,, NR Acceptance
0.2 Overall NR Acceptance
0.1
o 1 P Lo by by by e b byl
0 50 100 150 200 250 300 350 400 450

S1 [PE]
24
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High Mass: 0 events

Energy [keV ]

0 20 40 60 80 100 120 140 160 180 200
T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I T 500
400
—!{300
S
Y
—1200
100
o 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 0..5:
0 50 100 150 200 250 300 350 |
S1 [PE] o8}
4 events identified as neutrons before the veto cuts 3
Consistent with expectations o

SO\ NR acceptance
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High Mass: 0 events

Adding the S2/S1 cut

Energy [keVy.]

0 20 40 60 80 100 120 140 160 180 200
= p Ll DELAL AL A LI AL A LA DL AL DELAL LR DL LANLEELE DELANLIEL N DL LA
C_ - 70
0.9~ -
8:2-7 _______________________ Iy --mmmmmmmmmmmememmeeeeemomoeaooon s 60
........... 5y =--==mmesTTTooTTTTTsssTTTTITEEEEEOT
O.7Hm"-" .-~ —50
06 99% -
o —40
w 0.5
0. —30
-
T -0=120
= ) 10
05111111111111111;111ll..111111111111111.11111111 0
0 50 100 150 200 250 300 350 400 450

S1 [PE]
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Low Mass: Ionization Signal Only

4 e

Threshold at 4 e-: 100%
efficiency

- q

0.2F

®rocee rlducxl'natxon

I sowwes x Trigghr efficiency

Acceptance
=]
~N
w
TT [THTITTTT]TTT
o oy o

°
-
w

[

— % 82 Xdlntlhcatlon ((.,<0.11)

|

P PR PP EPEPETETE P P | PP PR || sl el

0 10 20 30 40 50 60 70 80 90
S2 [PE]

T

DS~-50 DATA
© Getter Off
* Getter On
— Fit
- 1 Ext. @

T

Center PMT

10*

T TTTTI

10

Single and double electrons
events

T TTTI

10!

Events /[0.05 N_. x kg x day])

T T T I

10?
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Low Mass: Electron Recoil Scale

10

= = =
- - First 100 days & O S L/KBRRatio=0.1120.01 ] 1
] 10* |5~ —— Last 500 days _é' i q é
1: Single §2(500d) x 0 4} A4 E
2 10 s1 + s2(s00d) E | AN 173
Excellent low-energy ER S LY
calibration peak from 37Ar o R
(t12 =37d). = A e,
10“0 20 ’ 40 ’ ’ 60 ’ ’ 80 ] BT

N,

350 o~
37Ar lines 00 "
E=0.27keV - Ne =11 250f-

E=28 keV - Ne=4/.9 . 200f
150
83mKr line CE -
E=41.5keV — Ne ~ 350 SOF/’
P PP BRI S [ EPEPEPEN EPEP EPUPEP EPETSTEP EPUPEPE EPEPEP
Ee [keV)
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ARIS @ [IPNO

o \

detectors

LICORNE source: inverted “Li(p,n)’Be reaction
M Pulsed (1.5 ns width) l e LAr TPC
M Monochromatic: <6% (u~1450 keV 5~85 ‘4, aReEE

|<eV ) ) . n beam ’ Li beam
M Collimated: < 2 degrees
M Correlated 478 keV gammas: ER calibration

LICORNE

Y Scintillator Detectors

1 | -J' L[
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ARIS Results

3% %%, anis Lindhard model
9 o MicroCLEAN Mei model
+ W. Creus et al.
0.45 SCENE
0.4 [ Most accurate measurement of
0.35 L7 { the quenching effect: crucial for
0.3 T dant ] the low-mass analysis
0.25 i RIS
0.2
0.15 o 1.2
0.1 E { + Compton e
' 10 10° ™ 1.1s} —4— Mipa
Energy [keV_ ] 2 ' 3 ing,
ju 1.1% +— "xa
2|
. . . > 1.05}
Best constraint on linearity of LAr — 3 | 1] l .
/ [ e b L =
response to ER af field-off =y ) -
0.95: +
o1l.1 0.9
; — PARIS ;
: : 0.8 200 300 400 s00
“ o.sgf\‘_:\ I Doke-Birks Energy [kev.]
o \—L;_“-—»-\\“ —a__
0.7 :

|
o-si * Compton e Ve g == Excellent agreement with the
o5l * VA= - / T PARIS model

: l)’h /
0.4} L — —
0.3
() 50 100 150 200 250 300

Energy (keV ]
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Low Mass: Nuclear Recoil Scale

AmBe AmC

900
BOOE I Hizene Data
¢ - G4DS Pit 1
700} Single 82 LT . (A}
r d-v‘gﬂ"""?xA v 1111
. s P R lt:‘%ﬂj’
z. 600+ }};rﬂ: ' N ,“J:J.:-k[‘:éﬁ z'
4 - ~
~ 5005 L& .
» . i “
£ s00f- g g ] 1
300f : TP (5 EL 0 T §1
¥ ¥ U AN - L o4
‘ £ L O TR ‘HLWL,. |
200 # MR R R R R R
73 AR §i i
73 & I
100"‘!1“‘ oy 72" N MR SN NN
::: '/J}! : 7% ._(“._!4»xy;}4g¢—'l*¢-—-—<l“’m~.‘-.-l edee R S L Rer
| A s W A 1 $ R T NN O s toxyd SeTer L : N DRI T L R O R e SNRRPRNIN |
0 NN L NN
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

N,

No gamma emission correlated with AmC

AmBe neutrons selected in coincidence with (alpha,n) reaction

4.4 MeV gamma in the veto

Gammas from 241Am decay accounted with

Random/correlated background strongly MC

suppressed

Accidentals subtracted using UAr normalized

Strong inefficiency for S2 only events by the exposure

No inefficiency

31
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Low Mass: Nuclear Recoil Scale

E,. [keV_ ]

—
o
—
1
o
—
o
N

9
8L
37 ‘
G ‘
X
S sE
W) -
_— 4
or 3: Ar Data
- ¢ ARIS [
25 b SCENE
-+~ AmBe - AmC - ARIS - SCENE
1 + Joshi et al. 2014
- * Joshi et al. 2014 Cross Calibrated
o’_ P e 4 e ek
1072 . 10 1
a
Reduced Energy € = sE
2e’Z

a=0.626a,Z ' Is the Thomas-Fermi screening length
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E [ keVnr]

1 3 4 6 7 8 9 101112131415
10°
- 2 k
- E [keVee]
N =10’
- B DM spectra 0,=10"*° cm? Data = -
B 10 , ~——— G4DS MC All 14 »
o - M/=2-5 GeV/C - Lol
- ' = Cryostat y-rays 02 ¥
X — - 2 S
o - M,=5.0 GeV/c ~—e PMTS y-rays El o
4 =
= 1E M,=10.0 Gev/c’ —— ¥ar + ®gr J
X E \ . e
° — —={10 »
= \ K
- _— —edd -
~ 107E =
2 E - 1 2
§ - ER
4 >
@ 102 4 @
~ | —=io*
10—3 L A A l L L L L l L i ' I l L ' A ' l L A A l A A A A l A ) A L l A A A l:
0 5 15 20 30 35 40 45 50
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Low Mass: Background

—
<
Events / [keVar x kg x day]

—
o
N
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Results

Low-Mass

Assuming quenching a ad

non-stochastic process
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WIMP-Electron Scatterin
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The Global Argon Dark Matter Collaboration

DarkSiies50
R -

7 DarkSide-20k

Access to
DEAP-3600 data

MiniCLEAN

CERN Neutrino Platform
joined DarkSide-20k —
many synergies with DUNE DS-20k collaboration
(DS-20k cryostat will be 350 scientists

the same of protoDUNE) 13 countries

Davide Franco — APC Paris



Results and Future

Dark Matter-Nucleon og [cm?)
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Conclusions and Prospects

DarkSide

M Background-free experiment for high mass WIMP thanks to pulse shape
discrimination in S1 (unique to LAr)

M Best limit in the low mass 1.8-6 GeV window
M Strong WIMP discovery potential in the next decade (from 1 GeV to 10 TeV)

M New opportunities also in looking for WIMP directional signature and medical
applications (backup slides)

M Potential synergies with DUNE: astroparticle physics, cryostat and cryogenics,
optical simulations, photo-collection efficiency, calibrations

Davide Franco — APC Paris
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High Mass: Blind Analysis

Goal: design an analysis that will have
<0.1 event of background in 534 live-

days

Energy [keV ]
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T ll'rr.
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0.4
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Below the neutrino floor? Directionality!

Parallel Track Orthogonal Track

Directional signature by looking at
recombination effect variation as
function of the track orientation
with respect to the direction of
the field
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LAr TPC

Design for a large mass

DUNE-like
cryostat

Atmospheric LAr
bath

Neviron shield
loaded with Gd

Active LAr vetoes

“Naked” TPCin _
an acrylic vessel

Underground argon

Vetoes: LAr bath + moderator in acrylic loaded with Gd
M Neutron veto conceptual design by APC&LPNHE

M DUNE-like cryostat (GTT patent)

M CERN Neutrino Platform technical support

M No organic scinfillators

Davide Franco — APC Paris

TPC: cryostat + teflon vessel => only

acrylic vessel

M Almost doubled the target mass (no
UAr buffer): ~35 tonnes

M Removed cryostat, among the
main sources of radiogenic neutrons

Photo-sensors: ~15 m?2 of SiPMs
M Radiopure and limited amount of
material

M High photodetection efficiency

APC & LPNHE




FBK NUV-HD SiPM

M Strict collaboration with

DS-20k requirement SiPM tile (PDM)

24cm? prototype

Fondazione Bruno Kessler (FBK): ‘ - SxSem? 25cn final pom VY
development of specific SiPM for <250mW ~170mW -7/
LAr (50 PDM under way) PDE >40% 50% - €geom = 45%
m <0.1lcps/mm? 0.004cps/mm? /
M The FBK technology on transfer to Time Resolutior 0(10ns) 16ns v
LFoundry for mass production >50 ~100 v
(starting April 2019)
M Packaging of 240,000 SiPMs aft ' =it 4 e e ;
NOA, a facility funded at LNGS oot ! Single SiPM § e e v. 0t piares”)
| ﬂ

“we
e

100
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Underground/Depleted Argon
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DS-Proto: 1-ton prototype

DS-LowMass
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i DarkSide Program

20- 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

DS-50

DS-Proto D
DEAP-3600

DS-20k

GADMC | |

GADMC
M 300 tonnes detector

M Background-free (<0.1 background events) in the
high-mass WIMP range

M Possible location at SNOLAB: letter of intent for
collecting and stocking UAr underground

M Additional strong physics case with CNO solar
nevtrinos

Davide Franco — APC Paris

First observation of CNO Solar neutrinos and
solution to the Solar Metallicity Problem
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e PET based on Xe-doped LAr

Simulation Package Information

* Based on Geant4 package built for the DarkSide experiments

* Optical properties of LAr scintillation and light propagation tuned with real
data from DarkSide detectors

* Response to electron recoils from gamma rays has been well studied and
compared with real detector data

* Current simulations assume 9 layers of SiPM panels
* Provide ~20 cm of LAr thickness = >70% of gammas scatter msnde detector

* Assumes minimal thickness of Ti cryostat (6 mm) N
* SiPMs assumed to have 40 ps intrinsic timing resolution TN
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Observables: the Energy Spectrum

Differential Recoil Spectrum

dR 0 :
HEY =L [of(v,1 d*
dFE My - MA

G\‘-
Po: local dark matter density
m,: nucleus mass he
m,: WIMP mass G
do/dE: differential cross section )
v: dark matter velocity wrt detector rest frame ®

do ma

= (05" - Fi(E) +|og” - Fsp(E))

dE  2u%4v? / \

Spin-dependent
interactions: nucleus
with unpaired
nucleons

Spin-independent
interactions: all
targets
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PET based on Xe-doped LAr

NEMA NU 2-2012 Spatial Resolution Test

mon‘ )
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Source locations in the radial direction as shown

Two axial positions:
1) Center of FOV
2) 375 mm from center of FOV

**Reconstruction done using simple filter back projection
technique with no smoothing or apodization**

LAr+Xe (10% annihilations

LAr+TPB (104 annihilations
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