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DarkSide-50 Milestones
• Oct 2013: three detectors commissioned, cryostat filled with AAr 

• Oct 2014: WIMP search results with 1422 kg d AAr exposure 

• Fall 2014: Calibration campaign 

• Winter 2014: Refurbishment of LSV, 14C rate from 150 kHz to 0.3 kHz 

• Apr 2015: cryostat drained and filled with 153 kg of UAr 

• Oct 2015:  WIMP search results with 2616 kg d UAr exposure



S1 [PE]
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

 
s
]

×
 
k
g
 

×
E
v
e
n
t
s
 
/
 
[
5
0
 
P
E
 

8−10

7−10

6−10

5−10

4−10

3−10

2−10

1−10 AAr Data

UAr Data

UAr MC Total

Kr85MC 

Ar39MC 

Bi214

keV 609
(C+P)

Co60

MeV 1.17
(C+F)

Co60

MeV 1.33
(C+F)

K40

MeV 1.46
(P) Bi214

MeV 1.77
(C+P) Tl208

MeV 2.62
(P)

C: Cryostat
P: PMTs
F: Fused Silica



S1 [PE]
0 1000 2000 3000 4000 5000 6000

 
s
]

×
 
k
g
 

×
E
v
e
n
t
s
 
/
 
[
5
0
 
P
E
 

8−10

7−10

6−10

5−10

4−10

3−10

2−10

1−10
(LSV Anti-coinc.)
AAr Data at 200 V/cm

(LSV Anti-coinc.)
UAr Data at 200 V/cm

Kr (Global Fit)85

Ar (Global Fit)39



S1 [PE]
50 100 150 200 250 300 350 400 450

9
0

f

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0

5000

10000

15000

20000

25000

50% 65% 80% 90% 95% 99%

]
nr

Energy [keV
20 40 60 80 100 120 140 160 180 200

1
,
4
2
2
 
k
g
 
d
 
A
A
r
 
-
 
P
L
B
 
7
4
3
,
 
4
5
6
 
(
2
0
1
5
)



S1 [PE]
50 100 150 200 250 300 350 400 450

9
0

f

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0

50

100

150

200

250

50% 65% 80% 90% 95% 99%

]
nr

Energy [keV
20 40 60 80 100 120 140 160 180 200

2
,
6
1
6
 
k
g
 
d
 
U
A
r
 
-
 
a
r
X
i
v
:
1
5
1
0
.
1
2
3
4
5
 
(
2
0
1
5
)



S1 [PE]
50 100 150 200 250 300 350 400 450

9
0

f

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0

10

20

30

40

50

50% 65% 80% 90% 95% 99%

]
nr

Energy [keV
20 40 60 80 100 120 140 160 180 200

2
,
6
1
6
 
k
g
 
d
 
U
A
r
 
-
 
a
r
X
i
v
:
1
5
1
0
.
1
2
3
4
5
 
(
2
0
1
5
)



 S1 [PE]
50 100 150 200 250 300 350 400 450

9
0

 
f

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
) in SCENEn,pLi(7

AmBe in DarkSide-50241

]
nr

Energy [keV
20 40 60 80 100 120 140 160 180 200



]2 [GeV/cχM
10 210 310 410

]2
 
[
c
m

σ

46−10

45−10

44−10

43−10

42−10

41−10

Dark
Side

-50 
(AAr

, 20
14)

Dark
Side

-50 
(UAr

, 20
15)

Dark
Side

-50 
(com

bine
d)

WARP
 (20

07)

LUX 
(201

3)

XENO
N100

 (20
12)

Pand
aX-I

 (20
14)

CDMS (2015)

PICO 
(2015

)



]2 [GeV/cχ M
10 210 310 410

]2
 
[
c
m

σ
 

50−10

49−10

48−10

47−10

46−10

45−10

44−10

43−10

42−10

41−10

DarkSi
de-50 

(2015)

DarkSi
de-50 

(3 yr 
proj.)

DarkSi
de-20k

 (100 
t yr p

roj.)

Argo (
1000 t

 yr pr
oj.)

WARP (
2007)

LUX (2
013)

XENON1
00 (20

12)

PandaX
-I (20

14)

CDMS
(2015)

PICO (
2015)



What are the backgrounds for 
large scale, high mass dark 

matter searches at the scale of 
1,000 tonnes×year?



Elastic scatters of pp solar neutrinos 

Radioactive noble gases (39Ar)



Elastic Scatters of pp Solar Neutrinos on Electrons

• 200 events/tonne×yr in 30-200 keVnr ROI for argon means 200,000 
background events @neutrino floor 

• Zero background left after β/γ rejection better than 1÷1.6×107



39Ar Rejection
1,422 kg×day (@AAr)

5 tonne×yr (UAr) background free

1,000 tonne×yr background free

already achieved

statistically stronger 
PSD and S2/S1

Aria active 
isotopic depletion

÷1400 
(39Ar AAr/39Ar UAr)





C.Kendziora 2.19.2015

Man

350 meters

325 meters Eiffel Tower

Seruci Distilation Column

Size Comparison
The proposal is to construct a 350 meter tall
distillation column at a mine called Suruci in
Sardina Italy to separate Argon 39 from
Argon 40.



Based on what we know today, can a 
depleted argon experiment be background 

free at the scale of 1,000 tonnes×yr? 



Yes
• pp neutrino-electron scattering 

Not a concern thanks to pulse shape discrimination 

• 214Pb from 222Rn and 85Kr 
Not a concern thanks to pulse shape discrimination 

• 39Ar 
Discrimination proven so far on exposure of 5 tonne×yr UAr equivalent  
No deviations from statistical behavior of discrimination  
Current 1÷1.6×107 rejection limited by statistics  
SiPM should allow to increase light yield by ×1.5, which projects to more than 
3 additional orders of magnitude in discrimination at the same threshold  
Further isotopic depletion of 39Ar available if required



DarkSide-20k
20-tonnes fiducial dark matter detector
start of operations at LNGS within 2020

100 tonne×year background-free search for dark matter

Argo
300-tonnes depleted argon detector

start of operations at LNGS within 2025
1,000 tonne×year background-free search for dark matter

precision measurement of solar neutrinos

20- 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

DS-20k

ARGO
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The End
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