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T H E  S C I E N C E  P E R S P E C T I V E

• The two dark entities dominating the Universe, dark matter and dark 
energy, do not fit in the Standard Model 

• Two big open questions at the intersection of particle physics and 
cosmology
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https://home.cern/science/physics/standard-model
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DarkSide-50 Binomial
DarkSide-50 No Quenching Fluctuation 
NEWS-G 2018 LUX 2017
XENON1T 2017 PICO-60 2017
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CRESST-III 2017 PandaX-II 2016
XENON100 2016 DAMIC 2016
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COGENT 2013 CDMS 2013
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http://dx.doi.org/10.1103/PhysRevLett.121.081307
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• P. Agnes et al. (The DarkSide Collaboration), 
“DarkSide-50 532-day Dark Matter Search with Low-
Radioactivity Argon”, arxiv:1802.07198.

• P. Agnes et al. (The DarkSide Collaboration), 
“Constraints on Sub-GeV Dark Matter-Electron Scattering 
from the DarkSide-50 Experiment”, arxiv:1802.06998.

• P. Agnes et al. (The DarkSide Collaboration), “Low-mass 
Dark Matter Search with the DarkSide-50 Experiment”, 
arxiv:1802.06994.

http://arxiv.org/abs/1802.07198
http://arxiv.org/abs/1802.06998
http://www.apple.com


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

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5
A
c
c
e
p
t
a
n
c
e

Fiducialization

 Trigger efficiency×

<0.15)
90

 S2 Identification (f×

4 e-
100 eVee
Analysis 
Threshold

0.4 e-
10 eVee

10% Detector 
Threshold

P
h
y
s
i
c
a
l
 
R
e
v
i
e
w
 
L
e
t
t
e
r
s
 
1
2
1
,
 
0
8
1
3
0
7
 
(
2
0
1
8
)

http://doi.org/10.1103/PhysRevLett.121.081307


0 20 40 60 80 100
-eN

3−10

2−10

1−10

1

10

210

310
 
d
a
y
]

×
 
k
g
 

×
 

- e
E
v
e
n
t
s
 
/
 
[
0
.
5
 
N

First 100 days

Last 500 days

d)(500Single S2

d)(500S1 + S2

0 50 100
-eN

0

0.2

0.4

0.6

d
a
y
]

 × 
k
g

 × 
- e

[
N

 / 
E
v
e
n
t
s

0.01 ± 0.11 = Ratio BR L/K

P
h
y
s
i
c
a
l
 
R
e
v
i
e
w
 
L
e
t
t
e
r
s
 
1
2
1
,
 
0
8
1
3
0
7
 
(
2
0
1
8
)

http://doi.org/10.1103/PhysRevLett.121.081307


0 5 10 15 20 25 30 35 40 45 50
-eN

3−10

2−10

1−10

1

10

210
 
d
a
y
]

×
 
k
g
 

×
 

- e
E
v
e
n
t
s
 
/
 
[
N

Data

G4DS MC All

-rays γCryostat 

-rays γPMTs 

Kr 85Ar + 39

2 cm-40=10χσDM spectra 

2=2.5 GeV/cχM

2=5.0 GeV/cχM

2=10.0 GeV/cχM

1 2 3 4 5 6 7 8 9 10 11 12131415
] nrE [keV

1 2 3
] eeE [keV

1−10

1

10

210

310

 
d
a
y
]

×
 
k
g
 

×
 

e
e

E
v
e
n
t
s
 
/
 
[
k
e
V

2−10

1−10

1

10

210

 
d
a
y
]

×
 
k
g
 

×
 

n
r

E
v
e
n
t
s
 
/
 
[
k
e
V

P
h
y
s
i
c
a
l
 
R
e
v
i
e
w
 
L
e
t
t
e
r
s
 
1
2
1
,
 
0
8
1
3
0
7
 
(
2
0
1
8
)

http://doi.org/10.1103/PhysRevLett.121.081307


3−10 2−10 1−10 1
 ε

0

1

2

3

4

5

6

7

8

9

10
]

n
r

/
k
e
V

-
 
[
e

y
Q

Xe Data

 LUX 2016

  ZEPLIN-III 2011

 XENON10 2011

  Manzur et al. 2010

 XENON10 2009

   Aprile et al. 2006

1 10 210 310
]  nr [keVXeE

2−10 1−10 1 10 210
]  nr [keVArE

Ar Data

ARIS

SCENE

AmBe - AmC - ARIS - SCENE

Joshi et al. 2014

Joshi et al. 2014 Cross Calibrated

Xe Model

Bezrukov et al. 2011

P
h
y
s
i
c
a
l
 
R
e
v
i
e
w
 
L
e
t
t
e
r
s
 
1
2
1
,
 
0
8
1
3
0
7
 
(
2
0
1
8
)

http://doi.org/10.1103/PhysRevLett.121.081307


P
h
y
s
i
c
a
l
 
R
e
v
i
e
w
 
D
 
9
1
,
 
0
9
2
0
0
7
 
(
2
0
1
5
)

http://doi.org/10.1103/PhysRevD.91.092007


Drift electric field [V/cm]
0 200 400 600 800 1000

S
1
 
y
i
e
l
d
 
r
e
l
a
t
i
v
e
 
t
o
 
0
 
f
i
e
l
d

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15
 57.2 keV

dεParallel to 

dεPerpendicular to 

P
h
y
s
i
c
a
l
 
R
e
v
i
e
w
 
D
 
9
1
,
 
0
9
2
0
0
7
 
(
2
0
1
4
)

http://doi.org/10.1103/PhysRevD.91.092007


3−10 2−10 1−10 1 10 210
]2 [TeV/cχM

50−10

49−10

48−10

47−10

46−10

45−10

44−10

43−10

42−10

41−10

40−10

39−10

38−10

37−10
]2

 
[
c
m

S
I

σ
D
a
r
k
 
M
a
t
t
e
r
-
N
u
c
l
e
o
n
 ATLAS 2018 (Vector Z', 95% CL)

DarkSide-50 2018

CRESST-III 2017

CDMSLite 2017

proj
.

yr×t

Dark
Side

-20k
 200

DEAP
-360

0 pr
oj.

LUX 
2017

LZ p
roj.

PAND
AX-I

I 20
17 

XENO
N1T 

2018

XENO
NnT 

proj
.

DEAP
-360

0 20
17

proj
.

yr×t
Argo

 300
0

Dark
Side

-50 
2018

DarkSide-LM proj.

SuperCDMS Ge HV proj.

proj
.

yr×t
DARW

IN 2
00

Neutrino floor on xenon



2−10 1−10 1 10 210
]2 [TeV/cχM

49−10

48−10

47−10

46−10

45−10

44−10
]2

 
[
c
m

S
I

σ
yr)× Discovery, 15 tσLZ (5

yr)× Discovery, 200 tσDarkSide-20k (5

yr)× Discovery, 3000 tσArgo (5



P
h
y
s
i
c
a
l
 
R
e
v
i
e
w
 
L
e
t
t
e
r
s
 
1
2
1
,
 
1
1
1
3
0
2
 
(
2
0
1
8
)

http://doi.org/10.1103/PhysRevLett.121.111302


X
E
N
O
N
1
T
 
P
r
e
s
e
n
t
a
t
i
o
n
 
a
t
 
L
N
G
S
 
o
n
 
M
a
y
 
2
8
 
2
0
1
8

https://agenda.infn.it/conferenceDisplay.py?confId=15815


j.dobson@ucl.ac.uk — UCLA DM — 02/23/18

Counts/1000 days: WIMP-search ROI
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Backgrounds in LZ

Background Source ERs NRs

Detector Components 9 0.07

Dispersed Radionuclides — Rn, Kr, Ar 816 —

Laboratory and Cosmogenics 5 0.06

Surface Contamination and Dust 40 0.39

Physics Backgrounds — 2β decay, neutrinos* 322 0.51

Total (after 99.5% discrimination and 50% NR efficiency) 6.48

5.6 ton fiducial, 1000 live-days
~1.5 - 6.5 keV, single scatters, no coincident veto

* not including 8B and hep
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http://indico.cern.ch/event/653314/


Expected number of background events
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T H E  D A R K S I D E - 2 0 K  P R O J E C T

• €90M 

• Capital funding by IT INFN, US NSF 

• Capital funding requests to CAN CFI, UK STFC in 2019 

• Strong synergies with LAr programs at FNAL and BNL 

• RE-37 at CERN



Production	and	Purification

Renshaw,	PNNL	LRUA	Workshop	2018
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Preliminary lay-out

a^er	POLARIS	Srl	

Production:	Urania
• Commercial-scale	plant	to	extract	UAr
• Located	in	Southwestern	Colorado

• UAr extracted	from	CO2 well	gas	at	the	tonne scale
Focus	of	this	talk Purification:	Aria	

(see	M.	Simeone’s talk	for	details)
• 350	m	tall	cryogenic	distillation	column	to	purify	UAr and	

isotopically	separate	argon	and	other	elements
• Located	in	refurbished	carbon	mine	shaft	in	Sardinia,	Italy
• Will	chemically	purify	the	UAr for	DS-20k	to	detector	grade

UAr transported	via	boat	
for	final	purification	at	Aria
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Enter	the	Age	of	Urania



 

 

 

• Volatilità relative => 1.007 

• Valori tipici >1.5 

• Numero di stadi teorici => ordine delle migliaia 

• HETP = 10 cm 

• H=200-400 m 

• Usuali = 20-30 m 

• Fuori terra 

• A sezioni separate 
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