
The Darkside Program!
!

Depleted Argon Cryostat for Scintillation 
and Ionization Detection!

Biagio Rossi!
!

Princeton University!
INFN Napoli!

21th International Conference on 
Supersymmetry and Unification of 

Fundamental Interactions!
!

ICTP Trieste!
!

26-31 August 2013! ro
ss

ib
@

Pr
in

ce
to

n.
ed

u!



B.	
  Rossi	
  -­‐	
  29	
  August	
  2013	
  

IHEP – Beijing, China
APC, Université Paris Diderot, CNRS/IN2P3, CEA/IRFU, Observatoire de Paris, Sorbonne Paris Cité – Paris, France

IPHC, Université de Strasbourg, CNRS/IN2P3 – Strasbourg, France
INFN Laboratori Nazionali del Gran Sasso – Assergi, Italy

Università degli Studi and INFN – Genova, Italy
Università degli Studi and INFN – Milano, Italy

Università degli Studi Federico II and INFN – Napoli, Italy
Università degli Studi and INFN – Perugia, Italy

Università degli Studi Roma Tre and INFN – Roma, Italy
Jagiellonian University – Krakow, Poland

Joint Institute for Nuclear Research – Dubna, Russia
Lomonosov Moscow State University – Moscow, Russia

National Research Centre Kurchatov Institute – Moscow, Russia
Saint Petersburg Nuclear Physics Institute – Gatchina, Russia

KINR, NAS Ukraine – Kiev, Ukraine
Augustana College – SD, USA

Black Hills State University –SD, USA
Fermilab – IL, USA

Princeton University – NJ, USA
SLAC National Accelerator Center – CA, USA

Temple University – PA, USA
University of Arkansas – AR, USA

University of California – Los Angeles, CA, USA
University of Chicago - IL, USA
University of Hawaii – HI, USA

University of Houston – TX, USA
University of Massachusetts – MA, USA

Virginia Tech – VA, USA

DarkSide Collaboration

2



B.	
  Rossi	
  -­‐	
  29	
  August	
  2013	
   SUSY	
  2013	
  -­‐	
  IPTC	
  Trieste	
   3	
  G. Fiorillo - XVI Lomonosov Conference, Moscow - Aug 2013

The DarkSide program at LNGS
A scalable technology for direct WIMP search: 
2-phase low background argon TPC
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DarkSide-10 

technical prototype
no DM goal

DarkSide-50 DarkSide-G2

sensitivity
10-47 cm2

sensitivity
10-45 cm2
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Liquid Argon TPC,
within a neutron veto,
within a muon veto,
under a mountain 
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Liquid Argon TPC
& Cryostat

•  Low	
  radioactive	
  materials	
  
•  Assembling	
  in	
  clean	
  rooms	
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Liquid Scintillator Neutron Veto
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10 m (high) x 11 m (diameter) Water Tank

Passive	
  shield	
  +	
  muon	
  veto	
  



B.	
  Rossi	
  -­‐	
  29	
  August	
  2013	
   SUSY	
  2013	
  -­‐	
  IPTC	
  Trieste	
   10	
  G. Fiorillo - XVI Lomonosov Conference, Moscow - Aug 2013 10



B.	
  Rossi	
  -­‐	
  29	
  August	
  2013	
   SUSY	
  2013	
  -­‐	
  IPTC	
  Trieste	
   11	
  



B.	
  Rossi	
  -­‐	
  29	
  August	
  2013	
   SUSY	
  2013	
  -­‐	
  IPTC	
  Trieste	
   12	
  G. Fiorillo - XVI Lomonosov Conference, Moscow - Aug 2013

Two Phase Argon TPC

6

extraction grid

field cage

photosensors

Gas phase

Liquid phase

ITO covered 
window (cathode)

TPB+ITO covered 
diving bell (anode)

Drift Field 
(~1kV/cm)

Extraction Field 
(~3kV/cm)
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Pattern of S2 light 
gives x-y position 
(~1cm resolution)

Time difference 
between S1 and S2 

gives z position
(few mm resolution)

Two Phase Argon TPC

7

Electro-
luminescence 

“S2” Light

Drift charge

“S1” Scintillation 
Light
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Background Discrimination: S1 Pulse Shape 

14

fast

S1

Nuclear Recoil

slow

S1

Beta/Gamma

The ratio of light from singlet (~7 ns decay 
time) and triplet (1.6 μs decay time) depends 
on ionization density

λ=128 nm
singlet 7 ns

triplet 1.6 µs
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B a c k g ro u n d D i s c r i m i n a t i o n : S 2 / S 1	
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LAr TPC Background Discrimination

16

➡ expect >1010 total electron/gamma background rejection

gamma source

neutron source0.
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Shape of scintillation signal S1 (PSD)
Electronic and nuclear recoil events have different 
singlet to triplet ratio
➡ Rejection factor ≥108 for > 60 photoelectrons
WARP Astr. Phys 28, 495 (2008)

Ratio between Ionization and Scintillation (S2/S1)
Electronic and nuclear recoil events have different 
energy sharing
➡ Rejection factor ≥ 102-103 
Benetti et al. (ICARUS) 1993; Benetti et al. (WARP) 2006

3D localization of the event
Allows for identification of surface bkgs 
(fiducialization) 
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DarkSide-10 prototype

11

• Two phase Argon TPC prototype used to test new 
technological solutions for the DS program

• 10 kg active mass of Atm LAr + passive water veto 

• 7 (top) + 7 (bottom) R11065 HQE Hamamatsu 3” PMTs

• Electric field: Edrift=1 kV/cm, Egas~3 kV/cm

• ϕ 20 cm × 20 cm drift

• 2 cm gas gap

Not physics capable (a fraction of a neutron per day due to cryostat, feedthroughs, and 
shield)

✓ Demonstrate high LY
✓ Stable HHV system at 36kV
✓ Study discrimination, purity, electric field settings, levelling 
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LY=8.78 ± 0.01 p.e./keVee @ null field, gas pocket present

DS-10 @ LNGS: 
Light Yield in single phase mode
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Figure 4: Scintillation spectrum of 137Cs collimated at the central po-
sition after subtraction of a background spectrum. The full absorption
peak has been fit with the sum of a Gaussian and a falling exponential.
The best-fit function is superimposed on the histogram in the energy
range over which the fit was performed.

ity with time. A 22Na calibration run (collimated at the
central position) performed 53 days after the one shown
in Table 2 gives LY� = 9.142±0.006 p.e./keVee for the
511 keV line. The observed light yield increase of about
4% is likely associated with an improvement in the liq-
uid argon purity due to the running of the purification
system between the two measurements. Argon contam-
inants such as N2 and O2 are known to quench the ar-
gon scintillation light via non-radiative collisional de-
excitation [19, 20]. This process also reduces the ob-
served slow-component lifetime. Figure 7 shows aver-
age scintillation waveforms from the two runs. Inde-
pendent of any particular model, the slow-component
lifetime has clearly improved from the first to the sec-
ond run, suggesting the elimination of de-exciting con-
taminants. The fit to an exponential in the range 1.0-
5.0 µs provides lifetimes of (1.4601±0.0007) µs for the
first run and (1.5349±0.0008) µs for the second, where
the errors are statistical only. A simple model with an
absolute-purity slow-component lifetime of 1.6 µs, pre-
dicts that this increase in lifetime would correspond to
an increase in total light yield of 3.8%, in good agree-
ment with that observed.

Several sources of systematic uncertainty have been
considered and are summarized in Table 3. As discussed
in Sec. 6, the algorithm used to evaluate the baseline
a�ects the integral of the digitized signals. A study of
the e�ect of the baseline algorithm on simulated data
has shown that the moving-baseline algorithm tends to
underestimate the true integral for events with a large
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Figure 5: Scintillation spectrum of 22Na collimated at the central po-
sition after subtraction of a background spectrum. The full absorption
peaks at 511 keV and 1274 keV have been fitted with the sum of a
Gaussian and a falling exponential. The best-fit functions are super-
imposed on the histogram in the energy ranges over which the fits
were performed.

number of photoelectrons. Nonetheless, we include the
di�erence in 137Cs light yields between the two baseline
algorithms as a systematic uncertainty in Table 3.

A second source of systematic uncertainty is the func-
tion modeling the spectrum. One component of this un-
certainty is the use of an exponential to model the spec-
trum under the Gaussian in the full-absorption-peak fits.
We conservatively estimate this uncertainty by re-fitting
the 137Cs peak with a Gaussian only. The observed vari-
ation in the fit result is 0.07%. A contribution of the
same order is attributed to the background subtraction,
estimated by re-fitting the 137Cs spectrum without sub-
tracting the background. Fitting simulated 137Cs and
22Na spectra with the same Gaussian+exponential used
on data shows systematic displacement of the fitted peak
from the true value, typically 0.7%. We combine these
three components into the “Fit function” entry in Ta-
ble 3.

In the fit of the single-photoelectron spectrum, the pa-
rameters of the exponential term have shown some in-
stability when noise increases the pedestal width. This
can result in sizable excursions in individual channels.
To explore this, we measured the values of the exponen-
tial parameters for each PMT using a single laser run,
chosen to be relatively clean. The full laser calibration
was redone with these parameters fixed and the calibra-
tion was used to reanalyze the source spectra. Shifts of
up to 0.5% are observed in the resulting light yields and
we assign this as a systematic error. We vary the spec-
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DarkSide-50 TPC
• 50 kg active mass of UAr

• 19 (top) + 19 (bottom) R11065 HQE 
Hamamatsu 3” PMTs

• ϕ 36 cm × 36 cm drift

• Lateral walls made of high reflectivity 
polycrystalline PTFE

• All inner surfaces coated with TPB

• Fused silica diving bell (top) and window 
(bottom) in front of the PMT arrays 
coated with ITO.

Designed to provide an extremely 
high light yield, decreasing the 
detection energy threshold
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DS50-TPC 
Assembled,
Deployed

DS-50 TPC TPC inside Cryostat

TPC deployed into 
LSV

Cryostat and vacuum 
vessel
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LSV and Water Cherenkov
• The TPC is surrounded by a 30 ton boron-loaded 

liquid scintillator spherical veto, 4m diameter, 
instrumented with 110 low background 8” PMTs

• neutrons which escape the inner detector are 
detected via (n,α) reaction on 10B

• >99.5% efficiency for radiogenic neutron 
detection, >95% for cosmogenic neutron 
detection A. Wright et. al, NIM A 644, 18 (2011)

• The LSV is installed inside a Water Cherenkov 
detector (Borexino CTF), 10 m height, 11 m 
diameter, filled with 1000 ton ultra-pure water, 
observed by 80 upward facing PMTs

• muon veto and passive shielding against external 
neutrons and gammas
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TPC hanging in LSV
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View	
  inside	
  the	
  Water	
  Cherenkov	
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DS-50 first test run

✓Argon cooling, circulation, and purification system 
operated

✓PMTs operated in liquid argon

✓TPC Trigger and DAQ operated

✓HV system operated at required field

✓Dual phase operation achieved

✓Pre-amps on PMT base (in-liquid) tested

✓Remote levelling exercised
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•  Instrument all PMT bases with in-liquid pre-amps!

•  Install super-low radioactivity silica windows!

•  Fix some heat leaks in the argon transfer lines!

•  Continuing improvements to the Trigger and DAQ !
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• 1st TPC test run (atm argon) ended June

• 2nd TPC test run starting now (atm argon)

• Fill Neutron Veto and Water Tank by end September

• Concentrate on background rejection performance

• Low radioactivity underground argon towards end 
of year

27

DS-50 Schedule



B.	
  Rossi	
  -­‐	
  29	
  August	
  2013	
   SUSY	
  2013	
  -­‐	
  IPTC	
  Trieste	
   27	
  G. Fiorillo - XVI Lomonosov Conference, Moscow - Aug 2013

DS-50 projected sensitivity

21

σ=1 ×10−45 cm2 @ 100 GeV/c2

0.1 ton x year exposure
Total: 50 kg

Fiducial: 33 kg
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DS-G2 projected sensitivity

29
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DAMA/Na

DAMA/I
CoGeNT

CDMS

ZEPLIN III

EDELWEISS

CRESST

WARP

XENON100 DarkSide-50

DarkSide-5000

DS-50

DS-G2
Outer Shell

Notes
1. Total LAr:       5T
2. Active LAr:     3.3T
3. Fiducial LAr:  2.8T
4. 3" PMTs:    558 ea.

Fused Silica Plate

7HÁRQ�5HÁector
Cu Field Cage
7HÁon Insulator

Fused Silica Plate 
w/ Gas Pocket

279 ea. 3"PMTs provide 
48% cathold coverage 
two places, top & bottom

Inner Shell
11/5/12, DarkSide)G2,S.,Pordes, 5,

σ=1 ×10−47 cm2 @ 100 GeV/c2

14 ton x year exposure
Total: 5 ton

Fiducial: 2.8 ton
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DarkSide is a project for direct detection of dark matter with underground argon. The 
DarkSide-50 experiment at LNGS has a projected sensitivity of 10-45 cm2.

DarkSide-50, is in the commissioning phase.  The detector is housed in a 30-ton liquid 
scintillator neutron veto, which is in turn housed within a 1,000-ton water Cherenkov 
muon veto. 

The underground argon is collected from a special well in Colorado.  The DarkSide 
collaboration recently demonstrated that 39Ar activity from the underground argon is 
less than 0.65% of the activity in atmospheric argon (corresponding to a reduction factor 
greater than 150.)

The DarkSide collaboration is also considering a proposal for a second generation 
detector, DarkSide-G2, with an active mass of 5 tons of underground argon.  The 
sensitivity goal for DarkSide-G2 is 10-47 cm2.  DarkSide-G2 can be housed within the 
same neutron veto and cosmic muon veto already under construction for DarkSide-50.

30

Summary



G. Fiorillo - XVI Lomonosov Conference, Moscow - Aug 2013

Thank you.
31

Thank	
  you	
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DarkSide 
design

20

Radon-free clean assembly room
≤ 30 mBq/m3 in >100 m3 

(CRH)

WIMP LAr detector
150 kg of UAr < 6.5mBq/kg

(DS-50 TPC)

Radiogenic neutron veto
30 ton borated liquid scintillator 

(LSV)

μ veto and cosmogenic neutron passive shield
1000 ton water Cherenkov

(Borexino CTF)
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• Class 10-100 clean room above 
Water Tank

✓ Obtained Rn <30 mBq/m3 in 
>100 m3 

• Ar recirculation and purification 
system

✓ Cooling power 300 W

✓ max rec. speed ∼ 75kg/day



B.	
  Rossi	
  -­‐	
  29	
  August	
  2013	
   SUSY	
  2013	
  -­‐	
  IPTC	
  Trieste	
   35	
  



¡  Recoil	
  products	
  can	
  be	
  detected	
  directly	
  (~50	
  keVee)	
  
§  No	
  need	
  to	
  contain	
  neutron	
  capture	
  gamma	
  rays	
  
§  Makes	
  smaller	
  vetoes	
  more	
  efficient	
  

¡  “Outcompete”	
  neutron	
  capture	
  on	
  inner	
  detector	
  components	
  
¡  Reduce	
  neutron	
  capture	
  time	
  (~2	
  μs	
  in	
  boron	
  scintillator	
  vs.	
  ~250	
  μs	
  

in	
  pure	
  scintillator)	
  
§  Smaller	
  veto	
  windows	
  reduces	
  dead	
  time	
  from	
  veto	
  background	
  

rate	
  
§  Allows	
  simpler	
  construction	
  (e.g.	
  8’’	
  glass	
  PMTs)	
  

¡  Radiopure,	
  optically	
  efficient	
  tri-­‐methyl	
  borate	
  loaded	
  scintillator	
  
was	
  demonstrated	
  for	
  Borexino	
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  (6.4%)	
  	
  

¡  High	
  capture	
  cross	
  section	
  on	
  10B	
  via	
  

For	
  details:	
  NIM	
  A	
  664:18-­‐26	
  (2011)	
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Nuclear	
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  yield	
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  keV	
  vs	
  drift	
  field	
  (SCENE)! 4
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FIG. 4: Variation of the S1 scintillation yield for
11 keV nuclear recoils as a function of drift field.
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FIG. 2: Uncut distributions of pulse shape discrimination vs. time of flight. Panel (a) refer to the
LAr-TPC and panel (b) to the neutron detectors. Data were collected in absence of drift field.
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FIG. 3: (a) Surviving S1 distributions as the neutron selection cuts described in the text are imposed
sequentially. Data were collected in absence of drift field. The high energy peak is from the 83mKr source
in use for continuous monitoring of the detector. (b) Final S1 distributions for the 11 keV nuclear recoils

as function of drift field.

by f90 close to 1.0 and g-like timing. The 83mKr
events form a band with g-like f90 evenly dis-
tributed in TPCtof. We derive cuts 0.40<f90<0.80
and 72 ns<TPCtof<78 ns to select scattered neu-
tron events. Fig. 2(b) shows an uncut scatterplot
of Npsd vs. Ntof for the same events. Scattered
neutron events cluster near a Ntof of 140 ns and
a Npsd of 0.09, while b/g events cluster near a
Ntof of 5 ns and a Npsd of 0.13. Random back-
ground is visible at intermediate times. We derive
cuts 138 ns<Ntof<144 ns and 0.06<Npsd<0.12 to
select scattered neutron events.

Fig. 3(a) shows the S1 scintillation spectra as the
cuts are imposed in sequence. The final spectra ob-
tained as function of drift field, shown in Fig. 3(b),
are fitted to a gaussian and the centroid of the
gaussian peak represents our measurement of the
yield. The relative light yield vs. drift field, nor-
malized to the value obtained in absence of drift

field, is shown in Fig. 4. At a field of 1 kV/cm, the
light yield is reduced by 35%.

In summary, we have presented a new technique
for measuring the scintillation yield for nuclear re-
coils in LAr, using a dedicated LAr-TPC exposed to
a pulsed, narrowband, neutron beam. Using this
technique we have measured the light yield from
11 keV nuclear recoils in LAr and find a marked de-
pendence of the yield on drift field. Such a signif-
icant dependence on field has not been previously
reported. Past and current estimates of sensitivity
for noble liquid TPC dark matter searches assume
the light yield for nuclear recoils is only slightly
affected by the presence of a drift field.
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