
JAVIER	
  PÉREZ	
  PÉREZ	
  
NEXT	
  Collabora4on	
  
UAM	
  –	
  IFT	
  (CSIC)	
  	
  
JULY	
  20TH	
  2013	
  

	
  

The	
  NEXT-­‐100	
  experiment	
  for	
  
Neutrino-­‐less	
  Double	
  Beta	
  decay:	
  

Main	
  features,	
  Results	
  from	
  
Prototypes	
  and	
  Radio-­‐Purity	
  issues	
  

	
  



The NEXT-100 detector: general ideas 

	
  NEXT-­‐100	
  is	
  an	
  asymmetric	
  Time	
  Projec4on	
  Chamber.	
  	
  
It	
  is	
  filled	
  with	
  100	
  kg	
  enriched	
  136Xe	
  (90%)	
  at	
  10-­‐15	
  atm	
  

NEXT-­‐100	
  Technical	
  Design	
  Report;	
  Execu4ve	
  Summary	
  2012	
  JINST	
  7	
  T06001	
  

It	
  features	
  an	
  excellent	
  energy	
  	
  
resolu4on	
  (0.5	
  -­‐	
  1	
  %	
  at	
  Qββ)	
  and	
  
tracking,	
  thus	
  allowing	
  a	
  superb	
  	
  
Signal-­‐to-­‐Background	
  ra4o	
  
	
  
The	
  design	
  is	
  easily	
  scalable	
  to	
  	
  
its	
  next-­‐genera4on	
  NEXT-­‐1000	
  	
  	
  

Physics	
  runs	
  are	
  expected	
  to	
  start	
  in	
  2015	
  

It	
  will	
  operate	
  in	
  the	
  Canfranc	
  	
  
Underground	
  Laboratory	
  (LSC)	
  
in	
  the	
  Spanish	
  Pyrenees	
  under	
  the	
  Tobazo	
  mountain	
  (800	
  m	
  overburden)	
  



NEXT CONCEPTUAL IDEA  
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Fig. 5. Density dependencies of the intrinsic energy resolution (%FWHM) measured for 662 keV gamma-rays. 

above 2-6 kV/cm depending on the density, it remains 

practically unchanged. At low densities, < 0.55 g/cm3, 

the resolution almost saturates to the same limit, deter- 

mined by the statistics of ion production, while at high 

densities, > 0.55 g/cm3, it continues to slowly decrease 

even at the maximum applied fields, but still remains far 

above the statistical limit. This is seen more clearly in 

Fig, 5 which gives energy resolution versus density meas- 

ured for 662 keV gamma-rays at a field of 7 kV/cm. 

Below 0.55 g/cm3 the resolution stays at a level of 0.6% 

FWHM (statistical limit), then, above this threshold, it 

starts to degrade rapidly, and reaches a value of about 

5% at 1.7 g/cm”. Such degradation of the energy resolu- 

tion above 0.55 g/cm3 was observed previously in 

Ref. [3-53 and explained with the d-electron model, 

originally proposed to explain the poor energy resolution 

measured by others in liquid Xe [13]. According to this 

model, the degradation of the energy resolution is caused 

by the fluctuations of electron-ion recombination in 6- 

electron tracks. For intense recombination, which would 

give large fluctuations, a particular density of ionization 

must be reached. These conditions would appear first in 

the tracks produced by low-energy S-electrons. The 

fluctuations in the number of such tracks, which are 

governed by the statistics of the a-electron production, 

determine the intrinsic resolution. As the density in- 

crease, the ranges of the &electrons become smaller, and 

the conditions for strong recombination occur in tracks 

produced by S-electrons with ever higher energies. In 

other words, the average number of tracks with high 

recombination rate should increase with density even if 

the recombination rate itself saturates at high densities. 

This can be illustrated by comparing the density depend- 

ence of the intrinsic energy resolution and changes in the 

slope of l/Q versus log(E), i.e. coefficient B in function (l), 

which characterizes the recombination processes (see 

Figs. 5 and 6). Below 1.4g/cm3, the energy resolution 

almost follows the dependence of B. At higher densities 

B saturates, or even starts to decrease, while the intrin- 

sic energy resolution continues to degrade. The latter 

fact shows that at high densities the resolution is deter- 

mined by fluctuations in the number of tracks with high 

density ionization, rather than fluctuations in recombi- 

nation. 

Another interesting question is the origin of the step- 

like behavior of the resolution around 0.55 g/cm3 (see 

Fig. 5). The location of the step precisely coincides with 

the threshold of appearance of the first exciton band, 

which is formed inside a cluster of at least 10 atoms due 

to density fluctuations in dense Xe [S]. Delta-electrons 

interact with whole clusters to produce an exciton or free 

electron. This could be an additional channel of energy 

loss that would result in a sharp decrease in size of the 

a-electron tracks and, consequently, in a sharp rise of the 

number of tracks with high density of ionization above 

0.55 g/cm3. 

A similar behavior of the intrinsic resolution was ob- 

tained for all other energies used in these measurements 

(0.3-1.4 MeV). Below 0.55 g/cm’, the intrinsic energy res- 

olution saturates to its statistical limit, determined by 

(FW/E,)“‘, if a sufficiently high electric field is applied, 

and starts to degrade above 0.55 g/cm” even at high 

fields. Fig. 7 shows the dependence of the intrinsic resolu- 

tion (%FWHM) on the energy of gamma-rays plotted as 

Figure 2.1: The energy resolution, FWHM, is shown for
137

Cs 662 keV gamma rays, as

a function of xenon density, for the ionization signal only. Reproduced from [BR97].

fraction of energy is converted to heat through excimer-excimer collisions, after

which only one excimer survives (see [Nyg07] and references therein).

By supplying an electric field, the recombination fraction can be made somewhat

smaller, but large fluctuations persist. For fast electrons in LXe, the average

fractions of energy spent in ionization and scintillation are roughly equal if an

electric field is present. However, either one of these signals, if taken alone, will

show anomalously large partitioning fluctuations. If both are measured, a strong

anti-correlation will exist for a fixed energy deposition that can be used to improve

the energy measurement. This is possible only to a certain extent since, in practice,

the primary scintillation signal cannot be measured with the precision and accuracy

needed to recover the intrinsic energy resolution [ABBD06].

In contrast, given the xenon critical density, the intrinsic resolution in the gas

phase is very good up to pressures in the vicinity of 50 bar, at room temperature,

although practical and technical issues dictate much smaller pressures, in the range

of 5 to 20 bar.

Extrapolating the observed resolution in Figure 2.1 as E−1/2
from E = 662 keV to

the
136

Xe Qββ value (2480 keV), a naive energy resolution is predicted:

δE/E = 3× 10
−3

FWHM. (2.2)

Based on ionization signals only, the energy resolution in Eq. 2.2 reflects an order of

19

Bolotnikov	
  et	
  al.	
  NIM	
  A	
  396(1997)360-­‐370A	
  

•  Advantages	
  of	
  Xe:	
  high	
  Qββ,	
  
only	
  noble	
  gas	
  (low	
  afach.)	
  
with	
  ββ	
  decay,	
  high	
  natural	
  
abundance	
  of	
  136	
  isotope,	
  
easy	
  to	
  enrich.	
  

•  Advantages	
  of	
  gas	
  Xe:	
  good	
  
energy	
  resolu4on	
  (<1%),	
  
allows	
  tracking	
  	
  

•  Tracking	
  and	
  Radio-­‐purity:	
  
background	
  minimized	
  

•  Scalability:	
  NEXT	
  1000	
  



NEXT CONCEPTUAL IDEA, light production   
LIGHT	
  PRODUCTION	
  PROCESS	
  
	
  -­‐	
  Electrons	
  excite	
  and	
  ionize	
  Xe	
  
	
  -­‐	
  Excited	
  Xenon	
  emits	
  scin4lla4on	
  
light	
  (172nm)	
  that	
  is	
  detected	
  by	
  the	
  	
  
PMTs	
  at	
  Energy	
  Plane	
  (SIGNAL	
  1)	
  
	
  -­‐	
  Electrons	
  from	
  ioniza4on	
  are	
  
dri4ed	
  by	
  a	
  weak	
  electric	
  field	
  to	
  the	
  
Electro-­‐Luminescence	
  (EL)	
  region	
  	
  	
  
	
  -­‐	
  There,	
  a	
  larger	
  E	
  field	
  	
  accelerate	
  
electrons	
  such	
  to	
  excite	
  the	
  Xe,	
  but	
  
not	
  enough	
  to	
  ionize	
  it.	
  This	
  process	
  
produce	
  a	
  large	
  amount	
  of	
  172nm	
  
(SIGNAL	
  2)	
  
-­‐ The	
  PMTs	
  in	
  the	
  energy	
  plane	
  will	
  
accurately	
  measure	
  the	
  energy	
  	
  
-­‐ 	
  The	
  SiPMs	
  in	
  the	
  tracking	
  plane	
  will	
  
allow	
  to	
  reconstruct	
  the	
  track	
  
followed	
  by	
  the	
  original	
  par4cle.	
  
	
  

Tetra	
  Phenyl	
  Butadiene	
  (TPB)	
  
Wave-­‐Length-­‐Shiker	
  is	
  used	
  to	
  
convert	
  the	
  light	
  from	
  UV	
  to	
  
430	
  nm	
  to	
  make	
  it	
  visible	
  and	
  
increase	
  the	
  light	
  produc4on	
  



NEXT CONCEPTUAL IDEA, tracking  

Reconstructed	
  	
  tracks	
  	
  from	
  	
  
a	
  MC	
  simulated	
  ββ0ν	
  event	
  	
  

The	
  signature	
  of	
  the	
  electron	
  
is	
  a	
  twisted	
  track	
  with	
  a	
  strong	
  
energy	
  deposi4on	
  at	
  its	
  end	
  

Tracking	
  Plane	
  
of	
  NEXT-­‐DEMO,	
  
with	
  256	
  SiPMs	
  
for	
  tracking	
  





Prototypes	
  



NEXT-DEMO prototype  
Clean	
  room

	
  at	
  IFIC	
  (Valencia)	
  



•  Energy	
  plane:	
  19	
  Hamamatsu	
  R7378A	
  PMTs	
  
•  Tracking	
  plane:	
  256	
  SiPM	
  coated	
  with	
  TPB	
  
•  Electric	
  field	
  drik	
  region	
  ∼	
  300	
  V/cm	
  
•  Electric	
  field	
  EL	
  region	
  ∼	
  25	
  kV/cm	
  
•  Pressure	
  =	
  10	
  atm	
  
•  HVcathode=	
  25kV;	
  	
  	
  	
  HVanode	
  =	
  10kV	
  
•  Cylindrical	
  ac4ve	
  volume:	
  30	
  cm	
  long	
  and	
  

30	
  cm	
  diameter	
  
•  ρ	
  ∼	
  5	
  ·∙	
  10−2	
  g/cm3	
  

•  Par4cles	
  observed:	
  Photons	
  (22Na,	
  137Cs,	
  
Cosmic	
  Muons,	
  Alphas	
  (226Ra)	
  

Track	
  of	
   	
  electron	
  photo-­‐
produced	
   from	
   662keV	
  
gamma	
  137Cs	
  decay	
  

NEXT DEMo HIGHLIGHTS Ini4al	
  Results	
  of	
  NEXT-­‐DEMO,	
  a	
  Large-­‐scale	
  Prototype	
  of	
  the	
  	
  
NEXT-­‐100	
  Experiment,	
  	
  2013	
  JINST	
  8	
  P04002	
  
	
  
Opera4on	
  and	
  First	
  Results	
  of	
  the	
  NEXT-­‐DEMO	
  Prototype	
  using	
  
a	
  	
  Silicon	
  Photomul4plier	
  Tracking	
  Array,	
  arXiv:1306.0471	
  	
  
	
  

137Cs	
  Peak	
  FWHM	
  1.5%	
  
Extrapolated	
  @	
  Qbb	
  0.78%	
  

137Cs	
  Peak	
  FWHM	
  1.5%	
  
0.78%	
  FWHM	
  @	
  Qbb	
  



NEXT-DBMD prototype: HIGHLIGHTS 

0.57%	
  FWHM	
  @	
  Qbb	
  

Near-­‐Intrinsic	
  Energy	
  Resolu4on	
  for	
  30	
  to	
  662	
  keV	
  	
  
Gamma	
  Rays	
  in	
  a	
  High	
  Pressure	
  Xenon	
  Electro-­‐	
  
luminescent	
  TPC,	
  Nucl.	
  Inst.	
  Meth.	
  A708	
  (2013)	
  101	
  

LB
N
L	
  
(C
A,
	
  U
SA

)	
  

Energy	
  plane:	
  19	
  Hamamatsu	
  R7378A	
  PMTs	
  
Tracking	
  plane:	
  64	
  SiPM	
  coated	
  with	
  TPB	
  
Pressure	
  =	
  10	
  to	
  15	
  atm	
  
ρ	
  ∼	
  5	
  ·∙	
  10−2	
  g/cm3	
  

These	
  data	
  were	
  taken	
  at	
  10.1	
  atm	
  with	
  a	
  
0.16	
  kV/cm	
  field	
  in	
  the	
  drik	
  region	
  and	
  
2.08	
  kV/(cm	
  atm)	
  in	
  the	
  EL	
  region	
  

These	
  data	
  were	
  taken	
  at	
  10.1	
  atm	
  with	
  a	
  1.03	
  
kV/cm	
  field	
  in	
  the	
  drik	
  region	
  and	
  2.68	
  kV/(cm	
  
atm)	
  in	
  the	
  EL	
  region.	
  

X-­‐Rays	
  peaks	
  
K-­‐alpha	
  (29.7	
  keV)	
  
K-­‐beta	
  (33.6	
  keV)	
  



NEXT-100 at LSC 

NEXT-­‐100	
  vessel	
  under	
  construcIon	
  	
  
(before	
  cleaning)	
  	
  

Movesa	
  factory,	
  Madrid	
  (Spain).	
  June	
  2013	
  Plavorm	
  for	
  NEXT-­‐100	
  at	
  LSC	
  

Shielding	
  of	
  NEXT-­‐100	
  



radio-­‐purity	
  issues	
  



Radiopurity: BACKGROUND MODEL 

Example	
  1:	
  Electron	
  photo-­‐produced	
  by	
  2448	
  keV	
  gamma	
  from	
  214Bi	
  decay	
  	
  	
  
Example	
   2:	
   Electron	
   photo-­‐produced	
   by	
   2448	
   keV	
   gamma	
   from	
   208Tl	
   decay	
  
that	
  undergoes	
  Bremsstrahlung	
  
Example	
  3:	
  Two	
  electron	
  Compton	
  	
  
scafered	
  from	
  2615	
  keV	
  gamma	
  	
  
from	
  208Tl	
  decay	
  	
  	
  

Preliminary	
  esImates	
  from	
  	
  
Background	
  Model	
  	
  
(counts/kg/keV/year)	
  
214Bi:	
  0.18	
  -­‐	
  0.40·∙10-­‐3	
  	
  
208Tl:	
  0.21	
  -­‐	
  0.48·∙10-­‐3	
  	
  
Total:	
  0.38	
  -­‐	
  0.88·∙10-­‐3	
  	
  

	
  
	
  
	
  	
  
	
  

Simula4ons	
  of	
  the	
  Background	
  
Model	
  are	
  made	
  with	
  NEXUS,	
  
a	
  GEANT4	
  based	
  sokware	
  
developed	
  by	
  NEXT	
   3	
  2	
  1	
  



Radiopurity:  MEASUREMENTS 
Example	
  of	
  background	
  spectrum:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  geOroel	
  detector	
  They	
  are	
  carried	
  out	
  at	
  the	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  LSC’s	
  HPGe	
  facility	
  

Background	
  coun4ng	
  rates	
  of	
  detectors	
  used	
  by	
  NEXT	
  (counts/day/Kg)	
  

Radiopurity	
  control	
  in	
  the	
  NEXT-­‐100	
  double	
  β	
  decay	
  experiment:	
  procedures	
  and	
  ini4al	
  measurements.	
  2013	
  JINST	
  8	
  T01002	
  



Radiopurity: NEXT Screening program 

Radiopurity	
  control	
  in	
  the	
  NEXT-­‐100	
  double	
  β	
  decay	
  experiment:	
  procedures	
  and	
  ini4al	
  measurements.	
  2013	
  JINST	
  8	
  
T01002	
  



•  64	
  PMTs	
  in	
  NEXT-­‐100’s	
  energy	
  plane	
  
•  Expected	
  to	
  be	
  [one	
  of]	
  the	
  largest	
  source	
  of	
  background	
  to	
  the	
  ββ0ν	
  signal	
  
	
  	
  	
  	
  à	
  	
  a	
  complete	
  screening	
  of	
  all	
  PMTs	
  is	
  a	
  must	
  
	
  	
  	
  	
  à	
  	
  aim	
  for	
  as	
  much	
  measured	
  info	
  as	
  possible	
  to	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  minimize	
  systema4cs	
  from	
  MC	
  descrip4on	
  	
  
	
  

Radiopurity: PMTs 

à	
  	
  	
  Our	
  strategy:	
  measure	
  first	
  all	
  the	
  PMTs	
  making	
  sure	
  that	
  they	
  pass	
  the	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
requirements	
  of	
  NEXT,	
  as	
  es4mated	
  with	
  the	
  background	
  model;	
  perform	
  	
  
a'erwards	
  as	
  many	
  detailed	
  measurement	
  as	
  4me	
  permits	
  before	
  NEXT-­‐100	
  	
  
final	
  assembly	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Further:	
  
-­‐	
  The	
  PMT	
  Hamamatsu	
  R11410-­‐MOD	
  is	
  the	
  first	
  low	
  
background-­‐designed	
  commercial	
  PMT	
  
-­‐ 	
  Our	
  sample	
  of	
  R11410-­‐MODs	
  is	
  rather	
  large:	
  their	
  	
  
Measured	
  radio-­‐puri4es	
  will	
  provide	
  very	
  valuable	
  	
  
informa4on	
  to	
  the	
  low	
  background	
  	
  physics	
  community	
  	
  
-­‐	
  For	
  instance:	
  the	
  LUX	
  and	
  XENON	
  experiments	
  have	
  	
  
measured	
  several	
  units,	
  but	
  wee	
  need	
  more	
  informa4on	
  



Radiopurity: PMTs 

In	
  addi4on	
  to	
  pass/don’t-­‐pass,	
  this	
  method	
  	
  
provides	
  the	
  upper	
  limit	
  of	
  the	
  ac4vity	
  in	
  the	
  	
  
region,	
  where	
  the	
  3	
  PMTs	
  	
  from	
  the	
  same	
  	
  
measurement	
  will	
  be	
  placed	
  in	
  the	
  detector	
  

In	
  order	
  to	
  finish	
  this	
  	
  
phase	
  by	
  beginning	
  	
  
2014	
  we	
  measure	
  	
  	
  
groups	
  of	
  3	
  PMTs	
  	
  
simultaneously	
  	
  	
  

As	
  4me	
  runs	
  short	
  
we	
  first	
  ensure	
  the	
  
rejec4on	
  of	
  Bad	
  and	
  	
  
the	
  iden4fica4on	
  of	
  
Dangerous	
  PMTs	
  

our	
  ul4mate	
  goal	
  is	
  to	
  classify	
  the	
  PMTs	
  as	
  
Bad	
  PMT 	
   	
  	
  	
  	
  	
  	
  	
  	
  act	
  >	
  10	
  mBq	
  
Dangerous	
  PMT	
   	
  5	
  mBq	
  <	
  act	
  <10	
  mBq	
  
	
  
Good	
  PMT	
   	
   	
  3	
  mBq	
  <	
  act	
  <	
  5mBq	
  
Very	
  good	
  PMT	
   	
  1	
  mBq	
  <	
  act	
  <	
  3mB	
  
Excellent	
  PMT	
   	
  act	
  <	
  1mBq	
  
(ac4vi4es	
  considered	
  separately	
  for	
  both	
  isotopes)	
  



MONTECARLO SIMULATIONS (GEANT 4.9.5) 

vs.	
  

0,5	
  

1,5	
  

2,5	
  

3,5	
  

4,5	
  

0	
   500	
   1000	
   1500	
   2000	
   2500	
   3000	
  

Eff
	
  (%

)	
  

Energy	
  (keV)	
  

GEANT	
  4.9.5	
  PMT	
  efficiency	
  

Efficiencies	
  for	
  most	
  relevant	
  γare	
  at	
  ≈	
  2	
  %	
  level 	
  	
  



3PMT01	
   3PMT02	
   3PMT03	
   3PMT04	
   3PMT05	
  

Time	
  of	
  measurement	
  [days]	
   30.64	
   20.22	
   16.57	
   18.31	
   26.81	
  
232Th	
  Chain	
  (208Tl)	
  [mBq]	
   <	
  7.1	
   <	
  9.2	
   <	
  8.8	
   <	
  7.9	
   <	
  7.5	
  
232Th	
  Chain	
  (228Ac)	
  [mBq]	
   <	
  9.5	
   <	
  11.1	
   <	
  11	
   <	
  11	
   <	
  9.1	
  
238U	
  Chain	
  (214Bi)	
  [mBq]	
   <	
  3.2	
   <	
  3.9	
   <	
  4.2	
   <	
  5.0	
   <	
  3.7	
  

238U	
  Chain	
  (234Pa(m))	
  [mBq]	
   <	
  329	
   <	
  420	
   <	
  610	
   <	
  386	
   <	
  307	
  
40K	
  [mBq]	
   37.2	
  ±	
  9.9	
   <	
  73	
   <	
  58	
   <	
  68	
   <	
  51	
  
60Co	
  [mBq]	
   14.6	
  ±	
  1.1	
   13.3	
  ±	
  1.1	
   12	
  ±	
  1	
   13	
  ±	
  1	
   13	
  ±	
  1	
  
54Mn	
  [mBq]	
   1.40	
  ±	
  0.35	
   <	
  2.1	
   <	
  2.2	
   <	
  1.6	
   <	
  1.3	
  

•  So	
  far	
  5	
  measurement	
  of	
  	
  3	
  PMT	
  ensembles	
  +	
  1	
  single	
  PMT	
  
•  Typical	
  dura4on	
  of	
  measurement:	
  ≈	
  20	
  	
  days	
  	
  
•  Preliminary	
  results	
  are	
  (ac4vity/3PMTs):	
  
	
  

•  The	
  measured	
  ac4vi4es	
  are	
  well	
  within	
  expecta4ons	
  and	
  appropriate	
  for	
  
the	
  experiment	
  

•  We	
  expect	
  to	
  finish	
  this	
  pass/don’t-­‐pass	
  phase	
  by	
  beginning	
  of	
  next	
  year	
  
•  Akerwards	
  we	
  will	
  proceed	
  with	
  as	
  many	
  precision	
  measurements	
  as	
  

possible	
  	
  

Radiopurity: PMTS, Work plan and results 



3PMT01	
   3PMT02	
   3PMT03	
   3PMT04	
   3PMT05	
  

Time	
  of	
  measurement	
  [days]	
   30.64	
   20.22	
   16.57	
   18.31	
   26.81	
  
232Th	
  Chain	
  (208Tl)	
  [mBq]	
   <	
  7.1	
   <	
  9.2	
   <	
  8.8	
   <	
  7.9	
   <	
  7.5	
  
232Th	
  Chain	
  (228Ac)	
  [mBq]	
   <	
  9.5	
   <	
  11.1	
   <	
  11	
   <	
  11	
   <	
  9.1	
  
238U	
  Chain	
  (214Bi)	
  [mBq]	
   <	
  3.2	
   <	
  3.9	
   <	
  4.2	
   <	
  5.0	
   <	
  3.7	
  

238U	
  Chain	
  (234Pa(m))	
  [mBq]	
   <	
  329	
   <	
  420	
   <	
  610	
   <	
  386	
   <	
  307	
  
40K	
  [mBq]	
   37.2	
  ±	
  9.9	
   <	
  73	
   <	
  58	
   <	
  68	
   <	
  51	
  
60Co	
  [mBq]	
   14.6	
  ±	
  1.1	
   13.3	
  ±	
  1.1	
   12	
  ±	
  1	
   13	
  ±	
  1	
   13	
  ±	
  1	
  
54Mn	
  [mBq]	
   1.40	
  ±	
  0.35	
   <	
  2.1	
   <	
  2.2	
   <	
  1.6	
   <	
  1.3	
  

•  So	
  far	
  5	
  measurement	
  of	
  	
  3	
  PMT	
  ensembles	
  +	
  1	
  single	
  PMT	
  
•  Typical	
  dura4on	
  of	
  measurement:	
  ≈	
  20	
  	
  days	
  	
  
•  Preliminary	
  results	
  are	
  (ac4vity/3PMTs):	
  
	
  

•  The	
  measured	
  ac4vi4es	
  are	
  well	
  within	
  expecta4ons	
  and	
  appropriate	
  for	
  
the	
  experiment	
  

•  We	
  expect	
  to	
  finish	
  this	
  pass/don’t-­‐pass	
  phase	
  by	
  beginning	
  of	
  next	
  year	
  
•  Akerwards	
  we	
  will	
  proceed	
  with	
  as	
  many	
  precision	
  measurements	
  as	
  

possible	
  	
  

Radiopurity: PMTS, Work plan and results 



Summary	
  and	
  Conclusions	
  

•  NEXT	
  is	
  an	
  excellent	
  op4on	
  for	
  this	
  genera4on	
  of	
  	
  ββ0ν	
  
experiments,	
  thanks	
  to	
  its	
  energy	
  resolu4on,	
  its	
  ability	
  to	
  
reject	
  background	
  and	
  its	
  scalability	
  

•  The	
  results	
  from	
  the	
  DEMOs	
  are	
  extremely	
  important	
  
milestones.	
  That	
  have	
  proven	
  the	
  technology,	
  the	
  energy	
  
resolu4on	
  and	
  tracking	
  

	
  
	
  
•  A	
  thorough	
  screening	
  program	
  is	
  being	
  carried	
  out	
  at	
  the	
  LSC	
  
•  The	
  materials	
  chosen	
  for	
  NEXT	
  are	
  showing	
  good	
  radio-­‐purity	
  
proper4es	
  

•  A	
  special	
  campaign	
  for	
  the	
  64	
  PMTs	
  is	
  also	
  ongoing.	
  The	
  units	
  
measured	
  so	
  far	
  show	
  very	
  small	
  radioac4ve	
  contamina4on.	
  

	
  



THAT’S ALL 



APPENDIX 



xenon scintillation 



EVENT FROM NEXT-DBDM with x-rays  



TPB EFFECTS ON NEXT-DEMO 

Illuminated	
  with	
  UV	
  light	
  

TetraPhenyl	
  Butadiene	
  (TPB)	
  converts	
  
UV	
  light	
  to	
  blue	
  (peak	
  at	
  ~430	
  nm)	
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Results: PMT horizontal mode 

PMT_hor01:	
  (04-­‐03-­‐13	
  to	
  09-­‐04-­‐13)	
  

PMT_hor01	
  
Time	
  of	
  measurement	
   33.70	
  days	
  

232Th	
  (208Tl)	
   <	
  3.4	
  mBq	
  
232Th	
  (228Ac)	
   <	
  5.4	
  mBq	
  
238U	
  (214Bi)	
   <	
  1.8	
  mBq	
  

238U	
  (234Pa(m))	
   <	
  187	
  mBq	
  
40K	
   <	
  29	
  mBq	
  
60Co	
   2.82	
  ±	
  0.27	
  mBq	
  



RESULTS: Detection limit, LD (95% c.l.) 
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3pmt02 - gamma spectrum 


