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A	  basic	  ques8on	  in	  modern	  Physics	  	  	  	  	  
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S 	  

from	  	  neutrino	  oscilla8ons	  we	  know	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  neutrino	  mass	  ≠	  0	  	  
	  

	   What	  about	  the	  mνabsolute	  value	  and	  	  the	  neutrino	  	  nature	  :	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Dirac	  or	  Majorana	  par8cle?	  

	  	  	  	  	  

Double	  β-‐decay	  	  	  

a)  2ν	  DBD	  :	  (A,	  Z)	  	  	  	  	  	  (A,	  Z+2)	  +	  2e-‐	  +	  2νe	  	  

Described	  for	  the	  first	  8me	  	  

by	  Maria	  Goeppert-‐Mayer	  (1935)	  

	  
	  
a)  0ν	  DBD	  :	  (A,	  Z)	  	  	  	  	  	  (A,	  Z+2)	  +	  2e-‐	  	  

	  

•  Respect	  the	  conserva8on	  low.	  

•  Does	  not	  dis8nguish	  between	  Dirac	  and	  Majorana	  

•  Experimentally	  observed	  in	  several	  nuclei	  	  	  

_	  

	  

•  Neutrino	  has	  mass	  

•  Neutrino	  is	  Majorana	  par8cle	  

•  Violates	  the	  leptonic	  number	  conserva8on	  

•  Experimentally	  not	  observed	  

•  Forbidden	  in	  the	  Standard	  Model	  

 82Se,	  100Mo,	  48Ca,76Ge,	  …	  
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Fig. 43: Double beta decay diagrams. Diagram (a) shows the standard process when two neutrinos are emitted; digram (b)
shows the neutrinoless decay that has not been observed and is possible only if the neutrino is a massive Majorana particle.

Q value of the reaction:
E(e−1 ) + E(e−2 ) ≃ Q ≡ Mi − Mf . (179)

In order to have neutrinoless 2β decays one has two conditions:

[1] The neutrino must be its own anti-particle, that is it must be a Majorana particle.
[2] The neutrino mass must be non zero.

The first condition can be easily understood observing that the virtual neutrino in the diagram (b) of
Fig. 43 is emitted as νe and is absorbed as a νe, and in fact the reaction (178) clearly violates the lepton
number by two units. The second condition follows from the fact that anti-neutrino emitted in the ‘first’
decay has the wrong chirality for being absorbed. The absorption is therefore possible without violating
angular momentum conservation only if mν in non-vanishing. In fact the amplitude for neutrinoless
duuble beta decay is proportional to the neutrino mass:

A(2β0ν) ∝
∑

i

U2
ei mi ≡ ⟨mνe⟩eff . (180)

Note that the amplitude is proportional to a linear combination of the neutrino masses where the coef-
ficients are U 2

ei rather than |Uei|2, and therefore in general cancellations are possible, and the effective
mass can be smaller than the smallest neutrino mass mj . The quantity ⟨mνe⟩eff constitutes a lower limit
on the mass of the heaviest neutrino.

The current best limits on neutrinoless double beta decay comes from Heidelberg–Moscow exper-
iment on the double beta decay of 76Ge [103]. This experiment located in the Gran Sasso underground
laboratory is using 11 kg of Ge enriched to 86% in the isotope with mass 76, and has achieved a very
low background (or order 0.2 counts/year/Kg/KeV) at the expected position of the ββ0ν signal, and has
collected an exposure of order 50 Kg years. In Fig. 44 we show the energy spectrum observed by the
experiment (the experiment measures only the total relased energy and cannot identify if the source of
the energy is a photon, or one or more electrons). One can see the presence of several sources of back-
ground (that give a continuum and several radioactive decay lines) but also the clear contribution of a
two-neutrino double decay with the predicted shape. The half-life of Germanium-76 was estimated from
a fit to the background–subtracted signal in the energy range 700–2040 KeV

T 2ν
1/2 = [1.55 ± 0.01(stat) +0.19

−0.15 (syst) ] × 1021 years . (181)

In the presence of a neutrino–less contribution, one would observe a line corresponding to the Q-value
of the 76Ge → 76Se transition (2038.56 ± 0.32 KeV). The data (see the bottom panel of Fig. 44) shows
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Notional Timeline of Presented Projects 

Based on the information supplied to the Subcommittee by the collaborations, we have 
compiled the timeline for these projects in Figure 2.2. One can see that there is at least 1 more 
year of construction and assembly before all the projects are in an operational phase taking 
data. After an additional period of 1-2 years one can expect to have valuable information based 
on real data for these different techniques. At that point, one would expect that an assessment 
of the relative merits would be much more reliable than the present time. 

 
Figure 2.2.  Approximate timelines for the presented projects.  The orange bars represent 
nominal construction periods and green illustrates actual or intended running.   
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EXECUTIVE SUMMARY 
 
In December 2013, DOE and NSF charged NSAC to form a Subcommittee to provide guidance on 
an effective strategy for implementation of a possible second generation US experiment to 
search for the neutrinoless double beta decay (NLDBD) process. A 15 member Subcommittee 
was formed by NSAC to carry out the charge. This is a standing committee for two years, but we 
were requested to provide a preliminary report in April 2014. The Subcommittee solicited 
written input from the present worldwide collaborative efforts on double beta decay projects. 
An open meeting was held where these collaborations were invited to present material related 
to their current projects and proposed future extensions. We also heard presentations related 
to nuclear theory and particle theory aspects of the subject. The Subcommittee held an 
additional closed meeting where we discussed our detailed responses to the charge and this 
preliminary written report. The Subcommittee presented its principal findings and 
recommendations at the NSAC meeting in April 2014. 
 
The subject of neutrinoless double beta decay involves the very rare decay of certain atomic 
nuclei that would violate a fundamental principle of the Standard Model, that of Lepton 
Number Conservation. The search for NLDBD has already taught us much, with dramatic 
improvements in experimental sensitivity and in theoretical understanding over the years. The 
recent discovery of neutrino oscillations and the establishment of a very light scale for neutrino 
masses provides new and compelling motivation to vigorously pursue the search for 
neutrinoless double beta decay. In particular, there is significant potential sensitivity to 
establish that the neutrinos and their antiparticles are identical (so called Majorana type) as 
opposed to distinct (Dirac type) fermions. In fact, observation of NLDBD would have far 
reaching implications, pointing to the existence of a new mechanism for mass generation 
beyond the Standard Model, and to possible scenarios to generate the matter-antimatter 
asymmetry of the universe. 
 
The worldwide set of double beta decay projects presently running, under construction, and 
planned for the near future represent “current generation experiments”. This current 
generation of projects will achieve varying levels of improved sensitivity over the current best  
limits (1-2x1025 years) , approaching NLDBD half-lives of about 1026 years. It is then anticipated 
ƚŚĂƚ�ƚŚĞƐĞ�ǁŝůů�ůĞĂĚ�ƚŽ�ŽŶĞ�Žƌ�ŵŽƌĞ�͞ƐĞĐŽŶĚ�ŐĞŶĞƌĂƚŝŽŶ͟�;൙�͞ŶĞǆƚ�ŐĞŶĞƌĂƚŝon”) future 
experiments which should have sufficient sensitivity to, with high confidence, resolve the issue 
of Majorana vs. Dirac nature of neutrinos for the so-called “inverted hierarchy” of neutrino 
mass values. (The “inverted  hierarchy” corresponds to the case where the lightest neutrino is 
dominated by muon and tau neutrino flavors, rather than the alternative where the lightest 
neutrino has a major electron neutrino component.) Such a second generation experiment will 
require half-life sensitivity significantly exceeding 1027 years. This increase of more than 2 
orders of magnitude from the presently achieved limits is a very challenging experimental goal 
that will require much larger experiments and, in most cases, substantial improvements in the 
experimental techniques.   
 

Experiment	   Isotope	   Lab	   Status	  

GERDA	   76Ge	   LNGS	   Phase	  I	  completed	  
Migra>on	  to	  Phase	  II	  

CUORE0	  /
CUORE	  

130Te	   LNGS	   Data	  taking	  /	  
Construc>on	  

Majorana	  
Demonstrator	  

76Ge	   SURF	  	   Construc>on	  

SNO+	   130Te	   SNOLAB	   R&D	  /	  Construc>on	  

SuperNEMO	  
demonstrator	  

82Se	  (or	  
others)	  

LSM	   R&D	  /	  Construc>on	  

Candles	   48Ca	   Kamioka	   R&D	  /	  Construc>on	  

COBRA	   116Cd	   LNGS	   R&D	  

Lucifer	   82Se	   LNGS	   R&D	  

DCBA	   many	   [Japan]	   R&D	  

AMoRe	   100Mo	   [Korea]	   R&D	  

MOON	   100Mo	   [Japan]	   R&D	  

Search	  	  	  for	  	  0νββ	  	  decay:	  a	  worldwide	  race	  	  



In the 0νββ  the decay rate can be expressed as a product of independent factors, that also depends 
on a function containing physics beyond the Standard Model throught the masses and the mixing 
coefficients of the neutrinos species : 

Thus,	  if	  the	  M0νββ	  nuclear	  matrix	  elements	  were	  known	  with	  sufficient	  precision,	  the	  
neutrino	  mass	  could	  be	  established	  from	  0νββ	  decay	  rate	  measurements.	  	  
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The	  role	  of	  nuclear	  physics	  	  	  
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Evaluation of  

ü Calculations (still sizeable 
uncertainties): QRPA, Large scale shell 
model, IBM ….. 

 
ü Measurements (still not conclusive for 
0νββ):  

 (π+, π-)  
 single charge exchange (3He,t) 
 electron capture 
 transfer reactions … 
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Qualita8ve	  is	  not	  enough…	  

7	  

The	  challange:	  
	  to	  access	  quan8ta8ve	  informa8on	  !	  	  
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Double	  charge	  exchange	  reac8ons	  	  	  	  	  

2	  
Sequen8al	  nucleon	  transfer	  mechanism	  	  
4th	  order:	  
	  

Ø 	  	  Brink’s	  Kinema>cal	  matching	  condi>ons	  
D.M.Brink,	  et	  al.,	  Phys.	  LeO.	  B	  40	  (1972)	  37	  

3	   Meson	  exchange	  mechanism	  2nd	  order	  	  

1	   Induced	  by	  strong	  interac8on	  	  

Possibility	  to	  go	  in	  both	  direc8ons	  3	  4

HI	  Double	  charge	  exchange	  	  reac8ons	  are	  characterized	  by	  the	  transfer	  of	  	  	  isospin	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
leaving	  the	  mass	  number	  unchanged	  

ΔTZ = ±2

 LNS 



0νββ	  	  	  	  vs	  	  	  HI-‐DCE	  	  

1.   Ini8al	  and	  final	  states:	  Parent/daughter	  states	  of	  the	  0νββ	  are	  the	  same	  as	  those	  of	  the	  
target/residual	  nuclei	  in	  the	  DCE;	  

2.   Spin-‐Isospin	  mathema8cal	  structure	  of	  the	  transi8on	  operator:	  Fermi,	  Gamow-‐Teller	  and	  
rank-‐2	  tensor	  together	  with	  higher	  L	  components	  are	  present	  in	  both	  cases;	  

for	  single	  CEX:	  

Connec8on	  between	  β-‐decay	  and	  Single	  Charge	  Exchange	  	  

for	  single	  CEX:	  

In	  the	  hypothesis	  of	  a	  surface	  localized	  process	  (for	  direct	  quasi	  elas8c	  processes).	  	  
In	  a	  simple	  model	  one	  can	  assume	  that	  the	  DCE	  process	  is	  just	  a	  second	  order	  charge	  exchange,	  where	  projec8le	  and	  target	  
exchange	  two	  uncorrelated	  isovector	  virtual	  mesons.	  

generaliza&on	  	  
to	  DCE:	  

unit cross-section 
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Factoriza8on	  of	  the	  	  charge	  exchange	  
cross-‐sec8on	  	  	  

B(GT )[(3He, t);q = 0]
B(GT )[βdecay ]

=1± 0.05



	  
The	  “key”	  facili8es	  @	  LNS	  	  	  	  

	  	  

 LNS 

•  K800	  Superconduc8ng	  Cyclotron	  in	  full	  
opera8on	  since	  1996.	  	  

•  It	  can	  accelerate	  from	  Hydrogen	  to	  
Uranium.	  

•  Maximum	  nominal	  energy	  is	  80	  MeV/u.	  

Optical characteristics Measured values 

Maximum magnetic rigidity 1.8 T m 

Solid angle 50 msr 

Momentum acceptance -14.3%, +10.3% 

Momentum dispersion for k= - 0.104 (cm/%) 3.68 

Achieved resolution 
Energy ΔE/E ∼ 1/1000 
Angle Δθ ∼ 0.2° 
Mass Δm/m  ∼ 1/160  

MAGNEX	  magne8c	  spectrometer	  Superconduc8ng	  Cyclotron	  

F. Cappuzzello et al., MAGNEX: an innovative large acceptance spectrometer for nuclear reaction studies, in Magnets: 
Types, Uses and Safety (Nova Publisher Inc., NY, 2011) pp. 1–63. 

Scattering  
Chamber 

Quadrupole 

Dipole 
Focal Plane  
Detector 
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Ø  18O7+	  beam	  from	  LNS	  Cyclotron	  at	  270	  MeV	  (10	  pnA)	  

Ø  40Ca	  solid	  target	  of	  300	  μg/cm2	  

Ø  Ejec8les	  	  detected	  by	  the	  MAGNEX	  spectrometer	  

Ø  Angular	  seung	  	  
θopt = 4° −2° <θlab <10°

18O + 40Ca  18F + 40K  18Ne + 40Ar  

20Ne + 38Ar  

16O + 42Ca  

Measured 

Not measured 

The pilot experiment:  
40Ca(18O,18Ne)40Ar@LNS	  	  

2n-‐transfer:	  
	  40Ca(18O,16O)42Ca	  @	  270	  MeV	  	  

6. A NEW MODEL TO EXTRACT THE 0⌫��-NMES

6.1 Experimental results

In order to compare the cross sections of the di↵erent channels involved in the studied

DCE reaction, the spectra counts of 40Ar, 40K, 38Ar, 42Ca are converted in di↵erential

cross section by integrating in the solid angle:

d�

dE
=

Z
f(✓,�, E)d⌦ =

Z 2⇡

0
d�

Z ✓
max

✓
min

f(✓,�, E)d✓ (6.1)

where

f(✓,�, E) =
d2�(✓)

dEd⌦

The resulting spectra are shown in Fig.6.1 and 6.2.

In the 40Ca(18O,20Ne)38Ar 2p-transfer spectrum showing in Fig.6.1a, the cross section

tends to increase with excitation spectrum as a consequence of the kinematical Q-

matching conditions (Qopt=32 MeV). Known low-lying states are identified [135, 136]

indicating the suppression of low multipolarity transitions due to L-matching conditions

(Lopt = 6). In Fig.6.1, for each observed peak, the maximum angular momentum (Jmax)

is indicated according to [136]. The L- and Q-optimum for the second step 2n-transfer
38Ar(20Ne,18Ne)40Ar are similar. Thus multistep transfer reactions are expected to be

strongly suppressed in the population of the mismatched (L = 0, Q = -2.9 MeV) 40Ar

ground state.
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Figure 6.1: Panel a) 38Ar energy spectrum populated in the 40Ca(18O,20Ne)38Ar 2p-

transfer. The peak are labelled according to [136]. Panel b) 42Ca enegy spectrum from the
40Ca(18O,16O)42Ca 2n-transfer.

118

2p-‐transfer:	  
	  40Ca(18O,20Ne)38Ar	  @	  270	  MeV	  

40Ca(18O,18F)40K	  	  	  

x-‐sec8on	  (2MeV	  <	  Ex	  <	  3MeV)	  
≈	  0.5	  mb/sr	  

Extracted	  B(GT)	  =	  0.087	  
	  

B(GT)	  from	  (3He,t)	  =	  0.083	  
Y.	  Fujita	  

The	  availability	  of	  the	  MAGNEX	  spectrometer	  for	  high	  resolu8on	  measurements	  of	  very	  
suppressed	  reac8on	  channels	  was	  essen8al	  for	  such	  a	  pioneering	  measurement	  	  
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The	  40Ar	  0+	  ground	  state	  is	  well	  separated	  from	  both	  the	  first	  excited	  
state	  40Ar	  2+	  at	  1.46	  MeV	  and	  the	  18Ne	  excited	  state	  at	  1.887	  MeV	  

FWHM	  ~	  0.5	  MeV	  !	  	  	  	  	  

Measured	  energy	  spectrum	  of	  40Ar	  at	  very	  forward	  angles	  
with	  an	  energy	  resolu8on	  of	  FWHM	  ~	  0.5	  MeV	  .	  	   Differential cross-section of the transition  

40Cag.s.(18O,18Ne)40Arg.s. @ 270 Mev  
  

The	  posi8on	  of	  the	  minima	  is	  well	  described	  by	  a	  Bessel	  func8on	  :	  such	  an	  
oscilla8on	  pa{ern	  is	  not	  expectd	  in	  complex	  mul8step	  transfer	  reac8ons.	  

preliminary 

40C
a	  

38A
r	  

40A
r	  

42C
a	  

DCE @ LNS 

F.	  Cappuzzello	  et	  al.	  Eur.	  Phys.	  J.	  A	  (2015)	  51:	  145	  

To speculate: a comparison between 48Ca and 40Ca  

( ) 18.037.0
2400 ±=CaM νββ

Pauli	  blocking	  about	  0.14	  for	  F	  and	  GT	  

	  	  dσDCE	  /dΩ=11μb/sr	  	  	  	  	  at	  θcm=00	   

 
 
 



•  The	  (18O,18Ne)	  reac8on	  is	  par8cularly	  advantageous,	  but	  it	  is	  of	  β+β+	  kind;	  

•  None	  of	  the	  reac8ons	  of	  β-‐β-‐	  kind	  looks	  like	  as	  favourable	  as	  the	  (18O,18Ne).	  	  
	  (18Ne,18O)	  requires	  a	  radioac8ve	  beam	  	  
	  (20Ne,20O)	  or	  (12C,12Be)	  have	  smaller	  B(GT)	  

•  In	  some	  cases	  gas	  target	  will	  be	  necessary,	  e.g.	  136Xe	  or	  130Xe	  

•  In	  some	  cases	  the	  energy	  resolu8on	  is	  not	  enough	  to	  separate	  the	  g.s.	  from	  
the	  excited	  states	  in	  the	  final	  nucleus	  →	  Coincident	  detec8on	  of	  γ-‐rays	  

Experimental	  limits	  	  
moving	  towards	  “hot-‐cases”	  :	  

Much	  higher	  beam	  current	  is	  needed	  !	  

 LNS 

N U M E N
Determina8on	  of	  nuclear	  matrix	  elements	  seems	  to	  be	  at	  
	  our	  reach…	  but	  :	  



Present	  technology	  is	  not	  enough…	  

14	  

The	  challange:	  	  
	  to	  measure	  at	  very	  high	  rates	  of	  heavy	  ions!	  	  

N U M E N

 LNS 

Upgraded	  set-‐up	  to	  work	  with	  two	  orders	  of	  magnitude	  more	  current	  than	  the	  present	   
	  

	  Substan8al	  change	  in	  the	  technologies	  used	  in	  CS	  and	  in	  the	  MAGNEX	  detector	  	  



The	  CS	  accelerator	  current	  (from	  100	  W	  to	  5-‐10	  kW);	  	  

	  
	  
	  
•  The	  beam	  transport	  line	  	  
transmission	  efficiency	  to	  
nearly	  100%	  

	   15	  

Major	  upgrade	  of	  LNS	  facili8es:	  The	  CS	  accelerator	  

From	  electrosta>c	  extrac>on	  to	  
extrac>on	  by	  stripping	  

 LNS 



 
LNS 

	  The	  MAGNEX	  FPD	  	  

1.91	  m	  

a	  ioniza8on	  dri�	  chamber,	  five	  
independent	  propor>onal	  counters,	  four	  
of	  which	  are	  posi>on-‐sensi>ve	  and	  a	  wall	  
of	  stopping	  silicon	  detectors.	  
	  

	  
ac8ve	  area	  
140x20	  cm2	  

- 

+ 

Mul8wire	  gas	  tracker	  and	  ΔE	  stage	  

Wall	  of	  60	  stopping	  7	  X	  5	  cm2	  Silicon	  detectors	  	  
surface	  covered	  100	  X	  21	  cm2	  

	  

Z	  iden8fica8on	  
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A	  iden8fica8on	  

Bρ = p
q

	  
Pure	  isobutane	  	  pressure	  
range:	  5-‐100mbar;	  600-‐800	  
Volt,wires	  20	  micron	  



FPD	  cri8city	  @	  	  high	  rate	  
 
LNS 

From	  mul8-‐wire	  tracker	   To	  micro-‐pa{ern	  electron	  mul8pliers	  tracker	  

from	  ≈	  2	  kHz	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  to	  several	  MHz	  	  

1.   A	  new	  gas	  tracker	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Now	  	  limited	  to	  ~	  5	  kHz	  due	  to	  the	  slow	  dri�	  of	  posi8ve	  ions	  from	  the	  mul8plica8on	  wires	  to	  the	  Frish	  grid.	  

Ion trajectories 

Ø  R&D	  key	  issue	  :	  GEM-‐based	  tracker	  at	  low	  pressure	  and	  wide	  dynamic	  range	  



 LNS 

From	  	   To	  

A	  wall	  of	  	  7	  X	  5	  cm2	  silicon	  pad	  detectors	   A	  wall	  of	  1	  X	  1	  cm2	  telescopes	  of	  SiC	  	  
detectors	  

•  Double-‐hit	  probability	  at	  100	  kHz	  >	  30%	  
•  High-‐cost	  for	  breaking	  with	  localized	  exposure	  
•  Starts	  to	  deteriorate	  at	  about	  108-‐109	  ions/cm2	  

•  PID	  func8on	  decoupled	  from	  gas	  tracker	  
•  Double-‐hit	  probability	  at	  100	  kHz	  <	  1%	  
•  Much	  smaller	  maintenance	  cost	  	  
•  First	  irradia8on	  tests	  successfully	  performed	  in	  

collabora8on	  with	  CNR	  	  
•  Radia8on	  hard	  material	  (1013	  ions/cm2	  

FPD	  cri8city	  @	  	  high	  rate	  

from	  ≈	  2	  kHz	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  to	  several	  MHz	  	  

2.	  A	  new	  par&cle	  iden&fica&on	  wall	  

Ø  R&D	  key	  issue	  :	  PID	  wall	  hard	  to	  radia8on	  damage	  (1013	  ions/cm2)	  	  	  
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A	  wide	  dynamical	  range	  

 LNS 

The	  thickness	  of	  the	  telescope	  must	  be	  chosen	  in	  order	  to	  permit	  the	  detec8on	  of	  the	  ejec8les	  
in	  the	  wide	  dynamical	  range	  of	  incident	  energies	  (10	  to	  60	  MeV/A)	  

For	  (18O,18Ne)	  	  DCE	  reac8on:	  	  

In	  order	  to	  have	  a	  good	  signal	  in	  the	  first	  stage	  of	  the	  telescope	  :	  
	  

ΔE1	  	  ≈	  	  	  	  100	  μm	  	  for	  10	  to	  30	  MeV/A	  
ΔE2	  	  ≈	  	  1000	  μm	  	  for	  30	  to	  60	  MeV/A	  

	  
For	  the	  second	  stage	  
	  

	  	  E	  	  	  ≈	  	  1000	  μm	  	  for	  10	  to	  60	  MeV/A	  
	  

A	  good	  solu8on	  would	  be	  a	  triple	  stage	  telescope	  to	  cover	  the	  whole	  energy	  range	  for	  the	  
NUMEN	  experimental	  campaign	  guarantying	  an	  unambiguos	  iden8fica8on	  of	  the	  ion	  mass,	  
atomic	  number	  and	  charge	  state.	  
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N U M E N
A	  technological	  challenge	  !	  

 LNS 

To	  mantain	  the	  actual	  performances	  at	  high	  rates:	  

	  the	  thickness	  of	  the	  
telescope	  must	  be	  chosen	  in	  
order	  to	  permit	  the	  
detec8on	  of	  the	  ejec8les	  in	  
the	  wide	  dynamical	  range	  of	  
incident	  energies	  (10	  to	  60	  
MeV/A).	  	  

a	  high	  degree	  of	  
segmenta>on	  is	  required	  
in	  order	  to	  limit	  double-‐
hit	  events	  probability	  
below	  10%	  in	  the	  whole	  
FPD.	  

To	  obtain	  accurate	  
measurement	  of	  the	  
absolute	  cross	  sec>on	  

 
 

Property Diamond GaN 4H SiC  Si 
Eg [eV] 5.5 3.39 3.26 1.12 
Ebreakdown [V/cm] 107 4·106 2.2·106 3·105 
µe [cm2/Vs] 1800 1000 800 1450 
µh [cm2/Vs] 1200 30 115 450 
 vsat [cm/s] 2.2·107 - 2·107 0.8·107 
 Z 6 31/7 14/6 14 
εr 5.7 9.6 9.7 11.9 
e-h energy [eV] 13 8.9 7.6-8.4 3.6 
Density [g/cm3] 3.515 6.15 3.22 2.33 
Displacem. [eV] 43 ≥15 25 13-20 
 



	  MAGNEX	  Upgrade	  	  

 
LNS 

subs8tu8on	  of	  the	  present	  Focal	  Plane	  Detector	  
(FPD)	  gas	  tracker	  with	  a	  micro-‐pa{erned	  electron	  
mul8pliers	  foils	  	  for	  a	  tracker	  system;	  
	  
	  

1 

subs8tu8on	  of	  the	  wall	  of	  silicon	  pad	  stopping	  
detectors	  with	  a	  wall	  of	  telescopes	  based	  on	  SiC-‐SiC	  
detectors	  ;	  
	  

2 

introduc8on	  of	  an	  array	  of	  detectors	  for	  measuring	  
the	  coincident	  γ-‐rays;	  3 

enhancement	  of	  the	  maximum	  magne8c	  rigidity.	  4 
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Ø Phase1:	  the	  experiment	  feasibility	  
	  	  40Ca(18O,18Ne)40Ar	  @	  270	  MeV	  	  already	  done:	  the	  results	  demostrate	  the	  technique	  feasibility.	  
	  
Ø Phase2:	  toward	  “few	  hot”	  cases	  op8mizing	  experimental	  condi8ons	  and	  geung	  first	  result	  
	  	  Upgrading	  of	  CS	  and	  MAGNEX,	  	  preserving	  the	  access	  to	  the	  present	  facility.	  Tests	  will	  be	  crucial.	  
	  
Ø  Phase3:	  the	  facility	  upgrade	  
	  Disassembling	  of	  the	  old	  set-‐up	  and	  re-‐assembling	  of	  the	  new	  ones	  will	  start:	  about	  18-‐24	  months	  	  
	  
Ø 	  Phase4:	  the	  experimental	  campaign	  
	  	  High	  beam	  intensi8es	  (some	  pµA)	  and	  long	  experimental	  runs	  	  to	  reach	  integrated	  charge	  of	  hundreds	  of	  mC	  up	  to	  C,	  for	  
the	   experiments	   in	   coincidences,	   for	   all	   the	   variety	   of	   	   isotopes	   for	  0νββ	  decay	   (48Ca,82Se,96Zr,100Mo,110Pd,124Sn,128Te,
136Xe,148Nd,150Nd,154Sm,160Gd,198Pt).	  

The	  four	  phases	  of	  NUMEN	  project	  	  

 LNS 



 LNS 

Outlook	  

The NUMEN goals	  

1.   The	  NUMEN	  Holy	  Graal:	  the	  unit	  cross	  sec8on	  

2.   A	  new	  genera8on	  of	  DCE	  constrained	  0νββ	  NME	  theore8cal	  calcula8ons	  

3.   The	  ra8o	  of	  measured	  cross	  sec8ons	  can	  give	  a	  model	  independent	  way	  to	  
compare	  the	  sensi8vity	  of	  different	  half-‐life	  experiments.	  	  

	  
	  
	  

	  
	  

�	  

13Option:UCRL# Option:Additional Information

Lawrence Livermore National Laboratory

GERDA

→ 76Ge
Qbb = 2039 keV

Rivelatore: Array Ge arricchiti (~86%)

Buona risoluzione energetica < 0.19% a Qbb

Location: Hall A @ LNGS (Italia)

Fase I: test claim
8 cristalli da HM e IGEX (18 Kg)

bkg: 10-2 cnt/(keV kg y)

Fase II:
nuovi rivelatori segmentati

bkg: 10-3 cnt/(keV kg y)

→ <M> < 90 - 290 meV

24-41 meV

75-129 meV

HM-KK

76Ge	  

15Option:UCRL# Option:Additional Information

Lawrence Livermore National Laboratory

CUORE

Heat bath
Thermal 
coupling

Thermometer

incident 
particle

Crystal absorber

ΔT = E/C

Thermal signal

Detector works at low 
temperature

→ 130Te
Qbb = 2527 keV

Rivelatori: 19 torri di 52 cristalli 5x5x5 cm3

bolometri di TeO2 @ ~ 10 mKelvin

ΔE = 0.2% @ Qvalue

Location: Hall A @ LNGS (Italia)

Abbondanza naturale: ~ 34%

130Te	  

18Option:UCRL# Option:Additional Information

Lawrence Livermore National Laboratory

LUCIFER

→ 82Se
Qbb = 2995 keV

Rivelatore: Bolometri scintillanti

Risoluzione Energetica: ~ 0.3 %

Possible Location: Hall A @ LNGS (Italia)

Q-value of 82Se

a

b/g

2615 keV: 
the end of g radioactivity

V
light

V h
ea

t

Cristallo di ZnSe

Supporto 
di Rame

Foglio riflettente

Bolometro 
di Ge

Abbondanza isotopica: 9%

Option Isotope weight Half Life 
limit (1026y)

Sensitivity* to 
mee (meV)

baseline 82Se 17.6 kg 2.31 52-65
option 1 82Se 20.5 kg 2.59 49-61
option 2 82Se 27.8 kg 3.20 44-55

82Se	  

19Option:UCRL# Option:Additional Information

Lawrence Livermore National Laboratory

EXO - 200

→ 136Xe
Qbb = 2458 keV

200 kg of Xe enriched to 80% in 136

GOALS - test del claim di KK-HM
- capire come funziona, le prestazioni e il

fondo del rivelatore
- primo step del progetto EXO

Rivelatore:   TPC di Xe liquido arricchito (ricostruzione
dell’evento). Senza Ba-tagging. 

In due anni

136Xe	  

COBRA (CZT 0-neutrino Beta-decay Research Apparatus)

→ 116Cd
Qbb = 2809 keV

Detector: 64000 1 cm3 CZT detectors 
for a total mass of 418 kg → 183 kg of 
interesting isotope

Enriched to 90%

Location: LNGS (Italy)

116Cd	  
strong impact in future development of the field. 	  



“…non	  è	  facile	  fare	  fisica	  molto	  innova&va	  se	  questa	  non	  	  
è	  sorreVa	  da	  tecnologie	  altreVanto	  innova&ve	  ”	  

 LNS 


