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Publica2ons	  since	  last	  SC	  

•  Final	  results	  of	  Borexino	  Phase-‐I	  on	  low	  energy	  
solar	  neutrino	  spectroscopy	  
– Phys.	  Rev.	  D	  89,	  112007	  (2014)	  

•  Neutrinos	  from	  the	  primary	  proton-‐proton	  
fusion	  process	  in	  the	  Sun	  
– Nature	  512,	  383	  (2014)	  



Outline	  

•  pp	  neutrino	  measurement	  	  
–  Jan	  2012	  –	  May	  2013	  408	  days	  of	  data	  Phase	  II	  
–  Data	  aNer	  WE	  purifica3on	  campaign	  in	  2010	  -‐	  2011	  

•  next	  on	  solar	  neutrinos	  
–  Phase	  II	  data	  about	  860	  days	  

•  SOX	  status	  report	  



Borexino	  experiment	  overview	  

Rome,	  	  Nov	  	  4th,	  2014	   Paolo	  Lombardi	  -‐	  I.N.F.N.	  Sez.	  di	  Milano	  

A.	  BrigaY	  
P.	  	  Lombardi	  

1526	  working	  PMTs	  
out	  of	  	  2200	  
5	  dead	  PMT/month	  in	  2014	  



Solar	  Neutrinos	  

ü pp	  flux	  ~	  91%	  
ü 7Be	  flux	  ~	  7.6%	  
ü CNO	  flux	  ~	  0.8%	  
ü 8B	  ~	  0.009%	  

	  	  
ü pp	  energy	  <	  0.423	  MeV	  



Why	  a	  pp	  solar	  neutrinos	  real	  2me	  measurement?	  	  

•  Probe	  the	  slowest	  process	  which	  sets	  the	  
evolu3on	  of	  the	  Sun	  in	  109	  years	  3me	  scale	  
–  99%	  of	  energy	  in	  the	  Sun	  from	  	  

•  Probe	  solar	  luminosity	  vs	  neutrino	  luminosity	  

•  Probe	  solar	  variability	  over	  105	  years	  3me	  scale	  

p+ p→ d + e+ +νe + 0.42MeV



Spectral	  measurement	  of	  pp	  neutrinos	  

pp	  
14C	  

Rate	  pp	  expected	  :	  ~	  131	  cpd/100ton	  



Challenges	  

•  Rate	  of	  14C	  
– Dominant	  rate	  component	  in	  Borexino,	  mainly	  at	  
low	  energy	  

•  Pile-‐up	  of	  14C	  
– Expected	  to	  give	  a	  significant	  contribu3on	  at	  low	  
energy	  



14C	  rate	  

1st	  cluster	  with	  main	  	  
trigger	  

2nd	  cluster	  events	  in	  
16ms	  with	  lower	  threshold	  

NPMT ≈ Nlive−PMT 1− e
−Npe /Nlive−PMT( )

Npe = LY ⋅E ⋅ f (E;kB )



14C	  ac2vity	  es2ma2on	  

From	  2nd	  cluster	  events	  
>	  8ms	  to	  avoid	  aNerpulses	  
from	  PMTs	  
40	  ±	  1	  Bq	  
	  
14C/12C	  =	  (2.7±0.1)	  x	  10-‐18	  
	  

Beta	  spectrum	  with	  shape	  	  
factor:	  1+1.24(Qb-‐T)	  	  
	  



14C	  pile-‐up	  

•  Rate	  14C	  =	  40	  Bq	  

•  Cluster	  window	  =	  230	  ns	  

•  Expected	  pile-‐up	  rate	  ~	  100	  cpd/100tons	  

•  Expected	  pp	  rate	  ~	  130	  cpd/100tons	  

•  Syntethic	  pile-‐up:	  real	  triggered	  events	  overlapped	  
with	  random	  data	  and	  processed	  with	  reconstruc3on	  
code:	  154	  ±	  10	  cpd/100tons	  





Systema2cs	  es2ma2on	  

Varying	  the	  fit	  condi3ons	  
Perform	  fit	  and	  plot	  	  
distribu3on	  of	  results	  for	  
pp	  rate	  



pp	  rate	  result	  

•  Rate-‐pp	  =	  144	  ±	  13(stat)	  ±	  10(sys)	  cpd/100tons	  
– Predic3on	  =	  131	  ±	  2	  cpd/100tons	  

•  Neutrino	  flux	  =	  (6.6	  ±	  0.7)	  x	  1010	  cm-‐2s-‐1	  

– Predic3on	  =	  (5.98	  ±	  0.04)	  x	  1010	  cm-‐2s-‐1	  

•  Null	  hypothesis	  excluded	  at	  10s	  



Solar Neutrino fluxes:  
observations vs predictions 

Source Flux 
[cm-2s-1] 
SSM-HZ 

Flux 
[cm-2s-1] 
SSM-LZ 

Flux 
[cm-2s-1] 
Data 

pp 5.98(1±0.006)×1010 6.03(1±0.006)×1010 6.02(1+0.002
-0.01)×1010 

 
6.6(1±0.11)×1010[BX] 
 

pep 1.44(1±0.012)×108 1.47(1±0.012)×108 1.63(1±0.21)×108[BX] 
 

7Be 5.00(1±0.07)×109 4.56(1±0.07)×109 4.99(1±0.05)×109[BX] 
 

8B 5.58(1±0.13)×106 4.59(1±0.13)×106 5.33(1±0.026)×106 
13N 2.96(1±0.15)×108 2.17(1±0.15)×108 
15O 2.23(1±0.16)×108 1.56(1±0.16)×108 
17F 5.52(1±0.18)×106 3.40(1±0.16)×106 
CNO 5.24×108 3.76×108 <6.8×108 (2s) 

<7.7×108 (2s) [BX] 15	  



Neutrino	  Survival	  Probability	  	  
Only	  Borexino	  



Next	  on	  Solar	  Neutrino	  Search	  
•  Phase	  II:	  about	  860	  livedays	  since	  Dec	  11th	  2011	  
•  Unprecedented	  low	  background	  on	  85Kr	  and	  210Bi	  

–  See	  last	  SC	  mee3ng	  

•  Calibra2on	  campaing	  under	  planning	  
–  Schedule	  will	  be	  fixed	  at	  general	  mee3ng	  in	  Dec	  2014	  

•  Main	  goal:	  improve	  sensi3vity	  to	  7Be,	  8B,	  pep	  and	  
CNO	  neutrinos,	  neutrino	  effec3ve	  magne3c	  
moment	  

•  Purifica2on	  campaign	  (see	  next	  slide)	  
–  Schedule	  will	  be	  fixed	  at	  general	  mee3ng	  in	  Dec	  2014	  
	  



New	  Purifica2on	  
•  Goal:	  Reduce	  210Pb-‐210Bi-‐210Po	  decays	  by	  in-‐line	  re-‐purifica3on	  of	  

scin3llator:	  
–  Reduce	  rate	  of	  210Bi	  from	  20	  cpd/100t	  to	  <	  2	  cpd/100t.	  
–  Comparable	  to	  CNO	  rate:	  	  	  3	  –	  5	  cpd/100t	  

•  Method:	  
–  Water	  extrac3on	  with	  upgraded	  water	  radio-‐purity.	  

•  LNGS	  de-‐ionized	  water	  was	  found	  to	  have	  210Po	  and	  210Pb	  	  
•  Recent	  research	  shows	  that	  micro-‐organisms	  in	  ground	  water	  
convert	  poloniun	  to	  vola3le	  compound,	  dimethyl	  polonium	  with	  
B.P.	  of	  138	  C.	  

•  Water	  extrac3on	  plant	  at	  LNGS	  supplemented	  with	  dis3lla3on	  
column	  to	  remove	  dimethyl	  polonium	  	  

•  Tests	  done	  in	  Princeton	  had	  good	  results	  



Phase	  –	  II	  spectrum:	  preliminary	  
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SOX: Short Distance Neutrino 
Oscillations with BoreXino���

	  •  Main	  focus	  on	  144Ce	  source	  
•  The	  Cerium	  An3	  Neutrino	  Generator	  (CeANG)	  will	  be	  
manufactured	  in	  Russia	  and	  will	  be	  property	  of	  CEA-‐
Saclay	  

•  INFN	  will	  be	  responsible	  for	  the	  proper	  care	  of	  the	  
CeANG	  at	  LNGS	  and	  for	  legal	  steps	  required	  to	  use	  
the	  CeANG	  underground	  

•  The	  CEA-‐Saclay	  will	  take	  care	  of	  transporta3on	  to	  
and	  from	  LNGS;	  to	  assume	  responsability	  of	  the	  
CeANG	  aNer	  use	  at	  LNGS	  	  

•  Approval	  3me	  for	  authoriza3on	  ~	  1	  year	  	  



Produc2on	  of	  144Ce	  source	  

•  Start	  with	  2.8	  t	  of	  spent	  fuel	  from	  Kola	  Nuclear	  
Power	  Plant	  to	  Mayak	  around	  end	  of	  2014	  

•  Extrac3on	  of	  Ce	  isotopes	  ~	  8	  kg	  
•  Produc3on	  of	  CeO2

	  and	  inser3on	  in	  shielding	  
– 19cm	  of	  tungsten	  (2.3	  t)	  mainly	  for	  2.185	  MeV	  
gamma-‐rays	  

– Source	  ac3vity	  ~	  100kCi	  
•  Source	  ready	  for	  transporta3on	  in	  Fall	  2015	  



Source	  capsule	  and	  tungsten	  shield	  

Rome,	  	  Nov	  	  4th,	  2014	   Paolo	  Lombardi	  -‐	  I.N.F.N.	  Sez.	  di	  Milano	  

Source	  in	  double	  	  
steel	  capsule	  

Tungsten	  shield	  
body	  

Tungsten	  shield	  
cap	  

Double	  gasket	  
Viton	  +	  Helicoflex	  

Sensor	  Cables	  hole	  

Steel	  flange	  

Removable	  eye-‐
bolts	   Safety	  locking	  

system	  



Transporta2on	  of	  Ce	  source	  

•  From	  Mayak	  to	  San	  Petersburg	  by	  train	  

•  To	  France	  by	  boat	  

•  To	  Saclay	  and	  to	  Gran	  Sasso	  by	  truck	  

•  Supervised	  by	  Areva	  TN	  



Transporta2on	  container:	  TN-‐MTR	  

Rome,	  	  Nov	  	  4th,	  2014	   Paolo	  Lombardi	  -‐	  I.N.F.N.	  Sez.	  di	  Milano	  

Custom	  AREVA	  spreader	  

190mm	  Pb	  shielding	  



Source	  logis2c	  inside	  SOX	  pit	  @	  LNGS	  

Rome,	  	  Nov	  	  4th,	  2014	   Paolo	  Lombardi	  -‐	  I.N.F.N.	  Sez.	  di	  Milano	  
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Borexino	  
Water	  Tank	  

Tunnel	  
1	  m	  x	  1	  m	  
10	  m	  long	  

CR1	  clean	  room	  

Manual	  winch	  

Trolley	  rails	  



Summary	  of	  Ce	  source	  test	  
•  The	  CeANG	  test	  is	  fully	  defined	  in	  term	  of	  
design,	  schedule	  and	  funding	  (by	  two	  ERC	  
grants:	  3.219	  +	  1.550	  M€)	  

•  Documenta3on	  for	  the	  authoriza3on	  is	  ready	  
and	  being	  sent	  by	  the	  LNGS	  Director	  soon	  to	  
keep	  one	  year	  3me	  scale	  

•  CeANG	  expected	  in	  Nov	  2015	  at	  LNGS	  
•  Dec	  2015	  calorimeter	  measurement	  in	  CR1	  
•  18	  months	  of	  data	  taking	  



Vacuum	  Chamber	  of	  Calorimeter	  	  
at	  TUM	  



51Cr	  source	  test	  

•  Crucial	  decision	  s3ll	  to	  be	  made	  about	  where	  
to	  perform	  the	  irradia3on	  (goal	  ~	  10	  MCi)	  
– Mayak	  atomic	  complex	  in	  Russia	  
– Oak	  Ridge	  USA	  (1st	  priority)	  

•  VT	  and	  Kurchatov	  groups	  strongly	  engaged	  
•  Enriched	  Cr	  used	  in	  Gallex	  stored	  in	  Italy	  at	  
Nucleco	  	  

•  Needed	  more	  funding	  expected	  from	  INFN	  
and	  USA	  (~	  3.5M€)	  



Summary	  

•  Ac3vi3es	  2015	  
– Analysis	  of	  Phase	  II	  data	  

•  Goal:	  improve	  sensi3vity	  on	  7Be,	  8B,	  CNO	  and	  pep	  solar	  
neutrinos	  

–  Calibra3on	  campaign	  
•  Schedule	  to	  be	  agreed	  in	  Dec	  2014	  

–  Install	  and	  test	  new	  purifica3on	  plant	  to	  reduce	  210Bi,	  
purifica3on	  campaign	  

•  Schedule	  to	  be	  agreed	  in	  Dec	  2014	  
•  CeANG	  

–  Source	  produc3on	  and	  transporta3on	  



Spare	  





Background	  in	  Phase-‐II	  



Roma	  –	  CTS	  -‐	  	  4-‐11-‐	  2014	  



Borexino Water Extraction Systems 
Current & Proposed Upgrade with 2 Fractional Distillation Columns 

 

Stanford	  Univsersity	  Seminar	  May	  7	  2014	   34	  

Make-‐up	  water	  
	  system	  not	  shown.	  

Proposed	  
System	  

Present	  
System	  	  

Make-‐up	  water	  
	  system	  not	  shown.	  

Ground Water
222Rn:  ~10,000 Bq/m3
210Pb: ~1 Bq/m3
210Po ~1 Bq/m3

De-ionization 
water plant

Evaporator
E201 V201

Condenser V202

Borexino
Liquid 
Scintillator
Vessel

Water Extraction
Column C200

Steam

Waste water
10 kg/hr

10
 k

g/
hr

Liqiud scintillator
800 (400) kg/hr

Water  200 kg/hrReflux

New column
with structured
packing.

100 kg/hr

Waste

Upgraded C102
column in PPO
distillation plant

Proposed	  	  
System	  Current	  	  

System	  

4/10/2014	  


