
Water-‐base	  Liquid	  
Scin2llator	  

Robert	  Svoboda,	  J-‐PARC,	  August	  2015	  

-‐	  	  Descrip2on	  
-‐	  	  Physics	  Poten2al	  
-‐	  	  Status	  of	  Development	  
-‐	  	  Future	  Plans	  



How	  Does	  it	  Work?	  

planer	  σ	  orbitals	  of	  
a	  benzene	  ring

π	  orbitals	  merge	  above	  
and	  below	  ring	  

Singlet	  and	  triplet	  states	  of	  the	  quantum	  
current	  ring,	  with	  vibra2onal	  sub-‐levels.	  Add	  
a	  fluor	  and	  Stokes	  ShiO	  and	  you	  have	  a	  scin2llator.	  



That's	  why	  organic	  scin2llators	  
always	  are	  made	  with	  solvents	  
that	  have	  a	  benzene	  ring.	  

Unlike	  cryogenic	  electron	  driO	  
detectors,	  there	  is	  no	  fundamental	  
reason	  that	  they	  won't	  work	  in	  
water.	  	  

Main	  challenges	  are	  then	  how	  to	  dissolve	  organic	  liquids	  in	  water,	  
and	  how	  to	  keep	  the	  solu2on	  stable.	  Sort	  of	  like	  dissolving	  oil	  
into	  water...	  

BNL	  has	  solved	  these	  basic	  issues	  with	  a	  proprietary	  mixture	  that	  
is	  tunable	  for	  the	  light	  output.	  



Dilu2on	  of	  WbLS	  in	  water	  allows	  	  for	  tuning	  light	  
yield	  as	  desired	  to	  match	  the	  physics.	  

 LAB concentration(%)
0 20 40 60 80 100

C
om

pt
on

 e
dg

e 
no

rm
al

iz
ed

 L
Y 

0

0.2

0.4

0.6

0.8

1

Compton edge normalized LY vs LAB concentration(%)

WbLS	  cocktail	  in	  water	  (violet)	  and	  cyclohexane	  (blue)	  	  
What	  can	  you	  do	  with	  this?	  



Advanced	  Scin2llator	  
Detector	  Concept	  
(ASDC)	  concept	  paper	  
posted	  on	  archive.	  

arXiv:1409.5864	  

1%	  gives	  ~100	  op2cal	  photons/MeV	  

4%	  WbLS	  gives	  approximately	  four	  
2mes	  the	  light	  yield	  of	  pure	  water	  



THEIA:                                                                  
A realisation of the Advanced Scintillation 

Detector Concept (ASDC)
•  50-‐100	  kton	  WbLS	  target	  

•  High	  coverage	  with	  ultra-‐fast,	  high	  
efficiency	  photon	  sensors	  

•  4800	  m.w.e.	  underground	  (Homestake).	  

•  	  Is	  Kamioka	  a	  possibilty?	  

•  Comprehensive	  low-‐energy	  program:	  solar	  
neutrinos,	  supernova,	  DSNB,	  proton	  
decay,	  geo-‐neutrinos,	  DBD	  

•  In	  the	  LBNF	  beam:	  long-‐baseline	  program	  
complementary	  to	  proposed	  LAr	  detector	  	  

➡ Broad	  physics	  program!	   Detector	  image	  product	  of	  RAT-‐PAC	  

60m	  

60m	  

Concept	  paper	  -‐	  arXiv:1409.5864	  
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Potential Physics Program
1.  Long-‐baseline	  physics	  (mass	  hierarchy,	  CP	  viola2on)	  

2.  Neutrinoless	  double	  beta	  decay	  

3.  Solar	  neutrinos	  (solar	  metallicity,	  luminosity)	  	  	  	  	  	  	  	  	  	  	  	  	  

4.  Supernova	  burst	  neutrinos	  &	  DSNB	  

5.  Geo-‐neutrinos	  

6.  Nucleon	  decay	  

7.  Source-‐based	  sterile	  searches	  	  

Remarkably,	  the	  same	  detector	  could	  show	  that	  
neutrinos	  and	  an2neutrinos	  are	  the	  same,	  and	  that	  
“neutrinos”	  and	  “an2neutrinos”	  oscillate	  differently	  

	  High-‐
Energy	  
Physics	  

	  Nuclear	  
Physics	  	  



Supernova Burstν in Theia 
•  ~90%	  events	  are	  IBD	  	  

•  Enhanced	  neutron	  tag	  
via	  low	  threshold	  
scin2lla2on.	  Even	  bemer	  
if	  Gd	  added.	  Current	  SK	  
efficiency	  ~18%.	  	  With	  
Gd	  will	  be	  ~60%-‐70%.	  	  

•  Enhanced	  energy	  
resolu2on	  of	  prompt	  
IBD.	  For	  4%	  loading	  this	  
would	  be	  a	  factor	  of	  
two.	  

•  	  Bemer	  separa2on	  of	  NC	  mono-‐energe2c	  5-‐10	  MeV	  
gammas	  from	  background	  	  	  

•  Bemer	  efficiency	  for	  low	  energy	  electrons	  from	  the	  
15	  MeV	  threshold	  CC	  interac2ons.	  Poten2al	  for	  
detec2on	  of	  nuclear	  breakup.	  	  	  



Diffuse Supernova ν in Theia 
•  Muon	  induced	  spalla2on	  is	  	  	  

a	  major	  background.	  Current	  
SK	  threshold	  is	  13.3	  MeV.	  
Scin2lla2on	  light	  has	  the	  
poten2al	  to	  enhance	  
iden2fica2on	  of	  (n,p)	  events	  
and	  proton	  nuclear	  de-‐
excita2on	  final	  states.	  	  

•  	  A	  90%	  neutron	  detec2on	  
efficiency	  would	  also	  reject	  
mul2ple	  neutron	  events	  (2	  of	  
13	  DSNB	  backgrounds	  in	  SK	  
are	  "double"	  even	  with	  18%	  
efficiency).	  	  

•  Low	  energy	  "stealth"	  muon	  events	  can	  
be	  clearly	  	  iden2fied.	  No	  longer	  a	  
problem.	  	  

•  Enhanced	  energy	  resolu2on	  for	  signal	  
and	  background	  rejec2on	  



p	  !	  νK+ Proton	  Decay	  in	  Theia	  

•  SK	  limited	  due	  to	  the	  fact	  that	  
the	  K+	  is	  below	  Cherenkov	  
threshold.	  	  

•  With	  WbLS	  this	  is	  no	  longer	  the	  
case.	  Kaons	  iden2fied	  via	  2me	  
structure.	  

•  	  Studies	  by	  LENA	  and	  ASDC	  
group	  show	  that	  expected	  
efficiency	  is	  about	  70%	  in	  
detailed	  MC	  studies.	  	  

•  	  Background	  depends	  on	  
effec2veness	  of	  n-‐tagging	  

•  	  JUNO	  should	  do	  well	  here	  

SK:	  current	  +	  19%	  efficiency	  for	  future	  
HK:	  SKII	  +	  3.5%	  =	  16.5%	  
LBNE:	  34	  kT	  Bueno	  et	  al.	  efficiencies	  
ASDC:	  LENA	  efficiencies	  	  and	  pessimis2c	  (0%)	  
	  	  	  	  	  	  	  	  	  	  	  	  and	  op2mis2c	  (90%)	  n-‐tagging	  
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Other	  Physics	  (see	  archive	  paper)	  

•  	  Long	  Baseline	  Neutrinos:	  Enhanced	  NC	  
rejec2on	  discussion	  for	  Homestake	  site	  

•  	  Solar	  neutrinos:	  possible	  addi2on	  of	  7-‐Li	  and	  
enhanced	  efficiency	  at	  low	  energy	  

•  	  Geo-‐neutrinos:	  neutron	  tagging	  



WbLS	  Development	  Status	  	  
•  	  Light	  yield	  studies	  at	  BNL	  and	  soon	  at	  LBNL	  

•  	  Stability	  and	  material	  compa2bility	  studies	  
at	  BNL	  	  (uncovered	  one	  problem	  so	  far	  –	  
butyl	  rubber	  adhesive).	  

•  	  Purifica2on	  studies	  at	  UC	  Davis	  using	  
NanoFiltra2on	  (NF)	  to	  separate	  organic	  
components	  from	  water.	  

•  Scaled	  up	  produc2on:	  10	  liters	  produced	  in	  
June	  with	  BNL	  5	  liter	  reactor.	  Used	  for	  NF	  
and	  Material	  studies.	  

•  100	  liter	  batch	  under	  produc2on.	  Will	  be	  
used	  for	  amenua2on	  length	  studies	  
(currently	  have	  on	  1-‐meter	  arm).	  Will	  use	  
UCI	  and/or	  LLNL	  facility.	  

•  	  1-‐ton	  BNL	  prototype	  approved	  and	  under	  
construc2on.	  

BNL	  WbLS	  produc2on	  



UChicago bench top H2O fast photodetectors Exists

CHIPS 10 kton H2O
electronics, readout, 

mechanical infrastructure
2019

EGADS 200 ton

H2O+Gd
isotope loading, fast 

photodetectors

Exists

ANNIE 30 ton 2016

WATCHMAN 1 kton 2019

UCLA/MIT 1 ton LS fast photodetectors 2015

Penn 30 L
(Wb)LS light yield, timing, loading

Exists

SNO+ 780 ton 2016

LBNL bench top

WbLS

light yield, timing, cocktail 
optimization, loading, 

attenuation, 
reconstruction

Early 2015

BNL 1 ton Summer 2015

WATCHMAN-II 1 kton 2020

Planned Demonstrations





Bad	  News/Good	  News	  

•  	  Bad	  News:	  1-‐kton	  WATCHMAN	  proposal	  
rejected	  by	  DOE	  ("too	  expensive	  for	  R&D").	  

•  	  We	  were	  encouraged	  to	  submit	  smaller	  scale	  
R&D	  proposals.	  LOI	  to	  DOE/HEP	  last	  week,	  
proposal	  due	  September.	  Also,	  discussion	  with	  
DOE/DNN	  last	  week	  for	  FY16	  went	  well.	  

•  	  Good	  News:	  ANNIE	  received	  Stage	  One	  
approval	  from	  Fermilab	  and	  is	  going	  ahead	  
with	  a	  background	  run	  star2ng	  THIS	  YEAR!	  	  







See	  ANNIE	  presenta2on	  
at	  January	  2015	  FNAL	  PAC	  	  
mee2ng	  for	  details.	  

First	  Phase	  will	  be	  neutron	  
background	  measurement	  
with	  SciBATH	  followed	  by	  
20	  ton	  water	  tank	  with	  
LS	  (perhaps	  WbLS)	  moveable	  
target.	  

Second	  Phase	  will	  be	  neutron	  
yield	  experiment	  using	  
Booster	  Neutrino	  Beam	  (BNB)	  
and	  LAPPD	  fast	  light	  sensors	  

May	  include	  internal	  WbLS	  
	  target	  –	  under	  discussion	  	  



The	  SciBooNE	  Hall	  is	  now	  	  
the	  ANNIE	  Hall.	  SciBATH	  
is	  shown	  making	  preliminary	  
neutron	  measurements.	  



2015-‐2016	  Run	  

•  	  Seeking	  more	  collaborators,	  especially	  those	  
interested	  in	  proton	  decay,	  DSNB	  physics	  and	  
WbLS/LAPPD	  R&D.	  

•  	  Seeking	  readout	  electronics	  for	  Muon	  Range	  
Detector	  for	  Phase	  0	  (400	  channels)	  and	  CDF	  
paddle	  vetos	  (50	  channels)	  and	  a	  group	  to	  
make	  it	  work.	  SK	  electronics?	  

•  	  Would	  also	  like	  more	  PMT's	  if	  possible	  to	  
enhance	  capture	  gamma	  detec2on.	  





Thanks!	  

Future?	  

Nanofiltra2on	  Lab	  




