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HHHooowww   tttooo   ssstttuuudddyyy   lllooowww   eeennneeerrrgggyyy   sssooolllaaarrr   nnneeeuuutttrrriiinnnooosss???   
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115In 

160Gd 

CCChhhaaarrrgggeeeddd   
cccuuurrrrrreeennnttt   
rrreeeaaaccctttiiiooonnnsss   
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BOREXINO 
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CLEAN 

   
      
EEElllaaassstttiiiccc   
ssscccaaatttttteeerrriiinnnggg   

PPPooossssssiiibbbllleee   aaannnssswwweeerrrsss:::   
NNNeeeuuutttrrriiinnnooo   

ooosssccciiillllllaaatttiiiooonnnsss   
pppaaarrraaammmeeettteeerrrsss   aaattt   lllooowww   

eeennneeerrrgggiiieeesss   
   

SSSooolllaaarrr   mmmooodddeeelllsss   
pppaaarrraaammmeeettteeerrrsss 



   
IIIsss   iiittt   pppooossssssiiibbbllleee   tttooo   mmmeeeaaasssuuurrreee   lllooowww   eeennneeerrrgggyyy   

sssooolllaaarrr   nnneeeuuutttrrriiinnnooosss   iiinnn   tttooonnn   ssscccaaallleee   dddiiirrreeecccttt   
cccooouuunnntttiiinnnggg   eeexxxpppeeerrriiimmmeeennntttsss???   

   
•••   CCCaaarrreeefffuuulll   ssseeellleeeccctttiiiooonnn   ooofff   dddeeettteeeccctttooorrr   mmmaaattteeerrriiiaaalllsss...   
•••   GGGooooooddd   ssspppaaatttiiiaaalll   rrreeesssooollluuutttiiiooonnn   ---   hhhiiiggghhh   
ssseeegggmmmeeennntttaaatttiiiooonnn   ooofff   dddeeettteeeccctttooorrr...   



SSSpppaaatttiiiaaalll   rrreeesssooollluuutttiiiooonnn   fffooorrr   sssooommmeee   dddeeettteeeccctttooorrrsss      
   

DDDeeettteeeccctttooorrr   

SSSpppaaatttiiiaaalll   rrreeesssooollluuutttiiiooonnn   aaattt      
111   MMMeeeVVV   

BBBOOORRREEEXXXIIINNNOOO   ~10 cm   
KamLAND   

   
   
   

~10 cm
SNO+ ~10 cm
XMASS ~3 mm
MOON ~2 mm

LENS InLS ~7 cm 

Crystal scintillators* ~2÷3 mm 

*in suggested multiple PMT detector 
 

 



 
 

Crystal scintillator GGGddd222SSSiiiOOO555   CCCdddWWWOOO444   CCCaaaMMMoooOOO444   
Neutrino capture 
threshold in keV 222444444   444777000   111666888   

 

Solar-neutrino capture rates in SNU 

Isotope p-p     pep 7Be 8B CNO Total
111000000MMMooo   666555222   111444   111999777   888   555444   999222555   
111111555IIInnn   444666888   888...111   111111666   111444   333111   666333999   
111111666CCCddd   ---   111777   222000333   111000   555333   222999222   
111666000GGGddd   222222666   111999   222000777   999   555333   555111444   

 



mmmaaaiiinnn   ppprrrooopppeeerrrtttiiieeesss   GGGSSSOOO   CCCdddWWWOOO444 CCCaaaMMMoooOOO444 
light yield/NaI 20% 30% 1-3% 

Density (g/cm3) 6.71 7.8 4.34 

Gd,Cd,Mo content (mass) 74% 30% 49% 
160Gd,116Cd,100Mo content 

(mass) 111666%%%   222...222555%%%   444...777222%%%   

decay time 333000---666000   nnnsss 111555   µµµsss   111000   µµµsss   
light emission (ph/MeV) 8×103 12×103 400÷1000 

peak emission (nm) 430 490 ~500 

refractive index at peak 1.85 2.3 2.0 
 



 

 

Neutrino capture tag on 111666000GGGddd 



  

Neutrino capture tag on 111000000MMMooo and 111111666CCCddd 
 



 

   
WWWhhhyyy   iiinnn   llliiiqqquuuiiiddd???   

  
IInn  lliiqquuiidd  

lliigghhtt  oouuttppuutt  
ooff  CCddWWOO44  iiss  
4400  %%  hhiigghheerr..  

 

 



 

SSSiiimmmuuulllaaatttiiiooonnn   ooofff   llliiiggghhhttt   iiinnn   CCCWWWOOO   bbboooxxx      111000xxx222444xxx111222cccmmm 





 

 

GGGSSSOOO   NNNooo   
eeennnrrriiiccchhhmmmeeennnttt   

No detector cooling   

CCCdddWWWOOO444 
111111666CCCddd      

eeennnrrriiiccchhhmmmeeennnttt  

PMT cooling 
to 10oC to prevent 

signal smearing due to 
PMT noise   

CCCaaaMMMoooOOO444 
111000000MMMooo      

eeennnrrriiiccchhhmmmeeennnttt  

Detector cooling 
to -30oC to prevent 

signal smearing due to 
PMT noise   

 



The simplest detector concept is with  
GGGSSSOOO  crystal scintillators → consider 
more close this case. 

 

Input data for MMMCCC   sssiiimmmuuulllaaatttiiiooonnn:  
GSO light output = 10000 ph/MeV,  
absorption length  -  50 cm in crystal 
Optical coverage - 55% 
PMT quantum efficiency - 25%,  
Decay time 30 ns.   



MMMCCC   sssiiimmmuuulllaaatttiiiooonnn   ooofff   sssccciiinnntttiiillllllaaatttiiiooonnn   llliiiggghhhttt   
cccooolllllleeeccctttiiiooonnn   iiinnn   GGGSSSOOO   cccrrryyyssstttaaalll   sssccciiinnntttiiillllllaaatttooorrr   

ppprrroooddduuuccceee   fffooollllllooowwwiiinnnggg   mmmaaaiiinnn   fffeeeaaatttuuurrreeesss   fffooorrr   111   MMMeeeVVV   
eeellleeeccctttrrrooonnnsss...   

   

SSSpppaaatttiiiaaalll   rrreeesssooollluuutttiiiooonnn   3÷4 mm 
GGGrrraaannnuuulllaaarrriiitttyyy   104 

EEEnnneeerrrgggyyy   rrreeesssooollluuutttiiiooonnn   6 % 
NNNuuummmbbbeeerrr   ooofff   ppphhhoootttoooeeellleeeccctttrrrooonnnsss   2300 

EEEnnneeerrrgggyyy   ttthhhrrreeessshhhooolllddd   10 keV 
 



MMMCCC   sssiiimmmuuulllaaatttiiiooonnn   ooofff   llliiiggghhhttt   cccooolllllleeeccctttiiiooonnn   iiinnn   SSSNNNOOO   dddeeettteeeccctttooorrr      
fffooorrr   111000000   ppp...eee

Collor correspond to numb
     0 p.e.     1 p.e.    2 p.e.    

X=0,Y=20, Z=0 mm              Z=5

  
...   vvveeennnttt... 
er of photoelectrons    

 3 p.e.     4 p.e.    5 p.e. 
   
 mm            Z=10 mm 



The same in plane view 
 

 

 
 
X=0 
Y=20 
Z=0 
 
 
Z=5 mm 
 
 
 
 
Z=10 mm 



 
 
 

EEEllleeeccctttrrrooonnn   
eeennneeerrrgggyyy 000...000555   MMMeeeVVV   111   MMMeeeVVV 333   MMMeeeVVV 

SSSpppaaatttiiiaaalll   
rrreessoolluuttiiiooonnn   esolut 1 cm 3÷5 mm 1÷2 mm 

GGGrrraaannnuuulllaaarrriiitttyyy 103  104 106 
EEEnnneeerrrgggyyy   

rrreeesssooollluuutttiiiooonnn 20 % 6 % 4 % 
      
   
   
   
   



DDDeeettteeeccctttiiiooonnn   eeeffffffiiiccciiieeennncccyyy   ooofff      
nnneeeuuutttrrriiinnnooo   rrreeeaaaccctttiiiooonnnsss   

ε = εt ⋅ εE1E2 ⋅ εz ⋅ ε2pulses , 

a) εt time window (250 ns) efficiency = 0.96  
b) εE1E2 energy (two) window efficiency = 0.9x0.9 = 0.81 
c) εz  granularity (volume) = 0.9 
d) ε2pulses efficiency of separation of double pulse (electron 
from neutrino capture 75 keV and 64 keV) from single 
background pulse = 0.6 ÷ 0.7 
 

ε ~ 40÷50%



 

Counting rates for 25 tons of GSO 
crystals (19 tons Gd) 

Signal 
window (keV) 75-250 693  1273 0-1700 0-16000

ν source pp 7Be pep CNO 8B 

Events/year 77 86 6 18 3 

 



GSO background spectrum measured in Solotvina underground 
laboratory of Kiev Institute for Nuclear Reaserch 

   

Nuclear Physics A 694 (2001) 375–391 
DECAY4 events generator used to 
understand radioactive impuroties 
T  



TTThhheee   fffooollllllooowwwiiinnnggg   aaaccctttiiivvviiitttiiieeesss   fffooouuunnnddd   iiinnn   GGGSSSOOO   sssccciiinnntttiiillllllaaatttooorrr:::   
444000KKK   ≤≤≤   111444   mmmBBBqqq//kkkggg   /
111333888LLLaaa   ≤≤≤   555555   mmmBBBqqq/kkkggg   //
222222888TTThhh===222...222888777(((111333)))   mmmBBBqqq   ///kkkggg   
222333222TTThhh   ≤≤≤   666.555   mmmBBBqqq//kkkggg   

222222666RRRaaa   ===   000...222777111(((444)))   mmmBBBqqq   ///kkkggg   
222222777AAAccc===000...999444888(((999)))   mmmBBBqqq   ///kkkggg      
222222888RRRaaa   ≤≤≤   999   mmmBBBqqq/kkkggg   //
222333111PPPaaa   ≤≤≤   000.000888   mmmBBBqqq//kkkggg   

222333000TTThhh   ≤≤   999   mmmBBBqqq//kkkggg   ≤ /
222111000PPPbbb   ≤≤≤   000.888   mmmBBBqqq//kkkggg   

222333888UUU   ≤≤≤   222   mmmBBBqqq//kkkggg   

.. /

.. /

.. /
/

   
   



MMMaaaiiinnn   bbbaaaccckkkgggrrrooouuunnndddsss   
• Random coincidence of backgrounds 
• I52Gd background 
-   Natural abundance : 0.2% (2.14 MeV α decay,  
Tl/2 = 1.1 x 1014 years)  Visible energy ~ 400 keV 
(just between pp and 7Be) 
• Single pulse background 
• Time-correlated background 
235U ⇒ 231Th  βmax (305 keV) + γ(84 keV), 
τ=65 ns 
• Cosmic ray induced background 
 
 



 
 
 
 
 
 

Cosmogenic nuclides calculated by code COSMO for 
1 month exposition on Earth surface and after 1 

year underground 
Nuclid

e 
T1/2 Mode Q 

keV 
A  

µBq/kg 
Delay 
ns 

Eγ  
keV 

  160Tb 72 d β-     1833 0.3 2.0 87
155Eu 4.9 y β-    246 5 6.4 86

 
 

 

 

 



Background contributions in events/year  
   pp 7Be 
NNNeeeuuutttrrriiinnnooo   sssooouuurrrccceee   77  86
RRRaaannndddooommm   cccoooiiinnnccciiidddeeennnccceee*   444   444   
III555222GGGddd   bbbaaaccckkkgggrrrooouuunnnddd   444   444   

Single pulse background 111   ---   

CCCooorrrrrreeelllaaattteeeddd   bbbaaaccckkkgggrrrooouuunnnddd*   
235U (238U/235U=20/1)   

444000000 
   

- 

CCCooosssmmmiiiccc   rrraaayyy   iiinnnddduuuccceeeddd      
bbbaaaccckkkgggrrrooouuunnndddsss                                    155Eu   

 
~1000   

---   

*238U activity 100 µBq/kg   



GGGSSSOOO   UUU///TTThhh   mmmeeeaaasssuuurrreeemmmeeennntttsss   bbbyyy   MMM...NNNaaakkkaaahhhaaatttaaa      
(Kamioka observatory, ICRR,  Univ. of Tokyo) at LowNu: Solar Neutrino Experiments 

below 1 MeV, June 15, 2000, Sudbury, Ontario   

 

RRRaaadddiiioooaaaccctttiiivvveee   iiimmmpppuuurrriiitttiiieeesss   iiinnn   raw 
materials   aaannnddd   GGGSSSOOO   

GGGddd222OOO333   <<<555   xxx   111000−−−111000   ggg(((UUU,,,TTThhh)))///ggg   

SSSiiiOOO222         <<<555   xxx   111000−−−111111   gggUUU,,,TTThhh///ggg   

CCCeeeOOO222   <<<555   xxx   111000−−−111000   gggUUU,,,TTThhh///ggg   

GGGSSSOOO   (((555---999)))   xxx   111000−−−888   gggUUU   ///ggg      

   

 

 

   
 



CCCooonnncccllluuusssiiiooonnnsss      

111...   GGGooooooddd   ssspppaaatttiiiaaalll   aaannnddd   eeennneeerrrgggyyy   rrreeesssooollluuutttiiiooonnnsss   hhheeelllppp   tttooo   
ooovvveeerrrcccooommmeee   rrraaannndddooommm   cccoooiiinnnccciiidddeeennnccceee   aaannnddd   III555222GGGddd   
bbbaaaccckkkgggrrrooouuunnndddsss...   

222...   BBBuuuttt   cccooorrrrrreeelllaaattteeeddd   aaannnddd   cccooosssmmmiiiccc   rrraaayyy   bbbaaaccckkkgggrrrooouuunnndddsss   ssstttiiillllll   
aaa   ppprrrooobbbllleeemmm   –––   pppuuurrriiifffiiicccaaatttiiiooonnn   rrreeeqqquuuiiirrreeeddd...         

 
The possible solutions:   
•••NNNeeeeeeddd   RRR&&&DDD   tttooo   gggrrrooowww   GGGSSSOOO   iiinnn   cccllleeeaaannn   cccooonnndddiiitttiiiooonnnsss   
•••NNNeeeeeeddd   tttooo   gggrrrooowww   GGGSSSOOO   uuunnndddeeerrrgggrrrooouuunnnddd   

   


