


Scin%lla%on Signal 

Photomul%pliers 

Dynamic Range, Timing & Rates 

Data Acquis%on 



Event Energy 
Number of Photons 

Light Yield (electrons) 
10,000 photons per MeV 
emiCed isotropically 

Timing 
signal decays exponen%ally 
2 (or more) components 

fast component: 3‐7 ns 
slow component(s): >20 ns 

Par9cle Iden9fica9on 
rela%ve ra%o of the 
decay components 



Event Energy 
Light Yield (/MeV):    104 

Photoac%ve Coverage:   30% 
PMT Photoefficiency:    20% 
+ Light Absorp%on/ScaCering 
Photoelectrons/MeV    <600 

Vertex Reconstruc9on 
uses hit paCern of PMTs 
(PMT posi%on, Number of Hits 
per PMT, photon arrival %me) 
to determine barycenter  

several 
photons per 
PMT, early hits 

single 
photons per 

PMT, late hits 



Time Resolu9on 
governed mainly by 
rise 9me (5‐10 ns) 

rise %me is 
determined by: 
‐  fluorescence %me 
‐  light scaCering 
‐  PMT %me jiCer 
‐  electronics 

Par9cle Discrimina9on 
governed by signal decay 



Liquid‐scin%llator detector 
Total: 1kt of organic liquid 
270 tons of LS target 
2200 PMTs 

op%mized for the detec%on of low 
energy solar neutrinos (E<1MeV) 







Light cones focusing field 
of view on the ac%ve 
detec%on volume, 
double effec%ve op%cal 
coverage 

Calibra9on using LEDs/
lasers for SPE charge 
and rela%ve %ming 



Default Configura9on 
13,500 PMTs of 20‘‘ cathode diameter 
op%cal coverage: 30% 

Usage of Light Cones 
8‘‘ phototubes or larger coverage 
in the cylindrical geometry, 
light cones can be larger than in Bx 

Cabling could be run inside the tank 

Pressure resistance/encapsula9on is 
needed for boCom PMTs (10 bar) 

Light cone 
used in the 
Borexino 
prototype CTF 





Large impact on proton decay (into K+ν)  
detec%on efficiency: 

Signal of kaon (τ=13ns) and of its decay 
products (mostly muons) must be 
separated by rise %me analysis 

Kaon  Muon 

Background Source: 
Atmospheric Muon‐Neutrinos 

Efficiency ranges from 56% to 69% 
for typical rise %mes of 7 to 10 ns 

p→ K+ + ν̄

K+ → µ+νµ



BOREXINO  instrumental threshold:  25 pe (50 keV)  rate: 30 Hz 
(270 t)    physics threshold:    100 pe (200 keV)  rate: 1 Hz 

LENA    excluding C14 events:   50 pe (200 keV)  rate: 200 Hz 
(50,000 t) 

14C 

210Po 

external γ‐rays 



Front End Brd  HV Supply 

PMs 

Calib. Input 

Charge 

Laben Board 

Timing Pulse 

Analog Sum 

Patch Panel 

Trigger Board 

Scalers 

FADCs 

Neutron 

HV decoupler 

PowerPC 



In case of a trigger (of either Inner or Outer Detector), 
all PM hits in a %me gate of 16 µs are recorded. 

Each individual hit provides two signals: 

TDC:  photon arrival %me is recorded at a 100 ps 
    accuracy rela%ve to the trigger 

ADC:  charge of all photons arriving in the next 
    80 ns is integrated 

Only the arrival %me of the first photon in the 
integra%ng %me gate is available. 

Dead9me 
of each individual channel:  150 ns 
amer gate is closed:      <2 µs 



Amerpulses 

Muon Gate  Neutron Gate 

Cosmic Muon 

Neutrons  decreased in 
       pulse height due to 

      memory overflow 

detector blinded for several µs amer each muon due to amerpulses 
very luminous muons decrease the effec%ve pulse height of neutrons 

   ... decrease in neutron detec%on efficiency 
   and cosmogenic background rejec%on 



Kaon  Muon 

Main DAQ system as in BOREXINO 
(TDC+ADC signal for each PMT) are 
sufficient for low‐energe%c events. 

For cosmogenics, suppression of amer 
pulses and improved trigger and DAQ 
capabili%es are necessary. 

For proton decay, analog sum of groups 
of channels (or all channels) is needed 
to allow for pulse shape analysis on 
short %me scales. 

Scalers monitoring groups of channels 
for control of PM performance.  

PMTs (20‘‘ or 8‘‘+light cones) 
%me jiCer: <2ns, efficiency: >20% 
dynamic range: spe to 100 pe 
%me and charge calibra%on 


