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Intense (MCi) Radioactive Sources
Long Considered in context of Solar Neutrino –Detectors

PURPOSE:  Neutrino Calibration of CC –Capture,
Nu magnetic nmoment Search

Remote Reactor Produced:
• 65Zn     L. Alvarez (1973)
•51Cr      R. S. Raghavan (1978)
•37Ar      W. Haxton (1979)
•90Sr      G.  Bellini & R. S. Raghavan (B’Xino Prpsl 1991)
•Se92      V. Kornoukov et al (2004)

On Site Accelerator produced 
•8B       Marrs et al (1973)  
•12N     Adelberger et al (1993)

The only source made so far is 51Cr for Gallex, SAGE
by remote Nuclear Reactors
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LENS—New application
Unique features:

•Unsurpassed Background Control
•Very high granularity
Sharp event localization

Small soucesΔL ~30 cm
•Energy resolutionΔE small
•L/E in the right range: meters/MeV

MCi 51Cr for calibration part of LENS 
program 
2007—New idea to apply the  same 
experiment for Short Baseline Osc.

The first proposal to observe SB oscillation
directly and explicitly, contained entirely in 
LENS.   Dimensions of LENS (2-4m) tailored 
for contained waves for Δm^2~1 eV^2

Grieb et al
PR D75, 2007

51Cr in LENS 

Data on Sterile Osc. Essential for Precison Calibration of 
nu capture cross section: Natural convergence of physics obectives

Presenter
Presentation Notes
o
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Present Focus

•On-Site Source Production—avoid  transportation
problems
•Internal and External Geometries
•Multiple sources for long lived cases
•Continuous production for short lived cases
•Nue,Nuebar Sources, Simultaneous measurement?

•Fission Sources (spontaneous, fast n induced)
a la SCRAMM—aim for nuebar spectra for many 
fission sources
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TGT Tag Reaction σ(cm2) Tech Tag γ
MeV

Delay
τ (μs)

Lmax
m

ε Eth
MeV

p ṽe pe+ n (τ) γ 6x10-42

@10 MeV
LS 2.2 ~200 ~3 ~1 0.2

115In νe
115Ine-

115Sn*(τ)2γ
3x10-44

@0.8 MeV
LENS 0.616 4.5 ~3 0.67 0.1

Source Mean 
Life  (s)

Prod. 
Reaction 
(MeV)

Power
(kW)

Target
Mass

σ  
(mb)

E(ν) 
(MeV)

ν /year  @ 
Source

6He( ṽe) 1.17 9Be(n,α) DT on site
generator

300 kg 100 0-3.5 2x1022    

12N (νe) 0.016 12C(p,n)  (35) (350) 0.7g 4 0-16.3 4x1022

51Cr ( νe) 3.45x10 6 50Cr(n,γ) ( nth)
52Cr(n,2n)

Nuc. Reactor
DT on site
n-generator

50kg
500 kg

16000
100

0.753 1024/10MCi
1023/y 
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Source Details
6He:   (100% beta: Endpt = 3.5 MeV; Tau =1.15 s)
He  production rate:  (n,α) cross section = 0.1b 20 cm thick BeO blanket: 
S=  3.5x1014x  10-25 x 1.44x1024 x3.1x107 = 16x1020 = 1.6x1021/y
Thick blanket50 cm –Rate = 12/1.44= 8.33 = 1.33x1022/y
Thin Blanket rate = 1.5x1021

Thick Blanket rate = 1.25x1022

Maximum for 1015n/s (LBNL) = x3,  x3 (estimate from n2n multiplication
Neutrino rate ~ 1.25x1023/y

N-multiplication due to (n,2n):
In the dT reaction (14.1 MeV) hardly any neutrons
are lost to n,2n because even after successive n,2n
extra neutrons are produced and the  neutron flux 
grows with enough energy to make the  Be(n,α).
Rough estimate, x3 enhancement

n,2n

n,α

n,α



R. S. Raghavan SBNW11  
Fermilab May 12-14 2011

The single target coaxial neutron generator 
with dimensions of 26 cm in diameter and 
28 cm in length is expected to generate a 
2.4 MeV D-D neutron flux of 1.2 x 1012 or a 14 
MeV D-T neutron flux of 3.5 x 1014 n/s. 

An adaptation of the coaxial generator 
design uses a versatile nested 
configuration with multiple plasma and 
target layers where ion beams can impinge 
on both sides of the targets to enhance 
neutron yield. A generator with this nested 
design and dimensions of 48 cm in 
diameter and 35 cm long should generate 
a neutron output 10 times higher than the 
single target generator described above. 
Thus, D-D neutron output higher than 1013

n/s and D-T neutron output of 1015 n/s 
should be attainable.

A cylindrical neutron generator 
configured to approximately 20 
cm in length.

Compact Sources for 14 MeV n production:   Info from  LBNL website



R. S. RagThhavan SBNW11  
Fermilab May 12-14 2011

Neutron multiplication via Th lining of n-generator target inducing
fast-fission  of Th that releases more neutrons

Accessible to 14 MeV n
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LENS  Modular Assembly

W sTungsten shield

Rail to Withdraw 
Target from irradiation assembly

Irradation assembly

In Accelerator Vault

LENS Chamber
On site Irradiation and Source  
insertion into modular detector

Nn-
gen-

Fe chamber Wall
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LENS Detector
4x4x4 m

Fe  wall of LENS chamber
30 cm

W box for γ shield 
20 cm thick 

Target Blanket
BeO, Cr (nat)

Compact neutron
generator

On-Site Production of Neutrino
Source for SB Osc Search in LENS

Tugsten Shield
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Background

•Bremmstrahlung (Internal (EC), Thick Target (β±)
•γ‘s from Contaminant activities from other target reactions
as well as impurities in target

Background Management
•Reaction tags
Time Coincidence (the Indium tag (nue), nuebar+p –neutron 
• Space coincidence
•Overall suppression:  3x10E-14 for nue;  6x10E-4 for nuebar

•Tungsten Shielding 10cm: 2x10E-12  For 500 keV γ
• 2.5x10E-4 for 2 MeV

Backgrounds ENORMOUS
Crucial role of Time and Space Tags (nuebar tag
less efficient than the nue tag of the indium reaction



R. S. Raghavan SBNW11  
Fermilab May 12-14 2011

Simulated 5-year solar e signal spectra
in LENS.

Top panel: delayed coincidence time 
spectrum fitted to
the isomeric lifetime 4:76 s. 

Middle panel: energy spectrum
(with 2000 pp events) at delays <10 μs, 
and random coincidences (from the pure 
decay of In target) at long delays.

Bottom panel: Spectrum from 4  100 day 
exposure to a 10 Mci source of 51Cr with 
the scaled solar spectrum included. The 
Cr signal has 1:3  104 events with 0:1% 
background (from the 7Be line).
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LENS –Granular Detector

Unit Cell
25x25x25 mm

In-loaded
Scint

Blank Scin
Buffer
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Figure 14: Typical results of analysis cuts on background (red) and signal (black) events 
in LENS.
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Oscillation Patterns
Source         nue fluence Unoscillated Oscillated
51Cr   nue 1.06x10^24       8591                   7840
6He   nuebar 5.5x10^21        42671                41652

Internal source Lmax ~2m    ΔL = 30cm; ΔE =0 for Cr, = ~10cm forHe
3+2 model  Best fit parameters

Oscillation Recovery observable in 4m
pathlengths External Source geometryI
Interfereence effects due to 2 frequencies
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Summary and Conclusions
• Selected Intense Sources
•Local on-site Production
•Nue and Nuebar Sources
•Tight Geometries– Small source extensions
•Source Detector geometries good for competitive search for

Δm^2 ~ 0.2 to 5 eV^2
Relatively Inexpensive

Physics extendable to nuebar spectra
of fission sources

Astrophysical aims of LENS not affected.
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