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eBubble & the study of low energy 
solar neutrinos

Motivation of eBubble R&D project:  study the unexplored 
arena of low energy neutrinos produced in the p-p fusion 
that fuels our sun

Concept:  utilize the new born 
idea of eBubbles in cryogenic 
noble fluid tracker



   

Solar neutrinos
Study spectra of solar neutrinos with low energies produced 
by p-p fusion 

SNO, SKChlorineGallium
eeHp ν++→ +22

The first step involves the fusion of two hydrogen nuclei H (
protons) into deuterium 2H, releasing a positron and a neutrino 
as one proton changes into a neutron.

http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Proton
http://en.wikipedia.org/wiki/Deuterium
http://en.wikipedia.org/wiki/Positron
http://en.wikipedia.org/wiki/Neutrino
http://en.wikipedia.org/wiki/Neutron


   

 Concept: eBubble
Free electrons injected into the cryogenic liquids helium, neon, or 
hydrogen, will be encapsulated by a 1-2 nm vacuum filled bubble due 
to :
●Strong Pauli repulsion between electron and atoms
●Weak polarizability (not true for 
heavier elements such as Argon)

Useful Properties:
●Low mobility appropriate for 
readout
●Long lifetimes

therefore: can be drifted to
 detecting instrumentation for 
track imagining



   

Our detector

Edrift

Neon 
Cryogenic
Fluid

Radius of Fiducial Volume
100cm

“Air”



   

Our signal

Probability P(T) of producing electrons 
with different recoil kinetic energies (T) 
as a function of the kinetic energy (T).

●The “bulk” of our signal 
consists of point like tracks 
peaked at zero (MeV)
●How short? Depends on 
resolution



   

Background for Low Energy 
Experiments

Since our signal has such a low rate as well as low Energy, background needs to be 
evaluated

All low energy experiments must evaluate:

cosmic ray (muon induced) activity 
●Reduced by placement of experiment in underground lab (Homestake Lab South 
Dakota)

natural background radioactivity 
●Reduced by choosing pure materials

My Concentration: Analyze the background eBubble is presented with, and confirm that 
the neutron background that burdens experiments probing WIMPS are not an issue for 
our low energy solar neutrino detector, in fact a photon spectra is of utmost concern



   

 Pure Materials from the inside out
Cryogenic Noble Fluid:  Neon
-Inherently Pure...no 
radioactive 
isotope impurities
-any impurities present “ freeze out”  by virtue of 
the cryogenic temperature
-easy to purify...coal filter
-low temperature also minimizes diffusion

Copper Lining
Pure Cu can be purchased with a much higher 
impurity level than SS, and will improve the 
shielding from the impurities in the cold vessel

Stainless Steel Cold Vessel
-carefully choose stainless steel within budget 
and appropriate impurity levels of thorium and 
uranium isotopes (1ppb)



   

After all these precautions have been taken, whats left?

●Even with an inherently pure (and shielding) cryogen, carefully chosen 
SS, and a pure copper liner, we will have a background 

What potential sources of background remain?
●Impurities of SS (available from 1 to 10ppb) include Thorium and 
Uranium Radioactive Isotopes

●These isotopes have radioactive decay chains that produce an 
abundance of :   alpha particles
                               beta particles
                               gamma emissions
and are also capable of spontaneous fission



   

alpha beta gamma...a problem?
unstable isotopes (our Uranium and Thorium) transform to a more stable isotope by 
emitting a
subatomic particle (alpha, beta, gamma)

alpha:  an alpha particle (A=4, Z=2) emitted from nucleus
beta:  emission of electron positron neutrino combinations

Neither alpha or beta particles themselves present a problem, as they are very 
massive, and have very poor penetration capabilities.

gamma:  excited nucleus releases a high-energy photon (gamma ray)

Photons, being neutral and massless, produce a background nearly indiscernible 
from our neutrino signal 



   

 Photons and Compton Scattering
A photon that enters our Neon fluid, interacts with a target electron, 
deposits a small amount of energy, and exits our Neon fluid, will 
produce a signal identical to the solar neutrino.
How likely is this?
The photon is interacting via Compton Scattering:

What are the useful discrepancies?

1) if the entering photon is a high energy one, it deposits most 
of its energy (more than 250keV) in one interaction, and then 
escapes,  we can identify this interaction as background and 
remove it 

2) it is more likely, however, that a high energy photon will 
deposit small amounts of energy during several well separated  
Compton interactions, in which case we can identify these 
interactions as background (because our signal consists of just 
one interaction) and remove them

3) low energy photons have very low penetration depths, and it 
would be improbable for them to make it through the 1.5 
inches of SS and 8 inches of Copper.



   

  

gamma emissions
36 percent of the time thorium232 decays to Thallium 208 and emits a 2.614 MeV 
photon 
This source of photons is one of our most pressing background concerns.
Simulated:
1,000,000 events
Randomly generated 
initialized in SS
Kinetic Energy 2.614MeV

Looking at:
events with one interaction
in 10 cm slices of Ne volume
(events with one interaction
are those that resemble our
neutrino signal)
thorium 0.6ppb impurity level
Instrumentation out to 50cm
Instrumentation out to 100cm
Notice the shielding power
of the fluid itself
without copper, in a detector
of this volume, only signal
from the innermost 20 cm
would be kept for analysis

 gamma



   

Again, My Concentration: Analyze the background eBubble is presented with, and 
confirm that the neutron background that burdens experiments probing WIMPS are not 
an issue for our low energy solar neutrino detector...

Sources of neutron background?
alpha neutron reactions:
the emitted alpha particle can initiate nuclear reactions in other 
atoms of the compound (ss), which in turn can emit a neutron that 
can interact with a target electron producing a background signal.
Spontaneous fission:
SF follows the exact same process as nuclear fission, except that 
it occurs without the atom having been struck by a neutron, or an 
alpha, or any other incident particle. A radioactive nucleus 
disintegrates into two or more smaller nuclei and other particles, 
such as neutrons that, again, can interact with a target electron 
and produce a background signal.

I spoke of neutrons



   

Neutron Energy Spectra
Provided with simulated spectral data of 
neutron flux (neutrons/sec-cc) as a function of 
energy (MeV), courtesy of the Xenon 
collaboration.  

data included two “ types”  of SS: each with 
either thorium or uranium isotope impurities:
1) “ tape7” : (C 0.15%, Cr 17%, Ni 12%, Mn 29%, 
Fe 68.85 %)
10 ppb thorium 232 or
9.928 ppb U238 and 0.072ppb U235
2) other:  (Fe54 88%, Co59 8%, C54 4%)
10 ppb thorium 232 or
9.928 ppb U238 and 0.072ppb U235

Total 4 Neutron Spectra
Includes alpha, n and spontaneous fission 
neutrons, as well as total neutron flux

NOTE* these high levels of impurity for SS  can 
realistically be reduced by an order of 
magnitude in our detector 

SOURCES 4A Calculation
<<<<<<<<<<<>>>>>>>>>>>
                       Absolute Neutron Source Spectra
                       ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Title: U238 (9.928ppb), U235 (0.072ppb) in stainless steel (C 0.15%   Cr 17%   Ni 12
 Neutron Multigroup Structure (MeV)
 1.000E+01 9.900E+00 9.800E+00 9.700E+00 9.600E+00 9.500E+00 9.400E+00 9.300E+00
 9.200E+00 9.100E+00 9.000E+00 8.900E+00 8.800E+00 8.700E+00 8.600E+00 8.500E+00
 8.400E+00 8.300E+00 8.200E+00 8.100E+00 8.000E+00 7.900E+00 7.800E+00 7.700E+00
 7.600E+00 7.500E+00 7.400E+00 7.300E+00 7.200E+00 7.100E+00 7.000E+00 6.900E+00
 6.800E+00 6.700E+00 6.600E+00 6.500E+00 6.400E+00 6.300E+00 6.200E+00 6.100E+00
 6.000E+00 5.900E+00 5.800E+00 5.700E+00 5.600E+00 5.500E+00 5.400E+00 5.300E+00
 5.200E+00 5.100E+00 5.000E+00 4.900E+00 4.800E+00 4.700E+00 4.600E+00 4.500E+00
 4.400E+00 4.300E+00 4.200E+00 4.100E+00 4.000E+00 3.900E+00 3.800E+00 3.700E+00
 3.600E+00 3.500E+00 3.400E+00 3.300E+00 3.200E+00 3.100E+00 3.000E+00 2.900E+00
 2.800E+00 2.700E+00 2.600E+00 2.500E+00 2.400E+00 2.300E+00 2.200E+00 2.100E+00
 2.000E+00 1.900E+00 1.800E+00 1.700E+00 1.600E+00 1.500E+00 1.400E+00 1.300E+00
 1.200E+00 1.100E+00 1.000E+00 9.000E-01 8.000E-01 7.000E-01 6.000E-01 5.000E-01
 4.000E-01 3.000E-01 2.000E-01 1.000E-01 0.000E+00

a,n) neutrons/sec-cc from  8.53895E-03 at/cc bi211  alphas on  c 13  in target
 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.617E-35 3.014E-34
 6.990E-34 1.127E-33 1.637E-33 2.218E-33 2.835E-33 3.485E-33 4.169E-33 4.884E-33
 5.630E-33 6.407E-33 7.225E-33 8.087E-33 9.021E-33 1.012E-32 1.127E-32 1.240E-32
 1.351E-32 1.461E-32 1.568E-32 1.664E-32 1.737E-32 1.787E-32 1.815E-32 1.824E-32
 1.838E-32 1.871E-32 1.924E-32 1.994E-32 2.078E-32 2.163E-32 2.235E-32 2.252E-32
 2.248E-32 2.220E-32 2.180E-32 2.127E-32 2.062E-32 1.982E-32 1.876E-32 1.739E-32
 1.602E-32 1.468E-32 1.366E-32 1.332E-32 1.358E-32 1.362E-32 1.305E-32 1.203E-32
 1.097E-32 9.950E-33 8.980E-33 8.056E-33 7.179E-33 6.352E-33 5.575E-33 4.849E-33
 4.175E-33 3.552E-33 2.978E-33 2.448E-33 1.954E-33 1.476E-33 9.685E-34 2.398E-34
 5.785E-38 1.036E-34 1.037E-33 2.571E-33 4.133E-33 5.801E-33 7.689E-33 9.631E-33
 1.159E-32 1.353E-32 1.541E-32 1.724E-32 1.924E-32 2.155E-32 2.326E-32 2.250E-32
 2.075E-32 1.796E-32 1.449E-32 8.383E-33
                                   Total (all groups):  9.780E-31 neutrons/sec-cm**3



   

Neutron Energy Spectra

 

Alpha neutron spectra

 

Spontaneous Fission spectra

Total neutron spectra



   

Neutron Data Sampling

Output from Primary Generator 
via sampling energy 
probabilities from total neutron 
spectraTotal neutron spectra

Random gen 2D                                      Random gen 3D



   

From simulation, what results interest us?
for four n-tuples each produced by neutron data file, as well as photon n-tuple, what are we 
interested in?
●how many interactions are occur per event
●material in which all interactions took place 0=initialized state

1=air
2=gas
3=CuBe Wall (not implemented)
4=SS Wall
5=Cu Liner (also not implemented)



   

More interesting results
●How many interactions occur in the gas per event
●What type of scatter for each interaction
●How much energy is deposited in our target fluid per event



   

Fiducial Volume

-391mm<Position Z<580mm

Before

Before

After
Fiducial volume

neutron
Two undetected 

interactions



   

Energy Cut

Throw away background 
signal with Ekin>250keV



   

Conclusions
●Results shown are consistently for the tape7 SS with uranium 
impurities.
●The impurity level of this SS is easily an order of magnitude 
greater than what we can realistically achieve
●8 inches of pure copper will be placed inside the cold vessel steel 
wall...which will greatly reduce the background coming from the SS 
impurities
●The exact components and impurity levels of our stainless steel 
need to be accurately implemented in our simulation
●In general, background simulations need to become more realistic
●As with all low energy detectors, scalability is always considered 
an improvement
●The next phase of our detector, a meter cubed proof of concept 
prototype would provide fiducial volume with a reduced 
background due to the backgrounds tendency to drop off further 
into the center of the detector
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