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Motivated by the study of n-oscillations, 
much has been learned over last 20 years
about n-interactions, through beautiful  data
provided by the LSND and MiniBooNE experiments.

At: 
• En ~ 10-1000MeV,
• on Carbon
• over all angles/kinematics
• charged-, neutral-current
• elastic, inelastic, resonant… 

adding greatly to understanding of these 
processes for n-oscillations.
(and just because it is interesting physics !) 
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LSND Experiment: 

12/10/2016

• at LAMPF, 1993-1998
• 800 MeV protons on n-target
• DAR and DIF n
• detector 30 m downstream
• liquid scintillator (CH2) 
• 1220, 8” PMTs 
• reconstruction:

• charged particles/photons 
via scint and Cerenkov

• muon decays (m->enn)
• neutrons via 

delayed capture (np -> dg )
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LA Science 25, 1997
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LSND cross section measurements

id Ngs
via - dk:

id e+/-:
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LSND cross section measurements
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LSND cross section measurements

id m:

id Ngs
via - dk:
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LSND cross section measurements
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next, MiniBooNE

MB proposal cross section
chapter was a bit… terse
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MiniBooNE…

.. fortunately cross section results 
output was high..
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LSND cross section measurements
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 , “kappa”, (“elosf”)
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 , “kappa”, (“elosf”)

 , it wont die!
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MiniBooNE, cross section measurements

need a flux prediction, 
not normed to CCQE xsection…

HARP measurements
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MiniBooNE, CCQE xsection
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MiniBooNE, CCQE xsection, results
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MiniBooNE, CCQE xsection, results

Thanks, 
Gerry!
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also nubar versions 
of CCQE/NCE
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MB cross sections, summary

and anti-neutrinos!
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“CEvNS”: 

Coherent Elastic n-Nucleus Scattering:   nA nA

Neutrino scatters with low momentum transfer coherently,

elastically from entire nucleus.  For large nucleus, 

RN~few fm, and:

.. but recoil energy is quite small:

The CEvNS process has yet to be observed… 

Coherent Elastic n-Nucleus Scattering:

Er

En

M
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• Cross section is large… 

in fact largest n channel 

at O(10 MeV) on heavier nuclei,
eg Ar

• and has distinctive 

N2  dependence

Coherent Elastic n-Nucleus Scattering:

nAr cross section

coherent nAr
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• SM Test

• Irreducible DM WIMP background

• Astrophysics

• Non Standard Interactions

• Nuclear Form Factors/Structure

• Fit recoil spectrum shape to measure F(Q2)

• One isotope can measure ν flux

• With two isotopes (e.g. Ar/Xe), ratio of recoil 
spectra removes flux uncertainty

ν flux allowed 
to vary

ν flux constant

Ar-C scattering

K. Patton et al, Phys. Rev. C86, 024612 (2012)

Coherent Elastic n-Nucleus Scattering:
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COHERENT experiment at SNS/ORNL
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ORNL SNS is also an…
• intense (~1MWatt, 0-50 MeV)..
• pulsed (60 Hz, 600ns spill time)… 

..nsource

nm m ne
Prompt nm from p
decay in time with 
the proton pulse

Delayed anti-nm,
ne on mdecay 
timescale

SNS n energy spectrum SNS n time distribution
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COHERENT experiment at SNS/ORNL
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• a low-background experimental area has 
been acquired for COHERENT
• 20-29 m from target

SNS n corridor
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LAr for COHERENT

• Single-phase scintillation detector 
built by J. Yoo, etal at Fermilab for 
CEvNS effort

• 35-kg fiducial volume
• Readout: 2× Hamamatsu R5912-

02MOD PMT (8” cryogenic, high-
gain)

• Excellent nuclear-/electron-recoil 
PSD demonstrated by miniCLEAN

• SCENE has measured quenching 
factors1

• 39Ar controllable with PSD and duty 
factor

• Pb, Cu, H2O shielding structure
• Currently being installed at SNS

1H. Cao et al., SCENE Collaboration, Phys. Rev. D91 (2015) 092007. arXiv:1406.4825 [physics.ins-det].
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simulated CEvNS signal,
backgrounds in LAr detector

COHERENT experiment at SNS/ORNL
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COHERENT experiment at SNS/ORNL

Low-E n40Ar  xsections, perhaps
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COHERENT experiment at SNS/ORNL

currently installed and filling.  Running starts next week.



34R. Tayloe, GarveyFest, Seattle,  201612/10/2016

Gerry,
Thanks for the physics!
We hope to continue to
see you around our 
future n experiments!  
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