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KARMEN at ISIS Neutron Spallation Source at 

Rutherford-Appleton-Laboratory in Oxford/UK

> 800 MeV protons with rapid cycling synchrotron 
(200 uA, 50 Hz, 20 ms beam periods)

> KARMEN detector was located at 17.5 m from main target (uranium/tantalum) 
at 90 degrees towards beamline

KARMEN

800 MeV Synchrotron 
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Neutrinos from Well-Defined Decay at Rest

100ns wide 

proton pulses 

allow resolving 

muon and pion 

lifetimes

(negative pions undergo 

nuclear capture in high Z 

target; 

contamination o(10^-4))
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Isospin Triplet A=12

very clear 12C(nue, e-)12Ng.s. 

exclusive CC reaction signature 

with delayed beta-decay
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KARMEN Detector (56t Liquid Scintillator) @ 17.5 m
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KARMEN Outer Veto Upgrade (1995-1997) 

Marking Beginning of KARMEN2 (Ran until 2001)
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Measured Pure Electron-Neutrinos in Spectroscopic 

Quality via CC Sequence

(-17.33 MeV)

almost 

background free 

event by event 

based neutrino 

detection, 

reflecting 2.2us 

muon lifetime
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Measured Neutrinos in Prompt Single-Events 

(NC+CC)
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Measured Electron-Neutrinos in Prompt Single-

Events (K2)

 No Hint for 

Appearance nm  ne

No excess above 38 MeV 

in single prompt events 

(only 2.2 MeV Q-value for 

inclusive CC on 13C)

2-flavor formalism:
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New KARMEN2 Result from Single Prompt Events

 No Other Hint for Heavy Sterile ns at large Dm2 (~eV2) from KARMEN

Phys.Rev.D65:112001,2002

Reichenbacher PhD Thesis, FZKA Report 7093

 No other hint for 

Appearance nm  ne

c.f. new exclusion curve c)

vs. published limit a)
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Good Agreement with Predictions!

Limit on Sterile Neutrinos from nue->nus

Reichenbacher PhD Thesis, FZKA Report 7093

Conference 

“Sterile Neutrinos at the Crossroads” 

Sept. 25-28, 2011, Virginia Tech

measured more 

12C(nue,e-)12Ng.s. 

sequences 

than expected

 No hint for 

disappearance
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KARMEN1+2 Can Exclude Global Fit Evidence 

Regions for Sterile Neutrinos at More than 2sigma !
2306.09962.pdf (arxiv.org)

assuming CPT conservation(Done at CETUP 2023 workshop!)

https://arxiv.org/ftp/arxiv/papers/2306/2306.09962.pdf
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KARMEN Time-Anomaly between 3us and 4us

Time-Anomaly
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Hypothesis of Beam-Correlated Neutron 

Background Causing Time-Anomaly
deep minima in neutron cross section on iron 

in ~100 keV resonance region
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Matched Neutron Cross Section Minima in Iron 

with Neutron Velocities from Main and Pre-Targets!

7 m steel 

shielding 

towards target 

acts as filter 

for particular 

neutron energies
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Fitted Beam-Correlated Neutron Background in 

KARMEN1 and KARMEN2 (After Veto Upgrade)
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KARMEN Exclusion Limit on Light Neutralino

(pi+ -> mu+  +  X)
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LSND Detector Location wrt. Target at LANSCE

arXiv:hep-ex/0104049v3 10 Aug 2001

LSND detector has comparable 

shielding, 

neutrons could cause increase in 

random background for 

neutron sequence search

600us wide proton pulses do not 

allow for muon lifetime resolution 

(no “time-anomaly” detectable)

ascertained random background 

from mostly beam off data 

 underestimated beam-correlated 

neutron background?

 or is nuebar contamination 

underestimated?

https://arxiv.org/pdf/hep-ex/0104049.pdf
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MicroBooNE Result vs. LSND w/ KARMEN2

2210.10216.pdf (arxiv.org)

https://arxiv.org/pdf/2210.10216.pdf
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Degeneracy of MicroBooNE Result

2210.10216.pdf (arxiv.org)

=> New stringent KARMEN1+2 limit on nue disappearance (CPT conservation) 

could rule out LSND regions together with MicroBooNE!

https://arxiv.org/pdf/2210.10216.pdf
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MicroBooNE vs MiniBooNE

2210.10216.pdf (arxiv.org)

https://arxiv.org/pdf/2210.10216.pdf


7/3/2023 Juergen Reichenbacher (SD Mines) 26

Theoretical Cross Section Calculations
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Theoretical Cross Section Calculations 

Ratio NC/CC and mu – e – Universality Validation
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Good Agreement with Predictions!

7.3 eV^2 Visual Check
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7.3 eV^2 Visual Check at Different Baselines


