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Goal: Goal: characterizationcharacterization of different of different absorberabsorber materialsmaterials forfor useuse in in PENeLOPEPENeLOPE down to liquid down to liquid heliumhelium temperaturestemperatures

to neutron
guide

proton source proton source 
tunable up totunable up to
30 keV built30 keV built atat
E18E18 to to investigateinvestigate
optimumoptimum detectiondetection
schemescheme

PENeLOPEPENeLOPE and and AbExAbEx
TowardsTowards a a preciseprecise neutronneutron lifetimelifetime measurementmeasurement
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MagneticMagnetic fieldfield

CurrentCurrent PDG PDG valuevalue :: ττnn= 885.7 = 885.7 ±± 0.8 s0.8 s

LatestLatest measurementmeasurement : : ττnn== 878.5 878.5 ±± 0.8 s !!0.8 s !!

MethodMethod::
MagneticMagnetic and and gravitationalgravitational storagestorage

RealReal--timetime protonproton extractionextraction and and detectiondetection
with CsIwith CsI scintillatorscintillator, , APD/PMAPD/PM
MonitoringMonitoring of of depolarizationdepolarization

Goal: Goal: accuracyaccuracy better thanbetter than 0.1 s0.1 s

Neutron Neutron lifetimelifetime measurementmeasurement MC MC simulationssimulationsPENeLOPEPENeLOPE

eepn υ++→ −
eepn υ++→ −

Proton Proton detectiondetection

assuresassures neutronneutron
storagestorage, , 
guidesguides protonsprotons
ontoonto detectordetector

A. Serebrov et al, Phys. Lett. B, Vol. 605, 1-2, 2005, p. 72-78.

MotivationMotivation

--fieldfield topologytopology => => zerozero--fieldfield regionsregions
=> => dangerdanger of of spinspin--flipflip and UCN and UCN lossloss

-- racetrackracetrack coilscoils => no => no zerozero--fieldfield regionsregions
-- neverthelessnevertheless: : investigations ofinvestigations of still still existingexisting lowlow

field regionsfield regions necessarynecessary
-- MC MC integration ofintegration of Bloch Bloch equationequation

Neutron spin trackingNeutron spin tracking
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Stored neutrons show chaotic
behavior in the trap. 

Color code: 
blue: low velocity
red: high velocity
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low-field seeker trajectory (20 s)

Neutrons of „wrong“ polarization
leave trap quickly through the filling
slit at the right bottom and can be
detected with an efficiency of > 50%

Storage of neutrons during filling
without magnetic field is assured by
reflection at the trap walls. The slit is
closed here.
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neutron trajectory without field (20s)

Decay protons are accelerated
towards the detector on top of the
trap and guided there by the field lines
(collection efficiency around 70 %)
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10 proton trajectories (7 hits on the detector)

R. Picker et al., J. Res. Natl. Inst. Stand. Technol. 110, 357-360 (2005)

Further Further results:results:
-- to minimizeto minimize proton losses: p < 10proton losses: p < 10--7 7 mbar mbar 
-- ρ ρ ((v,tv,t)=)=ρ ρ (v) (v) 
-- spectrum cleaning => effective absorber  spectrum cleaning => effective absorber  

scheme scheme necessary => see AbExnecessary => see AbEx
-- coil ramping leads to UCN coil ramping leads to UCN ““heatingheating”” of of 

2020--40 neV40 neV
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Light yield vs temperature for
pure CsI compared with CsI (Tl)

AbExAbEx (Absorber Experiment(Absorber Experiment))

Anti-spinflip
racetrack coils

-- ττnn vital vital forfor testingtesting thethe unitarityunitarity of of thethe CKM CKM matrixmatrix

-- ττnn influencesinfluences thethe primordialprimordial heliumhelium abundanceabundance
-- mostmost recentrecent measurementmeasurement byby SerebrovSerebrov et al. et al. isis 66 σσ lowerlower thanthan thethe

currentcurrent PDG PDG meanmean valuevalue
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high-field seeker trajectory (120 neV, 2.6 s)
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885.7±0.8

Arzumanov et al
885.4±1.0

Serebrov et al
878.5±0.8

energy selector
(NOCADO “U”)

UCN detector
(3He)

6 σ !!
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Concept RealisationRealisation

Preliminary results

focusing coils

neutron absorber

CsI scintillator

light guide

photomultiplier

storage coils

filling slit

neutron absorber
(polyethylene & titanium)

cryogenic storage bottle
(electropolished stainless steel)

AbEx flies inAbEx flies in

connecting toconnecting to
UCN sourceUCN source

contamination of storage volumecontamination of storage volume

““silentsilent”” experimental areaexperimental area

absorber fixtures with PEabsorber fixtures with PE
storage volume with absorberstorage volume with absorber

UCN turbine
“U”

3He detector with shielding

1 3 5 7 9
current in racetrack coil / nominal current

1.00e-8

1.00e-7

1.00e-6

1.00e-5

1.00e-4

1.00e-3

1.00e-2

1.00e-1

1.00e0

sp
in

-fl
ip

 p
ro

ba
bi

lit
y 

af
te

r 1
50

0 
s

nominal race-track current: 9kA
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≈ 6 s≈ 6 s≈ 6 sstorage time 
with Ti

-≈ 6 s≈ 6 sstorage time 
with PE

≈ 250 s≈ 200 s≈ 150 sstorage time 
of bottle

≈ 5 K≈ 80 K≈ 293 Ktemperature

⇒absorber geometry seems very effective and eliminates 
marginaly trapped UCN to < 10-4 in 100 s with either 
absorber

⇒no significant temperature dependence of Ti down to 5 K 
⇒low temperatures could not be reached with PE, because 

of insufficient heat coupling of absorber, also no 
significant temp. dep. down to 80 K

⇒detailed analysis still ongoing!


