Design and first tests of a unique, superconducting multipole
magnet for the ultracold neutron trap PENeLOPE
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The Goal: measure neutron lifetime with 0.1s precision

e 71,=879.4+06s
* Precise measure of weak-interaction parameters
« Impacts formation of elements in early universe
« Difficult measurement, many discrepancies,
especially between “beam” and “trap” methods
» Are there exotic neutron decays?

P

udu Ve

udd
n

Wolfgang Schreyer (TRIUMF) | MT26 | 2019-09-23

neutron lifetime value (s)

910

900+

890

880+

870

m

[ J
O
u

PDG mean
Trap
Withdrawn
Beam

1985

T
1990

.
o

T T T T
1995 2000 2005 2010
year

TRIUMF

T
2015 2020

Technische
Universitat
Miinchen

I



The Tool: ultracold neutrons

Interact with magnetic
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The Apparatus: PENeLOPE

Precision Experiment on Neutron Lifetime Operating

with Proton Extraction

» Fill ultracold neutrons in experiment (~300s) proton detector
* Ramp up superconducting magnet (~100s) (30 kV)

» Detect decay protons from trapped neutrons
’ Ramp down magnet (~1OOS) superconducting coils
« Count remaining neutrons (~200s) (red and green)

vacuum vessel

helium reservoir
(600 L)

absorbers (blue) radiation shield

(LN, @ 80K)

storage volume

Magnet and cryostat built by Bilfinger Noell
(Wlrzburg, Germany)

polarizer

\ source valve

UCN detector
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Challenging magnet requirements

Large volume (> 600L)

Steep field gradient at walls

« Alternating multipole, high repelling forces (1 MN)
« High current density (> 300 A/mm?)

* Thin support structure (10 mm)

Fast ramping (< 100 s)

Warm bore
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Optimized magnet design Central current

Layout with 24 coils maximizing

« trapping potential (115 neV)

» probability of decay protons reaching detector
Tradeoff between current density and max. field

(0.9 mm Supercon VSF-SSCI NbTi wire, Cu/SC 1.5)
Strong normal-conducting current (> 10 000 A)
through center to cancel zero-field regions
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Magnet construction

Winding with defined pre-tension to avoid detachment
Deep-penetration laser welding

Single coils quenching lead to rapid load changes, high
inductive voltages

» Coils are bridged pair-wise with liquid-helium-cooled diodes
» Careful design of wiring between paired coils
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Prototype tests
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Coll tests: prototype coll

CoTEx: 1000 L liquid-helium bath cryostat to test
individual coils
Records temperatures and voltages during training
Prototype coil:
 Reached 120% of nominal current,

280% of nominal ramp rate
« Little training required
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Coll tests: outer colls

Stack of three outer coils:
« 105% nominal current, nominal ramp rate
« Extensive training required
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Coll tests: inner coill

Single inner coil:
* Reached nominal current, nominal ramp rate
« lrregular training, unstable above nominal current
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Coll tests: partially completed magnet

Bottom coils + 2 inner coils + 2 outer colls:
* Reached only 64% of nominal current
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Status

Magnet completed
Cryostat delivery end of year
Commissioning without ultracold neutrons in 2020
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Thank you for your attention
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forward current (A)

Diode characterization
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temp. (K)

voltage (V)

Quench data outer colls
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