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Precision Experiment on the Neutron Lifetime
Operating with Proton Extraction |

Magneto-gravitational trap for UCN

Original goal: uncertainty <0.1 s

Central coil for azimuthal field

« Superconducting NbTi coils i | —
- Submerged in liquid helium HE o

« Thermal shield with liquid nitrogen
Insulating Vacuum sonomeots I



LFS counts

Advantages

Large storage volume of 500l

Trap depth: ~80 neV

Limited spin-flips: no zero-field regions

Cleaning of marginally trapped neutrons with absorbers
Additional proton detector above storage volume
External spin manipulation and detection

Simulated MT Cleaning Stage Energy Distributions (BSS =2e-3)
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Experiment stages
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A brief look into the past

 First full design in 2008
« Coil test experiment
» Absorber experiment

» Cryostat delivered in 2020

» First cooldown attempt in winter 21/22
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Outside factors

 AtMLL in Germany
« Limited liquifier capacity
» Repeated liquifier and compressor
issues
* Unclear neutron supply

> Relocation of PENeLOPE to TRIUMF
2025

At TRIUMF:
 How much LHe do we need?
« How can we optimize the process?




TUTI
Cooldown at TRIUMF - Comparison
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Cooldown at TRIUMF - Overview
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Cryogenic hurdles

Expectation:

» Temperatures drop
» Liquid accumulates
» Coilsat4.2K
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Status

* Readout & Controls ready for cooldown
« Cryogenic upgrades
» Preparation for coil training

* Quench detection

* Helium recovery

» Ready for quench tests soon




Status

« Absorbers
» Actuators & controls present
« Use AbEX results

» Realistic upgrade
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* Proton detector

« APDs & plate present

« Design attachment 150
» Foundations laid
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TUTI

 TRIUMEF infrastructure busy for now

* long shutdown in 2026

» Finish upgrades for cooldown +
quench tests early 2026

* Prepare for first neutron
measurements in 2027
* Relocate to UCN source
» Install central coill
* Install absorbers

« Finalize proton detector




Thank you '%' TRIUMF T|.|T|

for your attention!

Precision Experiment
on the Neutron Lifetime
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Backup



Resistance at low temperatures
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EPDM rubber
o-rings

There was also freezing in Germany, but in
general, our flows were too low to cause
significant issues

Pre-cooling



Isolation vacuum
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Liquid helium requirements for a cooldown

Tinit
C
o= e(Te) dT,

A+ fTs Cp,HedTHe

fin

Define sensible heat utilization

a =1 implies full use of sensible heat and
yields minimmum liquid requirement

a = 0 implies no use of sensible heat and
maximum liquid requirement

Tinit

Tfin

Ce(Te)

A+« fTs Cp,HedTHe

dT,
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—— Radiative heat load on the helium tank
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Estimating the heat load

Te
Amy,
Qn = At (A+aj CpHedTHe)
TS
Flow data

Average coil temperature
Assume a = 0.126 (Germany
cooldown average)
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Estimating the heat load O =32+ [ cpmedTye)
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. : Amye
Estimating the heat load O =32+ [ cpmedTye)
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PENeLOPE
cold mass 40000

Copper
Stainless Steel
Niobium
Titanium

Total
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Vie [1]

LHe consumption

« Cooling down from 100-125 K to 35-37 K required 2106 | of LHe
« Compare to calculated result for a cooldown from 100 K to 4.2 K:

« 2500-3300 | expected
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