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Why Free Neutron Decay?

Cosmology: primordial nucleosynthesis

* Astronomy: solar physics

A. Saavedra (ATI-TU Wien), FAKT 2024

CKM matrix element: V4

Particle physics: neutrino detectors

Primordial element formation

(2H, 3He. “He. "Li, ... )

Solar cycle

Neutron star formation

Pion decay
Neutrino detectors

Neutrino forward scattering

W and Z production
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It Free Neutron Decay: Theory

H = (W'Sip?f); T (J"M) Scalar
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where: C; = (L; + R;); C; = (L; — R;)
Lee and Yang, Phys. Rev. 104 (1956)
Nature seems to favor a V-A linear combination. Cy o gy )
In the V-ATheory: R, =R, =0 > = A\
Parity is maximally violated Cao<ga
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It Free Neutron Decay: Observables PEM

. 2 1 pe°p1/ me <Sn> A B D pZ/
peEe(E() Ee) dEedQeQ,,x§[ +aEeE,, —I—bEe + . Ee e EU _|_ E E

Jackson, Treiman, Wyld, Phys. Rev. 106 (1957)

Standard Model: only vector

1] S LR G G TS ===pp correlation coefficients depend only on 1

Electron-Neutrino Correlation Even Even
S Sl I N NG N P G
1+ 3|)\|2 1+ 3|)\‘2 1+ 3|)‘|2 b Fierz-Term Even Even
A B-Asymmetry Odd Even
C =z L — _QI)\lsm(quV) A = Q_A B Neutrino Asymmetry Odd Even
“1+ 32 (1+3)2) gv
C Proton Asymmetry Odd Even
D Triple Correlation Coefficient Even10~* Odd
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It Free Neutron Decay: Observables
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I Free Neutron Decay: V4 PEM
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B pERKEO I PE-#’

detector 1

« Holding field for neutron polarization

d 2
eie§5°§nT « Charged decay particles guided

towards the detectors
(separated from CNB)

« 2 defined hemispheres ensuring
2 x 211 solid angle coverage

beamstop Maérkisch et al, NIM A 611 (2009)

SAME CONDITIONS AS THE SIGNAL

« BSE guided to opposite detector 2500 - ! h
2000 — i ;
» Both detectors read out in coincidence p - * o
g 1500 — § ,*
« Background is measured during every chopper cycle, 1000 / v
after the pulse is fully absorbed. e 3 *
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B pERKEO I
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~800 decays/s in pulsed-unpolarized mode Bernert, Neutron Seminar ATI (2023)

~200 decays/s in pulsed-polarized mode
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B pERKEO II: Measuring A (and b) P'E-ﬁ‘c

— ﬁa—;m After integrating over the two hemispheres:
A y NT(E,)-NY(E,) 1
- - Aexp (Eo) = 1 (Eo l( 2, =S AP, B(E,)
0.04 . : - T " T al N (EE) + N (Et?) 2
- Considering the Fierz term b # 0 (BSM):
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Saul et al, Phys. Rev. Lett. 125 (2020)
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It PERC: The Concept

A
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Backscatter
detectors

Neutron guide
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/ Solenoid | Detector

Vacuum vessel ﬁ, i beam stop
Superconducting By | 05—15T Electron/Proton beam:
magnets B, |3-6T - Upstream/reflected at filter ~94% Detector:
(He cooled) B, | 05-1.0T - Reach detector unhindered ~4.3% pcltlatsaetector

with PMT readout

Neutrons: Backscatter detectors: - Silicon detector
- Cold neutrons - ~2% of electrons from main detector | under developement
-Flux ~2 X 10195~ 1cm =2 - Scintillation detectors with - Magnetic spectrometer
- Decay rate ~10*Hz (polarized, pulsed) SiPM readout
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1Y PERC: The Concept - Supplement PEI*C
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///////////////////////// .....

Delivery of Magnet System
September 2021 :
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p.E-liC

Setting up the Feeder Tower
March 2022
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Installation of yoke frame nearing completion.
Power distribution installed.
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Continually Setting up the
Return Yoke
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Arranging > 1km of cables
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Status of PERC and the MEPHISTO beamline p.E-ﬁC

-
Instrument: Installation of yoke frame nearing completion.

Power distribution installed. i

i
!

&y

Beam line: Successful test installation of beam tubes. ‘ﬁ BEaL

Expect transfer of first ~45t of shielding within next weeks. pga §5

Infrastructure: Concrete support outside hall east for . -LL-;,. , i
helium compressor!! -
Equipment:

negligible depolarization of
CuTi verified at ILL

First sample of 2mm thick Si
pixel detector

Goal: magnet acceptance tests asap => ready for beam in 2024!
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Ty p.E-IiC

Outlook

« Early 2024: * Late 2024:
- Completion of magnetic shielding - Installation of neutron beamline
- Cool-down of the cryostat - Detector tests inside PERC with calibration sources
- Magnetic field measurements - First measurements with cold neutrons of thermal beam
2025:

- Measurements with cold neutrons n

SEsLow m .
“* NEUTRONS @'N

DFG SPP 1491

~ i
/ NEUTRONS
PAUL SCHERRER INSTITUT FORSCIENCE

Thank you for your attention!
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