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First results on the Proton Spectrum with the

Neutron Decay Spectrometer aSPECT 

Low energy 

structure of 

Weak 

Interactions

• Neutral Currents

• W,Z-Bosons

• 3 Quark Generations

• Higgs-Bosons
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Determination of the Coupling Constants
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gV = GF·Vud

Gamow-Teller-Decay:

gA = GF·Vud·λ
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Two unknown parameters, gA and gV, need to be determined in 2 experiments

1. Neutron-Lifetime: ( )1 2 2

n V A3g g
−τ ∝ +

n 885 sτ ≈

S = 0, mS = 0

S = 1, mS = 0

S = 1, mS = 1
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Decrease of Neutron Counts N with storage time t: N(t) = N(0)exp{-t/τeff}

1/ τeff = 1/τβ+1/ τwall losses

Neutron Lifetime Measurements

Many new attempts planned, mostly with magnetic bottles 
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Electron Detector (Plastic Scintillator)

Polarized Neutrons

Split Pair Magnet

Decay Electrons
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Magnetic Field

A = -0.1195(4)       (preliminary)2004

H. Abele, S. B. et al., PRL 88, 211801 (2002)A = -0.1189(7)1997

H. Abele, S. B. et al., Phys. Lett. B 407, 212 (1997)A = -0.1189(12)1995
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Possible Tests of the Standard Model

1. Search for Right-handed Currents

WR?

2. Search for Scalar and Tensor interactions

Leptoquarks? Charged Higgs Bosons?

3. Search for Supersymmetric Particles

(Loop corrections to beta decay change coupling constants)

4. Test of the Unitarity of the Cabbibo-Kobayashi-Maskawa-Matrix
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Determination of λ = gA/gV
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• PERKEO II is the systematically cleanest experiment

• Still the disagreement with older measurements is not explained



Determination of the Coupling Constants

νe

n









−
2

1
p

Fermi-Decay:

gV = GF·Vud

Gamow-Teller-Decay:

gA = GF·Vud·λ

p

p

νee- e-









+
2

1

e- νe

νe
νee- e-

Two unknown parameters, gA and gV, need to be determined in 2 experiments
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•A measurement of a is independent of possible unknown errors in A, systematics 

are entirely different.

• Present experiments have ∆a/a ~ 5%, our aim is ∆a/a ~ 0.3%
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Sensitivity of the Proton Spectrum to a:
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The Neutrino Electron Correlation

and the Proton Spectrum in Neutron Decay
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Setup @ MEPHISTO

Beam Line

Neutrons

Beam Stop

aSPECT - SPECTROMETER

Analyzing Plane
0 to 800 V

Detector

Protons

Decay volume



Principle of a Retardation Spectrometer
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Segmented Si - PIN - Diode

– Active Area 25 × 25 mm²

– Segmented in 25 Stripes

– Thin Entrance Window 

• Dead Layer: 67 nm

• Energy Loss for 30 keV 

protons:  ~ 8 keV

The Proton Detector



• Proton spectrum looks ok, Count rate ~ 500 Hz 

• Signal to background ratio > 10:1

• Proton Signal not well separated from electronic noise

Proton Spectra

after background subtraction:Pulse height spectrum:

Proton peak

Electronic noise



Proton Spectra
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Proton-like peak:

• not stable in time

• leads to non-statistical

fluctuations in the proton

count rate

⇒⇒⇒⇒ additional systematic uncertainty,

limits our present accuracy



• Only a short data set is shown

• Function of aSPECT is demonstrated

Extraction of a
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• Magnetic field measurements: Accurate Field Mapping in Decay Volume 

and Analyzing Plane, but: Hysteresis

• Electric Potential measurements: Accurate Voltage Measurement with 

Multimeter, but Surface Charges and  Inhomogeneities of the Work

Function

• Signal to Background Ratio 10:1, Background is measured, but problems 

with instabilities exist.

• Test of the adiabatic approximation, not analyzed yet:

• First principles calculation of effects of the rest gas

20%4%0.5%4×10-410-5∆a/a

20%30%40%50%100%Magnetic field

Systematic Uncertainties
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Pulse height spectrum:

Proton peak

Electronic noise

Old Proton Detector



New Proton Detector

Silicon Drift Detector

• Strict separation of proton peak and electronic noise

• Lower proton energy → lower detector-HV sufficient

14 keV protons

~1,5 keV

Pulse Height [ADC channels]
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Kelvin Probe: Tool to measure Work Functions

2 Materials with different 

work functions, isolated

1st material: to be tested

2nd material: tip with 

known work function

Electrical Connection:

→ Charging, until Fermi 

levels are equal

→ External electric field

→ If Material 2 is moved: 

Capacitance changes, 

Measurable Current

Bias Voltage

→ Charge disappears, no 

external electric field

→ No current if Material 

2 is moved

VC
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In collaboration with Prof. I. Baikie, KP Technologies
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Design of an Antimagnetic Screen

Influence on the Internal Magnetic Field:

• influence quite small

• the value of B0/BA changes

⇒ Planned: Online-monitoring of B0/BA

with 2 static NMR probes
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Calculation w/o  Anti-Magnetic Screen

Calculation with Anti-Magnetic Screen

Experimental Data

Radial Distance from Decay Volume r [m]

Influence on the External Magnetic Field:
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Modification to measure the Proton Asymmetry

Beam Line

Neutrons

Beam Stop

aSPECT - SPECTROMETER

Analyzing Plane
0 to 800 V

Detector

Protons

Decay volume



θ

Neutron Spin Probability of 

Proton Emission

)11(238.0P −=
+

−
=

↓↑

↓↑

NN

NN
αPresent best (only) measurement:

(integrated over all energies)

N↓

N↑

Angular dependence of the 

proton emission:

0 100 200 300 400 500 600 700

-0,4

-0,3

-0,2

-0,1

0,0

Standard Model

P
ro

to
n
 A

s
y
m

m
e

tr
y
α

P
,e

x
p
(E

) 
Proton Kinetic Energy E [eV]

Expected Proton Asymmetry

αP = <αP(E)>



B0

neutron
beam stop

charged decay
products

B1

B2

neutron decay channel

(neutron guide, 8 m  long)
Neutron

guide

Velocity

selector

Polarizer

+ Spin flipper

Chopper

Analyzing

plane

Proton

Detector

PERC example:  B0 = 2 T, B1 = 8 T, B2 = 0.5 T:

count rates: beam time: 

70000 s−1,  continuous unpolarized n-beam ½ h

14000 s−1,  continuous beam polarized to 98% 2 h

6000 s−1,  pulsed unpolarized beam 10 h

370 s−1,  pulsed beam polarized to 99.5% 4 d 

for ~10−4 statistical error

The future (@ILL, FRM-2, SNS?): PERC



• Investigation of Parity Violation is 50 years old, but still 

necessary

• More precision and reliability are needed with the neutron 

measurements

• The aim of aSPECT, ∆a/a ~ 0.3%, is still within reach, but 

there is still some way to go.

• New experiments will hopefully give new insights into Parity 

Violation

Thank you for your interest !!

Summary


