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The aSPECT experiment - an overview and latest results —
e ALEXANDER WUNDERLE for the aSPECT-Collaboration — Johannes
Gutenberg-Universitat Mainz

The aSPECT retardation spectrometer measures the f — v angular
correlation coefficient a in free neutron (-decay. This measurement
can be used to determine the ratio 24 of the weak coupling constants,
as well as to search for physics bebed the Standard Model.

In spring/summer 2013 aSPECT had a successful beam time at
the Institut Laue-Langevin. The goal of this beam time is to improve
the current uncertainty of a from % ~ 5% to about 1%. The data
analysis is in its final stage and will be finished soon. In order to
achieve an uncertainty of 1%, the systematics of aSPECT have to be
understood accordingly. This understanding is obtained from system-
atic tests and measurements of a with different parameter settings for
the spectrometer during the beam time. Additionally, offline measure-
ments have been performed to determine the effect on the systematics,
e.g. work-function fluctuations of the electrodes, the magnetic field ra-
tio of the spectrometer and detailed tests of the detector electronics.
These measurements are used as input for sophisticated simulations of
the spectrometer to understand and reduce the systematic uncertain-
ties further.

In this talk we will present an overview of aSPECT and its measur-
ing principle. The beam time 2013 will be presented in detail, including
the current status of the data analysis and preliminary results for sys-
tematic effects and their uncertainties.
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The decay of the free neutron into a proton, electron and antineutrino
is the prototype of semi-leptonic weak decays and plays a key role in
particle physics and astrophysics.

The most precise measurements of the neutron lifetime to date use
ultra-cold neutrons (UCN) stored in material vessels. Their accuracy
is limited by systematic errors, mainly caused by anomalous losses of
UCN during storage at the vessel walls. With the magnetic storage of
neutrons these systematic limitations can be avoided and an accuracy
of 0.1-0.3 s for the lifetime of the neutron can be reached.

The neutron lifetime experiment 7SPECT has been set up a the re-
search reactor TRIGA Mainz. TSPECT uses a combination of magnetic
multipole fields for radial storage and the superconducting aSPECT
magnet for longitudinal storage of UCN. In this presentation, the sta-
tus of 7TSPECT and the results of first commissioning measurements
will be presented.
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Measurement of the Beta Asymmetry in Neutron Beta De-
cay with PERKEO III — eHrixo Saur!, HArTMUuT ABELE!,
Dirk DUBBERs2, BasTIAN MARKISCH?, HOLGER MEsST2, ALEXANDR
PeTHUKOv?, CHRisTOPH RoIick®, TORSTEN SOLDNER?, XIANGZUN
Wana!, and DomiNik WERDER? — !Atominstitut, TU Wien —
2Physikalisches Institut, Universitit Heidelberg — 3Physik Depart-
ment, TU Miinchen — *Institut Laue-Langevin, Grenoble

Neutron beta decay is the simplest semileptonic weak decay and de-
scribed accurately by the standard model using the first CKM-matrix
element, Vud, and the ratio of vector and axial vector couplings, A, as
parameters. Kinematic correlation coefficients, spectra and the neutron
lifetime are accessible experimantally, providing an excellent toolkit for
investigating the structure of weak interaction.

Measuring the beta asymmetry A is the most precise way of deter-
mining A, which is an important standard model parameter and neces-
sary for the determanitaion of Vud from neutron beta decay. Moreover
a precise measurement of A allows to derive limits on non-standard-
model couplings by combining with measurements of other observables.

In this talk we present the neutron decay spectrometer Perkeo III
and results of the currently most precise measurement of the beta
asymmetry. This measurement was carried out at the PF1B cold neu-
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tron beam line at the Institut Laue-Langevin.
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Measurement of the Proton Asymmetry with PERKEO III -
First Results — eLukas RarreLT! 2, CHRIsTOPH Rolck!, MICHAEL
Kropr3, Hrmko SauL3®, WIiLFrIED Maca?, DANIEL MOSER®?,
HarrmuT ABELE?, GERTRUD KONRAD®0, BasTian MArkiscu!, UL-
rRiIcH ScHMIDT?, and TORSTEN SoLDNER? — 1Technische Univer-
sitéit Miinchen, Garching — 2Physikalisches Institut, Heidelberg —
3 Atominstitut, Wien — “4Institut Laue-Langevin, Grenoble, Frankre-
ich — SFRM-II, Garching — 6SMI, OAW, Wien
Precision measurements of angular correlation coefficients in neutron
beta decay allow tests of the Standard Model and a determination of
the ratio of coupling constants A = g4 /gy of the weak interaction.

In our last beamtime in 2014/15 we measured the proton asymmetry
C with the instrument PERKEO IIT at the ILL (Grenoble). This will
provide a crosscheck of other measurements of several neutron decay
correlation coefficients and might be sensitive to contributions of scalar
and tensor interactions. Currently the only precision measurement of
the proton asymmetry has been performed in 2008 with PERKEO II.

The new spectrometer with an improved detector concept and oper-
ation with a pulsed beam allows for an in depth analysis of systematic
effects. Electrons and protons from the decay were measured in a com-
bined detector. The protons are converted to secondary electrons using
thin foils at high voltage.

This talk will present first results of the ongoing data analysis with
focus on the systematic effects of the proton detection.
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Status of the PERC experiment on neutron beta decay
— eBasTiaN MARkiscH for the PERC-Collaboration — Physik-
Department, Technische Universitat Miinchen

Neutron beta decay is an excellent system to study the charged weak
interaction experimentally. The decay is precisely described by theory
and unencumbered by nuclear structure effects. Observables are nu-
merous correlation coefficients, spectra and the neutron lifetime. Most
importantly, precision measurements in neutron beta decay are used
to investigate the structure of the weak interaction and to derive the
CKM matrix element Vud.

In this talk we will present the status of the new instrument PERC
(Proton Electron Radiation Channel), which is currently under con-
struction at the FRM II, Garching, by an international collaboration.
PERC is designed to improve measurements of several correlation co-
efficients in neutron decay by an order of magnitude.
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Characterisation of work function fluctuations for high-
precision experiments eJAN KanLENBERG!, MARTIN
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ScHOENUNG?, and ALEXANDER WUNDERLE! — !Johannes Gutenberg-
Universitit Mainz — 2Karlsruher Institut fiir Technologie —

3Helmholtz-Institut Mainz

For a wide range of high-precision experiments in physics, well-defined
electric potentials for achieving high measurement accuracies are re-
quired. An accurate determination of the electric potential is crucial
for the measurement of the neutrino mass (KATRIN) as well as the
measurement of the e~ — D correlation coefficient a in free neutron
decay (aSPECT). Work function fluctuations on the electrodes lead to
uncertainties in the distribution of the electric potential.

For aSPECT, the electric potential has to be known at an accuracy
of 10 mV. However, due to the patch effect of gold, work function fluc-
tuations of several 100 meV can occur. Therefore, the work function
distributions of the gold-plated electrodes have been measured using a
Kelvin probe. Furthermore, the change of work function distributions
over time as well as the influence of relative humidity on the work
function measurement have been investigated.
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Extraction of moments of net-particle event-by-event fluctua-
tions in the CBM experiment — ¢VoLODYMYR VOVCHENKO!2:3
and Tvan Kiser'? for the CBM-Collaboration — !Frankfurt Insti-
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The future CBM experiment at FAIR will employ high intensity beams
and large acceptance detectors in order to study the properties of the
strongly interacting matter produced in heavy-ion collisions at high
baryon densities. The search for the conjectured critical point of QCD
is one the important tasks. It is predicted from statistical physics that
higher moments of event-by-event fluctuations are very sensitive to
the proximity of the critical point. This argument is explicitly demon-
strated with the van der Waals equation of state. Thus, it was suggested

that higher moments of fluctuations of conserved charges can be used
as probes for the critical behavior.

The statistical convergence of cumulants of different order is ex-
plored. The extraction of scaled variance, skewness, and kurtosis of pro-
ton distribution from simulated UrQMD events is performed and the
efficiency correction described by binomial distribution is accounted
for. The validity of this correction is tested with different modelings
of the CBM detector response: from binomial distribution with fluctu-
ating event-by-event efficiency to a full-scale GEANT simulation. The
obtained results indicate that a more elaborate efficiency correction is
needed in order to accurately reconstruct moments of higher orders.



