Wednesday

HK 44: Fundamentale Symmetrien

Time: Wednesday 16:30-19:15

Group Report HK 44.1 Wed 16:30 HS2
Status report on the nEDM project at the Paul Scherrer In-
stitut, Switzerland — eBEATRICE FRANKE for the Neutron EDM-
Collaboration — Paul Scherrer Institut, Villigen, Switzerland — Exzel-
lenzcluster Universe, Muenchen, Germany

A non-zero neutron electric dipole moment (nEDM) would violate time
reversal and parity symmetry. Its detection would be a major discov-
ery, but already improving the present upper limit of 2.9-10726 e.cm
will further constrain theories beyond the Standard Model of particle
physics, such as supersymmetry.

The goal of the nEDM collaboration is to improve the current sensitiv-
ity by almost two orders of magnitude. This shall be achieved in two
phases: Firstly by using an upgraded version of the former ILL-RAL-
Sussex apparatus (oILL) at the new powerful ultracold neutron source
at PSI. This source is expected to deliver neutron densities increased
by a factor 100 compared to the former location at ILL. Secondly a
new spectrometer is being designed and developed in order to improve
statistical sensitivity and enhance control over systematic effects. Af-
ter moving the oILL spectrometer to Paul Scherrer Institut in 2009,
numerous test measurements have been performed. The apparatus has
been characterized in great detail and many new features have been
installed. It is now ready for first measurements with ultracold neu-
trons. This talk will present the current achievements with focus on
the alterations and improvements that have been implemented.

HK 44.2 Wed 17:00 HS2
Recent improvements of the Hg cohabiting magnetometer for
the nEDM experiment at PSI — eMARTIN FERTL for the Neutron
EDM-Collaboration — Paul Scherrer Institut, Villigen, Schweiz

The Standard Model (SM) of Particle Physics predicts a static elec-
tric dipole moment for the neutron (nEDM), breaking time reversal
and parity symmetry. This prediction is several orders of magnitude
below the current best experimental limit d, < 2.9 - 10726ecm (90
% CL). An experiment at the new ultra-cold neutron (UCN) source
at the Paul Scherrer Institut (PSI), Switzerland, aims at a factor five
improved sensitivity. Ultimately, the collaboration pursues the goal
to improve the sensitivity by another order of magnitude. The experi-
ment employs Ramsey’s method of separated oscillatory fields to detect
a Larmor frequency shift for the UCN in a parallel and an anti-parallel
configuration of a magnetic and an electric field. The transmission
modulation of a circularly polarized light beam is used to detect the
spin precession of a spin polarized ensemble of 99Hg atoms in the
same volume as the UCN and thus to measure the applied magnetic
field (=~ 1uT). Currently we reach a precision of 50fT over 100s. I will
present recently achieved improvements of this co-magnetometer and
ideas how to further improve this magnetometer by using a laser as
light source.

HK 44.3 Wed 17:15 HS2
Entwicklung eines Prototypen der magnetischen Abschir-
mung fiir das n2EDM Experiment — eSTEFAN STUIBER', IGOR
Artarev!, PETER FIERLINGER?, ERWIN GuTsMIEDL! und STEPHAN
PauL! — 1Technische Universitét Miinchen, Physik-Department E18
— 2Technische Universitét Miinchen, Exzellenzcluster Universe

Im Standardmodell der Teilchenphysik wird ein elektrisches Dipolmo-
ment fiir das Neutron (nEDM) in der Gréfenordnung von 10732 ecm
vorhergesagt. Dieser Wert liegt deutlich unter dem aktuellen experi-
mentellen Wert von d, < 2.9 10726 ecm. Erweiterungen des Stan-
dardmodells, z.B. SUSY, liefern jedoch Werte im Bereich von 10~28
ecm. In diesen Bereich vorzudringen ist Ziel des n2EDM Experiments.
Dalfiir ist unter anderem eine sehr genaue Kontrolle der magnetischen
Umgebung der Messung notig, da sowohl zeitliche als auch raumliche
Schwankungen des Magnetfeldes systematische Fehler erzeugen. Um
die bendtigte Stabilitdt des Magnetfeldes zu gewéhrleisten, werden ei-
ne neue magnetische Abschirmkammer aus fiinf Lagen Mu-Metall und
ein Spulensystem zur Erzeugung des Haltefeldes entwickelt. Anhand
eines skalierten Prototyps wird das Design und Schirmverhalten die-
ser Kammer getestet. Hier werden FEM Simulationen présentiert, in
denen das Schild und das Spulensystem des Prototyps untersucht wer-
den, mit dem Ziel ein 1 uT starkes Magnetfeld mit einer Homogenitét

von % < 10~* im Messvolumen zu erzeugen.

Location: HS2

HK 44.4 Wed 17:30 HS2
The Neutron Decay Spectrometer aSPECT: Results of sys-
tematic studies — eMicHAEL Bora!, Marcus Beck!, FIDEL
AvaLa Guarpial, STEFaAN BarssLErR?, FERENC GLUCK®, WERNER
HeiL', Icor Konorov?, RaQuEL MuRNoz Horral, GERTRUD
Konrap!, BeaTtrix OsTrick!, MARTIN SiMsON®, TORSTEN
SoLDNER?, HaNs-FriepricH Wirrn®, and OLivER ZiMMER® —
Hnstitut fiir Physik, Universitit Mainz — 2University of Virginia,
Charlottesville, VA, USA — 3IEKP, Universitit Karlsruhe (TH) —
4Physik-Department E18, TU Miinchen — 5Institut Laue-Langevin,

Grenoble, France — SFakultét fiir Physik, LMU Miinchen

The purpose of the retardation spectrometer aSPECT is to determine
the antineutrino electron angular correlation coefficient a with high
precision in free neutron decay. By measuring the recoil spectrum of
the proton precisely, a determination of the ratio 24 of the weak cou-
pling constants becomes possible as well as tests of the validity of the
Standard Model. Of great interest are the search for scalar and tensor
interactions and to test the unitarity of the CKM matrix. The present
error of prior determinations of the coefficient a is 9a ~5%.

In a beam time performed at the research reactor of the ILL in

Grenoble/ France in April/ May 2008 we achieved a statistical preci-
<1.4%. The dominating systematical uncertainties

sion of ‘%a
tat
have been identified and studied and will be presented in this talk.
HK 44.5 Wed 17:45 HS2
Verbesserungen fiir die néchste Strahlzeit mit aSPECT —

eMarcus Brck!, FipEL Avara Guarpial, STEFAN BAESSLERZ,

Ferenc GLUOck3, WERNER HEIL', GERTRUD KONRAD!, MARTIN
Simson?, TorsTEN SoLbpNER?, HaNs-FriepricH WIRTH?, OLIVER
ZiMMER? und MicHAEL Bora! — lInstitut fiir Physik, Universitit
Mainz — 2University of Virginia, Charlottesville, VA, USA — 3IEKP,

KIT, Karlsruhe — “Institut Laue-Langevin, Grenoble, Frankreich

Mit dem aSPECT Experiment wird die beta-neutrino Winkelkorrela-
tion beim Zerfall des freien Neutrons gemessen. Das Ziel ist die Unter-
suchung des Standardmodelles, speziell die unabhingige Bestimmung
von gA /gV und die Suche nach exotischen Wechselwirkungen. In friihe-
ren Strahlzeiten wurden die dominaten systematischen Unsicherheiten
identifiziert und untersucht. Fiir Sommer 2011 ist eine Strahlzeit ge-
plant, in der der Winkelkorrelationskoeffizient mit einer Genauigkeit
von wenigen Prozent bestimmt werden soll. Hierzu werden gerade si-
gnifikante Verbesserungen des Experimentes vorgenommen. U.a. wird
ein neuer Vorverstarker zum Einsatz kommen, der das bestehende Tot-
zeitproblem vermeidet. Es wird auch Verbesserungen geben, die es er-
lauben verschiedene systematische Effekte quantitativ zu verstehen.
Hierzu zahlt beispielsweise die genaue Bestimmung des Einflusses the
Neutronenstrahlprofils. In diesem Vortrag werden die experimentellen
Verbesserungen fiir die nachste Strahlzeit vorgestellt.

Group Report HK 44.6 Wed 18:00 HS2

Search for Spin-dependent Short-range Interaction Using a
3He/129Xe-Co-magnetometer — eKATHLYNNE TULLNEY?!, CLAU-
piA GeMMEL!, WErNErR HEeiL!, Kar Lenz!, Serces Karpuk!,
Yuri SoBoLEV!, MARTIN BURGHOFF2, SiiviA KNAPPE-GRUNEBERG?,
WoLFGaNG KiLian?, WOLFGANG MULLER?, ALLARD SCHNABELZ,
Frank SerFErT?, LuTz TrAHMs?, and ULricH ScHMIDT? —

1Universitiat Mainz — 2PTB Berlin — 3Universitit Heidelberg

We report on an experiment to search for a new spin-dependent short-
range interaction which could be caused by light pseudoscalar bosons
such as the axion that was originally proposed as a solution to the
strong CP problem. Of interest here is the search for axion mediated
short range interaction between a fermion and the spin of another
fermion. To search for this effect co-located, nuclear spin polarized
3He and 129Xe atoms are used. The new approach we made is to
measure the free nuclear spin precession frequencies in a homogeneous
magnetic guiding field of about 400 nT using LT SQUID detectors.
The whole setup is housed in a magnetically shielded room at the
Physikalisch Technische Bundesanstalt (PTB) in Berlin.

In this talk we present new results from the September 2010 run which
gives new upper limits on the scalar-pseudoscalar coupling of axion-like
particles in the axion-mass window from 10=2 eV to 106 eV.

Group Report HK 44.7 Wed 18:30 HS2



Wednesday

WITCH - a declaration of independence — eMARTIN BREITEN-
FELDT for the WITCH-Collaboration — IKS, KU Leuven, Belgium

The WITCH set-up (Weak Interaction Trap for CHarged particles)
installed at ISOLDE/CERN combines a double Penning trap system
to store radioactive ions and a retardation spectrometer to probe the
energy distributions of the daughter recoil ions [1]. This energy spec-
trum provides information of the beta-neutrino angular correlation co-
efficient a. A precise determination of a gives information about an
admixture of exotic components of the weak interaction.

In the last years the WITCH set-up was upgraded and further opti-
mized to allow measurements with the mirror nucleus 3°Ar. A first
such measurement was already performed and allowed the investiga-
tion of systematic and unwanted effects in the system. These were
compared with simulations for finding their origin and to implement
countermeasures in the WITCH system.

Furthermore a tremendous effort was taken to allow an independent
operation from neighboring experiments. This includes the installation
of a 20m? magnetic shielding. [1] M. Beck et al., Nucl. Instrum. and
Meth. A 503 (2003) 569.

HK 44.8 Wed 19:00 HS2

Lorentz invariance on trial in weak decays of rubidium — EL-
wiN Dijck, eSTEFAN E. MULLER, JAcoB NoorDMANS, GERCO ON-
DERWATER, RoB TiMMERMANS, and Hans WiLscHuT — Kernfysisch
Versneller Instituut, University of Groningen, The Netherlands

The invariance of the laws of physics under Lorentz transformations
is one of the most fundamental principles underlying our current un-
derstanding of nature. In theories trying to unify the Standard Model
with quantum gravity, this invariance may be broken, and dedicated
high-precision experiments at low energy could be used to reveal such
suppressed signals from the Planck scale.

In the framework of the TRIuP (Trapped Radioactive Isotopes:
micro-laboratories for fundamental Physics) program at the KVI, we
will test Lorentz invariance by searching for a dependence of the decay
rate of spin-polarized 89Rb nuclei on the daily, sidereal or deliberate
re-orientation of the spin. Observation of such a dependence would
imply a breakdown of Lorentz invariance.

The method of the measurement will be presented, together with
first results from preparatory experiments using the AGOR . cyclotron
at the KVI.



