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B Neutron decay parameters in the SM
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B Current status of the parameter a

J. Beringer et al. (Particle Data Group), PR D86, 010001 (2012) and 2013 partial update for the 2014 edition (URL: http://pdg.Ibl.gov)

e-vs ANGULAR CORRELATION COEFFICIENT a

For a review of past experiments and plans for future measurements of the a parameter,

see WIETFELDT 05. In the Standard Model, a is related to A = g4/gy by 2 = (1
— )\2) /(1 + 3)\2); this assumes that g4 and gy are real.
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Ratio |g,/gy| derived from the proton spectrum in free-neutron decay

Chr. Stratowa, R. Dobrozemsky, and P. Weinzierl
Physics Institute, Research Center Seibersdorf, Osterreichische Studiengesellschaft fiir Atomenergie m.b.H., Lenaugasse 10, A-1082

Vienna, Austria
(Received 11 July 1978)

The electron-neutrino angular-correlation coefficient was determined by measuring the shape of the proton
recoil spectrum from free-neutron decay. The protons leaving a highly evacuated tangential reactor beam
tube were analyzed by a spherical condenser spectrometer and counted in an ion-electron converter detector.
The design of the apparatus, the possible disturbing influences, and the measures to reduce their effects are
discussed. The remaining corrections were either calculated or determined by auxiliary measurements and

applied to the spect
results. We obtained
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are considered and included in the final

a = —0.1017 i0.00Sl 9+ 0.017.
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measurements of the integrated energy spectrum of
recoil protons stored in an ion trap
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Abstract

Recoil protons from the f-decay of unpolarized neutrons are stored in a
cryogenic ion trap formed by the superposition of an axisymmetric electrostatic
field on a coaxial magnetic field, which varies uniformly in space between
regions of high (~4.30 T) and low (~0.61 T) homogeneous field. Protons
generated in the high field region are adiabatically focused onto a “mirror’
electrode in the low field region. The integrated energy spectrum is determined
by counting the number of stored protons as a function of mirror potential.
Violation of the exact adiabatic conditions is corrected for by carrying out

alternat differ by a factor of 2. The
results: § @ = —D, 1D54 :I: {:l.EH:ISS 0.018 are in agreement with
previot . ey
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Y Reasons to measure a more precisely
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Determination of 1=g,/g,,

24T * Measuromens o * determines 4, with similar
. i sensitivity as A, but without
remeo g T requiring neutron polarimetry
sp <1261 | { '
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F, =aB—A—A?=0.0028(40) F,=0

* helps improve limits on new
physics beyond the SM ...
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I Determination of the parameter a
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Proton kinetic energy T, (V)
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B The retardation spectrometer aSPECT

Proton transmission function

Transmission function for UA= 50V
and for U,= 400V / 420

Proton spectrum with a = - 0.103(4) (PDG 2013)
and witha=+0.3
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current goal: <3 %
design goal: 0.3 %

F. Gluck et al., EPJ A 23, 135 (2005)
S. Baeller, G. K. et al.,, EPJ A 38, 17 (2008)
G. Konrad et al.,, NP A 827, 529c¢ (2009)
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A new approach to a: aCORN @ NIST

Measurement principle

B. Yerozolimsky et al., arXiv:nucl-ex/0401014, 2004

currentgoal: <5%
design goal: 0.5 %
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Future prospects for a: Nab @ SNS

Proton 1/t,? histograms
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D. Pocanic et al., NIM A 611, 211 (2009)
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B Future prospects for a: PERC @ FRM Il PERC
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Sensitivity: < improved by up to 2 orders of magnitude
* high phase space density
Systematics: ¢ < 10* (for e)
. . sing, B,
° precise cuts in d€, , dQ,: Sin, = B,

Versatility: a, b, A, B, C, 1, ...

D. Dubbers et al., NIM A 596 (2008) 238 and arXiv:0709.4440
G. Konrad et al. , J. Phys.: Conf. Ser. 340 (2012) 012048
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I Detection systems for PERC

goalfora: <0.1% ? e
P ; d ;

V. D,
Observable | Correlations | Measurement principle m

Bandp a, b, A Magnetic spectrometer

momenta PLUS position sensitive detectors

B energy A, B, b, f,, 0, B energy sensitive detectors such as PERKEO I-lII
radiative scintillation OR silicon detectors UCNA

corrections

p energy a, C Retardation spectrometer PLUS p detector  aSPECT
p velocity a, C Wien filter PLUS position sensitive detector
p TOF a p beam pulsed by electric gate voltage

PLUS p detector
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B Outline
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* Neutron beta-decay within the Standard Model
* Status of the antineutrino-electron correlation a
* Future prospects for a

* Searches for new physics beyond the Standard Model
* Prospects for scalar and tensor type interactions
* Future prospects for the Fierz interference term b

* Summary and Outlook
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B Neutron decay parameters
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Jackson et al., PR 106, 517 (1957)
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B Neutron decay parameters
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Jackson et al., PR 106, 517 (1957)
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M Prospects for scalar and tensor interactions

b at 103 level precision
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M. Gonzalez-Alonso, O. Naviliat-Cuncic, NPAC-13-03; arXiv:1304.1759
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LHC limits
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see also: G. Konrad et al., in: Proc. 5th BEYOND 2010, World Scientific, 660, 2011, arXiv: 1007.3027v2 (2010)
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M Prospects for scalar and tensor interactions

b at 104 level precision LHC limits
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I Determination of the Fierz term b Inw
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Electron energy spectrum
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Future prospects for b: Nab @ SNS

Electron energy spectrum
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B Future prospects for b: PERC @ FRM Il

Electron energy spectrum

— =0

0 100 200 300 400 500 600 700 800
Electron kinetic energy T_(eV)

September 3, 2014

Yield (a.u.)

a, b: Status and prospects, Solvay Workshop Brussels 2014

pERC

Electron momentum spectrum
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B Novel RxB drift momentum spectrometer
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B Novel RxB drift momentum spectrometer
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B Novel RxB drift momentum spectrometer
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B Novel RxB drift momentum spectrometer
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Yield (a.u.)
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B Novel RxB drift momentum spectrometer
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Novel RxB drift momentum spectrometer

.......................

Yield (a.u.)

.......................
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B Novel RxB drift momentum spectrometer
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B Future prospects for a: RxB @ PERC pERC

Proton energy spectrum Proton momentum spectrum
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+ extremely versatile

goal: <0.1%
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B Summary and Outlook [rmm
* Current best value for a=-0.1017(51) dates from 1978

* Data analyses of 2013 beam times of aSPECT and
aCORN are in progress

* Expect a new value for a with < 3 % precision
* Nab and PERC intend to measure a with <0.1% precision

* UCNDb (UCNB), Nab, and PERC aim to perform first
measurement of Fierz term b in neutron 3-decay

* Novel RxB spectrometer for momentum measurements
* Several detector concepts for PERC under investigation
* aand b improve limits on scalar and tensor currents

* 103 level b measurements complementary to improved
LHC results
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