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• 3 unknown parameters 

GF, Vud, λ=gA/gV 

   gV=GFVud 

• 20 or more observables 

n, a, b, A, B, C, D, … 

Neutron decay parameters in the SM 
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Current status of the parameter a 
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Reasons to measure a more precisely 

• determines λ, with similar 

sensitivity as A, but without 

requiring neutron polarimetry 
 

• helps test CKM unitarity 
 

• improves tests of self-

consistency of the SM: 

 current    predicted 

 

 

 

• helps improve limits on new 

physics beyond the SM … 
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Determination of λ=gA/gV 
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Determination of the parameter a 
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The retardation spectrometer aSPECT 
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Proton transmission function 

F. Glück et al., EPJ A  23, 135 (2005) 

S. Baeßler, G. K. et al., EPJ  A 38, 17 (2008) 

G. Konrad et al., NP A 827, 529c (2009) 

current goal: < 3 % 

design goal: 0.3 % 



INDIANA  
UNIVERSITY  

A new approach to a: aCORN @ NIST 

current goal: < 5 % 

design goal: 0.5 % 

F.E. Wietfeldt et al., NIM A 538, 574 (2005), 

NIM A 545, 181 (2005), NIM A 611, 207 (2009) 

Measurement principle 

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



Future prospects for a: Nab @ SNS 

design goal: 0.1 % 

Segmented 

Si detector 
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D. Počanić et al., NIM A 611, 211 (2009) 

S. Baeßler et al., arXiv:1209.4663v1 [nucl-ex], 2012 

A. Salas-Bacci et al., NIM A 735, 408 (2014) 

Proton 1/tp
2 histograms 



Future prospects for a: PERC @ FRM II 

=0.5T 

cold 

 Sensitivity: • improved by up to 2 orders of magnitude 

  • high phase space density 

 Systematics: • ≤ 10-4 (for e-) 

  • precise cuts in dΩe , dΩp : 

 Versatility: a, b, A, B, C, f2, …  

Uni Heidelberg 

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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Detection systems for PERC 

Observable Correlations Measurement principle Examples 

β and p 
momenta 

a, b, A Magnetic  spectrometer 
PLUS position sensitive detectors 

β energy  A, B, b, f2, g2 

radiative 
corrections 

β energy sensitive detectors such as 
scintillation OR silicon detectors 

PERKEO I-III 
UCNA 

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 

goal for a : < 0.1 % 
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Outline 

• 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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Neutron decay parameters 

Jackson et al., PR 106, 517 (1957) 
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• 10 unknown parameters 

GF, Vud, Cj, Cjꞌ, j=V, A, S, T 

• 20 or more observables 

n, a, b, A, B, C, D, … 

• Coupling constants Lj to 

left-handed and Rj to right-

handed neutrinos 
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Neutron decay parameters 

Jackson et al., PR 106, 517 (1957) 
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F. Glück et al., NP A 593, 125 (1995) 
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• 10 unknown parameters: GF, Vud, Lj, Rj, j=V, A, S, T 

• 20 or more observables: n, a, b, A, B, C, D, … 

 
 

3
222

e e 0 e5 F ud

e e

d 1

d d d 2 2
G V p E E E

E  


 

 

ne e e e

e e n e e

1
p p m p p p p

E
a A

E
b

E E E
B

E E
D  

  






   
        

   

2 2 2 22 2 2 2
3 3 3 3V A S T V A S TL L L L R R R R        

yet unmeasured 



Prospects for scalar and tensor interactions 
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b at 10-3 level precision LHC limits 

CMS search for 𝑝𝑝 → 𝑒 + 𝜈 + X 

𝑂
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𝑂(1) ∙
𝐿𝑇

𝐿𝐴
  

M. González-Alonso, O. Naviliat-Cuncic, NPAC-13-03; arXiv:1304.1759 

see also: G. Konrad et al., in: Proc. 5th BEYOND 2010, World Scientific, 660, 2011, arXiv: 1007.3027v2 (2010) 



Prospects for scalar and tensor interactions 
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b at 10-4 level precision LHC limits 

T. Bhattacharya et al., PR D85,054512 (2012) 

M. González-Alonso, O. Naviliat-Cuncic, NPAC-13-03; arXiv:1304.1759 

CMS search for 𝑝𝑝 → 𝑒 + 𝜈 + X 
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Determination of the Fierz term b 

Electron energy spectrum 



Future prospects for b: Nab @ SNS 

design goal: 0.003 

Systematic uncertainties 

• Electron energy determination: 

 

 

 

 

 

 

 

 

 

 

 

 

• Background 

2% of events in tail 
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D. Počanić et al., NIM A 611, 211 (2009) 

S. Baeßler et al., arXiv:1209.4663v1 [nucl-ex], 2012 



Future prospects for b: PERC @ FRM II 
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Electron energy spectrum Electron momentum spectrum 



Novel R×B drift momentum spectrometer 

Last Coil 
of PERC 

Tilted Coils 

e-/p+ beam 

Detector 

Aperture 

y 

z 

x 

B3=0.15T 

B2=0.5T 

X. Wang, H.A., G.K., NIM A 701 (2013), 254; arXiv:1209.6595 
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Novel R×B drift momentum spectrometer 
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Novel R×B drift momentum spectrometer 
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Novel R×B drift momentum spectrometer 

Last Coil 
of PERC 

Tilted Coils 

e-/p+ beam 

Detector 

Aperture 

y 

z 

x 

B3=0.15T 

B2=0.5T 

R B 

0 2 4 6 8 10
0

2

4

6

8

10

12

Position  (cm)x

P
ro

b
a
b

il
it

y
 [

a
.u

.]

Momentum resolution of 14.4 

keV/c per mm can be achieved 



Novel R×B drift momentum spectrometer 

Last Coil 
of PERC 
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 small drift distances 

(cm) 

+ adiabatic transport of particles 

+ low momentum measurements 

+ large acceptance of θ 

+ small corrections for θ 

X. Wang, H.A., G.K., NIM A 701 (2013), 254; arXiv:1209.6595 



Future prospects for a: R×B @ PERC 
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Proton energy spectrum Proton momentum spectrum 

goal: < 0.1 % 
+ extremely versatile 



Summary and Outlook 

• 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 

• UCNb (UCNB), Nab, and PERC aim to perform first 

measurement of Fierz term b in neutron β-decay 

• Novel R×B spectrometer for momentum measurements 

• Several detector concepts for PERC under investigation 

• a and b improve limits on scalar and tensor currents 

• 10-3 level b measurements complementary to improved 

LHC results 
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