
Sep 30, 2013 ANL, 2014

Dr. Kevin Peter Hickerson   
University of California Los Angeles 

September 30, 2013

Tests for tensor currents and other new physics using  

Ultracold Neutrons 
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What are Ultracold Neutrons?

The Fermi Potential
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Why use Ultracold Neutrons?

The magnetic potential of polarized neutrons 
!

!

!

!

All UCN can be polarized by B = 6 T. 
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Why use Ultracold Neutrons?

The magnetic potential of polarized neutrons 
!

!

!

!

Low-field seeking UCN can be trapped by B bottle.
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Why use Ultracold Neutrons?

The gravitational potential of neutron mass 
!

!

!

!

UCN can be trapped in a “bucket” 3.5 m deep! 
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UCN optics and transport
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Neutron beta decay
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Effective beta decay
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Effective beta decay
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Neutron lifetime

where 
!

!

!

and ∆ encapsulates electroweak, recoil and Fermi function corrections 
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Generalized weak decay structure
The most general Lagrangian for beta decay over all Dirac matrices and 

chiralities  
!

!

!

In the Standard Model including radiative corrections 
!

!

All other couplings serve as test for new physics!  
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Alphabet soup
!

In the Standard Model, to leading order, we have,
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\frac{d\Gamma}{dE_e} \propto p_eE_e (E_0 - E_e)^2\left[ 	



Neutron decay parameters
In the Standard Model... 
!

!

!

!

!

!

...have constraints coming from gA/gV but others are forbidden.
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\frac{d\Gamma}{dE_e} \propto p_eE_e (E_0 - E_e)^2\left[ 	

a0 =
1� �2
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Neutron decay parameters

\frac{d\Gamma}{dE_e} \propto p_eE_e (E_0 - E_e)^2\left[ 	

�(�) =
⇣
1 +AhP iv

c
cos �

⌘
�SM

!

Beta asymmetry can be observed... 
!

!

!

!

!

!

...if neutron polarization and electron momentum is measured.
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Neutron decay parameters
!

Only the Fierz interference term... 
!

!

!

!

!

!

...is polarization and momentum independent.
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\frac{d\Gamma}{dE_e} \propto p_eE_e (E_0 - E_e)^2\left[ 	



Fierz interference
The most general Fierz term for nuclear beta decay 

!

!

!

Fermi and Gamow-Teller terms are special cases 
!

!

Neutron beta-decay provides a combination
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S.	
 Profumo,	
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 Ramsey-Musolf	
 and	
 S.	
 Tulin,	
 PRD	
 77,	
 075017	
 (2007)



Testing Supersymmetry with b
One loop corrections to SM from MSSM and NMSSM 
10-3 possible (but not likely)
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• NMSSM adds the “singilino”  
• Same loop diagrams 
• likely little change to neutrilino 

mass scale

S.	
 Profumo,	
 M.J.	
 Ramsey-Musolf	
 and	
 S.	
 Tulin,	
 PRD	
 77,	
 075017	
 (2007)
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Testing BSM with b

23P. 14

• Tree level contributions from BSM charged Higgs

• Leptoquarks also may enter at tree level
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Ṽ1/2
· uc�µPLl · Ṽ †
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Leptoquarks
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 Phys.	
 Lett.	
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• Leptoquarks also may enter at tree level 
• 10-3 possible



Best limits for bn come from superallowed J⇡
= 0

+ ! 0

+ �-decay ft values
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Current experimental limits
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bF = �0.0022± 0.0026

Hardy and Towner, Phys. Rev. C 79(5) (2009)

isotope gT ✏T (90% C.L.) � bGT (90% C.L.) ref.

60Co +1.5⇥10�2

�2.9⇥10�3 0.980 +0.018
�0.092 Wauters (2010)

114In +1.3⇥10�2

�2.2⇥10�2 0.934 +0.139
�0.082 Wauters (2008)

107In < 3.1⇥ 10�3 0.94 < 1.9⇥ 10�2 Severijns (2000)
19Ne - 0.99 +0.040

�0.020 Holstein (1977)



Sep 30, 2013 26

\mathcal{L} = -\frac{4 G_{\text{F}\mu}}{\sqrt{2}} a^\gamma_{\alpha\delta} \bar{e}_\alpha \Gamma^\gamma \nu_e \bar{u} \Gamma_\gamma 

What’s so cool about Ultracold Neutrons? 
    And why do we use them?  

Standard Model Neutron Beta Decay 
   The electroweak theory of the neutron 

Symmetries and Interference in Beta Decay  
   A place to look for physics beyond the Standard Model 
 
Beta Spectroscopy with Polarized Ultracold Neutrons 
    The UCNA experiment at LANSCE 
!
A Novel Experimental Prototype 
   The UCNb Experiment at LANSCE 



Sep 30, 2013

Beta asymmetry term from two spectra

27

Beta asymmetry term splits the 
neutron beta spectrum by n spin
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Fierz term from beta-spectrum

28

Fierz term shifts the neutron beta spectrum

\frac{d\Gamma}{dE_e} \propto p_eE_e (E_0 - E_e)^2\left[ 	

b ⇡ 1
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UCNA at LANSCE 
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UCN SD2 source at LANSCE
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Area B at LANSCE 
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UCNA

32

Superconducting Spectrometer
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UCNA

33

Superconducting Spectrometer
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Standard Model asymmetry results from 2010 
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A0 = -0.11954 ± 0.00055stat ± 0.00098sys

λ = gA/gV = -1.2756 ± 0.0030
Mendenhall et al., Phys. Rev. C 87, 032501(R) (2012)



Sep 30, 2013

General asymmetry fit from UCNA 2010 data
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Combined fit of spectrum and asymmetry

36

• Beta asymmetry term splits the neutron 
beta spectrum and Fierz term shifts it 

b ⇡ 1
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Combined fit of spectrum and asymmetry

37

Since we have 4 rate measurements, we can extract spectral and 
asymmetry data simultaneously 

Combined systematics studies still needed (coming soon)
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Gain and linearity calibration

38

LED/Photodiode pair 
Dual wavelength 
UCNA 2012 analysis pending
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Linearity for UCNA 2012 data
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465nm
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Neutron lifetime using UCN
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Loading
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Nutron lifetime at LANL
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Neutron lifetime using UCN
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Cleaning
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Neutron lifetime using UCN
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Beta decay
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Neutron lifetime using UCN
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Using a vanadium dagger to absorb neutrons
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Neutron lifetime using UCN
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dumping



Sep 30, 2013

Results from last year

47

Fill and dump results
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UCNb at LANSCE 
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Overview of UCNb
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Compact chamber 
Integrating cube 
Near UCN source 
Up to five 2” Super Bialkali PMTs

0.5 m

UCN ball valve

PMTs

PMTs

b box

Calibration	


insert

UCN guide
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Overview of UCNb
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ball valve

PMT window

UCN guide

scintillator
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GEANT4 electron and photon simulation
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C. Feng, K.P. Hickerson, B.W. Filippone (2011)
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Detail cross section of UCNb
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Sintered PTFE	


(Spectralon)

MgF2	


(<100 nm)

CaF2	


(2% Eu)

PMT

2010 C2D2	



(~100 µm)
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Calibration insertable sources (2012)

54

Insertable 1000 µm scintillating fiber sources 
113Sn and 207Bi 
Lost energy and event tagging 
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Calibration insertable sources (2012) 
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Insertable 1000 µm scintillating fiber sources 
113Sn and 207Bi 
Lost energy and event tagging 
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UCNb results from early 2012

UCN generated

n capture γ

56

5 Hz 
UCN generated signal 
at most 2 UCN/cc from beta decay

max beta decay
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Future directions
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Larger cell 
– Increase beta / UCN generated background ratio 
–Vary size of storage cell to measure background 

Super/ultra bialkali 
–35% - 45% quantum efficiency 

Improved calibration 
– Identify calibration gases (Xe, Ar, etc.) 

Background rejection 
–Proton detection 
–neutron capture multiplicity veto 



Sep 30, 2013

Future directions

58



The vertical CPC

The ‘neutron fountain’ property of a parabola 
images UCN 

The area of the input aperture is 
!
!
!
The time for each orbit is 
!
!
!
All UCN reach Region II
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Properties of a CPC

60

• UCN reach region II. 
• Maximum height depends only on initial 

energy. 
!
!

• The width of this region is the input aperture 
radius, a. 
!
!

• Because this region is narrow, mono-
energetic UCN move together in a bunch.
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Thank you!
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