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dddTensor currents

Why a new evaluation? • Progress in EFT and lattice QCD

• New (neutron) data

• What are the most sensitive (future) experiments



dddObservables

Fermi: (CS,C’
S) Gamov Teller: (CT,C

’
T)

Mixed: (CA, CS, C’
S , CT, C

’
T)

β decay beyond SM

Correlation coefficients

𝑏𝐹~
𝐶𝑇(𝑆) + 𝐶𝑇(𝑆)

′

𝐶𝐴(𝑉)

𝛼𝛽𝜈 , 𝐴𝛽 , . . . ~
𝐶𝑇(𝑆)

2
+ 𝐶𝑇(𝑆)

′ 2

𝐶𝐴(𝑉)
2

 𝑋 ≡
𝑋

1 +
𝑚𝑒
𝐸 𝑏𝐹

• Spectrum shape

• e-(+) polarization (e.g. Carnoy et al.)

• Normalization or energy dependence 

of other observable



dddDataset

Selected dataset (limited selection)

887.7                          2.2

PDG 2012

+ UCNA

+ PERKEO II

PDG 2012

+ Yue



dddLimits on C(’)
T

5 parameter fit 3 parameter fit

• (CT,C’T,CS,C’S,CA)

• All real, CV,A=C’V,A

• (CT,CS,CA)

• All real, CV,A,S,T=C’V,A,S,T

Standard
Model OK
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T

5 parameter fit 3 parameter fit

• (CT,C’T,CS,C’S,CA)

• All real, CV,A=C’V,A

• (CT,CS,CA)

• All real, CV,A,S,T=C’V,A,S,T

6He from Johnson (1963) + neutron

neutron + nuclear (PF/PGT + F trans. to limit C(‘)
S)

neutron decay

0
+
→

0
+
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neutron dominates

Nuclear only + neutron
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neutron dominates But

2005 2012 τn

2012 τn + 

UCNA + 

PERKEO II

tension

YUE
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β decay ↔ π decay
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β decay ↔ LHC
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Coupling to right-handed neutrinos

3
5A

r +
 3

8
m

K

neutron decay

(+ 6He and 8Li)



dddCT, C’T: The numbers

1-D 90% C.L. x 100

5 parameter fit

•
𝐶𝑇+𝐶𝑇

′

𝐶𝐴
→ −0.21; 1.4

•
𝐶𝑇−𝐶𝑇

′

𝐶𝐴
→ −16; 16

3 parameter fit νL

•
𝐶𝑇

𝐶𝐴
→ −0.01; 0.34

•
𝐶𝑆

𝐶𝑉
→ −0.27; 0.48

3 parameter fit νR

•
𝐶𝑇

𝐶𝐴
→ −4.5; 4.5

•
𝐶𝑆

𝐶𝑉
→ −6.7; 6.7
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1-D 90% C.L. x 100

5 parameter fit
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𝐶𝑇+𝐶𝑇

′
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→ −0.21; 1.4

•
𝐶𝑇−𝐶𝑇

′
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→ −16; 16

3 parameter fit νL

•
𝐶𝑇

𝐶𝐴
→ −0.01; 0.34

•
𝐶𝑆

𝐶𝑉
→ −0.27; 0.48

3 parameter fit νR

•
𝐶𝑇

𝐶𝐴
→ −4.5; 4.5

•
𝐶𝑆

𝐶𝑉
→ −6.7; 6.7

1 %

10 %

< 1 %

< 1 %

5 %

5 %



dddLimits on C(’)
T

LHC from p-p future

PERKEO III → < 10−3 𝑜𝑛  𝐴 = 
𝐴0

1+
𝑚

𝐸
𝑏𝐹



dddConclusions

• For νL couplings, β decay is 
and will be competitive

• < 10-3 is needed for 
beyond SM sensitivity

• Neutron experiments are 
one step ahead on the 
nuclear β decays

• Pions?

• For νR couplings, life is 
hard

Did not discuss:
• Radiative corrections
• Nuclear corrections
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• For νL couplings, β decay is 
and will be competitive

• < 10-3 is needed for 
beyond SM sensitivity

• Neutron experiments are 
one step ahead on the 
nuclear β decays

• Pions?

• For νR couplings, life is 
hard

Did not discuss:
• Radiative corrections
• Nuclear corrections (Z>1)

bFierz

(this talk is not over)



ddd6He at UW

6He

6Li 0+

1+

100% β-
• Q = 3.5 MeV

• t1/2 = 807 ms

• log(ft) = 2.9

1+3.65 MeV

An alternative to the neutron
• 1010 s-1 at CENPA (UW)

• 103 trapped atoms: aβν



dddlil‘ b 6He at UW

6He

6Li 0+

1+

100% β-
• Q = 3.5 MeV

• t1/2 = 807 ms

• log(ft) = 2.9

1+3.65 MeV

An alternative to the neutron
• 1010 s-1 at CENPA (UW)

• 103 trapped atoms: aβν

• 106 trapped ions

• σbFierz ≅
10

𝑁
→ 1010 𝑓𝑜𝑟 10−4



dddlil‘ b 6He at UW: idea 1

1010 6He

107 ion 
source

perc like RxB spectrometer
• Scale B fields and R to 3.4 MeV

A. Garcia

agarcia3@uw.edu



dddlil‘ b 6He at UW: idea 2

Single electron cyclotron emission spectroscopy

http://www.project8.org/

Project 8 @ UW



dddlil‘ b 6He at UW: idea 2

Single electron cyclotron emission spectroscopy

M. Sternberg

mgrants@uw.edu

• ? 6He ?

• non-destructive

• frequency measurement
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dddExtra’s

CT

2

Walk through CT space for each point 

calculate 2
min(CS)  for ai

exp ai(CT)

CTL
   

(
a iex

p
| 

C
T 

) 
~ 

e
-

2

• know 

• large data limit
parabolic log(L   )

exp exp. .( | ) ~      ( | ) ( )

high
T

low
T

C

T i i T T

C

C I C a a C prior C dC  L



dddcomments

• bFierz, +?

• ? Right handed currents, formulate as a question ?

• Measure bFierz:

• A/B in neutron: 

• Quote CT evalution Young

• 6He at CENPA -> 10^10

• 10^3 in a MOT

• Ion (penning) trap 10^6:  RxB need 10^5

• Bigger magnet

• Cloud + <-> perc

• Background+

• Project 8 measurement (Matt), quote arXiv paper

• 10/sqrt(N), 10-4 -> N10e10. 10 kHz->10days

• Slides? 

• RxB : Elog 174. loos order magnitude between source and

filter


