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Weak decays of nuclei are used to study the limits of the 

Standard Model.

 Triton 𝛽-decay is the lightest nuclear 𝛽 −decay. It is simpler for 

calculations, and has very low endpoint (19 KeV) which is 

applicable for pionless EFT calculations.

 The triton β-decay, as the only 𝐴 = 3 𝛽-decay, can probe 

unique properties of the nuclear force for both 3H and 3He.

 These calculations can serve as a benchmark for 𝜒EFT which 

will be used in heavier nuclei.

Motivation 1



The fundamental theory is QCD, which is 
non-perturbative in the low-energy 
regime.

If the momentum scale, 𝑞, is small
compared to the physical cutoff, Λcut, a 
physical process can be described using 
Effective Field Theory.

For low energies 𝑞 < Λ𝑐𝑢𝑡 = 𝑚𝜋 , pion can 
be integrated out and only nucleons are 
left as effective degrees of freedom. 

QCD→

ℒeffective = ถ𝒪(1)
LO

+ 𝒪
𝑞

Λ𝑐𝑢𝑡
,
𝑟

𝑎

NLO

+⋯+

 ΕFT

Effective Field Theory

Kaplan, Savage ,Wise, (1998-1999), Bedaque, Hammer, van Kolck (1999)
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Building 𝝅EFT Lagrangian

Scale separation:

𝑎 ∼
1

𝑞
𝜌 ∼

1

Λcut

Parameter Value Parameter Value

𝛾𝑡 45.701 MeV 𝜌𝑡 1.765 fm

𝑎𝑠 -23.714 fm 𝜌s 2.73   fm

𝑎𝑝 -7.8063 fm 𝜌𝑝 2.794 fm

𝐋𝐎 𝐍𝐋𝐎
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Building 𝝅EFT Lagrangian

Beane and Savage, (2001(, Bedaque et al. (1999)

Where:

L= 𝑁𝑇 𝑖𝐷0 +
𝐷2

2𝑀𝑁
𝑁

𝑦𝑡[𝑡
𝑖† 𝑁𝑃𝑡

𝑖𝑁 + ℎ. 𝑐] + 𝑦𝑠[𝑠
𝐴† 𝑁𝑃𝑠

𝐴𝑁 + ℎ. 𝑐]

−𝑡𝑖† 𝜎𝑡 + 𝑖𝐷0 +
𝐷2

4𝑀𝑁
𝑡𝑖 − 𝑠𝐴† 𝜎𝑠 + 𝑖𝐷0 +

𝐷2

4𝑀𝑁
𝑠𝐴

+L3 + ℒphoton + Lweak + ℒmagnetic

𝑡𝑖 3S1, I = 0 , sA 1S0, I = 1

𝑃𝑡
𝑖 =

1

8
𝜎2𝜎𝑖𝜏2 , 𝑃𝑠

𝐴 =
1

8
𝜎2𝜏2𝜏𝐴

𝐷𝜇 = 𝜕𝜇 + 𝑖𝐴𝜇 ෠𝑄

𝑦𝑡,𝑠
2 =

8𝜋

𝑀𝑁
2𝜌𝑡,𝑠

𝜎𝑡,𝑠 =
2

𝑀𝑁𝜌𝑡,𝑠

1

𝑎𝑡,𝑠
− 𝜇
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Weak interaction in EFT, 𝒒 → 𝟎
 The Lagrangian of the weak interaction for low 

energies 𝐸 ≪ 𝑊,𝑍 is given by:

ℒ𝑤𝑒𝑎𝑘 = −
𝐺𝐹

2
𝑙+
𝜇
𝐽𝜇
− + ℎ. 𝑐

 𝑙+
𝜇

is the leptonic current and 𝑗𝜇
− is the hadronic

current.

J𝜇
± = 𝑉𝜇

± − 𝐴𝜇
± =

𝑁†𝜏±𝑁

2
−

𝑔𝐴
2
𝑁†𝜏±𝑁 + 𝐿′1,𝐴 t†s + h. c

 𝒈𝑨: axial coupling constant, known from neutron 
𝛽-decay. 

 𝐿1,𝐴
′ = −

𝜌𝑡+𝜌𝑠

𝜌𝑡𝜌𝑠
+ 𝑙1,𝐴 𝜇

 𝑙1,𝐴 𝜇 is an RG invariant combination of the unknown 
two-body 𝐿1,𝐴.

𝑙1,𝐴 𝜇 can be calibrated from: 3H → ഥ𝜈𝑒 + 𝑒− + 3He

𝒈𝑨

𝑳′𝟏,𝑨

http://images.google.com/imgres?imgurl=http://www.mrlonline.org/mathimagery/albums/userpics/10002/normal_ams_borro.jpg&imgrefurl=http://www.mrlonline.org/mathimagery/displayimage.php?album=14&pos=1&usg=__LhpN2wJRhH8JG1EmzBJEYX5fUS0=&h=467&w=400&sz=18&hl=en&start=13&um=1&itbs=1&tbnid=BlkjdrdYm6II1M:&tbnh=128&tbnw=110&prev=/images?q=borromean+rings&um=1&hl=en&sa=N&tbs=isch:1


Weak interaction in EFT, 𝒒 → 𝟎

𝒈𝑨

𝑳′𝟏,𝑨

 The Lagrangian of the weak interaction for low 
energies 𝐸 ≪ 𝑊,𝑍 is given by:

ℒ𝑤𝑒𝑎𝑘 = −
𝐺𝐹

2
𝑙+
𝜇
𝐽𝜇
− + ℎ. 𝑐

 𝑙+
𝜇

is the leptonic current and 𝑗𝜇
− is the hadronic

current.

J𝜇
± = 𝑉𝜇

± − 𝐴𝜇
± =

𝑁†𝜏±𝑁

2
−

𝑔𝐴
2
𝑁†𝜏±𝑁 + 𝐿′1,𝐴 t†s + h. c

 𝒈𝑨: axial coupling constant, known from neutron 
𝛽-decay. 

 𝐿1,𝐴
′ = −

𝜌𝑡+𝜌𝑠

𝜌𝑡𝜌𝑠
+ 𝑙1,𝐴 𝜇

 𝑙1,𝐴 𝜇 is an RG invariant combination of the unknown 
two-body 𝐿1,𝐴.

 𝑙1,𝐴 𝜇 can be calibrated from: 3H → ഥ𝜈𝑒 + 𝑒− + 3He

http://images.google.com/imgres?imgurl=http://www.mrlonline.org/mathimagery/albums/userpics/10002/normal_ams_borro.jpg&imgrefurl=http://www.mrlonline.org/mathimagery/displayimage.php?album=14&pos=1&usg=__LhpN2wJRhH8JG1EmzBJEYX5fUS0=&h=467&w=400&sz=18&hl=en&start=13&um=1&itbs=1&tbnid=BlkjdrdYm6II1M:&tbnh=128&tbnw=110&prev=/images?q=borromean+rings&um=1&hl=en&sa=N&tbs=isch:1


𝝅EFT: 𝟏 + 𝟐 ≠ 𝟑

 For EFT there is a big difference between 

nuclear systems with 2 particles and 3 particles

 Deuteron: 𝜓𝑑 𝑘 =
8𝜋𝛾𝑡

𝑘2+𝛾𝑡
2

 Triton: 𝑇 𝐸, 𝑘, 𝑝 = 0׬
Λ 𝑑3𝑝′

2𝜋 3 𝑇 𝐸, 𝑘, 𝑝′ 𝒟 𝐸, 𝑝′ 𝒦 𝐸, 𝑝′, 𝑝

Summing over all possible amplitudes (Faddeev equation)

Bedaque, Hammer, van Kolck (1999), König and Hammer (2011), König et al (2014) 
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EFT: 𝑨 = 𝟑 scattering amplitude

 For bound state: 𝑇 𝐸𝐵 , 𝑘, 𝑝 =
ℬ 𝑘 †ℬ 𝑝

𝐸−𝐸𝐵
+ ℛ

 Triton, 𝐽 =
1

2
, coupled channels Faddeev equation:

𝑎𝑡𝑡 =
4

3
𝜎𝑖

𝛽

𝛼
𝑃𝑡
𝑖
𝛾𝛿

†
𝑃𝑡
𝑗

𝛿𝛽
𝜎𝑖

𝛾

𝜒
= −1

ℬ 𝑝 = න
0

Λ 𝑑3𝑝′

2𝜋 3
ℬ 𝑝′ 𝒟 𝐸𝐵, 𝑝′ 𝒦 𝐸𝐵, 𝑝′, 𝑝

ℬ 𝑝 =
Γ𝑡 𝑝

Γ𝑠 𝑝
, Γ𝜇(𝑝) = 𝑀𝑁 ෍

𝜈=𝑡,𝑠

න
𝑑3𝑝

2𝜋 3 𝑦𝜇𝑦𝜈𝑎𝜇𝜈𝐾0(𝐸, 𝑝, 𝑝
′) 𝐷𝜈(𝐸, 𝑝′)Γ𝜈(𝑝′)

Bedaque, Hammer, van Kolck (1999), König and Hammer (2011), König et al (2014) 
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EFT: 𝑨 = 𝟑 scattering amplitude

 Triton, 𝐽 =
1

2
, coupled channels Faddeev equation:

Bedaque, Hammer, van Kolck (1999), König and Hammer (2011), König et al (2014) 

ℬ = 𝑴 × ℬ

Eigenvalue problem

ℬ =
Γ𝑡
Γ𝑠

, 𝑴𝝁,𝝂 = 𝑀𝑁𝑦𝜇𝑦𝜈𝑎𝜇𝜈𝐾0(𝐸, 𝑝, 𝑝
′)𝐷𝜈(𝐸, 𝑝′)
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Binding energy:

𝐸𝐵
3𝐻 Λ

𝐸
𝐵3
𝐻
Λ

M
eV

Bedaque, Hammer, van Kolck (1999)

Λ [MeV]
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 Deuteron: 𝐸𝐵 = −
𝛾𝑡
2

𝑀𝑁

 Triton:
Γ𝜇 𝑝 =

𝑀𝑁 ෍

𝜈=𝑡,𝑠

න
0

Λ 𝑑3𝑝

2𝜋 3
𝑦𝜇𝑦𝜈𝑎𝜇𝜈𝐷𝜈 𝐸, 𝑝′ 𝐾0 𝐸, 𝑝, 𝑝′ Γ𝜈 𝑝′

 𝐸𝐵 = 𝐸𝐵 Λ , Efimov effect

 3-body system has strong cutoff dependence 

→add 3-body force at LO.

Γ𝜇(𝑝) = 𝑀𝑁 ෍

𝜈=𝑡,𝑠

න
𝑑3𝑝

2𝜋 3
𝑦𝜇𝑦𝜈𝑎𝜇𝜈 𝐾0 𝐸, 𝑝, 𝑝′ +

2𝐻 Λ

Λ2
𝐷𝜈(𝐸, 𝑝′)Γ𝜈(𝑝

′)



Binding energy:

Bedaque, Hammer, van Kolck (1999)

11

𝐸
𝐵3
𝐻
Λ

M
eV

Λ [MeV]

 Deuteron: 𝐸𝐵 = −
𝛾𝑡
2

𝑀𝑁

 Triton:
Γ𝜇 𝑝 =

𝑀𝑁 ෍

𝜈=𝑡,𝑠
න

𝑑3𝑝

2𝜋 3
𝑦𝜇𝑦𝜈𝑎𝜇𝜈𝐷𝜈 𝐸, 𝑝′ 𝐾0 𝐸, 𝑝, 𝑝′ Γ𝜈 𝑝′

 𝐸𝐵 = 𝐸𝐵 Λ , Efimov effect

 3-body system has strong cutoff dependence 

→add 3-body force at LO.

Γ𝜇(𝑝) = 𝑀𝑁 ෍

𝜈=𝑡,𝑠

න
𝑑3𝑝

2𝜋 3
𝑦𝜇𝑦𝜈 𝑎𝜇𝜈𝐾0 𝐸, 𝑝, 𝑝′ + 𝑏𝜇𝜈

𝐻 Λ

Λ2
𝐷𝜈(𝐸, 𝑝′)Γ𝜈(𝑝

′)



 Non relativistic Bethe-Salpeter equation (for a bound state): 

Γ = −𝑉𝐺𝐵𝑆|Γ⟩

 Bethe-Salpeter (B.S.) normalization condition:

𝟏 = ⟨𝚪|𝑮𝑩𝑺
𝝏

𝝏𝑬
−𝑮𝑩𝑺

−𝟏 − 𝑽 𝑮𝑩𝑺|𝚪⟩

Triton scattering amplitude:  ℬ = ෡𝐷෡𝐾 ℬ

Normalization of the A=3 wave-

function

෡𝟏 = ෍

𝝁,𝝂=𝒕,𝒔

𝚪𝝁 𝑫𝝁

𝝏

𝝏𝑬
𝑫𝝁
−𝟏 𝑬 𝜹𝝁,𝝂 − 𝒂𝝁𝝂𝑲𝟎 𝑬 ቚ

𝑬=𝑬𝑩
𝑫𝝂 𝚪𝝂

König and Hammer (2011), De-Leon, Platter and Gazit (2019)
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Γ𝜇(𝑝) = 𝑀𝑁 ෍

𝜈=𝑡,𝑠

න
𝑑3𝑝

2𝜋 3
𝑦𝜇𝑦𝜈 𝑎𝜇𝜈𝐾0 𝐸, 𝑝, 𝑝′ + 𝑏𝜇𝜈

𝐻 Λ

Λ2
𝐷𝜈(𝐸, 𝑝′)Γ𝜈(𝑝

′)



 Non relativistic Bethe-Salpeter equation (for a bound state): 

Γ = −𝑉𝐺𝐵𝑆|Γ⟩

 Bethe-Salpeter (B.S.) normalization condition:

𝟏 = ⟨𝚪|𝑮𝑩𝑺
𝝏

𝝏𝑬
−𝑮𝑩𝑺

−𝟏 − 𝑽 𝑮𝑩𝑺|𝚪⟩

Triton scattering amplitude:

Normalization of the A=3 wave-

function

König and Hammer (2011), De-Leon, Platter and Gazit (2019)
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Γ𝜇(𝑝) = 𝑀𝑁 ෍

𝜈=𝑡,𝑠

න
𝑑3𝑝

2𝜋 3
𝑦𝜇𝑦𝜈 𝑎𝜇𝜈𝐾0 𝐸, 𝑝, 𝑝′ + 𝑏𝜇𝜈

𝐻 Λ

Λ2
𝐷𝜈(𝐸, 𝑝′)Γ𝜈(𝑝

′)

෡𝟏 = ෍

𝝁,𝝂=𝒕,𝒔

𝚪𝝁 𝑫𝝁

𝝏

𝝏𝑬
𝑫𝝁
−𝟏 𝑬 𝜹𝝁,𝝂 − 𝒂𝝁𝝂𝑲𝟎 𝑬 ቚ

𝑬=𝑬𝑩
𝑫𝝂 𝚪𝝂



 Non relativistic Bethe-Salpeter equation (for a bound state): 

Γ = −𝑉𝐺𝐵𝑆|Γ⟩

 Bethe-Salpeter (B.S.) normalization condition:

𝟏 = ⟨𝚪|𝑮𝑩𝑺
𝝏

𝝏𝑬
−𝑮𝑩𝑺

−𝟏 − 𝑽 𝑮𝑩𝑺|𝚪⟩

Triton scattering amplitude:

Normalization of the A=3 wave-

function

෡𝟏 = ෍

𝝁,𝝂=𝒕,𝒔

𝚪𝝁 𝑫𝝁

𝝏

𝝏𝑬
𝑫𝝁
−𝟏 𝑬 𝜹𝝁,𝝂 − 𝒂𝝁𝝂𝑲𝟎 𝑬 ቚ

𝑬=𝑬𝑩
𝑫𝝂 𝚪𝝂

König and Hammer (2011), De-Leon, Platter and Gazit (2019)
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Γ𝜇(𝑝) = 𝑀𝑁 ෍

𝜈=𝑡,𝑠

න
𝑑3𝑝

2𝜋 3
𝑦𝜇𝑦𝜈 𝑎𝜇𝜈𝐾0 𝐸, 𝑝, 𝑝′ + 𝑏𝜇𝜈

𝐻 Λ

Λ2
𝐷𝜈(𝐸, 𝑝′)Γ𝜈(𝑝

′)



Triton scattering amplitude:

Normalization of the A=3 wave-

function

෡𝟏 = ෍

𝝁,𝝂=𝒕,𝒔

𝚪𝝁𝑫𝝁

𝝏

𝝏𝑬
𝑫𝝁
−𝟏 𝑬 𝜹𝝁,𝝂 − 𝒂𝝁𝝂𝑲𝟎 𝑬 ቚ

𝑬=𝑬𝑩
𝑫𝝂𝚪𝝂

König and Hammer (2011), De-Leon, Platter and Gazit (2019)
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෡𝟏 = σ𝝁,𝝂=𝒕,𝒔 𝝍𝝁
෡𝓞𝝁𝝂
𝒏𝒐𝒓𝒎 𝝍𝝂

Γ𝜇(𝑝) = 𝑀𝑁 ෍

𝜈=𝑡,𝑠

න
𝑑3𝑝

2𝜋 3
𝑦𝜇𝑦𝜈 𝑎𝜇𝜈𝐾0 𝐸, 𝑝, 𝑝′ + 𝑏𝜇𝜈

𝐻 Λ

Λ2
𝐷𝜈(𝐸, 𝑝′)Γ𝜈(𝑝

′)

Matrix element!



De-Leon, Platter and Gazit (2019)

Normalization of the A=3 wave-

function:
1 =෍

𝜇,𝜈

𝜓𝜇
𝜕

𝜕𝐸
𝐷𝜇
−1 𝐸 𝛿𝜇,𝜈 − 𝑎𝜇𝜈𝐾0 𝐸 ቚ

𝐸=𝐸𝐵
𝜓𝜈

𝜕𝑆 𝐸, 𝑝

𝜕𝐸
= න 𝑑3𝑝′

2𝜋 3𝑆 𝐸, 𝑝 𝑆 𝐸, 𝑝′ 2𝜋2

𝑝′2
𝛿(𝑝 − 𝑝′)

The normalization is equivalent to 

all possible connections between two identical bubbles:

𝜕

𝜕𝐸
𝒟−1 −

𝜕

𝜕𝐸
𝒦
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Reduced matrix element

 A matrix element is equivalent to all possible connections, with 

B.S. bound states:

 Reduced matrix element:

 For the case where 𝑖 = 𝑗: 𝑎𝜇𝜈
𝑖,𝑗

=𝑎𝜇𝜈 ,      𝑑𝜇𝜈
𝑖,𝑗

=𝛿𝜇,𝜈

⟨𝒪⟩ = 𝑎𝐽
1

2
𝒪𝐽

1

2

1
2
𝒪𝐼

1
2
෍

𝜇,𝜈

𝜓𝜈
𝑗
𝑎𝜇𝜈
𝑖,𝑗 ෡𝒦(𝑞0, 𝑞) + 𝑑𝜇𝜈

𝑖,𝑗 ෡ℐ (𝑞0, 𝑞) 𝜓𝜇
𝑖

De-Leon, Platter and Gazit (2019)
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NLO A=3, general EW matrix element

Vanasse et al (2014-2018) , De-Leon, Platter and Gazit (2019)

𝓞𝐄𝐖 𝐋𝐎
+ 𝓞𝐄𝐖 𝐍𝐋𝐎

=

𝝍𝐋𝐎 𝓞𝐄𝐖
𝐋𝐎 𝝍𝐋𝐎 + 𝝍𝐍𝐋𝐎 𝓞𝐄𝐖

𝐋𝐎 𝝍𝐋𝐎 + 𝝍𝐋𝐎 𝓞𝐄𝐖
𝐍𝐋𝐎 𝝍𝐋𝐎 + 𝝍𝐋𝐎 𝓞𝐄𝐖

𝐋𝐎 𝝍𝐍𝐋𝐎

One-body NLO corrections:

𝜓𝜇
NLO 𝐸, 𝑝 = 𝑍NLO 𝐷𝜇

NLO 𝐸, 𝑝 Γ𝜇
LO 𝐸, 𝑝 + 𝐷𝜇

LO 𝐸, 𝑝 Γ𝜇
NLO 𝐸, 𝑝

 NLO operator (two-body): t†𝑡, s†𝑠, t†𝑠 + ℎ. 𝑐

 𝜓𝜇
NLO is determined by the 𝐴 = 3 charge radius:

𝐹𝐶
LO 0 + 𝐹𝐶

NLO 0 = 𝐹𝐶
LO 0 =1

σ𝝁,𝝂=𝒕,𝒔 𝝍𝝁
𝐍𝐋𝐎 ෡𝓞𝝁𝝂

𝐧𝐨𝐫𝐦 𝝍𝝂
𝐋𝐎 + 𝝍𝝁

𝐋𝐎 ෡𝓞𝝁𝝂
𝐧𝐨𝐫𝐦 𝝍𝝂

𝐍𝐋𝐎 −
𝟐

𝟑
𝝍𝒕
𝐋𝐎|𝝍𝒕

𝐋𝐎 = 0

18



EW matrix element, Power counting

De-Leon, Platter and Gazit (2019)

19

𝒪1B = 𝜓2𝒪 𝑦2𝑆3 𝑞0, 𝑞 𝑑3𝑞𝑑𝑞0

= 𝜓2𝒪
8𝜋Λ

𝑀𝑁
2

1

𝑞6

𝑀𝑁
3

𝑞5

4𝜋𝑀𝑁
= 𝜓2𝒪

Λ

𝑞

= 𝒪 1

𝒪2B = 𝜓2𝒪 1 = 𝒪
𝑞

Λ



Weak matrix element, Power counting
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𝒈𝑨

𝑳′𝟏,𝑨

𝒪1B = 𝒪 1 𝒪2B = 𝒪
𝑞

Λ

 𝐿1,𝐴
′ = −

𝜌𝑡+𝜌𝑠

𝜌𝑡𝜌𝑠
+ 𝑙1,𝐴 𝜇 → 𝒪 𝐿1,𝐴

′ = 𝒪 1

 Up to NLO, the one-body diagrams must have one NLO insertion 



Triton b-decay matrix elements
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𝑓𝑇1/2 =
𝐾/𝐺𝑉

F
2
+
𝑓𝐴
𝑓𝑉

GT
2

F = 1 − 𝜖, GT
exp

= 3 × 0.953 ± 0.002 ± 0.02 , GT
𝛼=0

= 3

F = 𝜓3H𝑒 𝑉+ 𝜓3H =
1

2
𝜏
1

2
×න

0

Λ 𝑑3𝑝

2𝜋 3
න
0

Λ 𝑑3𝑝′

2𝜋 3
𝜓

3H 𝑝 𝒪F 𝑝, 𝑝′, 𝑞, 𝑞0 𝜓
3He 𝑝′

The triton comparative half-life: 

GT(Λ) = 𝜓
3H𝑒 𝑨+ 𝜓

3H

= 𝑔𝐴
1

2
𝝈

1

2
×

1

2
𝜏
1

2
×න

0

Λ 𝑑3𝑝

2𝜋 3
න
0

Λ 𝑑3𝑝′

2𝜋 3
𝜓

3H 𝑝 𝒪GT 𝑝, 𝑝′, 𝑞, 𝑞0 𝜓
3He 𝑝′



Triton b-decay matrix elements
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𝑓𝑇1/2 =
𝐾/𝐺𝑉

F
2
+
𝑓𝐴
𝑓𝑉

GT
2

F = 1 − 𝜖, GT
exp

= 3 × 0.953 ± 0.002 ± 0.02 , GT
𝛼=0

= 3



Numerical results GT
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||GT|| = ||GT|| LO + GT
ERE

NLO
+ ||GT|| 𝑙1.𝐴

NLO

𝛬 [MeV]

G
T 3

[a
.u
]

a GT
LO

a GT
LO

+ GT
𝑙1,𝐴=0

NLO

a GT
exp

𝑔𝐴 = 1.273 ± 0.003 ± 0.005



𝟑𝐇 𝜷-decay: 𝑳𝟏,𝑨 calibration

𝑙1,𝐴 Λ =
||GT|| exp − ||GT|| ERE

NLO

||𝐺𝑇|| 𝑙1.𝐴
NLO

𝒍𝟏,𝑨 𝜦 = 𝑳𝟏,𝑨 𝚲 −
𝟏

𝒂𝒕
𝚲 −

𝟏

𝒂𝒔

is RG invariant!!

24

𝛬 [MeV]

𝑙 1
,𝐴
𝛬

[a
.u
]

De-Leon, Platter and Gazit (2019)



What’s next?

 Nuclear structure corrections include, to first order in the 

momentum transfer, weak magnetism and axial charge 

(𝐽 = 1) multipoles.

We don't have an explicit calculation for the weak 

transition corrections yet.

We can use the electromagnetic sector to check the 

feasibility to use our formalism for the calculation of 

corrections to the spectrum and other 𝛽-decay 

observables.

http://images.google.com/imgres?imgurl=http://www.mrlonline.org/mathimagery/albums/userpics/10002/normal_ams_borro.jpg&imgrefurl=http://www.mrlonline.org/mathimagery/displayimage.php?album=14&pos=1&usg=__LhpN2wJRhH8JG1EmzBJEYX5fUS0=&h=467&w=400&sz=18&hl=en&start=13&um=1&itbs=1&tbnid=BlkjdrdYm6II1M:&tbnh=128&tbnw=110&prev=/images?q=borromean+rings&um=1&hl=en&sa=N&tbs=isch:1


 All 𝐴 < 4 𝑀1 observables are well measured.

 We used the EM observables to estimate          

theoretical uncertainty and power-counting.

We have applied our formalism to calculate 
magnetic 𝑀1 observables of A=2,3 systems

Magnetic 𝑴𝟏 observables of 
A=2, 3 nuclei 

EM

1-body LEC 𝜅1, 𝜅0

1-body operator 𝜎, 𝜎𝜏0

2-body operator 𝑙1 𝑡†𝑠 + h. c , 𝑙2𝑡
†𝑡

𝐴 = 2, 𝑞 ≈ 0 𝑀1obs. 𝜎𝑛𝑝, 〈𝜇𝑑〉

𝐴 = 3, 𝑞 ≈ 0 𝑀1obs. 〈𝜇3H〉, 〈𝜇3He〉

26
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 Naïvely, both 𝑙1, 𝑙2 are of 𝒪 1 , i.e. , the EM two-

body operator is of 𝒪 𝑞/Λ .

 We found that up to NLO, 𝑙2 is consistent with 0

We have applied our formalism to calculate 
magnetic 𝑀1 observables of A=2,3 systems

Magnetic 𝑴𝟏 observables of 
A=2, 3 nuclei 

EM

1-body LEC 𝜅1, 𝜅0

1-body operator 𝜎, 𝜎𝜏0

2-body operator 𝑙1 𝑡†𝑠 + h. c , 𝑙2𝑡
†𝑡

𝐴 = 2, 𝑞 ≈ 0 𝑀1obs. 𝜎𝑛𝑝, 〈𝜇𝑑〉

𝐴 = 3, 𝑞 ≈ 0 𝑀1obs. 〈𝜇3H〉, 〈𝜇3He〉

27
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EM results, 𝒍𝟐 = 𝟎

De-Leon and Gazit (2019)

𝑀
1

st
re

n
gt

h
  

The theoretical uncertainty for our theory is ~𝟏%
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Summary and outlook 

Consistent diagrammatic expansion of             

interactions is the sum of all possible diagrams with a     

single NLO perturbation insertion.

 We show that the          predicts well the A=3 EW     

observables.

 Triton seems like a very good benchmark between 

methods, and a candidate nucleus where corrections 

to 𝛽-decay observables can be calculated with high 

precision and accuracy.

29
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Summary and outlook 

We can extend this method for 𝑞>0  weak interactions 

such as neutrino scattering.      

This method can be also extended for heavier nuclei 

such as halo nuclei. 
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Thank you!
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