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Beta decay as a probe for BSM studies
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A free neutron or a 
neutron inside a nucleus 

Li = 0, Lf = 1 - 1= 0

Precision measurements need input 
from nuclear theory

Ø Beyond Standard Model (BSM) terms in weak interaction

Ø Unitarity of the CKM quark mixing matrix

Ø Neutrinoless double beta decay
48Ca 
48Sc 
48Ti  Neutrinoless ββ decay

Grigor Sargsyan, INT 23-1b
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Many-body Dynamics Properties of NucleiFirst Principles

From first principles to nuclear properties

E.g., Symmetry-
Adapted No-Core 
Shell Model (SA-

NCSM)

Realistic 
Interactions
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E.g., from chiral effective field theory

E.g., deformation, 
excitation spectrum, 
clustering, etc.

Grigor Sargsyan, INT 23-1b
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First exascale computer

Explosive growth of the model space
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Conventional Shell Model
Nmax

Nucleus in model space
Grigor Sargsyan, INT 23-1b
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Conventional Shell Model

Symmetry-adapted basis helps dramatically reduce 
the models space size

Ab initio Symmetry-adapted 
No-core Shell Model

(SA-NCSM)
Nmax

SU(3) and symplectic symmetry
5

NNLOopt ℏΩ = 15MeV

Reaching medium-mass 
nuclei

Grigor Sargsyan, INT 23-1b

Nucleus in model space
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Symmetry-adapted Basis: SU(3)-coupled
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N=1 l=1 m=-1
N=1 l=1 m=0
N=1 l=1 m=1

N=0 l=0 m=0N=0

N=1

N=2

N=3

nz=1 nx=0 ny=0
nz=0 nx=1 ny=0
nz=0 nx=0 ny=1

nz=0 nx=0 ny=0

N = nz +nx +ny λ = nz–nx ,  μ = nx–ny (single particle)
Spherical harmonic 
oscillator (HO): basis 
states given by {N l m}

Basis states given 
by {nx ny nz}

Basis states given by (λ μ) 
quantum numbers

Sphere (0 0) Prolate (λ 0) Oblate (0 μ)

ℏΩ

Grigor Sargsyan, INT 23-1b

#$%&' ≡ # $ ) %&
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Weak interaction in Standard Model

S V A T P

Weak Interaction

Standard Model

A series of !-decay experiments lead to the formulation 

of the V – A structure of the weak interaction:

C. S. Wu, et al., Phys. Rev. 105, 1413 (1957). 

W. B. Herrmannsfeldt, et al., Phys. Rev. 107, 641 (1957). 

C. Johnson, et al., Phys. Rev. 132, 1149 (1963). 

Grigor Sargsyan, INT 23-1b 7
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S V A T P
Weak Interaction

Standard Model

Standard Model Extensions
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Weak interaction in Standard Model

All Lorentz-invariant currents

Grigor Sargsyan, INT 23-1b
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S V A T P

Weak Interaction

Standard Model

Standard Model Extensions
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M. G. Sternberg, R. Segel, N. D. Scielzo, et al., PRL 115, 182501 (2015).
MT Burkey, G Savard, AT Gallant, et al., PRL 128 (20), 202502 (2022).

8Li ⍺
⍺ β
ν

Grigor Sargsyan, INT 23-1b

Precision measurements of 8Li beta decay to probe BSM physics
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From Mary Burkey’s PhD Thesis (U. Chicago/ANL/LLNL, 2019)

S V A T P
Weak Interaction

Standard Model

Standard Model Extensions

M. G. Sternberg, R. Segel, N. D. Scielzo, et al., PRL 115, 182501 (2015).
MT Burkey, G Savard, AT Gallant, et al., PRL 128 (20), 202502 (2022).

8Li ⍺
⍺ β
ν

Grigor Sargsyan, INT 23-1b

Precision measurements of 8Li beta decay to probe BSM physics
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S V A T P

Weak Interaction

Standard Model

Standard Model Extensions

M. G. Sternberg, R. Segel, N. D. Scielzo, et al., PRL 115, 182501 (2015).

MT Burkey, G Savard, AT Gallant, et al., PRL 128 (20), 202502 (2022).

8Li ⍺
⍺ β
ν
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" = $×1 + (× )
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),
*, + … 

Leading order

(Gamow-Teller)

Recoil-order

For 8Li beta decay 

q/M ~ 0.002

Precision measurements of 8Li beta decay to probe BSM physics

Grigor Sargsyan, INT 23-1b

From Mary Burkey’s PhD Thesis (U. Chicago/ANL/LLNL, 2019)
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Nuclear recoil 
form-factor

Gamow-Teller 
matrix element

B. R. Holstein, Rev. Mod. Phys. 46, 789 (1974) 

!" ∝ < Ψ&|| (
)

*
+)±[.)× 012(5̂))]" ||Ψ8 >

:8 ∝ < Ψ&|| (
)

*
+)±.) ||Ψ8 >

8Be* 8Liβ--decay
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Need more accurate and precise !2,</>2:8 and 
other recoil-order terms

Use ab initio methods to calculate them

From Mary Burkey’s PhD Thesis (U. Chicago/ANL/LLNL, 2019)

Matrix elements in impulse approximation

Grigor Sargsyan, INT 23-1b

Experiment needs reliable ?-decay recoil-order terms
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Gysbers et al.

Pastore et al.

3H 1/2– 3He 1/2–

|MGT| Theory/|MGT| Experiment 

6He 0+ 6Li 1+

7Be 3/2– 7Li 1/2–

7Be 3/2– 7Li 3/2–

For 8Be the two experimental values of |MGT| differ by ~1.5 times  

Gysbers et al., Nat. Phys. 15, 428 (2019)
Pastore et al., PRC 97, 022501(R) (2018) 
Sargsyan et al., in preparation.

Beta decays with SA-NCSM

13

Electron 
capture

Two different 
experiments

Grigor Sargsyan, INT 23-1b
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Sargsyan, Launey, Burkey, et al., PRL128 (20), 202503 (2022)
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Grigor Sargsyan, INT 23-1b

Correlation between /0 and 4 helps constrain recoil order terms
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Most precise beta-decay measurement of its type in 50 years!
MT Burkey, G Savard, AT Gallant, et al., PRL 128 (20), 202502 (2022).

Mary Burkey’s PhD Thesis (U. Chicago/ANL/LLNL, 2019)
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8Li Q(2+) [e fm2]

Improved by 
nearly 50%!

j K
/A

2 c
0

Grigor Sargsyan, INT 23-1b

Most precise beta-decay measurement 
of its type in 50 years!
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Weak magnetism and induced tensor recoil-order terms

Grigor Sargsyan, INT 23-1b

d/
Ac

0

Q(2+) (e fm2)

8Be lowest 2+
Ø Weak magnetism (b) and induced tensor (d) recoil 

terms: next significant after !" and !#

Ø Important for the tests of conserved vector current 
(CVC) hypothesis and existence of second class 
currents

Ø With SA-NCSM we can calculate these 
beta decay recoil-order terms for up to 
intermediate mass nuclei
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Possible intruder states in 8Be can explain the discrepancy in 
8Li beta decay

2+; 0
0+; 0

NNLOopt, ħΩ=15MeV8Be

Adapted from https://nucldata.tunl.duke.edu
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Sargsyan, et al., PRL128 (20), 202503 (2022)

17Grigor Sargsyan, INT 23-1b
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0+ and 2+ intruder states in 8Be 

Munch et al., Phys. Lett. B 782 (2018) 779–784 

Grigor Sargsyan, INT 23-1b 18



LLNL-PRES-848793

0+

2+

2+

2+

Expt. NNLOopt NNLOsat JISP16

2+

0+

En
er

gy
 (M

eV
)

8Be low-lying 0+ and 2+ states not confirmed in experiments

Ø First proposed by Barker in 1968-69

9 MeV

6 MeV

2+, 0

0+, 0

~7-8 MeV 
widths 
(~10-22 s)

F. C. Barker. Australian Journal of Physics, vol. 21, 239–257, 1968. 
F. C. Barker. Australian Journal of Physics, vol. 22, 293–316, 1969.

16.6 MeV  2+

16.9 MeV  2+

19

16 MeV 2+, 1

β–

(a) (b)

Sargsyan, Launey, Burkey, et al., 
PRL128 (20), 202503 (2022)

8Li

Grigor Sargsyan, INT 23-1b
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Recoil terms for all 8Li !-decay accessible states

8Be states

Ø j2/A2c0 and  j3/A2c0values for the lowest 2+

are much larger than for other states

20

Ø b/Ac0 and  d/Ac0values are also important for 
tests of conserved vector current hypothesis

9 MeV

6 MeV

2+, 0

0+, 0

16.6 MeV  2+

16.9 MeV  2+

16 MeV 2+, 1

β–

8Li

Grigor Sargsyan, INT 23-1b
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Previous state-of-the-art values for j2 and j3 
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NNLOopt
JISP16
N3LO
NNLOsat
Sumikama et al.

The dotted line is added to guide the eye
j 3/
A2
c 0

j2/A2c0

j2/A2c0 = −490 ± 70
j3/A2c0 = −980 ± 280

Ø Extremely difficult measurements        Large uncertainties
Ø j2 and j3 values were considered constant over the entire 

beta decay energy range

Strong correlation between j2 and j3 
recoil-order terms

8Be lowest 2+

21

Sargsyan, et al., PRL128 (20), 202503 (2022)

Grigor Sargsyan, INT 23-1b
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Recoil terms for 8B to inform precision beta decay experiments

Preliminary
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Also important for 
precision measurements of 
solar neutrinos!
See talk by B. Longfellow

Courtesy 
of SNO
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Weak magnetism and induced tensor terms in 22Na

S. Triambak, et al., Phys. Rev. C 95, 035501 (2017)

Using CVC they determined
|b/Ac|= 8.9 ± 1.2
|d/Ac| = 21 ± 6

R. B. Firestone, W. C. McHarris, and B. R. Holstein, Phys. Rev. C 18, 2719 (1978) 

Which disagree with shell model calculations

Ø If the sign of b/Ac is different from shell model prediction, 
then |d/Ac| = 3 ± 6

Ø Our preliminary calculations favor this scenario

Grigor Sargsyan, INT 23-1b
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Summary

24

Ø The SA-NCSM employs emergent symmetries in nuclei to decrease 
the dimensionality of the model space, thus allowing us to reach 
heavier nuclei and large model spaces

Ø Our calculations of 8Li beta decay recoil-order terms helped 
experiment to constrain BSM tensor currents in the weak interaction

Ø The calculated b/Ac0 and d/Ac0 values are important for tests of 
conserved vector current hypothesis

Ø Low-lying intruder states in 8Be can have important implications for  
A=8 beta decays and related precision measurements

(λ 0) (0 μ)

Grigor Sargsyan, INT 23-1b
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Backup slide zone
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From Mary Burkey’s PhD Thesis (U. Chicago/ANL/LLNL, 2019)

Recoil-order terms in !-decay

B. R. Holstein, Rev. Mod. Phys. 46, 789 (1974) 

+ …

Beta decay rate: "Γ ∝ % &

T matrix in SM (V–A): % ∝ '( ! )( − +( ,

Grigor Sargsyan, INT 23-1b
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From Mary Burkey’s PhD Thesis (U. Chicago/ANL/LLNL, 2019)

B. R. Holstein, Rev. Mod. Phys. 46, 789 (1974) 

+ …

Axial current 

matrix element

Leading order 

(Gamow-Teller)

Recoil-

order q/M

Lepton current 

matrix element

Recoil-order terms in !-decay

Recoil-order 

(q/M)2

For 8Li and 8B beta 

decay q/M ~ 0.002

Beta decay rate: "Γ ∝ % &

T matrix in SM (V–A): % ∝ '( ! )( − +( ,

Grigor Sargsyan, INT 23-1b
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Recoil-order terms b/Ac0 and d/Ac0

d/
Ac
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8Be lowest 2+Ø Weak magnetism (b) and induced tensor (d) recoil terms 
become the next significant sources of uncertainty with 
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30

Sargsyan, Launey, Burkey, et al., 
PRL128 (20), 202503 (2022)
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configurations

Predominantly one 
Sp(3,R) configuration
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