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Outline

= Calculations of ®He B-decay electron spectrum including nuclear structure and recoil
corrections — published in PLB (2022)

= Calculations of 8N 3-decay electron spectrum including nuclear structure and recoil
corrections — ongoing, related to calculations of the muon capture on 60O

= Ongoing calculations of nuclear structure corrections 6 and 6ys for the extraction of the V4
matrix element from the 1°C—19B superallowed Fermi transition (Michael Gennari on May 1st)

= Investigation of the B-delayed proton emission from ""Be — published in PRC (2022)

Calculations performed within the no-core shell model (NCSM),
dc and "Be decay within the NCSM with continuum (NCSMC)




© pajelajadoe
‘A1danoosi(q

X2 [

45 '.m) .}L i

\£XZ

B

0
n
4
4
3
7

—_

.
1
J
} ¥

-decay

°He 3

2 TRIUMF



Precise measurements of B decays to search for Physics Beyond the Standard Model

= Precision measurements of B-decay observables offer the possibility to search for deviations from the Standard Model
= B-decay observables are sensitive to interference of currents of SM particles and hypothetical BSM physics

= Such couplings are proportional tov /A, with v = 174 GeV, the SM vacuum expectation value, and A the new
physics energy scale

= a~ 1074 coupling between SM and BSM physics would suggest new physics at a scale that is out of the
reach of current particle accelerators

= Discovering such small deviations from the SM predictions demands also high-precision theoretical calculations
= = Nuclear structure calculations with quantified uncertainties

= Theoretical analysis of B-decay observables of the pure Gamow-Teller (GT) transition ®He(0* g.s.) = 6Li(1*g.s.) using ab
initio nuclear structure calculations in combination with the chiral effective field theory (Y EFT)
= Details published in ]
Physics Letters B

Nuclear ab initio calculations of ®He B-decay for beyond the Standard )
Model studies e

Ayala Glick-Magid ?, Christian Forssén ”*, Daniel Gazda®, Doron Gazit**, Peter Gysbers 9-¢,
Petr Navratil¢



Precise measurements of B decays to search for Physics Beyond the Standard Model

= Decay rate proportional to

207 [3.563 0"1 ad\|
> Me . 355Hoe78 “He+n+p w© \
dw o1+ agvp -V + bFT BP=f v=vv g 2.186 340 o7
1.4743
. . . “He+d
ag, angular correlation coefficient between I
the emitted electron and the antineutrino 0
-0.992 6] i
TLi+d-t
b Fierz interference term that can be extracted
from electron energy spectrum measurements
|
6He T
= The V-A structure of the weak interaction in the Standard Model He - S
implies for a Gamow-Teller transition 1201 <99.9993%

-
o)
]
I
|
Wl




Precise measurements of B decays to search for Physics Beyond the Standard Model

= In the presence of Beyond the Standard Model interactions

2.0707

, 12 3.5078 Mornro 3.563 01
BSM 1 |CT|2+‘CT‘ "He T
a = —= — 5 > 2.186 3.0
Bv 3 2|C 4] B
bBSM _ CT—FC,,T Y Y 1+;0
Fierz Ca -0.992 6] i
TLi+d-t
= with tensor and pseudo-tensor contributions
= However, deviations also within the Standard Model caused by | ; o
the finite momentum transfer, higher-order transition operators, He T=!

and nuclear structure effects
= Detailed, accurate, and precise calculations required

<99.9993%

1.4743
He+d



Precise measurements of B decays to search for Physics Beyond the Standard Model

= 6He B--decay differential distribution within the SM—including

the leading shape and recoil corrections (NLO in GT) 35078 _owv07 13 563 o N
“He He+n+p X
- > 2.186 340
do!F 4 2 LEF- YNNG P a7 15
do dn, — 72 (Fo — EYTKEFT(Z5, E) Ceorr (LTI AT
4w 4T |
x3 (1 + 81+ﬂ_) [1 +a1 ﬂ_,B D+ b1 pmMe | -0.992 61 ; e
1 E TLi+d-t :

E{‘ x 1 ... longitudinal operator of the axial current, Gamow-Teller leading order

F(Z;, E) ... Fermi function, deformation of the electron wave function
due to the EM interaction with the nucleus

OPEN ACCESS
10P Publishing Journal of Physics G: Nuclear and Particl

icle Physics

Ccorr o ra d i ative CO r re Ct i O n S’ fi n ite_ m a SS a n d J. Phys. G: Nucl. Part. Phys. 49 (2022) 105105 (24pp) https://doi.org/10.1088/1361-6471/ac7edc

electrostatic finite-size effects, and atomic effects A formalism to assess the accuracy

of nuclear-structure weak interaction
effects in precision 3-decay studies

Ayala Glick-Magid® and Doron Gazit*



Precise measurements of B decays to search for Physics Beyond the Standard Model

= Higher-order Standard Model recoil and shape corrections

_ 1 1+
B =)
1B _ ST g=k+7v momentum transfer
F =9
. éf‘ axial charge
-2 MY
T _ gme[ UEH/AD /5 g, —2) O 3A/q”)] A
LN (LTI MY vector magnetic or weak magnetism
2 ERaz; — 22 (@z5)?
—_—— f ’ - .
7 630 Li* o<1 Gamow-Teller leading order
Ny 9
<1+p- _ 4 (IIC (I /qll) (1M1 /qll) A
8a =§£R [ (||LA||) ++/2(Eo — 2E) —(||i{*||) Ci" M)" NLO recoil corrections, order g/my
—|— ; E Ra Z f —_— g E 0 Ra Z f’ J.Phys. G: Nucl. Part. Phys. 49 (2022) 105105 (24pp) hitps://doi.org/10.1088/1361-6471/ac7edc
) CA 84 A formalism t th
518 = 2o | UC1/AN | 5 (M7 /91D it
3 (|| LA ||) (|| LA ||) effects in precision 3-decay studies

Ayala Glick-Magid® and Doron Gazit*



Precise measurements of B decays to search for Physics Beyond the Standard Model

= Higher-order Standard Model recoil and shape corrections

&?M A i
J _ [ ~/ =2
=) — | 8482, (qr;)
q ; mn JM; J
1 gP 2 -
) m (Eo + AE() E/],M] (qrj)] Tj+,

~

A
TA . gP 2 e -
L]M] = Zl (gA + (sz)Zq ) E,J/M] (qu) lef_’
j=1

M‘]/M A 1
] _ - A _>' 7 A, _,. +
P j§—1 — [gvAJM, @rj) = SHE;u, (qr])] T

Hadronic vector, axial vector and pseudo-scalar charges

~ _ (2mpy)?

gv= 1 ga= -12756(13) gp = m2 _qz gA
4 2

U ~ 4.706 is the nucleon isovector magnetic moment

AEc = (°Li 1}|Vc|®Li 1}) — (°He 05|V |®He 0)

2, (475) = [W%MJMJ((J"?) 7 (7),

Vg, (a75) = Myn, (a7) () - Vi, + =50, (a75),

A, (qFy) =

4

A

M, (a75) = js(ar;)Yoa, (75)
My, (a7y) = joar;)Yiom, (75)

Ultimately, we need to calculate
®He(0* 1) — SLi(1* 0) matrix elements
of these “one-body” operators




Review

Apply ab initio No-Core Shell Model (NCSM) to calculate the 6Li and 6He s initiono core sheiimoder 10
wave functions and the operator matrix elements pruce L Bt Pt Navt James P Vary

= Basis expansion method &
= Harmonic oscillator (HO) basis truncated in a particular way (N, ax)
= Why HO basis?

= Lowest filled HO shells match magic numbers of light nuclei
(2, 8, 20 — “He, 60, 4°Ca)

= Equivalent description in relative(Jacobi)-coordinate and
Slater determinant (SD) basis

= Short- and medium range correlations

= Bound-states, narrow resonances N=on+
1=1,3 N=3 h 7/ 20—40
1=0,2 N=2 12—20
| = N =1 6—8
/=0 N=0 2—2

E=(2n+1+3)b0



Review

Apply ab initio No-Core Shell Model (NCSM) to calculate the 6Li and 6He s initiono core sheiimoder 1
wave functions and the operator matrix elements pruce L Bt Pt Navt James P Vary

= Basis expansion method &
= Harmonic oscillator (HO) basis truncated in a particular way (N, ax)
= Why HO basis?

= Lowest filled HO shells match magic numbers of light nuclei
(2, 8, 20 — “He, 60, 4°Ca)

= Equivalent description in relative(Jacobi)-coordinate and
Slater determinant (SD) basis

= Short- and medium range correlations

= Bound-states, narrow resonances N=on+ \
/—1,3 N=3 L 7/ 20—>40
A HO 1=0,2 N=2 12—20
& v EECM(D GNP o oot
N=0
l /=0 N=0 252
WO sp g0 - N - E=(n+1+23p0
EE (I)SDNJ(rl’ Fos s T4) =" @00 (Rey) :

N=0 j




Review

Apply ab initio No-Core Shell Model (NCSM) to calculate the 6Li and 6He s initiono core sheiimoder 12
wave functions and the operator matrix elements e et P Jmes Y

= Basis expansion method &
= Harmonic oscillator (HO) basis truncated in a particular way (N, ax)
= Why HO basis?

= Lowest filled HO shells match magic numbers of light nuclei
(2, 8, 20 — “He, 60, 4°Ca)

= Equivalent description in relative(Jacobi)-coordinate and
Slater determinant (SD) basis

= Short- and medium range correlations

For 6Li, ®He and heavier nuclei we use the SD basis
= Bound-states, narrow resonances N=2n+]

1=1,3 N=3 \E 7/ 20—40
A HO /1=0,2 N=2 12—20
B V=S S Bl ) oz Nz 2
N=0 i o N=0 55
AN SD 4,HO — — A 5 E=(Q2n+1+3)pQ
= O Y Py (F s Tas s T ) =W @0 (Rey) @n+1+3)h

N=0 j




Input for NCSM calculations: Nuclear forces from chiral Effective Field Theory

= Approach taking advantage of the separation of scales

Based on the symmetries of QCD

= Chiral symmetry of QCD (m~my=~0), spontaneously broken
with pion as the Goldstone boson

= Degrees of freedom: nucleons + pions

Systematic low-momentum expansion to a given order
(QUA,)

Hierarchy
Consistency

Low energy constants (LEC)
= Fitted to data
= Can be calculated by lattice QCD

S KH
g Al
c [z \1
NLO <x: H
X
WXHFIH

A~1GeV

o

- NNN force :NNNN force

\
X X
X

Chiral symmetry breaking scale

13



Input for NCSM calculations: Nuclear forces from chiral Effective Field Theory

= |nteractions used in this study

PRL 110, 192502 (2013) PHYSICAL REVIEW LETTERS AT 205
= NNLO
Opt Optimized Chiral Nucleon-Nucleon Interaction at Next-to-Next-to-Leading Order
[} N N O n I A. Ekstrtim,l'2 G. Bazu'dsen,1 C. Forssén,3 G. Hagen,"’5 M. Hjorth—Jensen,l’z'6 G.R. Ja.vnsen,“‘5 R. Machleidt,7
y W. Nazarewicz,s""8 T. Papenbrock,5 4. Sa.rich,9 and S.M. Wild®

= Reproduces reasonably well binding energies &
radii of A = 3,4 and 6 nuclei

RAPID COMMUNICATIONS

PHYSICAL REVIEW C 91, 051301(R) (2015)

= NNLO
Sat Accurate nuclear radii and binding energies from a chiral interaction
] N N + 3 N A. Ekstrom,? G. R. Jansen,>! K. A. Wendt,"> G. Hagen,>! T. Papenbrock,'? B. D. Carlsson,’ C. Forssén,>"2
M. Hjorth-Jensen,*> P. Navratil,® and W. Nazarewicz*2>’

= More accurate for medium mass nuclei
especially for radii

= No further renormalization (no SRG or OLS ...)

NN force

QO
LO

Q2 X < - |<Z‘

NL0§ f
|- 1 ;

Q3 i
N2LO | F-1§3] |

& XFIHH-

+

- NNN force :NNNN force

]
X X
X1

o

o
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Input for NCSM calculations: Nuclear forces from chiral Effective Field Theory

NN force : NNN force :NNNN force

= Interactions used in this study Qo
LO

PRL 110, 192502 (2013) PHYSICAL REVIEW LETTERS AT 205
= NNLO : :
Opt Optimized Chiral Nucleon-Nucleon Interaction at Next-to-Next-to-Leading Order . -
~ -
n é 9
[} N N O n I A. Ekstrtim,l'2 G. Bazu'dsen,1 C. Forssén,3 G. Hagen,"’5 M. Hjorth—Jensen,l’z'6 G.R. Ja.vnsen,“‘5 R. Machleidt,7 u N ~
y W. Nazarewicz,s""8 T. Papenbrock,5 4. Sa.rich,9 and S.M. Wild® Q2

- N

radii of A = 3,4 and 6 nuclei Lo |

= Reproduces reasonably well binding energies & NLO : 1

PHYSICAL REVIEW C 91, 051301(R) (2015) Q3 :
= NNLO SEP
Sat Accurate nuclear radii and binding energies from a chiral interaction N 2 LO = (04 _ -
] N N + 3 N A. Ekstrom,? G. R. Jansen,>! K. A. Wendt,"> G. Hagen,>! T. Papenbrock,'? B. D. Carlsson,’ C. Forssén,>"2 =
M. Hjorth-Jensen,*> P. Navratil,® and W. Nazarewicz*2>’

= More accurate for medium mass nuclei ; JX >K/
especially for radii X i{ i I:“ |
H

= No further renormalization (no SRG or OLS ...) + =

15



Input for NCSM calculations: Nuclear forces from chiral Effective Field Theory

= |nteractions used in this study

k endi
PRL 110, 192502 (2013) PHYSICAL REVIEW LETTERS 10 MAY 2013

- N N L OOpt Optimized Chiral Nucleon-Nucleon Interaction at Next-to-Next-to-Leading Order
= NN only

= Reproduces reasonably well binding energies &
radii of A = 3,4 and 6 nuclei

A. Ekstrtim,l'2 G. Bazu'dsen,l C. Fcu'ssén,3 G. Hagen,"’5 M. Hjorr.h—Jensen,"z'6 G.R. Ja.vnsen,“’5 R. Machleidt,7
W. Nazarewicz,s""8 T. Papenbrock,5 4. Sa.rich,9 and S.M. Wild®

RAPID COMMUNICATIONS

Accurate nuclear radii and binding energies from a chiral interaction

PHYSICAL REVIEW C 91, 051301(R) (2015)

= NNLOg,
= NN+3N
= More accurate for medium mass nuclei
especially for radii

A. Ekstrom,? G. R. Jansen,>! K. A. Wendt,"> G. Hagen,>! T. Papenbrock,'? B. D. Carlsson,’ C. Forssén,>"2
M. Hjorth-Jensen,*> P. Navratil,® and W. Nazarewicz*2>’

= No further renormalization (no SRG or OLS ...)

[MeV]

E

hQ [MeV]

Or I I I I I .
- . PN, 3
sEP L1 NNLO v N,,,.=2 -
B sat N =4 ]
- A-AN_ = E
10 :_' V T Nma_\_g :
C B8N, =10 ]
_15__ G_eNma_\:l?" _-
C — - Expt i
20F -
a5k e, -
20 E— _:
30 IR oy N — S ——————— =
35 1 I I ] I -
16 18 20 22 24



Apply ab initio No-Core Shell Model to calculate the Li and ’He wave
functions and the operator matrix elements ‘ NCSM

= Straightforward to calculate matrix elements of one-body operators

_1 .
(W O )| W;) O,(r < - '
fHZ 7 () = il |O%:B<!04\H 2 () I1B]) One-body operator matrix element
X (Wl (afy s I1W0), ) One-body density

= Inourcase J=1, [|¥;)=|"Hegs0%1)
W) = [PLigs 170)

However, NCSM wave function include spurious center of mass component
and the “one-body” operator depends on coordinates measured from the center of mass
of the nucleus: 7; — 7; — Roum

.

N=0 j

EE 3 Py (Frs Ty oy Fy) =W %OO@CM)}

17



Apply ab initio No-Core Shell Model to calculate the 5Li and ’He wave

functions and the operator matrix elements

= How to do this right?

= Introduce Jacobi coordinates, use transformations of HO wave functions

= Done successfully in the past for radial density

A
pop(;) = 2 5(’7_ ’71)
i=1

NCSM \

PHYSICAL REVIEW C 70, 014317 (2004)

Translationally invariant density

Petr Navratil
Lawrence Livermore National Laboratory, L-414, P.O. Box 808, Livermore, California 94551, USA
(Received 23 May 2004; published 30 July 2004)

PHYSICAL REVIEW C 97, 034619 (2018)

PHYSICAL REVIEW C 99, 024305 (2019)

Nuclear Kinetic density from ab initio theory

Michael Gennari”
University of Waterloo, 200 University Avenue West, Waterloo, Ontario N2L 3G1, Canada
and TRIUMF, 4004 Wesbrook Mall, Vancouver, British Columbia V6T 2A3, Canada

Petr Navritil®
TRIUMEF, 4004 Wesbrook Mall, Vancouver, British Columbia V6T 2A3, Canada

Microscopic optical potentials derived from ab initio translationally invariant
nonlocal one-body densities

Michael Gennari”
University of Waterloo, 200 University Avenue West Waterloo, Ontario N2L 3G1, Canada
and TRIUMF, 4004 Wesbrook Mall, Vancouver, British Columbia V6T 2A3, Canada

Matteo Vorabbi,! Angelo Calci, and Petr Navratil*
TRIUME, 4004 Wesbrook Mall, Vancouver, British Columbia V6T 2A3, Canada

PHYSICAL REVIEW LETTERS 124, 162501 (2020)

Elastic Antiproton-Nucleus Scattering from Chiral Forces

Matteo Vorabbi ,1‘2 Michael Gennari ,2’3 Paolo Finelli ,4 Carlotta Giusti ,5 and Petr Navratil©?

18



PHYSICAL REVIEW C 104, 064322 (2021)

Translationally invariant matrix elements of general one-body operators

Petr Navritil ©*
TRIUMF, 4004 Wesbrook Mall, Vancouver, British Columbia V6T 2A3, Canada

Apply ab initio No-Core Shell Model to calculate the Li and ’He wave

functions and the operator matrix elements ‘ NCSM
= How to do this right?
= Can this be generalized for an arbitrary operator Z O(7; — Rem) ? Yes!
7=1

/ “One-body” operator matrix element

A
A —1 A —
<‘1’f||;0,1( — Rom) || W) = YorEss ||%HB'<|CL||IOJ(—\/A— L/AE)]I[b])

(MJ)|a||b| |8 <\ij|| (a’|]La|a'|5|)JH\Iji>

1

K
(M )n111j1n212j2 nljn’l’ i/

One-body density

— f]jzij/ll (— 1)K+L1+l1+lz+j +J2

N\ L,

Xj’Lljzleljlelj
L 3 Ullt 3 LflJ/ K

(nlOOlINlLlnllll) (n l OOI |N1L1n2121 )

1 1 .
-1 -1
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Apply ab initio No-Core Shell Model to calculate the 5Li and ’He wave

functions and the operator matrix elements
= Matrix elements of the relevant operators
. . 1o N
o, 015) = | 1952 07| - ),

A . = 1 . .
QQMJ (qu) = MJMJ(qu) U(]) ' ij + §EZMJ(q7“j),

A N —_ = 1 —
A, (q75) = My, (gry) - avfj,

A . 11 - . o
S0 (a) = —i [Ev@. < Wy, (qrj>] 505),

= Convergence investigation
= Variation of HO frequency
= hQ =16 - 24 MeV
= Variation of basis size
*  Nmax= 0 - 14 for NNLO,
Nimax= 0 - 12 for NNLOgy

o
N
<
wn

0.270

0.265

[(°Li1*[[Z'(q)[|°He 0*)|?
o
N
2

0.255

0.0008

0.0006

0.0004

0.0002

[(°Li1*[Q'(q)|°He 07)|?

ELSEVIER

Contents lists available at ScienceDirect
Physics Letters B

www.elsevier.com/locate/physletb

Nuclear ab initio calculations of ®He S-decay for beyond the Standard

Model studies

Ayala Glick—l\gagid 3, Christian Forssén*, Daniel Gazda®, Doron Gazit®*, Peter Gysbers de,

Petr Navrtil

0.138

0.136

0.134

0.132

©
[
W
o

0.128

[(°Li1*[|Z"(q)[|°He 0*)|?

0.007

0.006

0.005

[{°Li 1| A(q)||°He 0*)|?

@ nesw

N N LOsat




Apply ab initio No-Core Shell Model to calculate the 5Li and ’He wave

functions and the operator matrix elements

= Matrix elements of the relevant operators
// 1= N .
i 07) = | 29 Mo a7 | -5,

A o . ] 1~ .

foMj (¢75) = My, (q75) 3(5) - Vrg + 2EJMJ(qu)a
AJMJ (qf}) - MJJMJ (qf}) ) aﬁf}w
~ . 1le - . S
S, (a7) = =i [ 195, % Wysan, ar3)] - 70,
: Impact of the CM correction

‘IJfHZOJ

Atqg =0:
No difference for %/,

A
Wi e (W > O (7 — Rom)|[| )

j=1

a, (@r5) X, (ar), and Ay, (gF;)

Change by a factor of ~2 for s, (¢7))
Increasing deviations for all operators with increase of g

o
N
<
wn

0.270

0.265

[(°Li1*[[Z'(q)[|°He 0*)|?
o
N
2

0.255

0.0008

0.0006

0.0004

0.0002

[(°Li1*[IQ'(q)[|°He 0%)|?

ELSEVIER

ilable at ScienceDirect
Physics Letters B

www.elsevier.com/locate/physletb

Nuclear ab initio calculations of ®He S-decay for beyond the Standard

Model studies

Ayala Gli kMagd Christian Forssén ™

Petr Navrétil ¢

*, Daniel Gazda®, Doron Gazit**, Peter Gysbers“'e,

0.138

0.136

0.134

0.132

[(°Li1*]|2"(q)|°He 0*)|
©
[
W
o

0.128

0.007

0.006

0.005

[{°Li 1| A(q)||°He 0*)|?

NCSM

N N LOsat




Physic Lttrs B 832 (2022) 137259
Contents lists available at ScienceDirect
Physics Letters B
www.elsevier.com/locate/physletb

Nuclear ab initio calculations of ®He S-decay for beyond the Standard m
Model studies e

Apply ab initio No-Core Shell Model to calculate the 6Li and ®He wave Ry Dot e e
functions and the operator matrix elements
MY(q) cA(q)
Matrix elements of the relevant operators (WL (@IW)? (VeI == 1w 2 [ iy (VAT
ea 4 x107% (MeV~?) x1078 (MeV~?)
M i A, 5 Y 5 -
=2 8%, @) o> o b —
j=1 Q S e | & o
18 AV NNLOgpt "
__—(EO+AEc) D (qr,)] o’ ]
22m \/@ - AN © -
. * | NNLOsy: . >
Lym, _Z (gA+ )2q) X, @D T Q,J,’\:l’ P W
o 1 || S 1 1
M A e S || ] —===—--
M| __l A 2N 1 Q T T ™ N T T - O T T T
q _J;mN [g"A]Mf @ =5 JMJ(qr])] 0.0 25 5.0 0.0 25 5.0 0.0 25 5.0
. L q (MeV) q (MeV) q (MeV)
= Convergence investigation
= Variation of HO frequency m Impact of the CM correction
= hQ =16 - 24 MeV
= Variation of basis size (Tl ZOJ M) e (T ZOJ — Bew)||W:)
Noax= 0 - 12 for NNLOgy Almost no difference for L%;; and M,

Change of ~40% for C75;,



Overall results for ®He(0* 1) — 6Li(1* 0) +e-+ Vv

Calculations performed in the impulse approximations
Weak magnetism M,V receives two-body current correction of the order the yEFT expansion parameter €EFT

= L4 and C4* two-body current terms are associated with the next order, eéFr‘

The effect of two-body currents on the Gamow-Teller matrix element (q=0) quite small, ~2%

Two-body contribution to the magnetic moment of 8Li negligible, correction to the B(M1; 1*->0%) ~ 10%

|GT(6He)|

2.28

2.26

2.24

2.22

2.20

2.18

2.16

6He beta decay GT half life operator

expt

expt error
NNLOopt
NNLOsat
Theory error

0.0 0.5 1.0 15 2.0 2.5 3.0

electron's kinetic energy [MeV]

Physics Letters B 832 (2022) 137259

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

Nuclear ab initio calculations of ®He B-decay for beyond the Standard )
Model studies S

Avala Glick-Magid ?, Christian Forssén™*, Daniel Gazda®, Doron Gazit®*, Peter Gysbers %-¢,
Petr Navratil ¢

NNLO.

23

0 GT only
¢ GT +2BC

X
X
v |0

°H: —° He:
2 2
6He0 —6 Li;
"Bes —" Lis
2 2
¢ "Bes —7 Lis
2 2

8He0 —)8 Li;

Conservative estimate €grr S 0.15

1OC0 _>10 B1
‘ 0 1400 —)14N1
0.95 1.00 1.05 1.10

|Mg| ratio to experiment

LETTERS

nature
physics

https://doi.org/10.1038/541567-019-0450-7

Discrepancy between experimental and
theoretical $-decay rates resolved from
first principles

P.Gysbers'?, G.Hagen®3**, J.D.Holt®", G.R.Jansen©3*, T.D.Morris**¢, P.Navratil ©', T.Papenbrock ©34,

S.Quaglioni®7, A.Schwenk®1, S, R.Stroberg'""2 and K. A. Wendt’




Overall results for ®He(0* 1) — 6Li(1* 0) +e-+ v

= We find up to 1% correction for the B spectrum and up to
2% correction for the angular correlation

= Propagating nuclear structure and yEFT uncertainties
results in an overall uncertainty of 104

= Comparable to the precision of current experiments

by P =5 =_152(18)-1073

<S§+ﬂ_> — _2.54(68)-1073

Non-zero Fierz interference term due to nuclear
structure corrections

Note that new physics at TeV scale implies
bBSM _ CT+C;" ~ 10~3
Ca _.

Fierz —

Physics Letters B 832 (2022) 137259

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

Nuclear ab initio calculations of ’He B-decay for beyond the Standard )
Model studies —

Avala Glick-Magid ?, Christian Forssén™*, Daniel Gazda®, Doron Gazit®*, Peter Gysbers %-¢,
Petr Navratil¢

1*B~

N
o
L

—
o
1

(a)

————

i - —- Gamow-Teller N

B Nucl. structure error
Total theory error

B spectrum (a.u.)
= O

(%)

—0.330

—0.335

N
1

1.0 1.5 2.0 2.5
electron kinetic energy (MeV)

0:5

3.0
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Unique first-forbidden beta decay
16N(2) — 160(0")

Discovery,
accelerated

2023-05-08




Unique first-forbidden beta decay °N(2-) — 1¢O(0*)

= The unique first-forbidden transition, JA™ =2~ is of
great interest for BSM searches
= Energy spectrum of emitted electrons sensitive to
the symmetries of the weak interaction, gives
constraints both in the case of right and left
couplings of the new beyond standard model
currents

= Ayala Glick-Magid et al., PLB 767 (2017) 285
= Ongoing experiment at SARAF, Israel

7116.85 g3 s

27 T=t “fl3% 0
16
QB_= 10419.0 559 u\b

1.06% o ZITE & & 388719 125 f;
_ i

4.8% . 1:T=0 % /\\\

&
66.2% 3 1=0 y ¢

qj%.
> 6129.89 18.4 ps

28.0%

M Stable



Ordinary muon capture on %O within the NCSM 27

= |nvestigated using three sets of chiral EFT NN+3N interactions:
= NN(N4LO)+3N(N2LO,Inl)

16 + - 16 —
Entem, Machleidt, Nosyk, Phys. Rev. C 96, 024004 (2017) (NN) O0g) + 17 = PN(2g) + v

Gysbers et al., Nature Phys. 15, 428 (2019) (3N) 90| o | T O
= NN(N4LO)+3N(N4LO,Inl,E7)

Girlanda, Kievsky, Viviani, Phys. Rev. C 84, 014001 (2011) (E7) 51 B
= NN(N3LO)+3N(N2LO,Inl) =

Entem, Machleidt, Phys. Rev. C 68, 041001 (2003) (NN) % ol ; .

Soma, Navratil et al., Phys. Rev. C 101, 014318 (2020) (3N) o

|| —m— NN-NYLO+3N ) Early exps. )
= Results quite encouraging NN-N'LO+3Nj, Kane 1973
—— NN-N3LO* 43Ny,

= NCSM describes well the complex systems 60 and 16N o l—— ‘

0 2 4 6 8 10 12 o
Nmax
Lotta Jokiniemi, PN, Kotila, and Kravvaris, in progress

= — Feasible to apply NCSM to the '°N beta decay



N and 190 energies

= Chiral NN N4LO+3N,, interaction:

= Binding energies underestimated by ~2 MeV
= Excitation energies overestimated by ~1 MeV

'70 I I l 1 I 1 I

16

N

NN N'LO#3N, |

16

O

O W= oMN

Expt

E [MeV]

14

12

10

max

[ 4 O
L NN N LO+3N, Expt -
nl

s e

A + 2

s o—-O—O—2 + 1

n + 37 4

- © o o o + 0 -
[ I NI R L
0 2 4 6 10
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1N(2-) Gamow-Teller transitions to the negative parity excited states of 1°0

= Tests of NCSM wave functions
= B(GT)s overestimated — operator SRG, 2BC need to be included

= Correct hierarchy of transitions

66— NNN'LON,

16 16
N-> 0O & — -0 NNN'LO#N,
I

I l T ©—- -0 NNN'LO®N, 2T T=t “Tl3s .
2 16
15— ©---© NNN'LO_, 7N
N 013_= 10419.0 6&9 b(\t)
1.06% o 21T=0. %Y o >—S8871.9 125 ;s
_0If 4.8% 15T=0 { & G6HE e
= 3 O ’
S - &
M 66.2% - 3:1=0 Y &~ 6129.89 184 ps
0.01F Ry - =
0" T=0 0
0.001— L | l | 28.0% - * Stable
' 0 2 4 6 8 10 160

max



Unique first-forbidden beta decay °N(2-) — 1¢O(0*)

= Basic operator matrix elements
= NN-N3LO+3N;, - Nnax dependence, COM effect

27)?
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Unique first-forbidden beta decay °N(2-) — 1¢O(0*)

= Basic operator matrix elements
= Interaction dependence, COM effect
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. d,
V,q element of CKM matrix Lec = —%(ab g, fL)quSL> the

b,

33

= Precise V4 from superallowed Fermi transitions

9 h7 7T3111(2) Gr = Fermi coupling constant
‘Vud‘ — determined from muon g decay

- GEmict Ft(1 + AY)

—hadronic matrix elements modified by nuclear environment
— Fermi matrix element renormalized by isospin non—conserving forces

B K
G2 Mrol?(1 + A)

ft:ft(l—F(S}z)(l—(S(j—l—(sNS) Ft




Leptonic current

A\é and 5NS NME of charged
/ weak current N
. GF N/ /1
= Tree level beta decay amplitude  M;,ce = —ELAF (p', p)
= Hadronic correction in forward scattering limit
euyakqa

5M = —i\/§GF€2L>‘/ d4q M‘%V 1 V(p, p Q)
(2m)4 M2, — ¢% [(pe — q)2 — m2|q2 L2227

—q q
b > > > oF:

AN a

— —

p p

[6] Seng et al. (2023)



A} and Sy

= Tree level beta decay amplitude My, = —

= Hadronic correction in forward scattering limit

Leptonic current

NME of charged

/ weak current
35

q
5M — ny(Ee)Mtrree v

> o

P
- (E)_eQ/ d'q  ME 1 1 Me(E5Y) - @ Ty q))
T M (2m)t My, — 2 @2+ e (pe — @) + e v f+(0)

[6] Seng et al. (2023)



Nonrelativistic Compton amplitude | NN /

36

jo) 4 lf\l

'Ell Y

ml

= Goal: Non-relativistic currents in momentum space
= Rewrite currents with A-body propagators

= Fourier transform currents into momentum space

= General multipole expansion of currents

My (q) 3:/d37“ M (g, T) p(T) T§11\4(€l) :/dgr —<V ></\/lJJ(CL )) q(ﬂ



Nonrelativistic Compton amplitude | NN /

oy

jo) 4 lf\l

'@ll Y
'@ll Y

= Goal: Non-relativistic currents in momentum space
= Rewrite currents with A-body propagators

= Fourier transform currents into momentum space

= General multipole expansion of currents

37

T3(v,|q]) = 4mﬁ\/]\l iM Z 2J +1) (¥ f\{ T3 G(v + My +ie) T3y + T50 G(v + My + ie) Ty
q

-+ T%mag G(—v + M; + ie) T% + T?(’)el G(—v+ M; + ie)T}r(l)ag} (|cj’|)“1’z>




Nonrelativistic Compton amplitude | ’ /

¢
—> 38
a

= Goal: Non-relativistic currents in momentum space
= Rewrite currents with A-body propagators

= Fourier transform currents into momentum space | anczos continued fraction

= General multipole expansion of currents method to compute nuclear
Green’s functions

v

T3(v,|q|) = 4mi—-+/M;M; Z(ZJ +1) (wf\{T%ag

a J=1 7

+ TG (—v + M, + ie)| TS, + Tﬁgl G(—v + M; + z‘e)T;‘g)ag} (Ig1) ;)

+ T§10|G(u + My + ie) [T "8

V—I—Mf—l—ie)




The v = q, integration performed using Wick rotation  Second 1* below 0" sensitive
_ _ to interaction and N. 39
Residues for 1°C — 19B in NCSM / e

mruv

Poles n=1 n =2 n=3

P_ [MeV] | =1.6572 (J =3) | —0.6974 (J =1) | —0.1861 (J = 1)

Table 1: Pole locations along v axis corresponding to n—th
excited state in T; for 1°C — 19B transition at N,,,,,, = 5.

Re v

= Ground state 3* and low-lying 1% incur
residues after Wick rotation

P = {M, — My — i€}

= Remaining pole in residue terms must also be
treated




Preliminary 6 s result at Ny =3 and N,,,,=5 still being double checked
Feasible to reach N, =11

Towner & Hardy used 6ys=-0.4

40 le-3
lE =1
> 10c 5108 55
3.0 A
w 2.5 1 O —+ RES —_— (o)
2 504 RES = 0.51%
45 2.0 A
51.5— PRELIMINARY
= 1.0 A
0.5 A
0.0} -
-:|:| NN—N4LO(500) + 3Nin

Tmag é T5,e| Tmag I® T5, el Tel ® ;—5, mag T5, maglg ® Tel T5,e| ®I Tmag



2 TRIUMF

41

Isospin symmetry breaking
correction 6¢

Discovery,
accelerated

2023-05-08




The pathway to &

0.20—
0.18f
0.16f

= 8¢ in ab initio NCSM over 20 0.14p

0.12F
years ago .16l

0.08f
0.06F
0.04F

O ¢ [%]

PHYSICAL REVIEW C 66, 024314 (2002)
Ab initio shell model for 4=10 nuclei

E. Caurit:r,1 P. Navratil,”> W. E. Ormand,2 and J. P. Vary3

7 ——hQ=12 MeV
——hQ=13 MeV
——hQ=14 MeV
]l —hQ=15 MeV
-: ——hQ=16 MeV
7 ——hQ=18 MeV

Unstitut de Recherches Subatomiques (IN2P3-CNRS-Universite Louis Pasteur), Batiment 27/1, 67037 Strasbourg Cedex 2, France 0 - 02 -
2Lawrence Livermore National Laboratory, L-414, P.O. Box 808, Livermore, California 94551 5

*Department of Physics and Astronomy, Iowa State University, Ames, Iowa 50011 O ' 00 |

(Received 10 May 2002; published 13 August 2002) 0

HO expansion incompatible with reaction theory
I. Imprecise asymptotics

Il.  missing correlations in excited states

lii. description of scattering not feasible

Combine NCSM with resonating
group method (RGM)

® &
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ADb Initio Calculations of Structure, Scattering, Reactions
Unified approach to bound & continuum states

No-Core Shell Model with Continuum (NCSMC)

S. Baroni, P. Navratil, and S. Quaglioni,
PRL 110, 022505 (2013); PRC 87, 034326 (2013).
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ADb Initio Calculations of Structure, Scattering, Reactions
Unified approach to bound & continuum states

No-Core Shell Model with Continuum (NCSMC)

Static solutions for aggregate system,
describe all nucleons close together

S. Baroni, P. Navratil, and S. Quaglioni,
PRL 110, 022505 (2013); PRC 87, 034326 (2013).
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ADb Initio Calculations of Structure, Scattering, Reactions
Unified approach to bound & continuum states

No-Core Shell Model with Continuum (NCSMC)

Continuous microscopic cluster states,
describe long-range projectile-target

Static solutions for aggregate system,
describe all nucleons close together

S. Baroni, P. Navratil, and S. Quaglioni,
PRL 110, 022505 (2013); PRC 87, 034326 (2013).
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ADb Initio Calculations of Structure, Scattering, Reactions
Unified approach to bound & continuum states

No-Core Shell Model with Continuum (NCSMC)
Unknowns
(A) ‘{ \~ =Y A r
R =Ec/l ‘,)L>+Efdr v, (F) A, ’/?a) ,v>
A v (A—a)

- _J
— Y — Y

Continuous microscopic cluster states,
AE = Nowsl describe long-range projectile-target

Static solutions for aggregate system,
describe all nucleons close together

S. Baroni, P. Navratil, and S. Quaglioni,
PRL 110, 022505 (2013); PRC 87, 034326 (2013).
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Coupled NCSMC equations

HY™ = Eg™

A

NCSM

Py o Ec;L

H RGM

1

r

2t

(A—a)

v

.rﬁ

AHA
()(A a)

°)

‘. )L>+Efdr y (F) A,

(A-a)
(A)ge |4 |8 ,>
5M' < ™M@ (A —‘:)
Lol
NCSM 8 ( @ )
N
r S’AA AA 3'\r.$
ﬁ(a) M@ o

lishing | Royal Swedish Academy of Sciences
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Invited Comment

Unified ab initio approaches to nuclear
structure and reactions

Petr Navratil', Sofia Quaglioni’, Guillaume Hu Pin”,
Carolina Ro > and Angelo Calci

mero-Redondo” an



PHYSICAL REVIEW C 105, 054316 (2022)

| |
6 C I n N ( S M < Ab initio calculation of the B decay from 'Be to a 1’Be + p resonance

M. C. Atkinson®,' P. Navritil®,! G. Hupin®,? K. Kravvaris,’ and S. Quaglioni’

= Compute Fermi matrix element in NCSMC

T+|\IJ.J7TT7;MT7;> R ‘MFF — ‘MFO’2(1 o 50)

= Total isospin operator T, = Tf) + sz) for partitioned system

Mp ~[(AXNpJ (T My, | Ty | AN T, Mo, )|+ (AN Ty Mo, | T Ay | i 75
JeT e M JeT s M
@ T Ay T | AN T T Mo | (@0 | A s T Ay @y 7
NCSM matrix element \

NCSM-Cluster matrix elements




10C structure from chiral EFT NN(N4LO)+3N(N2LO,Inl) interaction (N,,,,, = 9)

‘10C> = Z ca‘lOC, a>NCSM -+ Z/dr VVJFT(T)A,,“QB + D, V>

6.580 29

= Treat as mass partition of proton plus °B
= Use 3/27 and 5/2~ states of °B 522238
= Known bound states captured by NCSMC

4.0060
9
3.3536 o+|  BHPp
State  Encsy (MeV)  E (MeV) Eexo (MeV)
0+ ~3.09 —3.46 —4.006
2+ +0.40 —0.03 —0.652

y
IOC



10C structure from chiral EFT NN(N4LO)+3N(N2LO,Inl) interaction (N,,,,, = 9)

Eigenphase shifts
] °B[3/27,5/27]
6.580 29 1501 7 = 41 omm—mmeee o ———
i 7 T Tm - P
] ; BT T .
: ’l //’ ’,’ —————————
522 538 \Gﬂ " /// /”’ ST T T
e 4
O \,’ II// II
v ] ! 17 ;
40060 = 5QA H /' ]
9 -
3.3536 )|  Btp © ! Y ;
/ s !
0 +-==&=szssscooo=2fo------mmmmmo- I
| 10 e T
~50 w B T
2 4 6 8

0*:1

1OC

Exin (MeV)

50



0B structure from chiral EFT NN(N4LO)+3N(N4LO,Inl) interaction (N4, = 9)
11B) = Z N ol s T R Z / dr v, (r)A, |°Be + p, v) + Z / dr v, (r)A, "B + n, u)
«Q v 7

o o 8889 8894 1/ a

——-0 = Use 3/27 and 5/2~ states of °B and °Be
8.4363 775 21.96 8-(_)71':(1_/4_*:\0) . .
KT\ = Eight of twelve bound states predicted
7,002 6 873 — 1m0-1L¢3+)0
6.560 4 ) S
6.02500.1272L5 ¢ Be+
59195 et P State E (MeV) Eexo (MeV)
[5.1103 53,1639 ilzéf} L " N
44610 2T7A03 N;*(} 3 —5.75 —6.5859
OLi4+cx 3 =571 - 36480 1t —5.33 —5.8676
ot —4.30 —4.8458
2.1543
21343 1+ —4.26 —4.4316
+ — —
_ s 2 2.69 2.9988
e g 2+ ~0.93 ~1.4220
2+ —0.70 —0.6664
10 4+ ~0.19 ~0.5609

&c calculations ongoing ...
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B-delayed proton emission in 1'Be

Physics Letters B 732 (2014) 305-308

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

11Be(Bp), a quasi-free neutron decay?

K. Riisager *, O. Forstner "¢, M.J.G. Borge %-¢, J.A. Briz ¢, M. Carmona-Gallardo ¢,

L.M. Fraile!, H.O.U. Fynbo?, T. Giles?, A. Gottberg®¢, A. Heinz", J.G. Johansen®',

B. Jonson ", J. Kurcewicz ¢, M.V. Lund?, T. Nilsson", G. Nyman", E. Rapisarda¢, P. Steier”,
0. Tengblad ¢, R. Thies", S.R. Winkler"

e Indirectly observed 1Be(5p)1°Be
® Measured an extremely high branching ratio b, = 8.3+ 0.9 x 107°
o Orders of magnitude larger than theoretical predictions (e.g. 3.0 x 1078)
@ Two proposed explanations: D. Baye and E.M. Tursunov, PLB 696, 4, 464-467 (2011)

© The neutron decays to an unobserved p+1°Be resonance in !B
@ There are unobserved dark decay modes
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B-delayed proton emission in 1'Be

Eur. Phys. J. A (2020) 56:100 THE EUROPEAN ()
https://doi.org/10.1140/epja/s10050-020-00110-2 PHYSICAL JOURNAL A S

Regular Article - Experimental Physics

Search for beta-delayed proton emission from !Be

K. Riisager?, M. J. G. Borge*?, J. A. Briz’>, M. Carmona-Gallardo®, O. Forstner’, L. M. Fraile*, H. O. U. Fynbo',
A. Garzon Camacho?, J. G. Johansen!, B. Jonson®, M. V. Lund’, J. Lachner’, M. Madurga?2, S. Merchel’,
E. Nacher?, T. Nilsson®, P. Steier’, O. Tengblad?, V. Vedia*

= New Accelerator Mass Spectrometry experiment that supersedes the 2014 measurement

= Branching ratio b, ~ 2.2 x 10°
= Upper limit, possible contamination by BeH molecular ions
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B-delayed proton emission in 1'Be

PHYSICAL REVIEW LETTERS 123, 082501 (2019)

Editors' Suggestion

Direct Observation of Proton Emission in 'Be

Y. Ayyad,"*" B. Olaizola,” W. Mittig,”* G. Potel,' V. Zelevinsky,"** M. Horoi,” S. Beceiro-Novo,' M. Alcorta,’

C. Andreoiu,6 g B Ahn,7 M. Anholm,3’8 L. Atar,9 A. Babu,3 D. Bazin,z‘“l N. Bemier,‘”(’ S.S. Bhattacharjee,3 M. Bowry.3
R. Caballero-Folch,3 M. Cortesi,2 C. Dalitz,ll E. Dunling,l12 A. B. Garnsworthy,3 M. Holl,>"* B. Kootte,‘l'8
K.G. Leach," J. S. Randhawa,” Y. Saito,”'’ C. Santamaria,”” P. Siunyté,3"6 C.E. Svensson,’

R. Umashankar,3 N. Watwood,2 and D. Yates™'”

e Directly observed the protons from '1Be(3p)!°Be

@ Measured consistent branching ratio b, = 1.3(3) x 107>
o Still orders of magnitude larger than theoretical predictions

@ Predict the proton resonance at 11.425(20) MeV from the proton energy distribution

) ) + +
e Predicted to be either % or %

e Corresponds to excitation energy of 197 keV
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NCSMC extended to describe exotic '"Be fp emission

"Be or "B

e oy y T(r)
Wi = "¢ |AAJ”T)+Z/d . M [ A
A

(J*T)

[(I"Beai " T1) [N { ) )(ST)Ye(f‘lo,l)]

g d(r—rio,1) T

?

rrio,1 n for ""Be or p for "B

)

Including 0*s and 2*, states of °Be

56

Input chiral interaction

NN N4LO(500) + 3N(Inl)

!
Entem-Machleidt-Nosyk 2017

3N N2LO w local/non-local regulator

PHYSICAL REVIEW C 105, 054316 (2022)

1

1t £ 3. 1D
B(GT) = 1|(wz,? | GT | wz,2)

Ab initio calculation of the g decay from 'Be to a '’Be + p resonance

M. C. Atkinson®,' P. Navritil®,! G. Hupin®,? K. Kravvaris,? and S. Quaglioni®
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1"Be and "B nuclear structure results 57
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NCSMC phenomenology

(A) (A) (A) _ (A) - r
HYY - EW v zc" Q,A>+Zfdr y (F) A, (ra)/?a) ,v>
(A)m- \ s.\r.‘ (4), L P
————— > B2 Oy < 8" (A‘:)> Oy < & - ()(A‘:)>

adjustable parameters / H
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1"Be and "B nuclear structure results 59
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1"Be and "B nuclear structure results

= 1B resonances above '°Be+p threshold
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NCSMC extended to describe exotic '"Be fp emission,
supports large branching ratio due to narrow 2" resonance

11Be — (1%Be+p) + S+ V, GT transition p+1°Be Scattering Phase Shifts
350 —
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Ab initio calculation of the g decay from 'Be to a '’Be + p resonance

M. C. Atkinson®,' P. Navritil®,! G. Hupin®,? K. Kravvaris,? and S. Quaglioni®



NCSMC extended to describe exotic '"Be fp emission,
supports large branching ratio due to narrow 2" resonance
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NCSMC extended to describe exotic '"Be fp emission,

supports large branching ratio due to narrow 2" resonance

11Be — (19Be+p) + B+ V, GT transition
250 . T r . .
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Evidence of a Near-Threshold Resonance in 'B Relevant

Observation of a Near-Threshold Proton Resonance in 'B to the f-Delayed Proton Emission of !'Be

E. Lopez-Saavedra®,"” S. Almaraz-Calderon®,"" B. W. Asher,' L. T. Baby®," N. Gerken,' K. Hanselman®," Y. Ayyad
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Ab initio calculation of the 8 decay from 'Be to a °Be + p resonance
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B-delayed proton emission in ""Be

= New FRIB experiment measuring proton emission led by Jason Surbrook reports branching
ratio b, ~ 8(4) x 10-°
= Lower but still consistent with Ayyad TRIUMF experiment

= More experiments planned!

= NCSMC calculations will be extended by including the ’Li+a mass partition
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Conclusions

= We used ab initio nuclear theory and the yEFT framework to analyze the nuclear-structure corrections to 6He [3-decay
observables

= The angular correlation coefficient
= Nuclear structure term with an inverse energy spectral dependence, imitating a Fierz interference term
= We find a non-zero Fierz term comparable to an effect of interference between SM and a TeV-scale BSM currents

= The achieved uncertainty of ~15% is dominated by the neglect of the weak magnetism two-body currents
— the next thing to focus on

= Ab initio investigation of the fist forbidden unique 6N — 160 beta decay ongoing
= Electron spectrum sensitive to BSM physics

= Ab initio calculations of the structure corrections for the extraction of the V4 matrix element from the °C — 9B Fermi transition
under way

= Preliminary result for & s
= The same approach will be applied to O — '“N Fermi transition and possibly also to 8Ne — 8F and 2Mg — 22Na

= Applications of NCSMC to "Be S decay with the proton emission
= Supports large branching ratio due to a narrow 2* resonance
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Applications to 8 decays in p-shell nuclei and beyond 67

= Problem of quenching of the axial-vector coupling constant g, in shell model calculations of GT transitions

1 O REVIEWS OF MODERN PHYSICS, VOLUME 77, APRIL 2005
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The shell model as a unified view of nuclear structure
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Applications to 8 decays in p-shell nuclei and beyond

= Does inclusion of the MEC explain ga quenching?

= In light nuclei correlations present in ab initio (NCSM)
wave functions explain almost all of the quenching
compared to the standard shell model

= MEC inclusion overall improves agreement with
experiment

= The effect of the MEC inclusion is greater in heavier
nuclei

= SRG evolved matrix elements used in coupled-cluster
and IM-SRG calculations (up to 199Sn)

MEC 3N

C3,C4 Cp C1,C3,Cq Cp

nature

phySiCS https:/doi.org/10.1
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Discrepancy between experimental and
theoretical $-decay rates resolved from
first principles

P.Gysbers'?, G.Hagen®3#*, J.D.Holt®", G.R.Jansen®35, T.D.Morris**¢, P.Navratil ®', T.Papenbrock ®34,

S.Quaglioni®7, A.Schwenk®, S.R. Stroberg'™"2 and K. A. Wendt’

Hollow symbols — GT

Filled symbols — GT+MEC

Both Hamiltonian and operators SRG evolved
Hamiltonian and current consistent parameters
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50 year old puzzle of quenched beta decays resolved from first principles
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Ab initio calculations of the 48Ca — 43Ti
neutrinoless double beta decay matrix elements

= Benchmarks for light nuclei: NCSM & Coupled-Cluster
= Both two-neutrino and neutrinoless double beta decay

= Coupled-Cluster ¥Ca — 48Ti results
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