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V,q element of CKM matrix
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Fig. 1. A combined plot of |V, 4| from superallowed decays (red band), |Vis| from K,z (blue
band), |Vis/Vya| from K2 /7,2 (green band) and the SM unitarity requirement (black line).
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V,q element of CKM matrix Loe = -%@, g, fL)quu@sL> +he

= Precise V4 from super-allowed Fermi transitions [1-2]

7 3
h n 111(2) Gr = Fermi coupling constant
O | V determined from muon g decay
GErmac® Ft(1 + A})

|Vud’2 —

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

Ft= ft(1+0%)(1 —d0c + Ong)

= Dispersion integral approach gives (2 — 3)o discrepancy [3-4] [1] C. Y. Seng (2022)
[2] P.A. Zyla et al. (2020)
[3] C. Y. Seng et al. (2018)
[4] Gorchtein et al. (2019)




Corrections to Fermi transitions

Ft= ft(l+ (53%)(1 —dc + Ons)

Historical treatment (Hardy and Towner)

= dys from shell model and approximate single-nucleon currents
= §¢ from shell model with Woods-Saxon potential
= Dominant approach for three decades [5]

Evaluate SM corrections with ab initio NCSM
10C — 10B

[5] Hardy et al. (2020)



v Lepton spinor
AR and 6NS NME of charged

/ weak current

= Tree level beta decay amplitude  M;,ce = ——LAFA(P’aP)

= Hadronic correction in forward scattering limit
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Calculating T5 in the NCSM for 1°C - 19B

1) FT currents into momentum space Ve —»
2) Multipole expansion
3) General electroweak basis of operators [6]

2y

T3(q0, Q%) = —47T1'%0\/M¢Mf Z(QJ +1)
J=1
< (AN Je M| | T (q) G(My + qo + i€) Ty (q) + T56(q) G(My + go + i€) T35 (q)

+ 155" (q) G(M; — qo + ie) T50(q) + T3 () G(M; — qo + i€) T3 (q) |AN; J; M)

[6] Haxton et al. (2008)



Calculating T5 in the NCSM for 1°C - 19B

1) FT currents into momentum space

2) Multipole expansion

3) General electroweak basis of operators [6]

Ty(q0. Q%) = _4m%°\/MiMf S (@27+1)
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[6] Haxton et al. (2008)



Lanczos continued fraction method

= Reformulate as inhomogeneous Schrodinger equation [7]

(H — E1)|®) = O

Hv,
Hv,
Hv,

Hvl = oV, + ﬁlVZ

PV, + 0V, + BV,
Pov, +a, vy + BV,

ﬁ3V3 TV, T ﬁ4vs

v)

= Resolvent becomes sum over
Lanczos vectors with continued
fraction coefficients [8]

= Avoids brute force calculation of
Intermediate states

[7] Marchisio et al. (2003)
[8] Haydock (1974)
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Integrating T in the NCSM for °C — 10B

10

= T; contains poles in deformed contour!

= Ground state 3* and low-lying 17 have
residues after Wick rotation

= Remaining poles in residue terms must
also be treated

Re v
Poles n=1 n =2 n=3 n=4
P_ [MeV] | —0.048 0.0187 9.148 10.712
Py [MeV] | —8.9346 | —10.975 | —18.965 | —22.354

Table 1. Pole locations along v axis corresponding to the
n—th excited 1% state in T; amplitude for 1°C — 19B Fermi

transition at N,,,,,, = 2.




Integral of NME

le—4

[4.87 x 10—4] NN—N*LO(500) + 3N
Nmax =2

[3.01 x 10—4]




Conclusions

12

= Goal: consistent nuclear theory corrections to Fermi transitions
= NCSM calculations of 65 underway
= NCSMC calculations for 6. ongoing (with Mack Atkinson)

Outlook
= Residue contributions to yW—-box

= Tackle large number of many-body calculations with realistic N,,,,,
= Improve limited uncertainty quantification
= 140 — 14N transition

[17] Atkinson et al. (2022)
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Symmetry tests of nuclear T;

Nuclel Nucleons

0 0
T (=, Q*) = -T3" (v, Q?) " (v, Q%) = —T3" (v, Q%)
T (—0, Q) = - TV (v, Q%) = TSV (v, @?)

= Symmetries of T; different in nuclel

= Currents can couple to
—T =1 — even with respect to v
—T = 2 — odd with respect to v

16

Pions

T (—v, Q) = -7V (v, Q%)
T (v, Q2) = 0

= Important since previously assumed nuclear T; had same symmetries as

nucleonic system



Lanczos continued fractions method
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= Reformulate as inhomogeneous Schrodinger equation [13]

(H — ET)

Hvl =04V, + ﬁlvz
HV2 = ﬂ1v1 T O,V, + ﬁ2V3

Hv, = P,V, +av, + bV,

Hv, = ASRKAIRS AL

Choose specific starting vector

o) = 1)

e

(v

)

[13] Marchisio et al. (2003)
[14] Haydock (1974)



[8] Barrett et al. (2013) [11] Entem et al. (2017)
[9] Weinberg (1991) [12] Soma et al. (2020)

No—core shell model (NCSM) [10] Epefbaum (2009)
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= Ab initio approach to many—body Schrodinger equation for bound states and
narrow resonances [8]

= Nuclear interactions sole input [9-10] Anti-symmetrized products of
many-body HO states

HOA Ty = BT |0y N =Ny 1)
maa: - N=1
UA T =) ) N |® N=
N=0 «
— Two body: NN-N4LO(500) [11] Accessible transitions

— Three body: 3N, [12] 10C - 1B and 4O - N
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