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@ A muon can replace an electron in an
atom, forming a muonic atom

» Eventually bound on the 1s, /, orbit
@ The muon can then be captured by the
nucleus
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« TRIUMF Ordinary Muon Capture (OMC)

@ A muon can replace an electron in an
atom, forming a muonic atom

» Eventually bound on the 1s, /, orbit

@ The muon can then be captured by the p{# _ in
nucleus
po oy XU = v 42, Y(J}rf) W+
Ordinary = non-radiative
w Vi

Radiative muon capture (RMC):
po A XU = v+ 22 YU ) + oy
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Ov 33 Decay vs. Muon Capture
P%V%M
w+

- Vi

IX(JIT) = 5 68X (Tf) + 267

p A X = vt YY)
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n{f v ip p{¢ v in
\V‘;( -
U= 1/}% w+
e
d //\\ u _ v
n{i=>_ =y © w
AX(IT) = 2 8X(I7) + 2 WAL XU = v Y ()

Both involve hadronic current:

o

as — 9a(a*)V*vs — 9r(07)q%vs| ¥

. = . g
3T = ¥[gv(g*)¥* + igm(a?)
2mp
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e
d //\\
nfj=__ =

itp

IX(T) = 2 AXI(TFT) + 2

@ g~ 1/|r; — r3| = 100 — 200 MeV

Decay vs. Muon Capture
p{ﬁv%nf

W+

- Vi

po A5 XIT) = v 24 YT

Both involve hadronic current:

af

. = . g
3T = ¥[gv(g*)¥* + igm(a?)
2mp

as — 9a(a*)V*vs — 9r(07)q%vs| ¥
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e
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IX(T) = 2 AXI(TFT) + 2

@ g~ 1/|r1 —rz2| = 100 — 200 MeV

Decay vs. Muon Capture
p{ﬁv&‘}n

W+

- Vi

po A5 XIT) = v 24 YT
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@ g~ 1/|r1 —rz2| = 100 — 200 MeV
@ Yet hypothetical

Decay vs. Muon Capture
p{ﬁv&‘}n

W+

- Vi
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e
d //\\
nfj=__ =

itp

IX(T) = 2 AXI(TFT) + 2

@ g ~ 1/|r; — r2| = 100 — 200 MeV
@ Yet hypothetical

Decay vs. Muon Capture
p{ﬁv&‘}n

W+

- Vi

po A5 XIT) = v 24 YT

@ g~ my,+ E; — Ef =~ 100 MeV
® Has been measured!

Both involve hadronic current:

af

. = . g
3T = ¥[gv(g*)¥* + igm(a?)
2mp

as — 9a(a*)V*vs — 9r(07)q%vs| ¥
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Muon Capture from No-Core Shell Model
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@ Interaction Hamiltonian — capture rate:

Muon-Capture Theory

1 q 2 y 2
Ji = Jr) = 1-— M~/ (k,u) + My(...) + Ma(...) +gp Mp(...
W (J; 7) 21 ( my-i—AM)q gu lgv Mv (k,u) + g M (-..) + gaMa(...) + gp Mp (...)|
PHYSICAL REVIEW VOLUME 118, NUMBER 2 APRIL 15, 1960

Theory of Allowed and Forbidden Transitions in Muon Capture Reactions*
Masato MoriTa
Columbia University, New Vork, New Fork
AND )

Axmgo Fuyuf
Brookhaven National Laboratory, Upton, Long Island, New Vork

(Received November 9, 1959)
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Muon-Capture Theory
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Theory of Allowed and Forbidden Transitions in Muon Capture Reactions*

Masato MoriTA
Columbia University, New Vork, New Fork

AND

Axmgo Fuyuf
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(Received November 9, 1959)

+ Realistic bound-muon wave functions solved from Dirac equations
+ Translationally invariant nuclear wave functions from no-core shell model
+ Approximate two-body currents via normal-ordering

Discove
accelersg

7/31



& TRIUMF

Bound-Muon Wave Functions

@ Expand the muon wave function in terms of
spherical spinors

_iF, —k
wu(ﬁau; I‘) = ,(’Z)’(J;’“) - |: 7167’/@((:));:““ M:| ’

where k = —j(j +1) +1(l+1) — 1
(k = —1 for the 15, » orbit)

10~3fm /2

(e}

=~

[\

pl = pointlike

fs = finite size nucleus

—120\

5 10 15
r (fm)

LJ, Navratil, Kotila, Kravvaris, work in progress



& TRIUMF

Bound-Muon Wave Functions

@ Expand the muon wave function in terms of
spherical spinors

_iFR(T)X—K)
Yulk, psr =¢£f’“)=[ "} :
ﬂ( ) " GK(T)X/@;L
where k = —j(j +1) +1(l+1) — 1
(k = —1 for the 15, » orbit)
@ Solve the Dirac equations in the Coulomb
potential V' (r):

I 1 +3G 1 =g(mE-E+V(r)F
AF - =LtmE+E-V(r)G_,

10~3fm /2

(e}

=~

[\

%

pl = pointlike

fs = finite size nucleus

_IQC\

5 10 15
r (fm)

LJ, Navratil, Kotila, Kravvaris, work in progress
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Bound-Muon Wave Functions

@ Expand the muon wave function in terms of

Spherical Spinors :)slzz:iitnemskije nucleus
_iFFL(T)X—n
Yu(k, T =w<“>=[ "} : ‘ ‘ ‘
u( ) K4 GK(T)Xnu ~— 120
N 6 B N
where k = —j(j +1) +1(l+1) — 1 ?
(r = —1for the 15, - orbit) £ 4f —
@ Solve the Dirac equations in the Coulomb <'3 o _-g—_lliig
potential V' (r): R )
3
%G71 + %G,;l = hic(mc2 —E+4+V(r)F_, 0 5 10 15 20 ;
AP -1F = LmE+E-V ()G r (fm) o
n O
= O
= (JflI i, G-1(r:) Os(gs, 7, o)1) o8
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Ab initio No-Core Shell Model (NCSM)

B. R. Barrett, P. Navratil, J. P. Vary, Progr. Part. Nucl. Phys. 69, 131 (2013)

@ Solve nuclear many-body problem

H(A)\P(A)(rl,rg, ey Th) = E(A)\IJ(A)(rl,rg, )

6—8
2—-2

E=(n+1+3Ha

Figure courtesy of P. Navratil
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Ab initio No-Core Shell Model (NCSM)

B. R. Barrett, P. Navratil, J. P. Vary, Progr. Part. Nucl. Phys. 69, 131 (2013)

@ Solve nuclear many-body problem
H(A)\P(A)(rl,rg, ey Th) = E(A)\I'(A)(rl,rg,...,rA)

@ Nuclear forces from yEFT

HW = Z pz + Z Vzb(rz _rg)+ Z zjk

1<j=1 i<j<k=1

6—8
2—-2

E=(n+1+3Ha

Figure courtesy of P. Navratil
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Ab initio No-Core Shell Model (NCSM)

B. R. Barrett, P. Navratil, J. P. Vary, Progr. Part. Nucl. Phys. 69, 131 (2013)

@ Solve nuclear many-body problem
H(A)\P(A)(rl,rg, ey Th) = E(A)\IJ(A)(rl,rg, )
@ Nuclear forces from yEFT
H z oS vree Y v
i<j=1 i<j<k=1

@ A-nucleon wave functions expanded in harmonic
oscillator (HO) basis

Nmax

s \I/(A) = Z ZCN]‘(I)%(J-)(I‘LI‘Q,...,I‘A)

N=0 j

6—8
2—-2

E=(2n+1+3HQ

Figure courtesy of P. Navratil

AL = NpaxhQ)

o
!
N
o

accelerated

Discovery,

©
~
w
=



& TRIUMF

Ab initio No-Core Shell Model (NCSM)

B. R. Barrett, P. Navratil, J. P. Vary, Progr. Part. Nucl. Phys. 69, 131 (2013)

@ Solve nuclear many-body problem
H(A)\P(A)(rl,rg, ey Th) = E(A)\IJ(A)(rl,rg, )
@ Nuclear forces from yEFT
H z oS vree Y v
i<j=1 i<j<k=1

@ A-nucleon wave functions expanded in harmonic
oscillator (HO) basis

I‘ﬂdX

s g — Z ZCN]q)NJ ri,r2,...,TA)

N=0 j

6—8
2—-2

E=(2n+1+3HQ
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@ Operators depend on coordinates rs and ps w.r.t.
the center of mass (CM) of the HO potential

Translationally Invariant Operators

6Li(l;;) +pu = 6He(Ogs) + v

T T T T
—&— Transl. inv.

N - @ Standard
Al J
=
5
=
E]
3
st 1
~
0ot ;
0 2 4 6 8 10 12
Ninax
160(0:{5) +um = 1“1\'(2g’5) + v
20 T —&— Transl. inv.
<& Standard
_15f 1
=
3
: -
= |
£
~
il ]
ol— : ‘
0 2 4 6 8
Nmax

LJ, Navratil, Kotila and Kravvaris, in progress
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@ Operators depend on coordinates rs and ps w.r.t.

the center of mass (CM) of the HO potential

@ We remove CM contamination as:
Navratil, Phys. Rev. C 104, 064322 (2021)

A
(sl ZOS(rS — Raow, ps — P)I|W))

- ’|O(Fss V) )

o -1
O g (U g9
where
Ss = — A/(A - 1)(rs_RCM) ;) g = — A/(A - 1)(ps_P)

Translationally Invariant Operators

SLi(15) + = — °He(04,) + vy

! ! ! " —m— Transl. inv.
- @ Standard
92 il
=z
o
=]
=
T
z1F .
=
—#— NN-N*LO+3N
ol ! I !
0 2 4 6 8 10 12
Nunax
16O(O;’S) FuT = ll‘1\'(2g’5) + v
20 -
—~ 151 i
=
”2 -
T 101 B
=
~
51 i
—@— NN-N'LO+3N,,,
0 ! ! I
0 2 4 6 8
Numax

LJ, Navratil, Kotila and Kravvaris, in progress
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@ Operators depend on coordinates rs and ps w.r.t.

the center of mass (CM) of the HO potential

@ We remove CM contamination as:
Navratil, Phys. Rev. C 104, 064322 (2021)

A
(sl ZOS(rS — Raow, ps — P)I|W))

- ’||O(Fss V) )

s — —1
X (M), g (Prlladaplul )
where
Ss = — A/(A - 1)(rs_RCM) ;) g = — A/(A - 1)(ps_P)

Translationally Invariant Operators

SLi(15) + = — °He(04,) + vy

! ! ! " —m— Transl. inv.
- @ Standard
2l il
2 . '
2 ~ 4% increase
3 1k 5
=
—#— NN-N*LO+3N
0 I I
0 2 4 6 8 10 12
Nunax
16O(O;’S) FuT = 1“1\'(2;5) + v
20
—~ 151 i
=
o
) .
T 101 B
=
o
50 i
—@— NN-N'LO+3N,,,
I I I
0 0 2 4 6 8
Ninax
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@ Operators depend on coordinates rs and ps w.r.t.

the center of mass (CM) of the HO potential

@ We remove CM contamination as:
Navratil, Phys. Rev. C 104, 064322 (2021)

A
(sl ZOS(rS — Raow, ps — P)I|W))

- ’||O(Fss V) )

s — —1
X (M), g (Prlladaplul )
where
Ss = — A/(A - 1)(rs_RCM) ;) g = — A/(A - 1)(ps_P)

Translationally Invariant Operators

SLi(15) + = — °He(04,) + vy

T T T " Transl. inv.
- @ Standard
Al d
z i '
2 ~ 4% increase
st 1
~
. .
0 0 B 1 6 8 10 12
Nina
180(05) + 1~ — 'SN(25) + v
20 T —&— Transl. inv.
& Standard
_15f 1
z ' i
> ey
g 10+ ~ 2% INncrease 1
o
Al |
L L L
0 — 2 n 6 8
Ninax
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@ One-body currents

_ gp(q?)
J?,lb =T (QA(qz)Ui - —2mN q- U’i)

+ two-body currents

saf’(q?)
q2

(a- Uz‘)Q]

I, = gat; [5a(q2)0i +

Hoferichter, Klos, Schwenk Phys. Lett. B 746, 410 (2015)
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@ One-body currents

_ gp(q?)
J?,lb =T (QA(qz)Uz‘ - —2mN q- Ui)

+ two-body currents

Jgff 5aP(q2)
2
q

i2b = AT, [5a(q2)ai + (a- O'i)Q]

Hoferichter, Klos, Schwenk Phys. Lett. B 746, 410 (2015)

@ Two-body currents approximated by

9a(q?,2b) = ga(q®) + gada(q?),
gp(g%,2b) = gp(q?) — 22925F (g?)

Axial-Vector Two-Body Currents (2BCs)

L L L L L
0 200 400 0 200

q(MeV) q(MeV)

LJ, Navratil, Kotila, Kravvaris, work in progress

2 Discovery,
= accelerated



& TRIUMF

Dependency on
the Harmonic-Oscillator Frequency

Nm‘}x

s \I[(A) = Z ZCN](I)NJ (rlarQa X A)

N=0 j

@ The expansion depends on the HO
frequency because of the N,.«
truncation

8 Discovery,
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Dependency on

the Harmonic-Oscillator Frequency

Nmax

s g4 — Z Zch<1>1]{,§?(r1,r2,...,rA)

N=0 j

@ The expansion depends on the HO
frequency because of the N,.«
truncation

» Increasing N,,.x leads towards
convergenced results

Eye (MeV)

—10

—15

—20

—25

-30

Ground-state energy of °Li

L | 'aan Exp.

B | @ Npax =0
o - B Numax =2
| -®- Nmax =4
—#— Npax =6
= NN-N*LO+3N},| | —8— Nonax =8

—— Npax = 10

| Noax =12

B Nmax =14
-~ Extrap.

LJ, Navratil, Kotila, Kravvaris, work in progress
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Harmonic-Oscillator Frequency

Dependence of Muon Capture
PC(0g) + 1~ = PB(1L) + vy

SLi(1L) +p~ — SHe(0F) + vy

Measday 2001 Abe 2016 I
< Nmax =0 = M- Nmax =2
20 (|- m- Niax =4  —@ Nuax =6

—— Nmax =8

z Q i
E Ei
T NN-N4LO+3N;,, T
= 10 | 15 N
ot ~
Deutsch1968 -- B Npax = 0
-B- Nmax =2 - B Noax =4
0.5} B Nuax =6 —B— Nuax = 8 |
—8— Nmax = 10 —— Npax = 12
B Npa = 14 NN-NLO+3Nj,,
O T T T T | | | | |
12 14 16 18 20 22 0 14 16 18 20 22
QY (MeV) QY (MeV)

LJ, Navratil, Kotila and Kravvaris, in progress
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Harmonic-Oscillator Frequency

Dependence of Muon Capture

SLi(15) 4+ = — ®He(0k) + v, PC(0g) +um = PB(L) + v

2.5 T T
‘ Abe 2016

Measday 2001
—B— hQ = 14 MeV —@— hQ = 16 MeV
20 —#— hQ = 18 MeV —@— hQ = 20 MeV ||

—— h§) = 22 MeV

NN-N4LO+3N;,,

15 N

10,'\'\.\_\-,

Rate(103/s)
Rate(103/s)

Deutsch1968 —@— hQ) = 12 MeV a8
0.5 @ hQ = 14 MeV —m— hQ = 16 MeV B 51 ;7i N

—m— hQ = 18 MeV —— hQ = 20 MeV .
—m— hQ = 22 MeV NN-N*LO+3Nj,
T T T T T T T | | | | | | |
0 0 2 4 6 8 10 12 14 16 0 0 2 4 6 8
Nrnax Nrnax

LJ, Navrétil, Kotila and Kravvaris, in progress
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Results
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Results
Muon capture on Li

Outline
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EX (MGV)

=N

W = Tt O 3

Energy spectrum of °Li

61i spectrum

0RQY 2RO 4RQ 6RQ 8hQ 10RQ 12RQ Exp.

LJ, Navratil, Kotila, Kravvaris, in preparation
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@ NCSM slightly underestimating
experiment

Rate(103/s)

1.5

0.5 |

Capture Rates to the Ground State of °He

SLi(1L) +p~ — SHe(0F) + vy

Deutsch1968
—#— NN-N*LO+3Njy,;
—#— NN-N*LO+3Nj,;

—— 1b

—8— NN-N°LO+3Npy,;

-4- 1b + 2b

0 2 4 6 8 10 12 14
Nmax

LJ, Navratil, Kotila, Kravvaris, in preparation
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@ NCSM slightly underestimating
experiment

@ The results are consistent with the
variational (VMC) and Green’s function
Monte-Carlo (GFMC) calculations

King et al., Phys. Rev. C 105, L042501 (2022)

Rate(103/s)

1.5

0.5 |

Capture Rates to the Ground State of °He

SLi(1F) 4+ = — ®He(0%) + v,

—#— NN-N*LO+3Ny
—#— NN-N*LO+3Nj,,
—8— NN-N°LO+3Nyp
A VMC(Ia, Ia¥*)
A  GFMC(Ia, Ia*)

Deutsch1968

T
—&— 1b i
-4A- 1b +2b

G. King et al.,
Phys. Rev. C 105,
L042501 (2022) |

0

2 4

Nrnax

6 8

10 12 14

LJ, Navratil, Kotila, Kravvaris, in preparation
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@ NCSM slightly underestimating
experiment

@ The results are consistent with the
variational (VMC) and Green’s function
Monte-Carlo (GFMC) calculations
King et al., Phys. Rev. C 105, L042501 (2022)

» Slow convergence likely due to
cluster-structure

Rate(103/s)

1.5

0.5 |

Capture Rates to the Ground State of °He

SLi(1F) 4+ = — ®He(0%) + v,

T T T T
—&— 1b

-A- 1b + 2b |

—#— NN-N*LO+3Ny

—8— NN-N°LO+3Nyp
A VMC(Ia, Ia¥*)
A  GFMC(Ia, Ia*)

Deutsch1968

G. King et al.,
—#— NN-N*LO+3Nj, Phys. Rev. C 105, |

L042501 (2022)

0

2 4 6 8 10 12 14
Nrﬂax
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@ NCSM slightly underestimating
experiment

@ The results are consistent with the
variational (VMC) and Green’s function
Monte-Carlo (GFMC) calculations
King et al., Phys. Rev. C 105, L042501 (2022)

» Slow convergence likely due to
cluster-structure

» NCSM with continuum (NCSMC) might
give better results?

Rate(103/s)

1.5

0.5 |

Capture Rates to the Ground State of °He

SLi(1F) 4+ = — ®He(0%) + v,

T T T T
—&— 1b

-A- 1b + 2b |

—#— NN-N*LO+3Ny

—8— NN-N°LO+3Nyp
A VMC(Ia, Ia¥*)
A  GFMC(Ia, Ia*)

Deutsch1968

G. King et al.,
—#— NN-N*LO+3Nj, Phys. Rev. C 105, |

L042501 (2022)

0

2 4 6 8 10 12 14
Nmax

LJ, Navratil, Kotila, Kravvaris, in preparation
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Correlations with Other Observables

A
: 3.563
0;;135078 0+i1
SHe
= HeCap- | o (M)
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Correlations with Other Observables
GT 3 decay:
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Womc(1/s)
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GT 3 decay:
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Muon capture on 2C

Outline

g Discovery,
= accelerated



9
~

TRIUMF

12(C spectrum
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@ Significant interaction dependence

Capture Rates to the Ground State of 2B

2C(04) + = — B(1L) + v
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@ Significant interaction dependence
» The NN-N*LO+3N; ; interaction with
the additional spin-orbit term most
consistent with experiment

Rate(103/s)

Capture Rates to the Ground State of 2B

2C(0L) + 1~ — PB(1Y) + v

*

—&— 1b
-HE- 1b + 2b

Hayes et
PRL 91,

NN(CD-Bonn)

al.
012502 (2003)
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@ Significant interaction dependence
» The NN-N*LO+3N; ; interaction with
the additional spin-orbit term most
consistent with experiment
@ The results can be compared against
earlier NCSM calculations with
phenomenological interactions
Hayes et al., Phys. Rev. Lett. 91, 012502 (2003)

Rate(10%/s)

Capture Rates to the Ground State of 2B

2C(0L) + 1~ — PB(1Y) + v

*

NN(CD-Bonn)
Hayes et al.
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@ Significant interaction dependence
» The NN-N*LO+3N; ; interaction with
the additional spin-orbit term most
consistent with experiment
@ The results can be compared against
earlier NCSM calculations with
phenomenological interactions
Hayes et al., Phys. Rev. Lett. 91, 012502 (2003)

@ 3-body forces essential to reproduce the
measured rate

Rate(10%/s)

Capture Rates to the Ground State of 2B

2C(0L) + 1~ — PB(1Y) + v

*

NN(CD-Bonn)
Hayes et al.
& 1b PRL 91, 012502 (2003)

-HE- 1b + 2b
L | | |

0 2 4 6

LJ, Navrétil, Kotila, Kravvaris, in preparation
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Correlations with Other Observables
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GT 3 decay:

Correlations with Other Observables
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WOMc(l()s/S)
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GT 3 decay:
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Capture Rates to Low-Lying States in °N
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@ Rates obtained summing over ~ 50
final states of each parity

> Womce (10%/s)

Total Muon-Capture Rates in 2B and '°N

po + PC(0L) — v + B(JF)

E(MeV)
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@ Rates obtained summing over ~ 50
final states of each parity

@ Summing up the rates up to ~ 20
MeV, we capture ~ 85% of the
total rate in both 2B and '°N

> Womce (10%/s)

Total Muon-Capture Rates in 2B and '°N

po + PC(0L) — v + B(JF)

E(MeV)
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@ Rates obtained summing over ~ 50
final states of each parity

@ Summing up the rates up to ~ 20
MeV, we capture ~ 85% of the
total rate in both 2B and 15N

@ Better estimation with the Lanczos
strength function method ongoing
(see poster by D. Araujo)

> Womce (10%/s)

Total Muon-Capture Rates in 2B and '°N

po + PC(0L) — v + B(JF)

E(MeV)
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Summary

@ Ab initio muon-capture studies could shed light on nuclear electroweak currents at
finite momentum exchange regime
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Summary

@ Ab initio muon-capture studies could shed light on nuclear electroweak currents at
finite momentum exchange regime

@ No-core shell-model describes well partial muon-capture rates in light nuclei °He, 2B
and 15N
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Summary

@ Ab initio muon-capture studies could shed light on nuclear electroweak currents at
finite momentum exchange regime

@ No-core shell-model describes well partial muon-capture rates in light nuclei °He, 2B
and 15N

@ Calculation of total capture rates currently in progress in NCSM
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@ Rates written in terms of reduced one-body matrix elements:

(\I/fH Z Okwum(rsvps)||\lli) =

A

s=1

OMC operators

1 A
T Z(nHOkwuz(rm ps)Hp)(\I}fH[ajzdp]un“Iji)
V2u+1 o

NME Okuwuz (Tss Ps)

MOwu]  Gul(ard)Go1(r) Vot ™ (£5)uu

Mlwu]  Gulqrd) G- (ro) Vist M (Es, 05

MOwu]  [julgrs)G-i(rs) F mmqrs)d;% Vot M (F )G
MLwus]  [fulgr)Go1(rs) F Ljur1(qr) fGoa(r) Vi (b, o)
MOwup]  ijulgrd)Goi(rs) Vo (F)os psawu

M[MUUP] ZJw(qu)G—l(TS)y%u_Mi(f'SvpS)

Morita, Fujii, Phys. Rev. 118, 606 (1960)
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@ Rates written in terms of reduced one-body matrix elements:

(\I/fH Z Okwum(rsvps)||\lli) =

A

s=1

OMC operators

1 A
T Z(nHOkwuz(r57 ps)Hp)(\I}fH[ajzap]un‘Iii)
V2u+1 o

NME Okwuz(Ts: Ps)

MOwal  Julars) G (o) Vg, " (5)un

Mlwu]  Gulard) G (ro) Vit M (55, o)

MOwut]  [ju(grs)G1(rs) F ]w¥1(q78)di (Té)]yOwu ( s) 0w
MAwut]  [ulars) G 1) F Ljwri(ars) 22 G 1m0Vl " (Fs, 05)
MOwup] ijulgrs) G (r) Yok M (Es)as - ps5wu

MLwup]  iju(qra)Go () Vi, " (e pa)

Morita, Fujii, Phys. Rev. 118, 606 (1960)
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« U Axial-Vector Two-Body Currents (2BCs)

@ One-body (1b) axial-vector currents given by

3
Ti gp
3, =" o, ——q-0;
’L,lb 2 (gA (2 Qqu Z) )

where gp = (2mnq/(¢* + m2))ga
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« TRIUMF Axial-Vector Two-Body Currents (2BCs)

@ One-body (1b) axial-vector currents given by

3
Ti gp
JB,=-"L o, — ——q-0o;
’L,lb 2 (gA (2 2qu Z) )

where gp = (2mnq/(¢* + m2))ga

@ Additional pion-exchange, pion-pole, and contact two-body (2b) currents
Hoferichter, Klos, Schwenk Phys. Lett. B 746, 410 (2015)

3 __ 9A 3 q c6 .p1+Dpj] o2-ke
Jis = — == [r1 X 72] [04(1— q.) (01><k2)+z(0'1><q)+z ]M£+l~c§

Y Q@ + Mx dmn

ga 3[ 1 q )k 2 a ]02~k2
- = -——q + 21 M
F2 63( @+ M )T ez Mz

3 a 3 a
—dy7i <1— q2+M,2rq') o1+ (1 2) —da(r1 X 12)°(01 X 02) (1 — -qq2 +M72r>

where k; = p, — p; andq = —k; — ko
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Axial-Vector Two-Body Currents (2BCs)
@ Approximate 2BCs by normal-ordering w.r.t. spin-isospin—symmetric reference state
with p = 2k3 /(372):
Hoferichter, Menéndez, Schwenk, Phys. Rev. D 102,074018 (2020)
355 =D (1 - Py},
J
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Axial-Vector Two-Body Currents (2BCs)
@ Approximate 2BCs by normal-ordering w.r.t. spin-isospin—symmetric reference state
with p = 2k3 /(372):
Hoferichter, Menéndez, Schwenk, Phys. Rev. D 102,074018 (2020)
I8, =) (1 - Py)T;
J

3 5 P2
fF 7 2 a” (q°)
— | Jiap = gA—2z [5a(q o + —q2 (q-oi)al |,
where
9 p [ea o - 1 1 - c6 ¢p }
a(a®) == L5 | 2B (0, a) — 1T (o, Jal)] = 5 (€3 — —— ) 1T (pslal) = T2 Lo (p, lal) — :
da(a”) 72 { 5 B3 (@) = 1T (p, lal)] — 3 (C3 4mN) 1 (plal) = 5 1es(p:al) Tgaiy _g
[~
)
2 ~2 2
P2 P mzq 1 1 P 6 2 cimz ) oL
=2 -2 —20)—""—=+ = -—)I —(=£-= Ies(p, >
bq (a%) F,%[ (es Cl)(m%+q2)2 + 3(03 +ca 4mN) (p,1al) (12 3m2 + g2 6(p,1al) 8 g
2 2
q C3 0 P C4 oo P o CD q n
— = = —3J — T
e ( 3 UT (e lal) + 17 (ps [a)] + [T (s al) + 17 (e, lal) — 315 (e, \ql)]) dgahy m2 @2§
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Translationally invariant wave function

@ We are not interested in the motion of the center of mass (CM) of the HO potential
but only the intrinsic motion
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Translationally invariant wave function

@ We are not interested in the motion of the center of mass (CM) of the HO potential
but only the intrinsic motion
@ Translationally invariant wave functions can be achieved in two ways:
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Translationally invariant wave function

@ We are not interested in the motion of the center of mass (CM) of the HO potential
but only the intrinsic motion
@ Translationally invariant wave functions can be achieved in two ways:
> Working with A — 1 Jacobi coordinates &, = —/A/(A — 1)(rs — Rcwm):

Nmax

O v = > D eni®i0E 6, 8am0)

N=0 1
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Translationally invariant wave function

@ We are not interested in the motion of the center of mass (CM) of the HO potential

but only the intrinsic motion

@ Translationally invariant wave functions can be achieved in two ways:

» Working with A — 1 Jacobi coordinates &, = —/A/(A — 1)(rs — Rom):
anax
S \I/A Z ZCNl(I)NZ 517527' 7€A 1)
N=0 1

» Working with A single-particle coordinates and separating the center-of-mass motion:

Nmax

N=0 1

a \IJSD = Z ZC q)SD Nj 1‘1,1'2,...,1‘,4) = \I/A\I/CM(RCM)
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Two-Body Currents

@ Fermi-gas density p adjusted so that 04f
3,(0) reproduces the effect of exact 0.2]
two-body currents in ) s
P. Gysbers et al., Nature Phys. 15, 428 (2019) 02 é ----------
—04 ; ....... 140
0 ‘ ‘2(‘)0‘ ‘4(‘)[) 0 ‘2(‘)0‘ 400

q(MeV) a(MeV)
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@ Fermi-gas density p adjusted so that
9,(0) reproduces the effect of exact
two-body currents in
P. Gysbers et al., Nature Phys. 15, 428 (2019)

@ Two-body currents typically reduce the
OMC rates by ~ 1 — 2% in 6Li and by
< 10% in 2C and 10

Two-Body Currents

0.4

TNSLO | | NULO |mmm 6, ()

L T | |
200 400 0 200 400

q(MeV) q(MeV)

LJ, Navratil, Kotila and Kravvaris,
in preparation
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