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@ ab initio calculations from first principles

— consistent treatment of electromagnetic observables

— neglected contributions
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Importance-Truncated No-Core Shell Model (IT-NCSM)
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@ initial Hamiltonian induces short-range correlations
o idea: prediagonalization of H

— decoupling of high- and low-energy physics

— accelerate convergence

Continuous unitary transformation and flow equation

d
H, = U HoU, = —H, = [n,,Hd]
da

with initial conditions H,—c=H
U, 0=1

@ antihermitian generator 1, = mﬁl [Trel, Hal
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SRG for arbitrary operators

o evolved eigenstates of Hamiltonian |iq) = U] 1))

@ expectation value of operator with eigenstates |¢)

(W] O) = (1| U, Uf,0U, UL, [0)
e s
(Yol 0. [%a)

Differential equation

d
- Ua - _Ua
dor N

@ so far: bare operator with evolved eigenstates
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@ solve time-independent many-body Schrédinger equation

H W)) = Em |¢>

@ model space is spanned by Slater
determinants of single-particle HO
states |®,)

@ truncation via unperturbed
excitation energy Npmaxh£2

@ convergence with increasing Npax Qoeesenceced

@ as result obtain energies and
eigenstates |(M) =3 cim |®,)

[S. Schulz, modified]

o limited by model space size
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Importance Truncated No-Core Shell Model (IT-NCSM)

starting point: approximation of target state

W) = Sem, C0, )

importance measure from 1st order perturbation theory

o(m) (M)
v - €v —€ref

IT-model space is spanned by basis states |®,) with
‘HV| > Kmin

Kmin 1S importance threshold

solve EV problem in new model space
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Magnetic Dipole Moment

@ interaction between external field and nucleus

@ caused by orbital motion of protons and spins of nucleons

Magnetic dipole operator

A
Mio = \/%NN > {gesz(i) + (1) (1) + gasz(Ma ()]
i=1

@ magnetic moments are defined as expectation values of Mg

Magnetic dipole moment

(4
= ?<J7MJ:J‘M10’J7MJ:J>
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@ contribution of chiral currents: [s. pastore et al., Phys.Rev.C87, 035503(2013)]
— to magnetic-dipole moment: weak

— to transition strength: not negligible
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@ description of strong correlation by rotor model

@ contributions from consistent SRG are small

12/18



M1 Observables of Light Nuclei

Results
©000

Magnetic Dipole Moments of Light Nuclei

4 [uw)

4 T T T T
+e
3+ <o
Li w
B
2,
o -. 8Be
1f .';’. i e Him
8B
ok
b Be 4
da ¥
‘Be
2 ! L L L ! 1
2 3 4 5

IT-NCSM
NN-3N¢yi
EM-+500

hw 16 MeV
(open) 0.04fm*
(filled)  0.08 fm*

B bare
I SRG evolved
B cxperiment

13/18



Results
©000

M1 Observables of Light Nuclei

Magnetic Dipole Moments of Light Nuclei

4 T T T T T
T T T T T
3b & ]
Li w 1.1r a b
B
2r . ] IT-NCSM
A NN-+ 3Ny,
= oL @ *Be B Ao g do - P et EM+500
=1 e Lk i 13 6L. STHELE ov R 16 MeV
i 1 w e
= B § ' o g, B B (open) 0.04fm*
¢ (filled) 0.08fm*
oF 7 0.9F TLi A -
A are
, , 0 SRG evolved
1k Be g4 ] Be B experiment
ﬂ 9 + 0.8 1 1 1 1 L 1
Be 2 3 4 5 6
2 L . L . ! L L z
2 3 4 5 6

13/18



Results
©000

M1 Observables of Light Nuclei

Magnetic Dipole Moments of Light Nuclei

4 T T T T T
T T T T T
3t o B
Li w 1.1 a B
B
2r . ] IT-NCSM
A NN-3Ng,
= oL @ *Be B Ao g do - P et EM+500
e SLE s 1 = . $Be - v
- oe o oLi 8L L B hw 16 MeV
8B ] o 9 B (open) 0.04fm*
¢ (filled) 0.08fm*
or 7 0.9r- Li b
A B bae
, , 0 SRG evolved
1k Be g4 ] Be B experiment
ﬂ 9 + 0 8 1 1 1 1 1 1
Be 3 4 5 6
2 ! L L L ! 1 ! z
2 3 4 5 6
z

@ contribution by performing a consistent SRG depends on
nucleus

13/18



Results
0®00

M1 Observables of Light Nuclei

Magnetic Dipole Moments of Light Nuclei

4 T T T T T
” T T T T T
3r «© 1 1.4F j
Li w
B
2r . ] L.2r 7T mnesm
61 0, NN-+3Ng,
= SLi b 'Be o Li s - EM+506 !
3 4 L ki s 1 35 1200 B —
- [ 2 & he 16 MeV
B o A B (open) 0.04m*
ol 1 0.8k Li s1,i "Be # 1 (filled) 0.08 fm'
. W b
, Be B SRG evolved
Ak Be * 1 osf 1 B operiment
4 . . 1 L . .
‘Be 2 3 4 5 6
2 L . . . . L . 7
2 3 4 5 6

@ contribution by performing a consistent SRG depends on
nucleus

14/18



M1 Observables of Light Nuclei

Results
coeo

M1 Transition Strengths of Light Nuclei

B(M1) [17]

15 o’
SLi
10
n
5 ¢ &
* & A
Li s A% L
"Be 9Be B
0 1 1 1 1 m 1 1
2 3 4 5
z

IT-NCSM
NN-+3Ngyp
EM-+500

hw 16 MeV
(open) 0.04fm*
(filled) 0.08 fm*

B bare
I SRG evolved
| | experiment

15/18



Results
coeo

M1 Observables of Light Nuclei

M1 Transition Strengths of Light Nuclei

15- o® J
SLi 1.1 T T T T T
1.075F B .
=]
— 10 4 £ IT-NCSM
E - 2 1.05¢ 1 NN-+3Ngy
b= EM-+500
= & "Be
g < 1.025¢ i A 9Be ] hw 16 MeV
& & Wiy 4 # L] (open) 0.04fm*
Y S o k] (filled) 0.08fm*
s 1 be
5+ * @ 4 *
- & 8 B boe
A 0.975[ B I SRG evolved
TLi Sy Ah w
Li *Li | | experiment
"Be 9Be *B 0.952 | ;I; | :1 1 é | !
0 1 1 1 |m| 1 Z
2 3 4 5 6
Z

15/18



M1 Observables of Light Nuclei

M1 Transition Strengths of Light

Results
coeo

Nuclei

15 e®
SLi
— 10
& .
-y
=
@
5+ ¢ &
o0 &,
Li s A% L
"Be 9Be B
0 1 1 1 Iml 1
2 3 4 5
z

B(M1)sra/B(M1)bare

1.1 T T T T T
1.075f B ]
o
1.05[ 1
"Be
1.025 . A Be 1
Yo sLi & s
1f----- e ]
¢ 8
0.975[ 1
0.95 | | | | 1 L 1
2 3 4 5 6
z

@ small contributions through consistent SRG

IT-NCSM
NN-+3Ngyp
EM-+500

hw 16 MeV
(open) 0.04fm*
(filled) 0.08 fm*

W obare
SRG evolved
| | experiment

15/18



Results
oooe

M1 Observables of Light Nuclei

M1 Transition Strengths of Light Nuclei

°
15r L4 7
SLi T T T T T T
1.4f ]
1.2¢ ]
_ 1ok J . IT-NCSM
S - £ SLi N3N
= g 1 8-~ mmmmmmmmm e o] EM-+500
= z
g I &+ hw 16 MeV
5 g 0.8F * & &b IBe 1 (open) 0.04fm*
} f
o Y e 1 & i S TBe (filled) 0.08m
«°w e, 0.6f ] B bare
SRG evolved
Li 8L AA L 0.4k B h B experiment
"Be ‘Be *B L L L L 1 [ L
2 3 4 5 6
0 1 1 1 1 m 1 1 Z
2 3 4 5 6
Z

@ underestimation of M1 transition strengths

16/18



Summary and Outlook

Summary and Outlook

@ contribution of consistent SRG evolution depends on
— nuclei

— observable

17/18



Summary and Outlook

Summary and Outlook

@ contribution of consistent SRG evolution depends on
— nuclei

— observable

o for ®Li: consistent SRG evolution of M1-operator

17/18



Summary and Outlook

Summary and Outlook

@ contribution of consistent SRG evolution depends on
— nuclei

— observable
o for ®Li: consistent SRG evolution of M1-operator

— adds contributions to magnetic moment

— has small effect on transition strength

17/18



Summary and Outlook

Summary and Outlook

@ contribution of consistent SRG evolution depends on
— nuclei

— observable
o for OLi: consistent SRG evolution of M1-operator

— adds contributions to magnetic moment

— has small effect on transition strength

next step to improve consistency — include two-body currents
from chiral EFT

M, o / (Fx f(F)) vr! Yim(6, ¢) d3r
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