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® Start from neutrons and protons as building blocks
(centre of mass coordinates, spins, isospins)

S2

® Solve the non-relativistic quantum mechanical problem of
A-interacting nucleons

Hlv;) = E;|1;)
H=T+Vyn(A)+Van(A)+...

® Find numerical solutions with no approximations or controllable approximations (error bars)
P

N

® Calculate low-energy observables and compare with experiment to test nuclear forces and
provide predictions for future experiments or quantity that cannot be measured
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Dipole strength functions
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Dipole strength functions

Continuum

>

Giant Dipole Resonance (GDR)

Discrets levels

Narrow resonances

Electric dipole polarizability

= Rw)
ap = 2&/ dw——~ » PDR enhances the polarizability
W
We:c
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Why is it important to NSKIN20167

7¢It has been shown to correlate with neutron skin thickness in Density Functional Theory

v Learn about equation of state of asymmetric nuclear matter
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Phys. Rev. C 85, 041302(R) (2012)

What can we tell from ab-initio calculations?
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Stable Nuclei

We have data on ~180 stable nuclei
Giant dipole resonances

Unstable Nuclei

Fewer data, pigmy dipole resonances

L] .T . I i L 1]
Leistenschneider et al.

40_ T T T T | T T T T T T T T T T T T T T ]
353_ 160 * Abhrens et al. _f
ol ! :
] %, _f
rl 4% :
E 2f }5{ :
S : z
15 .
103— % —
@ﬁéﬁ%@ *
: t
o ﬁ&%& L e
0 50
w MeV] E (MeV)
From photoabsorption experiments (p,p’) experiments From Coulomb excitation exper.iments
_ ¢ ¢ e
v G N7 s &
Do we see the emergence of collective motions from first principle calculations?
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CC theory now

T = Z T(a) cluster expansion

CCSD

CCSDT

Work by ORNL group, TUD group. Mature theory for bound states, but what about break-up reactions?
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Depending on w, many channels may be involved

&R R &

Excitation Energy >
ground bound 2-body break-up 3-body break-up .- A-body break-up
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Efros et al., Nucl.Part.Phys. 34 (2007) R459

Response in the continuum

wo= Y[l o -m-w

B Rw) 7 Wy
L(U,F)—/dw(w_a)2+r2 W)

(H — Ey— o +il) | ¢) = ©] ¢o)

® Due to imaginary part 1" the solution ‘TM IS unique
® Since the r.h.s. is finite, then |¢> has bound state asymptotic behaviour

You can use any good bound state method! e.g. Hyperspherical Harmonics,
No Core Shell Model,
Coupled Cluster Theory

inversion
L(o,T) » R(w) with all channels and final state interaction
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Reduce the continuum problem to a bound-state problem

L(o,I') = /dw (@ R()W)+ rz — <¢|¢>< 00

(H — By — 0 +40)|¥) = 0]W)

Merging the Lorentz integral transform method with coupled-cluster theory :
New many-body method to extend ab initio calculations of em reactions to medium-mass-nuclei

S.B. et al., Phys. Rev. Lett. 111, 122502 (2013)

(H — EO—J—I—ZF)\ R) = O|®g)

H=ec¢ THe"
O =c 1O’
UR) = R|D)

Presently implemented at CCSD level
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Validation for 4He
|::> Comparison of CCSD with exact hyperspherical harmonics (EIHH) with NN forces at N3LO

8 ! | ! | ! | ! | ! | ! | r Inversion of the LIT
B ] Ansatz
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® If one can invert the LIT, one can integrate the response function &p = 204/ dw——+

Wth

® To stably invert the LIT, one needs

a very accurate calculation. 0.1
Alternatively one can exploit the 0.08|
properties of the kernel O
Cg 0.06}
R(w) =, |
L(o, 1) = |
(1) /dw (w—0)?+17 g 0.04)
L(o,I' = 0) = /dwR(w)é(w — o) = R(0) . 02:
£ L(O‘ I — O) | NN forces at N3LO
— ) | I
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Results

With Mirko Miorelli, PhD student at UBC
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Soft Dipole Mode
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|:> Ab-initio theory describes the soft dipole mode
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PRC 90, 064619 (2014)
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|:> The GDR is observed in ab-initio calculations
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Medium-mass nuclei with NN interactions
arXiv:1604.05381
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Strong correlations of polarizability with charge radii
Underestimating both radii and polarizability
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We need accurate interactions able to reproduce both energies and radi
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Include radii in the fit of LEC for the three-body force

New Paradigm: NNLOs.:: Fit of all LEC at N°LO on NN data and nuclear radii Phys. Rev. C 91, 051301(R) (2015)
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Medium-mass nuclei with NN + 3NF interactions
arXiv:1604.05381
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@ A. Ekstrdom et al., Phys. Rev. C91, 051301 (2015) N2LOsat
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Medium-mass nuclei with NN + 3NF interactions

arXiv:1604.05381
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< K. Hebeler et al., Phys. Rev. C83, 031301 (2011)
€ B. Carlson et al., Phys. Rev. X 6, 011019 (2016)
Much better agreement with experimental data
Variation of Hamiltonian can be used to assess the theoretical error bar
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XEFT band includes various interactions with 3NF
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® Ab-initio theory is able to provide predictions for neutron-skin and other observables
strongly correlated to it

® [mprovements of the theory include addressing the role of triples in CC and further
Investigating the dependence on the Hamiltonians

Thanks to my collaborators

REENEZ) Canadian Insti of
National Research Council Canada ¥ NSER C
—— -_{’ ICPN ostiut :3“ 4 cnsNG

Thank you for your attention!
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