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Realistic ab-initio description of light nucleiJ
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& spectroscopy ) & scattering states/
(IT-)NCSM (IT-)NCSM/RGM RGM

Ab-initio description
nuclear clusters

escribing relative

& NCSMC approaches /. h of clusters

Successfully applied with NN interactions

Now: Inclusion of 3N Forces /
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Ingredients from
Three-Body Technology




The Chiral NN+3N Hamiltonian

Weinberg, van Kolck, Machleidt, Entem, MeiBner, Epelbaum, Krebs, Bernard, Skibinski, Golak...
NN 3N 4N

= NN interaction @ N3LO (A=500MeV)

[Entem, Machleidt, Phys.Rev C 68, 041001(R) (2003)] X }! }‘

3N interaction @ N°LO(Asn=500MeV) ‘ I H

e LECs cp, cr fitted to B-decay halflife H
& binding energy of *H i

[Gazit et.al., Phys.Rev.Lett. 103, 102502 (2009)]

m Hierarchy of consistent nuclear NN,
3N,... forces (and currents)

LO

NLO
|
|

s Standard Hamiltonian

N*LO
o
|

s Reduced-Cutoff Hamiltonian
3N interaction @ N?LO(Asn=400MeV) ><H" H
e Cp=-0.2, g fitted to *He U s

N°LO

Joachim Langhammer - DPG Tagung Frankfurt - March 2014




The Similarity Renormalization Group

Wegner, Glazek, Wilson, Perry, Bogner, Furnstahl, Hergert, Calci, Langhammer, Roth, Jurgenson, Navratil,...

...ylelds an evolved

Hamiltonian with improved convergence properties in
- many-body caICM

» Unitary transformation of Hamiltonian H, = ULHUa

Different SRG-Evolved Hamiltonians

* NN+3N-induced: start with NN initial Hamiltonian and
keep two- and three-body terms

* NN+ 3N-full: start with NN+3N initial Hamiltonian and keep
two- and three-body terms
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3N Forces

in the

NCSM/RGM and NCSMC

G. Hupin, J. Langhammer et al. Phys. Rev C 88 054622 (2013)
S. Quaglioni and P. Navratil Phys. Rev. Lett. 101, 092501 (2008)
P. Navratil, R. Roth and S. Quaglioni Phys. Rev. C 82, 034609 (2010)
S. Quaglioni, P. Navratil, G. Hupin, J. Langhammer et al. Few-Body Syst. DOI 10.1007/s00601-012-0505-0 (2012)

S. Quaglioni, P. Navratil, R. Roth, W. Horiuchi J.Phys.Conf.Ser. 402 (2012)
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General Approach of NCSM/RGM

Wildermuth, Thompson, Tang, ..., Navratil, Quaglioni, Roth, Hupin, Langhammer,...

s Represent H|¢/™) = E|¢/™T) using the over-complete basis

(/T = ZJ drr2 Ay |¢{/";T) g/ (r) unknown
r

with the binary-cluster channel states

97T = {|84-) @ [6@) @ [r)}
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jnT(r)
)T ZJdrr Av|¢{/7ﬁT) g/ (r) unknown

s Represent H |y

with the binary-cluster channel states
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General Approach of NCSM/RGM

Wildermuth, Thompson, Tang, ..., Navratil, Quaglioni, Roth, Hupin, Langhammer,...

s Represent H|¢/™) = E|¢/™T) using the over-complete basis

T 2 g{/ﬂT(r) T T
I )=ZV:J drr - Av|¢27") g/ (r) unknown
with the binary-cluster channel states
JmT NCSM delivers
JmT (A-a) (a)
9/7T) = {184-) @ |9(@) @ |rl)} A=) o 16(e

m Solve generalized eigenvalue problem
jnT gjnT
ZJ drrZ‘[Hv )= EN, (1) ] = =

Hamiltonian kernel (qbv,r,IAV/HAvIQDJ"T) (@A-D|atata’aaa |9A~D))

for single-nucleon projectiles and including 3N forces
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“He /Qn
Q’/@*\®4He

Nucleon-*He Scattering

In collaboration with
G. Hupin, S. Quaglioni, P. Navratil & R. Roth

G. Hupin, J. Langhammer et al. Phys. Rev C 88 054622 (2013)
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On

3N Force Effects on Phase Shifts

G. Hupin, J. Langhammer et al. -

Phys. Rev C 88 054622 (2013)
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o/e%@*i@% Cross Section & Analyzing

G. Hupin, J. Langhammer et al. - Phys. Rev C 88 054622 (2013)
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Cross Section & Analyzing

G. Hupin, J. Langhammer et al. - Phys. Rev C 88 054622 (2013)
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NCSMC Formalism with 3N Forces

m Representing H|¢/™") = E|¢/™)using the over-complete basis

JnTy _ m 2 2v(T) oyt
) = Y GBI + Y [ arP 2D gy

A

_ e
(IT-)NCSM eigenstates NCSM/RGM expansion

Expansion in A-body “*q ldentical to the gs\r
v
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NCSMC Formalism with 3N Forces

m Representing H|¢/™") = E|¢/™)using the over-complete basis

Ty = Gl B T +Z/ ZXV(r)li“fﬁ

A
Expansion in A-body Q* ldentical to the § '
(IT-)NCSM elgenstates NCSM/RGM expan5|on

leads to the NCSMC equations

Hnesm R c _ 1 g %
h )\ xr)r g 1)\ x(r)/r

3N forces contribute In
Hncsm h ¥

Covered Given by - Contains the NCSM/RGM
TT TT
by (IT-)NCSM (PaEx] TIHIST) ~ Hamiltonian kernel
g Frankfurt - March 2014
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NCSMC Formalism with 3N Forces

m Representing H|¢/™") = E|¢/™)using the over-complete basis

Ty = Gl B T +Z/ 2“(")&”5

A
Expansion in A-body Q ldentical to the "
(IT-)NCSM elgenstates NCSM/RGM expan5|on

leads to the NCSMC equations

H 1 g\
( NCSM h) ( ¢ ) —F ( . Accessing targets
h )\ x(r)/r & beyond *He using uncoupled

. . densities
3N forces contribute In ~—
Hncsm h B SN
Covered Given by Contains the NCSM/RGM

T JnT
by (IT-) :ﬂsy (UABx ] TIHIE,T) ~ Hamiltonian kernel
g Frankfurt - March 2014
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Ab-initio Description of “Be via NCSMC

Collaboration with Petr Navratil

m All excited states are resonances

r2fun
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Ab-initio Description of “Be via NCSMC

Collaboration with Petr Navratil

m All excited states are resonances
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s Study the impact of the continuum by
investigating neutron-8Be scattering

s NCSM with 3N forces reveals large
discrepancies compared to experiment
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Qn

on:@ 1@839 3N Force Effects on Phase Shifts

Collaboration with Petr Navratil

negative parity positive parity
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from computed eigenphase shifts...
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’Be Energy Levels: NCSM vs. NCSMC

Collaboration with Petr Navratil

negative parity
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’Be Energy Levels: NCSM vs. NCSMC

Collaboration with Petr Navratil

negative parity positive parity
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’Be Energy Levels: NCSM vs. NCSMC

Collaboration with Petr Navratil

negative parity positive parity
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m Significant contributions from the continuum degrees of freedom

s Excellent agreement with experiment for 1/2- & second 5/2° as
well as the 1/2* and 3/27 states

m NCSMC seems to be well-converged already at moderate Nmax
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’Be Energy Levels: NCSM vs. NCSMC

Collaboration with Petr Navratil
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’Be Energy Levels: NCSM vs. NCSMC

Collaboration with Petr Navratil
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’Be Energy Levels: NCSM vs. NCSMC

Collaboration with Petr Navratil
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’Be Energy Levels: NCSM vs. NCSMC

Collaboration with Petr Navratil
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’Be Energy Levels: NCSM vs. NCSMC

Collaboration with Petr Navratil
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s [reatment of continuum important for conclusions about 3N
Interactions

m First 5/2° insensitive to the chiral 3N interaction
m //2° resonance = interaction problem?
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Conclusions

——— = '14@5%\\“\
Nuclear structure and reactions accessible

with full 3N treatment via the
_ No-Core Shell Model with Continuum

» Inclusion of 3N forces challenging but completed
for single- and two-nucleon projectiles

New computational scheme = heavier targets accessible

Promising results for n-8Be (and p-1°C and n-1°C)

Proper treatment of continuum vital for validation of chiral 3N
interactions
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3N Force Effects on Phase Shifts

Inclusion of more
excited states
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switch to NCSMC for full
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Need to

- Phys. Rev C 88 054622 (2013)
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