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Quantum Monte Carlo methods 3

GG oal: solve the many-body problem for correlated systems in a non perturbative fashion

VMC CVMC GFMC AFDMC

(C)VMC
GFMC light systems A <12
AFDMC
CVMC light to medium- A 5O
AFDMC  heavy nuclei N
) E > E, § E — E,
Y minimization 7 propagation AFDMC infinite matter A — o0
Pros:

» Work with bare interactions.
» Good for strongly correlated systems.

» Stochastic method: errors quantifiable and systematically improvable. o ~ 1/VN

Cons:

» Some limitations in A and/or in the interaction to be used.



Quantum Monte Carlo methods 1

CVMC
7~ N\
Wy) = |1+ Z Uik SH (1 + Uij) ch(mj) A |D) 4 determinants: D,
i<j<k i<j i< l
U |H|W closed-shell nuclei A < 40
minimization of FEy = Wy H|[Yy) > F
(Py[Ty)

\_} cluster expansion for the spin-isospin
dependent correlations

Example: one-body operator

Zni+2nij+ Z N ik + Znijk—l—...

(Wy |2 Ol Vy) i<j i%j<k i<j<k
(Ty [Ty) 1+ Z dij + Z dijr + Z dijrl+ ...
1<J 1<g<k 1<jFk<l
i<k
= {04 fe(ri;) included at

<(1 1 UT) (O; +O,) (1 4+ Uij)> — n; — N, every order in (X)



Quantum Monte Carlo methods 5

CVMC
7~ N\
Wy) = |1+ Z Uik SH (1 + Uij) ch(mj) A |D) 4 determinants: D,
1<jg<k 1<J 1<J l
(Uy |H | Wy ) closed-shell nuclei A < 40

> F
(Ty|Ty) =7

\_} cluster expansion for the spin-isospin
dependent correlations

minimization of Fy =

Example: one-body operator

Zni+2nij+ Z N ik + Znijk—l—...

(Wy |2 Ol Vy) i<j i<k i<j<k
(v l¥v) L+ dig+ ) digr+ D dijw+ .
1<J 1<g<k 1<jFk<l
i<k
_ Zc@ +ch + Z Ci ik + Z Cijk + -
1<J 1#£)<k 1<j<k

1b 2b 3b > up to db



Quantum Monte Carlo methods

AFDMC

/\
N determinants: D

l

nuclei A < 48

Wy ) =

H fe(rii) | A|®

1<j

1+ Uy

1<

14+ Y U

1<jg<k

propagation in imaginary time: e 77|®y) — — %9, W)

» coordinate degrees of freedom: diffusion of positions in coordinate space

» spin-isospin degrees of freedom: Hubbard-Stratonovich transformation

_l 2
e AdTO

v o= SV TAATTO

" |

auxiliary rotation in
field spin-isospin space

» sign problem: constrained path approximation + release node

ground-state energies within 1-2% with respect to GFMC



Nuclear Hamiltonians 7

Model: non-relativistic nucleons interacting with an effective nucleon-nucleon (NN) force
and three-nucleon interaction (NNN)

I ED SIE SRS

1<J 1<g<k

v;; fit to NN scattering data & deuteron

vk fit to properties of (light?) nuclei + constraints

Focus on two families of nuclear interactions:

v Phenomenological potentials: Argonne V18 (NN) + Urbana / Illinois (NNN)
v x-EFT potentials: N*LO local

Note: local vs non-local

b = (Pl —Pz)/2 q:p’—p local — r
p' = (p] —Dp3)/2 k= (p +p)/2 non-local — V.,



Phenomenological potentials 8
NN: Argonne V18

ZOU rij) OP=1% = []1 0; - 05,55, Lij - Sw} [ﬂaTi'Tj}

¥

NNN: Urbana / Illinois

T T
_m 7 [ N R A
[A y Al R-E- I + short-range term

Pros: » Argonne interactions fit phase shifts up to high energies. Accurate up to (at
least) 2-3 saturation density.

» Suitable for QMC calculations. Very good description of several observables in
light nuclei (GFMC ground-state energies: uncertainties within 1-2%).

Cons: » Phenomenological interactions are phenomenological, not clear how to improve
their quality. Theoretical uncertainties hard to quantify.

» 3-body forces?



Phenomenological potentials & QMC 9

3-body forces:

» UIX: fit to H3 binding energy & saturation density of SNM
» IL7: fit to ground- and excited-state energies of light nuclei (A<10)

20 :
28 +¥1: \\ 18t
30 " 2L§ S U2 s oo ] ’ AVS 2.45(1) Mg
““*He oy s CORy ] 16 | —e= AVS' | UIX ]
- c 6] ; \ﬁwz SHe 2+ * " ] , T
- 1 - + + 712% 4+ g
—405 ég— ;)+ + QS/T: g+ ] 14 —m— AVS' + IL7
- 7L 1+ + 7/2_ 3+ .
- 1 2+ 4+ 7/2 2+ 7
3/27 a+ L
S -50 - 8 i ky 3§2+ 1; 3" o 12 PNM
C 5/2% 1+ 1o i
s o Argonne Vg - v | AFDMC
s - with UIX or Illinois-7 *Be i ] 2 |
0 B . - HEEa B
a2 ,~ GFMC Calculations 9Be3/2 L 51
E 1 June 2011 10g E 6 |
80— _] *
B ] 4 |
B AV18 ] |
-90 — AV18 AVIS —
- +UIX  +IL7  Expt 0* 1 27 §
i @ 12~ -
_100 Ci 0 . L . L . L . L . L . L . L .
000 002 004 006 008 010 012 014  0.16
py, (fm™)
IL7 also needed to reproduce n-a scattering P. Maris et al., Phys. Rev. C 87, 054318 (2013)

K. M. Nollett et al., Phys. Rev. Lett. 99, 022502 (2007)



Phenomenological potentials & QMC

Fr(a)l

10" ¢

100

100

100

107

10

160: variational energies, charge radii, charge form factors

no MEC

= AVI18+UIX

obs potential

CVMC exp

AV18

1,

AV18+UIX

—5.51(2)
—5.15(2)

2.538
2.745

—7.98

(2)
2) 2.699(5)

- g g g By By By N T
"
' 4
Pt

0.0

1.0 2.0 3.0
1
q (fm™)

D.L., A. Lovato, S. C. Pieper, R. B. Wiringa, arXiv:1705.04337

note: 2C

VMC : 2.484(2)
exp : 2.470(2)

credit to R. B. Wiringa



Fr(a)l

Phenomenological potentials & QMC 11
10Ca: variational energies, charge radii, charge form factors
obs potential CVMC exp
AV18 —5.88(10)
__ " E) AVISHUIX  —4.92(10) >
CVMC —  AVIS8 3.361(2)
A W (ren)  Avisqurx  se17(2) AT
. 10Ca 14 A,
no MEC i‘“ ﬁﬁ““;:"".,
5:" k‘f‘-': A‘i VMC SNM @ p
A £\ % | AVIS . — 14.59
' A T, :
: : i 24 | AVIS+UIX: — 11.85
L A= exp : | 1 COS
H A. Akmal, et al.,
AV18 T / Phys. Rev. C 58, 1804 (1998)
| — AVI8+UIX 1 |
0.0 1.0 2.0 3.0
q (fm™)

D.L., A. Lovato, S. C. Pieper, R. B. Wiringa, arXiv:1705.04337



Phenomenological potentials & QMC

Coulomb sum rules

O R T
gt ¥ |
v ]
ll"l
MEC
@ 0.6 .
o
4He
04: B ~ CVMC — n 160 —
g AV18 + UIX
:: — ¢y
0.2 ’ GEFMC ‘He ]
AV18 + IL7 H,_,lzc
o090 '
0.0 1.0 2.0 3.0 4.0
-1
q (fm™)

D.L., A. Lovato, S. C. Pieper, R. B. Wiringa, arXiv:1705.04337
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Phenomenological potentials & QMC 14

single-nucleon momentum distributions

4OCa
10°
4
—v— “He
10° :vv' 16
: 33‘ —o— Uy
101§ v;’
et ¥
N 100 | 3
~
! z
= ,"".
10" F 14
.""
".' updated from R. B. Wiringa et al.,
- AVISLUIX 'QQ” ’Q Phys. Rev. C 89, 024305 (2014)
3""§
_3 ] ! ! ! ! | ! ! ! ! | ! ! ) ) | ) ) ) )
10 E—
0.0 1.0 2.0 3.0 4.0 5.0
k(ﬁﬂ%

D.L., A. Lovato, S. C. Pieper, R. B. Wiringa, arXiv:1705.04337



Chiral potentials 15

NN NNN

» YEFT: expansion in power of (Q/Ay

LO 0(%)0 >< }‘ — Q) ~ my ~ 100 MeV soft scale
Ay ~m, ~800MeV hard scale

NLO o(%f >< -1 1 _ » Long-range physics: given explicitly (no

t::—‘ | P< parameters to fit) by pion-exchanges

}_ _ » Short-range physics: parametrized
N*LO o() +:4 {‘:Z:‘ X‘ >|< through contact interactions with
low-energy constants (LECs) fit to

=

low-energy data

NSLO o 2)
(%) » Many-body forces enter systematically

and are related via the same LECs




Chiral potentials 16

Pros: » Chiral interactions have a theoretical derivation and they can be systematically

improved (if proper power counting...).

» They are typically softer than the phenomenological forces, making most of the

calculations easier to converge.

» Many-body forces are naturally accounted for.

Cons: » Standard formulation: momentum-space, non-local. Not suitable for QMC.



Chiral potentials 16

Pros: » Chiral interactions have a theoretical derivation and they can be systematically
improved (if proper power counting...).
» They are typically softer than the phenomenological forces, making most of the

calculations easier to converge.

» Many-body forces are naturally accounted for.

Cons: » Stondesd=tormulation —mecmentamn-spaee—non-tocai=Net-stitable-ter-QMC.
. 2 .
local chiral N“LO potentials
2-body NN 3-body NNN
A. Gezerlis et al., Phys. Rev. Lett. 111, 032501 (2013) [. Tews et al., Phys. Rev. C 93, 024305 (2016)
A. Gezerlis et al., Phys. Rev. C 90, 054323 (2014) J. E. Lynn et al., Phys. Rev. Lett. 116, 062501 (2016)

J. E. Lynn et al., Phys. Rev. Lett. 113, 192501 (2014)

A-full local chiral N°LO potentials

2-body NN 3-body NNN

M. Piarulli et al., Phys. Rev. C 91, 024003 (2015)

' @ N2LO
M. Piarulli et al., Phys. Rev. C 94, 054007 (2016) 11l PTOgress



Local chiral potentials 17

v 2-body NN @ N°LO

» pion exchanges up to N°LO depend only on p, p’, g

» contact terms: 2 LECs @Q LO —>  no momentum dependence

7 LECs @ NLO - N°LO ——> depend on q, g x k

» local regulators in real space for both long and short range physics ~ e~ (r/Ro)*

coordinate cutoff: Rp =1.0—-1.2fm <«——>  momentum cutoff: ~ 500 — 400 MeV

» Fierz freedom:

_Zozg rij) O;; b= = |1,0,-0;,5;| ® 1,7 - 7;] + Lij - Si;

— e *
B

local (AV6) non-local

included in DMC propagators,
both GFMC and now AFDMC



Local chiral potentials 18

v 3-body NNN @ NZLO

fit to:
T ] T T » “He binding energy
C1,C3,Cy o CE » low energy n-a scattering phase shifts
same as NN need to be fit

Note: regulator functions and finite cutoft
in coordinate space

l TABLE 1. Fit values for the couplings cp and cg for different
choices of 3N forces and cutoffs.
different possible operator structures: Vay R, (fm) Cp h
Vo D1, D2 N’LO (D1, E7) 1.0 —0.63 0.0
1.2
Vg —— FET, F1, EP N°LO (D2, Ez7) 1.0 —0.63 0.0
1.2 0.09 3.5
. N2LO (D2, E1) 1.0 0.62 0.5
suitable for GFMC and now AFDMC: N2LO (D2, EP) 1.0 0.59 0.0

light- to medium-heavy nuclei J. E. Lynn et al., Phys. Rev. Lett. 116, 062501 (2016)

infinite matter



Local chiral potentials & QMC

E/A (MeV)

energies
_ o GFMC
-2.0 g .
-4.0 | .
*
_ *
6.0 F & _
6.0 | )4
*
80 F ¥ exp * -
e~ N2LO (1.0) * &
5 2b
~e~ N°LO (1.2)
-10.0 B
H He  *He  ‘He OLi 69 Hca  *#ca
GFMC: J. E. Lynn et al., Phys. Rev. Lett. 113, 192501 (2014) & Phys. Rev. Lett. 116, 062501 (2016)

19



Local chiral potentials & QMC

energies
_ o GFMC ® AFDMC (preliminary) _
-2.0 ’ |
—40 B = ! ]
E *
! * _
5 to3
< 6.0} 4 ]
= | $ -
B * ]
8.0 X exp *x T
e~ NLO (1.0) * *
5 2b
~o— N2LO (1.2) '
-10.0 |

SH SHe He He 01, 160 Vog  %Ba

GFMC: J. E. Lynn et al., Phys. Rev. Lett. 113, 192501 (2014) & Phys. Rev. Lett. 116, 062501 (2016)



Local chiral potentials & QMC

E/A (MeV)

-10.0

GFMC: J. E. Lynn et al., Phys. Rev. Lett. 113, 192501 (2014) & Phys. Rev. Lett. 116, 062501 (2016)

-2.0
-4.0
-6.0

-8.0

22

energies — o
NLO ,
120} N2LO (D2, Er) |
o GFMC 7 N2LO (D2, EP) ||
100 R—matrix a
$ I Ry=1.01fm
* ’589 Ry=10fm |
Lg/ I Ry=1.21fm
< 60f
o 40
o
ﬁt 207
\ |
¢
X exp *x
e~ N2LO (1.0 * %
5 2b+3b
~o- N2LO (1.2)
H ‘He  *He  CHe OLi %o  Yca  ®Ca



Local chiral potentials & QMC

E/A (MeV)

23
energies
[ ‘ [ ‘ [
189 N2Lo (D2, B1)
L N2LO (D2, EP)
o GFMC | N2LO (D2, E7)
B 14i
-2.0 i
_ ° g
> L
* = 10p
< |
4.0 | i
6i
* . i PNM |
_ fit [ AFDMC
-6.0 \ 2 -
_ 066007 004 006 0.08 000 02 04 016
_ * n(fm_?’)i
80 F ¥ exp * -
e~ N2LO (1.0) * &
5 2b-+3b
—o- N2L0 (1.2)
-10.0 B
SH He  *He  ‘He OLi 69 Hca  *#ca
GFMC: J. E. Lynn et al., Phys. Rev. Lett. 113, 192501 (2014) & Phys. Rev. Lett. 116, 062501 (2016)



Local

chiral potentials & QMC

24

180 [ [ [ [ [ [ [ [ ‘ [ [ I I ‘ I I I I ‘ I I I I
_ 18 |
phenom AVS! phenom
150 — 16 | AVS + UIX
: 14| | —@— AV8' +IL7
120 . ’
_ | 19 |
3 1 o |
5 0 m AVIS+UIX | 5 10|
< ® AVIZ+IL2 | 2 |
s — R-Matrix Sl
60 6l
il PNM
30) ,
| AFDMC
0 | | | | ‘ | | | | 0 ! | ! | ) | ) | ) | . | ! | !
0 1 2 3 4 5 000 002 004 006 008 010 012 014 016
E; . (MeV) Py (fm_3)

K. M. Nollett et al., Phys. Rev. Lett. 99, 022502 (2007) P. Maris et al., Phys. Rev. C 87, 054318 (2013)

SH SHe He He 01, 160 Vog  %Ba

GFMC: J. E. Lynn et al., Phys. Rev. Lett. 113, 192501 (2014) & Phys. Rev. Lett. 116, 062501 (2016)



Local chiral potentials & QMC

energies
_ o GFMC ® AFDMC (preliminary)
2.0 | l
R »
-4.0 | -
Z
O
% _ fit g |
< 6.0 | -
...... ‘......................................................... -
80 F ¥ exp * -
e~ N2LO (1.0 * *
5 2b+3b
~o— NZLO (1.2) -
-10.0 il

SH SHe He He 01, 160 Vog  %Ba

GFMC: J. E. Lynn et al., Phys. Rev. Lett. 113, 192501 (2014) & Phys. Rev. Lett. 116, 062501 (2016)



Local chiral potentials & QMC 27

E/A (MeV)

energies .
il - 120
: O GFMC —T+ \ - 118
2.0 Sk i |t i
B ' ; 1 T 41.6
* z ) N =
_ = - 19 i =
4.0 + SRS 7 ] E
' ; _1of BI= 1192
! ! B v NLO
theory —95L Rp =1.0fm N é N2LO <D2 ET) —{1.0
-6.0 \  Ry=12fm - L ’ |
i il s
80 ¥ exp ,
! 5 AXN LowmaX(Q4- XLO|
~e— N’LO (1.0
2b+3b 2 LO NLO
~o—~ N°LO (1.2) 0 Q7 | X7 =X,
_]_0.0 B I I | I Ab Q . XNLO - XNZL()‘ )

E. Epelbaum et al., Eur. Phys. J. A 51 (2015)

GFMC: J. E. Lynn et al., Phys. Rev. Lett. 113, 192501 (2014) & Phys. Rev. Lett. 116, 062501 (2016)



Local chiral potentials & QMC

E/A (MeV)

energies
_ o GFMC ® AFDMC (preliminary)
-2.0 2
| ‘ .
4.0 r / ~1MeV/A
' theor T
6.0 | 4 ]
_ \i .
80 F ¥ exp ¥ -
e~ N2LO (1.0 * *
Lo (12) 2b-+3b )| ‘\
—o— N"LO (1.2
-10.0 ~ 4 MeV /A
H ‘He  *He  CHe OLi %o  Yca  *Ca
GFMC: J. E. Lynn et al., Phys. Rev. Lett. 113, 192501 (2014) & Phys. Rev. Lett. 116, 062501 (2016)
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Local chira

] potentials & QMC

charge radii

4.0
3.5 |

3.0 |

I'eh (fm)
DO
Ut

2.0 |

1.5 |

i exp

* e

~e— NZLO (1.0) -

~o— N’LO (1.2)

-
*
o
) ® |
. '
o GFMC ® AFDMC (preliminary)

1.0 L

GFMC

SH SHe He He 01, 160 Vog  %Ba

: J. E. Lynn et al., Phys. Rev. Lett. 113, 192501 (2014) & Phys. Rev. Lett. 116, 062501 (2016)
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Local chira

] potentials & QMC

charge radii

4.0
3.5 |

3.0 |

I'eh (fm)
DO
Ut

2.0 |

1.5 |

i exp
~e— NZLO (1.0) * *
2b-+3b |
~o— N’LO (1.2)
; L
[ )
. ' ; _
. ~
o GFMC ® AFDMC (preliminary)

1.0 L

GFMC

SH SHe He He 01, 160 Vog  %Ba

: J. E. Lynn et al., Phys. Rev. Lett. 113, 192501 (2014) & Phys. Rev. Lett. 116, 062501 (2016)
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Local chira

] potentials & QMC

charge radii

4.0
3.5 |

3.0 |

I'eh (fm)
DO
Ut

2.0 |

1.5 |

i exp

~e— NZLO (1.0) o3 * *

~o— N’LO (1.2)

1.0 L

GFMC

SH SHe He He 01, 160 Vog  %Ba

: J. E. Lynn et al., Phys. Rev. Lett. 113, 192501 (2014) & Phys. Rev. Lett. 116, 062501 (2016)
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Local chiral potentials & QMC

|FL(C1)|

charge form factors

10"
16
O
10" F ;
no MEC
2 | \ |
10 (preliminary) H ]
107 F : ;
i - '
eXp : “ ¢‘ ‘
. AV18+UIX :
107 F : |
— N°LO (1.0) : y ;
— N?LO (1.2) T (
10_5 | | | -
0.0 1.0 2.0 3.0
-1
q (fm™)

CVMC: D.L., A. Lovato, S. C. Pieper, R. B. Wiringa, arXiv:1705.04337
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Local chiral potentials & QMC

n (k)/Z (fm”)

VMC = AV18
10% F ;
—— AVG'
o ~~ N°LO (1.0 fm) |
v N°LO (1.2 fm)
100 n
10 ° f
107 F
v ®
A ¢
10° Y i E
AFDMC (preliminary) fff TI;TT
107
0.0 1.0 2.0 3.0 4.0
k(fm'l)

single-nucleon momentum distribution

VMC: R. B. Wiringa et al., Phys. Rev. C 89, 024305 (2014)
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Local chiral potentials & QMC

n,(k) integrated strenght

single-nucleon momentum distribution

1.0 *--------------------------------'~;'-;;,-wxn;ututuﬂt""""
qaseeseses”
!x AFDMC (preliminary)
0.8 x ; N
3 95.9% 93.1%
x . 0 : . 0
0.6 .
: E
Y He
0.4 | |
4 ;
3 :
0.2 —o— AV(' i
¥ ~v= NZLO (1.2 fm)
0.0 "' | ! E ! ! | ! ! | ! !
0.0 1.0 2.0 3.0 4.0 5.0
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Local chiral potentials & QMC

single-nucleon momentum distribution

10°
CVMC = AV18
10° F ;
- AV('
ol ~~ N°LO (1.0 fm) |
v N°LO (1.2 fm)
10°
107 F
-9
v_ o ¢
102 | v, '!i -
AFDMC (preliminary) Yff ¥¥¥¥
10—4 . | . . . . | . . . . | . . . . | . . . -
0.0 1.0 2.0 3.0 4.0 5.0
k (fm'l)

CVMC: D.L., A. Lovato, S. C. Pieper, R. B. Wiringa, arXiv:1705.04337
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Local chiral potentials & QMC

single-nucleon momentum distribution

10°
2“& o~ “He: AV6'
10 “,Ju“ v 160. AVE! |
10! F t‘; —o— e N°LO (1.0 fm) |
E ‘; —a— 160: NLO (1.0 fm)
E o100k '! ]
Nt : o,
=N X %
< 10tk "00:3}*,, ]
= ¢
,XVQ'
107 Sog, Vve, |
2 ""' :
[ 4
107 F f} Q_
AFDMC (preliminary) TTi?Ti
ot T
0.0 1.0 2.0 3.0 4.0

k (fm™)
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Local chiral potentials & QMC

single-nucleon momentum distribution

10°
02 'i_to. . —o— fe: AVE' _
ixx“"t* v 160, AV
ol :tt —— ‘He: N’LO (1.2 fm)
- :3% = 190: N°LO (1.2 fm)
g 100 E " |
S
= t
< 10t ¢ '733331;.. _
= ‘Xi'v.
90644 |
“‘ ""
10_2 ] ‘A hd 2 E
: og‘ T3,
3: ‘§§ "’
10° F ]
AFDMC (preliminary) ??T Tffi*QT
N

0.0 1.0 2.0 3.0 4.0 5.0
k (fm™)
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Local chiral potentials & QMC

niy(q) (fm

two-nucleon momentum distribution

10" |
: integrated —e— np, AV6'
o ite, (integ ) __
: ® ~vy— pp, AV6'
"0; 2
02 L * R = np, N°LO (1.2 fm) |
**‘. —4— pp, N°LO (1.2 fm)
¢ ®
10! 4*’, 3
+« %
x "3
0 X 3
10" F X % E
XV "...
Avv ‘Q‘..
AV ¢ %4
-1 A VYV ¢ e
107 F A A Vv 0"‘ e, .
He A Vv * ®eo,

A Ve L 4 09

A Vv' * ¢

107 t1a, AL L TUR
AFDMC (preliminary) 5} i ?iiz
107 — { - T
0.0 1.0 2.0 3.0 4.0
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Local chiral potentials & QMC

number of paris

two-nucleon momentum distribution

4
4
3T O
L 2
o
L 2
o
2 I *
o
L 2
o
1 po=----- : """"" ’ -
o
:‘x
RPeid
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= = E E R R R e eSS EEEE e EEEEEEEEEEEEEEEEEEEEEEE Em m ugdhowm

e TISE L]
0‘:::".§:
& :
P :
o .
95.5%
L 97.1%

£ 98.0%

 99.5%

| ," AFDMC (preliminary)

ﬁ
L]

—o— np, AV6'
~v— pp, AV6'
~— np, N°LO (1.2 fm)
A= pp, N°LO (1.2 fm)
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3.0
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Local chiral potentials & QMC

niy(q) (fm

10° ¢
) ‘_". (integrated Q) —o— np, AVGE'
107 ¢ ® AVE .
,,xx"O. v pp, AV6
0L *:‘ ~= np, N°LO (1.2 fm) |
Of‘ = pp, NLO (1.2 fm)
v
2 st
107 k Veﬁ. .
¢ %o,
*,0%e
1 XX".O.
100 F A" ¥ O. -
A o
A XV ..
A *lv_Te _
0 A *eYy e
107 ¥ 16 A QXX ®e :
O A x‘ ... ]
La ¥y ®o '
‘s ¥ ®oo)
10!k ‘e, ¥;yi 9
AFDMC (preliminary) A i { :
3234
107 —
0.0

two-nucleon momentum distribution

1.0 2.0 3.0 4.0
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Conclusions 41

progresses in QMC moving towards an “exact” description of
calculations the medium region of the nuclear chart
v CVMC 120
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medium-heavy nuclei with delta-less
local chiral potentials at N*LO
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» investigation of local chiral forces adapted from A. B. Balantekin et al.,
Mod. Phys. Lett. A 29, 1430010 (2014)

Nexzt: » complete the study at N?LO including truncation errors & other 3-body forms
» N°LO? employ delta-full local chiral potentials?
» symmetric nuclear matter? neutron matter delta-full?

» currents? single- and double-beta decay?




