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Outline of this talk

Motivation of the ab-initio calc

Monte Carlo Shell Model (MCSM)
Benchmark results by the No-Core MCSM
Summary & outlook



Current status of ab inito approaches

e Major challenge of the nuclear structure theory

- Understand the nuclear structures from the first principle of
quantum many-body theory by ab-initio calc w/ realistic nuclear forces

- Standard approaches: GFMC, NCSM (up to A ~ 12-14), CC (closed shell +/- 1,2)
== demand for extensive computational resources
v

ab-initio(-like) approaches (which attempt to go) beyond standard methods

= Our shell-model approach: No-core Monte Carlo shell model (MCSM)

v" Another approaches beyond standard NCSM:
- IT-NCSM, IT-CI: R. Roth (TU Darmstadt), P. Navratil (TRIUMF)
- Sp-NCSM: T. Dytrych, K.D. Sviratcheva, J.P. Draayer, C. Bahri, and J.P. Vary
(Louisiana State U, lowa State U) 5
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Basics of the MCSM & recent developments



Review: T. Otsuka , M. Honma, T. Mizusaki, N. Shimizu, Y. Utsuno, Prog. Part. Nucl. Phys. 47, 319 (2001)

Monte Carlo shell model (MCSM)

 Importance truncation
Standard shell model

[ *x x x Kk ke \ Ey \
M - 0
H - S
* Diagonalization
\ / \ 0 /
All Slater determinants d > 0(101)

Monte Carlo shell model

H™~ 0

Important bases stochastically selected dycsw ~ O(10-100)

Diagonalization



Recent developments in MCSM

e Acceleration of the computation of two-body matrix elements

(#N|¢)= %Lkaki (Z Vi p.,) - %Z P [; V(ki),(.,-)p(.,-)]

! (ki)
Matrix product is performed w/ bundled density matrices by DGEMM
subroutine in BLAS library

Y. Utsuno, N. Shimizu, T. Otsuka, and T. Abe, in preparation.

e Extrapolation method by the energy variance

(H) = Ey + E1 (AH?) + Ex(AH?)? + - .. (AH?) = (H?) — (H)*
(& H?2 )
‘ o = Z (Z ikt (1 — p)ka(l = plig — (1 = p)ia(l — ﬂ)k,ﬁ)) (Z Vapys(PryiPsi — Po‘eﬁwj))
VIE i<ja<B \k<l V<d
2
+Tr((t+ 1)1 —p)(t+T)p) + (Tl‘(ﬁ(t + %TJ}) Lip = Zj__f VijklPlj

(naively) 8-fold loops -> (effectively) 6-fold loops by the factorization
N. Shimizu, Y. Utsuno, T.Mizusaki, T. Otsuka, T. Abe, & M. Honma, Phys. Rev. C82, 061305(R) (2010)
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Computation of the TBMEs

 hot spot: Computation of the TBMEs
(@D|V]D) 1 (w/o projections, for simplicity)

= = D VijkiPkiPlj
() 275

c.f.) Indirect-index method
(list-vector method)

* non-zero ME: jz(i) + jz(j) = jz(k) + jz(l) -> jz(i) - jz(k) = - (jz(j) = jz(I))

> ViikiPkiPl; = > Pa ( > %bﬁb)

ijkl Am |a€Jz(a)=—Am beJ,(b)=Am

Operations: sparse matrix -> dense matrix

Viikl — Vab Pki = Pa  Plj = Pb
sparse dense



Schematic illustration of the computation of TBMEs

e Matrix-matrix method

> ViikiPiPl; = D > Pa ( > ?7ab[5b)

17kl Am |a€Jz(a)=—Am beJ.(b)=Am

N

/l l L
| | | |
A PERRR At e
N FE A 0
te X 0 i i ’500 i i X 'p’(l>ﬁ(2) . .. 'p‘(Nvec)
I R T N
+1 Ukl
/ __‘_I__I____I_-@___
AN .
v v

—> BLAS Level 3



Comparison of the performance

| |
I theoretical peak performance ]
10000 —
- Intel Xeon Harpertown E5440 iy
| 2.83GHz, 12MB LS cache, |
w ifort 11.1 + Intel MKL 10.2
ol - J
®,
ﬁ ) _
E 5000 |~ —
I Sl’lEll: |
i oo Nshell:4 |
i e shellz |
ol | | | | |
matrix N, =10 N =100
list vector N = Ny e =30

Y. Utsuno, N. Shimizu, T. Otsuka, and T. Abe, in preparation.



Energy-variance extrapolation

-80 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
- Carbon-12 g.s. energy@ Nshell =4, hw =30 MeV 7
-82 #® w/o Coulomb int & spurious CoM treatment
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Numerical effort

8-folded loop
R ~O(Nsps”"8)
(®'|V2]|D) - 1
S Vi klVafys [Z(l — P ka(l — P)igP~iPs;
1
+pva(1l = p)igprirs; + Zpkmszmpaﬁ]
= Viikl(1 — p)ka(l — P)w) (Z ?704575/077;/)59')
o)
1
6-folded loop +Tr(M(1 — p)lp) + 2 [Tr(Pr)]Q
~O(Nsps”6)
(@'|clieg| D) _ (VD) 1
_ ., — - . — -
PRy = k Z"U klPI Z v SPyaP§
Ba <¢/|¢> v i t] J <CD/|CD> 2 o afy B

N. Shimizu, Y. Utsuno, T.Mizusaki, T. Otsuka, T. Abe, & M. Honma, Phys. Rev. C82, 061305(R) (2010)



Energy (MeV)

D, ~ 6 x 1011

Extrapolation of 12C Energy

D, =11,384,214,614~ 1.1 x 10%°

-80 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
- (H) = By + E((AH) [t By(AH?)? |- -
I o i
- @) =) -,
SO Exact value is unknown O i
> -85 o® -
= i o° il
; " E=-90.030 MeV (MCSM) [81 dim] «@®® T
= l i
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75
MCSM basis dim.
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Benchmark results

- Energy

- RMS

- Q-moment
- --moment



E (MeV)

T. Abe, P. Maris, T. Otsuka, N. Shimizu, Y. Utsuno, J. P. Vary

Energies of Light Nuclei

MCSM ——

£Cl __ _ Extrp.

6He (0+) 7Li (1/2-)

—— 8Be (0+)

_ ——— 10B (3+4)

Performed only by MCSM >
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-

NshellF 4 (spsdpf)

MCSM & FCI results are consistent within the size of lines 17



Point-particle RMS radius (fm)

Point-particle RMS matter Radius

w/ energy-variance extrapolation
by 15t-order polynomial
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MCSM & FCl results are consistent within the size of symbols 18



Q moment
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MCSM & FCl results are consistent within the size of symbols
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MCSM & FCI results are consistent with each other, and
KL moments are well-reproduced even at small Nshell.



Summary

 Benchmarks for the p-shell nuclei
- MCSM & FCI results are consistent with each other.

Outlook

e Larger model spaces (Nshell =5, 6, ...)
v’ Spurious CoM

v Coulomb force

e Genuine 3N force

 Tuning of the MCSM code on the K Computer
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