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% Cold atoms in deformed traps

% Ab initio NC5M towards the driplines

C. Forssén, TRIUMF, Feb. 23,2013



Nuclear Structure
ab initio no-core shell model
» A-body HO model space (m scheme)

Many—body MISjigleleS » Full-space Nmax energy cutoft

Renormalization Renormalized for truncated model space
Scheme » SRG flow in HO or momentum space
» Lee-Suzuki transformation

Realistic, effective
nuclear interaction Realistic nuclear interaction

» fits scattering data
Low-energy QCD

» chiral EFT interaction
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Busch model
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From: G. Zdrn et al, Phys. Rev. Lett. 108, 075303 (2012).
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Heidelberg Experiment

| d system with
repulsively interacting
bosonic gases (Tonks-
Girardeau regime)

Two-component
fermionic systems using
hyperfine states of oL

|10 asymmetric opto-
magnetic trap.

Magnetic field gradient
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From: G. ZUrn et al, Phys. Rev. Lett. 108,075303 (2012).
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Model and energy spectrum

 Studied |+2, [+3, [ +4 1+2 system
Systems

< Hamiltonian

p2 1,
H=2 (7 " 590) +9 2 O, —a5,)

(2o RV Ee3

with c = +,0 = —0

% Coupling strength

. asq + Repulsive Attractive —
1 — Cagd/al

)

% LS-transformation using

exact Busch model solution
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Densities

Ground state I st excited state
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* Repulsive interaction f
. -¢ ........................
** rrom weak to strong

“* Non-interacting state
corresponds to the three-fermion
oround state in HO trap

“* At -1/g—0, these are degenerate
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Observables: anomalous trends

-xtremes of the (light) nuclear landscape

l7Ne
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°He Ground-State Properties

6-He references
. * P Mueller et al, Phys. Rev. Lett. 99
Very accurate charge-radius (2007) 252501
measurements Using laser e M. Brodeur et al. Phys. Rev. Lett. 108
(2012) 052504
SpeCtrOSCOPY' * S.Bacca. et al. Phys. Rev. C86, (2012)
034321
Very accurate mass measurement with a Penning trap mass

spectrometer.
Several ab initio calculations

Most recently by S. Bacca et al

» using EIHH and Viewk NN potential based on I-N3LO.

» Study of Vlowk cutoff-dependence and observable

correlations.
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NCSM example: Energy convergence

N3LO, SRG (NN only, A = 2.0 fm™)
4He_21 | _*He with n3lo and Lambda=2.0 | Ho baSiS C“tOff Scales

® NmaX:2 4

® NmaX:4 )

el | Auv = V2(N +3/2)h/b

Vo 12 Lir = Lo = \/2(N +3/2 +2)b

Npax =14 ||

Exp N Extrapolations from finite HO basis

5 * RJ. Furnstahl et al., Phys. Rev. C 86(2012)031301R
e 5. Coon et al, Phys. Rev. C 86(2012)054002
* RJ. Furnstahl et al., arXiv:1302.3815 (2013)

o Nmax =2

Noo—al Previous work with Nmax / hQ) extrapolation
® max = e C.Forssén et al, Phys. Rev. C 77(2008)02430|
Niax =6 |4 * P Maris et al,, Phys. Rev. C 79 (2009)014308

Nmax =8

gmjg Correction to the energy due to

N=t4|| | finite HO space

Ex
— E, = E. + AE;
withA Ep = agexp(—2ks L)

26
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NCSM example:

‘He with n3lo and Lambda=2.0

e -0 N,.=2 ||
~~~. ®-0 Nmax:4 |
~~'~0.._ -0 Ny..=6
n.. i
®-0 NmaXZS
.“~. ® -0 Nmax:10 |
*"'-o.._ ©-0 Ny=121|]
.. -
°. "---._.__ -0 N,.=14]]
——ee.. ~--e

® ]\/vmax:2

——. ..
-0 Nyy=4 |]
-0 Ny,=6 |

P @-0 Np.x=28 |
-0 Ny.=10

® - g .. o----0 @0 Niax =12 |1

@ - o ----0 |®=-0 Nyox =14

e iii8iiiigit® | — Ev

16 8 20 22 21 26

h$) [MeV]

-nergy convergence

Binding energies
NBLO, SRG (NN only, A = 2.0 fm™)

-
—206f Including UV correction
_27 |
= 28t
=
—_ 29} —o—
S sl Ep = Eoo + AEL + AE,,
. withA Er, = agexp (—2kso L) _
. andA FEpy, = a1 exp (—2/\%\// ag)
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E(°He)

SZn

129.25(1) MeV.

1.01(1) MeV
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NCSM example:

-nergy convergence

NBLO, SRG (NN only, A = 2.0 fm™)
)

6He with n3lo and Lambda=2.0
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NCSM example: Energy convergence

NBLO, SRG (NN only, A = 2.0 fm™)
)
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Ab initio < ®He | *He+n+n > overlap

<®He (0) | *He (0")+n+n>

| =5=0

[ =S=|

N\
N

N

3LO, SRG
N only, A = 2.0 fm,
nax= 14, HO=20 MeV

< SHe( 0+)|*He( 0+)+n + n> overlap with S=0, L=0
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Ab initio < ®He | *He+n+n > overlap

NELO, SRG

NN only, A = 2.0 fm™!,
<tHe (0%) | *He (0")+n+n> Nmax= 14, HO=20 MeV
e 2

(Cigar configuration A

= X3

< SHe( 0+)|*He( 0+)+n + n> overlap with S=0, L=0

3 . . )
L, Di-neutron configuration
~
| o °
| ®
T'n—n (fm) \_ J
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< ®He | *He+n+n > overlap: Nmax dependence

<®He (0%) | *He (0")+n+n>

-

< SHe( 0+)*He( 0+)+n + n> overlap with S=0, L=( < °He( 0+)|*He( 0+)+n + n> overlap with S=0, L=0

IO.64
0.56

10.48

10.40

10.32 5

10.24

0.16

0.08

I :
0

0 2 4 6 8 0 2 4 6 8 0.00

‘He( 04)+n + n> overlap with S=0, L=OO o
IO.56

10.48

10.40

1032

10.24

0.16

0.08

0.00

3LO, SRG
N only, A = 2.0 fm,
nax= 14, HO=20 MeV

‘Conclusion:
This is a Pauli

 focusing effect
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< NNLO (POUNDerS)
optimized to NN phase “He with NNLO (POUNDerS) -bare

shifts (see A. Ekstrom’s talk) — THe Wil o
— |
—16} ~~‘~ ®-0 Nywx=2 |
< [tis soft: —18} ‘"‘0... ®-0 Niax =
i . . L - NmaX:
we will show bare interaction | = -»f e.. St
. o. = max —
results in NCSM up to A~10. | -2 o ., o Nyw =10
R 2 ®. .\v._ ° ©-0 Ny =12
. —26 ‘~:."o..*.'° -0 N =14
% Study effects on the o ®-18138::8%18 o
. . AL — Xp =
structure of light nuclei ol | | . .
15 20 1O [7\5/|eV] 30 35
% Technical developments

of shell model code =

d~1.7 x 107 - one Lanczos

teration in 35 min on one
node. C. Forssén, TRIUMF, Feb. 23,2013



°He with NNLO (POUNDerS) -bare

A :[841-931] MeV

®He with n2lo
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- N
B I A e B S o IR
21 ;_ AV18+IL+2/6 _:

= 2F # -

E ol o M-H z

g 19 Vi NLO) OHH#UCOM * E
1.8F w -
L7t o CE

SN T T SRR SR I T ST ST N
0O 02 04 06 08 1 12 14 1.6
S, [MeV]
N y

1.85} <7°2>L ~ (er)oo [1 — (c053 + 015)6_65
1.80} with 8 = 2k, L
175k :
E . 181(1)
jo8
é 1.65} 1
= 160}
1.55]
150}
1 6 7 3 9 10
Lo [ fm)]

EXP. 1.938(23) 0.97
NCSM (SRG A = 2.0 fm™"): N3LO (EM) 1.83(1) 1.01(4)
HH (S. Bacca) (LS+Viows, 2.0 fm): N3LO (EM) 1.804(9) ~0.8
NCSM (bare): NNLO (POUNDerS) 1.81(1) 0.1(1)
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N/
%

R/
%

Realistic NN interactions predict the
incorrect ground-state spin of '°B

It has been shown that NNN terms In
the Hamiltonian are needed to
remedy this srtuation.

With the NNLO (POUNDerS) NN

interaction we find a very small gap
between the 37,1 levels,

)
S
—
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IOB
(8271
3* '
+ E
;I+.1_ ..... — 2*:1
. a— 4"
2 — 2:;1
—_—3
, —_— 2
2 —_—
1+  — , 2+
1 — — _1+
,1+ [ —0+;1
3+__ ...... 3
,_1+
NN+NNN Exp NN

From: P Navrdtil et al., Phys. Rev. Lett. 99(2007)042501.
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OB with NNLO (POUNDerS) -bare

T T T
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VB ground state

OB with NNLO (POUNDerS) -bare

— Exp. (J=3)

— Exp. (J=1)

A—AN =4
max

= Nma =6

X

HO freq [MeV]
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OB with NNLO (POUNDerS) -bare
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% Antoine employs the (smaller) p/n
subspaces:
MB state 1 = gp +

< MB matrix generated on=the-fly.

VatVec operations the largest

pottleneck.
< New version: PANTOINE

M * x =y, split Into subsets

M+ M+ ) F x =y
¢ Shared memory / multithread

Close to theoretical max of Miter / s

on multicore.

Glenn no. 5

X Timing: qprn used in average 3| 8 of Opteron 6220 (4 sockets, 32 cores, 512 GB)

32 cores on Glenn no. 5 C. Forssén, TRIUMF, Feb. 23,2013



Ground state obtained in seven hours on one node.
C. Forssén, TRIUMF, Feb. 23,2013



% Effective interactions for cold atoms in deformed traps

“ Introduction of UV and IR scales; optimization of run sequence
»  BUT still need several large Nmax computations
» Technical development - pAntoine

“* Microscopic description of clustering
»  Calculate core swelling: rpp
»  Study projection on basis

“ First results from NNLO (POUNDerS) in the NCSM
»  Soft - bare Interaction used
»  1OB(17,3%) states almost degenerate
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