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Similarity Renormalization Group (SRG)

accelerate convergence by pre-diagonalizing the Hamiltonian
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NCSM with Continuum (NCSMC)

® representing H|w/™") = E|w/™") using the over-complete basis
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Neutron-rich halo Nucleus 1"Be

week ending
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11Be excitation spectrum
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11Be excitation spectrum

Variation of 3N force

exp. NN (500) (450) (400) (350) exp.

I | I I

8 - —
7 + =
1
¢ ln+%Be2y) 1§
- >\
—_ s
S sk 1 &
()] I
_____ c
= 4L 1<
= X ’_"' _3/2'__ E
Lij 3 —n."'_.e_(::?ﬁ — 32{3)_ §
v p— o
',— T
2 |- — 3/2 | s

L — S — 5/2+_

o [n+1°Be(0%)

“““ S ‘ — i

- m— /0

-1 | | | T

March 1 2017 Angelo Calci 9



R TRIUMF

11Be excitation spectrum

Variation of 3N force

exp. NN (500) (450) (400) (350) exp.

I | I I I

8 b —
7 i
_____ |L
¢ n+%Be2y) 1§
E— %‘
N >
> 5 1 R
o | 0 L_____ I
= | , | 2
. | - — 32 | E

L o — [ [ — |
— w :D"' + — _E——— 5f2- UN)
L 3 —n+_e_(.‘.;‘ 3/2 e o 3/2(* )] 8
JE— | o
"_, ~ E— I
2 | —‘ . ] 3/2 _ (o]

L — S — 5/2+_

, [n+1°Be(0*)

______ = — /2]

- . — 2t

o | " —— | T

March 1 2017 Angelo Calci 9



R TRIUMF

11Be excitation spectrum

Variation of 3N force

exp. NN (500) (450) (400) (350) exp.

I | I I I I

8 - —_
7 , _ E
______ |L
p n+19Be(2+) ... | 5
— . %;
— " >
> sk 1 %
q) _____ I
s, , 2
. | - — 32 | E

& o — _— ~— . T
+— :2+ /2+ ’—_— - '5f2' UNW
I —”*-59.(:?‘ 2 y | — 3720 &
JEE ) R4 o
" . ~ I Il
7 L L} . , I 3/2 _ 5

_I' S ] I + j

1 |- 5/2* |

o [n+°Be(07)
————— s—'—'_-— T -~ — —————T/é_—
B . I— —— 1/2+
-1 | | I h ~ — ‘ l | Tl

March 1 2017 Angelo Calci 9



R TRIUMF

11Be excitation spectrum

Variation of 3N force

exp. NN (500) (450) (400)  (350) exp.

| | | | | | |

8 I —_
- L ,EE—— " _ E
______ IL
p n+19Be(2+) .. | 5
— . S %;
— " >
S st 1 %
q) _____ I
= 2
-E. I . . | ~ . 3%_ | :-g
T (A 0Be(2+)3/r = m— === g
LL] 3 —n_+ e_(:_‘.‘ 3 < | — - - T — 3/2 (") 8
JE— Lo o
. v " B - I
7 L L} . , I 3/2 _ 5

I' ’ =+ )

1 - - m— 5/2% |

, [n+1°Be(0*)
————— s——'_-—_—__————_—.—-——--——’-— —————T/é—
B .. | — —q 2+
o | " —— | | | T

March 1 2017 Angelo Calci 9



2 TRIUMF

11Be excitation spectrum

Variation of 3N force

exp. NN  (500) (450) (400) (350) exp.

I | I I I I I I

8 - —
- L ,EE—— " _ E
______ |L
p n+19Be(2+) .. | U§,
h ) . —T———— e SR %;
r— " - =
S sp 1 &
q) _____ Il
= 2
-E. I . L | ~ . . 3%_ | :-g
Tl I |5§ (2+)3/2+ = mm— .o - - E— 527 &
Ll 3 —n,+_,e_(:_‘.‘ 3 < | L} — 3277 3
J— K | o
"_, ~ E— I
2 u —‘ . , ’ s ] 3/2 _ (o]

I' ’ + )

1 | — 5/2 |

 [n+19Be(0)
————— s— B e _-__--___-__:-_:j— _____T/é'_
.. | — —q 2+
e | " m—— | | | | T

March 1 2017 Angelo Calci 9



2 TRIUMF

11Be excitation spectrum

Variation of 3N force
exp. NN (500) (450) (400) (350) NZ2LOsar €Xp.

I | I I I | ; I I I
R | i
- \ —
8 |
- ' . - | -
I ‘\ |
7 ‘ ' -
T — : \ A 1
o [n+%Be(2) . N L 14
B :_— — -—d—_————'—‘ s ‘ - %;
_ , T — =
> sk ? IR
q) I ‘ i Il
= A , | 2
.E. o '_“' _ __——-—-—-:_:—-—-_: __‘__3/2'___ ;E
Ul 3 N+ 0B E(R+) 3/2+ - mm— e 32+ [ 52| &
 — < | E — e e 3/2() S
JEE— P [y ‘\‘ ¢
| . N " I “ - E— ‘q ‘_' i C”)
) | — Nt ' s 3/2- | o
— Y
B . - L — -
. — * E— : — 5D+
\
\ -
n+10Be(0+) |
Okk-—---2 — — o = - E—— — - — -~ — — — — —|— — — — — — — — —
o — . _:\“:__ - -— /-
B | — - : ~ I 1 /2+ 7
o | " e—— | | | | | | T

March 1 2017 Angelo Calci 9



2 TRIUMF

11Be excitation spectrum

Variation of 3N force

9/2+

exp. NN (500) (450) (400) (350) NZ2LOsar e€xp.
| | | | | | | | | |
i | i
\
8~ | | ]
T T ‘ ' . (Y
6 n+%Be(2t) = Tz TT- Iy .
______ . I AR '
B :_— — -—.—__————'—‘ E 1‘ i
’ E— | = “
3 [ T -
I | 4
= 4L : l i
-E. -w" ' — oo - - - - - -E— _— 3/2--
-+ B ¥ D+ + — —— - . - ~‘~ N —" — 5f2'_
w3 _n+_e-( - 32 — e " . ‘f—xﬁ - 3/2()7
«JEN— . ’ “\“ » i
T e parity inversion
N+19Be(0+) can be reproduced
O —————— ‘—'_-— = - e
TE | —— | | |

March 1 2017

Angelo Calci

= 14

E 3max

a = 0.0625 fm4, AR = 20 MeV,




2 TRIUMF

11Be: Photodisintegration process & E1 transition
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NCSM with Continuum (NCSMC)

® representing H|w/™") = E|w/™") using the over-complete basis
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NCSM with Continuum (NCSMC)
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Derive NCSM/RGM Kernels
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Derive NCSM/RGM Kernels

OB kernel

dominant OB kernel contribution included in target eigenstates
= only MR-NO 1B and 2B kernels contribute

1B kernel

T T
sp < el |\Valel™ >sp

203D 3D DD Sl (R AR | (N

Mim; My, my M!m' M. m'
J 1 1775 1 t

T n j|Jg T, 3
¢ | My M{ m | M My m|

X sp < ¢f4—1EiI{W1M{T1/M§1WA—1E1[17T1M1T1MT1 >sD

1 1
X < n'l'j’m;§m;|VA|nljmj§mt >

T
Mr

T

T T
—sp < €™ N\V AT a1 alelT >sp
1

e S

Mlmj MTlmt M{m; M’lm;

TN( L P TN( T
Mr M ml | M My my

X Y sp< ¢f4_1EiI{W1M{T1’M’T1\aiszmjmtaa,q_l|¢A—1E1117”M1T1MT1 >SD
aA—1

T
M

T

, 1
X < n’l’j'm;-ém;|VA|aA_1 >

2B kernel
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NCSMC: Impact of 3N in Kernels

Exin [MeV]

T T "~ T T T "~ T "~ T "~ T T
150' Nmax= 12 explicit BN — — MR-NO(°He) ]
2P3/2 -
2|:>_1_/2 —_
2Da3/2 ?
2S1s2 - —
100 NCSMC 12 8
150 0 ey ey E
0 | 2 3 4 5 6 7 8 9 10 o
+
2
2

a = 0.0625 fm*, hQ = 20 MeV, E3max
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NCSMC: Impact of 3N in Kernels

T T T T T 1T T T T
150 C Nmax=12 explicit SN — — MR-NO(°He) ~
! 2P3/o -
2|:>_1_/2 —-
2Dayo ?
2S1/2 ~ '-5 8
_ n+iHe 13
100 - NCSMC 18 B
150 B, | | L, 1 | | | | ~ E
L | | 7 I\i _12| I_ _IN 16 clzl: ™
150 I explicit 3N o Neg e 4< *
I i —max— o 2P/ vE Z
100 | ol o N
! y 2P1/2 N
— O
o0 50 |- /' _____ - S
=) oL e 2Day2 i1
o 1 ©
50 281/ -
1100 | N
150 oy oy .NC|SM.C | | | l

0 1 2 3 4 5 6 7 3 9 10
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NCSMC: Impact of 3N in Kernels

explicit 3N

— — MR-NO(°Be)

S0 “P32 \ e
I 8 6P >
_100 F n+°Be Niroy = 11 52 ~ .c-%
150 ki L I L L o
I 1 I — 1 — 1 4
I
(@)
()]
-

-100 [

150 [

explicit 3N
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NCSMC: Impact of 3N in Kernels

| ' | ' | ' | ' | ' | ' | ' | ' | ' | ' ]
- explicit 3N — — MR-NO(°Be)

.
s — \ P32 1 \
:-___—_—__-.- ©
Pz k . ._,‘;,g’ 8
L n’f®7 Lo 123 S
-100 impact of MR-NO approximation 5:
150 EL— much smaller than —— o 1 Z
i : : T J]zc o™
150 | effect of other incorporated truncations 18 = E
100 [ °Fs/2 S "E 4
% 50 [ S
3 i1
) 0 o]
-50
-100 |- 5Ps2 _
! explicit 3N
'150 | L | L | L | L | L | L | L | L | L |

0 1 2 3 4 5 6 7 3 9 10
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2 TRIUMF

First application: 12N

e jdeal candidate e some low lying resonances not measured
weakly bound J=1+state precisely
dominated by p-11C e 11C(p,Y)2N can bypass triple-alpha process
e planed experiment at TUDA facility at TRIUMF
8.007
(68 ... ...
[P B
080 s ab initio NCSMC
5.60 . :
535 5 e include p-""C continuum
414 (3/2-,1/2-,5/2-,3/2- states of '1C)
228 1 gl e include 4 negative and 6
244 o positive parity states of 12N
:?901 e MR-NO with respect to Nmax=0
L oo |27 .
0.960 <+ 0.60] eigenstate of 12N
L ”C +p
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12N spectrum with continuum effects

NCSM NCSMC exp. NCSMC NCSM
I I : I I | I I ; I
8 |- — ) I |
L RS Work in progress T
s T * study incorporated P
5 . == truncations o p— ]
L P+11C (3/2)" P — 2
> 4t * benchmark further = 1<
D 1P+ (5/2)" ol - o= — ]
= sl chiral interactions L 1¢
-E. R — 0'_——Z' *-;‘\:24') ," J"' E
LI"J" 2 I~ . | “‘:‘l_—" i ’_0+ :' K — g
p+11C (1/2)- ~, =:::::__ —— -_'.' : o
T S " 2+ 7 os
Ol o o—t T T m—
p+1IC (3/2)' \:‘ ~_"" —_—— ” ,:'J:'_
-1 : ————— —  — : _
- ‘ 20 -
g NN+3N(400) N2LOsar
31 l | _
| | | | | | | | |
4 6 4 6 6 6

March 1 2017 Nmax 18



R TRIUMF

12N spectrum with continuum effects

NCSM NCSMC exp. NCSMC NCSM
I I ‘ | I ‘ I I : |
8 |- — \ ]
y e Work in progress T
s T * study incorporated e
5 [ .. == truncations S p— ]
P+!'C (3/2)" — — | 2
> 4 e benchmark further 1<
L 411 e — : - . - Sy — .
— LA chiral interactions P e
, L REIC (172 We need to p— 1
0-_ _____ t:ZE improve our .______g:__ c
1C (3/2) |
e nuclear forces! —: -
of ? .
g NN+3N(400) N2LOsar
M | | | | | | | | | i
4 6 4 6 6 6
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Probe chiral interaction in light
nuclear scattering
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n-4He: Standard interaction

= —+ -l'k_-ﬂ'.f___bi____'_ | ! .

100 y/ """""""" 2|:>3;2""" ----- Fo=——== = stazgard
80 501 ‘E‘I_ _____ 2P, 1 —— NN+3N(500)
‘U B ,' - - 2D -

— 0 = 3/2
< Bl = + exp
-50F n+4.|.ié- i e = —_— 2S1/2 —
i NCSM B il et s
-100}, | | | . | | . | hQ) = 20 MeV
0 1 2 4 5 6 7 &  «a=0.0625fm"
Ekm [MeV] ESmaa: =14
March 1 2017 Angelo Calci 20



R TRIUMF

n-4He: Standard interaction

= L _=E I i
1001 y—:l* " === "ﬁ'z'pj;-----l ----- == .| standard
- {---- NN
= 50f _|:_|‘ _______ i 2P 4 —— NN+3N(500)
=, - ’ ===F" 2D3yo 1
‘o O_ . + exp
-50F n.|.4.|.ié' I s . N 23112 -
- NCSM T
100k, o, T KQ = 20 MeV
150" 0 + T T T Num=18 7 o = 0.0625 fm?
- + I I | ESmax:14
:_OO' +++ 2P3/0 -
w50 7 iagasssgessss qrossaprssospanses -
L t7_oae==F ) P12 | standard
: 0 etii= o n D3/2=|=|— - NN
sol v i 23, 1 —— NN+3N(400)
- o n e il o - — o o —
i NCSM e e
-100—1 ] ] ] ] ] ] ]
0 1 2 3 4 5 6 7 8
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n-4He with N2LOsaT

4 + + — : )
. -+ F N2LOsaT
100 _ I/ +_|_+ - 2Pg/s 1
& S0 i L - = F— + pt =+ —— NN+3N
=, 0 - e 2D3/o 1
“« N T ¥ e~ + exp
-50F n.|.4e ) 2812 i
- NCSM —+—q |
100k, 0 hQ = 20 MeV
0 1 2 3 4 5 6 7 8§  «=0.0625fm"
Ekin [MeV] Esmaz = 14

e P3p- Py splitting sensitive to details of nuclear force
e under- or overestimated by NN+3N(400) or N2LOsar interaction
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n-4He with LENPIC interaction

15O_l ' | ' | ' | ' I ' I ' ! leaIx= .i.l LENPIC
: + + + —4_ _1__ ] interaction
: 4+ == P | e
r—100 _ +_|_ P 7 3/2 E N2LO
F0r  F7 _e-#T T T el T R=10Mm
- [/ + — 2 1
=, - | , | ,  2Da2 | . T
o §) —%i ~_I_~ A ; | | | | | | - NN
50k aaanT + FTIFr——m——_ __ _2S1p i
- n+t He NesMa + TF = - + exp
-100, ! . . . ! ! !
0 1 2 3 4 5 6 7 3
Ekin [MeV]
h{) = 24 MeV
e splitting underestimated without 3N interaction n o0
3maxr — 1
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n-4He with LENPIC interaction

LENPIC
interaction

N2LO
R=1.0fm

—— NN
— NN+3N

+ exp
cp=2,4,6

ce fittet
to Triton g.s.

h{) = 24 MeV

e splitting underestimated without 3N interaction " 0.08_fn11jl
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n-4He with LENPIC interaction

150_| ' ] ' ] ' ] ' ] ' ] ' ] leaIx= _i_l LENPIC

— 1 interaction
N2LO

R =1.0fm

—— NN
— NN+3N

W
NCSM .

+ exp
| L | L | L |

' ! ! cp=2,4,6
_______ 2 3N 4 5 6 7 0T e
| Exin [MeV] ce fittet
to Triton g.s.

e gplitting sensitive to o ;0 — 24y

_ o = 0.08 fm*
e |arger cp values provide g, =14

better reproduction
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n-*He with N*LO(500) interaction

150 | | ' | ' | ' | ' | ' | 'Nmalx — 1'3
L+ 4o At 4= — = —— — — 1 NLO(500)
1001 - ?Par2 1 interaction
— +7 === I '
éDSO_‘ 17 ”:—,:— 4+ T T 2|:>1_!; T - — — NN
— = 2D3yo '
0 -u%f\ e
I ~=|— =+ —_ 2 -
_50 H +4 =|'— F—=— = = § A S1/2 -
_ n He NCSMC = JE - + exp
100
0 1 2 3 4 5 6 7 8 HQ — 920 MeV
Exin [MeV] a = 0.08 fm*
EBma:c = 14

e promising splitting properties of N*LO NN interaction
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n-*He with N*LO(500) interaction

S S S ~ 1 N4LO(500)
1001 _|_+ T 2P T _ 7 interaction

— — NN
standard

=== NN
+ exp

h{) = 20 MeV

a = 0.08 fm*
EBma:c = 14

e promising splitting properties of N4LO(500) NN interaction
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N4LO(500) NN interaction for other
observables?




2 TRIUMF
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Ground-State Energies in s-Shell

10

o & B LV O N A o o
T 17 1" 717 1T 717 1 97 1¥ 717 ©° 7 710 707 °0©°790 71 71 1

»—X bare (28) ]
3 O—0 SRG 1.6 (20)

1
o0
T T

\®)
(@)
T

He 0 SRG18(20)|
v—v SRG20 (20)| ]
- — Expt. i
N4LO(500) h
NCSM
NN ;
: standard
E, =-733MeV 1 N°LO
*—————Je— -7.12 MeV
| | | | | | | | |
| | | | | | | | |
4 e @b
He O—0O SRG 1.6 (20) -
©—© SRG18(20)| —
V-V SRG20(20)| 1
N‘LO(500) ==t |-
NN NCSM
1 standard
E  =-26.61(2) MeV - N3LO

1€ -25.39(1) MeV

(O]
S
T

Angelo Calci

Compared to standard N3LO:

e 3N force needs to be

less attractive
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Ground-State Energies in s-Shell

1op 3 —~w w1 Compared to standard N3LO:
O—0 SRG 1.6 (20)
8 He & SRG 18(20)|
6 T b - e 3N force needs to be
s oL NCSM ess attractive
= NN ;
m [ _
4l 1 standard
o E, =-733MeV 1 N3LO
A *—————Je— -7.12 MeV
to H——+——+—+— ——
-8 :_ 4 +—+ bare  (36)| ] | L | | | |
10+ »¥—X bare 28)| _| ““ 4
He  |gguenm - ., He NCSM
L V-V SRG20(20)| 1 -24 — AQ = 20 MeV
_— N‘LO(500) |-- == — [%  ‘.standard
% 16 - % - @ \‘ a = 0.0625fm" .
E -18 NN NCSM - E a5k N e . ]
520 i - = N D g S
P 1 standard _ NN -
ol E  =-26.61(2) MeV - N°LO 261 ». .
-26: 1 -25.39(1) MeV N4LO(5003\‘ ______ PP PO _
> -_I | | | | | | | | . _I-_- 2I éi 6I é 1IO 1I2
3055 2 4 6 8 N10 12 14 16 18 20 Nmax
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Ground-State Energies in s-Shell

tor 3 —w @ 1 Compared to standard N3LO:
i3 He  |eeuene -
or o e 3N force needs to be
_f N4LO(500) ; .
% oL NCSM less attractive
> NN ]
— 0 |
m® 1 e N4LO(500) NN seems
af j standard to be softer!
o E, =-733MeV 1 N°LO
A A -7.12 MeV
op—t—t+—+—+—+—+—+—+—+—+
_8:_ 4 +—+ lgare 82; N LR T T T T
10 »—X bare _ | “‘ ““ 4
He  jesieis - s THe Nesm o
4l V- SRG2020)| - 1 i AN HQ = 20 MeV ]
> o N4LO(500) = I — F %\ “standard ) .
> 16 - > @ e o = 0.0625 fm ]
E -18 NN NCSM - 2_25_ @ e . ]
mfo 20 i _- Lua) \“ \\\ ...... "' """ ’ """"
»l 1 standard _ NN :
oal E  =-26.61(2) MeV - NLO 261 0 & .
-26: _:4— '2539(1) MGV E N4LO(5003\—..--“::g::::::%- ...... ‘. ...... _:
_?2)(8) -_I l l l l l l l l l __I_ 2I Ai 6I é 1IO 1I2
0 2 4 6 8 10 12 14 16 18 20 Nmax
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10B Ground-State

-32 | | | | | |

-34 —
36 [ 1 3" SRG 1.8 (20) |-
38k 9—0 1" SRG 1.8 (20) |-
40 x 3" extrapolated |—
42 [ 1" extrapolated —
_44 :_ -- 3" Expt. —:
-46 — = 17 Expt. —

48
.50
52
.54

E [MeV]

E,. = -57.0(5) MeV

=
=
=
_—

-56 -

-58

-60 |- NCSM E +=-58.0(5) MeV -
-021 -
'647| | | | | . EEEET
665 2 4 6 8 10 12

N
max

e requires 3N force to describe right ground-state
similar to standard N3LO
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160Q: Ground-State Energy

-100 - ' ' ' ' ' 1 | k. | | | | | -
104 OO SRG 1.6 20)| ] \ N4LO o/fm*:
- 1 6 O—9 SRG 1.8 (20)| A 90 160 \ ® —
N V=7 SRG 2.0 20)| [ N 0.0
-108 |- O % Extrap 1.6 7 100: \\ ’ 0.04 ]
- *  Extrap 1.8 ] - — IMSRG ' . -
_ -112F % Extrap 2.0 - — - ’ % . 0.08 .
> . NC SM - — Expt. i % - ' \\\ ' -
S -l16F 4 1= MF N NN ]
= 1 N‘LO(500) 12 Fas ‘.« M= 20MeV
m?n _120 4 m -120F “ . -
: NN ] SRR :
124 f E,, =-131(1) MeV - REY) St Sl Sa—— ,‘ ———————— h
—128:_ ___;_ _140:_ _-
132 - [
l | | | | | % . | | | | | | | | |
0 2 4 6 8 10 12 2 4 6 8 10 12 14 16 18
N Cmax

e requires repulsive 3N force

e no significant SRG induced
4N contributions
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-100
-104
-108
112
116
-120
-124
-128

-132

March 1 2017

160Q: Ground-State Energy

: ®  N3LO N4LO o/fm"]

oo 16 \ h

. 5 % o ‘ OO i

100k " ® 004 ]

- IMSRG @ © Q ;

- [ @ \ 1 MW 008 ]

% -110F ‘\\ Q kY ]

= I 5~ ~ NN ]

o NS e A = 20 MeV ]

w120 g g R ;
i DN

: o0 SRG 15 (20)|

] 16 0O vvsazno|

| N C SM _*_ Eigtap 20 —

3 N4LO(500) E

] NN 1

- E,, =-131(1) MeV -

a3 | | | | | %_:
2 4 6 8 10 12

Nmax
e requires repulsive 3N force
e no significant SRG induced

4N contributions

Angelo Calci

1 1 | 1 N 1 1 1 | I

e no surprises in IMSRG
calculations

e N4LO(500) is sufficiently soft
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160Q: Ground-State Energy

counter-example: e, T

: - 90F 160 e ® 00 ;

e fully-local N2LO interaction o o o0
used in Quantum Monte Carlo = | ¢ /MSRG 5 008
Gezerlis, Tews, Epelbaum et al. S OF m h = 20MeV

Phys. Rev. C 90, 054323 (2014)

e difficult to handle In
harmonic oscillator basis

[ | | | | |
2 4 6 8 10 12 14 16 18

Cmax

interaction for this cutoff is significantly harder
e Normal-Ordering approximation

* induced (IM)SRG many-body contributions
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Outlook

e insufficient knowledge of nuclear force provides
largest uncertainties in ab initio calculations

e combination of NCSMC with MR-NO allows to include
continuum effects at strongly reduced cost

e enables heavier targets and complexer projectiles

e splitting of P32 - P12 phase shifts in "He can be used
to constrain 3N parameters

e novel LENPIC and N4LO(500) NN interactions have
promising properties
e 3N needs to be added
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Outlook

e insufficient knowledge of nuclear force provides
largest uncertainties in ab initio calculations

e combination of NCSMC with MR-NO allows to include
continuum effects at strongly reduced cost

e enables heavier targets and complexer projectiles

e splitting of P32 - P12 phase shifts in "He can be used
to constrain 3N parameters

e novel LENPIC and N4LO(500) NN interactions have
promising properties
e 3N needs to be added

fit co from 3H B-decay
poster by Peter Gysbers
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160 & 40Ca : Ground-State

L | f\‘ | ‘\\l | | | I L Q | | | | | | |
[ \ ) N3LO N4LO ¢/fm*] - ' o /fm*3
y A R i -150F N 40 .
90F 16() - . O @ 007 o Ca ® 00°:
10f [MSRG @ 2~ ©© ¢ oo 0 ® |MSRG ¢ o0+"
> e O MW o008] 5 asf B 008
é) -110F & ' - ﬁ : \‘ NN :
— - X \\ NN \\ - — _300'_ : AN hQ = 20 MeV ]
L. AN SN “ h{) = 20 MeV 1 o W, . .
m-120F \‘@w—\@»‘g‘ = 7 = NN _ o _ _______]1
x“\ \/ﬁ% S 350 N ‘* 3

130__ - lT-t?. _______________ : '

“*"::t:i 400F g
140F . -450F .
[ 1 ] ] ] ] ] ] ] | - [ 1 ] ] ] ] ] ] ] |-
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
Cmax Cmax

e requires repulsive 3N force

e no surprises in IMSRG calculations
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