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Clustering in light nudei

Connecting hound state calculations with scattering and reactions
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Clustering and continuum




Configuration Interaction

State, equivalent to operator (polymorphism)

Ty =0y = Y (1,2...A]T)

{1,2,3,...A}

Vo) = \PLD — Z

|\IJD> — \Ij]—‘;)D — ZX”IE)laj"nla’j’ng ©t .a/T

Anti-symmetrized channel
wave function components
are generated by acting
with state creation operator
and forward ordering.

Code at http://www.volya.net [cosmoO]
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Configuration interaction approach and clustering

Traditional shell model configuration Cluster configuration
m-scheme SU(3)-symmetry basis

L T channel) ~ [®W ) = 1T |0)




Translational invariance and Center of Mass (CM)

Shell model, Glockner-Lawson procedure

Up = dooo(Rp) Vg
/ T AN
Intrinsic

SM state Center-of-mass state

vibration

Control only
Controlling CM CM quanta

Ve e

Hyu = 2AMw (BL+BM)



Center-of-Mass boosts

\Pnﬁm — ¢n€m (R) \Ij,

T CM quanta creation and
B andB annihilation (vectors)

‘I,n—l—lf-m, X BT ' ZS’]L\]:’fn,ﬁfm.

BJr X B c™m angular momentum operator

Configuration Npax =0  Npax = 4

(sd)? 0.038 0.035 Select configuration content of NCSM wave
(p)(sd)?(pf) 0.308 0.982 functions for #4He with Q = 20 MeV boosted
o by 8 quanta (L = 0).

(n)*(pf) 0.103 0.094

(p)?(sd)(sdg) 0.154 0.141

(p)(sd)(sdg)(pfh) 0.000 0.005

(P') ( sd ) (]’Jf ) (Sd!]) 0.000 0.009 K Kravvaris and A. Volya, Journal of Phys, Conf.

Proc. 863, 012016 (2017)



Approximation of Nmax=0 (s4)
Cluster coefficients for SU(3) components

Expand SU(3) 4-nucleon structure in intrinsic+ relative
all oscillator quanta of excitation are in relative motion.

n Tl
Vnem = ZX (N,0):4m’

xn _ 1 N 4! |
N AV 1L (VD> T o

Volya and Yu. M. Tchuvil’sky, Phys. Rev. C 91, 044319 (2015).

Yu. F. Smirnov and Yu. M. Tchuvil’sky, Phys. Rev. C 15, 84 (1977).
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Center-of-Mass boosts

\Pnﬁm — ¢n€m (R) \Ij,

BTand B CM quanta creation and

annihilation (vectors)

‘I,n—l—lf-m, X BT ' ZS’]L\]:’fn,ﬁfm.

BJr X B c™m angular momentum operator

lea — ¢n€m(R) \Ij:y — Z

Configuration Npax = 0 7 = 4
(sd) 0.038 0.035
(p)(sd)*(pf) 0.308 0.282
(n)*(pf) 0.103 0.094
(p)*(sd)(sdg) 0.154 0.141
(p)(sd)(sdqg)(pfh) 0.000 0.005
(p)(sd)(pf)(sdg) 0.000 0.009

ng (I)?n,()):ﬁm

Select configuration content of NCSM wave

functions for 4He with Q = 20 MeV boosted
by 8 quanta (L =0).

K Kravvaris and A. Volya, Journal of Physics:
Conference Series, Cluster 2016, Napoli.



occupation

CM-boosted configuration from shell model perspective

1.2 N=8
' \ N=12
N=16

)
—

Oscillator shell N

K Kravvaris and A. Volya, Journal of Phys, Conf.
Proc. 863, 012016 (2017)



Recolil Recoupling

* Recoupling is done with Talmi-Moshinsky brackets

@ = A{ G000 (R) Snew(p) ¥/ 0/ |



Center-of-mass recoil correction

Channel of relative motion

U = ¢goo(R) ¥’

Boost

\Pnﬁm — ¢n€m (R) \Ij,

CM-Recouple

T nt00;/ T T
(I)n[ o § :Mn1€1n2€2 \Ijnlélml X \Ij’ngggmg [
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Channel of relative motion

160 — 12C 4 o

o) ‘1)70’ . Z M?.ODO 0 \-D( o) ‘\D T |0}
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(Op3y2)”| SU(3)
0.563| 0.0761| \/3/32
V3 ~ -0.650| -0.0878| —1//8

0.306| 0.0414| 1/4/32
0.342| 0.0463| v/5/12

217 -0.0293| —1//72
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0.0183  8/27=0.296




Cluster Spectroscopic Characteristics

Traditional spectroscopic factor

2
Sn,[ = }(W(A) I(I)n[> )

t _Z nt00;¢ T t
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Channels, spectroscopic factors examples

parent channel Ne | (U@ )| (s | Prar)
10[0] | "C[(0,4)] + 0] | 4 | \/8/27 | 8/2T
0[0] | *Clp5,5] +f0] | 4 | 0.135 0.018
0[0] | "*C[p5 /) + 4] | 4 | 0.130 0.017
°Be[(4,0)]| «[0] + «[0; 4 3/2 3/2
®*Be[0’ a[0] + a0 4 | 1.160 3/2
*Be[4 a[0] + [0 4 | 0.984 3/2
*Be[4 a[0] + [0 6 | 0.644 15/8
*Be[4 a[2] + a2 4 | 0.981 1.492
Clp3/s) [a[0] + a[0] + a[0]| 8 1/4 81/80
150[0] (a[0])* 12| +/3/10 | 3/10

|=0 spectroscopic amplitudes of base



Multi-cluster states

CLLEETREETY
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. Internal channel basis label

[ Asymptotic channel quantum numbers



Normalized Spectroscopic Factors

N([) — <(I),,L[|(I)n/[> Norm kernel

nn’

1
‘\Ifl(/[)> — Z NG |®,,/)  Orthonormalized basis

n

e =3 (A w )

Sum of all new SF from all parent states to a given final
state equals to the number of channels
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Clustering and superradiance
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Resonating group method

ff(p) — Z XnPns



Resonating group method 2Be
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Resonating group method 2Be results
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K Kravvaris and A. Volya, Phys.Rev.Lett, 119(6), 062501 (2017)

ALl = 25 MeV

Theory Exp.
1=0 ev 8.7 5.6
|= MeV 1.3 1.5
|= MeV 2.1 3.5

' = 2P (pe)|g(pe)|?



Ttriple-alpha RGM
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2C[4](07) | «[0] + «[0] + «[0] | 0.841
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