Similarity Renormalization Group Evolution

of Many-Body Forces in a One-Dimensional Model

E.D. Jurgenson

Department of Physics
The Ohio State University

APS Division of Nuclear Physics
Oakland, CA
October 23-26, 2008

Work supported by NSF and UNDEF/SciDAC (DOE)
Collaborators: E.R. Anderson, S.K. Bogner, R.J. Furnstahl, R.J. Perry

E.D.J., R.J. Furnstahl [arXiv:0809.4199]

E.D. Jurgenson SRG in 1D



SRG Review - Series of Unitary Transformations
% = U;HUL = [[Gs,Hs), Hs] Gs=T (s=1/A%)

1-D model: V@(x) = i_e=/7i 4 Yo_e=/3
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@ How do we handle many-body forces?
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SRG Review - Series of Unitary Transformations
% = U;HUL = [[Gs,Hs), Hs] Gs=T (s=1/A%)

1-D model: V@)(x) = Ul\/ilﬁ e/t 4 Yo e 2/o3
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@ How do we handle many-body forces?
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Embedding: initial potential

@ Discrete basis avoids "dangerous” k-space delta functions

e Symmetrized Jacobi Oscillator Basis (here: Bosons)
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e diagonalize symmetrizer = (N||Na_1; na_1); use recursively

@ 3D: Use Navratil et al. technology for NCSM
@ embedding is everything, SRG is trivial
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Induced Many-Body Forces are Small - A=3
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@ Basis independent: same evolution in momentum or HO basis
@ Red: unitary, Black: 2-body only = unitary
@ Same evolution pattern for 2-body only as 3D NN
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Induced Many-Body Forces are Small - A=3

V@) (x) = et 2 V2 o—x2/03
Op (e R [ — o T =
-1+ A=3 N =28 = 0.00 1 -2.5- b
-2 B g ]
gl ;e ssisEEsee 7 _ —260 1
& 3 Ve 15729
T -4 13 t
w [ ®oooooeoov i |_|:_| 2.7 J
2 -5r 0,=.05 qu-27
-6l 418 [ =
5 6 3 t N =28
° -7 - & -2.8- 1
2 1
<) —85 2-body only 19 o—o 2-body only
5 _of o= 2+3-body 16 59 o 2+3-body ]
-10F 4 Eo ]
-11- w"";zo | _3:, V( )(}\—oo) —V CE:O ,:
_127\ L L ] 1 1 L ] bl ] B L L L4
2 345 10 20 30 1 2 3 45 10 20 30
A A

@ Basis independent: same evolution in momentum or HO basis
@ Red: unitary, Black: 2-body only = unitary
@ Same evolution pattern for 2-body only as 3D NN
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Induced Many-Body Forces are Small - A=4

V(3)(p’ q, p/’ q/) — CEe—((p,2+q/2)//\2)ne—((p2+q2)//\2)" (/\ — 2 n— 4)
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Induced Many-Body Forces are Small - A=4

V(3)(p’ q, p/’ q/) — CEe—((p,2+q/2)//\2)ne—((p2+q2)//\2)" (/\ — 2 n— 4)

E A=4 N =28 o—o 2+3+4-body E
-4 e -+ =—a 2+3-body only -+ b
- F V(=) =V o—e 2-body only 1
= [ a ]
T -4.5- —+ £ m
i} [ 1 B3 ]
8 o i ]
7 = 1 ;
°© [ ]
c r ]
3 -5.5- + .
U] r ]
o P :
[ c.=-005 T ]
—6.57‘ L IR I L i

1 2 345 10 2030 1 2 345

A

E.D. Jurgenson

SRG in 1D




Induced Many-Body Forces are Small - A=5
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@ Five-body force is negligible
@ Hierarchy of induced many-body forces
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VB analysis
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e Majority evolution dominated by [V(z), v@], (V=[T,V])

> %
@ Hierarchy of contributions &
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V® analysis
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e No [V(z), V(2)], Hierarchy persists

@ Induced 4-body is small
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Conclusions

Recap
e Induced Many-Body forces maintain a hierarchy
e 3D generalizations straightforward (Do findings persist?)

Outlook for 1D Model
o Labframe version
e Individual Operator evolutions (see next talk)
e Different SRG choices
e In-medium SRG
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SRG is basis independent
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SRG basis: Momentum Oscillator
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hw
Her = T + Vij + Vho + (8 = 1)Hpo — f—-

Use H;or in @ mean field harmonic oscillator
Boost other COM solutions
Check on Jacobi Calculations

Easier to generalize

More computationally intensive
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Operator Evolution

show the evolving wavefunction with the bare operator
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