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Renormalization Group Approach

@ T matrix Eq. in k space for the 1™ partial wave
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@ Enter R.G. Principle (q,k,k’ < cut-off A)
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Renormalization Group Approach

@ Physical Observables are independent of the cut-off,

therefore:
dTPM(K', k; k?) 0
dA -
@ R.G. EQUATION — Differential Equation for V{* ("View k")
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Viowk @and Many-body Calculations

@ Sources of non-perturbative physics:

@ Short range repulsion
@ Tensor force from one-pion exchange
@ Shallow bound states (S channel)

@ As a result Born Series is non-perturbative
T =V + VGgV + VGoVGoV + VGoVGVGgV + - - -

@ Sum all terms
T=V+VGyT

@ Sources are resolution and/or density dependent
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Viowk @and Many-body Calculations
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@ First and second term in the T matrix expansion for
Argonne Vg and corresponding V. k (Bogner et al.
nucl-th/0504043)
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Viowk @and Many-body Calculations
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@ First and second term in the T matrix expansion for
Argonne Vg and corresponding V.wk (Bogner et al.
nucl-th/0504043)
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Weinberg Eigenvalues [ Phys.Rev.133(1964) 1589 |

@ Consider operator GyV then,
GoVIl,(2)) = nu(2)IT(2))
@ T matrix operating on the Weinberg eigenstates I, (z):
T, (2)) = (V+ VGV 4+ VGoVGyV + - -+ )|l (2))
= V(L +0.(2) + (1(2))* +--)INu(2))
@ Converges only if [,(z)| < 1

® 7,(z) Realforz =E <0, else 7,(z) Complex

® Forz <0, n,(z) > 0 Attractive eigenvalue and
n,(2) < 0 Repulsive eigenvalue
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Weinberg Eigenvalues for Vi, k
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@ 1,(E) for E > 0 as a function of cut-off A = 10fm~1,
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Weinberg Eigenvalues for Vi, k
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@ 1,(E) for E > 0 as a function of cut-off A = 10fm~—*, 7fm~1,
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Weinberg Eigenvalues for Vi, k
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@ 1,(E) for E > 0 as a function of cut-off A = 10fm~—*, 7fm~1,
5fm—1,

S. Ramanan, S.K. Bogner, R.J. Furnstahl, A.Schwenk Weinberg Eigenvalue Analysis



Weinberg Eigenvalues for Vi, k
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@ 1,(E) for E > 0 as a function of cut-off A = 10fm~—*, 7fm~1,
5fm—1, 4fm—1,
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Weinberg Eigenvalues for Vi, k
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@ 1, (E) for E > 0 as a function of cut-off A = 10fm~*, 7fm~
5fm~1, 4fm~1, 3fm~1,
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Weinberg Eigenvalues for Vi, k

repulsive | Imn attractive | Imn

@ 1,(E) for E > 0 as a function of cut-off A = 10fm~—*, 7fm~1,
5fm~—1, 4fm~1, 3fm~1, 2fm 1!
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Weinberg Eigenvalues for Vi, k

repulsive | Imn attractive Imn

@ 1,(E) for E > 0 as a function of cut-off A = 10fm~—*, 7fm~1,
5fm~—1, 4fm~1, 3fm~1, 2fm 1!
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Weinberg Eigenvalues for Vi, k
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@ Repulsive 7, (E) as a function of A.
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Weinberg Eigenvalues for Vi, k

I-ST T T T TTTTT \(]3 T T T TTTTT T T T TTTTT
1 %0 o 3
4 &) 1 4
SO © 0 00 D2
= oo oo @6 66 Wyy Y v gyl .
2 "B gg @ 8 =l |
£ vV Vv vy
v
MM 3, 3 e |
=] — og g
e T S1 Dl To 606 00 8 8 &8
0 -+ - -+ i
303 13 13 j
0.3 P2 F2 B B[ PO T G4 ]
. 1=}
A A | 1l o E =0Mev |
= v cm
O 2L o000 ®° %L 1 v E_=50MeV _|
£ lo ly g83 8 8 88, @& E =100MeV
0% B g g @
0.1 Te"” 22289 9 § § 9
L = 1933 &8 & & & &
Ol L1 L l1lll L1l I \FP 1 L Ll lll 1
2 345 10 202 345 10 202 345 10 20
A (fm™) A (fm™) A (fm™)

@ Attractive 7, (E) as a function of A.
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Weinberg Eigenvalues for Chiral Potentials

[1], [2] - Epelbaum et al.

[3] Machleidt et al.
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@ Singular potentials at N3LO tamed by lowering the cut-off
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Weinberg Eigenvalues for Vi« in medium

[ T T T T T T
. 3 . . . _

Ir e, S, with Pauli blocking
0.5 TN ]
A=40fm" AT
@: N A=30fm" mrmenl S5
= TTOA=20fmt e -
0.5F T E
_1; ............ I

[ | \ L \ \

@ In-medium Calculation — perturbative in pp channel!
(Bogner et al. nucl-th/0504043)
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Summary and Outlook

@ Summary (Refer: nucl-th/0602060 for more details)
@ Renormalization Group based low-momentum potentials
simplify many-body calculations
@ Weinberg Eigenvalue Analysis serves as a diagnostic to
understand the Physics at different scales for
Nucleon-Nucleon interaction potentials
@ Separable Expansions
@ Outlook
@ Explore the regulator dependence of eigenvalues
@ Smooth Regulator vs Sharp
@ Explore separable expansions and subsequent regulator
dependence

@ Explore the possibility of using the above tool to understand
the physics at different scales for other systems
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