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e Zero range pairing:
— density dependence

— regularization
e Regularization scheme and pairing at low density
e Microscopic zero range pairing force along the Cr isotopic chaine

e Conclusion
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Pairing — Density dependence
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(k|D(kr, P,0)[k') = Av(k)h(kr, P,0)u(K)

— Density dependence: h(kr, P,0)

Finite range Zero range approximation
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Zero range effective interaction

vipe = |10 (%) |

Po
en=0 — “volume” pairing
en=1 — “surface” pairing

en=1/2 — “mixed” pairing

e Divergence of £ — cut-off E.

DFT (V, S or M) pairing: mixed with E. = 60 MeV

(Dobaczewski, Flocard, Treiner, NPA ’84)

ULB pairing: surface with £, = £5 MeV
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Regularization

Cf. A. Bulgac: nucl-th/0109083, nucl-th/0302007

) Vpp X 5(1’) — Ep = 400 <= ﬁ(rl,IQ) X S

r1—To [r1—r2|

e Infinite matter

,5(1'17 1‘2) - +00

ri—ro
. ~ mAeikF|r1_r2|
— preg(r17r2) + Anh2|ri—ra|

< 400 +00

A(r) = 1) preg(r) = 1 lp] p(r)

— more complex density dependence
Regularized DFT pairing: “RDFT” (V, S or M)
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Link to an effective pairing interaction

o V=V>5 — . Cf Thomas(D. & L.)’s presentations ...

sep

Vett(p,) cut-off — 202

m

“ZFR” pairing = lim FR(range «)

a—0

K+ FE, < 400, but K and E, diverge
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Convergence
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Summary and recipes

e FR —  Fpnax ~ 30 MeV
Forces with regularization:

e ULB —  Fopax ~ Erp+5 MeV
e DFTx — Emax ~ EC + 30 MeV ~ 90 MeV (= E. if direct integration)
e RDFTx — FE,.x ~ 60 MeV (staggering)

e ZFR —  FEhax ~ 90 MeV

Strengths adjusted to minimize |[(Ay), — (AN>(5)’
for 120Sn, 198Ph and ?'“Pb.
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So...

Microscopic regularizations:
— require modifications of the codes (not too hard...)

— Converge at rather high energy (60 to 90 MeV)

Are they really useful 7 Do they change the physics ?
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Effect of the different regularization schemes

ULB, DFT(V,S\M), ZFR — different density dependences...

o T T T T T

¢ k)

- Fitin (k)™ => (2terms)

- Fitin(ink)" => (3terms) |

ZFR very strong at low density

0 0.2 04 0.6 0.8 1 12 14 ‘”1.6
-1
k. (fm™)

: r
— use of the same density dependence VI{ = [1 — (ﬁ) ] o(r)

for each regularization scheme:
ULB = cut off (narrow window)
DFT = cut off (wide window)
“R” = Bulgac & Yu.

“202” = same as ZFR

— v <1 = pairing enhancement at low density
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Density dependences — n =1/2
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n = 1/2 (mixed pairing):
— the main part of the gap in nuclei comes from the inside

— the strength can not be very strong at low density (surface)
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Density dependences — n =1

f(p) [MeV]
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o low density
— stronger palring at

nucleus surface
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Density dependence — Isospin
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Density dependence — Isospin
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Surface pairing — v =1

Effect of the regularization scheme:

Gaps in tin isotopes

1.8 DFTS DFT S+v2

(Bulgac & Yu)

O-O _ ‘I T T T T T T T T T T T T T T T
50 60 70 80 N90 100 110 120

e ULB ~ DFTS ~ RDFTS
o DFTS+2v? — pp Vs. hh asymmetry
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Effect of the regularization scheme: Pairing fields
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Longer tail of the pairing field with DFTS in neutron rich nuclei
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Effect of the regularization scheme: '"°Sn
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almost no effect on the normal density
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... 50, the question is:

DFTS leads to a more extended pairing field.
(cut off at 60 MeV)

Is it a bug or a feature 7

What happens if we eventually go to a stronger interaction at low density ?
— v from 1 to 1/6 (stronger pairing at low density)
— the cut off F. from a ULB type (5 MeV above Er) to 60 MeV
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1080 4 = 1/2

The strength of the pairing is readjusted for larger E.
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The strength of the pairing is reduced for larger E.
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1080 4 = 1/6

The strength of the pairing is reduced for larger E.
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170Sn — Pairing fields Vs. Ry

Surface pairing with p!/6, cut off Ep £ 5 MeV

An(r) [MeV]

0.0 Rpox = 20fm 25fm 30 fm 40 fm
A=-0189MeV, E,= -3.742MeV
10 A =-0.206MeV, E,= -4.882MeV
A =-0.240 MeV, Ep: -6.921 MeV
1.5-
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e same behaviour with pl/ 2

e worse if the pairing active space is enlarged...
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Occupation of the canonical states
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Occupation of the canonical states

1708y, ., = 5 MeV
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Occupation of the canonical states

170Gy, E. = 10 MeV
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Occupation of the canonical states

170Gy, E. = 20 MeV
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Occupation of the canonical states

170Gy, E. = 40 MeV
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ZFR density dependence and cut off £, = 45 MeV
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AN(r) [MeV]

Surface pairing with v =1
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ZFR Vs. schematic surface forces
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ZFR.: Strong enhancement of the pairing field at the nucleus surface
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ZFR Vs. schematic surface forces
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The HF field is almost the same for all pairing forces !
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Summary

e The usual regularization methods can not handle a pairing force which is

strong at low density.

e Even the “standard” surface pairing (y = 1) is strong at low density.

e The two microscopic regulators presented here do the job.

e The “2v°” regulator comes with a density dependence without free

parameter and which is strong at low density.
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Results for exotic nuclei

Exotic nucleus with “halo”

_|_
strong pairing at low density

_|_
microscopic regularization (2v? or Bulgac & Yu)

= Density more diffuse at the surface
= Increase the pairing fields at the surface
= Drawback: Pairing correlations tend to reduce the halo

= Regularization confine the pairing density

—> Highly non trivial effect...
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Cr isotopes
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p enhanced at the surface of the nucleus
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4.6

Neutron radii in Cr
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4.6

Neutron radii in Cr

Cr

=y =1
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Conclusion

e Microscopic finite range pairing (FR) and its zero range limit (ZFR) lead

to a strong pairing interaction at low density.
e Microscopic regulators and cut offs are not equivalent tools.

e Cut offs can not handle the strong intensity of the pairing interaction at

low density.

e A pairing stronger at low density hardly modify the density but has a

dramatic effect on the anomalous density.
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