Pairing correlations and odd-even staggering
In reaction cross sections of weakly-bound nuclel
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1. Introduction: interaction cross section and nuclear size
2. Odd-even staggering of interaction cross sections (o)
3. Pairing correlation in weakly-bound nuclei and oy,

4. Staggering parameter

5. Summary



Introduction: interaction cross section

1] | something else | interaction cross section o
= cross section for the change
of Z a/o N in the incident nucleus
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Discovery of halo nuclel
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Nuclear radii determined from o at ~1 A GeV
(Radius of 4He (1.47 fm) is subtracted.)
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Interaction versus reaction cross sections

Interaction cross section o; : experimentally easier
= cross section for the change of Z a/o N in the incident nucleus

reaction cross section oy, : theoretically easier
= cross section for processes other than elastic scattering
= O + Oinel

y-ray yield (counts/channel)
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Odd-even staggering of interaction cross sections

o, of unstable nuclei: often show a large odd-even staggering
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Other systems
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cf. Other examples of odd-even staggering in nuclear physics

»Isotope shifts: smaller charge radius for odd-A nucleli
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Figure 3.8 K X-ray isotope shifts in Hg. The energy of the K X ray in Hg is about
100 keV. so the relative isotope shift is of the order of 10~ % The data show the
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cf. Other examples of odd-even staggering in nuclear physics

»binding energy
. _,‘K ', 71 pairing gap parameter
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»pairing anti-halo effect

K. Bennaceur, J. Dobaczewski,
and M. Ploszajczak,
PLB496(‘00)154
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»pairing anti-halo effect »o0dd-even staggering of oy
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Our motivation:

Relation between the odd-mass staggering (OES) of o,
and pairing (anti-halo) effect?

First experimental evidence for the anti-halo effect?



Effect of pairing on radius of a weakly-bound orbit

asymptotic behavior of a s.p. wave function for s-wave:
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For even-mass system:

Hartree-Fock-Bogoliubov (HFB) equations:
(E—A A(r) )(Uk("”)):E (Uk(f))
A(r) —h+2X Vi(r) "\ Vi(r)

_ A(r): pair potential
Cooper palr A: chemical potential

density:  p(r) =Y |Vi(r)|?
p

Asymptotic form of V,(r) :
Vir) ~ exp(—5;r) f=yf

2m(EL — \) 2mA
h? ] h?

By~ (= N2+ A2~ A
(e,A — 0)

TLQ
2mA “pairing anti-halo effect”
K. Bennaceur, J. Dobaczewski, and M. Ploszajczak, PLB496(‘00)154
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Pairing correlation in weakly-bound nuclel
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(r°)uFB o “pairing anti-halo effect”
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cf. for light neutron-rich nuclei (Borromean nuclei)
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For heavier nuclei: controvertial arguments based on HFB
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Mself-consistent HFB
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see also M. Yamagami, PRC72(05)064308



(a) A=44 A=1.0MeV
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Pairing gap at neutron drip line

> different models

v'simplified HFB (Hamamoto)
v'self-consistent HFB (Zhang-Matsuo-Meng)

» different definitions for effective pairing gap

v’lowest quasi-particle energy (Hamamoto)

By~ (e, — N2+ 22~ A,  (BCS approximation)
v'HFB wave functions (Zhang-Matsuo-Meng)
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canonical basis (natural orbit)

[ ar'olr, s () = (o) (M )

(B—A 4(r>) U (r)
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With canonical basis, HFB — an intuitive BCS-like form

cf. BCS approximation: A(r) = const.
Up(r) = upaf " (r), Vi(r) = el ()

—— ol () = ¢HF) (7

N

canonical basis: effective s.p. orbit including pairing



Pairing gap at neutron drip line

> different models

v'simplified HFB (Hamamoto)
v'self-consistent HFB (Zhang-Matsuo-Meng)

» different definitions for effective pairing gap

v’lowest quasi-particle energy (Hamamoto)
v'HFB wave functions (Zhang-Matsuo-Meng)
v'canonical basis

mmmm) comparison of the different definitions
within the same model



\Y/[ols[s1R HFB with a Woods-Saxon mean-field potential

(B—A A(r) ) (Uk("") ) - (Uk(r) )
A(r) —h+ A Vi(r) "\ Vi(r)

- h2 -0.05 MeV 2d
h=——V2+W ' 512
om T V‘T’S(T) 026 MeV  —— 35,
24Crs,
Vpair P("‘) ~ ~
A(r) = 5 (1 — ) pn(r) Vpair < A = 1.0 MeV
PO
pn(r) = — > Up(r)Vi(r)
k=n

v'\: self-consistently determined so that N=52
v'E., =50 MeV above A
vV'R,=60 fm
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Relation to the Hamamoto-san’s result

B~ (MeV)

o
m

o
o

o
B

o
a

o
o

A=e_ 1) (MeV)

|. Hamamoto and H. Sagawa,

PRC70(*04)034317

{b) A=B0 A=1.0MeV
R
______________
hhhhhhhh
- -n-u
———
—~——
H_mx
=---u 1g..[volume paring)
o——= 35, (volume paring)
-12 =10 -B & —4 -2 0 2

msimplified HFB model

v'A(r): prefixed
viset A = g

v'define A = lowest E,
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Reaction cross sections

Glauber theory (optical limit approximation)
or = /de (1 - |eX®)2)

eX() = exp [—/dT‘PTTPP(TP)pT("‘T)r(b + sp — s7)
_ 1—ta ot s

»straight-line trajectory
»adiabatic approximation

»simplified treatment for multiple scattering: (1 — )N — e N



Reaction cross sections

Glauber theory (optical limit approximation:OLA)
oR = /de (1 - |eX®)2)
eX() = exp [—dePTTPP(TP)PT(TT)r(b-I- sp — ST)

e Correction to the OLA
B. Abu-Ibrahim and Y. Suzuki, PRC61(‘00)051601(R)

ix(b) — _[df,«p pp(rp) |1 — e—frTPT(TT)r(b-l-SP—ST)}
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Systematic study: OES parameter

13 = —[or(A+2) — 20r(A + 1) + or(4)]
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1.5

Summary
» Analyses of o, with HFB + Glauber

1.4

weakly-bound even-even nuclei:

v'the pairing correlation persists
even at the drip

v'suppression of the radius due to

G, (b)

Ne + °C (240 MeV/A)

e Expt.
—a €. (2p,,) =-0.32 MeV

—— 8“,8(2])3;.2) =-1.49 MeV |

the pairing correlation (I =0,1) 12

mm=) reduction of oy

!

Odd-even staggering of oy
»Odd-even staggering parameter

30 31 32

a good tool to investigate the pairing correlation

In weakly bound nuclei

»Work in progress: deformation effects
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