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Introduc6on*

•  It*is*a*common*knowledge*that*the*capture*
cross*sec6on*of*nuclei*such*as*157Gd*is*very*
large,*225,000.00*barns*

•  Other*nuclei*have*much*smaller*cross*
sec6ons.**

•  The*reac6on,**
•  **
•  n&+&10B&!&11B&!&7Li&+&α*
•  &*



•  has*a*cross*sec6on*of*4,000.00*barns*(very*
large*and*used*in*BNCT).*

•  The*cross*sec6on*on*radioac6ve*nuclei*such*as*
135Xe*=*2.0*x*106*barns!**

•  Doorway*resonance*could*be*cause*of*such*
large*values.*



Resonance&cross&sec/on&

σc*=*4*×*106[barns]ΓnΓγ[(E*–*ER)2*+(Γ/2)2]`1*
For*157Gd*target,*the*thermal*neutron*width*is*of*
the*order*of*Γn*=*10`4D[E(eV)]1/2*=*0.1meV*
(taking*D*to*be*42.6*eV*for*158Gd*at*E**=*6`8*
MeV)*and*that*of*Γγ*=0.15*eV,*and*taking*the*
compound*resonance*energy*to*be*at*about***
the*neutron*energy*of*0.025*eV,*the*capture*
cross*sec6on*acquires*the*value,*
σc*=*1.78*×*104[barns]*



•  On*the*other*hand*if*the*CN*resonance*is*at,*
say,*22*eV,*which*corresponds*to*D/2*then,*

•  σc*=*2.0[barns]*!*

•  A*great*order*of*magnitude*difference!!*
*
&&&&&&&



        Fluctuations   
 





2pN1h&Doorways&and&their&role*
*

•  We*basically*get*the*“background”*cross*
sec6ons*in*the*barns*–*100’s*barns*range*of*
values.*

•  The*very*large*capture*cross*sec6ons*seem*to*
require*something*else.*Possible*2p`1h*
doorway*resonances.**

•  Such*doorways*were*used*in*the*past*in*parity*
viola6on*studies*with*epithermal*neutrons.*



•  The*issue*here*is*to*find*a*physical*situa6on*
where*the*neutron*width*is*enhanced*by*
order*of*magnitudes.*

•  2p`1h*doorway*resonance*to*which*the*
neutron*is*exclusively*coupled*as*it*is*captured*
by*the*target.*Thus**



σc*=*4*×*106[barns]Γn,DΓγ,D[(E*–*ED)2*+(ΓD/2)2]`1**

•  ΓD*=*ΓD
↑***+*ΓD

↓*,*where**ΓD
↑***is*the*doorway*

neutron*escape*width*which*comes*out*to*be*
about*0.18keV*and*ΓD

↓**is*the*doorway*
damping*width*which*can*be*calculated*using*
the*2p`1h*density*of*states.*The*gives*ΓD

↓***=**
1.0**keV.*(We*used*ΓD

↑***/DD*=*Γq**/Dq****)*



•  The*gamma*decay*is*predominantly*through*
the*compound*nucleus.*Accordingly*we*have*
for*the*cross*sec6on,*

•  σc*=*(1/π)2*×*106[barns]ΓD,*n*ΓD,*γ*[(E**–*ED)2*+
(ΓD)2/4]`1**

•  with**
•  ΓD,*γ**=*ΓD

↓***Γq,γ
**[(ED*–*Eq*)2*+*(Γq)2/4*]`1*



Density*of*2p`1h*states*
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•  The*capture*cross*sec6on*becomes,*amer*
taking*Eq=*ED*(the*doorway*resonance*with*a*
damping*width*of*ΓD*=*1.0*keV*contains*a*ΓD/
Dq*=*1.0keV/42.6eV*=*22*CN*resonances)*

•  σc*≈*(2/π)2*×*106[barns]ΓD,*n*(ΓD
↓*)2**[(ED)2*Γq,*γ]`1**

•  or*with*ED*=*50*keV,*



•  σc*≈*(1/π)2*×*104[barns/(eV)]ΓD,*n**
•  which*gives*with*ΓD,*n*=*ΓD

↑***=*0.18*keV*the*
value,*

•  σc*=*1.0*x*105*[barns]**
•  for*the*157Gd*nucleus,*to*be*compared*to*the*
empirical*value*of**2.*25*x*105*[barns].*

•  It*seems*that*a*2p`1h*doorway*could*supply*
the*mechanism*of*vary*enhanced*thermal*
cross*sec6on!*



•  How*frequent*this*enhancement*occurs?*The*
ra6o*of*the*cross*sec6ons*to*that*without*the*
doorway*is*ΓD,*n/Γq,*n.*We*calculated*the*
probability*of*such*an*enhancement*to*be*
present*in*the*sense*that*the*width*ra6o*
aoains*a*certain*value*η0*and*found*it*to*be,*

****P(η0*)=*(1/2π)[1*+*η0]`1,**

•  a*very*small*number!!!*



How*Sta6s6cal*is*the*cross*sec6on?*

•  The*fluctua6on*seen*in*the*capture*cross*
sec6on*vs.*A**could*be*indica6ve*of*a*random*
behavior*which*can*be*traced*to*the*forma6on*
of*the*nuclei.**

***The*correla6on*func6on:*
•  Energy:*C(ε)*=*1/[1*+*(ε/Γε)2]*
•  Or*if*an*external*parameter*is*varied,*
•  X*:*C(X)*=*1/[1*+*(X/ΓX)2]2*



Density&of&Maxima&

•  The*average*density*of*maxima*is*given*by*

•  <n>*=*(1/2π)[C’’’’(z)|z=0/(`C’’(z)|z=0)]1/2*

*
Brink*and*Stephen**
Phys.*Leo.*5,##77#(1963)#
*
*
**



Density&of&Maxima&

•  Get,*
<nε>*=*31/2/πΓε*
*x*[(9p2*`18p*+10)/(5p2*`10p+6)]1/2*
And,**
<nX>*=*31/2/21/2πΓ*X**
[(7p2*`10p*+6)/(2p2*`3p+2)]1/2*

p*is*the*tunneling*probability,*related*to*Γ/D.*
*
*
*
**
*



•  For*our*purpose*of*cross*sec6on*fluctua6on*
with*A*we*take*the*second*choice,*namely,*

<nA>*=*31/2/21/2πΓ*A**
[(7p2*`10p*+6)/(2p2*`3p+2)]1/2*

and*consider*the*case*of*p*<<*1*(isolated*CN*
resonances*(in*energy).*Get,*
<nA>*=*3/21/2πΓ*A**************Thus**
Γ*A*=*3/(21/2π<nA>*)*
*
*

*
*









Numerical&Simula/ons&for&open&
quantum&dots&&

Random&Matrix&Theory&(RMT)#



•  We*get*18*maxima*in*a*range*of*A*of*50.*This*
gives*us,*

Γ*A*=*1.8*in*units*of*A*
*
•  This*value*represents*the*range*over*which*
the*chao6c*system*s6ll*maintains*coherence**



•  Δ*A*=*1*or*2*is*the*number*of*neutrons*
captured*in*the**nucleosynthesis*process*to*
form*a*certain*element.**We*therefore*aoach*
a*new*and*poten6ally*important*characteris6c*
to*the*capture*cross*sec6on*vs.*A,*besides*the*
historical*connec6on*to*the*strength*func6on!*



Conclusions&

•  Compound*nucleus*resonances*can*not*
explain*the*very*large*values*of*the*capture*
cross*sec6on*for*a*few*nuclei.*

•  2p`1h*simple*doorway*resonances*could*
supply*the*mechanism*of*enhancement*of*the*
cross*sec6on.*

•  The*whole*capture*process*vs.*A*is*random.*
•  Can*supply*informa6on*about*nucleosynthesis*



•  ****

•  *********************&Thank&you&!&&&&&***************





Landauer&Formula&&
The&above&SNMatrix&can&be&wriXen&as#

where&r& is& the&reflec/on&matrix&and&t& is& the&
transmission& matrix.& The& conductance& is&
calculated& from& the& transmission& matrix&
through&the&Landauer&formula#

T&is&the&dimensionless&conductance&which&
we&analyse&in&the&following.#



The&Correla/on&Func/ons&
C(δε)&is&expected&to&be&a&Lorentzian.#

The&agreement&with&a&Lorentzian&func/on&is&excellent.#



The&Average&Density&of&Maxima&
for&Energy&Fluctua/ons&

Expect&to&approach&to&0.55#



Correla/on&Func/on&for&Fluctua/on&
due&to&Varia/on&of&the&Hamiltonian&
C(δX)&is&expected&to&be&a&squared&Lorentzian.#

The&agreement&with&a&squared&Lorentzian&func/on&is&excellent.#



The&Average&Density&of&Maxima&
for&External&Parameter&Varia/on&

Expect&to&approach&to&0.68#



Correla/ons&Func/ons&in&Open&
Quantum&Dots&with&Finite&

Tunnel&Barrier&
*&Introduce&tunnel&probability,&Γ,&for&electrons&
to&enter&the&QD.#



Correla/ons&Func/ons&in&Open&
Quantum&Dots&with&Finite&

Tunnel&Barrier&
*&For&δε=0,&only&magne/c&field&varia/on#

*&For&δB=0,&only&electronic&energy&varia/on#

"& Both& cases& show& highly& nonNLorentzian&
shape.#



Number&of&Maxima&in&Case&with&
Tunneling&

"& Get& excellent& agreement& with& numerical&
simula/on&“data”.#


