NOTAS DE FISICA
VOLUME IT

Ne 12

THE FIRST EXCITED STATES OF THE 5 - N2 MIRROR PAIR
by
J. . DAVIDOON
and

Je J. GIAMBIAGT

CENTRO BRASILEIRO DE PESQUISAS FISICAS

Av. Wenceslau Braz, 71

RIO DE JANEIRO

1956



notas de Fisica Vol.IIl- N2 12

13 _ x> uIrnor PAIR

THE FIRST BXCITSD STATLS OF THE C

;

Je P Davidson+ and Je Je Giambiagl
Gentre Brasileiro do Pesguisas Fisieas
Rio de Janeiro, D. TF.

(December 15, 1955)

I

1. INTRCDUCTION

The difference between ground states of mirror nuclei
can be explained as due to the Coulomb forces between the protons
apart from the neutron~hydrogen mass dlfferences This can be un-
derstocod with the assumption that the force between a pair of pro
tons is ‘the same as that between a pair of neutrons, It is natu

ral to assume that there will be an analogous correspondence bet-

ween the excited siates.

3 w'? have been treated by several ay

thors using reschion theory (see Ehrmanl, Peaslee2, Thomas3’ 4}:

It seemed worthwhile +to try some simple model following the line

The levels of €

of Bethe5 for the ground states, to see if reasonable resulis could

be obtained.

We assumed z core with a spherical charge distribution

* Yow st the Joint Esteblishment for Huclear Lnergy hescorch
Kjeller, Norway.
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of radius R = 1,18 (A - 1) 1/3 x 10777 ecm; A -~ 1 being the mass

number of the core, and the extra particle moving in the nuclear
potential of the core and having the total spin of the nucleus,
The difference between the energy levels of +the two mirror nuclel

will be

A ES't = PVdV

where )D is the charge diétribution of thel extra Pparticle and
V the electrosiatic potential of the sphere. In order 1o cal-
culate p we assumed First that the nuclear field was due to a
sguare w;ll. The parameters of the well being chosen so that we
got reasonable values of the binding energies for the Lirst  two

25 apna °p,

excited states,

In a second calculation we assumed that the nuclear pg
tentiel was that of a harmonic oscillator. We fixed the parameter
of the oscillator in order %o fit the correct Coulomb energy diffg
rence bhetween the two ground states,

Finally, we tried a model inspired by ‘the a ~particle mo
del, as well as a slight modification of the second model, assum-
ing that the charge of the core, instead of being a sphere, was
distributed according to'a Gaussian law,

In figure 1 the experimentally determined low lying le -

vels of the mirror pair are shown with spin and parity assignments

(£rom Ajzenberg6).
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IT., {HE SQUARE WELL

The wave functions ares

_YM = Ao dp fer) e ) r < R

= A j4 (aR) :
ol ETEEy X (07) Y (0) - ¢ > R

with

as = 2M(D = - h2

G
|

2
am | B |/ n

M the nueleon mass, D the well depth, X 0 {x) is the usual sphe
rical Bessel function of order f , while kp (x) is a spherical Beg

sel function of purely imaginary argument or

ky (x) = o/ m xRy )

where Kn(x) is defined by Watson7. Then the Coulomb energy of

the extro partiele is

£ R

3 - _ _ 2 2 | 1 2 _
TAN P - [PVdv (Z-1) e IAEI {25{3 O(BR

'CD

_rg)jf (ar)r-dr + ' aR)/kl(bR)l rb (br)dr} =

5



= (2 - 1) e IAPIQ { 1 P% (aR) - 3?'1 (aR)jQ4q}ari]-

aR
- (1/2R5a5) JfAjg(z)z4dz +
0 .

-

QO
N [j%(aﬂ)/bzk% (bR)J #fr k?(z)zdz .
- “BR

-

The result for {= 1 (the ground and second excited sta-

tes of the A =13 pair) is
: 2, 12 32 [ "
AE_ =" (2 -1)e%|a] i 32—- [jl(aR) - jo(aR)jg(aR)J -

L

=z I it ; 2 )
- (1/2R)a5) i%—ﬁ cos 2aR  + ('(E%l- -5/8) sin 2aR +

+(aR)%/6 - aR/EJ . [32(aﬁ)/b2k2(bR)—-ﬁ [(ZbR +1)X

m .
X e"'.bR/2(bR)2 - j(e_zz/z)dz }
bR |

12

where

4 1% = —20%/(° + ¥%) B 5 (am)y, (aR).

The first excited state is an S state, yielding



e

ABy = (2 =1) e®[a|® { =25 - (5/8a°R)sin 2aR -
' 43

(172275 ) | ()3 /6 - (La_%.ﬁ -1/8) sin 2aR -
- ! | {D
-(aR/4)cos 2aR \ + {jg(aR)/b2k§(bR)] (e~2z/z)dz
] n

with

0.2 '
)

]A0|2: 28b%/(a% + B°)R {aRji(aR) - 3, (aR) 3, (aR) ] .

To obtain the well constantd it was first observed that

for a well radius of the form given by Peaslee2; 1aCay

2

R = Ld8 Ael/BXiO"lBCm, Ay, = A - 1, no °S state was bound for

D <63.2 Mev, at whick depth, IE%[Qﬁ: 22 Mev, The values of D

and R were finally picked such that |E§| = 5 Mev, |E%|= 8 Mev
then R = 107+ com = 4.36 Aéﬁ with D = 11,33 Mev giving IEil =
.73 Mev IEil = 2,21 Mev and no [ =2 state is bound. Using

These well parameters

L\E%_ = 1.091 Mev
9 ' -1 2
AEBE = 1.048 Mev AEBY] - AB° = 43 Kev
0 O
L2 ' 1 2 '
Z_\El = 1,036 Mev AEl - [.\El = 55 Kev.

The experimental difference to be explained is 720 Kev.
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TIT. THE OSCILLATOR POTENTIAL

The wave functions in this case are
\}J(r,e,an )= L m, ¥ (9’70)

_ P+l ot 222 gny
Rn’e_mn’er i, 0 (r)exp(- a“r</2).

Forn = O

Vop = Lo N%3@2P+3 ¥+%J/[v?ﬁn;3;;wl+1ﬂ?

v = l--20:r2/(2a + 3)

N% I A (2043) // AT 1.3...(20+ 1):

We need integrals of the type

0 V(r) dr

n,f 0y,

for which there is a recurrence relation (Talmi8)

:Q'*’l + w IO,P*_Z

T _ 29+3 IO,F - (2?+3



LDECE) =1 = 2 To,0 77 To,a* 2 To,2
e 5 7
AZ(*P = Il,l 5 IO,l -5 10,2-}- % 10,3‘
For which we obtained
=1 | ey 2 o }
0,0 R i * .- _EH- 44 R ’\/77-
' - L 202
2 i -0 "R
Z-1)ég e 3 5 e 2
I - (2= erf(@R) [ﬁ* - + . ,
0,1 R { ? 10272 J i 2R
- 2 2
.. 2 I - N “'C R 3
Z—-l)e s, % 7 e 7
I . {a-l)e” erf (aR) [—- - ‘ + S [ +
0,2 R iL 2 a2 | - 58 R
2 anl |
+ 5 GR_!J’
2 9 ]
T = (2=1)e” erf(aR) [é-u —— - ’ +
0,3 R | 2 10272 |
2.2
-0°R - ‘]
e 9 22 12 poony3
+ S L sa Tt 3 ¢ R+ g5 (R) J[
and finally,
o [ T —4°R? i N
iR (2=1)e [ 3 5 erf(GR) + Se /2rmT a R
AB(TR) =~ 1127 522
L AQ"RT
2y (2=1)6% [ 7] - o8 7
AE("5) = g=lle - erf (AR) + S———— (AR + s=boo)
R 2 1222 e e R
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2 Z—lbﬁi JV5 I : e’ @ “r” 2 3
Lm(®e) = Gl iJ'é'"""?%"?J ert(aR) + T— | & @R)? 4
! 20T N N

By setting ASE(lP) = 3,00 Mev, one obtains eR = 1,35,
1./3 13

R = 1.18 A x 10777 cm, then
2
AE(TS) = 2.70 Mev
KXE(ZP) = 2,60 Hev
and
1 2
NE(TP) - AB(7S) = 300 Kev
AE('P) - AHE(PP) = 400 Kev

and the spacing between the unperturbed levels will be
2 - ' '

Finally, we reveated the calculation assuming that the charge is
uniformly distributed in a shell, in order to have less charge in

the center of the sphere, The results gave

2.2

, 5 , .
Z\E(IP) ﬂ&%%kiﬂ Ierf(aR) - 2ape” &R /3 Vqu

1

2 22 . -
AB(%s) = Bdie | ere(ar)-e” ¢ F (2(aR)° +aR)/3 T |

1

AE(°D)

1t

: 2 2R /.
iﬁ:ﬁQ§~~ berf(aR) - 2”0 & (%(GR)5 + (QR)3+

R el
+ 6aR} 15 7

A
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The results can be expressed more simply if we assume
that the distribution of the charge in the core is Gaussian. The

potential of such a distribution is

Vi) = LEZ%JE- erf (GR),

We nmust ngw calculate the 1ntegrals IO,O’IO;MIO,Z’IO;S using this
potential. We need the following integrals, whose calculation is

explained in the appendix

‘ oo 2.2 ’
J(;rf(aR) e &R Mgy forn=1, 3, 5, 7.
0
We got
10,0 = 4 K
10’1 = 10K/3
10’2 = 43K/15
Iy, = L77K/70
where

K = (z2-1)e° a/242m

Using the recurrence relations the final result was
13

CABEP) = 5.72a107F Mev
2 ‘ ~13
ANAE(°S) = 5.,50810 Mev
AB(P) = 4.826107%° Nev

Again adjusting e so that Z}E(IP) = 3,00 Mev we got

AE(?S) = 2.88 Mev
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KLE(QP) = 2.53 Mev.

IV. CONCLUSION

For the first excited state, the difference to be explain
ed is 720 Kev., We always got the displacement with the correct
sign, but for the square well potential the results are too far
from the experimental values, Also the values of the well parame-
ters are much too unrea}istic; With regard to the oscillator, the
results are much better,

For the second excited states we have the following siw

tuation, calling

AER?) - AE(®S)

H]

Ol
0

the experimental results show that (Sl:>(§2 while we get Cgl‘<:C§2

It

, ABPY o AB(Pr)

for all models considered. This rosultne éoulrt Llows from the Loot thot

13

+he first excited state in N is unstable against the emisslon of

a proton, implying that it is improper to consider the charge ef-~

fect as a small perturbation (cf. Blattg).

APPENDIX
Lot
o _ 2
' Br Ae 1
_Jerf(A r)e rdr = 55—
0 NA24B

By successive derivation with respect to B we get
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Jgeri“(Ar) e

SReo)
J erf(Ar) e
~/0

2
Br

-Br

2

ol

iy

5

dr

dr

dr

il

Finally, by making A = A/ B

ey

3% A/ 4%4B

POf
o=
o
oy

9
‘432(A2+355/2

-+
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¢ we get the desired integrals.,
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