
Analogs, Anti-Analogs and so forth 

Two stat s in difti · nt nucJ i ' 't,h the sa,me nud on numb r .A are 
aid io be isobaric-spin anal gs or simply i obaric a1uilogs ii they b Joug 

to th srune isobaric-spin multiplet. i ·timpl s of su h mult,iplets have 
n known in light nuclei r:;inc · th ad days of nucletw physics; the 

T = l t;riad form d by the .T = ~ round stat · of H (T: = + l), 
th o+ x ·it d state :i. 2.1 . Me ill NH (T,,, = ) and I.he rotm l state 
of 14 (T: = + L) i · particularly frunilitw.'. 

Before 1 Q L it ' as b li l (without a guate 111nalys1s of the situa-
tion) that Coulomb f ,L' , w hich on 11 saturat o.nd whose influence 
on en rgies is proportional to V, sh uld 'b so im1 orliant ·in heavy nuclei 
tlrnt h n t i n of isobaric anal g stat.es w uld lo all usefoln ss. One 
of th mos fruit.Sul d velopments iri. nu lea,r pbysi in t;h pa lecade 
has b nth ·Jo..1? rimental discovcl', that thi xp t.~Ltiou is totally off 
the mark. It n gl ct a v ital ru p ct of the sitmit ion. It is tru that 

oulomb for e,c;i ru· n n atu.rating b C<LURe of their Ion rang · h ' -
er, another imp0t·ta11t cons qu n of 1 ng rang .iB t h ocounen of 

lairg n 1•g, hilts with ry lit l mixing f sta . Tu th r words th 
diag unJ (:ff ts f the 'oulomb inte.raotiou a1· va,stly greater han the 
ff-diagonu.L .An [ cldi.tiona.l foe tl111t was not fully underst od i · thtt a 

1 ra neu.tir n x ss f vor. ns rvation of T. ~Ch -poin h r is tllat, 
for a h a nucl u wi -h a ll:wg 1 u ron excess, <Lll of the l l'Ot ns in 
low-lying sta,t.'s ar in rbits mrlet ly fill .d with neutrons. The ffi ct 
of h isobaric- pin. ra.i ··ing p ·a.toJ: n u h a, t:1ta is th n gi en by 
T .1 1/1 = , sine 'J' .. sirnpl I' pla · ach proton in burn by a .neutrnn in 
h sa.m . ttl, and t,l1C resuJting neutrons bav uowher to go. Thus 

if1 ha 'J! = 'l '~ = ~( 7 - Z) . '!'he crroneou noti n h r f r per i. t d 
tha analog stl\tes in h avy nu ·l · ·hould bo SJJl'e d v · many M-V in 
regions of high .l vel den ity and th er :I! r · ther was no poin· in looking 
for them. It ht\8 b en ·~ Lillcl iu hun els of ·periments that th l w­
Jying bound states of ~tll !mown stabl - nu J i (Z, N) ha.ve sharply 
cl :f:incd .isobari analogs in th neighb ring nu I us (Z + 1, .N - 1). 
Th b -J"V d width rang downwards from 2 k V (in he h avi st 
nuclei). 
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Given the existence of sharp analog states as an unexpected bounty 
of nature, we can either exploit them or try to understand them. The 
vast majority of isobaric-analog studies have followed the former 
course-that of exploitation. It is still not ntU: ly J.et~r to what xtent 
the sharpness of the isobaric-analog resonances neccse:n:ily implie 
goodness of T. Multiplet relations can survi o large eymm try breaking. 
It is likewise uncertain to what extent hru:g -d p · nd nt nu •I ar int r­
actions conspire with the 'ou1 mb intera tions to produce the T mix­
ing. We shall return to th p ·oblem of under tanding isobaric analog 
states-their widths and i. obari - pie purity-in a future note. 

Certain aspects of the exploitation of isobaric analogs in nuclear 
spectroscopy have been discussed by Feshbach and Kerman in an 
earUer cout ·il ution Com.ments.1 The most useful of such applications 
lms b n to studies of th isobm'ic analog of bound states formed by 
(d , p) stripping rea.otions. Th result ha.s been a tai1 d interlocking 
study f neutron and pl' ton pa;r ntage relations bet-we n lev ls of 
neighboring m10l i whoa ma,ss numb rs differ by one unit. Consider 
th ntheadditionofa11eutronin rbitjtothenucleus(Z,N-1). This 
pro es. may l>e l'ea)iz din a (d, v) rea tion with the core in its ground 
state. It is r pre. n d by Fig. 1. 

• 

• 
- ~l:~!~~ll 
~f orbite 

p n p n 

I ifao > + (v); 

FIGURE 1 

The crucial point is that the corresponding single-proton excitation 
I ifi'J) in the nucleus (Z + 1, N - 1) (Fig. 2) cannot be a nuclear 

• 

• 
FIGURE 2 
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eigenstate since it does not have good isobaric spin. This is clear from 
its isobaric-spin structure: 

I ,f.<r.) = ,J..T,=T0 v-1/2 
'I' J 'l'T, A.1/2 

with T 0 = i(N + Z - 1 ), where it is assumed that the "core" state 
I i/J0 ) has pure isobaric spin T 0 • Thus the single-proton state has two T­
components, 

I i/J.A) = PT>I i/Jj)' 

I i/J;t) =Pp<' i/JJ>' 
where T > = T 0 + 1/2, T < = T 0 - 1/2, and P is the corresponding 
projection operator. These states are represented symbolically in Fig. 3 . 

• • 
I i/J .. 1> • ~ J2T0\ l + 

2T0 

21'0 + l 

• • 

I.fax) • wJ J 2T0 

J2T0

1

+ 1 2T0 + 1 
~ 

FIGURE 3 

The T > component of the single-proton excitation has T = T 0 + 1/2, 
T. = T 0 - 1/2; it is the isobaric analog of the single-neutron state 

I ifa~>, 

The T < component if1A is often referred to as the anti-analog of J ij;v) • 
The situation is illustrated in Fig. 4. 

I 0A) and I if•) (members of an isobari - pin multiplet w:ith T = 1'>) 
differ only :in the replacem nt of a neutr n by a pToton in he same 
stat ; their nergy difference (o.part from the n utron- prot n mass 
dill renc - and possil l charge-dep ndent nuclear contributions) is thus 
he oulomb n -l'gy of a proton with the density distribution of n.n 

excess neutron in the Ji Id of the core nu l u · (Z, N). We shall discuss 
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- - - - - - I i/Jj) 
~ li/Jx) 

~l1T)1 

(Z,N) (Z+I,N-I) 

FIGURE 4 

what can be learned from such Coulomb energy differences in a later 
contribution. The energy difference between I if1 A) and J if; ;r) has nothing 
to do with Coulomb effects. It is a symmetry-energy due to the fact that 
states of the same particle structure (in the sense of Fig. 3) but different 
isobaric spin necessarily have different space symmetry; nuclear forces 
are stronger in states of higher space symmetry. Present indications are 
that the energy differences LJE = EA - E;r. increase slowly with neutron 
excess from a value of ,..._,3 MeV for A = 40 (N - Z = 2) to about 
7 MeV for A = 90 (N - Z = 10) and 10 or 11 MeV around A = 208 
(N - Z,...., 40). 

In nuclei with A ~ 60, the analogs I i/JA ) of low-lying single-neutron 
bound states J if;•) lie well above the threshold for proton emission in 
the nucleus (Z + 1, N - 1). They can therefore be formed as resonances 
in proton-induced 1· i~ctions nth target nucleus l i/;0) , (Z N - 1). 

u h s ndi s ha prov d enormously fruitful. !.lastic protons at ring 
through isobaric analog resonances has p.1: cvid d ~m ind - pend 'nt m ans 
of calibrating the conv nti ual (d ti) analy · f the u1gle-neutron 
parent analogs I ifJ'') . Inelastic p1· ton s attering to various excited 
states J if;;) (i * 0) of the core has provided the first systematic source 
of direct information on parentage relations involving excited states of 
the core : (p, p' y) correlation experiments promise to yield detailed 
parentage decompositions (including relative phases) in situations 
where several different orbits j can contribute to the parentage relation 
between states I i/;0 ) and I i/J') . It is clear, however, that studies of the 
isobaric anal g I cPA) yield informati n on 1ie1aron 71arentage only. All 
informati n onoorning proton parentag not alr ady implied through 
charge independ nee by the fact ab ut n utron par ntage is contained 
in the anti-anal g . Th nnti-analogs of low-lying bound ttites are 
invariably either bound or inaccessible to proton resonance formation 
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because of the Coulomb barrier. Thus anti-analogs must be studied by 
direct reactions such as (d, n) or (He3, d). 

In conclusion, it is amusing that the furore over analogs has narrowed 
the field in a long-standing dispute over terminology. No nuclear 
I hysi ··i t. tall s now f' i -. I in" or ' T-spin" and an occasional "isotopic­
sp in ' is r .,.ard cl as a slip f h tongue. rt seemed for a while that 
isobati -spin had b com tandatd usage but a r ' C ut book and t~ con­
fer n start d a new J.'usad f.' r " iso-spin' . To in u. phras w must 
await the verdict of history. 
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