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II, III and IV,

As the photon has a wvanishing U-spin, the initial state in a
photonuclear reaction has the U-spin of the nuclear target. Its
possible final states are then obtained by combining baryon
miltiplets of table I or table III with meson multiplets of
table II or table IV, in such a way that - among other variables
- their electric and baryonic charge, strangeness and U-spin be
equal to the corresponding quantum number of the initial state.
The relations among the amplitudes of the possible reactions are

then a straightforward consequence of the U=spin conservation.

In 81 the matrix element relationships for single meson produc
tion in a photoproton reaction are reviewed. Théy have been
obtained previously by several authors 30 One can allow for
transitions induced_4 by the mass-splitting interaction = which
breaks the unitary symmetry - but no experimeﬁtally significant
information on the corresponding amplitude seems to be obtainable

even in these simplest rsacticns.

In §2, the relations among the amplitudes for the photoprodug
tion of meson pairs on proton are deduced. They are given in
equations (21) to (25) and (273°. The equation (29) in §3 cons-
titutes an example for the case of the photoproduction of three

mesons on proton.

The photoproduction of mesons by a nucleus is acecomplished
through a very large number of channels. It is possible, however,

to obtain relatively simple amplitude relations for some of these
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channels. The study of the correlations among the products of
these reactions may yield information on short-iived hypernuclei.
The unitary symmetry affords a systematics of the products obtain
able; this is illustrated in §5, where we consider some channels

of the photodisintegration of helium.

In 84, the equations (30) and (30a) relate amplitudes for the
production of single mesons in the photodisintegration of the
deuteron. In particular, the relations (31) and (32) correspond

to the production of baryon resonances in this disintegration.

= 1/2 >. The following are therefore the possible final~-state

multiplet combinations for a single photomeson production on pro=

ton: ; \
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.~
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K
plus those which follow from the above ones by the substitutionss
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z i1 =° —*o
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KO , K*O
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X R™ (6
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5= () (2~
I S N ? = : k_ °
LT P K K
The multiplets in (2) give the following channels:
vhp = p+3 @ + By (7)

o= Z% + X° 9

which are mixed in the final state as a result of the Glebsch-
Gordan coupling of the partisl U-=spins U(lj = 1/2, U(z) = 1.
Call this partial final state W(D = 1/2, o2} = 13 U = 1/2,
Ué = 1/2 > and let R be the opefator which transforms the
initial into the final state:

Rlrp> = fIU(” = 1/2, v - 15 U=1/2, U, = 1/2> + all other
partial final states. (8)
The Clebsch~Gordan compogition of the final state indicated in
(8) is:

02 =2, "= 150 = vz, v, = w2 = B =12,
72 o, Uél)z 1/2, U;z) = 0>+\/'32 ) = 12, o€ = g

\ 2
U’;l) = 1/2,4 U; ) = 1.
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We therefore obtain (considering the minus sign in the state
[1,1> in the tables) for the amplitudes of the reactions (7):

<p m°IRl7 p>+ /3 <o IRly p> =vE<EY KIRIY B D (9)
A comparison of this relation with the one derived for the pos=
sible reactions in (3) gives:
(2° K'|R|7 p)> + /3 (AK[RIY B)  <pn®[RI7p) + /5 (pniRlvp)

<a 7 [RlYpd | SRRl v

This equality ~ and those which result from it by the

L

substitutions (6) - are presumably valid only for photon energies
large in comparison with the mass differences within the multiplets
and for which, therefore, the unitary symmetry is good.

At low energies, one may expect that the effect of the mass-
splitting interaction will not be negligible. As this interaction
behaves like the sum of a U-scalar and a U=vector ~ its expecta=
tion value giving the multiplet mass relations - it will lead to
transitions into a final state which may contain components with
U= 3/2, U, = 1/2 (if one takes the U-vector parallel to the z=-
axis in the U-space). In this case, one may write for the reac—

tions (7) (in lieu of (8)):

Rivp>= £l =4, @ 23501, v =35+ glvtD) =1, 0@,

=3

s U = ;a>4-a11 other partial final states
2% g 2

whence:

1
<p % (W°+/§W)|R]’;P>= “Ef +J§g )
+ .0 -
- el



86

The amplitude g, which arises from the wviolation of the SU3-=
symmetry by the masg-difference terms, is thus related to the
reaction amplitudes by the equation:

(p 7°|Rlvp) + w3 <pylRlvp> « VZC L TK°|RI 7 p) = VB g(E)
At high energies we expect that g will decrease to zero. At low
energies; however, below the threshold for the production of
kaons, one should have:

/2 £ (E) = - g(BE), for E{K - production threshold.
The behaviour of the amplitude g(E) is therefore of the form:
g(E") 2 L {p 7°|R| ’Tp}E,, for E¥ (X = production threshold;

1
((m0) *’7‘3{@ m°IRl 7o)y, = V2T RORI DY, } ?

for

K - production threshold <E® <Y} = production threshold;

1 | .
8(E) = — {<p 7°|R{7 p» + /3 {pylRirp) = vZ2<T * K°|Rl7D} }

for E > v = production threshold3 ands

1im g(B) = 0

2. Photoproduction of Meson Pairsg on Proton
The following are the possible final-gtate multiplet combina-

tions corresponding to the production of meson pairs on proton:

‘Y+p“—>% (JBZ°=/\§ 4-( +)+%(«/’3 vomq) 9 (11)
o 7 KO |
K
M%(@Z"m/\) +( 4_\!-1» %(Z{’z +./‘§Y)) 3 (12)

¥ K
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—¢(§+)+%(@w°mq)+%(ffromq) 9 | (133
KO
_p,(p)*%(ﬂ/?ﬂo“‘?)‘* %(%24-./57) (14}
KO Ko /
P\, %(W°+v/§,}) + %(v".s./g’q) . (15)
AW K+).+ ™ (16)
- 2’" r K~
- x* K+ '
{25
- r w .
I n K+
—*<%(Z°+~/§A) *(+> +3 W30 -y, (18)
kia
o @) X
s o K |
S (B +BA) 1 +)+ $(m°+5n)]. (19)
~o 7 %0

To these one must add the multiplet combinations which follow
from the above ones by the substitutions (6).

We now write in explicit form the contribution of these
partlal channels to the final state, in the case of exact unitary
symmetry:

Rlvp>= T3 4 f’(U(l)gU(Z),U(B);O!)[U(l),U(Z),U(B);UgUZ;at)-i-.,.o=

%‘s 1, 0; %’“9 %i"‘>+

L {n@lh o, 03 31 s 100

+ fBCN)f(U(l) =%g pl2) . U,
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+ £, () (IJ‘(Dz-l9 U(2)=1>U =3; 031 3, 25+

+ £(c0) (U(1’=%, U(Z).:l)n =0; 03151, L1054 ...

o. stands for the variables which distinguish reactions with dif-
ferent particles but the same U-spin multiplets,; such as (11) and
(13). Each of the f-terms represents a partial state which
results from the coupling of three U-spins to give a state with U=
= 1/24 U, = 1/2. U;, is the resultant of the coupling of v’ ang

U(Z), The pertinent Clebsch-Gordan developments are:

IU(1)=%; (220, vi3)= o; v=1, v =1= lU(D 1, o(2)2p, v(30

Uél) = %3 U;a) - U;s) =0y 3

IU(U=%» @)oq, v3)a o U=%a - 512_, ==m|U(1) 1 u(2)g, o8Bl

P 2?

o=, u(2e P05 B l0D: 1, v 1, o0 D=3, 021,090y

|(U(1) -1, U(2)=1)U12=% 01303, 0, =3y = - §|v®-1,0@, L1
V2
U2)=JZE,U§2)= ml,U;3’=1>+?|U(D=%w@zl, U(33:1;U§D==%9U;2)=0 ,

UiB)z 1S+ %IU(H: L, U(2)=1',U(3)=1;U;1)= %mgz);o’ U’éB) =0 -

V2
N __lU(l)z%, (2 . 1, (3 1; U (1)_ _32,.,’ U;23=19 U;s) =05
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! (U(n: %;Ufz}zl)U22=%3 0= 150-1, 0 = DoRZlv®= 1, 0@y, ooy

U;?L): 2, Uéaa = -1, U:(}) =154+

.1 HU(:L‘):%, W@ = q, g3 oy, D= -1, vl@) o, o= 15

29
- ’—éélu(lj = 2, AT Uglj = %, ULEZ’ = 0, U;3}= 0> - (202)
‘U(l) _2_,5 o8 =g, (3 2 13 Ugw - %_’ Uéa)z 1, U;3)=O>+

+-§ EUCNZ%? (@) =g, o3 oq; i102 1, U;ajzla U§3)=1>;

=1, 03 =Ly u=1, v =1>-

/
I\U(U =3, 0@ ’%) Y2

U(l?z%’ U(a’):%5 U,(zz‘)i%5 U;m: U.E,Z}"%’ U?):@ %>u

B
N

AN

o'l - %g U(z)z%3 p3)-1, (1.1

(2). 1 (3¥. 1
23 Uy " 55 U775 =5, U7 =55~

L}

Nox

pD=L, 5@ og, o). 1, u(2Ll, 3.1y,

I(Um - 1, U(a)=%> 0,20, v3=1; v, g =15

e
Mo

1
1) =
"7 {IU( R e e A 2

The identification of the possible final states of the channels
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(11) to (19) is now stralghtforward. We list as an example the
states resulting from the coupling of the U=-spins 1/2, 1 and 1:

U(l)=%’ U(Z)z 19 U(3)=1; U;l)=%’U§2)=“’130§3)=1;m1>:“lf(+]€—0 n> y

D= 2 1P=, vB3)y; U§1)==-%, ng’:o, US’-‘-I;O‘:L>==1W+ 2(r°+/3pn>

% (% +/3 AY>

A S XL FS P

=1, g@)o g ) 150022 v(2L 1, 0P = ey = O =

U(l).: %’U(azlsUG)-—-l;U'z(ﬁ :% 9 U;2)='=1g U;3)=l§d'2>=°’lp koKo> ?

U(l)= %5 U(2)=lg U(3)= 1; E;(l)‘:“”%g T-L(2)=09 U(ZB):-J_’ Ot’.2>=

= =T 2+ B K° >,
iU(l) U =1, ¢3ay; Um_ +1 Uéa).:g’ U;zs)= 0, 0,5 =
Ip £ (r°+/39) 3 («°+.5 42,

lgcl) ,u¢2)ag, p(3) oq, U(1) ] U(z) -1, (3)=0’ > =

= -ITP K L (0 + 5 >,
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)=k, o(2)ey, 9032y, {1k 1, 0@, U3k, o e p KOO,

The substitution of these formulae into equation (20) gives

the following relations among reactions amplitudess

<r7r*plR|ypY + CK"K*p|R|7p) = « <rK St Rlrp S

TR IR + <K ST RITDS = -~ TR R|YDY

(21)
B <W5 10« 1)(n2+ 3 1 pIRITDY = (W5 7% KOS RIrp sy

’% OB 1%+ BAKTR|rpde (/T 7% 1)n nt|B|TD Yy (22)
(/8 50 - AXnO+ BOKT|RITBY = CWF SEANC R I7p) 4

VB (o R°KT[RIYD) = § <atn®+ V3 1) n*[RI7p) =

* €8 (S AN (4 /5 IR RITpye < (59 + 3 AXr*|R|rp >,
vE (o BOKT[R|7p) # <nln%+ vE p) ¥ Rrp =

= %(S"#/?A)(w@mff 1K' IR[TR) « % 048 AK® ntinrp >
=vE (Z° ¥%"|nlrpy 4 (2%)
V2 CERp[RIYEY - 3 (K4 B ) SRl e =

= ﬁ% P+ B % BplRIved+ < r®+v3 1RSSR ¥p ),

/B CEOR%(RITe) + (K% +v3 1) $HRIrpy = (2¢)
E*g U +vF v )% 448 r{)pﬂﬁl‘}‘p%% L £ Rlrp ) =

= vE <X°%°p[RI"p

As a eonsequence of thass equatiens one hage
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Cn(r®+ /3 ntIRIrpY = = <(32+4/3 A 7[RI )

g

i

KO 443 1) SHRlTDY = - <(r®+v/3 1) K° THIRITE),

/3 {(XOKk° - K°R%)p|Rl7p > = <KC(x°+./3) £F IRITD) 5 (25)

CXPk® + x%R%)plRi7TD ) = % L+ B +0/3 9plRIYD > o

If ones defines the fictitious spin-zerc particle bj= %(v°+~ﬁ§@g
the second of relations (25) states that the reaction which |
produces the mesons K° and b, can only lead to final states with
odd orbital angular momenta of these particles relative to their
center of mass: indeed, K° and b, must form a wave function with
U =1, Ui = 1, which is antisymmetric in the U=gpin wvariables;
the principle that a two boson wave function must be totally sym=
metric in space, spin and U=-spin variables leads to space anti-

symmetric states in the reaction under consideration.

Besides the remaining equations which are obtained from (21),
(22, (#3), (24) by the substitutions (6}, the quartet of baryons
of table ITII gives rise, when produced in a photoproton reaction,

to other amplitudes relationships. The reactions we have in mind

* .
Y; Kt x*
Y + p s | P + + + o} (26)
- s iz

2=
together with those which result from the substitution of the

are:

pseudoscalar doublet by the positive charge vector meson doublet

of table IV. The final state in (26) will be; in the case of
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exact unitary symmetry, the result of the composition of the
baryon quartet, U = 3/2; with the triplet; U = 1, formed by the
two meson doublets. It will thus be described by a wave func-

tion of the form of (20a):

%Bj g(1Y. %ag(z‘);i; fl}:“%’? U(zfx_l\ . ,/3_3 !U(ljzgﬂ(z)r_l ;

U;l} %9 {2)" 0\_,}‘0/9 U(l ::{%9 U(E)::l; U;:L):'%? U;P)._,_._ 1>

Cne therefore obtains:

o

* I S |
{N -fr“""wr“'"lﬁivp};@l = (ke

Fo, N S
K )IRIYp>I{- KK jH|TpS=
7z YIRIpYJ< 2 [RiTp >

:‘/——é |.=.. ?; l 'V/go (273}
2
We can compare the production of X and » mesons accompanied
of the resonances Y* and Z ¥ with the production of the same
mesonhs accompanied of the baryoas o and — , The relations (27)

gives

-5

A e

# p
(le Lkt 7K RiTp)

= =2 (P7a)
(2T KK Rl
whereas the equations (21} lead to:
<?ﬂ e (KT vt HRir >
VE] 1
-~ L » == (212}
(2 KK R]7p ) Ve

The wave funetiﬁn‘%z 1K s W¢K¢f> is symmetric in the U~spin

&
variables since ifvgs identical to |U = 1, Ué = 0> . Here again,
the symmetry of the wave function of two bosons under the
permutation of the space, spin angd U=zpin variables,; implies the

conclusion that both rezctions:
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] + +
T p 2 i S

o ok
VA p e 11 + Koo

. : + +
glve rise to final states in whiek the two mesons X and w can
only have even orvital angular momenta relative to their center

of mass.

3. Photoproduction of Thres Mesous on Proton

In this case, the relations among amplitudes afforded by
invariance under the unistary U-spin group, are still rore
complicated than the cnes deprived ahuve. Cousider, for examnle

the reaction:

o e / )
B 5’ ir 1 i’\.Cr P
' - 3 : - f
TEp == ] * + )7 - ) * (Bl =5 ) (2rR)
o, T K K

In the right~hand zide we may comhine the last fwo c¢oublets
to give a singiel and a triplet, U 27 - G, 13 thess will then
couple with the doublel and quartet . T:.Z-.E:‘ =12, 3/2y resulting
from the sum of the remalning triplet and deoublet, U(l}==1, U{?}=
= 1/2. We thus have:

: ; 'y o et T o ) o~ ¥ .
Rlvpy=..... « Slehajint®ed, ol@ oy v, &, 0P

2 iz 2
1 2 4 ! “3} 1 (3)

TP = & F - g ‘F,-'- § 3 : 1 -t l_“ e et £ - - & . ? / _ 1
U= 35y Tpr rfgles(int e 5, Vo= 3 U=GU=L,

b =z S { (5 &
= wa  aha i L L A oA L - é‘f L L - T 5 g — -
J:.%‘ ’?> ? az Lo G 2). I} - I}U?? Zg J - .i.,
. 1 * TP T R &) I —:’iﬂ(j—-
Ut B Dpr a2 100 m g5 U0 =100, = 2, U7%
L; = %y U = %\) b oo 3

Pl % e

The procedure of the preceding paregraphs leads us to the fol

lowing sed of relations amorng the amplivudes of (28):
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(K™% VKT pIR|7p> = (n™ (% Eyr* pIR[rp> -

- &r™(r%+ /3 KT Rl1p > =

= 2 /2 {<n"K°k*p|Rlop> +< KKr 5[ RI7D) KKK S Rl7p)
2 <K (r%+ /3K piRlrpy+ < ™(r%+ Bydn*p | Rlrp) +

+ <@+ IR T IRl =

= w2 { = 2 K%k B  RIv p> +<K KO P p | Rl v p> +<KKOK™SH | B 3} 3
whence
KT+ EK b RITE= VKK pRITEY + KRS HRITDD) (29

4, Single Photoproduction of Mesons on Deuteron

The U=spin of a nucleus with Z protons and A-Z neutrons is

U(A,2) = A=Z/2. For the deuteron, U = 3/2, u, = 3/2,

Among the photodeuteron reactions which produce a meson, the
following ones are of interest for the derivation of relations

among their channel amplitudes

0o

.P . 3 9 K
'}’+d-~r<z_’) + %(anwa@/\) + 'fz"é-(voav-ﬁ\?) ;
-° K°

oy

K+ I n
~ (%) (3 emn)e (3mem ).

=" oy

The final state is a superposition of the form:

Rlrdy = £2/2 {u.\_/%:ipn £ (m%+ /3 p)) m@ [m@ |p $( 3%+ V3 MK+
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O Ez"'n K°>:| + £y Jf ip (Z®+~/‘?A)KO>+ \Fé 'Z"'n K°‘>} +
. gi’a{“@ [ d e BB B [K 3 @ BN Ry
+£—_; lrr+n. nﬂ}*—g% { \_/%;- |K+ % (P +/3 An> +\/§ |?r+n n)} +ooo0

3

from which the following equations are deduced:

(50524 /5 Ao ﬁq)@p!mrm = /<K nTYRIMAY s (30)

<E1(Z@+ /3 AY+(3°+ /3 A)n K'|Rl7d) = v/Z2<n n wIRlvay .  (30a)

1 - 1 0
The wave function:;;_; o Zo* Zo D3 Zy=5 G+ V3 M), 1s a
U=2, Uz: 1 state, symmetric in the U-spin variables; it will be
antisymmetrie in the space and spin variables of n and Zo’ as

for the wave function |{nnd>,

There are other photodeuteron reactions in which the produced

meson is accompanied of the baryon quartet. Thus:

L

N

*

Y%km 1 h Kg *.'..'.
Y4+ d e w.(-g_»a-../?q) + N

and we have:

RIYED =uoot £ [\/— l@(l) =2, (27—0) u,=3 130 =1;

12’z 3 U;3)=°>°\/;5: l("’m?%a o(2)= 0) U, 35 v{3)= 15

ﬂ

(T, ,)

(0,9, =%, U(3)= 1) 4000 o

We thus obtain the ratio:
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L+ B N v IR

* -
¢ thal Y;_ IRIva>

(&) ()

<N*(p m+ 3 KT YRivasS

/6 . (31)

Finally for the channels
*l?—'!l

=

<
“

T+ qd —>

8

111
O M

One obtains:

=3 , (32)

*m
<¥; »p k*R)ra >

5. Photoproduction of Mesons on Helium

The photoproduction of mesons by heavier nuclei may yield
information on the interaction of hyperons with nuclei leading

to the formation of hypernuclei.

Thus, the photodisintegration of helium may proceed through
several channels. If the unitary symmetry is good, those chan-
nels for which the final nucleus is formed of, say, three baryons,
belong to certain U-spin multiplets. Consider, as an example,

the following reactions:

He” n K°

v+Ht— | ) sl L (B ) ) E(n%B0) ) 53
e —o
z K
%00 p

v+t — [ 00 )4 (Z*) - 2(7° +5 )] (34)
oo K

o o a
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In reaction (33), the U-spin of the initial state is equal
to that of He?, namely, U= 3, U,=3. The multiplet which He’
belongs to is a quintet. Tritium belongs to a sextet. The

quintet results from the coupling of the deuteron quartet:

d = <|(pn) >
& lp 22V L T
(G 12 2°>= 1T 0

A 15 20 Z ISt 20
Jgipm>+\/;l,_ AN

\ izt =°>
P 3
with s+ The state |2,2> 1is He”. The state |2,1> 1is:

2= -l p T+ L Jpp2°, 2°=1C0 5N ,

where the wave function [(n p zf)> is symmetrical in the U=-spin

variables of p and Z&g

lnp & =1nd T+ o)

Call:
| o= = lmp T, IZOH93>= |(p p 2°)> .
Z (35)
The reaction (33):
Hé_ﬁ \ n O
v+ He? — Z“HeB ' §z° R +2°) + %(Eh@ 7
o K

LA A T
0o ¢ 00 DO GOO

0000000000

gives the following contribution to the final state R| 7V He? >:
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~W372) £,1He’ n £ (1% /N> - (E £, = é fl) |He® 2° X°) -

§<f2+§fl) IZ““ He3nK°>=-%§(f +V2 1, )I He n K%

from which one obtains:
C(Hed z° K°|R|v He?> + /3 <Z§33nK°|R|‘THe4>==
-4 HeBnKGIRifY H94>ﬁ - (HeBn (w%+ 3y )|R|Q’He4)o (%6)
70
In the same way we find for the channel (34):

o

K
Ped @ ML (0 -
i 0 ke ) ()R

fY4-H94 s

o000

Qc 00D

o000

o090
where:

z°=2 (F°+/3 N, o B> = |p(n 2%+ 2° n)>, |Z+ B > = (F*nn)},
(37)

the following equations:

1
<Z+ B p K°[Rly He?) = - o B p K°|R| 7 He? >,

<H TFKOiRlrEe* Y+ 5¢_, B p K°|R|7 He?) =

2"
=vEZ{®p 2 (°+ /3 9)|R|vHe? ).

Accerding to the definitions (35) and (36}, the wave functions
of those hypernuclei are antisymmetric in the spin and space
variables of two of the baryons ~ in virtue of the symmetry in the

corresponding U-=spin variables,
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Table I

Baryon U-spin multiplets

Wave function

Electric charge

Uy Uy * 0 -
Sinlgéj‘g . 13150 -1AD
1%, 1y Ip 127>
Doublets 2z’ =7
Il _1.,> I? l': >
2’ 2
Triplets - In>
11,1> U+ /31>
ﬂlso> =0
11, ~1> i
Table IT

Pseudoscalar megon U-gpin multiplets

Wave futicticn
{u, u_>

Electric charge

+ 0 =
B PN 3 WBIr°s =19

13, 3> (l k%) <Irr' >>

Doublet 11 ¥ K™>
oublets |2 §> IW)/

Triplets {1,1) -]K%>

11,0 2 (Im>+/3h)

1, =1 IR°>




Table ITI

Baryon resonance U-spin multiplets

101

Wave function

Blectric charge

I, UZ:> ++ + ; 0 -
Singlet .
[0,0> Nt
Doublet |§, % > IN*+>
*4
15, - l>> 173>
Triplet /i1, 1> ’—[N*°>
[ty 0> iY*G>
Quartet 3 3. T
l29 2> \ Ilg*_
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Table IV

Vecter meson U=snin muiltiplets
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