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Z,:z the Qr@cemng pUPEL s aataﬁslmhm@ the existence of & uew Twi, b 10
‘ hﬁé&v:@n resapnance st 1665 m@‘if Yg §im:i§), it iz noted %Emt. the baryoas and
-'ti‘:té many low-lying %mr}wa*meama resonances may be iacluded within jusi i«;}u_r a
B &mﬁarwwmwetr; supermuimgxiats.z” the 3::.1;"2%' a:m‘:mt’-, the }ﬂf’é“ & singlet,

the j:3/2 vy «mtai, aod the 3“3;’2 & decuplet. 4 ALl members of these auper~

multiplets ave seen except 5; {sometims called £} aad ’ﬁ,?, whose discoveries
)

N

would give crucial tests of the eightfold way. Lach of the fpur supes: cnultiplets

L2

may be viewed a6 the pround stats of s different Regge tz‘a_geazm"y, sad each

ifersat ,:ah yaical values

such trajectory oy have several ma.;awsmu ang with

Q"‘

of eaguler mnentuns. These Yhegpe recurrences’ (should they ccour at ell)

raust chavacterize all the nenibers of & given zmpermuki@mt, znd must o

. 5 ~ | . - B iy :; I e
gpaced by two units of an,ular momentwn. Ideatifying the N | {1220} ress-
o ] . - S .;4~§> $ T s _ ;,?"‘f" . e,,;;@ ” ) S e en
agace with S, (i=7/2 }, ma y{} fisis) with -"xa (i=2/2 ) aad the W~ {io38)

L&

©

resonaunce with N {j=5/ 'z ), we fiad that all preseatly koows baryon stotes are

described mm only écow* "ugexmvuiugiet Hepge twlet,,%rwsa. Because the mw st

Hegze recurrences of soine members of the o ar».e;i 5 .mmm,min 93.&@ bave

E S BOG G

appeared sue predicts the am.ﬁsmac:e i ff;’;i@ 2530 “f?fa states of §-
the rameining memoery of the §=<7/ AR decupiets. These four supermultiplets
AT

ave dGispleved o ¥Fig. L.

thare munt

Beyoud the merve classiflcation of particles and reson

8y 5

&

: 5 Cd es A ] . TS -
be more gquantitative, dynamical verificetions »f the uiskeu eigbtiold way.



.3:“; this note, we show that the partlal widtha for the *vm.;;:,;ww two-body decay
modes of the y octet and of the & decuplet are compatisle with ihe apprg:”meﬁe
muiary symmetry of 3t1‘ohé interactions. In Table I the e#gerizzmnmi gasi‘iai
widﬂw for *iea.a}, into mesca piu., Qul“yﬂﬁ are summarized. Two of these are
used as input variables uawrmxmug the - ez&h‘tfaid»w.—my L and F decay-

cal-

&

coupling constants for ths sclet; the remalining five -;aartiai widths az
& & 4] 7

e

»

&,ulatad after adjustment of a zr«;cuu» of iuﬁ:erartmn“ With the same {orm factor,
the calculation is repeated for the 5 decuplet, for which tihere is a unique

invariant coupling to meson plus baryon. In each tase, agreement with cxperi-

B

ment is excellent, in general to within the accuracy witn which the pactial widths

HTE RNOW.
. ‘.\

Some of the agreemneut ruay be due merely to our use of 2 reasvnable

form factor. On the other h&md, ma them’etn_al result for

{}3 »"7"*4) T‘{E‘Z gAYy T \ ~ewN) of ‘about 1:3:16 { com ;,aref% with the experi-
mental values about i:4: x?} zafe;s to modes of roughly the same momenta.
Hence we see that ihe eightiold 'way supplies nontrivial coetficients 5"..*isaz'ea:3'v;:o,;i'?

the & coupling s&ran;gths are c\.mmstenﬂy &rm&tar by an order of magnitude mwx

the vy csugling strengths {e. g., -'?"‘(Eé «vwﬁi}m 4;"2"{?3\“'1 ~5h), even though the y

Vd
e ad.e has three times &5 much available eneryy 25 the y ':‘xmeﬁe).b 1}1 ese Cou-
siderations preciuﬁe any aure};y kinematical explanation for the ﬁgreewuvt
between theory and expemment.
zhree ouay decay moc‘: s 0f bATYOn resonances are le 58 0f & test 0:» the
eightiold way than tvm-hoc,y modes because ther@ are ra ny possible fovims of
symmetrical interaction i'nvolvizﬁg two flaal-ptate mesocns,  However, it is

two-body
instructive to consider the poseible/decays of nue baryon rescnasnce into another

baryon resonaace plus o meson {giving, eventuslly, a threo-lody X

N —=Ng & -Iw, U A wn
V (S I ¥ ] “?‘ -
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Gmy iﬁequalatzeb for fhaae p ?ti&l wmtm ‘mve thus far been sxperi-

mentally determined:

TN e Nw) § TN, - Maw) = 50 MeV , (o)

Yoo Y ; : \
T(E I S TE A = 8 MeV »52}
T AT S T(E >Trw) = 8 MeV . (3)

{IP

'}“‘hé;é‘ is 'égain 65113? : smé,le mvarmni coupling stre,nsth for modes {; ) and
‘ ‘(c:) so that thev* ratm is determined m the mghtfold way |
PN N

,) i m s 6.5 .
. ’ Y :
_V.I_"IThe exiateﬁce of the mode {(3), £ Y Agw. is a test oi the correctness oi the N
_ asssignmems of resonances to unitary aymmatry sanermultipletw if Ag} isa
‘umtargf smgiet, thﬁn it can be shown that unitary symmetry allows this mod =:
;_f 23 is a member f}f an octet, but forbuis it if it is a member of e;thar the
E ‘ﬂ- or 27 -plet. |

f"maliy, we consider aecays of the two mgher energy resoaances sup-
{.;Qsed to be fu‘st Regge recurrences of the a octet. The sxperimental situa- |
._ticm 1s summarwnd in Table I N, {léSS) and ’l (181.)3 are known ta ba
mamly slastxc resonances, l.oe., Ior ;\3 (aé&&) we know T{N=w}/T =~ 30%, ¥
| for a, ( 815), TNR/T = 75% ? perhaps the reason that Z_(1877) has not yet
.baen found is because Lts ccmplmg to NE\ is sman in any case it is not stmn;,ly

farmed by 102- {}eV/s« 1{ on protons. nlsm in Table i are given the calculated

S parhal wimkw for d.ll decays of the Regge recurvences of the o octet mto w0 -

i bc}dy states of meaon plus stable bs_;t*yom according to the eightiold way. [Once
~again, there are two invariant coupling constaunts. They are chosen to fit the

- largest partial widths of M (ié%%) and A (1825}, with tha same form factur as

. hefore. 1 with satisfaction and relief we f1 d that the calculated results are

afngx}.at ely ¢ ompatible with experirment.
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FOOTNOTES AND REFERENCES

% ) L » '
Work done under the auspices of tixe U. 8, Atomic Energy Lommieasion.

e ?.&lfreti #. Sloan Foundation E‘allmw.
L. W, MVares et ai. R E’hyﬁ. aev L.etmm. this isam, P I Baanen and

&y P Barge, Phya. Rav. L«sttm*s. this issue.

v 3.3‘- aakuraiv, in Praceaﬁiz}ga of the ﬁnermuonal Ez‘ummw Schcml at

‘.Rﬂorenea i cmxtains tha appropx-iate citaziona, im' further detaal sea

Varemm; 1962, to o& pubiisheci in Nugveo Clixmuw, and & L. Giashaw. in

| 'F’tawnémgs of the Internanana& Summer School in Theoretical ?hysica. |

i

inamhul. 1962 (G@ré@n asxd Bmar.h. wn&an, to bﬁ published).

| Warés migmfyiag sets of azmuar gmrtiaiea {ind their origias in muai«.al

texmxmlagy’ ’Thua, & trio, quartet, .., , octet, nonet, decimet, ... is a
édm;msitian for 3. 4y ve0. s B, 9. 16,... vaim'fs or instruments; bu.t &

eri;:iet, quaﬁ:uplet. ren Q::tupieﬁ. ncmuplet. decuplet, ... refers to 3,

4. cev s 8, e b0y v mma pl&ym‘l ia one btwt. After tripiet {of pmns} and

qmdrugiet {of A i&emara},, we use éecu;:let for the 10, Becausze of an
aafortunate earlier misuse, "octet” has become comumonplace for the 5,
rather than the move apgropriate "uctuplet. " [See P, Scholes, mu‘az-ci

G@m_ggawn to E\rmszc 9&: Eci {Cbxfarfi ﬁmvewity Press, Londogn, 19535) 1

The success of i}aih%mm B mass formula and its genar&hzation@ is cor-

tainly one such verification. More lraportant is to understand why an

~ octet resonates at J = 3/27 and a decuplet resonates at J = 3;"2*, and why
thers seem to be no resonances in the 27 plet and other decuplet chaunels,

Some progress in this ezirac:tlem has been reported by Cumoszcy. Kalcer,

and ?ar}wma, Phys. Letters 1, $3 éwéifi). and by R. H. Capps {preprint).

y . . 5 . .
The momentur desendence usad included s form factor and {a/M), i.e.,
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e el | 2
zpaf,:\gi‘ M

" "whexre p . mmnentmn of éeAcay products of a resonance of mass B, and
"ﬁ is related to the size of tkm interaction. The twca cousling canmamta
Da:ad E“ were adjusted éiong\wit&i X’z to fit the three input data vs.howa_
| in TableL We found X = 350 MeV.

. _'4' In tb};s mm&ctﬁan, t.here algo seems to be emdmme that the & resan&nces :
ara gmd more capmusiy than the Y reacmucas._
gm 1

_lmfam: ax‘e me twa‘bady ciecay m@é@& cai tiw vectmm‘ Using cou~
i pl.ing constarts of the ai&ntfola way, and thh the same farm factor as

L sbeve. we ﬁ.nei ™p —»211}/1"‘(}5* ~Kw) = 2. 4, in rough agreement with exper—

imem
- 8 F r:}m a.@mgry pré;)arad by;»R. | Omnes ané G. Vailadas; éi; the A.i}:w:en«‘.
Pravence, Intemzatiésm! Conference on Eiementarf ?aiti cles, 1961
{pub'_ii;ah_e& by C.E.N. Salslafy, .Frazwe); p. 472, |

9. W . F. Beall et al., in Proceedings of the ;963.‘ Imernazmmi Conference on

| "_.,Hig;h Energy Physics at CERN, (CERN, Geneva, 1962) p. 368.
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Table I Two body partlal w1dths for the 'y octet and § aecublet

"Resonance and" _ Decay Momen’cum ; e Width, F(MeV)

: total WldthT‘ mode (’\/IeV_/_c) v

EXperimentala N Calcﬁlatedb

— e —————o | W o S, it Siivy " it ity s, G ot g | Gvvns Sunitn i st it oy et annt it —ir o s oo ootnia " it oo

fs,ae‘capie't‘
Qf(’lé?é"?-)” ——

.—..—..—.—.——.—.—.—_‘v-_

'—-o’-.-.-.a.-—-—-

z (1385)
: 50 MeV

rel00Mey

5;’ references to the data,, see Barkas and Rosenfeld Lawrence Radlatlon E
.'.Laboratory Reoort UCRL 8030 Rev. ,' Feb 1963 T /.': s :
’The D-F m1x1ng ‘ratio glv:Lng best ﬁt between experlment and theory is a = O 655 ‘

(n Geil Manrfs nota.tlon) or 6 = 35° (1n the notatzon of R Cutkosky‘s Carnegle Inst “of

jTechnology preprmt) ThlS value is 1n good agreement w1th dynamma,l "_ons:Lderat

{,glven' in prepnnts by Capps by Cutkosky, and by Martln and Wah Moreover
Cu‘ckosky shows that a value of’ 9 near 33° is probably demanded for the bootstrap ap-_y
: pearance of the 'y octet and the 5 decuplet “We thank Prof Cutkosky for telhnor us of'

’h»is resﬁ'ult_ afi;e‘r",eu_r cal_eulation_ was coijnple_ted, S
Tne very low predlcted partla.l w1dth for E\( - Suggests that an alu.ernatlve decay '

,:_...:._‘mode may predomlnate (such as + y, Haw ‘or, AK if E vy is sufficiently heavy)

/ .dT here is some dlscrepancy in the measurement of Nz Y»KN) Accordlng to Alvarez et'

it is < 2’\/IeV according to Bastien and Berge it is 24 MeV
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"Table I, Two-body decays of the a recurrences into stable baryons + mesons.,:

.~ "Resonance, _ o
.~ total width, - Decay - Momentum Width, T" (MeV)
o+ threshold = - mode | _{(MeV/c) .Experimental Calculated
"*Nd(1,6'88) - Nw o 572 . 80 . - Input=80
r=100MeV  Nx(") . 387 <20 05

r=120MeV . Bw
-=1.05 GeV/c  Ax("n"),

“1.20GeV/e  Zx | 548
o mr 208

(1972) o :,ﬁ s
O Eeey 290
: ""-_=51'.'4o’ Gev/e AR . sa0 G SR

'aThere are ao“aln two 1nvar1ant coupllng constants We use the same D F couphng
consbant ratlo ‘as we have determlned from the decays of the vy octef and We adjust -
.’fthe trength to flt the Nw decay mode of N (1688) (theoretlcal é.rguments of Cutkosky"_

sacfdest tnat ‘che same “sel "'eonsmten‘a“ value of 9 should apply to all couphnﬁs of

mesons to baryon octets) _v__IE‘he same form, 'act', is used as earller (reference 6) ’
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FIC.URE LEGEND | |
Flg 1. 'Baryons. The four unitary multiplets‘ :‘and‘their Regge recnrrences. S;;in
""b: iand parity assignments jp are written beside each particle if they ‘are snpporte'

vby any experlmental ev1dence, if not, JP have been con_]ectured by a531gn1ng one

'known resonance to each set of quantum numbers ’I'he notatlon was mtroduced

‘_‘vln the Proceedlngs of the 1902 Internatlonal Conference on, ngh Energy Physzcs

_at CERN pp, 783 and 325 Observe that the famlhes so deflned c01nc1de Wlth
i_‘the umtary multxplets of the elghtfold way. ' Heavy bars show stable or

'j’metastable partlcles hght hnes show resonances States predlcted by the S

: questlon marks The mas ses

1ghtfold ay but not yet seen are 1nd1cated

= 'and Q{) follow from the mass formulae alone’ those of the 5/2 Z and =

Mesons The mes0n umtary multlplets ;mclude a [3 (pseudoscalar) octet ,'

T : isotopic
._and a y (vector) octet There are two observed XY states (1 8. . vector/sxnglef

ig. 2. '

'_called @ and ¢ --one Ilnear eomb1natlon of these is presurnably the elghth
member of the y octet the ort‘nooonal hnear comblnatlon is as51gned to a
‘,:umtary s;Lnale‘t ¢ is seen as a’ K}.KZ enhancement at 1030 MeV [see Bertanza

':‘_'.e‘t al.‘, phys Rev Letters 9, 180 (1962), andJ' J' Sakura1 Phys Rev Letter

472 (1962)] In addltlon there appear to be two a sxnglets a JPG .. Z++ i

:"plon plon resonance at 1250 MeV called f and a O KIKI mteractlon nea’r

.KK threshold For more complete references see Barl\as and Rosenfeld :

,Lawrence Radlatlon Laboratory Report UCRL’-803O Rev. = Feb 1963

All tne meson states have charge con;ugatlon proPertles such that they

may couple to baryon ant1baryon states e; g, "rrf)v‘ a.nd x have C = + 1

"v(and decay 1nto two photons), whxle p and w have C = —1 (and couple to a _ =

‘W."_‘srngle photon)
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