PARTICLE PROPERTIES :

August,

1968

Table S: STABLE PARTICLES. August, 1968.
(Closing date for data: July 1, 1968)
From Review of Particle Propertics, UCRL-8030.
N. Barash-Schmidt, A. Barbaro-Galtieri, L. R, Price, Matts Roos, A. H. Rosenfeld, Paul Séding, C. G. Wohl
(uantities in ttalics have changed by more than one (old) standard deviation since Junuary, 1967.
Decays . General Atomic and Nuclear Constants *
a © -
o SPc mass Mass  Mean Mass?  Partial Fraction =t Es v =6.02252 X 1023mole ! (based on A 12:12)
* (MeV) difference life (sec) (GeV) mode e Z 1 =2.997925x1010cm sec-
- MeV)  crlcm) S 2E|e =4,80298x10- 10 csu=1.60210x10-1% coulomb
; - 1 MeV =1.60210x10-6 erg
2 . -2
Y 0,1(17) 0 (<2.x10%1 MeV)  apie 0 stable ® =6.5819 10722 MeV sec
o =1.05449x10-27 exrg sec
2 Ve J=1 0(<0.2keV) stable 0 stable e =1.9732 x10" 11 MeVem = 197,32 MeV fermi
= Vo ov, 0(<1.6MeV) k =8.6171 x10-11 MeV deg-1 (Boltzmann const. )
T 1 6 bl 1.001159557  ch « =c?/te = 1/137.0388
T=1 0.51100 stable 0.000 stable By = 1. e B 2
e £.000002 (>2x1021y) 000000030 Zm < m, =0.511006 MeV/c“ = 1/1836.10 m
z - m, =938.256 MeV/c? = 1836.10 m, =6.721 m_,
I=1t 105.659 2.1983x10" 0.011 evv 100 105 53 N 1o
n : . 002 + 0008 oy (<16 }10-5 105 53 =1.00727663 my(where my =1 amu= 5 mc12
c7=6.592x10% 3e (<1.3 )10—; 104 53 =931,478 MeV/c%)
Pp:"oo““éi ch oy (<6 )10~ 105 53 | = ¢2/myc? = 2.81777 formi (1 fermi = 10 Pem)
000000 zm,f ‘32‘812 | Xe =h/mge = roe~l = 3.86144510- 11 em
7T 1) 139,578 2.604x10°8 0.019 v 100 % 3430 fa o =6%/m e = r am? = 0.529167 A(1A=1078 cm)
£.013 £,007, §=2.3% ev ( 1.24%0.03)10-% 139 70 | B2 065165 10-2% cno0.66516 b
cT =781 vy ( 1.2420.25)107% 34 30 |“Thomson ~37 e T K107" cm =0.60516 barn
4.6041 (vtor7)/T=(4%.2)% «%ev ( 1.02%0.07)10"8 4 5 lenone = eh/2m c = 0.578817X 10 Mev gauss
+.0037 (test of CPT) evy (3.0 0.5 )10-8 139 170 sax10-18 1
- = 2 =3.1524X ST
70 ! 07" 134.974 CO.B‘)in'“’J 0.018 vy ( 98.83+0.04)% 135 67 |Pnucl ef/am =3 Mev gauss
£.013 £.18, 5=1.6% yete (1.17%0.04)% 134 67
or=2.67x10" v, (<5 y10-6 135 67 . (rad sec-! 1
—oter R rads aus
clezele” P( 347 )10-5 133 67 partial Rates (sec’)) ¢“cyclotron > 32“*5 :
L (0 493.82 1.234x10-8 0.244 v ( 63.47£0.29)% S 236 (51.42 10.29)102 s = ¢/2m c = 8.79404x10
K 0,11 +.004 S=1.8% T ( 20.84%0.28)% S 205 (16.89 £0.24)107 S = _ . 3
o7 = 370 mront ( 5.5420.04)% S 126 (449 2003100 s=4.4%) e/2m c=4.7895 10
(Tr-r7Y72(.09£.12)% ¥ ( 1.69%0,05)% 133 { 1.37 £0.04)10 tinued on the other side
(test of CPT) urov ( 3.43%0.08)% 215 ( 2.78 £0.06)10° | jcontinued on the other side)
5=1.3% en® ( 5.02£0.08)% 228 ( 4.07 £0.07)106 Based mainly on E. R. Cohen
» T (3.8 0.8 )10-3 203 and J. W. M. DuMond, Rev.
“ 23,94 (<2 y10-6 203 [ Mod. Phys. 37, 537 (1965). Note that recent fine structure
@ - +0.13 (<1.4 )10’5 109 151 | and ac Josephson effect measurements currently indicate
& (<3 y10-6 109 151] that « is ~20 ppm larger than the value given above. The
(1.24+0.40)10-5 493 247| corresponding readjustment of the fundamental constants
b (2.2 20,7 )10-% 219 205| will increase e by 60 ppm, ® by 100 ppm, m, by 60 ppm,
» (10 #4 )10-° 75 126 | and decrease N by 60 ppm. For a preliminary analysis
Y ( 6 4 )10°% 354 227 | see W. H. Parker, B. N. Taylor, and D. N. Langcuberg,
@ (<14 y10-6 353 227 Phys. Rev, Lett. 18, 287 (1967).
o (<2.4 )10-4 143 172
r (o] ( <1.1 )10~ 354 227 4
K (07 *9;’)'3? SO hort’ O%Klong © CP violation parameters
+0,16 .
- - b - .
o i) 5=1.5% 0.862x107 10 0.248 wl'w> (68.4 4 4 )% 219 206 ( 0.794f0.013)10:g ALKy =) v,
s 0,469k 006 =127 O (316 ) 228 209 ( 0.367£0.013)10 N = . “ I, le
-0. 7 - - b -
o +.015 g ST = 2.59 AlKg = min’) (00)
307 5.29v1078 0.248 n’xu°x° (25.5 +2.4 )% 139 (4.81 +0.49 )m6 \
L +.15 e (11 bnon gy 133 2.29 $0.10 )107 ©(1.8940.04)¥10 7
cr = 1587 Ty (27,3 +1.4 )% 216 (5.15 +0.30 )106’
5-1.3% wev 150 LG )T 8= 229 (6.64 4033 )108 .
- EIE (0.149 £ 0.006)% 206 (0,02840.001)10 ®,_ = (49:8)°
r\wﬁn” still uncertain 209 -
Ty (<0.3 ) 206 [, | still uncertain, sce
c)vy ‘st;lg gncurm;qu Tos ;;Z 1000 gata listings for
e . b e
o (<13 J10-6 206 225 published values
- ctes (<1.7 y10-5 497 249
0'(0T)"  548.8 '=(2.320.5)keV  Neutral vy ¢ AL 4o 549 274 ‘
n 0.6 decays {“ [ R R }S~1_1 © 414 258 Decay Parameters
71.0% '3 R (e} 144 179
Charged [ ( I 135 174 :
decays | (5.5 £0.5 )% 269 230Magnetic Moment _ Measwred - Derived
29.0% | = (<001 )T 113 258 (ch/dmpw a ®(degree) Y A(degree)
" (0.1 0.1 )7 268 230y
» p 1Y 938.256 stable 0.880 2.792763
w £0.005 | -1.2933 (>2¥10°"y) +.000030
2 n 939.550 £.0001 4755 0. 04) 107 0.882 pev 100 % 11 1913148 BA _ 11984 022t
= +0,005 cT = 2,87 x1013 £.000066 Ty . Tes
had ¥ . 0
ot 111557 oy 4* 2.52w10° 10 1.245 pn- ( 65.3 Yo 38 100 -0.73 0.64620.016 ( -647 ) 0.75 (748)
2 A 2 £0.07 : 003 Se1.3" nr® ( 347 =14 g, 41 104 +46 _ 0.71 +0.48  §=1,2%
- =755 pev ( 0.88+0.15)10-3 177 163 $=1.2% 0,06 +0.19 8A 10.231
2 . s ForA - pev S -1.14
s pRv ( 1.35%0.60)10 72 134 g -0.33
=
1 + 1ih 1189.43 0.810x10-10 1,412 pr (52.8 44 ¢ )% 116 189 2.4 -.955£0,070+5=1.1% .
Z 0,17 %013 nnt (47.2 77 )% 110 185 .6 +,018+0,039 (180+30)° -0.99 (0£85)
s=2.8" oT = 2.43 Py ( 1.9 +0.5 )J10-3 251 225
nnty (1. y10-3 110 185
P Aelv (2.2 0.7 }10-5 73 12
rfe a0l (ot (< 0.7 )y10-% 144 202
-8.00 C(> =t nvy netv (<0.2 yo0-4 249 224
) 1192.55 +.18 T ny
z 1(%*) :0,3'1 <1.0<10° 1.422 Ay 100 % 77 75
S=1.1 cr<3x10-4 Aeter b( 5,45 )10-3
-4.87
- agh 119742 £07 av10™10 1,434 nn 0 % 118 193 T 06 £0.05 (-22430)° .90 .
+0.09 £.06 S=2.4" ne-v ( 1.14+0,08)10~ 257 230 S=1.6" - R +.23
S=1.47" cr = 4.92 v ( 0.6240.12)10-3 152 210 For Z™ =ne v, ga/gy =0.05 "3y
Ae™v ( 0.66x0.11)10-4 81 79 - _ +
avy (=1 )10-3 118 193 For 7~ Aev. gy/gy =0.340.3
=0 i 1314.7 3.03v10- 10 1.728 100 % 64 135 -.37 £0.08  (13%15)° 0.93 (28 % 34)°
= ) 0.7 ot (<0.9 yi073 237 299
cT =9.10 (<1.3 11073 376 323
: (<15 1073 125 119
(<1.5 )10 117 112
-6.6 (< 1.5 y10-3 20 64
7 (<15 11073 12 49
(< 1.2 )10~ 271 309
— 23T 132125 (RS TSI 1.746  An 100 oo % 66 139 s42 x.03 (047 e 0.91 (0 15)0
= £0.18 Loos S=14 Aev (0.9 [0 )03 205 190 S=1.1
o - = <114 "%% y10- 242 3 —
z cr = 4.98 En (s N 242 303 [FTne definition of these quantitics is as follows: [for more
< bty (<05 y10-3 128 125 | details on sign convention, see RMP 39, 1 (1967))
[ =0y (<0.5 V% 23 70 i P 2 2
- ne~v (<1.0 Vi 381 327 | o= 2RCSETP) g 2Im(STP) o IS] -IP
YL +0.4, 10 2.797 8 217 293 is1%ipr” isi%e® is1%1 P
1 - > 1672.4+.6 0. - . events seen
BN 8o s=qax 13,3710 3 events seen 216 289 tan®=p/y tanA= -p/a
@ cr =3.9 13 events seen 63 210 |ga/gy defined by M = (Bgly, (gy-8,vs) B;)
=
5

In decays with more than two bodies, P,

1
b. Theoretical value, see also data card listings.
c. See note in data card listings.

STA

* § = Scale factor =

Nx “/(N-1) where N = number of experiments. S should be = 1.
This new convention is still inadequate, since if S > 1, the real uncertainty is probably even greater than Séx.
is the maximum momentumn that any particle can have.

max

If S >1, we have enlarged the error of the mean, &%, i.e., §x—+S &x.

Sec text of January 1967 edition.
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CLEBSCH-GORDAN COEFFICIENTS AND SPHERICAL HARMONICS ]
Note: A /7 is to be understood over every coefficient; e.g., for -8/15 read -V8/15. Notation: M M .
J 0 _ 3 m Atorric and Nuclear Properties of Mater:als
ERI & 00 JF cors - ol e
! 0 + m m Coefficients .
Fi2 2o o . T e /20572 3/2 1P N
7272/ 1741 RS I AR Do S
-1/2 +1/201/2 -1/ 41 v2 -1/2|1/5 a/sQ 5/2 3/4Q s
svesvel o 1 +1/2[4/5 -1/5Q+1/2 +1/2) B N N -
| eEEm %Nou,\MJ_,w cos?e- 1 —i ~1)2! 2/5 3/5 m“w 372 - L
1 _\M W“N /‘ — w\w M\\w .w,\m‘w\w 5/2 3/2 T
32 1/ 1o 15 i osa el® —L f1y2| 275 -3/54-3/2 -3/2 D
| EEEEN VPR Yp T g7 sinfcoste N X d N 2 1-1/2] 4/5 1/5§ 5/2 : s e
+1 -1/2 1/3 2/3§ 3/2 1/2 o w\ 2 n ”N “_\\m 1/5 -a/5)-5/2 . PR
0+1/2 2/3-1/3f1/2 -1/2] <NN» w)\wum, in2p o210  ER SR  ERTRE ¢ o
| HETA R &G ) sypRavE 7R PR S
2 < 1}.3 SRR Sk 5/2) AVRIVE VAR S D e
X 1 2
3 [— R -1/ 1 Rl Y 72 372 :\Nw_\m_\w K i W e
21 e <2 P:3/2+1 1 372 +3/2 -1/2+1/2]1/2 - Z .\ Frecr (CF,Br) o Las 1 =1t
2 of1/3 2/3§ 3 2 1 T -1/2 -1/2|3/4 /4 2 H, (bubble chamber. 27°K) e e 1 2 et
—H[_i N“w BVE ET TS| —+w\w 4ﬁ_w W\w w“w w“w .w“w *Kw _3/2 +1/2|1/4 -3/4-2 e : N
B +2 -1f1/15 1/3 3/5 +3/2 -11/10 2/5 1/2 | EEEVER B
1 x 1 5 +1 o[s/15 1/6 -3/10f 3 2 1 +1/2 0o|3/5 1/1s -1/3f s/2 3/2 1/2 -
21 0+1l6/15 -1/2 1/10§ 0 © 0 _1/2 +1}3/10 -8/15 1/6f-1/2 -1/2 -1/2
LLiil 1§+ +1 S1-1|1/5 1/2 3/1 +1/2 -1]3/10 8/15 1/6
—: ofi/z 1/2p2 1 0 0 0/3/5 0 -2/5 32 1 -1/2 o|3/s -1/15 -1/3f 5/2 3/2
0+1{1/2 -1/200 0 0 -1+1{1/5-1/2 3/10f -1 -1 -1 _3/2 +1{1/10 <2/5 1/2 -3/2 -3/2
+1-1{1/6 1/2 1 0 -1{6/15 1/2 1/10 -1/2 -1] 3/5 2/5f 5/2
w WN“M O\NL“W 2 1 -1 om\_mL“m .W“S 32 -3/2 o 2/5 -3/5k-5/2
-1 L_H\m._\w 1/3f-1 -1 -2 +11/15-1/3 3/5 §-2 -2 | P
0-1{1/2 1/42 -1 -1/2/3 1/34 3
Y Mgy My -1 o{1/2 -1/24-2 HN o(1/3-2/34-3 C.ZNE»BL:HNQZV
f ¢ el | | Sy . vars o abost 2 17, depending o ope ration suad:tion
=(-1) x/\_w:gwd‘: ;u:uym
z [ £z
5 0 =
w 0 oF% [
wl - < 2
« 0 RERSI I z
L Sy 2
0 \
o , i b
) 0.1 n &
w006 i 20 5
w . ; =5 <
e © 004 ,_ s e -
S - 003 \ 2§ BT z
PO | ST 5
c 0.01 : mmyw - i o
S S o000 el 5
€ s _ s z
~ o 0004 $5° ©
= = 0.003 1 it E =
s & 0002 H 82 z
Z 7 oo u | Sty i
o ' For np > 30, } ZE 2 S
> 0.0006 © X2 1 = 23 bt >
4 0.0008 ECL= /70 [ exp (- Z-)ax heais = 3
o 00003 y AenE 2
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MESONS . August, 1968

CERN LIBRARIES, GENEVA

LR

CM-P00040027

Change in Notation. The subscript N stands for ''normal spin-parity series" (.Tp=0', 1-, Z}', ...) A for "abnormal" (JP:O', 1*. 27, .. ).
(nantities in italics have chaged by more than one (old) standard deviation since Januery, 1967.
Partial decay modes
P, G P idth n2 of
Symbol (J7) 1T )l:" Mass Widt (2) Mod Q L] .
b M N <I'M ode Fraction ]
+—i estab. 2 max
2 o
=1 7. guess (MeV) (MeV) (GeV)' % (MeV) (Mev/c)
; o0 nen oA 0O ~Al = Al =
H - - BB TIDSe |poTemsd.n | o
o o (140) w07 17(07 )+ 139.58 0.019 s ‘able S B R 2
- °(135) 134.97 0.018 ce Table S @
2] vT(‘Sam n(0") 0"(07) 548.8 2.3 kev 0.301 11 neutral 71 28 CRRIR |TRINNTY | =
( 548, 2. . all neutra . i . R cnwem [e~nnon
= — £0.6 £.5 keV  £,000 PIESELNETEE 29 } See Table S : P =T S w
e = ° E
= P (765) p(t]) 1" (17)- 755-770 110-150 0,585 T = 100 491 359 N s
(c) (c) £.095 wEatn a0 < 0.2 212 247 0 =
.................................. n{')n'nr«’ < 0.15 212 247 [N hed
0y < 0.4 630 372 o + @ 000 M
£°(765) 76411 90-150 0.590 o , ‘E: o
(c) £.090 "l ‘-0 "6-8 g2 146 o2 EE LEEET PR
ote- . " 3 E: e n >
ere” 056%.0006 (d) 769 385 3 PE noned|Neggnt-
[T -0066+.0015 (e) 559 370 nv S8 v v
&
R = 90 369 328 e 4
) X . who= seen () 504 366 " Mo X
w(783) 9'(17) 0 (1) 783, 12,2 0.614 Oy 9.3+0.8 648 380 © Eoo®
£0. £1.3 £,009 n+ neutral < 15 234 199 3 s £
s=2. Tty < 5 504 366 S e, -
ﬂ‘:ﬂ"y < 9q 513 368 o Lk 3 .zl; £
ete- 0.02£.012 (g) 782 392 g td’& uo8oy-o e Aaw )=
whue 0,10 £ 512 311 MM RN
Ou'p < 0.2 437 350
n(958)  w'(0) 0" (07)r  958.3 <4 0.918  nur 07+ 11 131 252 |33 |53 s -
or X° = )f ; .8 <.004 aim-ylinck pfy) 22 = 3 679 458 anse A5 RS |3 o
(J7 =17, 27 not yet excluded) neutrals (excl.n7m)ll = 9 jece |o+ ~ 4 T o H
i .
See note (h), on name n’. for upper limits sce footnote (i)
i
5(962) ?2() 21 () gl <5 0.927 x - 3
Still needs confirmation £5 <.005 ~=% |80 1R M
= - ot~ w |y a N
Ty (1016)  1(07) 1-(0%) 1016« (if =1 5 1,032 KEKO only mode scen 24 110 R e TG
- KR H £10 res.) 9 +.025 W < 328 342 5 °
2 Resonance, virtual bound state, or antibound state, still not distinguished. @ S e R R %
e @l | H08 [ oaln S 07
- —(1- y 3 TS :
z $(1019)  §(17) om0, 10195 3.4 1.039 K K- 47.3%3.2 32 126 EA IS A I R N
= — 1.6 x0.8 +,004 K[, Ks 38.9% 3.1 24 109 © = 2 0
5= 1.5° wiweT0 (incl, pu) 13.8%4.3 605 462 S 2
= eles 0.049+.016 1018 510 \ &
- pls 0.035!.033 BO8 499 N ~YieE = =
P g 2 o BEEE o
§ for upper limits sce footnote (j) = I TsiZ, 8 :—} o
~ ~ N N & o
w 10.(1070)  n(o') 07(0")s 1069 ~g0(7y .14 wn <70 793 816 B O I S g -4 ::l‘;v‘ —I z
- KgKs £20§  sce note (k) .09 s o2
S §=2.3% | v o L
(Some data still favor large scattering length) KK 30 76 198 & 5 .= o
~ —~ a -
f [N R L - >
A1(1070)  m(1') 1o(1h)s 1070 80 1.12 31 see note (2) = 100 651 488 S (T 2|25 e %
bl — N = 5 o 513 = - =<
Existence still in doubt £20§ 35§ ~ . S RN PR A x 2
- (3P - 27 not yot excluded) KK < 0.25, Go(-0 ' forbids this ©
B(1220) A 1 (1)~ 1221 1.46 wr =100 297 339 7% 2o |3 |8 2
( ol 4.) l—|( )’—1 123 n < 30ysuggests 950 6 S « © & G 24
16, x16 £.14 1B 00 * W " = =
b s . ) 5o1.2%  §e1.3* KR < 2°IP=Abnormal 240 360 == o |z = = 5
227,37, ... still poss. v for upper limits sce footnote (m) %% ¥< H¥< " IT ‘:‘4 '—?—
£(1260) n'(2t) 0f(2h)s 1264 1.57 n large 984 616
— +10§ £.15 2t ot < 4 705 552 =
KK indic. scen,< 0.5 267 388 - onT ~
- — GhoRRI Q5 E M DT ™o e
D(1285) n'(A) 4 A 1285 32 1.65 KRr(mainly wp(1016)7) 154 304 =0 M0 000 = 0 N0 o
0'(A) Y TN A
— +4 +8 +.04 . only mode seen b ”
KRy YK 100 M Nogn (nwoo wm~ocono |9
(3% -0, 1", 27 with 1" favored) p not seen 256 3506 STRRGRIREs IRELIST | g
= e
— [ o
A2, (1270) =(N) 17(N)! 1269 26 1.61 pr (and wineutrals) dominant 364 387 < IS 2
B +5 +7 £.0% & b riNig=  |
sce footnote (n) i indication scen—-JF =N 580 504 —_— b e eyyy | @
KR, wr not seen->G(KR) = (-1)'T sugg. ¢ odd. E 4 E g o 2
g 4 -
o = 2y 9
A2,4(1315) w(2*) 17(2") 1315 29 1.73 pm (and wineutrals) dominant 410 420 ‘ESQQQE 'EE’. H K v £
3 6 +.04 KR scen 327 434 v, vvyv [Bv ™ |8%F 9
sec footnote (n) 5=1.3%  s=1.4% " indication scen 626 532 v oF I T -
) - —- - \- £3 e °
E(1420) n(A) &_‘q(o-)’.* 1424 7 2,03 KK+ K*K 50 10 38 157 R o g <3 ==
6 £10 £.10 N (1010)m 50 %10 268 328 =} 2y S s
P 5-1.2% i 88 596 569 N8 e R
— (I 1" not yet excluded) Tp not scen 384 455 T L% Frote T 10
2 =1 . — - . =5 | 88 R
s ety o' (2t) 1514 73 2.29 KK ) 72 £ 12 (o) 518 570 G & g A e ek
= 1 (1515) — £5 £23 .11 KR+ K*K 10+ 10 (o) 128 294 b \ L] u I U T e H
= S-1.8% wr < 14 1235 744 o n«:‘!’ -] N A % P
nmm 18 = 10 686 624 EEFETUN | Sde Ry T T I =
- = m < 40 417 502 = P 8 “
b =
E - The following bumps, excluded above, are listed among the data cards: 0(410); €(730); H(990); A1.5(1170); pp(1410); N
2 KgKg(1440); n(1600)+4m; Ry _4(1630-1830); 0 or p(1830)~4m; ¢ or m(1830) -~ wwm; S(1930); T(2200); NNy.(2380), U(2380))} 2= Ng N = >
u «(125); Kpg(1080); Kp (123/2)(1175); Kp(1-3/2)(1265); Kp(121/2)(1280); Ky(1-1/2)(1660); K*(2240) ~ o o4 o4 4 o 4
S
& Quoted error includes scale factor S =Ny :»;(N—i). Sce footnote to Table S. E g
t Square brackets indicate a subreaction of the previous (unbracketed) decay mode. [ M
§ This is only an educated guess; the error given is larger than the error of the average of the published values (see - P &
listings for the latter). < B o a
(a) T'M is the half-width of the resonance when plotted against M2, P 232 SR 5
(b) For decay modes into > 3 particles pyax is the maximum momentum that any of the particles in the final state can H ~ ~H§ 5 o
have. The momenta have been calculated using the averaged central mass values, without taking into account the £ g "
widths of the resonances. . ) - pd H e 5
{c) Values reported for M(p) and ['(p) fluctuate so M r ) - o™ oo ? EoghE o
widely that we cannot give averaged values with p® TTHAEIT 93x15  from e e~ colliding beams oK 23 E S8 & %o £
meaningful errors. The ranges given in the 0 767+ 2 151% 4  from mn phasc shift anal. 2 0 R B S
main table show where we believe the final values p- T64x 2 147+ 4 {rom wN- pN, fits in phys. region k] :« 552 "
are most likely to fall. Contrast the results / p- 755+ 5 110+ 9 from oN - pN, Chew-Low extrap. & “ ‘E’E ot >
tabulated in this note. ] £ 1 2792 b
(d) The quoted value of the rate p° »cte~ is the average from two e'e” »ntn~ experiments (which alone give an average = 3 L1 ? "\(\_ g ¢ <
of (0.0054£0.0007)%) and one photoproduction experiment of high mass resolution. Interferenct effects with w decay Lo 3 & < 280 &
are hoped to be smalll ‘- 1,_\& [ [ | Ir—.: . “ <
(e) Warning: The values given in the literature, and in our table, for the rate p°— p'p~ may be somewhat too high, due B o CY aes 3 b
to possible interference with @ decay. =73 o V'E3 el o
(f) Reported values range between 1% and 10%, and depend on assumptions on p-o interference. 2% - gazd &
(g) If one includes resuylts from experiments that do not resolve w from p and therefore assume a ratio g’E. T.‘ s g2 Ena "3’@
C(w—+ec'e™)/T(p—+c'c-) from SU(3) and wd mixing, the average valuc of the rate w->e'e- becomes (0.0069+.0013)% Do o0 f 7oy e 8,8 °
(where the error does not include systematic uncertainties). ¥ e 8 ) T 20 T o8 '3 5 g 3
(h) This 0~ meson was named n' on discovery, when it looked as if it completed the 07 nonet. With the recent evidence S0 s SULEd|wE
that the E(1420) is probably also 07, it is no longer clear whether n' or E or both are mixed in with the m, n, K ~ muh P 2 Sgonal|gs
octet; so the name n' may be misleading. : RN a A PR s glew
(i) Empirical limits on fractions for other decay modes of n' (958): «'n~ < 7%, 3w <7%, 4w < 1%, 6w < 1%, SoTee |8 Ew|@ TBolE |28
wtnmoter < 0.6%, nlete- <1.3%, nete~ <1.1%, w°p° < 4%, du < 8%, Stezp 1T Y |5 #AEES B
(j) Empirical limits on {ractions for other decay modes of $(1019): ='n= < 20%, ny < 8%, n + neutrals < 13%, =< o LRVl -] tt
Ty < 4%, wy < 5%, py < 2%.
Footnotes cantinued on back of third page (under SUj; Isoscalar Factors).
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The

IR

SNOAHVE %2 SNOS:

i) Strong candidates, D33(1690, 270, 0.14),
0.26).

, P33(1690, 280, 0.10), P44(1750, 330, 0.32), F7(1980, 220, 0.13);

(1705).

See listings for information on the following: No(3245), N(3690),

For the time being, we classify the nine new CERN resonances

, slightly rounded):

is the maximum momentum that any of the particles in the final state can have.
SNOAHVE % SNOSIW

See footnote to Table S.
0, 310, 0.15), P43(1860, 300, 0.21), D43(2060, 290,

5

max N A . N
d using the averaged central mass values, without taking into account the widths of the resonances.

a. Square brackets indicate a sub-reaction of the previous unbracketed decay mode.

b. Jis not known; x is I'e1/T.

= 3 particles p
The other two groups working on phase-shift analysis (Berkeley, Saclay) have not claimed these states at

on as a resonance is open to considerable question.
(1900), A(1860) Fy,, =(1780), £(1880), £(3000), and

i
1

z

2100 MeV.
this time; therefore we have to take them with some caution.

as follows (the numbers in parentheses are M, I', Fel/l"
(1910, 350, 0.16); ii) less certain, P34(1930, 340, 0.30)

Quoted error includes an S(scale) factor.

t For decay modes into

iii) require some imagination, D35(19

momenta have been calculate

interpretat
N(3755),
to M

c. Several new resonances have been reported by the CERN group (Donnachie et al.) as a result of their phase-shift analysis up
F3s

145
391
409
354
220
299
487
488

SNOAHVE %3 SNOS3INW

100
~65
~ 10
~25
<2
seen

(1530)7]2 [~20]

=R

See Table S

Enw

3.58

+0.23
2.80

120

+3

1915

1815
Needs confirmation.

(0)1528.9+1.1
(-)1533.8%1.9

)

Branching ratios poorly known.
SNOAHVE % SNOS3INW

1/2(3/2%)
p-wave
1/2( 2 )
1/2( 2
o(3/2%)

(1530)
(1815)
(1930)

Q

Partial decay modes
P Beam m, K 2 + 2 “g
Particle or 1) (BeV) Mass r MM Fraction POF Prax * dmk < m
resonance =estab. (BeV/c) (MeV) (MeV) (BeVZ) Mode (%) (MeV/c) {mb) w
5 =
P 1/2(1/2%) 938.3 0.880 See Table S S8
n _— 939.6 0.883 A 5
2 N' (1470) 1/2(1/2%) P,, T=0.53up 1470 210 2.16 Nr 65 420 27.8 e 3
o JERS— p=0.66 +0.31 N 35 368 G-
= [ No]* [domin] 283 P
< o
© o N(1518) 1/2(3/27) Dy T=0.62 1525 115 2.33 N 55 460 23.2 2 8
- © _— p=0.75 +0.18 N 45 414 g 9
S [A(1236)7]2  [domin] 229 w2
2 £ Nn ~0.5 161 s =
w
3 & N(1550) 1/2(1/27) Sy T=0.66 1550 130 2.40 N 30 477 24.5 A
H o JES— p=0.79 +0.20 Nn 70 210 2 3
o N small 434 A B
v &
i N(1680) 1/2(5/27) D,y T=0.88 1680 170 2.82 N 40 567 15.2 5 2
—_— p=1.02 +0.29 N dom. inel. 533 = 3
[A(1236)n]? ?] 365 o ©
N AK <1.6 218 w &
Nn <2.5 379 ioow
)
N(1688) 1/2(5/2") Fyg T=0.90 1690 130 2.86 N 65 574 14.9 2%
—_— =1.03 +0.22 N dom. inel. 540 o 9
[A(1236)n]2 [2] 374 s 8
AK <.13 234 s B
Nn <1.5 390 2%
s N' (1710) 1/2(1/27) s, T=0.94 1710 300 2.92 Nw 80 587 14.2 22
- Lo 8
z p=1.07 +0.51 S %
= N(2190) 1/2(1/27) Gy, T=1.96 2200 250 4.84 Ny 30 894 6.13 s 3
= —_— p=2.10 +0.55 - b
- 172
N(2650) 1/2( ?7) T=3.12 2650 360 7.02 N (J+1/2)x=0.45P 1154 3.67 2 0
e — p=3.26 +0.95 oY
2 |3 n3030) 1/2( 2 ) T=4.26 3030 400 9.18 N (3+1/2)x=0.05° 1377 2.62 % B
S b~ - =4.40 £1,21 = E
] P 8 o
= o A(1236) 3/2(3/2%) Pgy  T=0.195  (++) 1236.0 120 1.53 N 100 231 91.9 2 £
o - p=0.304 £0.6 +2 +0.15 Nrnte 0 89 P
*-'g my-m, = 0.45£0.85 m_-m , = 7.9+6.8 Ny ~0.6 262 _; P
§ A(1640) 3/2(1/27) Sy T=0.81 1640 180 2.69 Nr 30 540 16.8 2" f
-, — p=0.94 +0.30 Nrm dom. inel. ° 8
o ©
%‘A(ESO) 3/2(7/2%) Fy, T=1.44 1950 220 3.80 N 40 744 8.91 5 L
_ p=1.54 +0.43 =K 2.4 453 e %
=(1385)K 1.2 232 R
8(1236)w >30 574 w 8
a(1236)p seen . 2) ‘3
A(2420) 3/2(11/2%) T=2.50 2420 310 5.86 Nr 11 1024 4.67 o0 @
—_— — p=2.64 +0.75 N >20 1007 T 9
A(2850) 3/2( 2t T=3.71 2850 400 8.12 Nrm (J+1/2)x=0.25® 1266 3.05 ]
— p=3.85 +1.14 3 ;g
A(3230) 3/2( ? ) T=4.94 3230 440 T 10.4 N (J+1/2)x=0.05P 1475 2.24 Z o
— p=5.08 1.4 ° 3
>~
Z Z(1865) o ? ) p=1.15 K'p 1865 180 3.47 NK (J+1/2)x=0.35P 579 14.6 =g
e - Resonance interpretation not established. +0.34 NK* 179 o :‘8
w8
A o(1/2%) 1115.6 1.24 See Table S R
— ze
- B
A (1405) 0(1/27) So1 p<0 K'p 1405 40 1.97 pat 100 140 |
43§ +108 £0.06 |
A(1520) 0(3/27) Dy, p=0.392 1518.8 16 2.31 NK 454 }s-1.8% 235 83.6
_— +1,5 +2 £0.02 o 454 : 258 I
A 1041 251
At (1670) 0(1/27) Soy p=0.74 1670 18 2.79 NK K p—~An seen 410 28.5 |
[— +0.03 An 66 i
A AT (1690) 0(3/27) Dy p=0.79 1695 40 2.88 NR 20 434 25.6
40,07 Zn 58 407 | 2
1 —
A(1815) o(s/2%) Fos p=1.05 1815 75 3.30 NR 70 538 16.7 | 2
. +5 +108 £0.14 T 10 500 &
=(1385)n 8 359 0
An ~ 1 346 a
A(1830) 0(5/27) Dyyg p=1.08 1830 80 3.35 NR 8 550 16.0
- - +0,15 po 42 510
A(2100) o(7/2") Gy p=1.68 2100 140 4,41 NR 30 748 8.68
- £0.29 b 4 699
An <3 617
=K ~1 483 !
Aw <10 443 -
A(2350) o ? ) p=2.29 2350 210 5.52 NR (J+1/2)%=0.6° 913 5.85 oo
— Seen in total c.s. +0.49
= 1(1/2") (+)1189.4 1.41 See Table S
(0)1192.6 1.42
(-)1197.4 1.43 |
=(1385) 1(3/2%) P, p<0 K™p (+)1382.2+0.8  {+)36%3 1.92 Ax 9123 208 ‘
[ . 5=1.4% S=2.1% £0.05 o 913 117 |
524.8% 1 «»(-) 1388.0%3.0 (-)38+8, 5=3.7% ! s=1.4* |
=(1660) 1(3/27) D, 4 p=0.72 1660 50 2.76 A(1405)m large 197
_— Decaymodes of these two states not separated yet. +0.08 NK small for both 400 29.9
» =(1700) 1(27) p=0.80 1700 110 2.89 OAw large 470 :-:
: - +0.19 Zw not disentangled 411 25.1 P
z =(1770) 1(5/27) D, p=0.95 1765§ 100 3.13 NR 45 497 19.4 ==
= R £58 +158 +0.18 A 15 519 e
@ A(1520)m 15 190
- 2 =(1385)r 15 317
=n ~4 140
Z = S ~1 463 -
o ~
@ =(1910) 1(5/2") Fus p=1.25 1910 60 3,65 NK 8 612 12.9 >
= - +0.11 Aw -8 619 3
A small effect. Not established beyond all question. >
£(2030) 17/2%) Fyq p=1.52 2030 120 4.12 NK 10 700 9.92
+0.24 Axw 35 700 |
Zr 10 652 |
EK <2 412 |
=(2250) 19 2 ) p=2.04 2250 200 5.06 NK (J+1/2)x:0.4b 849 6.76 ‘
— Seen in total c. s. +0.45 i I
$(2455) 10 2 ) p=2.57 2455 120 6.03 NR (T+1/2)%=0,3P 979 5.08 |
- Seen in total ¢.s. +0.29
%(2595) 1 2 ) p=2.95 2595 ~ 140 6.73 NR (J+1/2)x=0.25P 1064 4.30
- — Seen in total c.s. +0.36
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ISOSCALAR FACTORS, acaptec
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The others, involving {27} and

(27} ® (10} ® {10°} ® (8], ® (8l2 & {1].

{8} ® (8]

The one involving a 4’10

{10}, are all +1.
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Five single-coefficient tables are omitted.
*
a negative coefficient, i.e, (NKIIU )
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* Four single coefficient tables are omitted; only the {27} is -1; the three with {35} are +1.
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—
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Multiplicity of 27;

ez,
The phase factor éi =+1, from de Swart's Table I, enters into his symmetry formula (14,3)
£,(-1)
This factor is irrelevant if you are doing your own self-consistent calculations; it enters when

you try to check someone else who chose

Multiplicity of 35;

(k)

(£)

(m)

Footnotes to Meson Table (continued)

Width of Tyt (1070)> KgKg: Average value from two bubble chamber experiments is I' = (72£13)MeV; whereas two
spark chamber experiments on KgKg give I'® 100 MeV and another spark chamber experiment (observing what
might be a 7' n~ mode) yields T < 25 MeV. (For references, sce data listings.)

pr fraction of 3w mode difficuli to distinguish because p bands cover most of the Dalitz plot.

Emplrlcal limits on fractions for decca ﬂ\:/ modes of B(1220): wn < 30%, KK < 2%, 4w < 50%, én < 1.5%, nw < 25%,

(KK) w0 < 8%, KSKS % < 2%, KS LT < 6%,

Although the splitting of the A2 needs further confirmation, we give the results from the two experiments that have
observed a split A2; for M and I' of A2y we have also used the values for the KK mode from other experiments.
Since most cxpenmcnts have only seen one rather w1de, AZ enhancement, we here list its ("'combined'") properties:
IG(J )C 17(2")4: M = 1297+£10 MeV (5=1.97) (§), = 91£10 MeV (S=1.1%) (§); partial decay modes : pm 85 439,
KR 25!‘05%, nmo 12 44% , n'n 0.5%0.4% (S= 19 ).

There is only a weak mdlcatlon for a K¥K + B*K mode of the f! (1515). If this mode does not exist, the KK br anching
fraction will have to be reported as (80%13)% (rather than (72%12)% as given in the table).

See the listings for many statistically weak Y = 0 bumps with M 2 1700 MeV, seen in bubble chambers. We tabulate
here 9 statistically strong bumps seen with a missing mass spectrometer (v "p - p(MM) ) or seen in counter exper-
iments on the pN total cross section.

Name I M (MeV) I'{MeV) Decay Modes Observed
R1(1630) =1 1630 + 15 <21 1/3/>3 charg. part. =.37/.59/.04
R2(1700) =1 1700 + 15 <30 1/3/>3 charg. part. =.43/.56/.01 1 pqy-
R3(1750) z1 1748 + 15 <38 1/3/>3 charg. part. >.14/<.80/.15
5(1930) =1 1929 £ 14 <35 1/3/>3 charg. part. = 0/.92/ ©
NN(2190) 1 219010 | ¢ =85 } structure in NN total cross section
T(2200) =1 219515 T~ <13 {MM)~ -3 charged particl. =94%
‘NN(Z345) 1 234510 | _»= 140} structure in NN total cross section
U(2380 21 2382+24 T~ <30 {MM)™ ~1/3/>3 chrgd part. =30/45/25
NN{(2380) 0 2380+ 10 =140 structure in NN total cross section

There is no evidence on the G, J, or P quantum numbers of these bumps, nor is there satisfactory agreement
between them and the bubble chamber claims, Further, the NN bumps are broader than the (MM)~ bumps, and
there is no evidence for or against their interpretation as resonances,

Taken from compilation by T. Ferbel, Proc. 1968 Philadelphia Conf, See the data listings for averages of the
values given in the literature,

See note in listings. Some investigators see a broad enhancement in mass (Knr) from 1200 - 1350 MeV, and
others sec structure. A further bump at 1280 MeV, T" = 80 MeV, has been suggested. In light of this confusion,
the masscs, widths, quantum numbers, and branchlng ratios are at best tentative. For the mass region

1200 - 1350 MeV, the decay rate into K*(890) = is large, and a Kp decay is seen. The Kp, Kw and Kr rates are
less than a few percent (although for Kr, there is some disagreement among experimenters).

Mixing angles from Quadratic SU(3) Mass Formula: 07 nonet (w, K, 1, n')0 = 10.4°+0,2°; 0~ nonet (m, K, 1, E) 0 = 6.2°x0.1 ;

1~ nonet (plm = 765415 MeV), K*, ¢,w)0=39.921.1°; 2% nonet (A2, Ky(1420), {',1)0 = 29,9°42.2°.




