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§ T INTRODUCTION

Lately the number of publications on strange particle
production has become rather large. In order to use the published
data efficiently it is necessary to collect and order then,

Due to the large number of involved reactions and measured
quantities, it is neceamsary to use the modern systeam of handling

data by electironic computers.

For this reason we started the ordering the existing
information on partial cross sections for strange particle
production. We present here only cross sections for the
interactions of the negative pions with protons, which were
published before January 1971.

In the first part some notes ( § 2~ 7) explain how to
use the compilation.

In order to give a more intuitive view of the variation
of the cross section with energy, plots of the cross section
womoug momeptum of the jneidant nion in a log- log scale are
given for the reactions where there are more than 5 data/points.

The present paper should be considered as a test and a
starting point for a more complete collection of data
including also other reactions with strange particle
production such as Kp, pp and other measured quantities
such as %%; %ﬁ, ese o

We plan to bring this compilstion up to date every year.

We apologize for all omissions and errors and any
corrections or suggestions are welcome.




§ 2 DESCRIPTION OF THE TABILES OF COMPILED REACTIONS

In the following we list the quantities used in the table

of cross sections {table 2):

- The date of printing
~ The ordering number of the reaction and its title
-~ Threshold = the threshold energy of the reaction in CMS
(GeV); the threshold kinetic eneryv of the incident particle
in leb.syst., (GeV); the threshcld momentum of the incident
particle in lab.syst. (GeV/c).
-~ N = The ordering npumber of cross sections in
increasing crder with incident pion energy.
— ECMS = The total energy of the system in CMS (GeV)
~DE+ = The positive error of the total snergy in
CMS (GeV)
~DE~ = The negative srror of the total energy in
CMS (GeV)
~ PLAB = The momentum of the incident particle in
lab,syst. (GeV/c)
— NP4 - Mha naaitive arrar A€ the mamensam Af +ho
incident particle in lab.syst. (GeV/C)
-~ DP- = The negative error of the momentum of the
incident particle in lab.syst. (GeV/c)
- SIGMA = The cross sechtion (microbarns)
~ DS+ = The positive error of the cross secvion
(microbarng)
-~ DS-
(microbarns)

The negative error of the cross section

-~ REFERENCE = The bibliographical refersnce contains:

~ the first six letters of the first author
name

— four letters for the publication {for the
code, see list 2)

-~ the volume

- the page

- the last two figures of the year

- the detection method used (see list 3)
~ COM = the number of the corresponding comments
(see list 4)

REMARKS @

I. If the errors for the variable (eg: energy or Ccross
section) were not given, O is printed.

2. If there are no ccuments, O is printed.

%, When the values for cross sections for one experiment
were gziven in a preprint and at the same tiwme in a journal
or review, we compiled the dsta from the review. When for the
same experiment more preliminary results were availlable, we
prefered the last results.

4, Whern in the same experiment, different data refering
to the same reachion were published in a review or a Jjournsl,
all published results are compiled.

¢, The errors, in the cross sections calculated from the

published results, were obtained by adding the publlisued
overestimates of the errors. We proceeded in
this way observing that, grhaerally ithe given errors were

undereziimaten.,

. Generslly, the £rrors Are¢ onLy giatistical, wut we

comment only if the authior specified

§ 3. THE KUI&ES USED IN "ORDERING"

Hule Crdering guantity Oréer in whichk the ruls acts
A nultiplicity increasing

3 mass increasine or decreasing

C charge (4,40} 1 (+y=)s4:=:0:8:T,

Explanationsand ccnventions

I. The notions of "“order", “multiplicity', and the cases
when rule B acts in increasing or decreasing order will be
defined further.



2. We took for the mass the value given in the Rosenfeld
tables (1) for a particle or resonance, All the members of the
same iso-nmultiplet were considered having the same mass.,

3. (+4—40) or (+,-) represents a sum over the charge
states included in parentheses. S and L refer only to kaons
(short-lived and long-lived ones respectively).

4, When we say that "the hierarchy'is AB, we mean that
rule A acts first and rule B acts after rule A has been
satisfied.

§ 4 TYPES OF COMPILED REACTIONS

E2., Exclusive reactions with antibaryon production

B3. Exclusive reactions with an intermediate state (resonance)

B4, Exclusive reactions with an intermediate state and a
specified final state

T+P. Topological and phenomonological

I. Inclusive reactions.

In writing the title of a reaction, to "order" means to

arrange the particles using the given rules, from left to right.
In this case the rule B acts decreasingly.

Eype Particle in the title of the reaction|Hierarchy [Examples

Type Particles in the final state
E = Exclusive All are detected (for details, see ref.2)
I = Inclusive Only some are detected (for details, see ref,2)
T = Topological [Only charged (prongs) observed
P = Paenoenolo-|All with a common "physical character 4
gica

All these definitions are rouch (especially the last one )
For a better understanding of the types of compiled reactions,
see § 7.

Of course, the inclusive, topological amd phenomenological
types are practicaly combined, but in order to simplify the
terminology, we have not introduced mixed terms.

§ 5 RULES USED IN WRITING THE TITLES OF THE REACTIONS

For writing the titles of reactions, we introduced the
following types of titles:
EI. Exclusive reactions with one baryon

148 Pinal state BC a
e Baryons_ _ _ L L L L e e e - - .|arbitraryy
2
Mesons BC
E3 Intermediate state BC c
i Intermediate state  _ _ _ _ _ __ _ _ | | . BC _ a
Final state BC
IT+P : e
T Detected particles  _ _ _ . ..o aj-BC_ .| ¢

* The arbitrary hierarchy is: light baryon, heavy baryon,
antibaryon.
For the symbols for particles and resona ces and for
conventions, see list 1.

§ 6 ORDERING OF REACTIONS
"To order™ the reactions, means to give them comnsecutive
numbers., The rule B acts increasingly, The hierarchy is ABC and
has to be satisfied for the first particle in the title, after




this for the sccond particle and so0 on (example g).

-
! :
For roacticn By multipiicity, we mean

é Number ¥ particles in the final state

“umber of prongs (in title) + number of
sbaerved part. (in title)

Number of detected p=articles

Remarks:

1, The states which are superposition of states are crdered
Ly the lightest particle in the superposition (example gl.

2. For phenomenological reactions, if more "general' is the
character of the reaction, then smaller number is attributed
{example 1i).

3. The threshold enhancement (TE) and the enhancement (EN)
zye ilntroduced as resonsnce.

4a 240 18 considered ss a particles

§ 7 EXAMPLES
@ PI- P = P K+ K~ PI PIO
AExplanation: rule B impose the order P, K, FPil. Rule C
impiies the order K+ E~ for K, PI- PIi0 for PIl.
0} PI~ P = N L AL E+ K~ PI+ FI- PIO
Explanation: arbitrary hierarchy for baryons and 3C
hierarchy for mesons.
c PI- P = Y(1385)C K{890)C
aj PI- P = Y(1385)C K(89C)0 = T E+ PI~ PIQ PIO
e) Examples of phenomenological reactions:
PI- P = STRANGE PARTICLES
PI=-P = Y(45~) «ee
Examples of topological reactions:
PI- P = 2 PRONGS KS KS
£) PI- P = L .o
g) The reactions with multiplicity 4 of type EI are ordered

]

as follows:
X PI- P = P K+ K~ PI
x+1 PI- P = P K- EO PIO
x+2 PI- P = P K- KO Z0
For reactions of types E3 and E4, the order is:
X PI- P = L KO PI+ PI-
x+1 PI- P = L K(890)+ PI-
x+2 PI- P =L E(890)+ PI- =L K+ PI- PIO
x+3 PI-P =1 K(890)+ PI- = T. KO PI+ PI-
For type I, the order is:
X PI- P = KO oee

x+41 PI=- P =Y oee
x4+2 PI= P = Y(+5=) ese
h) x PI- P = L KO
x+1 PI- P = (L/sS0) KO
i) X PI- P = STRANGE PARTICLES
x41 PI- P = VO o0

x+2 PI- P = O PRONGS (L/s0)
Explanation: the number of the reactiom is smaller if the
"generality" 1s "higher".

Acknowlegements . .
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1sT 1
Symtols for particles and resonances

kesons
PI = pion F = F°(1260)
K = kaon D = N(1285)
K3 = Ky E(1175) = K, (1175)
KL = KE A2 = A2(1300)
K(725) = K(725) K(1320) = K*(1320)
OM = (783) K(1400) = Kﬁ(1420)
K(890) = K*(890) E = E(1420)
PHI =$(1019)  F(1500) = £(1500)
5(1070) = 8%*(1070)  KS KS(1440) = x: xg (1440)
A1 = A1(1o70) G = g(1650)

Earyons
P = proton Y(1700) = A (1700)
N = neutron Y(1820) =/ (1820)
L =A ¥(1385) =A (1385)
s =3 z(1300) = Z(1300)
X1 == 2(1950) = Z(1950)
OM— = XI(1530) == (1530)
Y =hyperon TE =Threshold enhancement
Y(1405) =A (1405) z0 = Missing neutrals
¥Y(1520) =A (1520) EN = Enhancement
Y(1670) =A (1670)

Jonventions
VO = Visible decay of a neutral strange particle
N PRONGS = K charged particles in the final state
(L/50) =A orL°® .
(K PI)+ = K°x* and K*7°
PI(+,-) =A% or7”™
P = Sum over all final states which include the

given state

2P1+ =ﬁ+ﬁ+
AL =N
AXI+ =:-

10
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LIST 2

Abbreviation
Preprints
UPTON,N.Y., USA BROOKHAVEN NAT. LAB.

CERNTCPH GENEVA, SWITZERTAND EUROP.ORGANISATION FOR NUCL.

RESEARSH

CERNDPH GENEVA,SWITZERLAND EUROP.ORGANISATION FOR NUCL.

DUBNA
HE
SLAC
WISC

RES:ARCH

DUBNA, URSS JOINT INST.FOR NUC L.RESEARCH
BUCHAREST, ROMANIA INSTITUTE FOR ATOMIC PHYSICS
STANFORD, CAL., USA STANFORD LIN. ACC.CENTER
MADISON, WISC., USA UNIV., OF WISCONSIN

Journals, reviews

BAPS BULLETIN OF THE AMERICAN PHYSICAL SOCIETY
IAF IADERNAIA FIZIKA (in russian)
JETF JURNAL EKSPERIMENTAINOI I TEORETICHESKOI FIZIKI(in russian)

%55y

LETTERE NUOVO CIMENTO
NUGVO CIMENTO
NUCLEAR PHYSICS
PHYSICS LETTERS

PR PHYSICAL REVIEW

PRL PHYSICAL REVIEW LETTERS
RMP REVIEWS OF MOPERN PHYSICS
RRP REVUE ROUMAINE DE PHYSIQUE

THES THESIS

CERNCORF 58
KIEVCONF 59
ROCHCONF 60
AIX CONF 61

Conference proceedings

1958 ANNUAL INTERNATICNAL CONFERENCE ON
HIGH ENERGY FHYSICS AT GERN

1959 NINTH INTERNATIONAL ANIUAI, CONFERENCE
ON HIGH ENERGY PHYSICS

1960 INTERNATIONAL CONFLRENCE ON HIGH
ENERGY PHYSICS AT ROCHI'STER

1961 THE AIX-EN-PROVENCE IN'ERNATIONAL
CONPERENCE ON ELEMENTARY PARTICLES



CERNCONF €2 1962 INTERNATIONAL CONFERENCE OW HIGH
ENERGY PHYSICS AT CERN

ATHECONRF €3 1963 ATHENS TOPICAL CONFERENCE ON
RESONANT PARTICLES
VIENC ONF €8 1968 143Ll INI'ERNATIONAL CONFERENCE ON
HIGH ENERGY PHYSICS VIENNA
KIEVCONF o 1970 XV INTERNATIONAL CONFERENCE ON HIGH
ENERGY PAYSICS KIEV
LIST 3

Measu:>ement techniques
D DEUTERIUM CHAMBER
H HYDROGEN BU3BLE CHAMBER
P PROPANE BUBBLE CHAMBER
T SCINTILLATION COUNTER
S SPARK CHAMBIR
V DOUBLE VEE .dAGNETIC SPECTROMETER
W DIFFUSION CLOUD CHAMBER
U EMULSION AN) HYDROGEN CHAMBER

LIST 4
Comments
I. The errors on the energy (momentum ...,) are estimated by
us from the indication of the author.
2. The autror specifies that the errors of the cross section
are only statietical.
6. The data are quoted by the authors from another paper,
not found bv us,
7« Total production cross section of strange particles
without corrections for:the pair Kg Kg.

9, Observed. only in the state K™~ with visible/ and
corrected fox quo.
10. Observec only in the state K'Kg and corrected by the
author.
13. The (AK') mass enhancement is in the range (I.60 - 1.95)



GoV/cz. It is suggested the interpretation of tais enhansement
a8 N(1688).

14, The mass of the (Z"K*). Enhancement is in the range of
(1.7 = 242)GeV/c2,

15, It is supposed that the cross section for (Bf) = 4 cross
section for ( K°k®).

16, It is supposed that the cross section for (!K°) = Cross
section for (YEKY).

18% Upper limit givemn by the author.

19. It is supposed that the cross section for (Ef) = Cross
section (cross section (K%.e.)~1/2 cross section (Ye.e).

21; The mass of the EN(AK®) = (1.700%0,025) GeV,c2. Cut in
tpgy o 0.4(Gev/c2)2,

22, Cross section obtained by integration of differential
cross section d0/dt over a given intervel of t.
23. Cross section obtained by integration of differential
cross section d6/du over a given interval of u.

25, Compiled by us from the published data of the author.
264 For detalls for the determination of the cross sectien,

see the paper.

27. Strange particle cross section determined f:om events
with two visible decays per event, corrected for neutrals
(only KQ)w

28 Strange particle cross section determined f::om events
with a single decay per event, by indirect obserration and
statistical assumptions.

30, Cross section determinated in the region of mass:
(0,988 = I,I00) GeV/c2 for the K'K~ system and a given
interval of t(ty; =0.5(GeV/c?)?) (for the third decimal in the
cross section, see the paper).
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TABLE 1
TABLE OF COMPILED REACTIONS

STRANGE PARTICLES
VO ..o

0 PRONGS ¢ L s SO0
KO o,

Y vee

Y(*s=) o0

( L/ SO v..

AL ..

S+ ..

S* .

XI= ...

oH- ..,

0 PRONGS KS XS

0 PRONGS ( L 7 SO0 ) KS
K AK ...

K(+a=) KS ...
K(+.=) KL -».

Ke K= ,..

KO AK ., .

KO KO ...

KS KS ...

KS KL ...

Ko

KO ( BACKWARD )
AS(~,) ...

AXI+ ...

AXIO ...

L/ S0 ) Ke ..o
L/ s0 ) KD «.0
L /7 80 ) Ko

L/ sD > KS ..
S5(¢.=) AL ...
S{+.=) AS(=,+) ...
S+ Ke ...

S+ KO ...

S+ KS ..

S« Ke .

S K+

S= KO ...

S= KS ,.

S0 Ko

AY KS ., .

201300)+ K-

XI= AS ...
2(1950)+ K-

2 PRONGS STRANGE PARTICLES
2 PRONGS ( L s SC )

PR ol ol ol g

KS KS 70

P K- KO

PoCK aK )~

Y Y AY ...

P/ N L a2=/ 220 ) 3 ( P/ %) { KS K= / KS KS

14

P

P

P =

P A2- = P K AK
P =

P

{
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111
112
113
114
11%

117
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Pi-
Pl
pi-
Py
Pi-
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P.-
Pi-
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Pl-
PI-

Pi-
P
P1=
P.o-
[
Pl=
Pl=
Pi~
P -
Py~
Pl-
Pi-
Pi-
PI1-
P.-
Pi=
PL-
Pi-
Pi-
PL-
P1-
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Pi=
PL-
Pi-
P.-
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Pl
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Pi-
Pi-
i~
Pl
Pl~
Pl-

T T

TTVOVUVTOVTIVITOTOTIVUT

TPV T TTVVOCTTOTITTDOTT

~T 3T

TUUVTUDUO

TPV VIV TOOTITUTDTTTTTOVDO

LU T I T T T I T O T TS L T VO T T VI T T O T LB VO T T N UL OO O VS VR TS (N O U I I T T I R VI T LI L VB (O I T (I LT T T T VO VO (I TN TN N 'R T TR

Ke
.
: KS
‘I KS
nOPHT
N Pl

K
K0
KS
KL

= N K+ K-

« TR K AK
Y. S¢1070) =

o F
W F
. A?
A2

LA
K P
K(8
Ke
Ko
Ko
KS

v/
L7/
L7/
L/

P N e e Bt itk sl 4

S+, -
S+ Ko
S= (K
= K+
- K+

- KO

N

KA

) =
N
K

N k3 RS
= N K AK
= N KS KS
t KSKS(14-0) =

L

I
90)
PT-
P10
10
P10

S0
So
S0
so

FL1500) =

K(890)0
K(1400)0

)

)
)
)

H

=
ke
)
K0
K(a

N KS KS
t.S KS

b KS KS
F AK

« K PL O
Fi=
P10
0
90)

L/ S0 ) Kt1.400)0

) KS PI(-,%)

Pl
pt
P
70
p!

S= K(725L)+
S

)+

0

+

- K(R90)+
S Ke P11 =
50 KO P:O
S0 K(&90)0
50 K(nu90)0=
30 (150000

L
L
S
S
K

(138
Y(138
Y(138
1138

K+
KO

)
)

So

PI-
Plo

¥oye PT.
K )0 Plo

K

K+ Kd‘
KO K0

5)-
5)=
530
50

[
P+
KO
~0

K+ PI~

L ks PI-

L ko PID

7(1385)0 K(1400)

Y(140
¥(1490
Y(140
Y(1490
Y(152
Y152
Y(152
Y(152
Y(167
Y (182

5)
<)
5)
5)
2}
")
0)
0)
y)
)

KD

{
(
S

oo

(TR TRETINT)

(
{
4
t
(

2 PRONGS v 0 AV

Pk
R
K+
K=
Ko
Ko
KS
KS
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VT TIVION

NGS
NGS
K-
Ko
Ko
Ko
KS
K1

iS

(
PI-
P10
Z0
P1-
PI-
PI-

Ks
L

S Pl )0 KO
§+ Pl- s S=
« FI- Ko

¢ P/ N
S P /P K-
S PT ) KO
S PT ) KO
N/ P K ) KD

S0 ) kS

Ple

)

KQ

)

AK )0 +0
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130 - bo- P o= D K(B90)- ¥o

131 - p.- =0 CK AF (890) / AK K{(dy0) )

12 - Fi-F = (DM /N K(gub) A¥

155 = ti- P =2 P /N y veag0){-,0) aK = i/ Moy o AK Pl
1*4 - pi- P oz o Ke KO PI-

1715 - f,- P = i K= KO PI+

1265 - bi- b= ' KO KO F10

14/ = fo,- P o=t KO OKD 20

133 - pry- P o= s P10

129 - pa-oPos o ( K+ pl- / K= P1+) KO
140 - - P = . BE =N ( K+ pl- / K= pl+ ) KO
141 - ho- p o= oo FL1500) F N (K PTD K0

142 - , - p oz N { K aK(8°0) / A€ KE(BY0Y )

143 - yy- b= Y K(117 ) = Y ¥ Pl el

144 - > - Bz Y K(BYOD) i

145 - s,- b =t Ke P1- PIO

146 - 3, f o= L K¢ PI- 70

147 - i~ F = F KO PL* [0 B

14¢ - oy~ p o= L K(890'*+ Pl=

14y - sr- b oz L K(BY02* pPl- & L k+ PL- P10
150 -~ 51~ ¢ = ' K(B9O)* pl~- = L Ko Pl+ PI=
15. - p1-t =L K(a9p>0 P10 = L (v Pl g PlO
152 = p,- ¢ = v(aeg:0 P10 = L K+ PI- P10
154 - pi- P = ¢ L / S0 y K+ Pi- P10

154 - pi- b = 1./ S0 ke P1= 20

15 = p,- P = (L /S0 Kg b1+ PI-

156 - pi- P =1 L/ sp ) hO 2P10

15/ - pi- F = ¢ L/ S0 0 KO KO

154 - pl-p = CL /7 S0} oM ¥O0

159 - pi-t = (L / 80 ¢ K(g%0)+ I'l-

160 - pi- P = (L /S0 K(890)+ PI- = (L /S0 b+ pi- Plu
161 - pr-p = v L /S0 K(g90)+ PI- = C L/ 60 ) Ko PIs PI-
16¢ - pP1- P = (L /7 s0) k(g90)0 Pl0 = ¢ L ;, S0 ) K« PI- PLU
163 - pi- P =3 K(asg) P!

161 = pl- 1 = “(+s=) vg Pi(-,+) P1D

165 - pl- P = 3(+.) KS Pl{-,+) Z0

160 -~ Pl- P = % K+ 201

16/ - p1- P = 5% ¥o Pl- PIO

164 - pi- P = 5+ KD PI= 70

169y - pi- P ce K(BQDIO0 PI-

170 - Pi- G- (K PT ¥ 70

17y - Pi-
17‘ - PI-

4
P n- K+ pT+ Pl-
F
173 - Pi- P
P
P
F

5- Ko pi+ PLO

. 5= 0 pi+ 20

= "= K(R90)D PI+
175 = Pi- = 50 K+ pI- P10
17¢ = pr- = 50 ¥0 pP1+ PI-
1/7 - p'- P = S0 K(8g0)+ PI-
174 - pI- F = ¥(1385)+ r0 PI-

174 - P1-

17y - pi- p = ((1385)+ VO P1-® L Ko PL+ PI-

180 - Pl- P o= 7(1385)+ 10 p1- & (L /7 SO0 ) KO 1+ PI-
181 - p.~ P = Y(1385)- K+ P10 = L K+ PI- PIOQ

18¢ = pi= F = Y(1385)- h* pro = ¢ L / SO K+ P1- P10
185 - pl1- P = Y(1385)~ ¥o P1+

184 = pl- P = Y(138%)- VD PI+ E | Ko Pl+ PI-

1o5 = pl- P 2 Y(1385)~ K0 P1+ = L/ S0 ) KO Pl+ Pl1-
180 = piI- P = Y(1385)- K(890)+

18/ = pi- P = Y(1385)- K(890)+ = L ( K P1 )= Pl=

180 - p,- P = Y(1385)" K(89g)+ = ¢ L 7 S0 ¢ K Pl )+ PL-
18y - PI- P = Y(1385)~ K(89g)+ = L Ke P1- PILO

190 - pi- P = Y(1385)- K(B9g)+ = L KO Ple P~

191 - pi- P = 7(1385)0 K* PI- ’

192 - pl- P = Y(1385)0 K+ Pl= =® L K+ PI- P10

193 - Pi- P = ¥(1385)0 K(890)0

194 - pi- P 3 Y(1385)0 K(890)0 = L ( K P10 P10

195 - Pi- P = Y(1385)0 K(890)0 = L X+ PI- PID

196 - pi- P = Y(1405) K Pl

197 - pi- P = Y(140%) KO PIO

198 = Pl- P = Y(1405) K(89030

199 - pi- P = Y(1405) K(890)OD = (s pPlL) L KPLDO
200 - pl- P = Y(1520) ( K PI y =P k- C K PL)

201 - p.- b = Y{1520) kP11 )y e S PI y ( K P1)
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Y(1520) KO = ( L PI P ) Ko
Y(1520) K(890)0 s ( S PI ) ( K P
Y(1670) K(8%0)0 = ( S FPI ) { K P~
X]- K+ Ke Pl~

XI- K+ K0 PID

Al= KO KO Ple

XI10 K+ KO Pl |

X1(1530)0 KO KO = XI- KO Ko Pl+
4 PRONGS ¢ L/ SO )

P K+ K- Pl- P10

P Ke Pp PI- PI1~

P K~ K0 PI* PI~

P Ko Ko PI- PIO

P Ka Kg PI- 20

P KS Ks Pl- PIO

i { K pI )+ K- ZD

N Ke ¢ K PI )= Z0

N K¢ K= PI+ Pl=

N K0 K0 PI+ PI-

N KS Ks Pl+ PI-

I Ke P][+ PI~ pPI-

L Ko P1+ PI- plo

L. Ko p1+ PI~ 70

(L7 S0 ) K+ pi+ 2PI=-

(L 7SO0 ) KO PI+ PI- PIO
C L /80 KO PI+ PI- Z0
Sl+.=) KS (3P1)(=,+)

S+ Ke 2P1- PID

S+ Kp pIs 2P]-

S= Ke Ple Ple PJO

S~ KO pl+ Pl+ PI~

SO0 K+ pie 2P[-

S0 Ko pl+ PI- PIO

Y(1385)+ K(B9p)0 P~
Y(1385)0 K{B90)+ Pl~
Y(1405) K(890)+ PI~
PRONGS ¥ 0 AK

PRONGS KS KS

PRONGS ( L / SO0 ) KS

K+ K~ PI+ 2PI-

K+ Ko 2FI- PlO

K= Ko PI+ Pi- PID

Ko Ko Pl+ 2pPI-

KS Ks Pl+ 2PI~
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K= Kg 2P1+ PI-
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L £ S0 ) K¢ K- Ko Pl+ Pl=
L /7 S0 ) KO 2P1+ 2PI-
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S(+,=) KS (3P1)(-,+) PIO
S(+,=) KS (3P1)(-,+) 20

Se ( K PI )+ 2P1- 20

S+ K+ pl+ 3PI-

G+ KO pi{e 2PI- PIO

C+ KO Pl+ 2P1- 70

S= ( K P1 )+ pl+ PI- 20

S= K+ 2Pl+ 2P~

S= KO 2P]+ P]- Z0

S- K0 2P1+ FI- PIO

SD KO 2PI+ 2PI~
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