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ABSTRACT v
A statistzcal model is described which. empirically relates the volume

(charagtenzed by;vxi) asaoqiated with each particle to its mass (mi). The
functional aependence ﬁsed is m a‘k.. = gonstant, whex;e e is some ccnstant..
The two parameters X and ¢, in addxtmn to the masses mi, determine all
| the other h - The model is applied to antipfoton-proton annihilation at low
and moderate energies, The annihilation iﬁ assumed to proceed t:hrough all

,possible invarmediate states gconmstiuﬂ of a.u cnmbmations of the five mesons,
-~ w K{orK), K (ov‘ K*), £ and W The exper:mental multxphcitxes and

\' fraction of K'Kmv {m =0, i 25000) ata.tes determine the two parametcrs L

; and a to be 4. MO 4 and l.94¢0 06, reSpectwely. | These values of }\ and a
predxct the extent'to whxch the K Qor W), p and w take part in me annihilaw

f,tzon. These predictions are fou.nd to be in reasonable a,greemenﬁ with recem‘:

'exuarimental data on the role of the K, (or m), X and o iu ﬁ'p annikilation,

© The % meson‘ie alsa considered
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INTRODUCTION
Sﬁaﬁatxcal models associate afvolume with each particle in the final
: sﬁate. Ifrevicus models have ascribed dziferent volumes to chfierent types or
~ sets of ;Sarticléé. v Each volume ha:s been varied independently in order to fit
the experimental data. The mcdel described here emmncauy relates the vol-
- ume associa.ted wi?.th each particle to its mase, -Thq large number of partzclga
recently. r‘ec-ognized caﬁ be incorpdi'ated in the atatistic;al modei by méans of only
two paré.mgterg.. A . |
- THE MASS"-—VOLUME RELATION

o We denote thé mass of ﬁﬁé im-typ@ particle as m, ‘and it;:s x}olume 0. esa
multzp}.e of the volume no by meaws of the parameter }\i = Qi/ﬂ » where szo
o= {4u/3)(t/m c) . 'We need, then@ a relation between m, and A+ The

functional dependence used in this model is mfx = constaat, The tvwo para«--

| meters, )\ and a. in addition to the ma.sses. my, determine all ﬂ;he other 1\.«.

: Thm.funcﬁ:ional\depeudence waachosen for the following reasons, The simplest

_,-jfyersyion of the statistical mrodel aséribes the same 'volume té all the pa.rtifc'lés,

e, Xi = constant.  In statistical modela that use the Lorentz-invariant phasé ‘

o - gpace, the volume is intreduced in the combinaﬁan m, Qi = m, A QG” A simple

‘ version of such a model might require m, )‘i = constant., A third possibility
'is that the volume is prepamam to the cabe of the mmde's Comptan

.""‘J\ i ) -
M . v
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Sudarshen’ and others. 8

. " dent of the total energy in the 7 p-»p c.m, system. Contours of the

2= - UCRL-10024 - |
wavelength, S'zi o« m;B or m‘_3)\ = constani: The obvioixs generalization is .

mia)‘i = constant, WNo physical mtez*pretahqn is given to the parameters

Nemda, o L

APPLICATION or THE. MOD::.L TO ANTIPROTON-PROTON A
(Fp) ANNIHILATION |

~Five mesons are currenﬂy recagmzed which w:.ll be used in this analysis,
3. 4,5

. 2
} They are the w, K(and &), K (and 'fﬁﬂ). P, andw  mesons. The ma,sse_a

and quantur_n numbers (kncwn.aorz, probable) a_,nd decay modes used are given

in Ta,ble &

All a.nn.ihila.tion processes are considered' _

Bp - all intermediate states R ng{n =2, 3.4. vos )‘ o
involving all combinations orKKmu (m = 0, l 25000 )
of the above mesons : : _

We ha.ve calculated the transition ratea using the Lorentz—invanant phase
space, with the volume introduced after the manner of Desai, 6 The transition

' rate R to n intermediate-state particles is given as"

R o« GI) G(S) [E(Zm j/(Z-n‘) ) J/(n 91 p,. where G(S) is the number

of spin states, G(I) is the pumber of ieotopic spm states, nJ is the rumber

" of part:.cles of the _1 type. szj = 7;132 is the volume asaoczated thh the ‘_1
' part:,cle. mm, is its masa. and Py is the number of matea in the Loranm»mvamant

phase space. This phase spa,ce b.as beem discussed by Srivastava a.nd

*

The calculations were performed for antxprotons at rest and at 1 08,

':_:. 1 61, and 1.99 Bev/c incident on protons.g The average multiplicity in all
o an final states (and in all E»me final states) and the fraction of KRmv in
" the annihilation are the experimental quantities used to determine Ehe two

| paramtatefs A, and d.. Inthis a,nal'ysis the 7\ and a are aasumeci to be indepen-

;,“; Ty




. Pp - 5% channel), in approximate agreement with the predictions of this model,
- results of Kalbfleisch

" One a.ddztional meson, then of Pevsnea. etal,,
" above ana.lysis. However, only i.ts ma,ss

‘branching ratio

" asa first approximation, ‘we 'viind the reaction pp +{nwith w, p, w) -

| 3. ~ UCRL-10024
multiplicities and of the fraction of Kgmu in the a.nni.hilati%on are plotted
versus Rw and a for each of the four energiea {see Figs, 1 through 4).

The experimental data’® 10

and the solutions (x and a,’) f@r the four .. s
energies are g‘lven in Table II ‘I‘he four sets of ,A. and a are seen to be
consiatem. A weighted average of these four values gzves k = f% 0% 0.4 :

and 0" = 1.94£0,06, The predicncms oi the madel at aach of the four energa.ea

~is also given in Table u for'this averaga set of values,

The predictions in Table II of c.:cua.jse agree with the data from which they
were derived, However, many additioval predictions are made based on this

model which may be checked against other experimental data, Some detailed

resulte are given in ‘I‘able 441 ior 1.61-Bev/c antiprotons, = Button et al, 11 find

4

~50%p and Maglic ot al, ~ find (10:9: 2} w in pp 207+ 207 + o0 (part of the

12

Xuong et al, find {33+ 8)% @ in pp ~-» 32: +3% + % (part of the pp- 7w cha.nnel),

. _alsoin agreement With the predictions of this model, 13 The unpublished

14 on pp—~ KKm# indicate that a lai'ge fraction of these

" reactions involve the Ka' {a crude lower limit of ‘”.2’_25%&‘ was found), as is

“predicted by this model,

15. ahauld be incﬁ.uriad in the

35,16 and its (neutral/aaarged)

16. ‘i emablished By assurning some yropexnes for this meson, |

we can make aome predicuons of the extentb which the n should entex the

»

L anmhilatmn process, ' L R

We 'will assume tnmt the mass of the- nis. 0 550 Bev/e -and tha,t its spin

k and isotopic spin are zero {i,e., similar ﬁo Gell-Ma,nn's predicted psuedo- h

. scalar XO mcson, '). Using the five-meson sclutian (Xﬂ_ . B ) obtained above

t



. to be 13%of pp - aw, and Pp -»(n w1th kacxw) to be 4% of Pp =+ KK mw at 1.61

L encouragement and mterest in this work

.l:.
' 4w o | UCRL-IGOM
to be 12%of Fp = nw a.nd PP~ (v with K'a) to be 3% of Bp Kme at 1.61 Bev/c, ‘*
If, in addxtwn. we assume the n deca.ys on i:he average ma,mly to two particles "
(two pions), then a k vs a graph can be constructed for a ]szx-»meson soluticm.
Such a solution changee the va,lue of 3\ from 4. 0‘.*: 0.4 to 3 6 0 5 and the value

of a from 1,94 0, 06 to 1. 90# 0.06. These values predict pp ~» (v with pions)

Bev/c. These values are only slightly larger than obtained above. Thus the

q pa.rticipa.t@s in Pp. a.nnihﬂation to a small extent according to th:.s model,

' DISCUSSION
‘It is expected that the mode_l can Bg‘applieci to KN (or KN) and «N interactions

- at sufficiently high energies (where the statistical model may have some masonab#e

success), In applying the model to KN or RN resonances and 7N interactions, all

the ¥N and #Y resonances with w'ellv «defined quantum numbers and sufficiently

_long lifetimes should be included. Whether this two-parameter model can fit
_the data reasonably (as it did in the applica.tion above) in thase reactions remains

to be seen. It also remains to be seen if the predictions agrea with the expex-i-»

mental data after more detailed results mth better statlstxca are available.,

Better fits to the data ma,y be possible if the parameters )\, and a are sllowed

i

A

to have an energy dependence.
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Table I. The ﬁve'mesons uged in the §p annihilation analysis - '

Particle & ~ Mass® ° Spin 'fsotOPic spin Decay mode ® . ‘

C e 1 . . " .-~

. 0,138 0
e

KlerR) | 0.496 e
K*(or K¥) "”c.afasf B N VN N 1]

The masses are an average over the various cha.rge statea,

Other possible decay modes are ignored

T
e
B .—-“ :



- Table 1L, ) Experimental data and the model's predictions: Pp - nr and KRmw.

P,  Bmcoml L . Predictions from " *
(Bev /c}A ' {’gfev)' Expemmental daia Two-paramet.er redic mns rom

solutions a - . anda

.« <n>av %’;’{Rmﬂ <m+2>av | kﬂ' : al - <ngvi . %PKRmxw \m+2‘2w

rest | 188 | 4.652.15 4:&1' C e | sas1a 2.0%.11 [£.462.1 .5.6:!:,6 3,71%.05
"1.05 210 |4 95%. 22 SiZ 445 4.761.1  1.904.15[4.85.1 T.6.8 4.14£.05

L6l 229 5.2 #.2 105:Ll £kl | 3.87:.40 L94£.0605.105.1 95510 . 4.475.05

199 . | 2. 43 5,44 35 133 46eiz | 03.8+.9  1.882.13[5.295.1 10.9:k1 4. 70£,05

a

b

~ Values of h“ anda are: 4. 0%.4 and 1. 94:1: 06, - resoec‘tlvely, )

1.

See Figs, 1 through 4,
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i v Table Il Additional predictions of the model at 1.61 Bev/c
S for AT = 4.04 4 anda” = 1,942 063

e Ppe = mw

-~

- Pp - KX mz P
. . . .

- nw annihilation

Percént of all |

S,

Percent w's oz p 's

per channel

m+2 Percent of all
' KEmv annihi-

lation

KR

Percent K*'a "
© -per channel

Percent w'sorp's

per channel

KR*EE ©

-

- R ST N T P

39 |
SRS

0.6 4‘

ST
SR

N e e W N

o {and KFK)

36

56

oss

—L-.

o all

e

e

10

. 26

all

43

. a. The errors on all the entries in the table due to the error in ).u. :

b. This is 9.5 & 1.0% of the annihilation, -

c. .Not calculated,

2
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ni-Fig ure Céptions L T e L 4
o | F;g. 1. Contours of the pion and Kt{mw mulnphczties and of the percenta.ge :
o : i
' of Kﬁmw versus 4?- and a for a.ntxprotona ‘at rest (1 88 Bev ¢, m. E
. . : . Y
- . _enex'gy). The shaded area represents the regmn deaned by the experimental '

da.ta; ~ Solid lines are for <n> dashed .lmes; are for <m + 2> “dot-dash -
" lines indicate percent KI-{m'rr. L e S o . L :' N :.  =1:
' Fig. 2, Contours of the pmn and Kme multzplicnies and of the percen&age
o of KRmn versus x and a for a.ntiprotons at 1,05 Bev/c (2. 10 Bev c. m,
en@rgy) The shaded area represents the regmn defined by the experimental
data._ Solid hnes are for <n> da.shed lines are for <m + Z> ‘dot-dash
lines indicate percent KRmmw, - , '
- Fig. 3. Contours of the pion and KEmmn multiplicxties and of the percentage : 9

~of KEmu versus X and o for antiproﬁons at 1.61 Bev/c (2 29 Bev c.m.

energy) The shaded area represents the region defmed by the experi«

. mental da&a. ‘Solid lmea are for <n> dashed lines are for <m + 2>
- dot-dash lines indicate percent KEmm. ’ '
: Fig. 4 Contours of the pion and z{.ﬁmw muluphcxtms and of the percentage '
| ' of Kﬁmw versus k and o for antiprotons at 1.99 Bev/c (2.43 Bev c.m.
N energy). The sha‘.ded area represents the regnon defined by the experi=
;l'mental data. 5011(1 lmes are for <n> ; daahed hnes are for m + 2>

o dot-dash lines indicate percent Kﬁmm L
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