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'l.vIntroduction

It is an old practice in highéenergyAphenomenology‘
to ascribe the whole of ‘the multiple part1cle productlon
to two processes ‘which may be named pionizatlon and frag-
mentation. Pionlzation g1ves rise to many partlcles with
“low energies, fragmentation ‘gives rise to a few particles
‘with high energies emitted at small angles to ‘the colli-
sion axis (all in the centre-of-momentum system, cMS) .

It is understood that'the separation in energy . should
J be more and. more pronounced if we go to higher and

higher colli51on energies. The pionization process

. ,("direct" production) means not only the production of

"pions but also of kaons ("kaonization") and, in fact, any:
ihadrons. ‘Also, ‘the pionization particles must not -neces-
sarily be emitted isotrOpically .As will be explained be-
low, pionization can be accounted for by some simple -
'%modification of the statistical model and hence can be‘~

"given a precise meaning. Fragmentation, at accelerator

'energies, is represented by the decay of the colliding,



j:cnucleons wh1ch escape from the colllslon 1n an exc1ted
;fstate (A(]Zm)', N(Imw) , 2 (u9n9 BE and subsequenta{gg
-Hly decay 1nto a proton or: a neutron and a few mesons.' '
f“Since the collldlng part1cles (supposedly even 1nc1dent 5
fplons) retain an apprec1able fractlon (= : 0. 5) of the1r‘
f1nitial energy, the decay products w1ll be em1tted with 5

_h1gh energ1es and at small angles. These are Just the

| ﬂ“above characterlstlcs of the;'fragmentatlon“iprocess.

’fIn fact, Hagendorn and Ranft/l/ have shown that at acce—*
’lerator energles the whole of the s1ngle partlcle produc~
V :tlon spectra can be adequately descrlbed by “throughgo—wa
}1ng" and "newly created“ part1cles. The newly created |

. part1cles completely correspond to our plonlzatlon par-

‘thicles,'and the throughg01ng partlcles represent the

’~fcolllsion part1cles escap1ng 1n a superposltlon of exc1—
Tyted states. It seems natural to suppose that exc1tatlon‘
: and decay of collldlng part1cles w1ll cont1nue to h1gher '
.fenergles so that we could always 1dent1fy fragmentatlon -
: w1th this process.‘However, we do not want here to ,;1

spe01fy fragmentatlon more prec1sely than by the above o

characterlstics concern1ng energy and em1sslon angle.

B Thus fragmentatlon in th1s w1de sense may comprlse as:

"Twell such processes as the non-resonant "11m1t1ng frag—'v
'-Mmentatlon" of Yang et al /2 /, the'"novas"pof Jacob and
Slansky/ /, the "dlffractlon d1ssoc1atlon" of Good (
Walker et al /4/ or of Hwa and Lam/ /.

(tatlon can even be s1mulated by our two—centre formula

. In fact fragmenrrpf

'w1th an an1sotropy parameter Y, of the order”of the

- Lorentz factor of the‘1ncom1ng particles (see below).



“The existence of‘pionization’iS'doubted”at high'ener4
gies, e.g./z/; The purpose of this letter is to showfthat
at ISR energies, which correspond’to‘collision energies
MEQ'(LS kinetic energy of the bombardlng particle) up-
to 1000 GeV, there is ‘pionization. We shall show that
the same formula that describes pionization at accele-
‘rator energles also describes most of the ISR productlon
spectra measured by Neuhofer et al. /~/, and that :the.
rest can be made plausible to -arise from the fragmenta- .

tion process.

2. Pionization

At accelerator energles plonlzatlon can be descrlbed
by a modification of the statlstlcal model The modifi~-
cation consists in - taking into account the emp1r1ca1 fact
that the pioniZation‘particles in the CMS are not emitt-
ed 1sotrop1cally but are collimated in forward and back-
ward direction along the colllSlon axis. The comb1na~, /
‘tion of ‘this perlpherallty with the statlstlcal 1dea and
intensive comparlson w1th experlmental production spec—
tra has first been done in the "two-temperature statis-
tical model" by Bowen, Wayland et al. /1 /, Ln the "ther—
Vmodynamlcal model" by Hagedorn and’ Ranft/ /, and by the
author/ / - These three models fit the data almost equally
_well / Our proposal 8/ may be: called a “"semi-~

dstatlstlcal" B} .or ;"two-centre—statlstlcal" model.‘

hx/See also the formula proposed by Hoang and its
f1t to some data , .




" Some Comﬁentsi’ou’its relation to {the"_“thermbHYna—
m1ca1 model are glven 1n/ / x/. We have 1ntroduced two

: centres or "flreballs",. These em1t partlcles isotropl-

-cally ‘and w1th a Bose—~or Ferml—type momentum distribution
in the;r own rest system.: There is on;y one temperature

"kT'],.the'same in both centres. In the CMS the centres .

amove with the same abSolute valuefof\velocity By, but
infOppOSite direetien alongvthefcollisienéakis¥X/;-Thus,_
in‘a’Lbrentz‘system S-in Whichftheffireball moves withn';

2 )—%

, fs
_the number . of partlcles of rest mass m with momenta in -

Velocity Bs and Lorentz factor V= (1= B

the 1nterval dp emitted into the SOlld angle dQ at an
‘angle 6 to the direction of - the flreball’velocity is
- given by the formula

a2y uF p? Yy (E-pBgs0) (lj

- dQdp  4nCN (@kT) E exw(y (E-pf _0s0)/kT )1

- X/In/s/ on page 7 line 12 it must read

P> (mmkT/2)%  instead of B, ~ /4 (3/2:kT+m), an%,on page
11 line 9. from tgp bottom it must read. 3416Q(E))

1nstead of 3/Q (E)!

o XX/Orlglnally, a veloc1ty dlstrlbutlon functlon,
‘expressed in terms of a distribution in 'y, = (1-87)"
“had been. introduced. However, we have conv1nced ourselves
that a & -distribution, i.e. a single absolute value of -
the- veloc1ty (or equlvalently of y; ) gives data fits
of :the says quality. This is already indicated’ by

Fig.20 of where the influence of the shape of ‘the.
velocity distribution functlon on the paricle spectra

is shown to be small.



“E-= (p +'m ) Ao is. the total energy of the particle.

B- _(I—IAQS)'%. . By means of
S = p’dp ,, ey
CNi(mkT) = .[r———— : L

o exp (E/kT)+1 .

‘ : R ‘ 32 m 0.75 bosons
o= 125 (__"‘T)avexp (—v%)[(ﬁ) r 086 () al 192 o fermions

'(maximum(error'3%)

e

' The function (1) is normalized to MF: H(dzN/dﬂap)deﬁﬁMF‘.‘
The upper ‘sign refers to fermions (nucleons), the lower
“51gn to ‘bosons (pions, kaons). ¥ S(B in system S
is obtained by Lorentz" transformation from the CMS where
y,‘ is originally given. In any system the total pro-
'duction spectrum is the sum of two ‘terms (l), one w1th y
yis ~‘and B, referring to the CMS- forward and the other
Vto'the'CMSJbackward fireball For example, in theLabora—'
tory - System (LS) we have Ws;z = y yct((y -1)(y -t
with vg = Lorentz factor of the CMS in the LS. In the
_CcMS 1tself we have ;qsle Wsz =y, . Brs," "Bf32= B,.» \
“ After spec1f1cation of collision energy and particle
Z‘mass formula (1) contains’ three parameters MF, kT and.yr
No predlction is made about multiplicity and 1nelast1c1ty.
Therefore these parameters are regarded as fitting para-
meters.‘ MF. represents the total number of- particles of
- mass m emitted from one fireball 1n a collis1on, 1 e.

- half the total mult1p11c1ty. It flxq3 the absolute height



X of the spectrum. In thls letter ‘we are only concerned
w1th the shape of ‘the spectrum, this is:- determ1ned by ‘
kT - -and yt', If we conf1ne ourselves to the plonlza~"fu
tlon partlcles, which. at accelerator energ1es represent
the bulk of all ‘produced partlcles, formula (1) excel-"
lently fits: the 51ngle part1cle productlon spectra, as
1s demonstrated 1n/ / The f1tt1ng values for MF come
close to the observed multiplicities.’ Typlcal values. for
kT and y, are plotted in Fig. ZX/. The data. 1n/ /
justify the assumption that both kT and v, in the first
line depend only on’ colllslon energy. Thus formula (l)
. seems to be s1mple but powerful f1tt1ng formula. ‘
o The two f1reball 1nterpretatlon, however, 1s regard~k
ed only as. some helpful p1ctor1al v1ew. The ma1n theore-
t1cal background is the statlstlcal model in the sense
of a "m1n1mal 1nformatlon“ 1nterpretatlon. The Bose
(or Ferm1) momentum dlstrlbutlons 1n the str1ct sense )
must be replaced by momentum (phase) space d1str1butlons,
»and kT is to be replaced by the d1str1butlon of total
energy (mass) and mult1p11c1ty of the statlstlcal
_ensemble. ‘The - quantlty ye is regarded as a formal

“an1sotropy parameter" 1ncorporat1ng the effect of angu- -

lar—momentum conservatlon as well as dynamlcal effects of L

strong 1nteractlon.

P

/These f1tting values are obtained. under the as-
sumptlon of a dlstrlbutlon for Ve .,They change, however,~
Only sllghtly, if we ‘take a fixed value for 7 .

it



3. ISR-Data Fit.:

We apply the pionization,formular(l)’to'the ISR-da-
. ta of Neuhofer et'al./6/
‘ k4 rays from the reaction P +p-y+(anything) at CMS .
angles 6 =10. 2%, 16.4°, 23.5° and 90° and at CMS ener-
gies Vs - (a) 30.2 Gev (Eo =484 GeV), (b) 44.7 Gev
(E, =1063.GeV), At s =52.7 GeV spectra were measured
only at 10.2° and 90°. These data are too scarce for a

. They present energy spectra of

significant fit, therefore they are left out.We procéed
as follows. The observed y rays arise from decay of

produced =° -, K; and others. We obtain that 67% of the

o

observed  y rays come from #° - yy, 12% from K§->n°ﬁ°+4y
and -18% from the various decay channels of the 5 if we

take into account all hadrons with life times,between.'

-7 =2.5x 10“19 s ‘(p meson) and 7 =3 x 10_10‘8‘( thype—

;ron)/lo/ and take their production rate as predicted by

/8/

thermodynamics at a temperature of kT = 0.14 GeV (cf

section 4.3). Compared with ISR data/1 /, K /z = 0.08,

our production rate of K¥/n ™ = K¢ /n° =0.22 might seem °

S /11/

rather high. However, the results of are obtained
only for‘prodﬁction angles of 2. 3° - 11.5°, i. e. in the

fragmentatlon region (see below). Cosmlc ray data also

/12/

suggest h1gher rates’ """, In order to simplify matters.
~we take into account only the two decays =° - 2y . and

K3 > 2r° > 4y . This may be justified because the,pther
- chains result in y -spectra which deviate from the shape

[+}

of the n° > yy : Spectrum in the same sense as the



Ko » 20° » 4y spectrum does. Thus, the _K decay
is taken as representative of, ‘all ‘the other decays and

accordingly is taken to contribute at the enhanced rate

S 9= (K- 2n?,» Ay)l(z° » 2y) =,014 (n+ KS )/n , i.e.
MF(K)/MF(n) 0.4 in formula (1) / .
According to Sternheimer/l3/,‘in the decay K2 » a%°

the spectrum of the K°'“ d? N(E 0)/dEdQ(arbitrary Lorentz
system), can be expressed through the. »° spectrum,

d a(E ,o)/ dE 7990 by means of _ |

d2a(E las o)

" dN(E, gy ¢ - Epla 9 . :
__,J;JQ= - K — (- )1 3
dEd) . . 2 19(E,/a) _d(E,'T:/'q)qIQ £ =F (3)

m

with a« =1. 088 k.—O 84/10 13/. FollOWing Sternheimer we

assume that the formula (3) is valid within some 10% if
E> 1.5 Gev. Invthe decay‘n > wy the »° spectrum can
be egpressed via“the y spectrum by meanS”of the same
formula, only with a = x = 1. The accuracy should then
be better than some 10% if E_ > ..0.5 GeV. Then we obtain
the K° spectrum in terms of the y'spectrum by inser-

. ting formula (3) with a = « =1 into the righ-hand side
of formula (3) with «a sl,OSQ,? KT=0.84,> Sternheimer’s
formula (3) suggests a simple,fitting‘method, namely to
compare the spectra of the primariess(K§~:ﬂ9)»d2N/dEdQ;
described by formula (1) ,with the differentiated spectra

x/For the determination of the value for kT and y;
the value of ¢ is not critical. E.g., we would obtainv
. 0.13 5 KT g 0.19 GeV, 1.25 % ¥ S 1.50 if we.
described the 90° and 23.5° spectra by = ° - yy decay
only (g =0). "

10



of the secondaries (y), dza/dEdQ';' as given by experi-
ment. In order to do so, ‘we fit the experlmental y = ray
spectra by exponentlals a/dkdn-c(a)enu=k/k (6))+ In the
‘'second paper of/G/ it has been ‘shown that this gives
excellent‘fits.’The f;tting values of k,) are the fol-
‘lowing. At v;T=3O.2 GeV~& ko(90)=0;167, k0(24)=0;325,

ko (16)=0.402, - k(10)=0.472, and at Vs =44.7 GeV:

k,(90)=0.161, | k(24)=0.376, &k (16)=0.460, K (10)=
=0.663. Carrying out the dlfferentlatlons and rearrang-
ing terms we f1nally have

2k (6) d N(E,e) ' ’
E Froa c(e)exn(—E/ko(e)) oo (37)

o

for the contribution of #° =+ yy , and

2a exP’(E(I/a - 1I/k (6) 2k (e) d2N(E,0) .
0 0 . . .
= c(0) exp (~E/k (6) (377)

x (E/(a k (6))=1) E  dEdQ

for the contribution of K° 22° > 42 ( « =1.088, « =0.84).
The rlght—hand sides represent the original spec-.
trum. Therefore we plot the left hand~side expressions
with dzN/dEdQ-, from formula (1) (forward and back-
ward fireball, E'= p =%k ) on the original y -ray data
plots.The error bars are.then indicative of the signifi-
cance of the‘fit.Figureil a,b presents the results.The
curves are not drawn in the low momentum region since
the error of Sternheimer's approkimatibn (3) becomes

large here..

“’11.'



. The curves at 10. 2 " fall >51gn1f1cantly below the o
experlmental p01nts. The 51tuat10n resembles’ very. much
:that at accelerator energles/ / Therefore also at ISR ‘
-energies we ascribe the dlscrepancy to the. fact that we':
have left out the partlcles from the fragmentatlon pro YR

cess. Let us est1mate ‘this contrlbutlon. As mentloned o

in the 1ntroduct10n we can roughly .simulate the fragmen~»”

tation part1cles by the plonlzatlon formula (1) w1th _
alarge v¢e AT s =44.7GeV we obtain. 'y, = y.=9 if we 1den:f?z
tlfy, for the moment, fragmentatlon with the decay of

an exc1ted part1cle of mean mass. M* =1.8 GeV/c and o
'attrlbute an energy of E, =10.3 GeV to plonlzatlon (see‘
section 4.1). For the pionization f1reballs we have Y, =

- =1.40 (Fig. 2). W1th m = 0 1ntegrat10n over momenta of
formula (1) gives the CMS angular dependence (from both
fireballs)

dN MF 1 1

= S [ = ]
ED 4oy} [ (1-B, cos6)? (1+ B, s )’ ‘ (4)

Inserting the above vaiues for‘y? shows that pionization
particles predominate over fragmentation particles whenf
6> 0, ~=17°, provided pionization and fragmentation
yvield equal numbers of particles. The .angleée 0 4 js
‘not very-sensitive to the value of v and Ve and hence7
may be applied to both the E, =484 GeV and E, =1063 GeV ..
data. rActually it is more likely‘that even at ISR ener- -
gies pionization ylelds the bulk of all produced ‘partie~-

o/ 14/

so that the discriminating angle 6, may be lowere,'

12



ed Hence we conclude that only the 10. 2 spectra are
;appre01ably 1nfluenced by fragmentatlon partlcles. A more
detalled compars1on w1th m> 0 and taking account of the A
;‘momentum spectra at the respectlve angles confirms . th1s
‘conclusion. Addltlonal support comes from the large bumps

/8/

in thele.2 ..spectra. A look on Fig. 23 of. ; Where

' 1S decay - spectra of excited states -are‘ shown, makeS'lt‘
'.very llkely that the bumps arise from decay of different
ex01ted states of the escaped collision partlcles, 1.e.

from special modes of fragmentatlon.

- Thus, except at 10. 2 ’ where we must add .a contri-
bution from fragmentatlon, we succeed in flttlng the ISR -
data by the_plonlzatlon formula (1).The f1tt1ng ‘values
are KT =0.17 GeV, y, =1.35 at E_ =484 GeV, s
~and kKT = 0,18 GeV, ;)?.= 1.40 at EO= ;063 GeV.,
They are plotted in Fig. 2 together with some typical -
accelerator data. The tolerance limitsindicateAthe range
of the paraﬁeter ( y[“or kT , respectively), ‘which
would stiil giVe a toierable fit if the other parameter
(kT or vy, ,‘respectively) is kept fixed. ¢ has alwaYs |
heen‘fixed to (?=0.4,kahdn4p’has‘always been chosen sui-
tably, sihce we are only concerned with‘the shape of .
the pectra, not with their absolute he1ght The total
uncertalnty range is thought to be still larger since
both parameters may take on extreme values at. the same .

‘ tlme, the correct error bars are. larger than those shown, .
‘and the contrlbutlons to the ys from the decays of 5,
S A

TR

[ oo s @re only roughly taken,lhto account.

B oy

13



From Fig 2 it is seen that there is, if any, only .

a slow increase in kT and ve as collision energy rises /;
So we conclude that at ISR energies there Is‘pionization.

4, Conclusicn and Remarks

4.1. How much of the available CMs, energy E -VS-
is spent in pionization ? We write Ep(mszMn)=-<n>x e
‘(kT)x,, —K X EC . At 30 ‘GeV collision energy we -
have 'E =5,87 GeV, Y = 1.15, <n>= 6 and m,(O 14) =
~0.453 ev/% . Hence Ki = E,/Eg =0.53. At 1063 GeV col-
‘lision energy we have E =42.82 GeV, y, = 1. 40 <n>=~13, él7/
and ¢0A0 18)=0.551 GeV. Hence K,-;O 24. Some of the
13.5 produced particles may arise from fragmentation,
-some particles may be heavier than pions (20%‘nucleons
would give K, ;0.27); both effects may cancel each other
to some degree. Thus, although the number of pioniza-
tion particles and also their individual CMS energy
increases as the colliSion energy rises, we conclude
that this increase is so slow that the fraction K, of the
available energy which is spent in pionization drops
from about 0.53 at 30 GeV to about 0.24 at 1000 GeV:
Pionization remains important regarding multiplicity but
becomes unimportant regarding energyxx/ xxx/

x/
/Cf7 also some coigic—ray results on transverse
momentum and on Ve indicating the same tendency.i

xj{gye same tendency has been noticed in cosmic-ray
physics ,

xxx/In/B/ ‘we -had concluded. y, w ' E /'. This was: with-
out account of the decrease in pionization energy.

.. ' 114



4. 2 Ultimately all the colllslon energy 1s then ‘
kept by the fragmentatlon process. Imaglne that fragmen—
tation corresponds to the decay of the collidlng nucle-
ons escaplng in an éxcited state of mean mass M* and
that M* is limited to some finite value. Then after
deiexcitation therbombarding nucleon willhretain“a con—'
stant mean fraction of its initial energy, and thlS frac—
‘tlon may well range around 0. 5, depending on the value
of M* and’ on the M* decay character:Lst:Lcs {e.qg. M*—

1.8 GeV/c p statlstlcal decay) . ThlS is just what is.
found in’ cosmlc—ray extenslve—air—shower work/lg/

'4.3: The near constancy of mean transverse momen—
tum is accounted for, in the thermodynamlcal model/ /
‘by the existence of’ the h1ghest temperature An alterna~
“tive p0551b111ty would be the follow1ng ‘The temperature
rises with the total energy E of the statlstlcal ensem-
ble as usually, kTu(E/Q)IA ;. Q —1nteractlon volume.
The energy E , however, is identified w1th pionization
energy E, pnly{ Then the increase in temperature is
slowed down to andependence on collision energyythat can-

not be excluded by the experimental determinations, i.e.

0.12 /15/
0

. . o.'7 - © o 0.55 0.275
E. 9., kT « p, « E 0 with E, « ES 7« Eo , Q

Identlfy fragmentatlon with nucleon excitation and decay; -

/10/,
it

to a dependence weaker than kT« p = -;:—Igt « E

=const.
by inspection of the tables of particle propertles

is seen that the mean momentum of the decay’ partlcles 1s

also of the order of 0 5 GeV/c only

15



4.4 F1na11y we compare our view w1th the. conjectu—

/ /'

. Feynman
‘writes Edo/dpt dp —nE/p de/dde f(pt,x, W) 1n the CMS

20
res of Feynman/_ /. and of Benecke et al

x=p /W, bp, = CMS long1tud1na1 momentum of the outgo—»
.1ng partlcle, ¥ =CMS momentum of each of the ‘two inco-

' ming partlcles, W~ Js/2 ~ Ec/2f¢?;?;731 He then suggests
in the CMS 7 ‘ . ; . , L

| f(p, % W) > f(p,) . for x-+ 6, _ W fixed - (3)

« qp v X, W) - up ) X) for W » «, x,p, “fixed (scallng) (B)
-The hypothesis of "limiting fragmentatlon" of Benecke
' et al. 72/ assumes that there are only two groups of par—
.ticles, which are regarded as fragments of the prOJectlle

and the target partlcle, respectively. For symmetry 1t

suffices to consider the target. fragments in the LS .

‘Thelr LS energles remain f1n1te when the colllslon energy )

'

rlses (E, r s W, E. >+ e~ )., For them a limiting
) L %
partial cross section is predicted in the LS / .
do 1 dw R , . ,
3" T3 T = &(p) independent of w . (c)

~d™p P dQdp

bwith P é LS three-momentum of the em1tted particle of
mass m , p = |p|, , , L

| ‘ Whether our spectrum; based on formula (l); has-tne.
properties (A), (B) and (C) or not depends'on the energyb
;fdépendence>of the functions MF (W) , kT(¥) and ;Q(W)'. '

x/Strictly speaklng, ‘at f1n1te collision energy .
this cross section is comparable to our distribution

only when complemented by a high-momentum cutoff function. ..

16



By a reasonable choice (A), (B),  (C) 'can be"
‘kfulfllled approx1mately. We shall .however, proceed in
lanother way.»We make some definite assumptlons about)qnm
; and kT (W) and then study which function MT(W) is .needed
;;for (n) , (B), (C) - to.be strictly fulfilled. We consider'
'ithe two cases of "extreme plonlzatlon" and "extreme :
;xfragmentatlon" By "extreme plonlzatlon" we mean Y, (W)—:
L=y »—const, kT(W) ~const ( CN(W) =const) . Th1s is-
’;the slowest poss1ble dependence of y on ‘¥ compatlblev
‘.w1th the f1tt1ng data of Fig. 2. In terms of Feynman s
;”varlable 1t corresponds to |Xi -5 (l GeV)/W, 1 e. to :
‘"wee"ix . By "extreme fragmentatlon" we mean- y muuw, :
kaT(W) —const ( CN(W) —const). This energy dependence

. Y, (W) is llke that- of the Lorentz factor :of the inco-

: m1ng partlcles, it 1s the strongest posslble energy de— :

hpendence compatlble with energy—momentum conservatlonﬁri;g_k;

and w1th a f1n1te mass of the: outg01ng partlcle.,For

" the study of Feynman s postulates (A) and (B) ‘we have L

to wr1te formula (l) 1n terms of p, and x in the CMS.
For the study of lim1t1ng fragmentatlon (C) we have

;to wr1te formula(l) 1n the LS ‘i.e. only to replace
by the Lorentz factor y,sz of the background flreball
cin the \Ls(see sectlon 2) and to reallze that in the =

extreme fragmentatlon case, yt cy ; we. have Yis

C
(1+c )/2c = const for y, = o The table below then

ﬂsums up the results.»il j

17



e @A) - (B} .. (C) Lol
. MF(W)« exp(aW)¥ comst . const Extreme |
R ' S ‘_Fragmentatlon(y «W)
THF(W) o constAfb‘fekp}ﬂwyW 5-.5  Extreme -
T N IR T o =Plonlzat10n()q‘const‘

.,Slnce the dependence of mu1t1p11c1ty on colllslon energy

»MF(W) const 1s too weak and the dependence MF(W)«exp(aW)/W
/21/ |

> the cases

'1s far too strong as compared with data
)considered can fulfll ne1ther the postulates of Feynman
lnor that of Benecke et al
. “Reconc111at10n between extreme fragmentatlon and
both Feynman scallng (B) and 11m1t1ng fragmentation (C),
could be ach1eved 1f we ascrlbe the 1ncrease in’ mult1pllcl-

ty to plonlzation and assume constant mu1t1p11c1ty,MF(m
‘—const, 1n the extreme fragmentatlon process. That would
mean that the out901ng ex01ted nucleon as representatlve,
of fragmentatlon must be 1ndependent of colllslon energy
; w1th respect to (1) mean mass; (2) decay modes, and (3)
mean - fractlon of total colllsion energy /. Th1s would
',f1t w1th the v1ew that plonlzatlon ultlmately takes over
'a van1sh1ng fractlon of total colllsion energy and yet

contlnues to y1e1d the bulk of all produced partlcles.~

el

PR /Cf. e. 9. Narayan/zz/ who notes that an exc1ted
nucleon of mass M* =1.45...1.68 GeV/c and decaying

according to M*»> N + » would trivially exhibit Feynman
scaling. '
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Fig., 1.: ISR data: of/ /. f1tted by the plonlzatlon formu-g '
la (1). The’ dlsagreement at 109" is attributed to the-
fact that particles from- the fragmentatlon process have
been 1gnored (see text) : :
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-Fig.- 2. The values for kT and % . of formula (1) as
‘obtained from fitting ISR as well as accelerator single-
particle production spectra of pionization: partlcles.
The ‘tolerance limits indicate the range whlch would -
1still give tolerable fits (see text)

22



