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Summary. - -  Results are reported on the inclusive study of the production 
of charged particles in the reaction e+e---~many hadrons in the c.m. 
energy range V/s-= (1.4--2.3) GeV. The ratio between the kaons detected 
in the MEA apparatus at Adone and the corresponding total number 
of particles has been measured. The inclusive momentum distributions 
of the detected particles are given and the mean charged-particle energy 
and the mean observed multiplicity are evaluated. 

1 .  - I n t r o d u c t i o n .  

Results are reported on the inclusive s tudy of the product ion of charged 

particles in the reaction 

(1) e+~-e - -> many  hadrons 

(*) Present address: Comitato Nazionale per l'Energia Nueleare, Roma. 
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in the centre-of-mass energy range ~ / s -=  (1.4--2.3) GeV~ by  using the mag- 

netic detector  MEA at  Adone. 
The MEA apparatus,  described in detail  in ref. (1), consists (fig. 1) of a 

solenoidal magnet  transverse to the e+e - intersection region and of a set of 

0 3 

MC( 

c; 

Fig. 1. - Vertical section of the experimental apparatus: C1, C~ are narrow-gap spark 
chambers; C2,C~ wide-gap cylindrical spark chambers for momentum analysis; 
C8, C~ thick-plate spark chambers for particle identification; MWPC multiwire propor- 
tional chambers; $1, S~, ..., S~ scintillation counters. 

(1) W. W. ASH, D. C. CHENO, B. EsPOSlro, F. FELICETTI, A. MARII~I, H. O G ~ ,  
I. PERUZZI, M. PICCOLO, F. RONGA, O. SACERDOTI, L. TRASATTI, G. T. ZORN, B. BARTOLI, 
B. COLUZZI, A. NIGRO, T~. SILVESTRINI, F. VANOLI, D. BISELLO, A. ~/[ULACHI]~, M. NIGRO, 
L. PESCARA, R. SANTANG]~LO, E. SCHIAVUTA, D. SCANNICCHIO, P. ~ONACELLI, L. PAOLUZI, 
G. PIANO MORTARI and F. SEBASTIASI: Nucl. Instrum. Methods, 148, 431 (1978). 
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optical spark chambers,  multiwire proport ional  chambers and scintillation coun- 

ters. The trigger requires at  least two charged particles with a minimum 
kinetic energy of 130 MeV (if pions), in the two opposite halves of the appa- 
ratus. Events  f rom reaction (1) are required to present  a) two nonshowering 
charged particles observed with an acoplanari ty angle A ~ > 1 0  °, or more than  
two charged particles detected;  b) correct t iming with respect to the bunch- 
bunch collisions; c) proper  position of the source points as measured by  the  

multiwire proport ional  chambers. 
T h e  spark chamber  tracks, recorded on film, have been measured with 

<< mangiaspago >> for the determinat ion of the direction and momen tum of the 

detected particles. 

2. - Measurement  o f  the k a o n  fract ion.  

T h e  rat io between the  kaons detected by  the appara tus  and the  corresponding 

to ta l  number  of particles has been measured. 

2.5 

l / p  

2.0 

1.5 

1.0 

0.5 

* • I * * 

• I~ K ( l o - )  P • 

• . , , "  . \ "  \ • . . . ~  ; .  

T~ I. ,I • oo%1o . . . .  s • s • , • 

• . i ~ l l - I * i  . . . .  l l ' l l ' i l J l o l l  I~ ~."--, ', ' ,----u(le-) • . . . . .  . , .  ~ u : , . .  . . . .  , . . . . .  , . . . . . . . . .  - , .  
. . . .  I I  I " ' ~ ' ' !  " , ,  l l l l * i  . . . . . .  I o i  . . . . . .  
• • I , .  H i l l l , i l ~  I o o i l  . . . .  i ,  , i  • 

• I I • l i  I l i l ~ l l l l l  • I i  I l l l o l  I • i l l ' " l  - I , ' "  • • • • I • • 

i ' ,  . . . .  I - -  - I  l -  - - I - ' 1 "  ~--~ . . . . . . .  : -  ; "  ' . . . . . . .  
• • • * I I , - , ° * l i l , , i l l  

. . . . . . . .  • , " : v . . . : "  ",".! ' . :",  !':'!  "" ; ' : : ' "  . . . .  . ' .  . 
• . I  I i l ,  o *  • o *  i i o  • • . • • • 

! . . . .  : : . : .  ~ .  s 

• . ° . . o : , . *  o 

• ° 

I , I 1 I 1 I , I - , I 
o 200 400 600 800 1ooo 

p (MeV/c) 

Fig. 2. - Scatter plot of 1//7 vs. p for all particles which satisfy the selection criteria, 
both positive and negative. Full lines correspond to particles with pion, kaon or proton 
masses and dashed lines are obtained by displacing the previous ones by one or two stand- 
ard deviations in time of flight. 
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The momentum range in which it is possible to distinguish between pions and 
kaons through momentum vs.  time-of-flight measurements is (400 --600) MeV/c 
for the MEA apparatus. 

Time of flight was measured on a mean basis of 1 m between counters $1, $2 
and S~, S~ placed directly above and below the interaction region and each 
of the twenty counters S s and S~ placed just behind the coil of the magnet. 

The lower-momentum cut (400 MeV/c) is essentially due to the thickness 
of the coil. The value of the fi of the single particle was obtained from the 
time-of-flight measurement, corrected by the pulse height of the counters and 
by taking into account the effective length of the particle trajectory be- 
tween the counters. 
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Fig. 3. - Scatter plot of 1/fl vs. p for negative particles which satisfy the selection 
criteria. Full lines and dashed lines are the same as in the previous figure. 

The scatter plot of l i f t  vs .  p is shown in fig. 2 for all the tracks which 
satisfy the a), b) and c) conditions. The presence of a small contamination 
(~ 5%) of proton% coming from the beam gas background interactions, is 
clearly visible. Obviously no such contamination is present in the corresponding 
scatter plot for negative particles (fig. 3). In the figures the curves corresponding 
to proton, kaon and pion masses are reported together with those obtained 
by adding one or two standard deviations to the time-of-flight measurement. 
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1/P exp.-- 1/P¢~t. 

Fig.  4. - Time-of- f l ight  resolut ion for  par t ic les  w i th  m o m e n t u m  less t h a n  600 MeV/c. 
/~c~ is the  va lue  obta ined  f rom the  m o m e n t u m  measu remen t  under  the  hypothes is  of 
pion product ion .  Fu l l  l ine is the  f i t ted  Gaussian wi th  ~ = 0.22, which means  a~ = 0.73 ns 
in t ime  of flight.  
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Fig.  5. - Scat te r  p lo t  of I//~ vs. l i p  for pos i t ive ly  charged part icles ,  including also events  
which do no t  sat isfy the  aeop lanar i ty  condi t ion  A~ > 10°; p ro tons  due to beam gas 
background  are well  cen t red  a round  the  curve  1/fl = 1/1 4- m~/p2; dashed lines repre- 
sent  t he  same curve  d isplaced by  one s t andard  dev ia t ion  in  t i m e  of flight. 

29 - /7 Nuovo Cimento A. 
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The time-of-flight resolution is obtained from fig. 47 where the distribution 
of 1/flexpo , - -  1/flc~o for tracks with momentum less than 600 MeV/c is re- 
ported. The cut has been chosen in order not to have the proton contamina- 
tion; /3c~o is the value obtained from the measured value of the momentum 
of the track by assuming the particle to be a pion. The distribution obtained 
is well fitted by a Gaussian function with zero mean value and standard devia- 
tion a----0.22. The corresponding time-of-flight resolution a t ----0.22×3.3---- 

0.73 ns gives a standard deviation of 0.51 ns for the single counter. The 
correction to the time-of-flight measurement, used in order to take the pulse 
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Fig. 6 . -  Scatter plot of 1/fl vs. p for all selected particles, both positive and 
negative particles having range R not greater than the kaon range increased by 
30 g/em 2 (R < RK + 30 g/cm2). 

height A of the counters into account~ is of the type K / v / A  (3) ; the constant K 
has been obtained, for each counter, by optimizing the time-of-flight spectrum 
given by cosmic rays. In order to check this correction, the scatter plot of 
l i f t  vs. l i p  for the positively charged tracks is reported in fig. 5, where events 

(2) W. BRAUNSCHWEIG, E.  K()NIGS, W. STRUM a n d  W. WALLRAFF: .tYltvl. Instrum. 
Methods, 134, 261 (1976). 
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which do not satisfy the aeoplanarity condition A~>10 ° are also included. 
The points around the region corresponding to the proton mass are well cen- 
tred with respect to the curve 1//~ = ~/1 + m/p2,  which indicates that  the 
pulse height correction works well. 

I t  is not possible to recognize singly the K-mesons present in the sample 
because of the resolution obtained in 1//~ and because the fraction of tracks 
which could be ascribed to kaons is rather small, as can be seen from fig. 3 
by assuming all the points lying above the kaon mass curve be kaons. For 
this purpose we used also the range measurement which can be based on the 
information coming from $3, S 4 (S~, S~) and from the thick-plate spark 
chambers outside the coil. The scatter plot of 1//~ vs. p for all the tracks having 
range R not greater than the corresponding kaon range, increased by 30 g/em ~ 
(R<Rr~ + 30 g/cm~), is given in fig. 6. The corresponding scatter plot for 
only the negative particles is reported in fig. 7. 
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Fig. 7. - Scatter plot of 1//~ vs. p for negative particles having range R not greater 
than the kaon range increased by 30 g/cm z ( R < R  K + 30 g/cm2). 

On the basis of the scatter plot reported in fig. 6, the number of tracks 
which can be identified as kaons can be estimated. The events have been 
divided in three energy intervals (1/s ~ (1.4 4-1.6), (1.75 4-1.95), (2.1 4-2.3) GeV) 
and in two momentum intervals of the kaons ((400--500), (500 4-600) MeV/e) 
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TABLE I.  -- Kaon fractions. ~V 1 = n u m b e r  of selected tracks,  ~V~ = n u m b e r  of selected 
t racks  wi th  / ~ < R  K 4 - 3 0 g / e m  2, N~ = n u m b e r  of selected t racks  wi th  R < / ~ K  4- 30g/om2 
and wi th  1/fl ~ 1/fl= 4- 1 s tandard  devia t ion ,  B = background  of pions expec ted  on £~a, 
ca lcula ted  f rom 1/fl d i s t r ibu t ion ;  ~ = %- e D. e R- e~= 0.58 for 400 < p < 500 MeV/c and = 0.46 
for 500 < p  < 600 MeV/c, where  % is the  efficiency for m o m e n t u m  cut,  e D for K decay,  
e~ for 1/fl cu t  and e R is the  efficiency on range measurement .  

v/~ (GeV) p (MeV/c) hT 1 N~ 5/3 B K / t o t  = 
= (2¢~- B)/(~I" e) 

1.4 --1.6 400- -500  52 20 5 2.6 0.08 ~ 0.07 

500--600 22 13 2 2.2 - -0 .02  4- 0.12 

1.75 -- 1.95 4 0 0 . 5 0 0  71 26 10 2.8 0.18 ~ 0.07 

5 0 0 . 6 0 0  39 17 3 2.4 0.03 4- 0.08 

2.1 . 2 . 3  4 0 0 . 5 0 0  17 7 3 0.7 0.23 4- 0.15 

500 --600 6 5 1 0.9 0.04 4- 0.22 
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Fig.  8. - Ra t io  of t racks  which can be ident i f ied as kaons on the  basis of m o m e n t u m  
and t ime  of fl ight measured,  over  to ta l  number  of selected tracks,  as a funct ion  
of the  c.m. energy :  • 4 0 0 < p ~ < 5 0 0 M e V / e  and • 500 < p  < 600 MeV/c;  points  a t  
% / s =  3.0 GeV are  SLAC-LBL da ta  (a). 

(a) B. RICHTER: Proceedings o] the X V I I  International Con]erence on High-Energy 
Physics (London,  1974), p. IV-37. 
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In  table I the data are reported in detail together with the results obtained. 

The results are also reported in fig. 8. 
I t  is also possible to evaluate the ratio of kaons with momentum between 

200 and 400 MeV/c which, therefore, stop in the coil; for those tracks the time 

of flight has been triggered by the decay products of the K + or by the secon- 
daries produced in the end range interaction of the K-. 

A Monte Carlo calculation gives for the detection efficiency of the decay 

products of the K + which stop in the coil a mean value of 0.3 for 200<pK< 
<400 MeV/e, while the detection efficiency of the secondaries of the K-  in- 

teraction in the same momentum range turns out to be 8 d ~ 0.1. In fig. 9 

the ratio K/total  vs. ~ is shown for this momentum interval. 
Due to the lack of statistics it is not meaningful to subdivide the data 

into more bins both as a function of the momentum and of the c.m. energy. 
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Fig. 9. - Ratio of tracks which can be identified as kaons in the momentum range 
200<p<400 MeV/c over the total number of selected tracks. 

3 .  - I n c l u s i v e  d i s t r i b u t i o n s .  

The inclusive momentum distribution has been obtained directly from the 

momenta of all the particles of the selected and measured events. The mo- 

mentum resolution of the whole system determined from the F-pair events 

is %/p-~ 0.078 at p = 780 MeV/e. In  fig. 10 the invariant cross-section 

E d3a/dp 3 is reported in arbitrary units as a function of the energy E of the 

single particle which is supposed to be a pion; the momentum cut of the ap- 

paratus is 80 MeV/e. All the tracks of the events in the energy range 
1 . 4 < V ~ < 2 . 3 G e V  are reported excluding those with p < 160MeV/e and 
probability less than 5% to be pions on the basis of the analysis explained in 
the previous section in order to minimize the contamination due to low- 

momentum electrons. Also the events with an identified proton have not 



4 4 6  

been considered. 

B. ESPOSITO, 1~. F]]LIC:ETTI, A. MA.RINI, G. PIANO MORTARI, F. RONGA, ETC. 

The data  are consistent with a distr ibution of the type  

daa 
E - -  = B exp [-- E / k T ] ,  

dp 3 

where k T  = (145 ± 3) MeV ( % 2 / D F  = 69/62). 
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Fig. 10. - Inclusive momentum distribution of particles produced in the c.m. energy 
range 1.4< ~/~< 2.3 GeV as a function of the energy of the particle fm pions (o) and 
kaons (A). The dashed line is the exponential fit of the data. 

In  the same figure the data  relat ive to the tracks identified as kaons have 
been plot ted;  these points fit quite well the pion curve. Dividing the data  
into 3 energy regions and calculating the corresponding fits, we obtain 

I) ~¢r~= (1.4 +1.6)  GeV,  

II)  V~ : (1.75+1.95) GeV,  

I I I )  V ~ =  (2.10--2.30) GeV,  

k T  = (149 =E 7) MeV, 

k T  = (151 ~= 5) MeV, 

kT = (133 i 8) MeV,  

%2/DF = 54/41 , 

%~/DF = 47/54,  

%2/DF = 45/54 
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Fig. 11. - Inclusive momentum distribution of particles produced in the c.m. energy 
range 1.4<~v/~< 1.6 GeV as a function of the energy of the particle for pions (.) 
and kaons (A). The dashed line is the exponential fit of the data. 

(see fig. 11, 12, 13). The points  belonging to the  kaons agree quite well a t  the 
different energies to the  pion data .  A Monte  Carlo calculat ion shows t h a t  the  

m o m e n t u m  resolution does not  affect apprec iably  the  k T  values obtained.  

For  the three energy intervals~ the mean  energy of the part icle  is, respectively,  

I) (~=) = (358 4- 7) MeV, 

IX) (E=) = (373 =E 7) MeV, 

I I I )  (E=) = (365 4- 12) MeV, 

and as a consequence the  mean  mult ip l ic i ty  is 

I)  (n} = V ~ / ( E , }  = 4.2 4- 0.1,  

I I )  (n} = Vs / (E~}  = 4.9 4- 0.1,  

I I I )  (n} = %/'s/(Eu} = 6.0 4- 0.2. 
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Fig. t4.  - Mean v a l u e  of the  energy of  the  se lec ted  t r a c k s  u n d e r  t h e  h y p o t h e s i s  of p u r e  
pion product ion as a f u n c t i o n  of t h e  c.m. ene rgy :  • are the new data, • is a p rev ious  
M E A  v a l u e  (4) a n d  o are  S P E A R  d a t a  (5). T he  d a s h e d  l ine  is t he  p red i c t i on  of the eova- 
riant stat ist ical  mode l  (6) normal ized  to the 2.5 GeV value .  
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Fig. 15. - Mean mul t ip l i c i ty  of the events  as a funct ion of the  e.m. enexgy: • are the 
n e w  data,  • is a previous  MEA value  and o are the  S P E A R  data. The dashed l ine is the 
predict ion of the  covariant  statist ical  mode l  normal ized  to the  2.5 GeV value.  

(4) B. ESPOSITO, F. FELICETTI, A. MARTNI, I. P~RUZZI, M. PICCOLO, F. RONGA, 
A. NIGRO, D. BISELLO, M..NIGRO, L. PESCAR/~, P. SARTORI, R. BERNABEI, S. D'ANGELO, 
P. I~[ONACELLI, L. PAOLUZI, G. PIANO MORTARI, A. SCIUBBA and F. SEBASTIANI: Lett. 
Nuovo Gimento, 19, 21 (1977). 
(5) R. SCrtWITTERS: Proceedings o] the International Symposium on Lepton and Photon 
Interactions at High Energies (Stanford, Cal., 1975), p. 5. 
(e) J. ENGELS, K. SHZLLTNG and H. SATZ: Nuovo Oimento A, 17, 535 (1973). 
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The energy cut  in t roduced by  the  appara tus  has been t aken  into account  

in the  calculat ion of the  mean  energy by  ex t rapola t ing  the exper imenta l  

behav iour  b y  means  of the corresponding B exp [ - - E / k T ]  funct ion;  this cor- 

rect ion is r a the r  low (--~ 10 MeV). The values obta ined  for (E=} and  (n} are 

repor ted  in fig. 14, 15 toge ther  wi th  those obtained a t  S P E A R  (z) and  with  

the  covar ian t  stat ist ical  model  (4) normalized to the exper imenta l  value a t  

2.5 GeV. The values of (E~} and  (n} are affected by  an uncer ta in ty  less 

t han  or equal  to ± 10~o, due to the different values of the efficiencies of the  

t r igger  for the  various final-state configurations and  to the energy dependence 

of these effieiencies; the  errors repor ted  are only statistical.  

Figure 16 shows the normalized distr ibutions F ( x )  = (As/ f l )  (d2V/dx), where 
1 

the constant  A has been chosen so t ha t  fF(x)dx = a. The relat ive increase 
0 

with V/s of the  low-x pa r t  of the  distr ibutions is due to the  increasing mul- 

t iplicity.  

• R I A S S U N T 0  

Si riportano i risultati di uno studio inclusivo sulla produzione di partieelle cariche pro- 
dotte nella reazione e+e--+ molti adroni nell'intervallo di energia del centro di massa 
~/Y = (1.4÷2.3) GeV. ~ stato misurato il rapporto t r a i l  numero di K~ rivelato dal- 
l 'apparato MEA ed il corrispondente numero totale di particelle cariche. Si pre- 
sentano le distribuzioni inclusive dei momenti delle particelle cariche rivelate per 
tre intervalli di Vrff ed inoltre - -  in funzione di V/~ - -  l'energia media e la molteplicith 
media delle particelle cariche rivelate. 

Pe3toMe He rtoay~tel~o. 


