
DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



Subrrlitted fo Physics Letters B UCRL-20273 
Preprint e . ...(" 

,t' . , 
j 
" 

.' . 
' . 

.r 

.J. _1_ 1 l. \.. 

f MASS SPECTRUM IN 7-GeV/c 'IT + P INTERACTIONS 

S. M. Flatte, M. Alston-Garnjost, A. Barbaro-Galtieri, 
S. E. Derenzo, J; H. Friedrrlan, G. R. Lynch, 

S. D. Protopopescu, M. S. Rabin, and F. T. Solrrlitz 

January 14, 1971 

AEC Contract No. W-740S-eng-48 

TWO-WEEK LOAN COPY 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Diuision. Ext. 5545 

c::: 
() 
!::O 
~ 

LAWRENCE RADIATION l.1ABORATORY ~ 
N 

Pj 
~ \ r.UNIVERSITY of CALIFORNIA BERKELEY ~ 
'/' -J 



,) 

, "~ 

-1- UCRL-20273 
• '; • Y~ ,:. t. 

fO MASS SPECTRUM IN 7-GeV Ic Tr +p INTERACTIONS>:< 

S. M. Flatt~,. M. Alston -Garnjost, A.Barbaro-Galtieri, 
, S. E.Derenzo, J. H. Friedman, G. R.Lynch, 

S. D. Protopbpescu, M.S~ Rabin and F. T. Solmitz 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 94720 

ABSTRACT 

Structure in the fO [an SU(3) companion of 

the A
2

] is, sought in more than 5000 1T + P -+ fO 6++ 

events at 7 GeV Ic in a hydrogen bubble chamber. 

The mass spectrum and the moments of the decay 

angular distribution are studied with a resolution 

of 7.8 MeV. 

The report of structure [1].in the A meson mass distribution has 
2 

stimulated interest in the possibility of structure in regions near the 

other 2+ mesons [K
N

( 1420), f 0, f'] because of their relationship to the 

A2 through SU(3) symmetry. The only published search of the ~(1420) 

mass distribution has reported,a negative result, [2] and no results are 

available on the f'. A suggestion of f 0 structure has been reported[ 3]. 

We report here on an experiment in which the fO is produced iIi 

th . t" + f OA++ d d" + - " e reac lon 1T p -+ "-l> an ecays into Tr Tr. No narrow structure 1S 

observed in the mass distribution, which is adequately fitted by a 

Breit-Wigner resonance formula with a' line,ar background. If a narrow 

resonance (r« 15 MeV) contributed incoherently to the mass spectrum 
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in the 1100-1400 MeV mass region with a cross section 4% as large of 

the fO cross section, we would have seen a 6-standard-deviation effect .. 

We have also searched for structure in the decay of the fO by 

plotti.ng the InoInentsoi the spherical harmonic s in the fO -+ 1T + 1T -

decay as a function of mass. Again no narrow structure is observed. 

Our experiInent is a 700000-picture exposure (:::: 45 events//-lb) 

of the SLAC 82-inch hydrogen bubble chamber to an rf-separated 1T + 

** beaIn at 7.1 GeV IC.The fO was observed in the reaction 

+ + +-1T P -+ 1T p1T 1T (65000 events). ( 1) 

The selection criteria for this reaction have been given in a 

previous letter [4 J. In particular we are reporting onI yon those everits 

for which the scanner recorded the observation of at least one heavily 

ionizing positive track (dark track). 

Good mass resolution is critical to the observation of any narrow 

structure. We have previously reported [4]the many checks we have 

,ma<le of our Inass resolution. However, we think it useful to show 

again the check that is most relevant toourfo study: the KG mass dis-

tribution. 
. + + 

We have fitted our V -2 prong events of the type 1T p -+ KpKo 

to the hypothesis 1T+P -+ K+P1T+1T- where the K O mass and direction were 

not constrained. The histogram of the 1T+ 1T - mass distribution is shown 

~n Fig. 1a. The curve represents the pre,dicted mass resolution cal-

i cUlated when the uncertainties introduced by multiple scattering arid 

measur~menterrors are propagated by our fitting programs. The 

curve is centered on the known KO n:iass [5] .. By fitting the KO mass dis--

tribution with the resolution as an unknown parameter, we find the 



-3-

HWHM of the resolution functionto be 3.4±0.2 MeV, whereas 3.5 MeV 

was expected. The calculated mass resolution (HWHM) of the fO mass 

region is 7.8 MeV. 

The ma.ss distribution of '11'+'11'- recoiling against a Do++ [M(p'l1' +) 

< 1.4 Ge V] in Reaction (1) is shown in Fig. 1 b. The momentum transfer 

(t A) distrib~tion of the events in the fO region (1135 to 1385 MeV) is 
p~ . 

shown in Fig. 1c. This should ~ be regarded as thet distribution of 

++ 0 . Dofevents, since corrections for the background and the dark-track 

scanning selection have not been made. From measurements of events 

without a dark track, we find· that if we had included all events without 

a dark track in this analysis they would have contributed according to 

the dots in Fig. 1c. By using only dark-track events we have lost 4% 

of the fO Do ++ region events with tpDo < 0.4 Ge V
2

, and 17% with 004 

2 2 
GeV < tpDo < 1.0 GeV 

Figure 2 shows the mas s distribution in the fO region for various 

momentum-transfer regions. No obvious fine structure is. observed in 
,!<;,:c:,:~ 

any of the s.e distributions. The curve on Fig. 2a isan s-wave Breit-

Wigner resonance formula over a linear background. The confidence 

level of the fit is 23%. The number of fO events between 1000 and 1500 

MeV is 5300, and the fitted fO mas s and width are 1277 ± 4 MeV and 

183 ± 15 MeV, respectively. 

If a narrow reS0nance (r « 15 MeV) contributed incoherently with 

a cross section 4% as large as the fO cross section, it would give a 

positive contribution that would look like the dashed curve in Fig. 2a. 

Such a contribution would be a 6- standard-deviation effect. From 

our data alone, no useful limit can be put on a coherent, narrow 

contribution without assumptions about the production amplitude of the 
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narrow object. t Thus it should be reITleITlbered that it is not possible 

to ITlake a definite negative conclusion on the existence of structure 

froITl an observation of one reaction at one energy. 

Structure that is not visible in the ITlass distribution ITlight ITlanifest 

itself as a rapid variationiri. the decay-angle distributions of the fO. 

We have looked at the ITlOITlents of all spherical harITlonics Y fITl (8, cj» 

with 1. ~. 4, where 8, <p are the polar and aziITluthal angles of the 'IT 

froITl the fO decay in the fO rest fraITle, the Z axis is the incoITling 'IT +, 

++ and the y axis is p. X~. We have seen no obvious structure. SOITle 
1n 

of the distributions are shoWn in Fig. 3. The dark-track scanning 

selection could result in slightly different mOITlents than if no selection 

were ITlade, but there is no reason to expect that any narrow structure 

would be ITlasked by the selection. 

In conclusion, with ITlore than 5000 events froITl the reaction 

'IT + P -- fO~ ++ at 7.1 GeV Ic, with a ITlaSS resolution of ± 7.8 MeV, no 

obvious narrow st:ructure in the ITlas s distribution, or the ITlOITlents 

as a function of ITlass, has been seen in the fO region . 

. We thank Joseph J. Murray for his work in beaITl design and con-

struction. We gratefully acknowledge the assistance of the staff of the 

Stanford Linear Accelerator and the 82-inch bubble chaITlber in obtaining 

the data for this experiITlent. We also thank the Lawrence Radiation 

Laboratory Group A Scanning and Measuring Group for their help in . ' 
data reduction . . 
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Fo.otnotes 

*'Work done under the auspices of the U. S. Atomic Energy Cornrnision. 

**For a description of the beam'see S. Fla:tt~, LRL Berkeley Group 

A Physics Note No. 646, 1968 (unpublished). 

***The indication of a dip in the fO mass structure reported by reference 

3 was between 1230 and 1250 MeV. The statistically insignificant 

(less than 2 s. d.) dip in the distribution of our Fig. 2a is at 1260 

MeV. 

tI£a narrow resonance contributes in a partially coherent way to a 

mass spectrum, then although its amplitude may be large, its effect 

may be small if the average phase of the resonance with respect to 

background is near- Tr/2. See; for example, S. M. Flatt~, Phys. 

Rev. D1(1970) 1. 
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Figure Captions 

1. a) K O mass distribution for V -2 prong events fitted to the 

+ + + -. .. . .. 
reaction .7T p ..... K P7T 7T wlth~ut constralnlng the KO mas s 

. or direction. The curve is the calculated resolution func..;. 

tion centered on the known 1<.0 ma~s. 

b) Histogram of 7T +7T - mass in reaction (1) for events in which 

+++ + the other 7T and the proton form a· D. (M(p 7T ) < 1.4 GeV). 

c) Momentum transfer distribution of events in the fO (1.135 

+- . ++. 
< M( 7T 7T ) < 1.385 GeV) and D. regions. The open circles 

. are an estimate of what has been missed due to a dark 

proton scanning selection. 

2. Mass plots in the fJ region. A D.++ is always required. The 

solid curve is a fit with a Breit-Wigner s-wave resonance 

formula plus a linear background. The dashed curve is our 

resolution function normalized to 4% of the number of fO 

resonance events found in the fit. 

3. Some moments of the decay-angle distribution in the fO region 

as a function of mass. A D.++ is always required. The Z axis 

is the incoming 7T+; the y axis is PinXD.++. 
m 

(1m y 2) are 

examples of parity-violating moments, and are thus expected 

to be equal to zero. 

' . .) 
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