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X willment1ODsOIae features of the low mass region of our ,data. '-be.. ' ,',� 
./--. . , . .....� 

cu'-muon data were taken durlug an experiment 
. 

by ~r group whiCh .� 
: 

searched for chamecl meson production. 111 TI'- P and; PR interac:ti01;1S. . I 

~ will not describe the cham search .xperiment at this time• 
.(2) o. 

'!'he experiment was perfomed in the M2 beam line in the Meson 

Lab at mAL -. '!'he HZ beam is nominally a diffractive proton beam, sinca 

it views the meson area target at aprodu~tion angle' of 1.Om rad;' . 

however, by reversing the polarity of the bending magnets, an intense' 

1T- beam can be obtained at slightly lower energies. Beam hodoscopes 

were used to measure the incident beam particle' s momentum to 

6PB/PB - 0.27.., and its incident vertical and horizon~l angles to '. 

69 - 0.2 m rad. The beam spot at the target was 1/4" x 114ft and the, 
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coordinates of the beam particle were measured to au· accuracy of 1/16" 

horizontally and 1/8" vertically. Beam particle identification was 

I~ accomplished using two threshold Cerenkov counters set on pions. The. 

beam part of the trigger included signals from beam. trigger counters 
. . 

and the absence ·of signals from halo veto counters. One of the beam 

counters was pulse height analyzed• 

.The data I will present was taken. in a total of 45 hours of beaa 

time. A 200 GaV negative pion (less than 1'1 bon) beam was used for 
. . . S -. 

2S hours at an intensity of ..... 6.0 x 10 per - .8 sec pulse. For tha 

remaining time we used a 240 GeV proton (less than .·5~ pion). b~ at 

5� . 
..... 7.S� x 10 Ipulse. 

"l'he apparatus used for the di-muon exped.ment was a solid i~Ol1 

.~ spectrometer shown in lig. 1. The ~-pairs were created at: the front 

end of the first iron (Fe) absorber. Muons were identified by their 

traversal of 5.6 m of iron. A 60 an hydrogen target, not shown, used 

for the chal:1ll search experiment was centered"'" 60 em upstream. of the 

iron. The MP counters were used to detel:1lline the effect of upstream 

interactions. Counters MO thru MS were the di-muon trigger counters. _ 
• 

The first ..... 2.5 m of iron served as both target and hadron absorber.. 

A 3 m long gapless iron magnet, assembled and wound by us~ Was used in 

conjunction with 3 magnetostrictive spark chambers to measure muon 

production angles and momenta. The proportional Chamber was used 

only in checking the reconstruction technique and the spark chamber 

efficiencies for a subsample of the data. 

The di~on trigger required a six fold counter concidence, 

MO·Ml. (M2·M3)· (M4·M5) in time with a beam particle trigger. The f01

lowing steps were taken to insure that at least two muons passed 

through the apparatus: pulse heights 1 1/2 times minimum ioniZing 

were required for MO and MI and a split counter coincidence~ 
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"� (M2.H). (M4.M5). was required at the rear of the magnet. I'urthez:more. 

iron was placed between the back trigger counters a114 between the 

spark chambers to el:im1nate backgX'ouuds due to single muons which 
, r"> 

caused knock-on electrons. During the actual rwming we checked that . 

there was no observable accidental component in the trigger•. Also, 

we checked that the biases on the MO and HI counteX's were set well. 

below the double minima ionizing peak. 
, ' 

AligDlll8Dts and magnet calibration were donGusiua a J.l beaa. 

The M2 line is a two stage m&guet systea. In order to produce a Jl 

beam, two collimators after the first stage wer~ closed and the 

second stage was used to center the ~ b... on a hodoscope just in 

front of the target. -The mOlUntuDl spectrma ·used· to calibrate the-

iron magnet with 200 GeV muons is shown in Fig. 2.' Superimposed are 

points obtained with a Monte Carlo program which simulates. events in 

a'model of our apparatus. The agreement is quite goocl. The calibra

tion was checked at other values of the muon momentum. lbe magnetic 

field of the iron magnet was found in this way to be l8~5 Kilogauss. 

We have also found from an analysis of our wide opening angle events 

that the variation in average field over the active region of the 

magnet is less than 5%. 

A study of the number of di-muon events, corrected for detec

tion efficiency, per incident flux for a sample of the data runs 

checked the stability of the detector for, the duration of the experi

mente 

The dimuon invariant mass, ~J,I.' was calculated from the tracks 

measured by the spark chambers, assuming the dimuon was produced in

side the first iron absorber one absorption length from its edge 

along the beam line, at the point z = 76 em in our coordinate system, 

see Fig. 1. The muon momenta and angles were reconstructed taking 

into account the bending and energy loss of the muons in the 
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magnetized iron spectrometer. 

+ Only to' to' events were selected, elim1aati118 ~ 21. of the 2J,r. 
. . 

events. In the hor1zon~l plane, where there is no bending. each 

muon track was extrapolated back to the assumed production point., '!'be 

distribution of' measured deviation at the production point divided by 
. 

the expected standard deviation, calculated us~ng the measured momen

tum of the track~ was compared' to a gaussian distribution, sea rigs. 3 

and 4. ,The discrepancy' between the slope of .42 1n Fig. 3 and the .S 

one would expect for a gaussian distribution ind1c:ates an ~1. error in 

our calculation of the expected standard deviation which is probably 

due to the fact that.we neglected large angle Coulomb scattering. In 

the analysis, the tracks were required to deviate by less than. 2.2 

standard deviations removiDg AI 10'7. of the events. Note tbat:we have 

placed the cut at a point near where the distribution for the pion. 

beam data, Fig. 3, begins to deviate from the gaussian distribution; 

this deviation is peculiar to' the pion beam. data and we believe that 

it is due to a beam ~on background. 

For all of the data I will present we have required that the· lab 

• 
momentum of the di-muon be greater than 90 GeV; this -insures tha~ our 

acceptance for the events in the 3 GeV mass region is greater than 

- 15'7.. For a fixed mass the acceptance of the apparatus is a smooth 

function of lab momentum, P and transverse momentum, PJ.. In the
L, 

interval 2 ::: ~1Jo ::: 4 GeV, the mass acceptance is a smooth structure

less function of mass and varies by about ~ 35'7.. 

The dimuon effective mass spectra for the high mass region as 

observed are shown in Figs. 5 and 6. The dashed curves drawn in the 

region ~1Jo AI 3 GeV represent the spectra calculated by a Monte Carlo 

method which takes into account the resolution and detection effi

ciency of the apparatus and assumes all of the events in the interval 
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+2.5 < M~ < 3. 7 GeV, the t region, result from the decay. - 51 1.1 • 

.'� In the , region, we observe 104 and 45 events. in the pion and proton 

data, respectively. Since the agreement between the dashed lines and 

the data is good, we interpret the observed enhancements as 

+ .. (3.1) .. iJ.� iJ. • 

We have used the proportional chamber to check the source posi

tion for the events in the "region, 2.5 ~ \",.' ~ 3.7 GeV. We consider. 

only events which had a proportional chamber hit within 2 standard 

deviations of the calculated trajectory for each track. The propor-. 

tional chamber hit and the position at the spark chambers were used 

to obtain a better measurement of the trajectory. The distribution 

of the z coordinate of the intercept in the horizontal plane of the-

two tracks is shown in Fig. 7. The resolution is poor but the mean is 

in good agreement with our· assumed production point at z =·76 em aud 

the r.m.s. spread is in good agreement with Monte Carlopredict1ons. 

We have chosen to present Xx. = PLab!Pbeam and P.t. distribution~ 

corrected for the acceptance of the apparatus. To do this we wrote an 

event by event acceptance routine which assumes isotropic decay of the 

d~uon parent, neglects multiple scattering and uses a bend plane 

approx~ation to track through the magnet. To check this routine as 

well as to check all of our analysis routines we have generated Monte. 

Carlo t events, let the muons multiple scatter and be accepted by a 

model of the apparatus, then corrected the events for acceptance. 

The resulting spectrum. for a simulation of the ~ distribution for 

" 
proton initiated t events, the distribution with the steepest slope, 

is shown in Fig. 8. There is reasonable good consistency; one can 

see the effect of the momentum resolution. We have checked that in 

all cases the disagreement between the best fit slope parameter and 

the generating parameter is less than the statistical errors for our 

measured slope parameters. Also, for the data, we have checked our 
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fitted slope.parameters agaiD.st,paramaters obta1n8c1 byfitt1ng .the� 

uncorrected data directly using the Monte Carlo program.� 

The acceptance corr~cted distributions in 1J. and PJ. for events� 

in the • region are shown in Figs. 9 and 10. The solid lines are.� 

fits to the measured cross section of the foXDl:� 
2 2 . . 

d a1dX.x.dPJ. a ~(-~) x exp(-bPJ.) 

The results of the fits are for t,ncidents pions a" - 6 •.2 :t 0.8 and.� 

b = 1.6 ! 0.2 (GeV)-l, .and for incident protons a ~ 9.7 + 1.6 and�w p -�

b - 2.2 + 0.5 (GaV)-l •� 
. p 

We have calculated using measured branching ratios of the� 

t' (3.7) (3) that less than 7. + 4~'X. of the yield in the t region.- . 

+ 2.5 :5 ~ ~ 3.7 GeV, is from .' (3. 7)" ~ ~ • FrOID. an extrapolation of .' 

a power law fit to the low mass data we find - 5% of the pion. data and� 

- 3% of the proton data in the • region is associated with the low� 

mass region of our data. see Figs. 11 and 12. We are still analyZing� 

. the high mass data, ~ > 3.7 GeV, and will try to understand the� 

mass spectrum of events associated with these events and possible� 

extrapolations into the ,region. We calculate.using nand y'inclu

•
sive spectra from np and pp interactions, the measured • photoproduc~
 

tion cross section(4)and our own measured pion t production cross� 

secti.on and ~ distributions that the background in our pion and� 

proton beam data due to secondaries is less than 6'X.. Using doubly� 
+ + .. 0 

charged data ~ ~ anCL.J,1~·), we find the background due to TT and K 

decay is less than 27.. We are presently analyzing muon beam particle 

'. backgrounds but we D'elieve this background to be negligible for th.e 

proton beam data and less than 10% for the pion beam data. 

Using the MP counters, see Fig. 1, we have determined that our� 

results are independent of whether or not we require a single minimum� 

ionizing particle in the first counter. We chose not to cut on the� 
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, . HP COUlltan .to avoi.cl poeaiblA b:l.aa... we calc:aalata that - .5%. of OUJ:' 

picm b.... data aDd -' a-t of our protoll b.. data may b. assoc:1atM '� 

,with .. proeiuc:tiOIl iathe. ~ tars-t.'� 
. .� -' 

We'use the obSert'Mm.mabar of prociw;ec1 ...s~ eorrect:loDS for' 
. ..� 

detectioD effic1eDCY~ acceptaDce aDAi target-X cut. los••• ~ calculate� 

t procluctiOIl probabilities•.At the praseat ·stai_ of.analysis.· the " '� 

. })ac1cgrouuds appear sm&~l.:'We 'have DOt dcma' any backg%:ouncl aubtz'ac
• '.� o. .. 0 •• t.o.. • . ._ _. • _ 

tiOna. We calcuiata. the probability of "proe1w:iD& 'a ... PRo b.lud.~ ~: . 
.' .' . .� . _ .... '. +.. . - .~ 

.1D.tanct1oa i.D iroa timu the 'brancbiDI ratio 'illto' ....... to be: ..� 

p",<t>.'u..S8·t .19) Z·10·7. X' '?-<4~ . 
.'"� . 

. 'p <t>� •. (.59 + .30)' it '10.-7• X' > .315 
P. .- .� 

wen the errcn-s are aD estmatacl + SO% systl!ll&tic' ~n:or,. and whare.:·�. - - 0... .....:� 
,~ have used X' 's ~ • PLabI:Pb~.. We c:capare t~ ~. results, of t ,'.� 
production by D,8UtroJIS'. on a BerJlliuza' tuget(S)by .~lCUlati~ de'� 

implied procluc:t1on probabilities alUl COI'IIparing at the same X'~.l , see·� 
111411 . 

Fig. 13. We find good agreement iD slope but a factor of 4' discrep.... ' 

aDcy in no~alization• 

.: We have compared the yield of • mesons per incident 1T- J toYn'� 

the yield per incidentp, Y • The ratio of the Yields, R .,. Yr/Y ,is.� 
.� P, .' . "P.'. 
X'

min 
dependent. For X' ~ .5, R .,. 7.4 '±' 2.0~ where the quoted error' .� 

in R is dominated by 'the statistical uncertainty in Y. The fact� 
,;� P. 

that R is significantly:greater than unity suggests that the mec:ba- .'� 

nisms for' production at large XI are different ·for pions and .:� 

protons. This difference may indicate that the antiquark in' the' rr"� 

»;plays a,critic:a~ role in .. production.� 

For a total Fe inelastic cross section of-.7 barns our data� 

gives� ~or
 

fr-Fe'" ..... ~J1 'O'B = 109 + 55 nanobarns for X' > .45� 

pFe ........ ~J1 qB = 41 + 21 nanobarns for XI > .375� 
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Using inelastic cross sections of 32 mb for pp and 21 mb for TTp• 
.: .. 

'..... ,'., 

neglecting absorption of the • in the Fe nucleus .~ 51. effect> and 

usi~g the branching ratio of • into ~~(3)we find 

O''I'TN(') ':: 48 '!' 24 nanobarns/nucleon, X' > .45 

" " x' > .375 

that the total • production cross section in proton nw:leoncolli-' 

sions is ~ .54 + .36 microbarns.-
In Figs. 14 and 15 I show the dimuon effective mass spectra for' 

all events, which satisfy the criteria discussed earlier,: for the 

pion and proton beam. runs. These data .are not corrected for .var:l.a

tion of spectrometer acceptance with mass. t would like to point· out. 

o~ly a few features of the low mass, ~,. < 2.5 GeV.region of our 

data since we are still analyzing them. First, there 1s a general 

similarity in shape of the two mass spectra and an overall factor of 

- 2.5 highcar yield by pions compared to the yield by protons even 

though the data is cut at a higher X' for the pion beam data than for 

. the proton beam data (X' . is .45 for the pion beam data and .375 for 

. m~n
 

the proton). Secondly, there is a peak in the mass spectrum.' at� 

o 
~ 700 MeV which mayor may not be entirely inclusive P production. 

We have corrected the data for acceptance in the region 

. -n
1.2 < M < 2.5 GeV, see Figs. 11 and 12 and have found a M depen

- ~JJo-

dence with n ~ 6 for both the pion and proton ~eam data. We have 

>. also compared ~e yield per incident pion to that per incident proton 

above the same X' . • We find for X' > .5) R(1T/p) -:::. 4.1 compared to
DUn 

R(TT/p) :: 7.4 + 2.0 for the .. region. These facts may suggest that di-

muons in the 1.2 < M IL < 2.5 GeV mass region are produced by the same- ~,..- .;,;;:2· ....~;-.; -..... . 
process by which ,'s are produced and that the basic interactions by 
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which pions and protons produce dimuons are similar but differ in 

strength. Finally, I would like to remind you that we are still 

analyzing the low mass region and have not completely understood 

apparatus effects in the measurement of these data in. that region. 

•� 

". 
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