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ABSTRACT 

\Ve have measured the single photon inclusive cross section, 
dlJ')'lelk d<:1. for the reaction p + 19} -> 'Y + anything, which 
can be related to the inclusive 1l~ cross section. The 
results indicate that the invariant rro cross section falls 
exponentially for transverse momenta PT less than about 
1 G eV I c. At larger transverse momenta the cross section 
falls more s lowly. Pr-cl irn inru-y results 011 the energy 
dependence at Ii.xcd transverse morncntum arc given. 

APP!~rU\TUS AND })ATA .l\CQUISlTION 

T'h e expo r i m cut \':;-!S p(! r-Io r mc d u s inr; an inte-rnal t a rgctin the 
CO ~:ll':!!!'_hL ;~:l'cii(l11 or 11,'_-- :\:d!ni"!::! .\cc·c1t..'I'alot' Labor'ato!''y rna in 

rill!': '.v!t~-'j·l· d:lLl ::Ll:.: h,.' \:';-:.'!l 0',"1' :11'~ r-ornpl ctc t'an:~L' of p r-oton 
ruo m c nt u m :l\':l j I:: I ,j~. riu dilL the :\c('!..'ll~ rut ion cycle. 
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The target was either a hydrogen gas jet or a rotat ing ca rbon 
fiber t a i-gct, The data being presented here were obtained for the 
carbon target at a fixed Iabo rato ry angle for the detected gamma 
ray of 100 m r-ad. A lead coll imnto r rest ricted the apparatus to 
detecting only one of the photons from the iTo decay for all rro,s with 
less than GO GcV enecgy (transverse momentum less than 6 GeV / c). 
The data presented here are below this two photon detection limit. 

The relevant dimension of the counters and other apparatus 
following the collimators are shown in Fig. 1. The distance to the 
target was 648 inches and the solid angle acceptance was 9. 5 us r-, 
The lead converter was 1. 1 radiation lengths thick while the glass 
total absorbtion Cerenkov counter "vas 28 radiation lengths thick. 

An energy calibration of the lead glass Cerenkov counter C4 
was made using 1. 8 to 5 GeV electrons and muons at Argonne 
National Laboratory. The photomultiplier and base wer~ tested 
and found to be linear up to a response equivalent to 280 GeV photon 
energy. The response of the counter to muons (defined by an 81
82 -83 -S5 -86 trigger) wa s monitored during the data taking. The 
pulse-height distribution from C4 for this trigger showed a clean 
peak with a 30% F\VH.i\I. The muon peak provided a stability check 
during the runs. The calibration was found by this means to be 
stable to ± 4%. 

The photon data were taken using an Sf -82 - 83 - C4 trigger. 
When a trigger occurred, the pulse heights in al.l counters, the 
main ring magnetic field (which gave the proton incident momen
tum), and all other scaler information we re wr-itten onto magnetic 
tape for later analysis. The number of muons per run was used as 
a measure of the luminosity. 

PHELllVIINAHY ANALYSIS 

Conve rt e l' in and converter out data were divided into 20 
GcV / c w i de bins in the incident proton momentum. A cut on the 
pulse he ight in triggc r counter S2 was applied to required that the 
events have doubly ionizing or greater pulse heights in that counter. 

The energy spectra for the Ic ad glass Ce renkov counter for 
both the convc i-tc rvi n :lrHI c onvo r-tc r out (I:1t<1 we rc then no r-mal tzcd 
to the number' of ll1U0l1;"; npp rop r i atc to that clata and the converter 
out s ub t rn ction m.u!c , I'e~jultjng ill a d i stribution p ropo rt ionnl to 
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cler'Y luk dD. The ratio of events with converter out, to that with 
converter" in, was usually a few p;?rcent and always Ies s than 20%. 

A number of checks were made on the data. In particular. 
an aluminum converter of .the same radiation length but different 
interaction length wa s s ubst itut.cd for the lead converter. The yield 
of photon events per muon was then compared for the two situations. 
It was found that the difference was less than (3. 8 ± 2. 3)% for 
transverse momentum values of the photon between 3. 0 and 5.5 
GeV I c and less at lower transverse momentum. This check proved 
that neutral hadrons did not contaminate our photon events to a 
significant extent. 

PRELIlVIINARY RESULTS 

We present d'J"), lelk dS! as a function of transverse mornentum 
PT for 170 to 190 Ge'/! c incident proton momentum in Fig. 2. In 
discussing the PT dependence at fixed incident momentum.• we make 
the usual assumption that the main source of photons is ITo decay. 
The lT 

O invariant cross section is proportional to the derivative of 
der'Y I dk dO with r-espcctto the photon energy k, 1 At low photon 
energy our data for ch.,) elk dD fit a single exponential so that 
der"1/ dk dQ is directly pr-opo rt ional to the iTo invariant cross section. 
Hence the invariant iTo cross section falls exponentially [approxi
mately expf -6 PT) J for PT ~ 1 GeV I c. For PT ~ 1 GeV / c the 
photon cross section and therefore the TI 

o cross section falls less 
rapidly with increasing PT' 

We now briefly discuss the center of mass energy dependence 
ifs of the photon c ross section for fixed PT' For this purpose. we 
have normalized do:'VI elk dS1 for each bin in ifs to the same value 
at a PT of 0.2 GeVl c. At this 10\v PT the iTo cross section is known 
to scale to within 20%.2 The result is shown in Fig. 3. It can be 
seen that the main qualitat ive feature is that for large fixed P the

T 
cross section increases with increasing center of mass energy. 

It may be r-cma rk cd thai for given incident proton energy and 
fixed Iabo r ato ry d etcctiou qngle there is a correlation between PT 
and x (who rc x ::: Pl1'"jPma~·)' Further mcasu r-cm cnts will be made 
at d if'Ie icnt Iabo r-ato ry angles to separate the x and PT dependence 
of the CI'OS:) s o ct ion. 
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3,
In conclusion, we confirm the rcsult s from the TSU 4 that 

the single pa rt icl e i.nc lu s ive distribution deviates markedly from 
an exponential behavior at transverse rnomenta greater than about 
1 GeV I c. In addition, we have obta irie d preliminary results that 
show that for large fixed tr-ans ve i-s e momentum (2 to 4 GeV / c) the 
single particle cross section rises with inc reasing cente r of mass 
energy. 
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