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ABSTRACT 

Preliminary results of an experiment on large transverse momen
tum phenomena performed at the CERNISR at centreofmass energies of 
52.7 and 44.8 GeV are presented. The topics studied were the inclu
sive reaction p + p *■ IT0 + "anything", where the IT0 was emitted around 
90° in the centreofmass system, (TT°TT°) correlations, and the charged 
multiplicity associated with large transverse momentum TT0,

S. In ad
dition, results of a search for electrons and electron pairs are in
cluded. 

INTRODUCTION 

The experimental arrangement is shown in Fig. 1. Two identical 
spectrometers to detect electrons and photons around 90° were set up 
on either side of an ISR intersection region, one inside and one out
side the ring. Each of the spectrometers consisted of four parts: 
i) An array of 10 (horizontal) x 6 (vertical) leadglass total ab

sorption Cerenkov counters, each 15 x 15 x 35 cm3, to measure the 
energy of electrons and photons. 

ii) An array of 8 x 2 thin leadglass counters each 15 x 35 x 7.3 cm3, 
placed in front of the large blocks to enable the separation of 
electrons and photons from hadrons on the basis of energy loss1. 

iii) Three modules of wire spark chambers (a total of 10 gaps: four 
planes with horizontal wires, four planes with vertical wires, 
two planes with wires having an angle of 15 to the vertical 
direction) to measure the direction of the charged particles. 

iv) Two scintillation counter hodoscopes A and B, used for triggering 
the apparatus, and one hodoscope Z, consisting of 10 counters 
each 6.5 x 60 x l cm3, to measure the ionization loss of the 
charged particles. A fourth set of counters was placed behind 
the leadglass blocks to permit the selection of particles pas
sing through the array for calibration of the leadglass blocks. 
For measuring the inclusive single Tr° spectrum a lead sheet of 

0.25 radiation length was placed between the Z hodoscope and the first 
wire spark chamber module. Photons from the TT0 decay could be identi
fied from the lack of sparks in the three gaps of the first wire spark 
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chamber module and from the appearance of many sparks in the other two 
modules. The pulse height in the Z counter hodoscope behind the con
version point would normally correspond to more than one charged pat
tide. 

Two 1 x i m2 large scintillation counters Zi and E2 surrounded 
the beam pipes downstream of the interaction region, and were required 
in coincidence to ensure that the event results from a beambeam col
lision. 

The energy calibration of the spectrometers is believed to be 
known to within ±4%. The solid angle subtended by each spectrometer 
was approximately 1 sr. 

RESULTS ON INCLUSIVE TT0 SPECTRA 

Since a coincidence between the two I counters was required, the 
apparatus was only sensitive to 73% of the inelastic events at a 
centreofmass energy /s" = 52.7 GeV and to 60% of the inelastic events 
at /s~ = 44,8 GeV. This means that the single production spectra which 
we obtained are not really inclusive and we shall define them as quasi
inclusive. This EiZ2coincidence requirement may introduce some s or 
p* dependent biases, which have not yet been evaluated in detail. The 
measured spectra are shown in Fig. 2. For these spectra, only events. 
where a gammaray was seen to convert in the lead were considered. 
The data at /s = 52.7 GeV represent approximately 1010 inelastic pp 
collisions, The data at /s = 52.7 GeV can be adequately fitted by the 
following phenomenological formula 

p d30 (2.16 ± 0.22) x IQ 2 7 (1.3810.02)p* 2 ._ _. 
E = —■ x e J cm /GeVosr 
d
3
p "L 

in the interval 2.6 < p* < 7.9 GeV/c, where p* is the transverse mo
mentum of the TT0 in the centreofmass system. 

RESULTS OF (IT°TT0) CORRELATIONS 

Whenever a TT° is observed in one detector in coincidence with a 
TT° in the opposite detector, it is possible to calculate the invariant 
mass of the (TTOTT0) system using the formula (correct for high momenta) 

M
2
^,, = 4 P l P 2 sin2 (a/2) , 

where pi and p2 are the momenta of the two TT° ' s and a is the opening 
angle of the pair. We have restricted our analysis to those events 
for which pi and p2 are both at least 2 GeV/c. Figure 3 shows the, 
experimental distribution of M 0 0 obtained at a centreofmass? energy 
of 52.7 GeV and for 1.5 x 109 inelastic interactions. These data are 
compared to the results of a calculation based on the following two 
assumptions: 
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i) the probability of observing a TT° in one detector is independent 
of the probability of observing another TT° in the other detector, 

ii) each TT has a momentum distribution given by the experimental 
distribution measured for single TT0,S in the same experiment. 

It is observed, that there is a strong correlation between the two 
TT 's, How much of it is just the effect of momentum conservation is 
not known at present. 

CHARGED MULTIPLICITIES. ASSOCIATED WITH 
LARGE TRANSVERSE MOMENTUM 

The average charged multiplicities on the same side as and the 
opposite side to a TT° are shown in Fig. 4, plotted as a function of 
the centreofmass transverse momentum p* of the TT°. When on the op
posite side of the TT° , the multiplicity is seen to rise linearly, pos
sibly as an effect of momentum conservation. Also shown (dotted line). 
are the charged multiplicities on the two sides for a EjE2 trigger not 
requiring a TT° . 

The solid angles subtended by the spark chambers in the c.m.s. 
of the pp collisions are noutside

 = 1*33 sr, ̂ inside
 = 0«79 sr at /s~= 

=52.7 GeV. The average charged multiplicities associated with a TT° 
with p* > 3 GeV/c in the inside detector are 

/n . ) = 0.98 
\ outside / 
/n. ., \ = 0'.34 . 
\ inside/ 

For a ExE2 only trigger the corresponding numbers are 

/n _ ., \ = 0.41 
\ outside/ 
/n. ., \ =0.20 . 
( inside/ 

SEARCH FOR ELECTRONS 

High transverse momentum single electrons from the reaction 
p + p » e~ + "anything" would be expected from the leptonic decay of 
lihar̂ gê îĥ eTrmediaTê bosbns, or more generally from the leptonic decay 
of any not yet discovered heavy particles. Electrons were identified 
by requiring a track to be observed in the wire spark chamber planes, 
coming from the interaction region and triggering the three scintilla
tion counter hodoscopes. Tracks giving an energy loss dE/dx > 1.6 
times minimum ionization in the hodoscope Z were rejected, to discrim ■ 
inate against narrow angle electron pairs originating from photons 
converting in the ISR vacuum pipe or from Dalitz pairs. The spectrum 
of the observed events is shown in Fig. 5. These data represent ap
proximately 7 x ■ 109 interactions at /s~ = 52.7 GeV. This spectrum 
represents an upper limit for electron production, since a large frac
tion, if not all of the events, may be due to background. 
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Special runs performed at the CERN Proton Synchrotron have indi
cated that the fraction of charged pions that would satisfy the elec
tron requirements is approximately 1/300. Photon conversion in the 
ISR vacuum pipe would account for about 1/1000 of the observed neutral 
pion spectrum. 

The most serious backgrounds are (i) chance overlap in space, 
within the angular acceptance of one lead-glass block, of a charged 
pion satisfying the track requirement and a neutral pion satisfying 
the energy requirement, and (ii) charged pions which interact in the 
lead-glass. Studies are at present under way to estimate the magni
tude of this background. 

Electrons from the decay of charged W's would produce a sharply 
peaked spectrum with transverse momenta approximately half of the mass 
of the W, if the W is produced at rest. The precise momentum distri
bution is dependent on the particular production model assumed for the 
W. In Fig. 5 two examples of the expected electron momentum distribu
tions are shown for different masses of the W assuming the parton 
model of Drell and Yan2 and a value of B«aw = 10-33 cm2, where B is 
the branching ratio B = W -* ev/W -v all and aw the total production 
cross-section for W. 

The following results were obtained: 
i) one event/(GeV/c) corresponds to a detected cross-section CJcjet = 

= 5.1 x 10~36 GeV/c (7 x 109 interactions, aj_nel = 35.6 mb), 
ii) no events were seen with p* > 5.3 GeV/c, 
iii) the estimated efficiency is about 6%,„-
iv) with 95% confidence level it is estimated that B*a^ < 

< 2.6 x 10~31* cm2 for masses greater than 11 GeV. 

STUDY OF THE REACTION p + p -* e*e~ + "ANYTHING" 

In this case the effective mass is measured directly and the 
experiment is sensitive to cross-section branching ratios of the order 
of 10~34 cm2 for neutral W's and heavy vector mesons. 

The analysis of the electron pair spectra is still in progress, 
but at this stage the following conclusions can be statedT A small ' 
numbex^oi=̂ c^n^jJ^tesi;=has been found. It is believed that many of 
these can be attributelTT^thTe^fra'ckground processes mentioned above. 
No obvious resonant structure has been observed; no event with an in
variant mass greater than 5 GeV/c2 has been observed. As an indica
tion of the sensitivity of this experiment the integrated electron 
p a ire r o s_ŝ e_c.t .-lon-̂o.b sjs rve d in 1.07 x 1010 inelastic interactions is 
displayed in Fig. 6 as a function of the lower mass limit of the in
tegration. The 95% confidence level line repT;eŝ ntstKe~*a,b'sence of 
three events in the high mass region. The prediction of the parton 
model of Drell and Yan2, which has been normalized to the dimuon data 
of Christenson et al.3, is shown. The curve labelled Ĉ o is the en
hancement of the Drell and Yan model expected to be shown by the heavy 
photon pole of Lee and Wick . 
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Fig. 1 Experimental arrangement 



- 7 -

p + p — TC°+ "anything" 
Events converted in 0.15 cm Pb 

VT=52.7 GeV 7.9x109IZ 
o ^ = 44.8 GeV 1.9x109II 

Fig . 2 I n v a r i a n t c r o s s  s e c t i o n of the i n c l u s i v e r e a c t i o n p + p *•' 
»■ TT° + "anyth ing" at cent re of mass energ ies of /s = 52.7 and / s = 
= 44.8 GeV, as a func t ion of the t r a n s v e r s e momentum p* of the TT° in 
the cen t re of mass system. Also shown (dot ted l i n e ) i s the e x t r a 
p o l a t i o n of lower p* d a t a . 
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Ti0Tt° [GeV/c[| 

Fig. 3 Experimental distribution of the invariant mass of the 
(TT0TT° ) spectrum at /s = 52.7 GeV. The solid line is the prediction 
of uncorrelated TT S. o i 

i 
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ASSOCIATED MULTIPLICITIES 
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Fig. 4 Average charged multiplicities.on the same side as and op
posite side to a TT0, as a function of the centreofmass transverse 
momentum p* of the TT°. Also shown (dotted lines) are the charged 
multiplicities for a ZE trigger not requiring a TT° . 
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Fig. 5 Electron spectrum at /s~ = 52.7 GeV. In addition two expec
ted electron momentum distributions for different masses of the W 
(intermediate boson) are shown (solid lines) assuming the parton 
model of Drell and Yan and a value of B*ar, = 10-33 cm2. 
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Fig. 6 Integrated electron pair cross-section as a function of the 
lower mass limit. Also shown are the predictions of the parton 
model of Drell and Yan2 and of the model of Lee and Wick4 (curve 
labelled C„n). The spectrum presented is only an upper limit. -Bo)-


