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ABSTRACT 

The tran■ver•• momentum of charsed particle• produced within the 

pseudorapidity rans• ~-a -0.36 to +1.0 ha■ been mea■ured in pp 

colli ■ ion■ at v'. • 1.8 TeV. The charsed particle multiplicity 

cf each event wa■ mea■ured with a 240 element cylindrical 

hodoscope ■y ■ tem coverin1 the ran1• -3.25( ~< 3.25. The avera1e 

transver ■ e momentum a■ a function of the avera1e charged 

particle den■ ity per unit of paeudorapidity 11 presented. 

Events are observed with avera1e chars•d particle den ■ i ty as 

high a■ 32 per unit of p ■ eudorapidity. 
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In thi ■ letter. we report the £1r ■ t re■ult ■ of experiment 

E735, performed at th• CO inter ■ection re1ion of the Fermilab iP 

collider at a center of ma■■ enersy ,r. • 1.8 TeV. The 

experiment wa■ de ■ isned to ••arch for evidence of a phaae 

tranaition of hadronic matter to a deconftned quark-1luon state. 

Durins the fir ■ t runnins period fro■ January to May 1987, 

5 million tri1ser ■ were collected 

luminosity of N 1/3 nb- 1 . 

fro■ a total integrated 

We report measurement ■ of the correlation between the 

average transverse momentum, (pt>' and the charged particle 

multiplicity in the central rapidity reston. The <pt) may be 

interpreted a■ a meaaure of the temperature of the hadronic 

matter formed in the colliaiona, wh11e the particle density in 

rapidity is proportional to it ■ entropy denaity1~ Structure in 

the distribution of (pt> versus multiplicity, in particular a 

rise in <pt> followed by a plateau and a aecond riae after the 

plateau could be interpreted•• one of the ■ ignature ■ of a phase 

transit ion in hadronic mat ter2 . ·Similar meaaurementa at lower 

center of ma■• ener1ie1 have previou ■ ly been made in a cosmic 

ray experiment3 , at the ISR4 , and the SppS collider5 . There are 
6 also hi1h ener1y, heavy ion pro1ram■ now underway at CERN and 

Brookhaven u ■ in~ £ixad tar~•t ■. 

Our detector7 conai ■ ta of a 240 element multiplicity 

hodoscope surroundin1 the interaction region, a tri11er system 

and a magnetic spectrometer at 90° which ■ample ■ the charged 

particle spectrum with a solid an1l• of 0.5 ■ r. 
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The multiplicity hodo■cope con■ i ■ t ■ 0£ a central barrel 

system and an up1tream and down■ trea■ end cap. The barrel 

system ha• two halve■, each with 48 counter ■ parallel to the 

beam and coverins the p■eudorapidity rans• -1.84 < TJ < 1.64. 

The two end-cap hodo ■cope ■ con■ i ■ t of three rins■ each with 24 

counter• per rins and extend the p■eudorapidity interval 

coverase to -3.25 < ~ < 3.25. The number of element ■ hit, Nh' 

in the barrel and endcap hodo ■cope ■y ■ tem■ i ■ used to determine 

the charaed particle multiplicity. 

The tri11er hodo ■ cope ■, with nine element ■ each, are 

located out ■ ide the mul tipl ici ty 

p ■ eudorapidity interval 3 < ITJI < 4.5. 

• hodo ■ cope cover ins the 

All event ■ were required 

to pa■• the minimum bia■ tri11•r def·tned a■ havin1 at lea■ t one 

hit in both the upstream and down■ tream tri11er hodo ■cope ■, with 

each havins an interaction time con■ i ■ tent with the pp crossing 

time. Hi1h mutiplicity event ■ were enhanced with an online 

trigger processor. The acceptance of event ■ due to trt11er bias 

was studied a■ a funetton of multtplteity and eorreeted with a 

Monte Carlo simulation or the experiment. 

The spectrometer arm conai ■ t ■ of drift chamber ■ and a 

dipole ma;net with a 50 MeV/c tran■ver ■e momentum kick. The 

spec t rome.ter C:.OV,M' • the pseudorapidi ty ranee -0. 36 < 11 < 1, O 

with an azimuthal an;ular acceptance of 18 desr•e•. Particle 

trajectories are mea■ured u ■ in1 ei;ht drift chamber planes 

within the ma;net aperture followed by fourteen drift chamber 

planes behind the masnet. 
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To under ■ tand the effect of bea■-1•• colli ■ ion■ and other 

background proce■••• on the tri11•r. u ■e waa made of machine 

fill ■ wiLh 1u1t.iprut.on bunch•• mi ■■ lns. Ev■nt ■ o'btaln■cl when a 

proton bunch cro■■ ed the interaction reston without the 

corre ■ pondins antiproton bunch were used to ■ tudy the 

characteri ■ tic ■ of beam-1a■ event ■. An algorithm wa■ devi ■ ed to -removo th••• event• and i ■ ol&te trYe pp ooll11ian1 1u1n1 the 

multiplicity hodo■ cope. It wa■ baaed on th• forward-backward 

asymmetry of the hit di ■ tribution and the difference in the 

-timin; ■ tructure between pp and backsround event ■. After 

applyin1 the al1orithm. about 2X of the remainins event ■ are 

irom non pp interaction■. We find no appreciable variation of 

thi ■ backsround with event multiplicity, 

Track■ are reconatructed behind the masn•t, then traced 

throush the masnet and matched with hit ■ in the masnet chambers. 

After reconstruction, a track waa rejected if the momentum was 

leas than 150 MeV/c, or 1 f the ,c2 per decree of freed om was 

greater than three or if the fitted momentum error wa■ sreater 

than 2 Ap (Eq. 1 below). 

A Mont, C•rlo 1im\llation ""' u1•d to 1tudy th• momentum 

resolution, the momentum dependence of the masnetic acceptance 

and pat tern reco;ni tion ef £ iciency. The detector hi ta were 

simulated includins the effect of the po ■ ition reaolution of the 

drift chamber ■• multiple ■ catterin1 and decay■ in flisht. All 

particles were a■■umed to be pion■. The overal 1 acceptance. 

product of the ma1netic aceeptance and the recon■ truction 
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efficiency, varie ■ fro• 83X at p • 150 KeV/c to 95X at 

p • 300 KeV/c. The acceptance ia noru.ltzed to be lOOX at 

p • 1 GeV/c. For the momentum reaolution, we parameterize the 

RMS momentum error by the form 

Ap/p • (ap2 + b~-2)1/2 (1) 

where~• u/c and pi ■ in GeV/c. From the lonte Carlo, we found 

a and bare approximately 0.0018. 

After recon■ truction, track■ not from the 

intera.ction point w•r• aliinh,at.•cl u ■ lu15 vert•x cut ■• The 

ob ■erved interaction vertex ha■ a. Gau■■ ian di ■ tribution alons 

the beam direction with a ■ tandard deviation or 30 cm. Two 

track■ were con■ idered to ~ave ori1inated from a ■ insle 

interaction vertex (i.e. "inter ■ected") if they lay within 2 cm 

of each other at the beam line. Event ■ with two or more 

intersectins spectrometer track■ were accepted only if their 

avera1e vertex at the beam line wa■ within 10 cm or the 

interaction vertex a■ determined by the trigger hodoacope ■. The 

RMS error in the determination of· the vertex po ■ ition u■ in1 the 

tri11er hodo ■ cope ■ i ■ 5 cm. For event ■ in which either a 1in1le 

spectrometer track wa■ ob ■ erved or no inter ■ ection waa found at 

the beam line between multiple track■, only tho•• track■ which 

crossed the beam line axi ■ within 10 cm of the tri11er hodoscope 

vertex were accepted. 

We define N
8 

a■ the number of track■ pa■■ ins the above 

selection criteria. le eatimate that about lOX of the track■ in 

the al 1-track sample le ■■ than 5X in the 
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inter ■ectina-track ••■pl• (N 8 ~2) ar• backsround. Th• ratio of 

accepted po■ itiv• particle ■ to accepted nesative particle ■ for 

pp interaction■ 1 ■ expected to be 1.04 f'ro■ th• Jlonte Carlo 

■ tudy which wa■ u ■ed to calculate th• ■pectrometer ar■ 

acceptance. In the all-track ■ample we ob■erve a ratio of 1.10, 

hence it appear■ that the backsround track■ are predominately 

po■ itive. The ratio f'or th• inter ■ectinc-track ■ample 1• 1.04 

con■ i ■ tent with the Monte Carla re ■ult. 

Since Nh 1• affected by backsround track■ a■ well a■ by the 

effect• of ■aturation due to th• finite number of' element ■ in 

the hodo ■cope ■y ■ tema, it mu■ t be corrected to obtain the true 

char1ed particle multiplicity ffc. A Jlonte Carlo ■odel wa■ u ■ ed 

to obtain Nc over the interval l~I <·3.25. The model produced 

particle ■ uniformly both in azimuth and p■eudorapidtty over the 

acceptance of the multiplicity hodo ■ cope. The effect of 

backsround particle ■ wa■ included by addinc hodo ■ cope hit• equal 

to the ratio of backsround track■ to true track■ a■ ob■ erved in 

the spectrometer arm before vertex cut ■. Thi ■ ratio wa■ found 

to vary linearly with Nh from 0.2 for Nh • 30 to 0.3 for 

The value of N c ■ o determined ha■ an eat ima ted 

uncertainty of~ lOX. 

A ■ a check of the Monte Carlo pro1ram, the averace number 

of observed track■ <N 1 > in the ■pectrometer ••&·function of Nb 

was also calculated, and 1 ■ ■hown in Ft1ure 1 for N8 2 1, as 

well as for N
8 

~ 2. The ■ olid curve■ are obtained from the 

Monte Carlo calculation. The asreement between the calculation 
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and th• data allow• u ■ to pre■■nt our re■ult• •• a function of 

Mc and <dNc/d~) which 1 ■ calculated by divtdins M0 by 6.5 unit ■ 

ot p ■ eudorapidity. 

Fisure 2. 

a function or Nb 1 ■ plotted in 

In Fi,;u_re 3, the acceptance corr ■ctad ■ insle particle 

di ■ t~ibution 1/pt dN/dpt i ■ plottad a■ a function of pt for two 

different multiplicity interval ■, for N
0 

l••• than 45 and N
0 

areater than 110. The pt spectrum i ■ o'b■erved to flatten in the 

hi1her multiplicity interval. 

In F11ure ■ 4 and 5, <pt> 11 plottad 'both a■ a function of 

Nc and <dN
0

/d~> averased over the acceptano• of th• multiplicity 

hodo■cope. In Fisure 4, po■ itiv• and ne1ative track• are 

plotted separately for N• ~ l. Th~ difference in ■hap■ 'between 

the po ■ itive and nesative particle ■ i ■ probably due to the 

excess of back,;round track■ in the po ■ ittve ■ample. Al ■ o 

plotted are the ne,;ative tracks after correctin1 for the 

unobserved particle ■ with pt < 150 XeV/c •• di ■ cu■■ed below. 

For compari ■on, the re1ult1 from UAl mea■urement5 at 

..Ji • 540 GeV are also plotted. Th■ ■hape of- our data 1 ■ 

consistent with UAl data in the multiplicity resion where they 

overlap, 

The contribution from particle ■ with pt l••• than 150 MeV/c 

was calculated by extrapolatins the dN/dp! di ■ tributio~ to 

pt= 0 usin& the form exp(-bpt). Th■ value of b ii obtained by 

f'ittins the distribution from pt • 0.15 C■V/c to 0.50 GeV/c. 

The correction factor wa■ obtained for different multiplicity 
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interval ■ and found to be &l■o■ t con■ tant over the entire 

multiplicity resion. U■ tn1 thi ■ technique, an overall <pt) of 

0.46: 0.01 GeV/c wa• obtained for particle■ with pt le ■■ than 

3.0 GeV/c from the ■ample of minimu■ bia■ event ■. A■■umtnc the 

exponential pt extrapolation 1• correct, the error 1 ■ dominated 

by an e ■ timated effect of back1round track■ in the ■ample. 

In Fisure 5 only tho•• 'event ■ with 1'
8 

~ 2 are plotted 

avera;ed over the momentu■ rans• 0.15 GeV/c < pt < 3.0 

GeV/c. Thi ■ ■ub■et of event• ha■ fewer backsround track■ a• wa• 

di ■ cu ■■ed earlier. Becau■• th• (p.t) di ■ trtbution of po■ itive 

and ne1ative particle ■ are very ■ i■ilar, only their ■um i ■ 

plotted tn the ft1ure. 

A■ ■hown in the ftsur••• (pt>· ri ■e ■ steeply followed by a 

plateau like re1ton. Then there 1 ■ an apparent ■ tep8 at 

<dN
0

/d~> • 15 followed by a 1r•dual ri ■e. 

In summary, we have mea■ured (pt> at ,r. • 1.8 TeV up to 

<dNc/d~> a■ lar1• a■ 32. Thi1 1 ■ about twice that mea■ured in 

previous collider experiment ■. Applytns BJorken' ■ formula9 thia 

c0rre1pond ■ to an ener;y den ■ ity £ • 3.8 GeV/fm3 . The new data 

raise the po ■■ tbi 11 ty of int•re ■ tin1 ■ tructure in the hi;her 

range of <dN
0
/d~>. 

We would like to thank .the admini ■ trative and technical 

staff at Fermilab and our re ■pect1ve untver ■ itie ■ for their 

support of the experiment. Participation of M. Duane-Van in the 

proposal 1 ■ greatly appreciated. Thi ■ work wa■ ■upported in 

part by the United State ■ Dep~rtment of Enersy and th• National 

Science Foundation. 
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FIC1JI.E:CAPTIORB 

Fisure 1: Mumber ot accepted track■ per event in th• 

spectrometer arm a■ £unction of hodo■cop• ■ultipltcity compared 

with Monte Carlo prediction■: for all tracka (11
8

~1) and for all 

inter ■ectins track■ (N• ~ 2). 

Carlo calculation. 

Th• ■olid curve 1 ■ the Monte 

Fisure 2: Nc a■ a function of,Nh ror J~I < 3.25 derived from a 

Monte Carlo calculation. The error bar■ ■Jaown only at a few 

point ■ are the RMS 1pread of the lf
0

(1fh) value ■ for a 1iven 

Nh(Nc)• 

Fipre 3: The normalized: ■ insl• par1:icl• 1/pt dff/dpt 

distribution for two different N
0 

reston■. 

Figure 4: and (dN
0

/d11> for al 1 

positive tracks and all nes•tive track■ averaaed over the 

interval 0.15 GeV/c <pt<3.0 GeV/c. 

negative particles include• unob■erved particle• with 

pt <0.15 GeV/c (see text). La•t few uncorrected data points are 

omitted for clarity. The UAl data5 i ■ from ,r. • 540 GeV/c. 

Fipre 5: <pt) as a function of N
0 

and <dN0 /d~> for all charged 

particles with N
9 

~ 2, averag•d over the interval 0,15 GeV/c 

<pt< 3.0 GeV/c. 
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