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THE BEAM -TAGGING SYSTEM F OR THE 30 - INCH BUBBLE CHAMBER 

With the decision made in late 19 70 to relocate the MURA I ANL 30-inch 

hydroge n bubble chamher at Fermilab, final consideration toward the design 

and construction of a ha::lron be am was undertaken by members of the Neutrino 

Department, in part ic ular, by J. L ach and S. Pruss. It was then dec ided that 

an ide ntified (tagged) charged-particle beam be set up rather than an enriched 

particle beam. The de s ign, construction, and implementation of the equipment 

needed to tag beam particles , incorporating a Cerenkov s ignal pr ovided by the 

Laboratory, was contracted to the Proportional Hybrid Syst e m Consortium, 

which had submitted a proposal ( # 154 ) to construct multi wire proportional 

chambers boch upstream and downstrecim of the 30 -inch chamber. 

Their proposal was to study higf!-energy interactions by. simultaneously 

detecthg fa s t-forwar d particles in the downstream proportional chambers and 

:tower -eneq~y particles ':.n the bubble chamber . The system upstream to the 

chamber. which can be used inde pendently of the downstream sys t em , was 

designed to provide accurate angular and po s itional measun·ment s of the 

incident beam particles . Thus, by matching the trajectories of the incide nt 

beam particles r esolved by the tagging proportior;al chambers with those 

measured in the bubble chamber, one can identify the nature of the part icle 

along with identification by t he corresponding Cerenkov s ignal. This i s 

known a s tagging the trajectory and type of each incident beam part icle. 

The tagg ing t elescope consists of three chamber stations, each having 

three detector planes oriented with t he ir wire directions set at 12. 0 ° relative 

2 
to each othe r . The active areas of the planes are 100 cm , with 48 wires on 
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F igure 1. Schematic of the section of the N - 3 be a m line , including th e 
tagg ing system for the 30-inch b ubb l e ch am ber . Beam e n closure 10 6 (ENC 
106) conta ins the Fer mil ab Cerenkov· cou n ter . The M s t a tion, con s i s t ing of a 
singl e p l an e fo r momentum de termination , is l ocat ed in beam e nclosure 11 0 
(ENC 11 0). P roportion al wire ch ambe r s ar e locat ed in beam enclosure 114 
( P WC1 ), and 50 feet ( PWC2) and 6 fee t ( PWC3 ) before t he chambe r. PWCZ 
a nd 3 consist of t riple p lan es . The a pp roximat e Z coor dina t es (in feet ) are 
a l so shown ( Z = 100, 000 ft i s at the beam extraction po int in the T ran sfe r Ha ll ). 

an interwire spacing of 1.95 mm . The firs t of these s t a t ion s i s locat e d in 

Enclosure 114 along the be a m l ine t o the ch amber . This s t ation has the sense 

wires in one of its three pla ne s o r i ent e d verti co.lly t o allow for a di rect read -

out of the horizontal profil e of t h e beam image. The second and third stat ions, 

l ocated approximat e l y 50 feet and 6 fe et from t he bubb l e ch a mber , r espective ly, 

both h ave plane s with sense wires o r i ented horizontally for d i rect readout of 

the v e rtical profile . 

A schematic diagram of t h e t agg ing system is shown i n F igur e 1 . In 

order to r eject electri cal noise , the signa l pulse from each sen se wire in the 

system is dis c r iminated and ampli fi e d in the immediate l ocality of the plan es, 

and transmitted as a digital s ign al. All s igna l s are brought into an area n ear 

station 2 , t h rough as m u ch a s 2 00 meter s of cable, and a c oinciden ce from 

.. 
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scintillators 8
1 

and 8
2 

is used to cietermine a timing gate . The sign al s from 

• 
the two Cerenkov channels are treated as if they originated from p1·oportional 

.. chamber sense wires and are also added into the l ocal memory. Every sense wire .. 
in the system and each pseudo-wire used as a tag signal has its own 16- bit 

local memory word, which allows storage of time-correlated information for 

1. 6 incident beam particles at a r a te o± approxirr. a t ely 8 MHz . At the end of a 

bubble - chamber spill, the local memory is read out into a PDP - 9 computer 

located on the mezzanine of Lab A. Data acc_uired in this manner are sorted 

for adding to the profile histograms, and are then written out on magnetic 

tape in Fo :'.'tran - compatibl e format for late r analysis by the bubble chamber 

experimenters. Another feature of the tagging system which i s i;seful for 

be am tuning is its capability to display, in real - time, histograms of the beam 

profile at the l ast beam - line component and at the entrance to the bubble 

chamber. 

Momentum tagging is also possible , since station M, which consists of 

20 vertical wires, is located at a horizontal focus. At this point, the spatial 

dispersion of each beam particle is relat ed to its momentum. Thus, by 

identifying the position of th e p article at this location , one can obtain it s 

moment um. 

The difference in angle of the particles entering the bubble c hamber, as 

measured by the t agging .:;ystem and from the bubble-chamber photographs is 

shown in Figure 2. Figure 2(a) correspond s to ang le s in the plane perpendi-

cular to the camer a optic axes, while Figure 2(b) corresponds to angl es in 

the plane p a ra.ll el to the optic axes . The smooth cur ves display th e spread 
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F igure 2. Distribution of track tr a jectory slopes as measured by both 
bubble chamber and tagg ing syst em ( a ) in the pla ne perpendicular t o the bubble 
chamber camera optic axe s , and (b) in the plane p a rallel to the bubble c ham ber 
optic axes . The smooth curve represents the distribution of the slope as 
measu red by the tagging system alone. 

of a typical measurement due to the t agg ing syst e m a lone; the broade r distri -

bution is due to the meas ureme nt s on the film. The diffe rence in track posi-

tions as measured by the t agg ing system and the bubble chamber in the plane 
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Difference in Track Coordinates( mm) 

Figure 3. Distribut ion of the difference in track coordinates as m easured 
by bubbl e chamber and tagg ing system (a) in the plan e perpendicular to the 
b ubble chamber opt ic axes and (b) in the pl ane paralle l to the optic axes . 
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perpendicular t o th e optic axes is shown in F igure 3( a ); that in the p l ane 

paralle l t o the optic axes is shown in Figure 3(b). In both c ases, beam posi -

tion and angle as m easured by th e tagging system i s many times m ore pr ec i se 

than can be obtained from bubble-chamber photographs alone . 

This tagging s y stem has been in ope ration sin ce the fall of 19 72 , a nd 

tagging for all positively ch arged pion s has been a standard chore for it. 

More recently, a muon tel escope has been a dded behind the 30-inch bubble 

chamber building, allowing for t rack- by-track m uon tagging . This i s useful 

for directly determin ing the m uon beam contamination at the bubble ch amber . 

R eported by R. Yamamoto 
Massachusett s Institute of T echnology 

The Proportional Hybrid System Consortium which built the multiwire propor 
tional chamber syst e m consist s of m embers from the following institutions: 
Brown University, Fermi National Accelerator Laboratory, Illinois Instit ute 
of Technology, University of Ill inois, Indiana University, Johns Hopkins 
University, Mas sachusetts Inst itute o f Technology, Rutger s Unive r s ity -
Stevens Institute, Uni versity of T ennessee - Oak Ridge National Labor atory, 
and Yale University. The Cerenkov counte r was designed a nd implemented 
by S. P r uss. 
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DETE CTOR DEVELOPMENT AT FERMILAB 

The Detector Development group within the Research Services Depart -

ment is invol ved with the research and development of particle detectors at 

Fermilab. The group has devel op ed h igh resolution p roportional chambers, 

drift chambers, and cryogen ic chambers, as we ll as conducted r esearch on 

gas mixtures for such chambers. 

In the following pages, we briefly dis cuss some of the most recent 

accomplishments which have been s ignificant advances in detector technol ogy. 

A P ortable Beam Diagnostic System for Secondary Beam Lines 

We recognized at an early date that a s imple system of proportional 

wire c hambers would be exceeding ly useful in the initial tuning of some of the 

beam lines. Hence , a portable data acquisition and di s play system was built 

to diagnose the beam characteristics in secondary beams at F ermilab . It 

provides for beam position and trajectory monitoring on a pulse - by-pulse 

basis. This is accomplished with two orthogonal pairs of multiwire propor -

tional chambers which are synchronized to provide pulses in coincidence from 

two locations separated by 30 meters . T he beam di agnostic system consists 

of proportional chambers, r eadout electronics, and a small PDP-1 1 /2 O com-

puter. The chambers used on the diagnostic system are of a standard F ermilab 

design, as shown in F igure 1 . The specifications are as follows: 

Wire spacing 
Number of wires per chamber 
Active area 
Gap 

Wire 
Chamber gas mixture 
Coincidence gate 

1 mm 
48 
10 - cm diamet er ( 4.8 cm used) 
3 mm on each side of the 
s ignal plan e 
0 . 0005 - in. gold - p l a t ed tungsten 
80% argon, 20% carbon dioxide 
40 n sec 



ALUMINUM 
SHIELDING BOX 

PC - BOARD 

- 8-

NEGATIVE ELECTRODES 
(ALUMINUM) 

G·10 SPACERS 

ALUMINUM 
i=Qtl 

W-WIRE 101-' Au PLATED 
(1MM SPACED) 

-J_'_" i-
SCALE 

Figure 1. Diagram of the chambers used in the Fermilab beam diag
nostic system. 

The computer program displays a histogram of events for each chamber, 

an X - Y scatterpl ot from each pair of chambers, and r ecords the data on 

magnetic DEC tape . Histograms of the vertical and horizontal profiles of the 

M6 high - re solution beam in the Me son Area are shown in Figure 2. Instan

taneous beam intensitie s reached 10
6 

particles per second during pulses. 

The scattergram distributions and phase - space distributions are shown in 

Figure 3. SCATTR 1 and 2 are cross sections of the beam ( X, Y) at the two 

l ocations, and SCATTR 3 and 4 are the phase - space clistributions in the hori-

zontal and vertical directions. From this information it is possible to deter -

mine the approximate position of a focal point in the beam . The entire system 

i s portable and available to users for beam tuning and for determining the 

parameters for other charged par ticle beams in the Laboratory. 
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Figure 2 . Histograms of the vertical and horizontal profiles of the M6 
high- resolution beam in the Meson Area . 

A Parallel Foil Drift Chamber and a New Gas Mixture 

It has been reported in various pa.pers that positions of charged particle 

tracks can be determined quite precisely by measuring the drift time of 

primary el ectrons produced by a charged particle as it passes through the 

detector. 

The Detector Development Group has designed a new drift chamber wit h 

thin parallel foils positioned between alternate signal wires with the plane of 

each foil perpendicular to the s ignal wire pla ne. A prototype chamber was 

built to demonstrate that increasingly uniform drift velocities and consequently 
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Figure 3. Scattergr am distrib utions and p has e - space di s t ribution s of 
the M6 high-resolution beam in the Meson Area. 

high- spatial resolutions can be attained. A perspe ctive view of the p a rallel 

2 
foil drift chamber with three cells covering an active area 15 >< 6 cm is 

shown in Figure 4. The cell s are covered with aluminized kapton sheets to 

isolate the active area from the rest of the detector enclosure. A voltage of 

- 2600 was applied to the aluminum foils with the s ignal wires at ground . 
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F igure 4 . Persp e ctive v iew of t h e p arall e l fo i l d rift ch amber . 
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Fig u r e 5 . Field shaping wires wh i ch produce the equipot e ntial surfaces. 

The field-shaping wires indicat ed in Fig ure 5 produce the equipotentia l 

surface s which were calculated from the voltage e leme nts of the ch amber. 

The con centric equipotentials reduce ambiquities cau sed by large - angl e 

t r ajectorie s and at the same time e liminat e de3.d region s where e le ctrons can 

become t r apped. 

During t e sts the position of a trac k can b e read d i rectly from the drift-

tim e spectrum . Results s how th at the electron drift ve loc ities decrease wlien 

meth a ne gas is added t o argon while acet yl e ne has the opposite effe ct . Thus , 

combining the three gases (70% argo n, 22 % acetyle n e, 8% methane) produces 

... 
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Figure 6. Dr ift dist an ce to time linear it y in th e c hamber p roduced by 
com bin ing argon , acet ylene, and meth an e . 

d r ift-dist anc e - to - t ime linearity in the cham be r as s e en in Figure 6. Al so 

shown in the figure is a spect rum t aken from t he m ultichannel an alyz er indi -

e ating the num be r of events as a function of time. Dr ift vel ocity. vD, c an be 

computed from : 

where dN /dt i s the numbe r of ev ents in the time interva l dt , and dN /dx i s the 

flux . 
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In the next generation of parallel foil drift chambers, we plan t o replace 

the foils with r esistive foils to determine the position of the parti cle tracks 

normal to the el ectron drift coordinat e simultaneousl y b y recording the R C 

rise time related to the localization of th e induced pul ses. T his will eliminate 

multitrack ambiguitie s with two dimensional - dependent coo rdinate measure

ments of the track positions. 

Reported by M. At ac 

.. 
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SOME COMMENTS ON THE RECENT PAC MEETING 

The Program Advisory Committee me t in Aspen, Color ado, during the 

week of June 17 to review research completed and in progress at Fermilab 

and to consider plans and proposals for future expe riments and facilities. 

Although the lure of the mountains was great, this year's meeting was one of 

the busiest in the history of the PAC, and sessions continued until late each 

day. 

The steadily improving operation of the accelerator and the beam extrac 

tion and transport systems has brought a dramatic increase in the rate of 

progress on approved experim ents. This, coupled with interesting glimpses 

of new physics, has stimulated a surge in the submission of proposals - - about 

ninety new ones have been received since the 1973 summer meeting. Recom

mendations were made on nearly sixty proposals. About 25% of them were 

approved, another 25% were rejected, and the remainder were deferred for 

consideration pending completion of other experiments or discussions at work 

shops and meetings scheduled for the coming year. 

The Committee considered, in some depth, the progress in and possi

bilities for neutrino and muon physics experiments at Fermilab. The strong 

feeling was expressed that unusual and important opportunities exist for new 

and independent thinking in both these fields. The Committee recognized, 

however, that there is a potential problem arising from the almost unavoidable 

inertia resulting from the rather large size of the facilities and equipment 

required, and from the deep involvement of a rather limited number of 

physicists. A number of proposals have been submitted for work in these 

beams, and they will be considered during the coming year. 
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The Committee strongly supported the establishment of a high intensity, 

high energy, secondary h adron beam to be located in the Proton West Area. 

Such a facility might accommodate possible extensions of the types of experi

ments in progress in the Meson Area . 

The Committee also noted that there is a relatively small backlog of 

experiments proposed for the Me son Are a neutral beams, M3 and M4. They 

suggested that the Laboratory explore the pos sibility of increas ing the effective 

use of these beams, and recommended, as one possibility, that the Laboratory 

study the feasibility of changing the present beam line configurations to provide 

an additional charged beam in the Meson Area. 

Perhaps the most striking new area of interest, judging from proposals 

re cently received, is relat ed to the ob s ervation of apparent direct muon pro

duction at relatively large transverse momenta. A numLer of experiments 

have been proposed to explore the possibility that these muons may b e pro 

duced in pairs. Such proposals will be c onsidered at a Di-Lepton Workshop, 

s ch eduled for September 13. 

On Octobe r 25, a workshop will b e held for the presentation and dis

cussion of proposals for s e cond-generat ion use of the single-arm spectromete r 

fa c ility in the Me s on Area. 

On November 4 , a PAC Subcommittee will meet to conside r proposals 

fo r the use of both the 30-inch and 15-foot bubble chambers. We assume that 

the engineering run involving a hadron bombardment in the 15-foot chamber 

will be com pleted by the n, and hadron proposals for the 15-foot chamber will 

then be considered. In addition, by that time the initial results from physics 

.. 
• 
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runs in progres s using each of the two hybrid systems associated with th e 

30 - inch chamber will be availabl e . The effectiveness of these syst ems will 

be considered_. and fo llow - on exper iment s whi ch have been proposed for them 

will be di scussed and recommend ations formul ated. A number of m i scellaneous 

proposals for the use of the 30 -inch chamber will al so be d i s cussed at th e 

November '1 meeting. It is doubtful, hciwcver . that any further de::: i s ions will 

be made concerning deferred or unconsidered proposal s for neutrino phys ics 

in the 15 - foot ch amber. The program approved for the Neutrino Area i s s till 

imposing , and fur ther PAC action does not appear to be warranted at this 

time . 

The recommend a tion s formulated in the workshops and meetings just 

described will be presented t o th e full PAC at a meeting schedul ed for 

November 14. The s pring meeting of the full committee has been 3chedul ed 

for March 20 .. a nd the 19 75 ext e nded s ummer meeting has been t entativel y 

scheduled to begin on June 2 1 . 

Although thi s year ' s sur.:imer meeting was very productive, the Committee 

felt strongly that their deliberations were severely handicapped by the l arge 

volume of n ew mater ial which was s ubmitted in the final weeks before the 

meeting . As a result, we h ave decided to establish deadlines for the sub 

mission uf mater ial to be con sidered at future meetings of the Prog~am 

Advisory Committee. Ec;.ch deadline will precede b y a bout one month the 

meeting at which the material in question wil~ b e dis cussed. In order to 

g uarantee that a proposal receive fu ll con sideration a t a given meeting, it 

must be recciv~d prior t o the deadline set for that meeting . For the coming 

year the fo llowing deadlines have b e en set: 



Deadline 

August 13, 1974 

September 25, 197 4 

October 4, 1974 

October 14, 1974 

February 20, 1975 

May 21, 1975 

-18-

Material Under Discussion 

Any material to be considered at the 
Di-Lepton Workshop on September 1 3, 
1974. 

Any material to be considered at the 
Single - Arm Spect rometer Workshop 
on October 25, 1974. 

Any material t o be considered by the 
Bubble Chamber Subcommittee at its 
meeting on November 4, 1974. 

Any material to be considered by the 
Program Advisory Committee at its 
fall meeting on November 14 and 15, 
1974 . 

Any material to be con sidered by the 
Program Advisory Committee at its 
spring meeting on March 20 and 21 , 
1975. 

Any material to be considered by th e 
Program Advisory Committee at its 
extended summer meet ing, scheduled 
to begin on June 21, 1975. 

It is also our current expectation that at its spring meeting the PAC will 

consider proposals for second-generation experiments using the multiparticle 

spectrometer which is being installed and developed in the M6 beam line in 

the Meson Area . Changes and additions to the proposed meeting schedule will 

be announced in NALREP. 

Reported by E . L. Goldwasser 

• 
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NOT ES AND AN OUNCEMENTS 

WORKSHOP ON DI-LEPTON PRODUCTION SCHEDULED . . . 

A o ne - day workshop will be he l d on Se ptemb e r 13 , 1974 to discu ss 

experim ental proposals for s tudy ing d i-lepton production a t Fe r milab . 

Representative s of groups h aving proposals on this t opic and a ny oth e r 

interest ed p erson s are invited to participat e in the workshop. In keeping 

with the new Ferm ilab policy of establishing deadlines for the submi s sion of 

written mat erials p rior to P A C or PAC s ub committee meetings (see page 17, 

this issue ), the de a dline for the submiss ion of written materials to be con

s idered at this meeting i s August 13, 1974. 

The pur pose s of the workshop a re to define as c learly as poss ible the 

physics object ives of the di -lepton experim ents, to d elineate what can be d one 

a t Fermilab, and to explore how well the experiments proposed meet these 

ob jectives . The meeting will begin with a discussion of the theoretical and 

exp e rimental background leading to interest in studying d i-lepton production. 

R epr esentatives of e ach group whic h has s ubmitte d a p r oposal will then be 

inv ited to p r e sent th e ir ide a s (approx imatel y one - h a lf hour each). There will 

be a pan el composed of som e PAC members probably augmented by additional 

person s knowle dgeable in thi s area of inte re st. T he panel members will 

formulate recommendations for presentation t o t h e P rogram Advisory 

C ommittee at their fall mee ting , November 14 and 15. 

The p roposals that have been submitted to the Laboratory r e c e nt ly are : 



Proposal 

Di-1\iluon # 308 

Di-Mu on ii 322 

Di-Mi:on # 323 

Di-Muon # 32~ 

Di -Mu on f3 26 
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Institution 

University of Chicago 
Harvard Univers ity 

University of Chicago 
Harvard University 
Univers ity of Wisconsin 

Univers ity of Chi cago 
Har var d Univers ity 

University of Chicago 
P rin ceton Univ ersity 

Univers ity of Chicago 
Princeton Univers ity 

Spokesman 

J. Pilcher 

P. Wanderer 

J. Pilcher 

J . Cronin 

P . Piroue 

F inal arrangements for the workshop will b e announced in the August 

issue of NALREP. 

MORE ON-SITE HOUSING COMPL ETED. 

By the end o f July , the Laboratory will have doubled the numb er of on-

site housing accommodations a vailable for visiting experimenters and their 

families. The former AEC Offi.ce a t 2 Shabbona has b een r e novated into a 

19 -room dormitory known as Dorm # 2 , a n d th e former Personnel and 

Employmf'!nt Office at 21 Sauk has been renovated into a 10 -room dormitory 

kn own as Dorm # 3. Both these residences have common l ounge areas. In 

addition , 3 of the farmhouses in Sauk Circle are be ing renovat ed to provide 

6 more two - bedroom apart me nts . 

There are now 89 housing units on - s ite. These include 57 dormitory 

r ooms in A spe n East , The Pad , Dorm fl 2, and Dorm # 3; 9 two-bedroom 

apart ments and 1 three -bedroom apartment , and 22 three-bedroom houses. 

All are fully furnished, an d linens ar e provided . 

.. 
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Visiting experimenters who will be working at Fermilab for nine months 

or less, a nd who wish t o live on site, should contact the Housing Office, Ext . 

3560, for more information. As a general rule, those planning to be at the 

L aborator y for more than nine months to a year are asked to locate housing 

o ff-s ite. The Housing Office will assist in finding suitable accommodat ions. 

TAXI SERVICE STARTED . . . 

Beginning Monday , J uly 22, taxi service will be available , on a t r i a l 

basis , for official on-site travel between the hours o f 8 :00 a n d 11 :0 0 a. m. 

and 1 :30 and 5 :00 p. m. on weekdays. The regular bus service will be in 

operation during the lunc h period . 

Pick-up and delivery points will be th e m ain entrances to buildings. 

Pick -up will u sually be made within 10 m inutes after the Dispat cher has 

r eceived the r equest. However , drivers m ay only wait for a passenger for 

3 minutes - -beyond that time , the request should be rep eated . 

T o arrange for service, call the Dispatcher on Ext . 3831. 

APPOINTMENTS .. . 

James E. Finks, Jr. , has been appointed Business Manager of 

Fermilab, effective immediately. He replaces James R . Campbell, who has 

a ccepted the p osition of Vice President of Queens College, New York. Finks, 

who joined the Laboratory staff as Assistant Director fo r Business Adminis -

tration in July 1973, came to Illinois from Charlottesville, Virgini a , where 

he was with the National Radio Astronomy Observatory. He holds the 

Bachel or o f Electrical Engineering de gree fr om the University of Virginia. 
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FACILITY UTILIZATION SUMMARY - JUNE 1974 

T he 300 -GeV exper imental resear c h pro gram whic h began on May 25 

in t he Neutrin o, Proton, and Inter nal Target Areas continued during early 

June . Activities in the Mes on Area were resumed on June 10. Approxi-

m a t e ly 510 h ou r s o f beam we r e sch eduled for high -ener gy physics resear ch 

dur in g the m onth, o f wh ich 39 5 were us e ful. T his is an e ffic iency of over 

77% . The accelera tor ope rated w ell a t 30 0 GeV . A rec ord peak intensity of 

1 3 
1 . 2x10 pr otons pe r puls e wa s ach ie ved on J une 25; average operati on 

during the period was a t the level o f 0.7 to 0.8 x 10
13 

protons per pulse. On 

June 27, pr eparations b e gan for a t wo-week perio d of 400 - GeV operation for 

e xperiment s in the P rot on , Neutrino, a nd Internal Target Areas. Accel-

erator tuning wa s s till in p r ogress at t he month ' s end . 

It shoul d be noted that over 12 ,000 pe ople attended a Laboratory Open 

House t he a ft e rnoon o f June 23. The a ccelerator was placed in standby wit h 

the b eam off for a n 8 -hour period t hat day, to enable vis it ors t o see the beam 

tunnels and some exper imental areas. 

A numb er o f e xpe r imental groups took data during June. In Proton 

Center, L epton # 70 com pl eted their electron and positron da ta runs at 67 

m rad . In P rot on East , Phot oproduction # 87A experienced considerable dif-

ficulty wit h both the 35 - and 70 - ft sections o f t heir deuterium absorber. They 

did m a n a ge some r unning with the shorte r se ction, and measured n ei.:tron 

attenuations. They als o obt a ined data on t he neutron and photon spe ctra in 

t heir neutral beam . 

• 
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In t he Neutrino Area, Muon #98 received approximately 190 beam hour s , 

of which they used ab out 1 60 t o take sca ttering da ta wit h liquid deuterium in 

t heir target. The b eam splitting station was reinstalled and m a de opera tional 

during the first we e k in June . Sp l itt in g of the slow-s pilled beam into t he by

pa ss e nabled the r u nning of Neu trino# 21A ca l orimeter t ests , N -3 a nd N - 5 

hadr on beam tes ts, calibration o f the Detector Development # 34 ion ization 

spectr ometer, and some set -up work by Quark Search #29 7, all in parallel 

with t he opera t i on for Muon# 98 . In addition, beam ''pinged " into the bypass 

beam wa s used by Neutrino # 1A for calorimeter cal ibra tion work and at the 

1 5-foot bubble chamber for test r un pictures with hadrons. A s hort period of 

fas t -spill oper ation was also set up t o take test pictures a t the 1 5 - foo t cham -

b er, a n d to c heck E xter nal Muon Identi fication #1 55 under neutrino running 

conditions . At the 30 -inch bubbl e chamber , 5 2,000 p i ctur es were taken for 

Experiment # 1 63A, a fter whi c h 50,600 pictures were taken for Experiment 

#161. 

T he Mes on Area was in operation for physics res e ar ch for slightly over 

t wo weeks during June. Fiv e experimenta l groups took data dur ing this 

p eriod, including Elastic Scatterin g # 7, Monopol e # 22, Multiplic ities # 1 78, 

N eutr on Dissociation #305, a nd Beam Dump #108. Elastic Scatter ing #69A 

made u s e o f available b eam for apparatus s etup and proport ional chamb er 

t ests. T wo groups, Det ector Development # 229 and Detec t or Development 

# 261 used b eam downs tr eam of the Elastic Scatt erin g# 7 apparatus . 

The fac ili ty u tilization for the month of Jun e is summar ized a s follows : 
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I. Summary o f Accelerator Operations 

A. Accelerator use for physics r esearch 

Acc el erator physics researc h 
High energy physics research 
Research dur ing other use 

B. Other activit ies 

Subtotal 

Hours 

5 4 
395 

~ 

A ccelerator s etup and tuning to experimental areas 11 
Schedul ed interruption 61 
Unscheduled interruption 1 9 1 

Subt otal 
C. Unmanned time 

Total 

449 

263 
8* 

720 

II. Summaries of High Energy Physics Research Use 

# of E xp t s . Hours 

A. Counter exper iments 14 

B . Bubbl e chamb er experiments 3 

c. Emulsion experiments 0 

D .. Special target experiments 1 

E. Test experiments 3 

F. Engineering studies and tests 4 

G. Other beam use 

25 

III. Number of P rotons A ccelerated and Delivered 

* 

A. Beam accelerated in m ain rin g 

B. Beam delivered to exper imenta l areas 

Meson Ar ea 
N eutrino Area 

Main beam 
Bubbl e chamber beam (es timated) 

Proton Area 

Fermilab Open House 

1884 

11 0 

1 

345 

84 

12 6 

25 50 

Total 

1 .0 3X 1 0
1 7 

9 .45 X10
1 7 

0.05 x1o
17 

1 .01 X10
17 

T ot a l 

Results 

1884 hours 

1 02 ,58 3 pictures 

1 hour 

345 hours 

84 h ours 

126 hours 

Protons 

1 3.1o x 1017 

11 . 54X1017 

.. 

• 
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MANUSCRIPTS SUBMITTED FOR PUBLICATION 
DURING MAY AND JUNE 1974 

F'. T. Dao e t al. 
NAL-Pub - 74 /37-EXP 
(Experiment 37) 

F . T . Dao e t al. 
NAL-Pub-74/ 45-EXP 
(E xperiment 37) 

D . C. Car ey et al. 
NAL -Pub - 74/ 48 -EXP 
(Exp eriment 63) 

D . C . Carey et al. 
NAL-Pub-7 4 / 49 -THY /EXP 
(Experiment 63) 

H. Chen g et al. 
NAL-Pub -7 4/52-THY /EXP 

B. Aubert et al. 
(Experiment 1A) 

J. W . Cronin et al . 
(Experiment 100) 

J. W. Cronin et al. 
(Experiment 100) 

P. K . Malh otra et al. 
(Experim ent 10 5) 

P. L. Jain et a l. 
(Experiment 114) 

E. L. Berger et al. 
(Experiment 125) 

Experimental Physic s 

pp Interactions at 300 GeV I c : Measurement 
of the Charged Multiplicity , T otal and 
Elastic Cross Sections (Submitted to 
Phys i cal Review ) 

Eviden ce for a New Scaling Behavior in 
High Ener gy Colli sions (Submitted to P hys. 
Rev. Letter s) 

Inclusive rr 
0 

Production in pp Collisions at 
NAL (Sub m itted to Phys. Rev. Letters) 

A Unified Descripti on o f Single -P article 
Produ ction in pp Collisions (Submitted t o 
Phys. Rev. Lette rs) 

+ 
Impact P ictur e Predictions for K p 
Scatte r ing at NAL (Submitted t o Phys. Rev . 
Letters) 

Measurement of Rates for Muonless Deep 
Inelastic Neutr ino and Antineutrino Inter -
a cti ons (Submitted t o Phys. Rev. Letters) 

Observation of Large Transverse Momentum 
Muons Di rec tly Produced by 300-GeV 
Protons (Submitted to Phys. Rev . Letters ) 

Searc h for Massive Penetratin g Particl es 
Produ c ed by 300 -GeV Protons (Subm i tted 
t o Phys . Rev. Letter s) 

Multipl icity in P roton -Nucleus Interactions 
at 20 0 GeV/ c 

+ 
Study of Inclus ive Reactions of rr + p 
..... X + Anything (X = rr 0 , rr+ ) Near 1 GeV 
(Sub m itt ed t o Nuovo Cimento Letters) 

Multiplicity Cros s Sections for 100 GeV / c 
rr -p Interactions (Submitted to Nu cl. P hys. ) 



M. I. Tretya kova et al. 
(Experiment 1 83) 

M . I. T r etyakova et al. 
( Experim ent 1 8 3) 

M. I. Tretyakova et al. 
(Experiment 1 83 ) 

M. I. Tretyakova et al. 
(Experiment 183 ) 

M. K. Gaillard and 
B. W. Lee 
NAL-Pub - 74/21 -THY 

H. D. I. Abarbanel 
NA L-Pub-74 /24 - THY 

H. P . Paar and 
E. A. Paschos 
NAL -Pub - 74/29-THY 

B. W. L ee a nd 
W. I. Weisberger 
NAL-Pub - 74/32-THY 

H. D. I. Abarbanel and 
R. L. Sugar 
NAL -Pub-74/33-THY 

M. K. Gaillard and 
B. W. Lee 
NAL -Pub -74/34-THY 
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The Multiplic ity in Fragmentation and 
Pionisation Regions in pp Interactions at 
200 Ge V / c (Submitted t o the X VII Inter -
national Conference on High Energy Physics , 
L on don, July 1-1 0 , 1974 ) 

Coherent P roduction of Particles by Protons 
at 200 GeV/c on Emulsion Nu clei (Submitted 
t o th e XVII Int ernational Conference on 
High Energy Physics, London, July 1-10, 
1974) 

Distributions of Rapidity Intervals, Jet 
Ranges, and Maximum Rapidity Gaps in 
Proton -Proton Interactions at 200 GeV I c 
(Submitted to the XVII International 
Conference on High Energy Physics, London, 
July 1-10 , 1974) 

P roton-Nucl eus Interactions at 200 GeV I c 
(Submitted to the XVII International 
Conferen ce on High E nergy Phys i cs, London , 
July 1 -10, 1974) 

T he oretical Physics 

Rare Decay Modes of the K-Mesons in 
Gauge Theories (Submitted t o Physical 
Review) 

Spontaneous Symmetry Breaking in Reggeon 
Fiel d Theory (Submitted to Phys . LettersB) 

L ept on Pair Producti on in Hadron -Hadron 
C ollisions (Submitted to Phys ical Review) 

Asymptoti c Symmetry (Submitted t o 
Physical Review) 

S econdary Traj ectories in Reggeon F ield 
T heor ies (Submitted t o Physical R e view) 

6I = 1I2 Rule for Nonleptoni c Decays in 
A symptotically Free Field Theories 
(Subm itted to Phys. R ev . Letters) 



M. B. Einhorn and R . Savit 
NAL -Pub-74/ 35 -THY 

H . D . I. Abarbanel e t al. 
NAL -Pub-·14/ 36-THY 

H. D. I. .Abarbanel 
NAL - Conf · 74/ 40-THY 

R. Savit c.nd lVI . B. E inhorn 
NAL -Pub -74/ 41-THY 

H. D . I. Abarbanel 
NAL-Pub--14/ 42-THY 

NI. K. Gaillard 
NAL -Conf -7 '-~ / 43 -THY 

S . A . Jackson 
NAL-Pub-74 / 46 -THY 

F . Henyey and R . Savit 
NA L -Pub-74 / 47-THY 
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Rigor ous Bounds on Massive Lept on P air 
Production a nd T ests of ,:Par ton Model s 
(Submitted to Physical Rev iew) 

The Pomeranchuk Singularity in a Clas s of 
Reggeon Fiel d Theories Suggested by Direct 
Channel Unitarity (Submitted to Phys ica.l R eview) 

Theories of Diffrac tion Phenomena: A T our 
for Beginners and Others (Invited le ctu re 
prepared for the Vth International Sy m pos ium 
on Many Particle Hadrodynam i cs, Leip zig, 
Jun e 4-1 0 , 1974) 

Upper Bounds on Massive Lepton Pair 
Producti on , pN ~ P.+P. -X, in the Quark 
Part on M odel (Subm itted to Phys . Rev . 
Lette rs) 

Self-Consistent Pomeranchuk Singularities 
in Reggeon F iel d Theories (Sub:nitted to 
Phys. Rev. Letters) 

Notes on Charmed Particl e Sear c he s in 
Neutr ino Experiments (Tal k presented at 
the IVth International Conferen ce on Neu 
trino Phys i cs and Astrophysics , Philadelphia , 
April 26 -28, 19 74 ) 

Angula r Momentum Analysis of a Composite 
Part icl e Scattering Problem a nd Its Cross 
Channel A nalog (Submitted to Anna ls of 
Physics) 

Final State Interactions in the P a r ton Model 
and Massive Lepton Pair Production 
(Submitted t o Phys . L et ters) 




