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T HE COVER: The fir st event believed to be a neutrino interaction observed 
in the Fermilab 15-foot hydrogen- filled bubble chamber with the horn
focused n eutrino beam operating . A possible interpretation is v + p -+ 3 
charg ed tracks + y + y + v 0

, where the two gamma rays convert to electron
positron pairs . The other tracks visible in the photograph are from cosmic 
rays . The magnetic field in the chamber was 18 kG . 
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THE FERMILAB NEUTRINO HORN BEAM 

On July 29, 1974, the first neutrino interaction was recorded in the 15-

foot bubble chamber with the Fermilab horn-focused neutrino beam operating. 

This marked the successful operation of the first phase of the horn-focus ed 

beam for neutrinos . Over the past four years many groups at the Labora tory 

have contributed to the design and constr uction of this system . Herein are 

presented the c onc epts of the syste m and its development. 

Neut rino bea ms at high energy a ccelerators originate fr om the two -body 

decay in flight of intense beams of 1T and k mesons. Since the angle s of the 

neutrin os from meson decays are in general smaller than the production a ngles 

of the mesons at the targe t, the n eutrino flux passing through a fir.ite--sized 

detector is enhan ced by focusing the m esons toward the detector before they 

decay. The elements of a neutrino beam, there fore, consist of a high inten

sity proton beam, a meson production target, a meson focusin g region, a 

m eson decay r egion , an absorber t o range out the muons which are the other 

m es on produ ct, and experimental dete ctor regions . The Fermilab beam is 

shown schematically on the following page. 

F or :nany neutrino experiments, partici:.larly in their early exploratory 

phase, a n eutrino beam with the highest p ossible intensity over the widest 

possible neutrino energy range is required. Focusing s ystems c omp os ed of 

d ipole and quadrupole magnets can efficiently focus a beam of particles from 

a t arget into a parallel beam for only a small range of momenta of the pro

duced mesons. However, in 19 62 S. van der Meer , working at CE RN, 

realized t hat a new type of focusing system--the horn--could focus a beam of 
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Schematic layout of the Fermilab neutrino beam. 

particles from a t a rget into a parallel beam with an extremely large mom en -

tum range, producing many more neutrinos. Neutrino flux enhancements of 

at l east an order of magnitude r:oul d be obtained easily from the new system . 

The Fer milab h orn system is an extens ion and devel opment of the or iginal 

van der Meer con c ept . 

What is a horn ? A horn is a device which produces an intense m a gnetic 

fi eld between two cyl indr i cally symmetric coaxial curr ent - carrying sheets, 

the inner condu ctor and the outer conductor . The basic idea of the horn is 

shown b e low . 

The p r inciple of horn focu sing. When the particle passes through the inner 
conductor, it encounters a magnetic fie l d given by B = µ I/ ZrrR, where I i s 
the current passing through the horn and R is the radial <aistanc e of the particle . 
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When a charged particle penetrat e s the inner conductor and passes between 

the two sheets, it encounter s a cir cula r magnetic field which is proportional 

to the current passing through the inne r conduc tor , and which varies as the 

inverse of the particle distance fr om the horn axis . The length of the tra

jectory in the magnetic field region is determined by the shape of t he inner 

condu ctor surfac e . Several h orns can b e us ed in series, so that the later 

ones act to improve the focusing of the previous ones. Good focusing over a 

large angle-momentum re gion is therefore obtained by choosing hor n currents 

(peak magn et ic fields) an d inner c onductor shapes to balance (or cancel) the 

transvers e m omentum distr ibution of th e m es ons. For a given current 

direc tion in the horn, mesons of one sign are focus ed, while mes ons of the 

oppos ite sign are defocused. There fore, either neutrino or antineutrino 

beams can be p r oduced . The name horn still properly describes these 

devices, sinc e they r es emble segment s of an English coach horn. 

The Fermilab h orn system is c ompos ed of a pulsed p ower supply, 

t hr ee horns pa c kaged as t wo m odules, and int e r c onnecting bus s work. The 

de s ign parameters of the system wer e ch osen to m in imize mechanical and 

electrical pr oblems in the h ope that a r eliable horn structure and power sup

ply c ould be bu ilt without a l engthy development program . Toward this end, 

the horn current was chosen to be nominally 140 ,00 0 A, p roduced by a power 

supply oper ating at about 7000 V . Since such high currents cannot be sus -

tained continuously, the horn curr ent is pulsed . Eighty microseconds was 

chos en as the time during which good focus in g should b e possible. Thes e 

requirements wer e achieved with out c omprom ising the efficiency of th e 

focusing system. 
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A sch e m at ic of the horn syst em is shown above . The pow er s upply in 

Service Building Ni is conne cted t o the horn p olarity revers al s witch in 

Neuhall via 45 coaxial cables in para llel. The s witc h allows the direction of 

the current through the horn to be r evers ed. It i s connec ted to Horn # 1 by a 

p a r allel three -plate transmission line. The current passes through the inner 

c onductors of both horns, connected in s eries, and then through the outer 

conductors , also connected in series. H orn # 1 is wate r-coole d using a pulsed 

water system in Neuhall. Because of the smalle r amount of ele c trical h eating 

in Horn # 2, it is for c ed -air cooled . T he horns, target , transmission lines , 

and assorte d controls a nd instrumentation are mounted on b e dplates whic h can 

be t ransp orted by the N eutrino Are a railroad system to the Tar get Service 

Build ing for s torage, modification, or r epair . 
9 

The pulsed power supply is a capacitor energy-storage syste m which is 

dischar ged thr ou gh the horn load at the time the beam is to b e fo cus ed . 

E l ectrically the horn system is a lightly damped L-R -C circuit with a natural 

frequen cy of about 1 700 Hz. The 2400-µF capacit or bank is compos ed of 
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TRANSMISSION LINE 

horn focusing system. 

th r ee s ub -ban ks each o f 8 00 µF . Each sub-bank can be charged a t a r a te of 

1 5 A to a max imum of 14,000 V. The cap acitor b an k is discharged into the 

h orn l oad us in g 15 ignitrons c onnected in para llel. Afte r t he bank v oltage 

s w in gs t hrough z ero the current in the horn is "crowbarred" t o gr ound t hrough 

another s et of igni t r ons in series with 0. 5-Q a ir -cooled resistors . The 

inter ior of the capacitor b ank room is shown on page 6 . The pulsed powe r 

supply i s cont rolled by a sequen c e r unit which ch ecks interlocks a nd coor 

dina tes t h e safety and tim ing of the capacitor b ank operati on and ho rn cooling. 

Th e contr ols of the power supply are extremely fle x ible . The individual 

sub-banks can b e operate d in dependently into different l oads. This option has 

b e en u s e d during the past years to power puls e d bypass magnet s for m ore 

than one m illion pulses , t o deliver bea m to the 30 -inch bubble c hamber beam 

lin e. In addit ion, the entir e ban k can b e dis charged into t wo different l oads 

a t differen t times du rin g a n a ccel e rat or cycle , s o that t e sting of pr ot otypes 

can proceed in pa r allel with n ormal horn ope r a t ion . 

At present , only Horn #1 is in operation . It is sh own on page 8 . Sinc e 



-6 -

the inner conductor has two constri ct i ons, or "neck" regions , it is often 

referred to a s two horns a ttach ed t ogether. The inner conductor is machined 

from aluminum billets and electron -b eam -welded into three units . These 

units ar e bolted togethe r and mounted in the outer conductor . The wall of the 

inner condu ctor is 2 m m t hick except in the neck r e gions, where it is 4 mm 

thic k . Att a ched to the out er con du ct or is the water manifold which supplies 

the many sprays which c ool t he inn er conductor . Horn # 1 was successfully 

tested at Brookhaven National Laboratory in 19 72. E xcept for one pie ce 

which was a cc identally de for med, it i s still in operation afte r nearly one -half 

million pulses . 

In t erior of the 2400 -µF capacit or bank room for the F erm ilab n eutr ino horn 
s ys t em , showing the r ow of s er i es igni t r ons on the l owe r l evel and the row of 
cr owbar ignitr ons and resis t ors on t h e upper l ev el. 

& 

• 
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Horn # 2, which will b e ready for use in the Octob er running p eriod, is 

• . 
in an advan ced state of c onstruction . Because of its physical size, the inner 

conductor was spun in segments and welded together. The inner conductor 

ia shown ou page 8, bottom photograph. The wall thicknesses are the same 

as those in Horn # 1. 

,. The neutrino horn system has been designed and constru cteci by a col-

l aborative effort of the A c celerator Division and the Neutrino Department . 

The concepts and parameters of the system were crystallized in earl y 19 70 

fr.rough the efforts of G. Lee, R. Winje, and F. Nezrick. The co~'lstruction 

of the horn system was initiated in 1971. The first horn was design ed by 

G . Lee and detailed and fabricated in the Linac Shop . Other pieces of the 

horn system have been constructed in all of the machine shops on s ite, as well 

as by many outside shops. F. Krzich produced the water system for the 

pulsed powe r supply and the pulsed water system t o cool Horn # 1 . 

R . Winje spearheaded the power supply design and construction. The 

basic power supply was constructed by the 30 -inch bubble chamber crew in 

about five weeks of c oncentrated effort organized by W. Williams. This 

phase of the power supply construction was rapidly completed, so that the 

30 -inch bubble chamber research p r ogram could be initiated using the pulsed 

bypass beam. During the past year and a half , the Neutrino Department beam 

technicians, under G. Woods and W. Williams, have developed the power sup -

ply interlocks and controls and evolved the system into an operating unit o:: 

high reliability. The assembly of Horn # 1 into an operating target train l oad 

was undertaken by J. Simon and the Target Ha~'ldling Group under D. Theriot. 
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P hotograph of Horn #1. Inner conductor is being held in fore ground , outer 
condu ctor is on r acks beh ind . 

Photograph of the inner condu ctor for Horn #2. Some of those involv ed in its 
des i gn and construction s t an d behind it. 
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Under the leadership of J. Grims on, this group als o undert ook the completion 

of Horn# 2 and implementation of the transmission l ines. So m any individual s 

and groups have contributed to this s y s tem that it i s difficult to give appro-

priate acknowledgments. F. Nezrick acted a s P roject P hysicist. The 

successful materialization of th is system was possible because of the excellent 

cooperation of P. Livdahl and many others in the Accelerator Division as well . 

Report ed by F. Nezrick 
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THE FUNDING SITUATION AT FERMILAB 

.. .. 
Fiscal Year i 9 75 r epresents the first year in the history of the Fermilab 

project when new construction funds have not been appropriated. Of the 

originally authorized $ 250 million, $ 235 million have been exp ended in the 

construction of the facility. The remaining funds have now been allocated in 

or der to extend, as effectively as possible, the capabilities of this L aboratory. 

Up to $1 0 m illion have been set aside for the implement ation of the 

Proto-Doubler pr oject. This project includes the acquisition of a number of 

superconducting magnets and refrigerators suitable for construction of a seg-

ment of what may eventually be come the Energy Doubler. 

T he remaining funds will be used for improvements to the a ccelerat or 

and experimental areas. E xamples of the work to be done in the experimen-

tal area include the extens ion of the Mi beam enclosure , expanded detector 

stations for neutrino experiments, and the construction of secondary beam 

lines in the Proton Area. In order to have a fully developed fac ility for 500 -

GeV r esearch at Fermilab, m ore fac ility impr ovement funds have been 

requested. Although no such monies have been provided for FY 175, we 

cer tainly expect that such money will become available in 176 to maintain 

and extend the physical plant and the research facilities. 

Perhaps the most cr itical problem that will face the Laboratory in the 

y ears ahead concerns operating funds. These funds make it p os sible to 

operate and use the fa cilities that have been constructed at the Labor atory. 

They provide the manpower, the material s and supplies , the electrical 

power, and most of the consumed items that are the lifeblood of the 
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.· Laboratory . Approximately $ 60 million will be needed to support the facilities 

that have been developed . For the operation of the presently available fa c il-

ities in the current fis c al year, the Laboratory requested $48 million. The 

various budgetary pr ocesses have reduced this request to $34 .6 :r::1 illion . 

Another source of money consists of equipment funds. These are 

usually used t o purchase the apparatus need ed to form the secondary beams, 

and provid e the general-purpose part icle detector and e xperimental apparatus 

needed to implement the research pr ogram. In the current fiscal year, we 

are expect ing nearly $12 million, although the original request was con -

siderably higher . It will be neces s ary t o design apparatus as carefully as 

possible, and to reus e it whenever possible as experiments follow one another. 

The operating, equipment, and fa c ility impr ovements funds allocat e d t o 

th e Laboratory total nearly $46 million for the present fiscal year, whereas 

the original requests were for $ 71 million. The $46 million actually repre -

sents a decrease from the availabl e funding of the past year sinc e no plant 

funds have been appr opriated for FY 175 The recent history of these funds 

and the Laboratory request for the next and crucial fiscal year is as follows : 

FY''74 FY'7 5 FY'76 
(in millions of d ollars) 

Operating $28. 9 $ 34.6 $60 .0 
Equiprr,ent 14.9 11.3 25.0 
Plant 10 ,3 0 11.1 

Totals $54.1 $45.9 $ 96. 1 
(requested) 

.Just how the three major sourc es of funding have gone over the past eight 

years is shown in the diagram on the next page . As can be seen, in its 
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period of maximum construction activity the Laboratory was spending 

approximately $80 m illion a year . This has now shrunk to unde r $ 50 million 

per year in the time of rapidly growing research activity. 

The FY 176 budget r equest s prepared by the Laborat ory represent 

realistic estimates of wh at i s needed to fully ut iliz e the facilities const ructed 

at the Laborat or y . The operating funds are based upon the staff size fore-

seen in the Design Report, although the fac ilities constructed at Fermilab 

are considerably larger than originally foreseen. Half of the proposed equip-

ment funds will be used t o acquire a larger computer for the analy sis of 

research dat a . In a ddition, equipment funds will be used to a cquire beam -

T 
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forming apparatus s u ch a s magnets and power s upplies , hydr ogen targets, 

detectors, e lectronics , and on -line computers for the mass of data to be 

available by that time. 

Facility im prove ment fund s will be used for improving the m ain ring 

radiofreque ncy syst em to provide more rapid accele ration, adding highe r 

field m agn ets in the Switchyard to increase the energy capability of the Meson 

Ar e a , ha rdening the Neutr ino Area shie lding, and exte nding the se conda r y 

beams in the Proton Area. These projects are designed to round-out the 

research facilities and inc rease t he ener gy and intens ity capabilitie s of the 

accelerator. 

In the future, the m ajor support for the project must be borne by the 

operating and equipment funds. Without sustained funding, we will have to 

restrict the staffing of the Laborat ory including replacements for individuals 

who leave the p roject . In addition, we will not be able t o utilize adequately 

the new beam lines and detector arrays . We will not be able to afford 

additional electric power, and we w ill have t o re strain the acquisit ion of 

material s and supplies s o necessary t o our growing research program. 

We intend, however , t o maintain the b e s t re search program possible 

with the available funds . We expect th at the quality and signifi can ce of the 

rese arch undertaken at this Laboratory will b e recognized and supported 

through increased and sustained funding. In this the Users of the Laboratory 

will play a major rol e. 

R eported bY, J. R . Sanford 
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TH E USERS EXECUT IVE COMMITTEE - - A SUMMARY R E PORT 

Th e Users E xe c ut ive Comm itt ee se r ves a s the inte rface between the 

Users and t h e L aborator y adm inistr ation , t he URA Boa r d of Trustee s , and 

t h e URA adm inistra t ion . The Committee has worked with all thr ee of t hese 

groups in the p a st year. L et me g ive some example s . 

In t he course of the year, t he Committ ee conducted a survey of u s e r 

fac ilities and s erv ic e s at F e r m ilab, at the request of the D ir ector. It con

t acted e a ch g roup which was then ac tively operating an exper iment at the 

Laboratory, requesting a written re sponse about those se r v ic e s the y fe lt 

were mo st n e eded . Th e r eplie s we r e given to a s ub committ e e , T . Kyc ia 

and D . Drickey, who t hen i ssued a summa r y r epor t to R. R . Wilson. In 

m any inst ance s , changes we re inst itut ed on the basi s of pr eliminary di s 

cussions , before that r eport wa s fo r m ally subm it t ed to the Director . A 

m a jor com plaint regist e r e d prio r to the report was the lack of Labor atory

User commun icat ion . The Commit t e e sugge ste d a monthly publication; 

NALREP, which i s now in it s four teent h issue, was the r esult. 

We have wor ried about transp ortation , living a ccom m odation s, a nd 

communications for Users at t he L aboratory. The L aboratory administration 

is de a ling with these probl em s . In addition , a User s Offi ce has b e en est ablished 

on the Atr ium floor of the Cent r a l L abor atory, east wing. This office is a 

message c ent er; in an em ergen cy, i t c an h e lp with housing, transpor tation, 

and typing; and it is an excellen t source of gen er al information. Bicycles 

m ay be rented there, and de sks an d telephones for short-t e rm vi sit o r s can 

be a rrange d . C . Sa z ama, who h eads the offi ce, can be r eache d on E xt. 3136. 
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The mailing address is: Users Organization 
Fermi National Accelerator Laboratory 
P. 0 . Box 700 
Bat avia, Illinois 6051 O 

Members of the Users Organization should feel free to contact e ither 

Miss Sazama or any member of the Executive Committee with problems {or 

compliments!). 

Just recently, the Executive Committee suggeste d that mini-courses 

similar ped agogically to the summer courses offered at CERN be offered at 

F ermilab . These courses are aimed at graduate students and beginning 

post-doc s , and t he first series, "Lectu~es on Hadron Dynamics" i s being 

presente d by H . D. I. Abarbanel thi s August. 

We have also had extensive discussions with the Laboratory administra-

tion about setting up a Users Club, similar to a university faculty club, on 

site . J. Rosen and L. Lederman have assist ed in pl anning the arrangements, 

management, and scope of this club . 

One of the functions of the Users Executive Committee has been to 

communicate, in a semiformal fashion with the Trustees of URA. Several 

members of the committee have presented the Users ' point of view of v arious 

t opics t o t he Trustees at their meetings . This comrnunication has probably 

been useful, but could be improved . We feel the need for more dial ogue 

between the two groups, and h ave had the full cooperation of URA, and in 

particular B. B ennett, in bringing this to pass. 

Altogether, this has be en a n active and a formative year for the 

Laboratory. I would like t o thank the adminis trator s of URA and F e rmilab, 

particularly R. R. Wilson, for their cooperation with our Committee . 

Reported by W. D . Walker 
Duke University 

Outgoing Chairman, Use~·s 

Executive Committee 
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FOR THE COMING YEAR . . . 

Following the annual meet ing on May 17, 1974, m embers of the Users 

Or ganization voted by mail for new members of the Users Executive 

Committee . For the coming year, members of the Execut ive Committee 

will be : 

*D. Caldwell 
D. Drickey 

T: Ferbel 
*L. N. Hand 
*G. R . Kalbfleisch 
*R. L . Lander 

M. Law 
W. Y. Lee 
U. Nauenberg 

*J. Peoples 
J. Rosen 

~' M. L. Stevenson 
W. D . Walker 

University of California, Santa Barbara 
University of California, Los Angeles, 

on l eave at Fermilab 
University of Rochester 
Corne ll University 
Brookhaven National L aboratory 
University of Washington 
Harvard University 
Columbia University 
University of Colorado 
Fermi National Accelerator Laboratory 
Northwestern Univer sity 
University of California, Berkeley 
Duke Univer sity 

At its first meeting on J uly 24, the Users Executive Committee elected 

D. Drickey as Chairman and L . Hand as Secretary for the year. A report 

of other matters discuss ed at that meeting will be presented in the September 

issue of NALREP. 

''Newly elected members . 
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EXPE RIME~TAL PROGRAM SITUATION REPORT 
The exper i mental pr ogram situation at Fe rmilab is s umma ri zed be low . Th e expe r iments a r e 
l is t ed separated by experimenta l a rea unde r ca t egories that bes t describe their cir=ums t ance 
as of J uly 1, 1974 . For expe riments whi ch have been completed or have r e ceived beam, the re 
is indica tion of t he amount of running time or exposure . Publica.tions have been prepa r ed 
or t a l ks given about th e experiments marke d wi t h an aste risk (*). 

Jotal Numbe r of Approved Experiments - 146 

EXPERIMENTS THAT HAVE COMPLETED DATA TAKING (57) : 

I nte rnal Targe t Ar ea (6) 
*Proton-Proton Sca ttering #36A 
,\Pho t on Search ll 63A 
*Pr ot on- Pr ot on Missing Mas s #6 7A 
*Pho t on Sear ch #120 
*Pa rti c l e Sea r ch 11184 
>\Pro ton-Nuc l eon I nclus i ve 11 188 

Meson Area (18) 
*Ne ut r on Cros s Sec t ion 114 

Monopole 11 22 
*Ne utron Di ssoci ati on ll 27A 
*Qua rk 1172 
*Quar k 11 7S 

Supe r-Heavy El emen t s 1114 7 
Mul tiplic i t i es 11178 
Multi gamma 11 230 

*Emuls i on exposures t o protons 
@200 GeV fo r exp e r i ment s 90, 
103 , lOS, 114 , 116, 117A, 1S6, 
171, 183 , 189 

Proton Ar ea ( 2) 
*Par t i cle Search lllOOA 
*Pa rticle Sear ch 11 187 

700 hours 
2,5SO hours 
600 hours 
l, 200 hours 
800 ho urs 
l ,O SO hours 

l ,4SO hours 
3SO hour s 
8SO hours 
SOO hours 
l,OSO hours 
3 exposures 
SOO hours 
SO hours 
4S s tacks 

l,lSO hours 
200 ho urs 

EXPERIMENTS THAT ARE IN PROGRESS (2 2): 

In ter nal Tar ge t Ar ea (2) 
*Proton-Deuter on Scat t e ring 11 186 
Pro t on-Pro t on Ine l as t i c 11221 

Neut r i no Area (8 ) 
*Ne utrino Ill A 

Monopole 11 3 
*Neutri no l/ 21A 
*Monop ole 11 76 

Muon 1198 
*30- I nch p- p @400 11 138 

Supe r - Heavy El ements 11142 
Quark 11 29 7 

400 hours 
700 hours 

1 , 000 hours 
4 targe ts 
l ,OSO hours 
3 targets 
7 SO hours 
21K pix 
1 t a r get 
SO hours 

Ne utrino Area ( 31) 
*30-Inch Hybrid ll2B 
*Proton-Proton Inelastic ll l 4A 
*Muon 1126 

Detec t or Deve lopment 11 34 
*30- I nch p-p @300 ll3 7A 
*30-Inch TI- - p @100 ll l21A 
*30-Inch TI- - p @100 #12S 
*30-Inch TI- - p @200 11 137 
*30-Inch p- p @200 #141A 

30-Inch TI - - p @300 ll l43A 
30-Inch Hyb rid #1S4 
30-Inch p -p&Ne @300 11 161 
30- Inch TI - -p&N e @200 1116 3A 

*Massive Pa rticle Search #199 
Emulsion/Muons @lSO ll20SA 
Beam Dump 11211 
30-Inch lT+ - p @200 11217 
30- I nch lT+/p - p @60 11 228 
Long- Lived Pa rtic l es 11 239 

*30-Inch p-p @100 11 2S2 
Emulsion/Muons @lSO #2S5 

*Ne utrino 11 262 
Emuls ion exposures t o protons 
@300 GeV f or experiments 181 , 
19S, 232, 233, 237 , 242 , 244, 
2SO, 27S 

Meson Area (11) 
*Elastic Scattering 11 7 
Missing Mas s ll SlA 

*Nucl ea r Chemistry ll 81A 
K Ze r o Regenerat ion 11 82 
El astic Sca ttering 11 96 

*To tal Cros s Section 11 104 
Beam Dump 11 108 

*Pion Charge Exchange 11 111 
De tector Development 11 229 
Detec tor Deve l opment 11 261 
Neut ron Dissociat i on 11305 

Prot o!l. Area (1) 
*Lepton 11 70 

479K pix 
140 hours 
900 hours 
SO hours 
SlK pix 
104K pix 
S3K pix 
48K pix 
67K pix 
SlK pix 
lOSK pix 
SlK pix 
S2K pix 
2 t a rget s 
2 stacks 
2 hour s 
8SK pix 
37K pix 
3SO hours 
33K pix 
1 stack 
400 hours 
34 s tacks 

l, OSO hours 
2SO hours 
66 bomba r dments 
1 ,050 hours 
700 hours 
800 hours 
4 targe ts 
1 , 350 hours 
l SO hours 
150 hours 
150 hours 

1 . 8SO hour s 



EXPERIMENTS THAT ARE IN TEST STAGE (5): 

Meson Area ( 3) 
Neutron Backwa rd Seat t e ring 1112 
Elastic Scattering ll69A 
Photon Inclusive 11268 

EXPERIMENTS BEING INSTALLED 

Neutrino Area (2) 
15-Foot EMI Test 11155 
15-Foot Engineering Run 11234 

Proton Area (2) 
Photon Search ll95A 
Particle Production 11284 

(8) : 

200 hours 
450 hours 
100 hours 

_E=X~P:..cEo:::R.:.::I::cME=N.:::TS"---'T'-'O'----"B"'E_.:::_SE"-T~U'-"P--"W-"'I"'-TH"-I"'-'N"---'-A'--"Y.o:E!.!A"-R~qo) : 

Meson Area ( 3) 
Form Factor 11216 
Hadron Jets ll236A 
Hadron Jets 11 260 

Pro ton Area (5) 

Photon Total Cross Section ll 25A 
Muon Search 1148 
Proton-Proton Elastic ll l77A 
Di- Lepton 11288 
Particle Search 11300 

Neutrino Area (22) 
15-Foot Anti- Neutrino/H2 ll31A 
30-Inch p - D @100 #194 

OTHER APPROVED EXPERIMENTS (24): 

Internal Target Area (5) 
Proton-Nucleon Scattering lll98A 
Proton-Helium Scattering 11289 
Proton- Proton Polarization 11313 
Proton- Nucleon Inelastic 11 317 
Pro ton-Proton Inelastic 11 321 

Proton Area (6) 
Photoproduction lll 52B 
Multi gamma 11 192 
Hadron Jets 11246 
Pion Inclusive 11258 
Phi Photoproduction 11263 
C-Test 11302 
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N~utri no Area (1) 
15- Foot Neutrino/H2 ll45A 
Proton Area (l) 
Photoproduction #87A 

Meson Area (4) 
Ne utral Eype ron 118 
Diffrac tive vissociation ll86A 
Mu ltipartic le llllOA 
Neutron Elastic Scattering 11248 

Neutrino Area (Cont'd) 
30- Incli p - D @400 1!196 
Tachyon Monopole 11202 
30-Inch p - D @300 11209 
30-Inch w- - D @?00&400 112 18A 
Emulsion/ n- @200-300 fi2 64 
Emulsion/Protons @200 11271 
Quark 11 276 
30- Inch p - D @200 11280 
Super-·Heavy El ements 11 285 
30- lnch 1r1 - D @200 1.1295 
30- Inch p - p @lOO 11311 
Neutrino 11 320 

50 hours 

400 hours 

Emulsion exposures to protons @400 
GeV for experiments 238 , 243, 245, 
249 , 251 , 265, 279, 292 

Meson Area (3) 
Polarized Scatte ring 1161 
Charged Hyperon #97 
Inc lusive Scattering 11324 

Neutrino Area (10) 
- is - Foot Neutrino/H2&Ne ll28A 

Detec tor Development 11 32 
15-Foot Neutrino/H2 or Ne ll53A 
Long-Lived Particles 11115 
15-Foot Anti-Neutrino/H2&Ne 11 177 
15- Foot Anti- Neutrino/H2&Ne 11 180 
Detec tor Development 11 206 
30-Inch p - p @5 00 11207 
30- Inch n- - p @H i E 11215 
30-Inch n+ - p @300 11277 
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Loca tion of Experiments 
at Fermi lab, Summer 1974 

Meson Area Experiments 
Elastic Scattering• 7 
Neutral Hyperon •a 
Neutron Back word Scattering• 12 
Missing Mass•51 A 
Elastic Scattering*'69A 

Central /K" Regeneration•a2 
L b Elastic Scattering• 96 

a oratory Total Cross Section•104 
Li nacJ Proton Pion Charge fachange*'l 11 

witchyard Photon lnclusive•2ss 
~ Neutron Dissociation•305 

\-ueutrino Area 

\ 
Experiments 

, {Neutrino*'IA 
Proton Area 
Experiments 
Leptan•10 
Photopraduction*'87A 

Internal Target Area 
,,.- ~merits __ _ 

""' 15-Foot Bubble Chomber 

-Neutrino•320 

Proton-Deuteron Scottering*'l86 
Proton-Proton lnelastic•221 



-20 -

NOTES AND ANNOUNCEMENTS 

SINGLE-ARM SPECTROMETER WORKSHOP SCHEDULED. 

A one -day workshop will be held on October 25, 197 4, to discuss the 

future experimental program for the Single -Arm Spectrometer (SAS) facility. 

Represent atives of groups having proposals or letters of intent for use of 

the SAS and any other interested persons are invited to participate. In 

keeping with the new Fermilab policy of e stablishing deadline s for the sub

miss ion of written materials prior to PAC or PAC subcommittee meetings, 

the deadline for submiss ion of written mater ials to be cons idered at this 

me eting is September 25, 1974. 

The purposes of the workshop are: to re-examine the physics potential 

of the SAS facility, after appreciable operating experience has been g ained 

in the course of Elastic Scattering # 96; and to explor e how well the " second 

generation" experiments proposed utilize the capabilitie s of the facility. 

Tentative plans a r e to include a di s cu ssion of the current SAS configuration 

and a review of fut ure plans for the Meson Ar ea as the y relate to the SAS 

program. Pertinent r esults for the aforement ioned elastic scatter ing experi

ment will be de scribed. 

Representatives of each group which has submitted a proposal will be 

invited. A panel composed of some PAC members, possibly augmented by 

additional persons knowledgeable in the areas of hadron physics for which 

the SAS is well suited, will for m ulate recommendations for presentation to 

the Program Advisory Committee at thei r fall meeting. 

Final arrangements for the workshop will be announced in the September 

issue of NALREP. 
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DI- LEPTON WORKSHOP PLANS COMPLETED 

Final arrangements have now been made for the Di-Lepton Workshop 

s cheduled for September 13, 1974. The meeting will be held in the Curia II 

c onference room (second floor, west, Central Laboratory), beginning at 

9 :00 a. m. Representatives of groups having proposals or letters of intent 

on this topic and any other interested persons are invited to participate. 

The meeting will begin with a discussion of the theoretical and experi

mental background leading to interest in studying di-lepton production. 

R epresentatives of each group which has submitte d a proposal will then be 

inv ited to present their ideas (approx imately one -half hour per proposal) . 

A workshop panel, consisting of B. Barish, J. D. Bjorken, R. Diebold 

(Chairman), and S. Wojcicki, will form ulate recommendations for presentation 

to the Program Advisory Committee at their fall meeting . 

BUBBLE CHAMBER SUBCOMMITTEE TO MEET . . . 

The PAC Bubble Chamber Subcommittee will hold a two-d ay meeting 

Monday and Tuesday, November 4 and 5. The prirr.ary objectives of the 

meeting will be to provide guidance to the Laborato:'.'y on the future of the 

30 -inch bubble chamber hybrid systems and on the hadron physics program 

for the 15-foot chamber. Proposals for the 30-inch cha:nber which have 

been deferred or not ye t considered will be reviewed and recommendations 

formulated, if possible. The Subcommittee ' s recommendations will be 

p resented to the Program Advisory Committee at their fall meeting. The 

deadline for submission of written material to be considered at this meeting 

is October 4, 1974 . 
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PROGRAM ADVISORY COMMITTEE TO MEET . .. 

The fall meeting of the Fermilab Program Advisory Committee has 

been scheduled for Thursday through Saturday, November 14 to 16, 1974. 

The principal focus of the meeting will be furthe r consideration of the muon 

and neutrino experimental programs. In addition, consideration will be 

given to the reports from three other meetings--the Di-Lepton Workshop, 

the Single-Arm Spectrometer Workshop, and the Bubble Chamber- Sub

committee meeting (see separate announcements ). The deadline for sub

mitting written materials to be considered at this meeting is October 14, 1974. 

CONFERENCE SCHE DULED . . . 

The 1974 Applied Superconductivity Conference will be held at the 

Sheraton Oakbrook Motor Hotel, in Oak Brook, Illinois, September 30, and 

October 1 and 2 , 1974. Argonne National Laboratory a nd Fermi National 

Accelerator Laboratory will co-host the meeting. Anyone interested in 

attending the technical sessions should contact W. Fowler or B. Strauss on 

Ext . 3674 for further information and preregistration forms. 



• 
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USERS CENTER OPENED . . . 

A portion of the former Village Cafeteria is being converted for use as 

a Users Cente r . On a very limited scale, the Center was opened on August 1. 

Eventually it will have three sections--a reading room with hi-fi equipment, 

che ss sets, writing tables, comfortable chairs , etc . ; a game room with ping 

pong and pcol tables; and a more e l aborate cocktail lounge . 

Plans for the Center are being guided by a committee consisting of 

D. Drickey, .L. Lederman, J . Peoples, and J. Rosen. C. Sazama helped 

to organize and launch the Center. 

Until further notice only the lounge will be open, from 5 :00 to 7: 30 p. m. , 

Monday through Friday. Once a manager /bartender has been hired these 

hours will be extended. 

APPOINTMENTS . . . 

David Sauer joined the Laboratory staff as of July 1, 1974. In charge 

of Site Services, he is working out of the Director's Office. Sauer came to 

Fermilab from Indiana University, Bloomington, where he was Director of 

Const ruction Management for the State University system. A Registered 

Architect and a Registered Structural Engineer, Sauer holds the Master of 

Sc ience Degree in Architectural Engine ering from the University of Illinois. 
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FACILITY UTILIZATION SUMMARY --JULY 19 74 

The two -we ek period of 400-GeV operation, which start ed June 27, 

ended at 9 :35 a . m. on Wednesday, J uly 10 , when a splice in one of the 

13 .8-kV feeders to the main ring failed. By the standards to which we have 

become accustomed at 300 GeV, the operating reliability and intens ity we r e 
( 

poor. Beam for high energy physics r esearch was available for about 69 

16 
hours or 2 3% of the schedul ed time , yielding 5. 8 x 10 protons for the 

experimental areas . Typical accelerat ed intensities were approximately 

13 
0 .4 x 10 protons pe r pulse, limited b y extraction losses. However, per-

formance was improving noticeably in the last days. A wide range of p robl ems 

was encountered, many of which had n o clear connection with the higher 

energy ope rat ion . Those p r oblems, which appeared t o be r e l ated to the 

somewhat greater main-ring power dissipation, we r e undoubtedly aggravated 

by the greater than 9 0 ° F air t emperatur es which occurred during most of the 

period. Temperatures in the cooling ponds exceeded 100 ° Fin some l ocation s 

and the temperature of the low conductiv ity cooling water ( LCW) reache d 

135° F. The compar ison of this 400 -GeV running to that in December 19 73 

is, however, rathe r favorable . On that occasion the re was littl e beam in t he 

first t wo weeks of r unning , whereas good beam was obtained on the fourth day 

of the recent run. Magnet power-supply problems were clearly much bett er 

in hand this time . Thus, the indications of accel erator perfor mance seem 

favorable fo r future 400-GeV operat ion. 

Operation at 300 GeV was r e sumed on Friday, July 12. The power and 

control cable h arnesses fo r all twenty-four main r ing a ir cooler fans were 



-25-

t emporarily installed in a crash program in the day and a h alf before startup. 

They reduced the LCW tempe raiure consider2.bly . Typic al accelerated in-

13 
tensity had increas ed from 0.5 to 0.7 X 10 protons per pulse by the end of 

17 
J uly; 6. 4 x 10 300-GeV protons were e xtracted to the experime nta l areas . 

A c celerator r e liability continued somewhat b e low the recent average. The 

251 hours of high energy physics time was 64% of that scheduled. Both the 

debuncher, which reduce s the momentum spread of the beam into the booster, 

and the ORB UMP, which stacks multiple turns into the booster, were r e turned 

to service the last week of the month. The restorat ion of intensity to clo se 

13 
t o the 10 l evel was underway at the m onth' s e nd . 

In the Me son Area, the interruption in operation during the 400 - GeV 

running period was used to repair leaks in the water-cooled aluminum insert 

to the C - 2 c ollimator. These repair s were succe ssfully completed, allowing 

the use of the c losed-loop target cooling system . Thus, the long standing 

intensity l imit ation of about 1.5 X 10
12 

protons per pulse was removed. Many 

hour s of operation with - 5 X 10
12 

protons per pulse were achieved with little 

indication of the previously noted r at e - dependence of the secondary flux. A 

12 
maximum intensity of 7 .48 x 10 was delivered to the Meson Area on July 30. 

Seven experiments were active. Elastic Scattering # 7, Charge Ex change # 111, 

K
0 

R egeneration # 82 , and Neutron Dissociation # 305 continued d afa taking . 

Elastic Scatte ring # 69A comple ted its te s t ing and setup, and began taking 

data . The t r ansition radiation detector development g roups, Experiments 

# 229 and # 2 61, remained downstream of Elastic Sc attering # 7 in the Mi line . 



-26-

Lepton # 70 and Photoproduction # 87A took data in the Proton Area 

during the 400-GeV operating period. Lepton # 70 completed its program of 

± 
measurement of e production at 9 0 ° in the center of mass at 400 GeV ( 83 

mrad) with the low transverse momentum setting of their spectrometer. 

They were just preparing for some measurements at higher pt when the 

13 .8-kV feeder failed. Photoproduction # 87 A ran for the first three days of 

the 300-GeV period; both 300 GeV and 400 GeV running was without the liquid 

deuterium neutron filter. The Proton Area was then turned off for con-

struction work until July 26. Lepton # 70 reset its spectrometer position to 

a laboratory angle of 100 mrad, corr esponding to 90° in the center of mass 

at 200 GeV. When the P roton Area r e turned to ope ration, Lepton # 70 began 

check-out at the new angle; Photoproduction # 87A remained off to await the 

availability of the neutron filter. 

During the 400-GeV run, a few hundred neutrino pictures in the 15-foot 

bubble chamber were taken for Neutrino # 45A using the triplet target load. 

Neutrino # 1A also collected some limited data at the low intensities. Quark 

#297 completed running in the N3 hadron line. After three days of 300-GeV 

operation, during which Neutrino # 1A and Neutrino # 21A calorimeter tests 

were the principal activities, the Neutrino Area was shut down so that the 

train load with a single focusing horn could be installed. After t wo days of 

problems with the power supply and plumbing, the horn became operational. 

It ran reasonably well for the rest of the month. In the 15-foot bubble chamber, 

1168 neutrino pictures and 587 hadron pictures were taken. Activities also 

included extensive tuning of the N-7 and N-5 hadron beam lines to the 15-foot 

• 
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chamber, t ests of the muon beam as a hadron beam, tests of the External 

Muon Identifier (Experiment # 155), and t arget exposure for Monopole # 76. 

Both Proton-Deuteron # 186 and Proton-Proton # 221 ran in the Internal 

Target Area during the 400 - GeV run. Because of damage to the super insula-

tion on the jet, .E:xperiment # 221 was almost the sol e user of 300-GeV beam. 

The repaired jet was reinstalled on .July 25 . The Internal Target Area 

scheduled two shifts for much of the month, but returned to three-shift 

operation July 30 . 

The facility utilization for the month of July is summarized as follows: 

1. Summary of Accelerator Operations 

II. 

A . A ccelerator use for physics research 

Accelerator physics research 
High energy physics research 
Research during other use 

B. Other activities 

Subtotal 

Accelerator s etup and tuning to experimental areas 
Scheduled interruption 
Unscheduled interruption 

Subtotal 

C . Unmanned time 

Total 

Summaries of High Energ;y: Ph;y:sics Research Use 

# of Expt s. Hours 

- A. Counte r experiments 14 1706 

B. Bubble chamber experiments 1 24 

c. Emulsion experiments 0 

D. Spe:::ial target experiments 1 102 

E . Test experime nts 4 240 

F. Engineering studies and tests 5 136 

G . Other beam use 135 

25 2343 

Hours 

37 
320 
(72) 

24 
37 

326 

0 

357 

387 

0 

744 

Results 

1706 hours 

1168 pictures 

1 target 

240 hours, 587 pictures 

136 hours 

135 hours 
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III. Number of Protons Accelerated and Delivered 

A. Beam accelerated in main ring Total 

Protons 
( 300 GeV~ ( 400 GeV~ 
8.16X101 0,81X10 1 

B. Beam delivered to experimental areas 300 GeV 400 GeV 

Meson Area 4.13X1o
17 

Neutrino Area 

Main beam 1.94X1o
17 

Bubble chamber beam (estimated) o.10x10 17 

Proton Area 

IV. Beam Hours by Experiment 

A. Meson Area 

Elastic Scattering # 7 
Charge Exchange # 111 
E lastic Scatte ring # 69A 
K0 Regeneration # 82 
Neutron Dissociation # 305 
Detector Development # 229 
Detector Development # 2 61 

B. Neutrino Are a 

Quark Search# 297 
Neutrino # 1A 
Neutrino # 21A 
EMI Test # 155 
Neutrino # 45A 
Monopole # 76 
Engineering Run # 234 

C. Proton Area 

Lepton # 70 
Photoproduction # 8 7 A 

D. Internal Target Area 

Proton-Deuteron # 186 
Proton -Proton # 221 
Photon Search # 63A 
Particle Search # 184 

0.23 X10
17 

Total 

Hours 

182.6 
234.5 
208 .2 
241.6 
197 .1 

79.3 
132. . 6 

43 .2 
182.5 

31,5 
20.5 
24.5 

10Z,O 
8.1 

117.4 
70. 3 

38.6 
136. 7 

10. 7 
10.8 

0.52X10
17 

0.02 X10 17 

0.06X10
17 
~~~~~~~~~ 

6 .40 x 10
17 

0.60 X1o
17 

Results 

1168 pictures 
1 target (partial) 
587 pictures 



.. 
No. 

305 

306 

307 

308 

309 
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PROPOSALS RECEIVED DURING JUNE AND JULY 1974 

Title 

Proposal t o Study the Coherent Dissociation of 
Neutrons 

A Proposal to Search for Anomalous or "Direct" 
Neutrino Production 

Muon-Nucleon Scattering with Extraordinary 
Momentum Transfer 

A Proposal for a Detailed Study of Dimuon 
Production 

1~-ft . Bubble Chamber Proposal for 486 GeV / c 
7T p Interactions Using a Track Sensitive Target 

Submitted By 

B. Gobbi 

B. Barish 

L. T. Kerth 

J. E. Pilcher 

A. R. Erwin 

3·10 Further Study of High Energy Neutrino Interactions D. Cline 
at NAL 

311 Proposal to Study Multiparticle Production in High W. W. Neale 
Energy Antiproton-Proton Interactions with the 

312 

313 

31.4 

315 

31 6 

31 7 

318 

319 

FNAL 30 -Inch Bubble Chamber 

Hadronic Interactions in Complex Nuclei 

Polarization in p-p Elastic, Inelastic and 
Inclusive Reactions at NAL Energies 

A Proposal to Measure Neutral Weak Currents 
in Muon Nucleus Inclusive Scattering 

Proposal to Test the v -v Universality in the 
15-Foot Bubble Cham~J.ereand Make a Preliminary 
Investigation of the Four Fermion Interaction 

Garg antua: A New Facility for Neutrino Physics 
a t NAL 

Proton Diffraction Dissociation on Hydrogen 
and Deuterium 

Pion Diffraction Dissociation 

Further Test of Scaling at High Momentum 
Transfers in Deep Inelastic Muon Scattering 

R. M. Edelst ein 

H. A. Neal 

A. C. Melissinos 
W. C. Carithers 

F. A. Nezrick 

D. R. l"'ygren 

S. Mukhin 

G. Ascoli 

K. W. Chen 



320 

321 
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Proposal to Measure Neutral Current Cross 
Sections and Associated Inelastic Distributions 
in the Narrow-Band Be= 

A High Precision Experiment to Measure the 
Inelastic P-P Cross Section and Its Associated 
Forward Multiplicities at Small Momentum 
Transfer 

F. J. Sciulli 

J. Lee-Franzini 

322 Search for Direct Production of Mu-pai rs at CO P. Wanderer 

323 A Proposal for a Detailed Study of Dimuon J . E. Pilcher 
Production 

324 A Proposal-to Study Particle Production Spectra H. Weisberg 
and Multiplicities in High Energy Hadr on -Hadron 
Collisions, and for a Be am Survey and Quark 
Search 

325 Study of Di-Muon Production at High Tran sver\Se J . W. Cronin 
Momenta 

326 A Proposal to Measure Muon Pai rs P r oduced at P. A. Piroue 
High Transverse Momentum by Pions 

32 7 Tests of Particle Identification by Ionisation Loss W. W. M. Allison 
(ISIS) 



September 13, 1974 

September 25, 1974 

September 29, and 
October 1-2 , 1974 

October 1, 197 4 

October 4, 1974 

October 14, 19 74 

October 25, 1974 

November 4-5, 1974 

November 14 - 1 6, 19 74 
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DATES TO REMEMBER 

Di - Lepton Workshop at Fermilab . 

Deadline for receipt of material to be 
con s idered at Single-Arm Spectrometer 
Workshop. 

1974 Applied Superconductivity Con
ference, Oak Brook, Illinois. 

Deadline for submission of material to 
be considered for inclusion in the 1975 
Procedures for Experimenters handbook. 
Users should direct the ir comments to 
M . L . Stevenson, c/o Users Office. 

Deadline for receipt of materic.l to be 
considered by PAC Bubble Chanber Sub 
committee. 

Deadline for receipt of material to be 
considered at fall meeting of the PAC. 

Single -Arm Spectrometer Workshop at 
Fermilab. 

PAC Bubble Chamber Sub committe e m 
meeting. 

Fall meeting of Fermilab Program 
Advisory Committee . 

For additional information about any of these meetings or deadlines, tel ephone 
T. Groves, Secretary of th e Program Advisory Committee, at 840- 3211 . 

LAST MINUTE ANNOUNCEMENT 

A workshop for the prelim inary design of the POPAE (Prot on on P r oton 
and Electron) collid ing beam storage rings will be held at F ermilab from 
September 9 to 20 , 1974 . The objective is to arr ive at a c onceptual design 
for a pair of 400 to 1000 GeV p-p colliding-beam storage rings together with 
an e l ectron ring in the same t unnel for e -p colliding beams . The r equirements 
for physics experiments will be studied and incorporated into the design. 
Plan s are t o produce a preliminary layout and a set of design and performance 
parameters. P roblem areas which must be invest igated in greater detail will 
also be identified . Approximat e l y ten accelerato r _physicists from other 
laboratories, including CERN, will participate in the work shop a long with 
Fermilab physicist s . Anyon e interested in participating in the work shop 
should contact D. Edwards or L. T eng. 




