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ACCELERATOR NEWS 

Bob Mau 

The accelerator has continued its start-up effort mentioned 
last month with some successes and some failures: 

1. The Saver has accelerated beam to 800 GeV; 
2. Beam has been sent through the Swi tchyard to both the 

proton and meson lines; 
3. Construction work in the G-2 manhole continues on 

schedule with hopes of sending beam to neutrino later in 
the month. 

4. The Saver has thus far run at an intensity of 5xl012 
protons per pulse. 

5. The accelerator has run two fast extraction pulses to the 
neutrino dump. 

6. The Swi tchyard pulsed vertical trim magnet system has 
been tested and made operational. These magnets are used 
for keeping the fast (neutrino) spill out of the proton 
and meson beam lines. 

7. There have been extensive accelerator studies related to 
a variety of topics, such as chromaticity, harmonic 
corrections, multiple Main-Ring ramping studies, 8-GeV 
line, low level rf, and fast extraction. 

8. Lambertson and C magnets were installed for the 
antiproton extraction line. 

9. HEP was scheduled to begin at midnight January 5. The 
accelerator delivered beam to Proton Center and Proton 
West on schedule. Unfortunately high-energy physics was 
interrupted 10 hours later. A transformer at F2 arced 
from primary to secondary sending high voltage into the 
Saver ma1net1. Four ma1neu IUHi 6ft@ ip66l pi@e@ hi ltld, 
i:i1HHnJ tni:i Hr11t wee~ ~f M1n-eneny pnysttJ!il, Replace­
ment of the tunnel components was completed by January 
10, and accelerator start-up has resumed. 

10. The operation over the weekend of January 12-14 has been 
plagued by Central Helium Liquefier contami nation prob­
lems and satellite refrigerator engine problems. 
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THE RESEARCH DIVISION 1980 - 1984 

Peter r, M, Koehler 

Introduction 

I served as Head of the Research Division from October 1, 
1980, until September 30, 1984. These were years of transition 
dur1n1 whi~h th~ ~n~r1y of tht proton• de11v•rtd by the Acceler­
ator to the external experimental areas increased from 400 to 800 
GeV as a result of the completion of the Energy Saver. The 
advent of the Tevatron strongly influenced the activities in the 
Research Di vision throughout this period: the installation of 
the new accelerator necessitated extended shutdowns, thus reduc­
ing the beam time available for carrying out the experimental 
program; many groups in the Research Division were called on to 
undertake projects in support of the Tevatron construction; major 
upgrades of beam lines and facilities were required to prepare 
the fixed target experimental areas for opera ti on at Teva tron 
energies; and the design and construction of the CDF detector was 
given high priority in order to have it completed by the turn-on 
of the Tevatron collider. In this report I will review these 
activities, but first I want to express my gratitude to all the 
dedicated members of the Research Division whose ingenuity and 
hard work made 1 t possible to achieve a great many successes 
during these years under often trying conditions and faced with 
seemingly impossible deadlines. 

The Experimental Program 

The as-run schedules for the fixed-target experiments in the 
years 1980-1984 are shown in Figs. 1-5. The limited amount of 
running time is reflected in the statistics for this four-year 
time period: 11 experiments which· began prior to October 1, 
1980, were continued; 26 new experiments were started; 34 experi­
ments were completed, leaving 3 experiments to continue their 
runs in the next running period. 

This time period can best be characterized as one during 
which the 400-GeV experimental program was brought to an end in 
order to make room for the new slate of Tevatron experiments 
which are now being set up in the beam lines. At least eight of 
these should be ready for a first run in early 1985. 

This last set of 400-GeV experiments produced no headline­
making discoveries but nevertheless a number of noteworthy 
results. I personally found the following of particular interest 
because of their goals, techniques, or results. 

E-531 (Reay). In 
experiment used stacks 
particle tracking and 

a novel combination of techniques this 
of photographic emulsion together with 

identification in a magnetic spectrometer 
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to study neutrino-production and decay of charmed particles, It 
resulted in the first direct determination of D-meson lifetimes. 

•=6l~ tWinMtoin). IA order to reduce systematic errors this 
experiment prepared a double-barreled neutral kaon beam (KL in 
one branch, regenerated Ks in the other) to determine the ampli­
tude of the CP violation parameter In 0/n+_I to a precision at 
which the experiment becomes sensitive ~o differences in the pre­
dictions for the value of this parameter by theoretical models 
for the cause of CP violation. (See Bruce Winstein's article in 
the September 1984 Fermilab Report.) A follow-up experiment, 
E-731, will determine this parameter to even greater precision. 

E-619 (Devlin). In a clever utilization of the Primakoff 
effect this experiment was designed to measure the E-A transition 
maitt~tit' tttomt-ttt for the :Hnt time; thh 1;1Huf't t'AtJf'l;ld Ii 1tll\ll 
srrtrs af pr~cistgn mPasur~mrnts of thP magnPtic moments of 
hyperons by this same group. 

E-701 (Shaevi tz). Looking at the flux of v in two similar 
neutrino detectors at distances of 715 m and ~115 m, respec­
tively, from the source of the narrow-band neutrino beam this 
experiment searched for evidence of neutrino oscillations in the 
region of large mass difference and small mixing angles. In the 
absence of any such evidence the experiment yielded tighter upper 
limits. 

E-715 (Cooper). This experiment collected a data sample of 
more than 80,000 beta decays of polarized E-, which was 200 times 
larger than the sum of four previous experiments and had much 
less background from hadronic decays as a result of an electron 
identification system consisting of transition radiation detec­
tors and lead glass. (See Peter S. Cooper, Fermi lab Report, 
April 1984.) The result from this experiment confirms that the 
value of the electron asymmetry parameter for the decay E- • ne-v 
agrees with the prediction of the Cabibbo theory. 

During these past four years the Research Division also 
became very active in the preparations for colliding-beams exper­
iments. Most of the work was concentrated on the design and 
construction of the CDF detector, the first large detector being 
built at Fermilab to study pp collisions at 2 TeV. (See Roy F. 
Schwitters, Fermilab Report September 1983.) In order to meet 
Fermilab's responsibilities for the implementation of this large 
project, the CDF Department was built up from its 1980 manpower 
level of 21 to its 1984 size of 114. Additional growth will 
probably be required in order to assure that this detector will 
be ready for data taking in the fall of 1986. Trying to reach 
that deadline while operating under the limitations on manpower 
and funding during these years made it rather difficult to main­
tain the proper balance between the fixed-target and the colli­
ding-beams programs. 
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Installation of the endplug calorimeters in the CDF detectors. 
(Photograph by Fermilab Photo Unit) 

Facility Upgrades 

In addition to the support for the on-going experimental 
program, much of the effort in the Research Division during the 
past four years has been devoted to the design and implementation 
of facility upgrades in preparation for the utilization of the 
Tevatron for fixed-target experiments. Most of this work was 
formally carried out as part of the Tevatron II Project which 
began in FY82 and is right on course for completion at the end of 
FY85. (See Tom Kirk's account in Fermilab Report, February 
1984.) This project provides for the energy upgrades of the 
e1Ctrac1;ion sYstem, swit~hYard, !L,nd ~QJlle e~i§Un~ ge§:Jll line§ a§ 
wtil u for th~ cnnstruction af f(rnr l'ntirc-ly nt-w o~llm HH~!l ! 
th13 M-W13st pion \:lell-m, the M-Polarized proton beam, the N-Muon 
beam, and the P-Broadband photon beam. Just as important are the 
Industrial Center Building and the six new experimental halls 
(M-West, M-Polarized, Lab F, Lab G, N-Muon, P-Broadband) which 
a.r"" included in thh project, Thf'y arti liiud and !"quipped to 
handle the new 11eneration of Tevatron experimf'ntll!I whieh tPnd te 
be i~ra~r than their 400-0eV predeoeaaor•· 
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The target station for the M-West beam line. 
(Photograph by Fermilab Photo Unit) 

Several construction and improvement projects were carried 
out during these years which did not fall within the scope of 
Tevatron II. Among them I should mention the Assembly Buildings 
in both the Proton and the Meson Areas which at long last provide 
suitable working space for the support groups in close proximity 
to their areas of responsibilities; the Experimental Areas Opera­
tions Building which provides adequate space for a consolidated 
operations center for all three fixed-target experimental areas; 
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The control room in the Experimental Areas Operations Building. 
(Photograph by Fermilab Photo Unit) 

and the Meson Cryogenics Building which accommodates in one cen­
tralized location all of the helium refrigeration installations 
!\!1Q tht:?ir PPntrn±s WP!~h !H~ !'!~eg~g fgr ~p~rf!:H@JI Pf t.h~ er.yg:o: 
11ei11i~ m&Mn•U in th~ Mt111"n bH:m HHN!1 TM!! SY§tf!m @f ~@"~~1:1a 
loads connected by long transfer lines has taught us the painful 
lesson that reliable operation demands proper instrumentation and 
adequate refrigeration capacity in excess of the heat load. 

There were several improvements made to experimental facil­
ities which are worth noting: Although the 30-inch bubble cham­
ber was decommissioned in June 1982 after a last series of runs 
which resulted in more than 1 million pictures, its magnet lives 
on: it was converted to superconducting coils and now provides 
the magnetic field for the 32-inch holographic bubble chamber 
which was built by Tohoku University for E-636/745. At the 15-
foot bubble chamber the Internal Picket Fence was extended to 
cover the upstream half of the chamber's circumference as well; 
furthermore, the detectors which make up the External Muon Iden­
tifier were replaced and the chamb•r 1t••lf w&• mod1f1~d to mak~ 
it possible to take holographic pictures of events. The conver­
•ion of the Ch1o&go Cyclotron M&1net to a •et of superconducting 
coils was successfully c.ompleted; the magnet operated reliably 
and helium-economic during E-673 and has now been relocated to 
the N-Muon hall in preparation for E-665. 

''.; ,.;;';.• 
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When this entire program of improvements has been completed 
a very good set of facilities will exist for fixed-target exper­
imettte to explore the new energy ratt1e opened up by the Tevatron. 
The Hl'lt runnin1 period with the superconductin1 a.ceelerator 
gave us a taste of what the experiments can look forward to in 
terms of flattop, duty cycle, and particle yields. The overall 
efficiency and reliability of the accelerator and the beam lines 
will no doubt improve with time. 

t d st; shijUltl meh turn h~rl<! a 11!11.JtH' ~hlli~ei i ti tliEt t:ii'ltltl i Illa a 

ti@H @f ifi~ ~~perim~nt1l &r@As whi~n wa1 impl~mtnted in ord@r to 
opHmi:zE'! the utilization of the existing manpower as we tackled. 
all of these projects. In June 1982 the Meson, Neutrino, and 
Proton Departments were merged into a single Experimental Areas 
Department. This reorganization resulted in the formation of 
task forces in the different specialty areas (e.g., cryogenic, 
electrical, mechanical, facilities, etc.) which were of suffi­
cient size to provide the necessary support for the facility 
upgrades and the experiments. This change, which broke with 
longstanding tradition, was not instituted without considerable 
trepidation because of the danger that such a large department 
would be less responsive to the needs of the individual user 
groups. But I believe that the evidence to date has shown that 
this reorganization was, in fact, a correct step. 

Change was not limited to the experimental areas; during 
these years a series of steps were taken in the Computing and the 
Research Services Departments in order to keep up with the grow­
ing and changing demands which were made on them by the research 
program. Both of these departments have been reported on very 
recently. (See Frank Beck, Fermilab Report November 1984, and Al 
Brenner, Fermilab Report, December 1984.) Thus I wil 1 men ti on 
only a few highlights: the central computing facility was 
enhanced by the addition of a dual processor Cyber 875 with 750K 
words of memory; delivery of the new hardware began late in 1983 
and should be completed during 1985. A new beam line controls 
system, based on more modern hardware, was successfully completed 
by the Software Support Group in the Research Services Department 
in time for the 1984 running period, but the demands which the 
experimental areas are placing on the controls program are 
rapidly growing and require enhancements which are now being 
implemented. 

During the last four years the Research Division also became 
the home to three new initiatives at the Laboratory: A Particle 
Detector Group was formed in the Research Services Department in 
1983 in order to work on new types of detectors without the pres­
sure of project deadlines. The Advanced Computer Group was 
transferred from the Physics Department in 1983 in order to be in 
closer contact with its future customers as it develops special­
purpose computers to relieve the growing load on the central 
computing facility which the Tevatron experiments will produce. 
And in 1982 a Theoretical Astrophysics Group was started in the 
Theoretical Physics Department, reflecting the close relationship 
between these two branches of physics. 
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Assistance to the Tevatron 

Throughout my tour of duty in the Research Division the con­
struction of the Tevatron was given highest Lab-wide priority. 
Thus it was entirely appropriate that the Research Division 
helped out whenever assistance was requested. As a result, 
members of the Research Division made an impressive number of 
contributions to the accelerator during these years, and I would 
like to list them here for the record: 
(1) The Cryogenics Group of the Proton Department built the four 

miles of helium transfer line which connect the satellite 
refrigerators to each other around the ring and to the Cen­
tral Helium Liquefier. 

(2) Individuals from several departments assisted with the set­
up and operation of the Magnet Test Facility. 

(3) The Neutrino Department's Bubble Chamber Group assisted with 
the assembly of the spool pieces. 

(4) The Research Services Department's Hydrogen Target Group 
turned a portion of Lab 3 into a "Correction Center" where 
all of the correction coil sets were wound and assembled 
into packages for installation in the spool pieces. 

(5) The Research Services Department's El~ctronics Support Group 
designed and built two major systems: the power supplies 
for the correction coils and the processors for the beam 
position monitors. Both systems contributed greatly to the 
smooth commissioning of the Tevatron. 

(6) The Experimental Areas Department's Electrical Support Group 
built the power supply for the injection kick.er which is 
critical for transferring the proton beam from the Main Ring 
into the Tevatron during acceleration. This group also 
built the interface chassis required for the cryogenics 
controls. 

(7) Several teams from the Research Division helped with the 
installation of the Tevatron components in the tunnel and 
with operations during start-up. 

( 8) Members of the Alignment Group of the Research Services 
Department contributed their skill throughout the instal­
lation of the Tevatron magnets. 

(9) The Computing Department's Minicomputer Software Group 
provided assistance to the Accelerator Controls Group. 

The members of the Research Division can be proud of their 
contributions to the success of the Tevatron, particularly in 
view of the fact that in many instances these projects placed a 
heavy additional burden on them. Working side by side fostered a 
spirit of cooperation and healthy competition between members of 
the two divisions which was reminiscent of the early days of the 
Laboratory. Each side learned a great deal from the other and 
this will b~n~fit future proj~~ti, 

Mtt~ft!#H 
The Research Division has passed through four years during 

which only a rather limited amount of running time was available 

... "'"' ----.-----::_..... .. - -~ --'·-- ... - -~- ... ,'t • 
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for the execution of experiments because of the installation of 
the superconducting accelerator. The time was used to complete 
the program of 400-GeV e~periments and to implement a broad range 
~f hdHW up111ndu 11.nd 111nh11.nc11ment• in 1H•111panHon :for doing 
physics with the Tevatron. This work is now nearing completion, 
and the emphasis at Fermilab will shift to the utilization of 
these facilities in which so much has been invested. Given ade­
quate levels of funding in the years ahead we can look forward to 
exciting physics results from the Teva tron program of fixed­
target and colliding-beams experiments. 
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The record of the Seventh Meeting of the US/USSR Joint 
Coordinating Committee for Research and the Fundamental Prop­
erties of Matter was signed at Fermilab on December 6, 1984. 
Signing was the Head of the U.S. delegation, James E. Leiss 
(left), Director of High Energy and Nuclear Physics, U.S. Depart­
ment of Energy, and the Head of teh USSR delegation, Ivan V. 
Chuvilo, Director, Institute of Theoretical and Experimental 
Physics, Moscow. 

(Photograph by Fermilab Photo Unit) 



MANUSCRIPTS, NOTES, LECTURES, ANU COLLOQUIA PREPARED 
OR PRESENTED FROM FROM DECEMBER 10, 1984 TO JANUARY 20, 1985 

d6pi~s Bf Pr~prints With Fermiiab pubiicatiorl numbers can oe 
obtained from the Publications Office or Theoretical Physics 
Department, 3rd floor east, Wilson Hall. Copies of some articles 
listed are on the reference shelf in the Fermilab library. 

T. R. Cardello et al. 
Experiment #497 

A. Napier et al. 
Experiment #580 

G. R. Snow 
Experiment #612 

A. Denisov et al. 
Experiment #715 

J. F. Gunion 
and B. Kayser 

C. Quigg 

Experimental Physics 

Charged Hyperon Production by 400 GeV 
Protons (FERMILAB-Pub-84/122-E; sub­
mitted to Phys. Rev.) 

K*t(892) Production in '11-N Interac­
tions at 200 GeV /c ( FERMILAB-Pub-
84/ 127-E; submitted to Phys. Lett. B) 

Diffractive Photon Dissociation in a 
High Pressure Hydrogen Time Projec­
tion Chamber (Ph.D. Thesis, The 
Rockefeller University, November 3, 
1983) 

Performance of the E715 Transition 
Radiation Detector (FERMILAB-Conf-
84/134-E; presented at the Annual 
Meeting of the Division of Particles 
and Fields of the American Physical 
Society, Santa Fe, New Mexico, 
October 31-November 3, 1984) 

Theoretical Physics 

Searching for New W's and Associated 
Neutrinos (FERMILAB-Conf-84/81-T; 
submitted to the 1984 Summer Study on 
the Design and Utilization of the 
Superconducting Super Collider, 
Snowmass, Colorado, June 23-July 13, 
1984) 

The Standard Model and Beyond (FER­
MILAB-Conf-84/88-T; presented at the 
1984 Fermi lab Accelerator Summer 
School, Batavia, Illinois, August 12-
25, 1984) 



c. Quigg 

A. Sen 

L. McLerran 

C. R. Ordonez 
and M. A. Rubin 

D. N. Schramm 

M. S. Turner 

D. Lindley 

B. J. Carr 
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What Lies Ahead? (FERMILAB-Conf-
84/102-T; presented at the Wingspread 
Conference, University of Wisconsin, 
Madison, Wisconsin, May 29-June 1, 
1984) 

Radiative Corrections in Supersym­
metric Gauge Theories (FERMILAB-Pub-
84/118-T; submitted to Phys. Rev. D) 

Mean Free Paths, Viscosity, and the 
Limitations of Perfect Fluid Hydrody­
namics in the Description of the 
Quark-Gluon Plasma (FERMILAB-Conf-
84/128-T; presented at the "Local 
Equilibrium in Strong Interaction 
Physics" Conference, Bad Honnef, West 
Germany, September 1984) 

Graviton Dominance in Quantum Kaluza­
Klein Theory (FERMILAB-Pub-84/129-T; 
submitted to Nucl. Phys. B) 

Astrophysics 

Phase Transitions and Dark Matter 
Pr@bl~m§ (fERMibA8~Qgnf~B~/10~·Ai 
11ubmittliild ti;} the PrgclJetctin1lll of the 
International Symposium on Phase 
Transitions in the Very Early 
Universe, University of Bielefeld, 
Bielefeld, West Germany, June 4-8, 
1984) 

Superheavy Magnetic Monopoles and the 
Standard Cosmology (FERMILAB-Conf-
84/111-A; submitted to the Proceed­
ings of Monopole '83, University of 
Michigan, October 6-9, 1983) 

Cosmological Constraints on 
Lifetime of Massive Particles 
MILAB-Pub-84/115-A; submitted 
Astrophysical Journal) 

the 
(FER­

to 

The Origin of Cosmological Density 
Fluctu&tiona (FERMlLAB-Conf-84/ll7-
A; submitted to the Proceedings of 
the International Symposium on Phase 
Transitions in the Early Universe, 
University of Bielefeld, Bielefeld, 
West Germany, June 4-8, 1984) 
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E. Kolb 

K. A. Olive et al. 

J, Ellis It &l, 

A. G. Ruggiero 

A. G. Ruggiero 

A. G. Ruggiero 
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The Dimensional Reduction Tra.nsi ti on 
(FERMILAB-Conf-84/119-A; submitted to 
th• ProcHcUn11 of th• tntun&Uon&l 
Symposium on Phase Transitions in the 
Very Early Universe, University of 
Bielefeld, Bielefeld, West Germany, 
June 4-8, 1984) 

Gravitinos as the Cold Dark Matter in 
an n=l Universe (FERMILAB-Pub-
84/120-A; submitted to Astrophysical 
Journal) 

SU(N,1) Inflation (FE~Ml~AS-Pub-
84/126-A; submitted to Phys. Lett. B) 

Physics Notes 

The Wakeatron: Acceleration of Elec­
trons on the Wake Field of a Proton 
Bunch (FN-411) 

Relativistic Electron Cooling and 
Intra.beam Scattering (FN-412) 

Intra.beam Scattering in Electron a.nd 
Proton Storage Rings (A Review)* 
(FN-413) 

Colloquia, Lectures, and Seminars 

P. Koehler et al. 

T. Nash 

D. Johnson 

s. Nagy et al. 

D. Christian 

G. Dugan 

"The DO Detector" 
ber 11, 1984) 

(Fermilab, Decem-

"Status Report on the ACP" 
lab, December 14, 1984) 

(Fermi-

"Report on the SSC Test Lattices" 
(Fermilab, Decemb~ 18, 1984) 

"Highlights 
Conference" 
1984) 

of the Fall '84 DECUS 
(Fermilab, December 19, 

"Drift Chamber Readout of Proportion­
al Wire Chambers" (Fermi lab, Novem­
ber 20, 1984) 

"Status of the F-17 Extraction Sys­
tem, AP-1 line, and the Target Eta­
tion" (Fermilab, January 3, 1985) 



H. Edwards 

R. Orr 

D. Green 

J. Peoples 
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"Integration of the Teva tron I Com­
missioning into the 1985 Accelerator 
Operations Schedule" (Fermilab, Jan­
uary 3, 1985) 

"Accelerator Division Information 
Meeting" (Fermilab, January 8, 1985) 

"Particle Physics Detectors" (Fermi­
lab, January 14 and 16, 1985) 

"Status of Tevatron I" 
January 15, 1985) 

(Fermilab, 
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SSC Ann Arbor Workshop 
Situation Report 
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Hyperon Physics at the Tevatron 
Vertex Detection 

Nov 
Nov 

Jan 
Apr 
Mar 
May 
Oct 

Feb 
May 

May 

Dec 

Nov 
Oct 

2 
5 

11 
1 
2 

19 
8 

2 
12 

7 

cover 

13 
10 



March 28-30, 1985 

May 1-4, 1985 
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material to be considered at the 
Apfi1 PAC M~~titt~ 

Symposium on Anomalies, Geometry 
and Topology, Argonne National 
Laboratory and the University of 
Chicago. For further information 
contact Alan White, HEP 362, Ar­
gonne National Laboratory, Argonne, 
IL 60439, (312) 972-7381. 

International Symposium on Particle 
Physics in the 1950s: Pions to 
Quarks, Fermi National Accelerator 
Laboratory. For more information, 
write L. Hoddeson, Fermilab, P. 0. 
Box 500, Batavia, IL 60510. 
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