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INTRODUCTION

On the afternocon of May 19 2000, a Memorial Seminar was held in the BNL
>hysics Large Seminar Room to honor the memory of Ted Kycia, a prominent
sarticle physicist who had been a member of the BNL staff for 40 years.
A\lthough it was understandably a somewhat sad occasion because Ted was no
longer with us, nevertheless there was much for his colleagues and friends
-0 celebrate in recalling the outstanding contributions that he had made in
:hose four decades. The Seminar speakers were all people who had worked with
led during that period; each discussed one aspect of his career, but also
included anecdotes and personal reminiscences. This booklet contains the
Jeminar program, listing the speakers, and also copies of transparencies of
che talks (and one paper which was a later expansion of a talk); sadly, not
all of the personal remarks appeared on the transparencies.

The Master of Ceremonies for the Seminar was BNL former director Nick
Samios; he provided the exact mix of seriousness and humor appropriate for
such an occasion. Particularly appreciated by all was the presence in the
audience of Ted’s wife Helen and four of hie children, Jan, Stefan, Adam,
and Annia, two of whom are themselves now professional physicists.

Following the Seminar, there was a reception and dinner in Berkner Hall,
at which Ted’s family, the Seminar speakers and many friends were present;
it was an occasion to renew acquaintances and meet former colleagues who all
had in common the fact that they and their careers had been significantly :

influenced by Ted.

The Seminar organizers would like to thank many people who made this
occagion possible and memorable: the speakers, some of whom traveled
thousands of miles to take part; Nick Samios for his excellent chairing of
the Seminar; Tom Kirk for hosting the reception; and Michael Murtagh for

hosting the dinner.

Laurence Littenberg
Roy Rubinstein




ine of Ted Kvcia’s Career

Ted Kycia received his PhD in 1959 from the University of California at Berkeley, at
that time arguably the world's foremost center for particle physics. His thesis
experiment, at the then highest energy accelerator, the Bevatron, was a study of X*-
proton scattering; his thesis advisor was Ed McMillan. Among the measurements
made were of total cross sections, and further studies of this process subsequently
became a cornerstone of Ted's career for many years.

Ted joined Brookhaven National Laboratory in 1959, and spent the remainder of his
career there. Initially he was a member of the group led by Rod Cool; he later became
the group leader and a BNL Senior Physicist. In the 1960s and early 1970s, Ted led a
series of hadron-nucleon (and also hadron-nucleus) total cross section measurements
at the AGS, from momenta of 100's of MeV/c to over 20 GeV/c. He constantly
improved the precision of this technique. In the process, he and his collaborators
discovered many new pion-nucleon and kaon-nucleon resonances; these entered the
‘Particle Data tables, and subsequently were input to quark model calculations. The
final measurements in this series were carried out as Experiment E-104 at the newly
operating Fermilab in the 1970s. This experiment, covering the range 23 to 370
GeV/c, achieved a precision of about a part in a thousand. It showed that all hadron- -
nucleon total cross sections had the same behavior with energy: as the incident
energy increases, the total cross sections fall, reach a minimum, and then rise.
Previously this had only been demonstrated in some isolated cases. This
phenomenon is still not completely understood.

In the early 1960s, Ted participated in some of the earliest measurements of hyperon
magnetic moments, using BNL's Cosmotron and AGS accelerators. Among other

* . innovations of this work was the use of a superconducting magnet in the first

measurement of the =~ magnetic moment. These measurements were useful in
establishing the quark model of hadron structure.

: In the late 1960s, Ted embarked on studies of rare decays of kaons; the first
experiment studied X* — x*z% . There could be an asymmetry between the K*
and K~ rates and Dalitz plots for this decay if the origin of CP-violation observed in
K, —»2r decay is electromagnetic in origin, as was postulated at the time by some
theorists; no asymmetry was observed. The experiment also established limits on
some decay modes which are still the best to date. The second experiment, this time
studying neutral kaons, discovered several new decay modes of the K, , as well as a
form factor dependence in the decay K, -z'z"y that has been confirmed but never
really explained.

11




At the end of the 1970’s Ted led a series of experiments to check predictions of
various néw particles, and/or claims of discoveries of such. One was a claim of an

observation of the 7. produced in the reaction 7~ p - n.n and decaying to two
photons. AGS Experiment 732 did not confirm this result, and also set a limit on the
reaction 7z~ p—J/yn at 13 GeV/c. Another experiment was stimulated by a -
theoretical prediction of a new particle, the H di-hyperon. E703 used the reaction
pp—» K*K*H with the incoming proton below threshold for the production of

K*AK*A to search for the H. The H was not observed, and the stringent limit set
by E703 established that this particle could not have the typical hadronic production

.cross section that had originally been proposed. It was also the first of many
dedicated H searches done at the AGS. An extension of this experiment refuted a
claim of observation of an example of baryonium.

In the mid-1980’s Ted returned to the subject of rare kaon decays. He was one

of the initiators of AGS Experiment 787, the search for K* — z*vD . This process is
of particular interest because it is highly sensitive to the otherwise elusive coupling
of the top to the down quark, as well as to many varieties of possible new
interactions. Ted’s vision for the experiment was to design a detector whose basic’
structure was capable of detecting this process at the Standard Model level, which at
the time of the proposal was some four orders of magnitude beyond what had been
done previously. After many years, this decay mode was discovered by E787,
opening up a new window into short distance physics. This work continues.

At the time of his death, Ted was working on a new experiment, AGS E927, to
make a precise measurement of the Cabibbo angle, one of the fundamental
parameters of the Standard Model, through the study of the decay K* — #°%*v. The
object of the experiment is to increase the precision on this important quantity to less
than 0.5%.

Ted was a leader in the design, construction and use of Cerenkov counters, especially
with gas radiators, for beam particle identification. He built several of these, and
their performance always impressed his colleagues. However, he rarely described
them in print, and consequently did not receive all of the credit which he certainly
deserved. Ted always employed two simple design principles in his counters,
namely simultaneous detection and veto of unwanted particle species in the beam,
and the use of small Cerenkov angles to minimize optical dispersion effects. His
counters achieved resolutions not reached by others. At Fermilab in the 1970s, one of
Ted's counters cleanly separated pions and kaons at 340GeV/c; a few years later,
others made some modifications to it and achieved pion-kaon separation at 530
GeV/c. It is unlikely that this record will be exceeded at anytime soon.

I1I
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Ted Kvcia Memorial Svmposium'

Physics Large Seminar Room at 1:30 p.m. on May 19

Master of Ceremonies - Nick Samios

eaker Affiliation

Subject

Hyperon magnetic moments Kelvin Li BNL

Total cross sections Giorgio Giacomelli Bologna
Cerenkov Work ' Roy Rubinstein FNAL

KE o nt20y (E414) Paul Mockett | Washington
K; = ntn~y (E631) Laurie Littenberg BNL
H-search (E703) Alan Carroll ~ BNL
Search for no (E732) Randy Johnson Cincinnati
Search for KT — wtvp (E787) Doug Bryman TRIUMF
K3 (Cabibbo angle measurement) Brad Tippens UCLA
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comments from the audlence)
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6:00
6:15

K. Li

- G. Giacomelli

R. Rubinstein
P. Mockett
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L. Littenberg
A. Carroll
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D. Bryman

B. Tippens
N. Samios
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6:30 Reception at Berkner Hall, followed by dinner at 7:00. Dinner price
is $25/person. Please reserve space at the dinner by Tuesday, May 16.
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Pinc <B.dl> total <aP> fn. moment world ave.

(Gev/c) (kG-cm) #events (n.m) (n.m.)
1962 1.02 540 254 .55 (.10) -1.5 {0.5)
1965-1971 1.02 450 3868 .61 (.03) -0.73(0.17) -0.613
1972-1974 1.83 1500 2436 -.119(.020) -2.1 (0.8) -0.652
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1338  88. Plots of croas sections and related quantities.
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Since 1960 he has led the development and conétfuction of differential

——

Cerenkov counters for use in charged secondary beams, Their function has
been to electronically identify selected types of particles with a very
high rejection of all other particles. Tﬂ;-c;un;;;s which w;;;—;;iltmm—
spanned the full range of velocities évailable at the AGS. Most recently,
" he designed and built two gas diffarential Cerenkov counters for use at
Fermi National Laboratory in the total cross section experiment. The

resolution of one counter was adequate to separate K mesons f£rom T mesons

——

even at a momentum of 200 GeV/c. ~ 140 Gey

Over the last decade Ted Kycia led an effort to improve the precisioa

with which total cross sections of charged particles could be measured.
This led to the discovery of six massive 7 meson-nucleon resonances. This
was followed by a series of measurements of total cross sections of K
mesons, k mesons and antlprotons on nucleons in search of structure. The
high precision systematic measurements revealed a large number of previously
uncbserved resonances and structures. A number of hyperon resonances wera
found in bbth isotopic spin zero and isotopic spin one states. A number of
- Structures were found in the antiproton~-proton total cross section whlch
would be due to previously unobserved massi pion resonmances. In the K
mesan-n?cleon total cross section measurements a number of structures
also wéée discovered. These have subsequently been studied by groups
-in this country and in Europe. The question of whether any of the K. meson-

nucleon structures could be due to the existence of exotic Z 's is still
| unresolvad. The- techniques developed at BNL for measuring total cross‘"
sections to a high preciszon were " then applied to the measurement of
total’ crbss sectiﬁﬁé‘at‘FNAL Thzs latter experlment was carried out _
in collaboratzon with * . ce oo - e

21
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Fig. 4.1. Layout of the charged-particle cross section measurement performed at Fermilab (74C1-2]. The incoming beam is
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BROOKHAVEN, FERMILAB AND ROCKEFELLER UNIVERSITY PHYSICISTS
OPEN NEW WINDOW ON STRONG NUCLEAR HIGH ENERGY INTERACTIONS

) 1574
London, July 2 : A new experiment announced today at the 17th Intewr-

~#tiensl Conference on High Energy Physics held at Imperial College in
London, England indicates the surprisingly systematic character of the
interactioh of the fundamental particles of matter at high energiesi
The report describes the results of bombarding prbtons_and neutfons,
~the basic constituents of atomic nuclei, with six different types of very J
high energy sub-nuclear particles produced by the new U.S. Fermi National
Accelerator Laborafory located near Chicago, IT11inois.
--.-1}hese precise measurements, with an accuracy of about one part in 500,

reveal “that the effective size of both the proton and heutron increase for

five of the six probes when their energy is increased from 50 to 200 GeV.
For the sixth, the antiproton, the rapid decrease in size previously

observed be1ow 50 GeV has dramatically slowed and the apparent size becomes

essent1a11y constant between 150 and 200 GeV.

The phenomenon of cross sections r1s1ng w1th energy was first suggested

in 1971 by scientists work1ng with a beam of positively charged K-mesons at
energ1es up to 55 GeV at the U.S.S.R. Serpukhov Accelerator. In 1973,
Western' European scientists working at the European Center for Nuclear-
Résea%ch (CERN) near Geneva, Switzerland announced an increase in proton-
proton cross sections. | |

- - Bmew

The principal findings announced today are:

1. The increase of the size of a protan with 1ncreas1ng energy appears

-

to be a: genera1 and systemat1c property of strongly 1nteract1ng nuc1ear ”;
forces.‘*F1ve of ‘the part1c1es employed were the pi-meson, plus and m1nus, .
the Krme§§ﬂ pius and minus, and the proton itself. The cross sections of
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The experiment will be continued up to about 400 GeV. When the higher

o e ——

energies are employed in this same experiment, it is possible that all of the

cross sections will rise. . If this behavior is a universal phenomenon, it
will give strong clues as to the fundamental character of the strong nuclear
interactions and may assist in reaching a general theory of the strong nuclear-

forces which has been sought for many years.

2. A1l of the particle-proton and antiparticle-proton cross seegﬁon
'pairs.uniformly approach each other approximately inversely proportional to
the square root of their energy. The theorem that the difference between a
particle cross. section and that of its antiparticle on the same target should
approach zero at very high energies was enunciated by the Russian theorist,
Isaak Ya. Pomeranchuk in 1958.

3. Since it is not possible to have a target of pure neutrons, the
other basic ingredient of the atomic nucleus, the deuteron--which is composed
iof one pfotdn and one neutron--was used as a target. By comparing the proton
cross section and the deuferon crose section, the neutron cross sections were

deduced.
For each probe particle, the neutron cross section is very nearly

————— —

equal fo the proton cross section at these ultra high energies.

4. The nuclear forces continue to be charge symmetric. The cross
section fof a charged pion on a proton is equal to that of the oppositely
charged p1on on a neutron. | -

5: Th1s experiment provides the "systematics" of the behavior of |
an ent1re cJass of 1nteract1ons The proton and neutron appear to have
cross sect1ons nearly equa1 to each other for all of the probes. The
d1fferences between particle and antiparticle pairs seem to be d15appear1n§
at extremeTy high energies. Even the difference in cross sect1on between
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: 1. Introduction

The measurements of the hadron-hadron total cross sections are the first
measurements performed when a new hadron accelerator opens up a new energy
- region; the measurements were made as function of the incoming bearmn momentum or
c.m. energy and have often been repeated with improved accuracy and finer energy
spacing.

, Most of the systematic total cross section measurements of the long-lived
charged hadrons (n*, k* p*) on hydrogen and deuteron targets at fixed target
accelerators were performed using the transmission method pioneered at Brookhaven

- National Laboratory; the method is capable of high precisions, typically point to point
precisions of 0.1 - 0.2 % and a systematic scale uncertainty of 0.4 — 1.0 %.

Fig. 1, from the Data Particle Group, shows the behaviour with energy of the ‘

“total cross sections of different hadrons. At low energies, in the so called resonance
region, one observes a number of peaks and structures which decrease in size as the
energy increases. Above 5 GeV lab momentum, in the continuum region, there are no

.more structures: the cross sections decrease smoothly, reach a minimum and then
slowly rise with increasing energy (the asymptotic region). In the low energy region

- the cross sections depend strongly on the type of colliding hadrons and on the total

“isotopic spin, whilst in the high energy region these dependences tend to disappear as

. the energy increases.

I shall recall some of the measurements and of the discoveries made by Ted

.Kycia and by cur colleagues, some of whom are present in the audience. Besides Ted,

‘we are missing Rod Cool, who was the leader and -a driving force for the
measurements.

' Among Ted’s papers, I found his Curriculum Vitae, probably written around
1974; it is written in .a very simple form and it well states Ted’s interests and

.achievements in total cross section measurements; the part concerning total cross
section measurements is rcproduced below

. Curriculum Vitag
THADDEUS F.KYCIA

. ... Since 1960 he has led the development and construction of differential Cherenkov
counters for'use in charged secondary beams. Their function has been to electronically
_identify selected types of particles with a very high rejection of all other particles. The
counters which were built spanned the full ranee of velocities available at the AGS. Most
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National Laboratory in the total cross section experiment. The resolution of one counter was
adequate to separate K mesons from 7 mesons even at a momentum of 200 GeV/c.

Over the last decade Ted Kycia led an effort to improve the precision with which total
cross sections of charged particles could be measured. This led to the dicovery of six massive
7 meson-nucleon resonances. This was followed by a series of measurements of total cross
sections of K~ mesons, K* mesons and antiprotons on nucleons in search of structure. The
high precision systematic measurements revealed a large number of previously unobserved
resonances and structures. A number of hyperon resonances were found in both isotopic spin
zero and isotopic spin one states. A number of structures were found in the antiproton-proton
total cross section which would be due to previously unobserved massive pion resonances. In
the K* meson-nucleon total cross section measurements & number of structures also were

discovered. These have subsequently been studied by groups in this country and in Europe.
The question of whether any of the K* meson-nucleon structures could be due to the existence
of exotic Z" ‘s is still unresolved.

The techniques developed at BNL for measuring total cross sections to a high
precision were then applied to the measurement of total cross sections at FNAL. This latter
experiment was carried out in collaboration with physicists from Rockefeller and Fermilab. ...
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Fig. 1. Compilations of data of the total and of the integrated elastic cross sections
versus lab momentum for ©t*p and n*d scattering [Particle Data Group).
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. 2. Total cross sections at Brookhaven

At BNL a series of measurements were made with different beams covering
. the resonance region {1-2, 4-9] and the beginning of the continuum reglon [3]. The
" cross sections were measured on protons and deuterons and also on various nuclei [9].

A systematic and precise total cross section measurement in the resonance
_region may be thought of as a method for detecting the existence of new resonances:
this was the main aim of the Brookhaven measurements. Low mass rersonances are
:easy to detect because they produce large effects. Higher mass resonances, however,
show up as broad and non prominent structures, often overlapping with one another,
.so that one needs to measure the total cross sections with high precision at many
closely spaced points. Errors in the absolute values can be tolerated only if they are
‘essentially energy independent.

Ted had a particular way of searching by eye for new mini-structures at
relatively high energies: he carefully plotted the measured points on a large graph,
;which he then was viewing along the points, trying to see if there were mini-
'structures.

The *p, K'p, and pp are pure isospin states. In the other cases one has a
mixture of two isospin states. The determination of the pure isotopic spin cross
sections requires the measurement of two cross sections, which involves changing
either the incident or the target particle. For pions it is easy to measure both *'p and
7'p total cross sections, and hence to derive the total cross sections ¢,, and 6,, for
pure isospin states. For the other cases the simplest solution is to measure the cross
sections off protons and off neutrons. Unfortunately, the best neutron target is a bound
neutron-proton state (the deuteron), so that in this case the problems of nuclear
. physics in the deuteron severely limit the analysis of the data. A careful unfolding
procedure has to be performed to extract the pure isospin cross sections.

If a structure is found in a total cross section measurement, and assuming that
itis due to a resonance, the information that it yields includes the mass M (the c.m.
energy of the peak), the width at half height I', the height oy, and the isotopic spin 1.

: The total cross section method of resonance-hunting must be considered as a
“coarse spectrometer”, with a not-so-good energy resolution. In fact “spectrometers”
with higher resolutions have been used, like elastic scattering and “phase-shift
analyses”.

Total cross section measurements do not prov:de enough information to
establish conclusively that a peak in a definite isospin state is a resonant state, i.c. a
state with definite quantum numbers. In fact, a structure could also come from a
threshold effect, such as the opening up of a new important channel, or other
kinematical effects.

' The principle of the method used for measuring total cross sections is that of a
standard transmission good geometry experiment.

* The low energy beams were partially separated secondary beams, see for
example Fig. 2.

After momentum and mass separation, the beam is defined by a sysytem of
scintillation counters and by a Cherenkov counter, which further electronically
distinguishes between wanted and unwanted particles. The beam then alternatively
passes through a hydrogen, deuterium, or dummy target and converges to a focus at
the location of the transmission’ counters, each of which subtends a different solid
angle at the center of the target (see Fig. 3). The method is thus to evaluate the partial
cross sections 6, measured by each individual transmission counter and to extrapolate
these cross sections to zero solid angle to obtain the total cross section.
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The momentum spread of a beam was typically 0.75 %. With a circulating
beam of 10'2 protons the used K*-meson flux was about 3500 per pulse at 1.6 GeVie,
increasing at lower energies. The K™ meson fluxes were typically one third of the K*-
meson fluxes. The antiproton fluxes reached about 10000 p’s per pulse at 2.5-3.0
GeV/c, and smaller values at lower momenta.

The separation achieved with the electrostatic separators was considerable,
giving at worst a ratio of 2:1 between the wanted and unwanted particles; the
contamination of unwanted particles was assured to be less than 0.1 % by the
Cherenkov counters.

Figures 4 to 8 show some of the experimental results obtained. Figs. 4 and 5
show the K'p, data and the K'N, 1=0 and I=1data, respectively. Notice the quality of
the data in Fig. 4 and Fig. 7 compared to previous measurements. Fig. 5 shows the
I=0 and the I=1 total cross sections for the K'N scattering after proper unfolding.
Notice the structures which decrease in size as the energy increases. For small
structures at the highest energies, global analyses do not still give final conclusions
on their parameters.

The pion nucleon system, Fig. 6, is clearly overdetermined since one can
measure the Tp, ©*p, 7wd, w'd total cross sections.

In the Pp system the structures in the covered energy range are very small
(Fig. 7).

In the K*N, I=0 state there is a structure at the center of mass (c.m.) energy of
about 1910 MeV (Fig. 8). Many measurements have been made on this system,
without reaching a final conclusion, though a possible I=0 resonant state seems to be
indicated for this “exotic system” [10]. Further work on this system may be
worthwhile.

During the period of total cross section measurements at BNL other important
measurements were made there: (i) the first measurements of the magnetic moments
of the hyperons, (ii) elastic scattering measurements with the discovery of the
shrinking of the diffraction pattern, (iii) bubble chamber measurements with the
discovery of the & [11, 12]. The scientific atmosphere at BNL was at its best. But
also the human atmosphere was at its best; in particular the collaborators in the total
cross section measurements became friends and the frienship lasted for all subsequent
measurements at other accelerators.

CYLINDRICAL BEAM
SEPARATOR

}oamaaeB o)
Wy | \ g
RECT, .‘ § ’//’ ;7’»
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e S

LOW MOMENTUM SLITS
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TRANSMISSION
COUNTERS

DIFFERENTIAL CERENNOV
COUNTER

Fig. 2. Layout of a partially separated Brookhaven beam. Q,-Q, are quadrupoles; D,-
D, are bending magnets; S1-S3 and G are scintillation counters. Note the
electrostatic beam separators.
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Fig. 3. Layout of the experimental apparatus for the measurement of low energy total
cross sections. S,, S,, S,, and G are scintillation counters defining the beam. The gas
- differential Cherenkov counter is shown; it was replaced by a liquid differential
- Cherenkov counter for measurements at lower momenta. H,, D,, and the dummy are
 the liquid hydrogen, liquid deuterium and the dummy targets, respectively. 5,-S;, are
the transmission counters. '
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3. Total cross sections at Fermilab

Total cross section measurements at intermediate energies have been
performed at BNL [3] and at Serpukhov [13-15]. Then followed measurements at the
CERN-ISR at high energies [15, 16] and two sets of measurements at the Fermilab
fixed target accelerator [17-22]. ,

Fig. 9 shows the layout of the total cross section measurements at Fermilab.
The differences compared to the Brookhaven measurements were mainly due to the
much higher energies of the Fermilab beams, thus to the impossibility of using
electrostatic separators, to the need of much more selective differential Cherenkov
counters, longer targets, etc. Incident particles were defined by scintillation counters
and identified by two differential gas Cherenkov counters, allowing cross sections of
two different particles to be measured simultaneously. In addition, a threshold gas
Cherenkov counter could be used in anticoincidence when required. Typical particle
separations are shown in Fig. 10 using two counters made by Ted. Sufficient *-K*
separation was achieved up to 340 GeV/c and at higher momenta using corrected
optics [12] Contamination of unwanted particles in the selected beam particles was
always below 0.1 % thanks to the marvellous Cherenkov counters designed and built
by Ted. In the pion and kaon beams there were small admixtures of muons and
electrons (at the level of one part in a thousand and 1 %, respectively). Electrons in
the gas Cherenkov counter pion signal were identified by their characteristic signal in
a 22-radiation length lead-glass Cherenkov counter placed downstream of the
transmission counters. Muons were identified by their ability to pass through 5 m of
steel placed downstream of the transmission counters. Other differences concerned
the order in the transmission counters (first the large transmission counters at
Brookhaven, and the reverse at Fermilab: this is one problem which usually leads to
strong debates inside a group!). The transmission counters could be moved on rails so
as to subtend at each energy the same t-range. The targets were 3 m long, much longer
than in the BNL experiments. The three targets ( hydrogen, deuterium and dummy )
were surrounded by a common outer jacket of liquid hydrogen for temperature
stability. The vapour pressure was continuously monitored and the hydrogen and
deuterium densities were determined; their density variations were less than 0.07 %.
Target lengths were measured to 0.03 %. Repeated measurements indicated that the
cross section measurements were stable to better than 0.2 %.

The data were taken first in the range 50 to 200 GeV/c secondary beam
momentum, and later in the range 200 to 370 GeV/c. A compilation of the measured
data is presented in Fig. 11. These new higher energy data were presented at the 1974
High Energy International Conference in London. In this occasion a press conference
was made and the statements presented there summarize the interest of the
measurements and their possible interpretation.

Press Conference

[]

BROOKHAVEN, FERMILAB AND ROCKEFELLER UNIVERSITY PHYSICISTS OPEN
NEW WINDOW ON STRONG NUCLEAR HIGH ENERGY INTERACTIONS

London, July 2, 1974: a new experiment announced today at the 17 International

the
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- Fig. 9. Layout of the experimental apparatus for the measurement of the high energy
' total cross sections at Fermilab, C,, C,(C,) are gas differential (threshold) Cherenkov
- counters, PWC1-PWC3 are proportional wire chambers B,-B, and A,-A, are
- scintillation counters. H,, D,, VAC are the liquid hydrogen liquid deuterium and
. dummy targets, T,-T, are the transmission counters, &,-€, are scintillation counters
- used for efficiency measurements, C, is a lead glass Cherenkov counter; the iron
* absorber and the muon () scintillation counter were used for estimating the muon
' contamination.
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- surprisingly systematic character of the interaction of the fundamental particles of matter at
high energies.

The report describes the results of bombarding protons and neutrons, the basic

-constituents of atomic nuclei, with six different types of very high energy sub-nuclear
-particles produced by the new U.S. Fermi National Accelerator Laboratory located near
:Chicago, Illinois.

" The Measurements allow a precise comparison of the interaction probabilities of each
‘of the six different strongly interacting probe particles with the proton and neutron. These
-interaction probabilitiers are usually referred to as effective areas or “total cross sections” of
.the proton and neutron.

These precise measurements, with an accuracy of about one part in 500, reveal that
‘the effective size of both the proton and neutron increase for five of the six probes when their
‘energy is increased from 50 to 200 GeV. For the sixth, the antiproton, the rapid decrease in
size previously observed below 50 GeV has dramatically slowed and the apparent size
becomes essentially constant between 150 and 200 GeV.

The similarities and the intercomparisons of the behaviour of the cross sections with
the six probing particle beams indicate that a new simplicity of nature may be revealing itself
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at very high energies; a sitnation which has been.predicted by some physicists. Since the

proton and neutron are the basic blocks of all atomic nuclei, these experiments are a

significant advance toward an understanding of the constitution of matter.

The phenomenon of cross sections rising with energy was first suggested in 1971 by
scientists working with a beam of positively charged K-mesons at energies up to 55 GeV at
the U.S.S.R. Serpukhov Accelerator.

In 1973, scientists working at the European Center for Nuclear Research (CERN)
near Geneva, Switzerland announced an increase in proton-proton total cross sections.
Although the CERN scientists were limited to the study of proton-proton collisions by the
nature of the interacting Storage Ring Accelerator, in which two oppositely directed beams of
protons collide with each other, they were able to reach a record equivalent energy of 2,000
GeV.

The new measurements just announced were made with the world’s; largest
accelerator recently dedicated at Fermilab in which 300 GeV protons strike a stationary
nuclear target. Beams of many types of subnuclear particles with energies up to 300 GeV
emerge from this target. The six varieties of particle beams which were used included
protons, antiprotons, positively and negatively charged pi-mesons and positively and
negatively charged K-mesons.

The experiment was carried out by a collaboration between teams of physicists from
the Brookhaven National Laboratory (BNL) in Upton, N.Y., the Fermxlab in Batavia, lllinois,
and The Rockefeller University in New York City.

Details of today’s announcement were disclosed at a press conference at the
American Institute of Physics. Participating in the conference were: Dr. Thaddeus F. Kycia of
BNL; Dr. Winslow F. Baker of Fermilab; and Professor Rodney L. Cool of the Rockefeller
University.

Other menbers of the teams and authors of the paper were as follows:

BNL - -Alan S. Carroll, I-Hung Chiang, Kelvin K. Li, Peter O. Mazur, Paul M.
Mockett, now at the University of Washington, Seattle, and David C.Rahm.

Fermilab- - David P. Eartly, Georgio Giacomelli, from the Institute of Physics at the
University of Padova, Italy, Peter F. M. Koehler, Klaus P. Pretzel, now at the Max Planck
Institute of Physics and Astrophysics in Munich, Germany, Roy Rubinstein, and Alan A.
Wehmann.

The Rockefeller University - - Orrin D. Fackler

The principal findings announced today are:

1. The increase of the size of a proton with increasing energy appears to be a general and

systematic property of strongly interacting nuclear forces. Five of the particles employed
were the pi-meson, plus and minus, the K-meson, plus and minus, and the proton itself.
The cross sections of protons measured with each of these probes increased with energy
between 50 and 200 GeV. The cross section measured with the sixth probe the antiproton,
ceased to fall and became constant between 150 and 200 GeV.
The experiment will be continued up to 400 GeV. When the higher energies are employed
in this same experiment, it is possible that all of the cross sections will rise. If this
behavior is a universal phenomenon, it will give strong clues as to the fundamental
character of the strong nuclear interactions and may assist in reaching a general theory of
the strong nuclear forces which has been sought for many years. _

2. All of the particle-proton and antiparticle-proton cross section pairs uniformly approach
each other approximately inversely proportional to the square root of their energy. The
theorem that the difference between a particle cross section and that of its antiparticle on
the same target should approach zero at very high energies was enunciated by the Russian
theorist, Isaak Ya. Pomeranchuk in 1958.

3. Since it is not possible to have a target of pure neutrons, the other basxc ingredient of the
atomic nucleus, the deuteron—which is composed of one proton and one neutron—was
used as a target. By comparing the proton cross sections and the deuteron cross sections,
the neutron cross sections were deduced. For each probe particle, the neutron cross
section is very nearly equal to the proton cross section at these ultra high energies.

4. The nuclear forces continue to be charge symmetric. The cross section for a charged pion
on a proton is equal to that of the oppositely chargéd pion on a neutron.
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: 5. This experiment provides the “systematics” of the behavior of an entire class of
interactions. The proton and neutron appear to have cross sections nearly equal to each
other for all of the probes. The differences between particle and antiparticle pairs seems
to be disappearing at extremely high energies. Even the difference in cross section
between particles which do not have the same quantum number describing the
characteristic of “strangeness” seems to be disappearing.

L]

The measurements performed later in the momentum range 200-340 GeVi/c

confirmed the above statements and proved that also the antiproton-proton total cross
'section was rising with energy, see Fig. 11. The differences of (antiparticle-proton) —
(particle-proton) cross sections are shown in Fig, 12.
1 The rising of the total cross sections at high energies was a surprise to most

.physicists. I remember the heated discussions concerning the high energy behaviour
of the cross sections; one of these discussions was made at a coffee table by a group
.of experimentalists and theoreticans: most of the experimentalists favoured a constant
cross section, while most theoreticians favoured cross sections becoming smaller.
Then arrived Giuseppe Cocconi (one of the driving forces of high energy total and
elastic cross section measurements): He listened carefully, then said, “it is all
nonsence: I bet you a coffee that total cross sections will rise”. This was the first time
1, and most experimental colleagues, had heard of this possibility, which looked
somewhat ridiculous. Therefore we accepted the bet and a few years later we had to
pay it.

The study of total cross sections requires first a study of the beam qualities and

of their fluxes. This in turns provides interesting information on the production cross
sections of the six long lived charged hadrons, see for instance Fig.13 [22].
' Besides the liquid hydrogen, liquid deuterium and dummy targets, one had
always available a number of targets of different materials (Li, C, Al, Cu, Sn and Pb).
Thus one had the possibility of measuring the absorption cross sections in nuclei, as
shown in Fig, 14 [10, 13, 19].

4 The “continuation”

As already stated, the participation in the Brookhaven and Fermilab total cross
section experiments created a strong group of friends interested in this line of
research. Some of these collaborators made further measurements at different
accelerators [18-22].

The logical continuation of the total cross section measurements performed at
the fixed target BNL, Serpukhov, and Fermilab accelerators and at the CERN ISR
was to measure the total antiproton-proton cross section at the CERN [23] and
Fermilab pp colliders [24], up to 1.8 TeV c.m. energy. Several members of the
previous collaborations measured the antiproton-proton total and elastic cross sections
at Fermilab [24]. Clearly, at a collider, one needs a layout considerably different from
that used for the transmission measurements performed at fixed target accelerators.

The Fermilab collider results established that the total PN cross section for
antiproton-proton interactions keeps increasing with increasing c.m. energies, at least
up to 1.8 TeV. Cosmic ray measurements indicate that the total cross sections increase
even at higher energies, see Fig. 11b.

The next steps will be measurements at RHIC at BNL and then at the Large
Hadron Collider (LHC, the proton-proton collider which is being built at CERN)
Maybe some of the collaborators will participate in those experiments )
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Conclusions

The series of total cross section measurements performed at BNL in the
resonance region lead to the discovery of a large number of peaks and structures, most
of which correspond to hadronic resonances.

Since the early Serpukhov data, then the CERN data and the Fermilab data we
know that all total hadron-hadron cross sections increase with energy; this is also -
confirmed, even if with low precision, by the highest energy cosmic ray data.

From a theoretical point of view there is not a unique interpretation for this
rise, though in many QCD inspired models it may be connected with the increase of
the number of minijets and thus to semi-hard gluon interactions.

Most of the high energy elastic and total cross section data have been usually
interpreted in terms of Regge Poles, and thus in terms of Pomeron exchange. Even if
the Pomeron was introduced long time ago we do not have a consensus on its exact
definition and on its detailed substructure. Some authors view it as a “gluon ladder”.

Future experiments on hadron-hadron total cross sections remain for the
moment centered on the Fermilab Collider, (for pp)where new measurements will be
made in the near future. The experimental future after year 2005 will rely mainly on
the LHC proton-proton Collider at CERN. Large area cosmic ray experiments may be
able to improve the data in the ultra high energy region.

In any case the collaborations headed by Ted Kycia and Rod Cool produced
important results which will remain known in the history of particle physics. “Ted’s
expertise was in the design, planning, and execution of particle physics experiments,
and he had an impressive record of obtaining correct and accurate results. We and
many of our colleauges learned much through working with him”.

I am greatful to all the collaborators in the various total cross section
measurements, I am also greatful to their families for the nice atmosphere during and
after work. I thank Ms. Luisa De Angelis for typing the manuscript and Roberto
Giacomelli for technical support.
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Ted Kycia and Cerenkov Counters

Roy Rubinstein
Fermilab
Kycia Memorial Symposium, BNL
19 May 2000

I want to thank Brookhaven for providing this
opportunity to honor Ted Kycia, a person whom I
respected very much, and worked with for about
15 years. I can date quite closely when I first
started to work with him. All of us above a
certain age can remember where we were on the -
22™ of November 1963 when we heard of the
death of President Kennedy. I was a Cornell RA
in the trailer on the AGS floor setting up the fast
~ logic for an experiment with Ted due to start in a
few days; this was the Galbraith et al. total cross
section experiment mentioned by Giorgio
Giacomelli in the previous talk.

I want to discuss here a particle " physics
technology in which Ted was pre-eminent but for
which he was little known outside of a small
circle. |
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Ted Kycia and Cerenkov Counters

Cerenkov effect discovered 1930s

Use in particle physics started 1950s
(Reviews late 50s)

1960s: New energy range of AGS, PS

Ted started building gas Cerenkov
counters ~1960
~ (also solid, liquid)

1970s: Fermilab, SPS

Kycia Symposium
BNL, 19 May 00
. R?
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Study hadron interactions (e.g. total
Cross sections) with different
_incident particles 1w, Kk, p

Secondary beam is a mixture of T, k,
p of same momentum

Méasurement of B of a beam particle
gives its type

Use Cerenkov effect to measure B
- (generally ©t k separation most
_challenging)

cosG:;z—l[—}: (ﬁ>;lz-)

(Fix 6, and vary gas pressure to varyn)
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Ted made 2 design decisions that made
his counters the best in the world, and
built a series of counters

BUT
| Apart from

T. F. Kycia and E. W. Jenkins,
Nuclear Electronics, Vol. 1, p. 63
(1962)

Ted never published his Cerenkov
counter work

(always T. F. Kycia - to be
published)
| Competition was Robert Meunier (CERN)

Meunier published and also wrote

review articles, and generally is

quoted in any arhcle on Cerenkov
~ counters.
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Dueto Ap beam
A0 dispersion (n =n(A))
A6 beam optics (use parallel
section)
Multiple scattering in gas,
windows, etc.

r and K light can partially overlap at the
focal plane

Ted put veto photomulhpllers at the
llght focus
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Veto: might lower efficiency of K
| detection a little
would reduce © contamination of K
signal

Efficiency vs purity can be varied
aperture of K diaphragm
threshold for © signal, etc.

Ted may not have been first to use vetos
in this way, but all of his counters had
them, and very few counters of other
people did

Because of the vetos, Ted achieved higher
purity signals
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C. Electronics

Figure 5 is a block diagram of the electronics.
The transistorized coincidence circuits, discriminators
(DISC), and fanouts were designed by Sugarman ¢! al.’®
The discriminator makes use of 20-mA tunnel diodes
(Z 61-22), and its operation is stable for input pulses
from 2 to 20 mA.

The counters (S45556S7) were circular plastic scintil-
lators 0.5 in. thick of various diameters. They were
viewed by RCA 6810 A photomultiplier tubes. The high
voltage was supplied at each tube base by a radio-
frequency oscillator, transformer, and rectifier.!® The
outgoing pulses were limited at the tube base to ~6 mA.

The coincidences (S515.53) and (S15:.5:CC) were
recorded. (S1S2S3) gives the total number of charged
particles; (5:5:5:CC) gives the number of particles of
the selected mass value (e.g., X mesons). The final
counters S:5sS5s were of graduated sizes with S the
smallest, Se the largest. Their purpose was to obtain the
variation of the total cross section measured at different
small angle cutoffs in order to extrapolate to zero angle.
For this_ purpose the coincidences (S:iS3S:CCSy),
(51525:CCS5), and (S1525:CCSs) were recorded. Since,
according to the optical model, the width of the diffrac-
tion peak is inversely proportional to the momentum,
the sizes of counters S, S5, and S¢ were selected as
appropriate to the momentum,

During the experiment the internal targeting condi-
tions were sometimes erratic which gave large variations

B R, Sugarman, W. A. Higinbotham, F. C. Merritt, and A. H.
Yonda, Brookhaven National Laboratery Report BNL-5390
(unpublished); R. M. Sugarman and W. A. Higinbotham, Pro-
udgng: of the International Conference on Insirumenialion r{af 1%35’5’ -
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: ~ Fio. 3. Cerenkov counter pressure curve :
, - for the .11.6-BeV/c measurement. 1942

the fraction of protons removed from the beam. In the
worst case, the 11.6-BeV/c experiment, proton loss
amounted to 43% at a_COj; pressure of 605 1b/in?, or
30 g/cm? of CO, in the beam. The proton loss was
determined by measuring R;q5/R;2 as a function of the
gas pressure, and was checked with the result expected
from known proton-nuclear total cross sections. |
- We would expect the effective deuteron loss factor
. to be significantly worse. since the cross section.for
i deuterons on carbon and oxygen is larger tha,n for .
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in the instantaneous counting rates. For this reason, an
additional coincidence channel was provided to record
(S1525:CC) (S¢ delayed) where the delay inserted in the
S channel was 217 nsec which corresponded to the time
difference between successive rf beam bunches within
the accelerator. In this way the accidental coincidence
rate could be continuously monitored and an accurate
correction made.

An auxiliary 1-in.-diam counter S; was placed just
behind S¢. It could be moved by remote control
horizontally or vertically in a plane perpendicular to the
beam axis. Coincidences (5,525;CCS7) were then used

| COMCIDENCE
S1 5285

COINCIDENCE
| S, 5,55 CEmK

Fic. 5. Block diagram of the electronics.

- the measured magnet excitation curves.!

phace, The fo
swoximatel

After all e
for beam alignment and for measuring the si ;ﬂ “.’ ¢ ,S;S‘ p
o = . Cwakmiae a .
focal spot of the beam. Similarly, the coing shected. At €
(5152S:CCS:S7) was used to check periodica stseveral rur
efficiency of counter S; for i=4, 5, and 6. The m o boam.
efficiency of the counters and their associated cleet o
circuits was greater than 99%. .
Phe cross
D. Hydrogen Target #ml counter:

The hydrogen target was 120 in. long and 1f5 ting rate
diameter. The windows at each end of the ta
1.42 g cm™2 Al; the hydrogen was 21.3 g cm™2.

target was used for target-empty runs.

III. EXPERIMENTAL PROCEDURE

The mean momentum values were obtain
accurately measured integral field excitation
magnet. D and the geometry of the apparal
values were checked by measuring the velocity
particles with the Cerenkov counter C. Th
Ap/p were obtained from calculations using
sions of the pertinent aperture stops.

The magnet currents required in the
lenses were calculated!® in advance for a suit
tion of momenta. Final adjustments of the &
quadrupoles Q, and Q; were made by max
efficiency of the counter C at a few momenta,
these currents could be set satisfactorily by

justment of Qs and Q; was made at a f
measuring directly the size of the focal spot
Sy (see Sec. II C). Thereafter, a satisfacto

' 1G. T. Danby, Brookhaven National Laborat
Department Internal Report GTD-2 (unpublished),s

-l




n’

L660

g
8660

6660 000l

9660

ow . <

0

67



1920 . ABRAMS et al.

2 CRC
o ..
ES
279 sunters, a -
g" .ol these

-wokhaven
cuitry) wi
a1t used in
‘il the t
uled part
e oand a
ater. The
un partic

within 1
st o ellects

Beo o 2uh cach

s e inlivids

ceans -0 uloal the

Hiwk geaqut Lape, t

,,?\sm;ﬁ 1 1 (‘l)c 66

Si—Si2

YA
le—199 cm—=!

it was replace

um, and dummy targets, respective

1 Cerenkov counter is shown

ial
d hydrogen, liquid deuteri

¢, Experi

iqui

e e ol cxpe
hes 21l WIS USE
awed o0 MeV/e
spon <% b antiprot
v were

s point

+ DIAPHRAGM
D, TARGET
H, TARGET
DUMMY
100 cm

the beam. The gas different

ConicAL REFLECTEAS

Ss
[ ]
1
ing

Low MoMEVTUM
~ 2000 Pst

=
E-|
=3
2
o
>
E
E :
3 « ality. Afte
g2 el luni_ng
E-g oat partic
. 8
;.;_J .5 1t EDDE.
=2 25
S ° g 5’ i 1wl Dden
8 :E'g R HT 1<l
> Q 9 g wimaasr bl COUT
2 — g st ¢+ o b mome
= [ <] % dpmga a0 LlONS O
E E—' £ e et th
wl - sgpt o cotnep UM
P © 5 :
% wgpectesa o thal §
V‘ L] :i"pu-—'-; o8 0SS St

Aot s elects, T
‘Lo qotal b
Q - i haved o
g burst, v
33 B L L POR

it HETER?

e experimental apparatus. Sy,
renkov counter for some measurements at

CRC
V?' .
(D=1 = o A. Extr:

e 1 sneaninsio
ik -

0, = (.".

}—10.5 m—|

Layout of th
differential Ce
SS13 are the transmission counters.

Eoa o alomic
ime . 1 is A
(i aeed K, and £

F1o. 2.
ui

lig

68




> g s nrer ————

G [y . . a AT ST

&Jmi{ i




Ted stayed with the 6 coincidence, 6 veto
design, with optics as in the 10° counter.

A counter for a different momentum
‘range would have a different Cerenkov
angle

In late 1960s, Ted built 2 more counters
for the AGS, to replace the original 4 %4°
counter (4 14°, 2 metres)
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1970s — Fermilab, SPS

Ted built counters for Fermilab
Meunier built counters for Fermilab and
CERN |

Two different philosophies

1
cosf =—
nf

N = ALsin® 7,
A@ dispersion = K6 (;e;e:(kf)v light Spe(:trum)

Ted: small Cerenkov angle
. long length; small dispersion

Meunier: Large Cerenkov angle
. short length; must correct for
dispersion (complex optics)
(no vetos)
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Ted (Fermilab M1 beam)

16 metres 15 mr
32 metres 7.5mr

'Combine: 48 metres 5Smr

Meunier (Fermilab M6 beam)

5 metres 25mr

- Ted’s counters required more beam length
Meunier’s counters required a more

parallel beam, and were more complex
optically

7
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BROCKHAVEN NATIONAL LABORATORY 2833

ASSOCIATED UNIVERSITIES, INC. UPTON, L.L. N.Y. 11873

Teweenone: (516) 345-3706

May 21, 1976

Dr. Limcoln Reed .
Fermi Natiomal Accelerator Laboratory.
P.0. Box 500

Bat=wia, Illinois 60510

Dear Linc; . ' - ) _
‘The funct::.on of the High Resolut:.o y i ki -Coun
was to identify secondary particlies in the Mi bean line in the m& Mesog
er were gesigne

&rato? The M., beam. line and ‘the Cer e
compatible. In particular, the angular divergence of the beam in the
“parallel section" dictated the maximum Cerenkov angle for adequate separation

at the, then, maximum momentum of 180 GeV/c. The Cerenkov angle was chosen
to be 11.5 milliradians for which a radiator length of .55 feet was required.
We wanted to have two Cerenkov counters for identifying two types of particles
in the "parallel section' so the lengt:h of the parallel section became 120 feet

long.

. Just before- the Cerenkov counter des:.gn began, it became very clear
that the maximum momentum of the particles in that’ beam will greatly exceed
200 GeV/c. The _s:Ltuat:ion was further complicated by the fact that Klaus Pretzl
increased the maximum angular d:.vergence in the "parallel sect:.on" from. + 0.2
't:o + 0.28 milliradianS. :

If the two Cerenkov counters were to be combined ‘into one and the Cerenkov
angle reduced by a factor of two, there would be insufficient ‘light output
. (which varies inversely with the square of the Cerenkov angle ). I, therefore,
changed the Cerenkov angle to 15.66 m:.lliradians for :one counter which -then
gives us 7.61 milliradians when the counters are bolted together. Only t‘ne
spherical mirror needed to be changed inside. the counter. .

Enclosed you will find a Xerox copy of a table. showing the contribution
to the resolution ABR/f from the effect of dispersion in helium for MODE.1
(for sepzrate counters where ® = 15.66 mr) and MODE 2 (for joined counters
where 8 - = 7,61 mr). . Notice - that the difference between the two contributions
varies s "the inverse square ‘of the Cerenkov-angle. . - Therefore the effect of
d:.spersion for my 7.6% mr comb:.nat:.on is a factor of 10 smaller than for
Meunier's DISC counter with its 6.'= 24,5 mr. Tne need for chromatic correction
therefore vanishes. In any kind of a practical beanm with high 1nt:ensir.ies the

INFORMATION OPERATOR {516} 345-2123 ' 74
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main thing to worry about is the angular diverjence, also shown in the table.

1t doesn't vary with momentum and is thec main source of the width of the

peaks on the pressure curve, and hence the resolution. It's clear that the

€c = 7,61 mr is adequate for separating K mesons from I mesons even at 450 GeV/e
:.f the angular divergence is reduced by a factor of three from what currently
exists in the Mj beam line. The Cerenkov angle need not be reduced to reduce
the effect of dispersion at current Fermi Lab energies. It would need to be
Teduced only if the beam angular divergence is not to be reduced. Anot

- advantage of my design over Meunier's is that I can tolorate g factor of 10
igher Juy v e Deam Ior the same resolution. In other words, he
L]

S a much more para .

So as far as f resolution goes for separating K mesons from W mesons,
for vo = 7.61 mr it is only a function of beam angular divergence. For 8.
15.66 mr it is a function of angular dlvergence up to = 300 GeV at which
po:.nt: the dispersion effect enters in. .

The effect of momentum spread in the beam and multiple scattering on the
resolution can be ignored

The Cerenkov counter pressure vessel and quartz photomultiplier windows
were designed to operate at a maximum pressure of 300 p.s.i. I decided on
that high pressure mainly in order to have a rigid structure :hat would not
be affected by temperature and pressure changes, - High pressures usually are
required at low momenta where high resolution is not necessary and so one can
switch to a gas such as COj.

".l‘here are 6 photmmlt:.pher tubes on e.ach of the coincidence and anti-
coincidence rings. Enclosed is.the optics dmgram of the Ceremkov counter
at the photomultiplier. tube end as_well as the diagram for a’ .single counter.
Adjascent pairs of the 6 coincidence photomultipliiers are added with resistive
mixers, amplified, and a three-fold coincidence required. The 6 anti-coincidence
outputs are added with resistive mixers, amplified and put in anti-co:mc:.dence
with the three-fold coincidence. .

~ Twelve RCA C 31000 M photomultipliers and twelve RCA 8575 photomultipliers
‘were to be used on the two counters, the former on the coincidence channel and
* the latter on the anticoincidence channel. We couldn't get delivery om the
€31000 M's and so the original running was all done with RCA' 8575"'s. Enclosed
are cop:.es of pressure curves taken at 100, 150 and 200 GeV/c, all taken with
RCA 8575's. The resolution was adequate and the efficiency exceeded 907.

%hen I bolted the two counters together we scrounged up six C 31000 M's
at Fermilab and put them on the coincidence side;, with RCA 8575's on the anti-
coincidence side and took the enclosed pressure curve at 280 GeV/e. The
primary proton momentum was 300 GeV/c.

The counting rates are limited by the photomultiplier base design. and

disetriminator. We could operate at 10°/pulse. Val . Fitch is running with one
of my old counters at the AGS on antiprotons. The p level is at a level of
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105 - loﬁlpulse and 11~ level at 107 - 108/pu1s¢_-. Unduer circumstances such
as these the anti-coincidence channel could not be used. The background
between peaks could be increased by a factor of 10. 7This should almost
never be a problen at. Fermilab because the rates T mesons are not at that .
level at the highest momenta where high resolutions are required. I should
point out that the resolutions at 100, 150 and 200 GeV/c would now be
better than shown on the pressure curves with the C 31000 M's, all twelve

of wh:.ch are presently in the counters.
Each counter weighs about 5000 pounds. You might motice that there
is a long extension pipe on the upstream end of the Cerenkov counter just

to give it a longer radiator length. In tandem use the counter weighs about
twice as much. The two extension p:n.pes are bolted together on the upstream

end of the counter.
Some of the other nmﬁbers that you may Vish to have are:
Focal lengths of spherical mirrors; ~409.4 inches and 842.82 inches. .
Inside radius of pressure vessel' 9,625 inches. ‘
Pressure vessel wall thick:nesr 0.375 inches.

I should st:op at this point and if you have any more questxons I shall
respond to them. Regards,

“.Sincerely ywurs,

-,/' o

T. F. Kycia

Encils.
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Summary

Ted pushed the use of veto |
photomultipliers and small Cerenkov
- angles, unlike most other people

He did not publish or publicize his
counters, so their excellent performance
only known to a limited number of
colleagues and afficionados

But

He built the world’s best beam
- Cerenkov counters |
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A Brief History of the Our Search for CP
Violation in Koy
and Other Interesting K Decays

P.M. Mockett
Kycia Symposium
Brookhaven National Lab
19 May 2000

e My colleagues on this experiment along with Ted Kycia were
R. J. Abrams, A. S. Carroll, K. K. Li, J. Menes, D. N. Michael
and R. Rubinstein.

e Special thanks for their assistance were given to C. Anderson,
J. Fuhrmann, G. Munoz, H. Sauter, F. Seir and O. Thomas.

e We also elicited the help of the BNL bubble chamber group
headed by R. Shutt and N. Samios. '



Decay Modes Studied

Direct Term and CP Violation (Physical Review Lettcré)

Kf > 1’y — " 3y

Test of K Decay Models (Physical Review D)

K*— 2y

Search For the Rare Decay (Physics Letters)

Kf > n'n’ — 7' 4y

Kaon Form Factors (Physical Review D)

Kt>p'n’vop vy

Detector Description (Nuclear Instruments)
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Conclusions

Ted was an adventurer:

Ted had a broad ready smile:

Ted could have been a brain surgeon:

It was an exciting, challenging and fun period:
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AGS E631 - Study of Kt Radiative Decays

Laurence Littenberg - BNL

Ted Kycia Memorial Symposium - 19 May 2000



Proposal to Study Radiative Decays of Ki

W.C. Carithers, C. Lam, P. Muhlemann and B. Wormington

University of Rochester

A.S. Carroll, I-H, Chiang, T.F. Kycia, K.K. Li, P.0. Mazur
and R. Rubinstein

Brookhaven National Laboratory
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Proposal to Study Radiative Decays of K;

&0, e Brion

W.C. Carithers, Cr—ﬁzm-P-—Heh4eaznn-znd-ﬁ-—Wbrmtngtwa

University of Rochester

LtLﬁnkﬁ M. Alf&
A.S. Carroll, I-H. Chiang, T.F. KyCLa, K.R. Li, P.0. Mazur

1 BB .

Brookhaven National Laboratory

101

4631



Proposal to Study Radiative Decays of K;

I. Introduction
Hadronic structure is be;t studied with a probe that is theoretically
well understood so that one can separate the structure of the probe from the
structure it is probing. Most of our information on hadronic structure has
thus come frqm weak and electromagnetic probes. The weak current has been
used as a probe of K meson structure in semi-leptonic decays. A very large
nimber of experiments have been performed to determine the form factors as-
sociated with these decays.1
By contrast, very little is known experimentally about the electromagneticcxc&5+

structure of the kaon. Since all K decays involve [aY] = 1 transitions, thegd,ﬁfény

v

weak interaction necessarily enters so that radiative K decays involve both
weaE_and electromagnetic currents,

The scale for all radiative K: decays is set by the rate for Kz + vy. This
branching ratio is knowm to be (4.9 £ 0.4) x 10-4 from several measurements.
Interestingly the Kﬁ + Yy decay and the K? -+ winoy experiment of Abrams gg_g;.%
are the only radiative kaon decay experiments which indicate other than inner
bremsstrahlung. Since the yy decay is a 2-body final state it contains only the
scale factor. The K; +> ﬂinoy experiment was able to demonstrate the existence
of direct emission without probing its detailed structure.

We propose a broad based study of.;ossible kaon structure by measuring4radiative
decay modes of the K;. All of these measurements will be done simultaneously in
apparatus capable of high data rates and sensitive to branching rétios as low as
5% 102, These decays include é+efy, u+u-y, iy and;ﬁfw£6§7 Furthe?pore, a
large sample of nnn® decays would also be recorded. €+C-7T°, }(%'7}":’

R A ADY

102



K= T

T

Inner Bremsstrahlung, proportional to K= T T

The direct emission is expected to be roughly
comparable for charged and neutral kaons,
but the IB varies greatly. For charged kaons
the IB is very large so the direct emission is
only a few percent of the whole and very hard
to pick out.

For Kv IB is suppressed by CP-invariance
so the direct emission is relatively much
larger and easier to extract. There's also
a possibility of seeing direct CP-violation
through the interference of the IB and
direct emission, although this is not
expected in the Standard Model.

Counts

103

 Events/0.005 GeV

T

Direct Emission, the interesting part
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FIG. 2. Mass spectrum showing the existence of J.
Results from two spectrometer settings are plotted ;
showing that the peak is irdapacdest of scectrometer |
currects. The run at reduced currect was taken two
months later than the normal mum,
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Search for Narrow pp and ppv States

" A.S. Carroll, I-H. Chiang, T.F. Kycia, K.K. Li, L. Litcenberg
and P.0, Mazur

Brookhaven National Laboratory

~_W.C, Carithers and J.P.de B_rionw :

— Uﬁiversity of Rochester -
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Conclusions

E631 was an extremely successful experiment.

- Three new decay modes of the K were discovered:
Kr —eTe
Kr—ptu"y
K — ntrleTy

B (K I — 7r+7r'7) was accurately measured for the 1st time

+W—7.

A new dynamical effect was seen in the Ky — 7
- This is still a challenge to theory.

0

The first ever limit was put on Kj — w'ete .

- Attention was focussed on Kj — n%¢1¢~ in CP-violation.

Ted pioneered lead glass calorimeters.
- this work was crucial to the success of E631.

- also contributed to wide spread use of this technique.
E656 put limits on new particle production in n + Be — ppX.

But the lesson I retained was of Ted’s scientific integrity.
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0z1

1 NOV 1976
? NOV 1976

9 DEC 1976

31 JAN 1977

1 FEB 1977

23 JUN 1977
26 JUN 1977
7-21 AUG 1977
18-29 2‘\1977
"26 JUL 1978

-18 SEP 1978

TIME LINE FOR E703
L

Bob Jaffe submits a papér to PRL, "Perhaps a Stable Dihyperon"
Ted Kycia acquires a copy of a preprint

Ted Kycia and Val Fitch submit Proposal 703, "Search for __
Six Quark States"

Jaffe paper published in PRL

Experiment 703 Approved for two weeks running with sole
use of AGS at "5 GeV/c in Bl Line

Test of 5 GeV/c low intensity extraction

Test of E703 with secondary beam

E703 runs with 5 GeV/c¢ protons

E703 runs with 5 GeV/c protons

Paper submitted to PRL, "Search for Six Quark States"

"Search for Six Quark States™ published.
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Search for Six-Quark States

A. 8. Carroll, I-H. Chiang, R. A, Johnson, T, F. Kycia, K. K, Li,
S L. S. Littenberg, and M. D, Marx
Brookhaven National Laboratory, Upton, New York 11973

R. Cester, R. C. Webb, and M, S. Witherell .
Princeton University, Princeton, New Jersey 08540

(Received 26 July 1978)

 We have searched the missing-mass spectrum of the reaction pp —~ K *K*X for a narrow
- ‘'six-quark resonance in the mass range 2,0-2,5 GeV/ c?. No narrow structure was ob-
~ served, Upper limits for the production cross section of such a state depend upon mass

and vary from 30 to 130 nb,

- As the evidence for\t'lgcolored quark structure
of hadrons mounts, the apparent absence of exo-
tic quark combinations becomes more and more
puzzling, Nothing in current theory excludes
gqqq, six-quark, or even larger states from
existing as long as they are color singlets. JIn
recent papers, Jaffe has used the Massachusetts
- Institute of Technology bag model® to calculate

the masses of dimeson? and dibaryon® states,

An unexpected prediction emerged from the cal-

culations: There should exist a neutral six~
quark, strangeness =-2 state below AA threshold
that is stable to all but weak decays, Though this
result comes from a specific model, Lipkin has
argued that the general features of quantum
chromodynamics and the known baryon mass
splittings imply that the six-quark state with
charge zero, spin zero, and strangeness = -2
would have the greatest binding potential.* No
prior experiment could exclude the existence of

© 1978 The American Physical Society 111



The H’ Dzbaryon M&L&lmngzlﬂ

D

Properties:

1. Spin = 0
2. Isospin=0
3. Strangeness = -2
4. Quark Structure = Q5, all in relative S state

Iﬁug_ugm The H dibaryon is the only dzbaryon
o predicted to be stable with respect to

strong decay
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" The contribution to our S-wave hadron's mass from lowest order gluon ex-
change is proportional to

A= -g:j" % X KM(mR, m R) | (1)

where E’i (')fi) is the spin (color) vector of the {~th quark normalized to 3(2).
M(miR, mj R) measures the interaction strength. In the bag model it is a simple

9

For color singlet hadrons containing only quarks (no antiquarks)

A = (BN- ;Cs 50+ 1))1071 | (2)

where N is the total number of quarks, J is their angular momentum, and CG is

. q-theif"cdlqgépin"-the quadratic Casimir of SU(6) for the'colorspin representation

M = -(«ter)l/4 [2.043N-’z +ta A]3/4 3

0

whefe 31/4- 146 MeV, zo—— 1. 84anda =g /41r = 0.55 are fixed in the QQ
and Q sectors of the model.

Ot s %o ot

Representahon Representation 8
490 144 0 1 1760
896 . 120 1,2 8 1986
280 96 1 10 2165
ifns 96 1 10 2165
189 80 0,2 27 2242
35 e 1 35 . 2507
1 _' 0 0 28 2;199
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BNL-24296

EP&S 78-2

INFORMAL REPORT

LIMITED DISTRIBUTION
A LO¥ ENERGY, LOW INTENSITY AND GOOD DUTY CYCLE

PROTON BEAM FROM THE AGS

A. S. Carroll and J. W. Glenn 111

April 14, 1978

TYPICAL PROTON BEAM ME_RSITES FOR 7.0 SECOND SPILL g SQC. V\‘F
. . ) M

EAGS circulating intensity 2.5 x 1012
. €010  sEC 1.0 x 10t
B target SEC ' 2 x 1010
Experi-cntal Iocn Chamber 3x 109
Bl Line @

PROTON BEAM MOMENTUM CALIBRATIONS

(Fdr_a description of the methods, see the text.)

Gauss Clock RF Frequency Bl Dipoles Neutron Mass*

5.0 | 5.12 & 0.026 - 5.12 & 0.01
5.29 £ 0.05  5.40 £ 0.027  5.38 & 0.010  5.38 x 0.01

5.80 £ 0.03  5.95% 0.030  5.97 & 0.020  5.92 % 0.01
H ‘
*Assuled pa kick of the 18D36 spectrometer magnets was 303 Mev/c,
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Subject: Re: Talk on AGS Expt 703, For Ted Kycia Symposium
Date: Wed, 03 May 2000 11:42:25 -0500
. From: Michael Witherell <witherell @ fnal.gov>
Organization: Fermilab
To: Alan Carroll <acarroll@bnl.gov>

Hello Alan,

I remember the experiment well, but probably not very much that Laurie .
Littenberg has not already supplied. I remember most vividly the fact that
we were running the accelerator in a new mode, one with low energy and long,

_long spill. (My memory is that the beeper in the trailer had an eerie wail

during the spill, but my memory may not be that reliable.)

It_was great fun working on_an_experiment that could be done so quickly. To
get to the desired sensitivity without building a completely new apparatus
required a heroic effort to suppress the backgrounds. It was a great

opportunity for some younger physicists like Bob Webb, Laurie Littenberg,
and myself to solve these problems.

Ted was an excellent group leader and a good person to work with. I am sure
that he will be missed especially by those of you who worked closely with
him for many years. '

Best regards,

Mike
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ﬁ% Crawford‘ga]lman

H° and Strangelet Search Experiments

ATitle

Search for quark matter (QGP) &
other new phenomena utilizing
HI collisions at the AGS

Search for a strangeness -2
dibaryon '

Study of extreme peripheral col-
lisions & of the transition from
peripheral to central collisions in
reactions induced by relativistic HI

Search for a strangeness -2
dibaryon using a *He target

Measurement of negative particle
yield at 0° for 15A GeV Si+Au
collisions

Production of rare composite objects
in relativistic HI collisions

Investigation of antinucleus pro-
duction & search for new particles
in nucleus-nucleus collisions at AGS

Search for particles with Z1 > 3 &
negative charge or large A/Z produced
in central nucleus-nucleus collisions

Experiment to detect AA hypernuclei

Search for new particles in nucleus-
nucleus collisions

Search for the H dibaryon
A search for quark matter (QGP) &

other new phenomena utilizing Au-Aun
collisions at AGS :

'Search for a short-lived H° di-

baryons, strange matter, etc.

136

Beam Remarks

Si H® &
Strangelets

18]

HO

Si Strangelets

K H°

Si Strangelets

Au H &
Strangelets

Si & Strangelets

Au

Si & Strangelets

Au

=" H°nuclei

Si & Strangelets

Au

p H®

Au H &
Strangelets

.Au' H &
Strangelets

Status
Completed
1991
Completed (?)
1993

Completed
1992

Running 1994

Completed
1991

Begins 1994

Completed
1993

Completed
1993

Engineering
1994/run 1995.

Completed
1993

Completed
1993 /452

Not yet
scheduled

‘Not yet
scheduled
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BROOKHAVEN NATIONAL LABORATORY

Committee Report on Speculative '"Disaster Scenarios'' at RHIC

Synopsis of committee report
(link to complete report can be found at the end of this document)

John Marburger, Director
Brookhaven National Laboratory
October 6, 1999

Thlrge_ different kinds of "disaster" scenarios have been discussed in connection with high energy particle
collisions:

A. Creation of a black hole that would "eat" ordinary matter.
B. Initiation of a transition to a new more stable universe.
C. Formation of a "strangelet” that would convert ordinary matter to a new form.

"1. At present, despite vigorous searches, there is no evidence whatsoever for stable strange matter
anywhere in the Universe." :

"2 On rather general grounds, theory suggests that strange matter becomes unstable in small lumps due
to surface effects. Strangelets small enough to be produced in heavy ion collisions are not expected to be

stable enough to be dangerous.”

"3, Theory suggests that heavy ion collisions . . . are not a good place to produce strangelets.
Furthermore, it suggests that the production probability is lower at RHIC than at lower energy heavy ion

facilities like the AGS and CERN...."

"4. Itis ovemﬂelmingly Iikely that the most stable configuration of strange matter has positive electric
charge” . .

137
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Ted Kycia Memorial Symposium
May 19, 2000

E787: Searching for New
Physics at the Sensitivity
Frontiers |

Douglas Bryman
University of British Columbia
Vancouver Canada
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The “Generation Puzzie™ persists
fifty years after the discovery of
strangeness |
and the first non-discovery
of u — en

o KAONS at the center of action in particle physics.
e CP/T violation has been seen (only) in Kaon deacys.

e Lepton flavor-violating decays are still absent but
LFV may have shown up in neutrino oscillations.
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Unitarity relationse.g. 1 3V oV 3 Veg=—V 3 4ia =0

Four "Super-clean” K and B physics inputs will test the SM
CP-V picture. (Buras)

K™ — 7 vp  BNL-E787,E949, FNAL-CKM
K]} — 7%  BNL KOPIO, FNAL KAMI
Bs — VK, BABAR,BELLE,CDF,HERA-B

zs __ Bs—Bs
2= 2B LHCBBTEV
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A — 77 in the Standard Model

Kt — ntup

Kg — 7D

Top Dependence

[Ael= [VigVia| | Im(A)=Im(V,iVia)
Calc. BR (107") 0.82 + 0.32 0.28 £+ 0.1
Est. Theory Uncertainty | 5% (charm) 1%

. Negligible long distance effects (107 %).

e Hadronic matrix elements from isospin analog

KT — 7roe+1/€.
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E787: Measuring K™ — 7 v

Arbitrary Units. |

0 50 100 150 200 250 300
Momentum (MeV/c)

Kt — Tt %Y
Stopped K — ® Momentum 4m Veto
C.M. system Energy

Range -

T— [ — e
PHILOSOPHY:

e Get as much information as possible!

e Suppress backgrounds (K — 777 Kt — utv,...)
S/N = 10. -

e Perform “blind” analysis to avoid bias.
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E787 DETECTOR BARREL J-vETD

AV 3 T 3 X% T T
A VA NN AN RN RN/ R Po-GLASS CHOUNTER
£nn PLATES NN 7 AR/ enn puates

3 7% ) 3 R BARREL J -
\\\;: AN ZANN AN PHD?DTVETDUBES
Z

Z

FHAVAN D
7 ’/,4 X

0 X
3 7 2 7 ) AR
/,}ﬁ 7 AN X RANGE STACK
NN AN AR
7 & Q oY " ™ NS
AN ZZR AN
e ] A=t T
bl et — B N — £S5 B =
ER e e f] LS LM HIEE S H I TH 1 131D 1348 35 313 R 3 1] 4 [} bl ———— S== RANEE STACK
_______ T PHOTOTUEES
= e e =0 1-COUNTER
= OLLAR COUNTER
“ceao | R Loy ac LT ey
2= Z
P 1/ & & s
5 AN
A, T
—/ = = = = -TARGET
= = = = = === PHOTOTUBES
= o et - Sy = N ICROCOLLAR
[] [}
INTER e e S 5 = I -
e T L, | P : et — e V~COUNTER
£E = F—7 ] f———x e —Ps
. TARGET
2 END caP J-vETD
- DRIFT CHAMBER
-
- . RANGE STACK CHAMBERS
PIT
0 1t
T s e

K:w~4:1——>CK——>Be0degrader—>
active, segmented target

w1 — 1.0 T drift chamber —
21-layer, segmented range stack

photon veto: 14 X barrel, 13.5 X Csl endcap,
Pb glass, collars :

data acquisition: ~ 1.0 x 108 KT stops in target per 1.5-sec spill
~ 200; KT — 7r+w7triggers per spill
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AGS Proposal .

Title: . A Study of the Decay e v, Lo

Trom: - I=-E. Chiang, R.A. Johnson, T.F. Kycia, K.K.
o L’.' L.S. Litteﬂber‘. R.C. Strlnd - !N'L:
- ' D. Marlow = Carnegie-Mellon University;
M.S. Atiya, R. Seto = Colunbia University;
AW.C. Lou‘-.. A.J.S. Suith - 'Ptinceton )
University; D.A. Bryman, J.A. McDonald,
J.~M. Poutissou = TRIDMF. *

Detectors: Solenoidal drift chamber magnetic
spectrometer, scintillation counters, shower
T T e e counters.
Time Requested: © 2100 bours of dats taken with § x 1032

protons/pu)ize; 400 hours of testing with
0.5-2 x 10°“ proten/pulse.

. SEwauaan
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Evidence for the Decay K~ — w7 v (ET87)

1995-97 Data: One event observed.

Estimated background: nb.= 0.08 £+ 0.02.
Ny = 3.24 X 1012 Acceptance= 0.208 % 0.005(stat) % 0.021(syst)

€46 ;_' i | L l i ' '_g
Saa .-
R4z | -
a0 =
38 & =
36 [ =
34 | L =
32 | ¥z 3
30 F it =
28 E-l FYRVORR ISR T ST SN NN VO TN YOOY SR HAN TR S ST S A T S ST AN AT :.E
9 100 110 120 130 140 150
E (MeV)

Results:

_ I‘(K+—->1r+uﬂ)_ 1.5+3.4 —10

-+ ‘o5
RIK" — wTvi)= TKToall) — °-1.2 X 10

0.002 < |V;a| < 0.04
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‘Search for " Familons”

R(Kt — n'z)< 1.1 X 107° (90% c.l.) for m, =

- 0.
ma (eV)
"’ NN udec
4 NNN =
] N
" N §
5 NN
1072 5 NN \ E787
8 g % K* —> 7*X°
10° °c 3 \
E =
-4 -g % \
10 ] §
10° \
10°® % %window
100 § too much dark matter from
. \ cosmic axion strings
) N\
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K+ — wtvisProgress

Progress in K- —> vt

2 e
"'5 - Klems
Loes L
A m Cabie
"é‘ -7
o7 L -
e B Asano
Qo
o A
1077 L e e E787.89—0 1w T .
g ' E787 1995 -
“F 89—-91 bkgnd level * ]
o [1-2x107° ' ©S5—7 |
D RrReeNede e
£-5 % 107 25 bhkena leve! ™ --E787 Finci
16 b e e .‘.4..........,.....?ét?..?&gndA!'-?.v.EJ.:~.5949f.‘._;
E : i N N . N - 1
1970 1975 1980 1985 1990 1995 2000 2005

Year

. Background in E787 95-97 data OK for measurement.
e E787 1998 data comparable in sensitivity to previous
total. '

e E787 now becomes E949 aimiﬁg for 5x sensitivity of
E787. Running starts at the AGS in 2001.

e CKM proposal at FNAL aims for 10x greater sensitivity.
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KOPIQ: A Proposal to Measure K} — ©vi

Lessons from E787:

e Measure as much as possible:
Energy, position and ANGLE of each photon.

e Work in the C.M. system :
Use TOF to get the K% momentum.

e Photon Veto limited by photonuciear interactions at low energies.

GNZOOPSEC Barrel Veto

40nsec

EM Calorieter

-
~
S~
-
~
-
NH

L
4
'
o~
\\
\\
\
%Prerodiotor %
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KDPIO:. Chalienges and Goals

Largest background source Kg — w0,

Weapons: Kinematic reconstruction, photon veto.
Eliminate events with missing low energy photons.

Photon inefficiency : 10™* at 200 MeV.
(Comparable to E787).

Photon angular resolution : 17 mr at 350 MeV

(10 mr achieved by GLAST)
3.5%

7/ (E(GeV)’

(Achievable with " Shashlik”)

Energy resolution :

K] — w°%° Background
% Sk %k

fas =5 | 4
o 25 50 75 100 125 150 175 200 225

abs(E,"—E,") (MeV)
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Using the 24 GeV AGS (between RHIC puises), 10

p/spill, expect 1.5 X 10" K decays.

KOPIO GOAL: 65 Events with S/N=2.

Estimated event levels for signal and backgrounds

Process Modes Main source Events

K% — w0y 65

K7, decays (%) w020 70700 0y w0r? 24

Ky — nta—x0 9
) Ky — vy : 0.04
K, decays (charge) wie:‘:u,riu:}:u,w"'ﬂ-— et 0.06
KL decays (¥, charge) ril¥u7, wil:Fu'trO,ﬂ"l'ﬂ-—'y 0.1
Other particle decays A — won, K~ — =Y A — 70n 0.03

' Interactions n, Ky, n — w0 0.5
Accidentals n, Ky.,v n, Ky, 0.3

Total Background 33
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E787 RESULTS 1988-2000

MODE RESULT(E787 GAIN)  COMMENT
K% — ntvp (1.573%.)1071°(580) . Discovery!
Kt — atutu~ (5.0 £ 1.0)10%(4500) Discovery!
KT — 7ty (1.1 4 0.3)107°(100) Discovery!
Kt — ptvy (1.33 £ 0.12)107°(1000)  Discovery!
Kt — ntnly (4.72 £ 0.77)107° (2) D.E. Rad.
Kt — ntg £ 1.1 x 10719(346) Familon?
Kt — ptvpp < 4.1 x 1077(2.4M) Higgs?
Kt — etvuu < 5 x 1077(2M) Higgs?
0 — vy < 8 x 1077(10) " Search?
7’ — v X < 5.3 x 107%(1900) Vector?
Kt — 7nta%5 < 4.3 x 107°(new) Non-SM

AND TECHNOLOGIES

500 MHz/ 10 ps Transient Digitizers
500 MHz Gallium Arsenide CCDs
Pure Csl Crystal Detectors
Scintillating Fiber Target

Inflated foil Central Drift Chamber
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A Tribute to Ted Kycia

Brad Tippens
May 19, 2000

As a physicist, Ted Kycia was a purist. He did not seek prestige, influ-
ence, money, or honor for his work. The only motivation was the pleasure
that his work gave him. Along with this, and perhaps partly because of it,
Ted exhibited the highest qualities of human character: humility, sincerity,
honesty, integrity, and honor. He respected those he worked with and ex-
pected no less from them. He held high standards for himself and his work
and he inspired no less in those with whom he worked. Thus, Ted exempli-
fied true leadership qualities. He never coerced or dominated his colleagues;
instead, he inspired them to achieve beyond what they thought they could.
Ted had a permanent and positive influence on everyone who had the honor
to work with him. For this, they all admired and respected him. This made
Ted a great physicist and a great human being.
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PRECISION MEASUREMENT OF THE
RATE AND SPECTRUM FOR Kt —=nletv

E927

PHYSICS

TECHEHNIQUE

DESIGN
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- Physics
== Condition for Unitarity of the CKM Matrix:

A=1=IVul = Vil = IVl
=0.0027 £0.0017

- IVud? =0.9489 £ 0.0011
 IVu? =0.0484 £0.0013  (0.0003)
IVl =9+6x107°

E%"Improvmg the determination of V. is
heightened by the recent interest in improving
the measurement of V.4 at Los Alamos and
elsewhere.

E@'Improvmg Vs will make a significant
improvement in the determination of other
- parameters of the CKM matrix.

[ 10502 r A3A (p-wn)
| -A 1-0.502 A%
A3A (1-p—n) ~-A2A 1

Example MK o>mv) = A0
| fie 215 ELY 204 Mev.
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TECHNIQUE

Goal: 0.7% for BR(Ke3) gives 0.35% in Vus

Kz l<* >ty 6357 Kes K'ome» 4387
K2 K"—>rv 20.2% Ku3 l<*>n‘*v 2.2%
Ky =271 50% Kz K*—Ur 1.7

Method:

We measure all 6 major decay modes so that only the relative
differences in the acceptance have to be determined.

0<-l
BR(K;3) = /14{/(78245”— /Vm (1-§)" §~.2

We experimentally determine all ma]or sources of systematic
error.

Determine 8 usmg Kz2 ~02%
 Finite target effects- 2 #47s
o | 0.27
v EQE0NE) oz
Identifying T, p,ande P--=7- 7T T 0.2 %

Dominant error comes from Kn2 and Kp3 background.

We identify and include radiative modes
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|
't

EXPERIMENT DESIGN

== Take advantage of ~4n CB by using stopped K*.

e clean trigger - we count all K™ decays
-7t background ~0.02%

* large acceptance = high statistics
less dependence on acceptance differences

® measure rad1at1ve corrections

ii%?'Identlfy Km2'and Kyu3 using CB crystal TDC &
Cerenkov detector |

* two mdependent methods allow deterrmnatlon of
efficiency

® TDC method gives ~1.3% bgrd
e Cerenkov counter shiould have > 90% eff.

* TDC’s on crystals are necessary to reduce accidental
backgrounds.
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roprsans n min -

J#e Crys7ir BAare

n=73/ 4q o . &72 /VAIersm
‘f‘-‘-/ﬁ?r:/,
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Crystal Ball (Nal)

Outer Trigger
Coumtber PMT

Proporﬂonal! Plexiglass Cerenkov Counter
Chamber .
Cerenkiov Counter
PMT
a4 Beam
g Degrader
Inner Trigger Counter Veto Counter

Scintillating Fiber Target
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R R
i SR, UWM.W =

3o

191



98/11/24 00.53

Experimest 927, Run 1062
| SR E— 1 LA I T S A I I T I T T ] ¥ T ¥ T I T T T T i
10000 -
8000 |- ' -
6000 —
4000 |- 11 : -
2000 |- | -
0 1 1 1 1 ' ] ] [T | i 1. (] ' o 1 1 1 | ) ) ) 1
0 0.1 R U A 0.3 0.4 0.5
EnergyefSingle Cluster Events
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7791‘6644‘{«“(1}'!«."(/0“— ~ '0270

- L l e T ' i o U ] | I l8oh 7
- Entries - 200
2 Mean 876.0
107 RMS 2667 -
- UDFLW =

VFLW 0.7
A N 8147~

0 F | =

1 ; HWK L1 I TN B I—g
500 1000 1500
Trigger Counter TDC 2

=TT T 1 L B I L LT =

- Entries 2007

— Mean 889.27]

1 0 2 e 2628%

:"Lt 0 14225-!-05?

1 ? ENER RN A A RS B -

500 1000 1500
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STATUS

== Stopping rate measurements were very successful.
Sufficient rate and purity.
Small pileup in CB from degrader.
1 week was not enough time to test TDC’s.

~Basic Design & Engineering completed.
-= Second Test Run to prove Particle ID.
TDC’s

Cerenkov Counter

-~ Further running conditioned on success of Test Run.
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