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INTRODUCTION 

On the afternoon of May 19 2000, a Memorial Seminar was held in the BNL 
?hysics Large Seminar Room to honor the memory of Ted Kyeia, a prominent 
3article physicist who had .been a member of the BNL staff for 40 years. 
hlthough it was understandably a somewhat sad occasion because Ted was no 
Longer with us, nevertheless there was much for his colleagues and friends 
:o celebrate in recalling the outstanding contributicqs that he had made in 
zhose four decades. The Seminar speakers were all people who had worked with 
red during that period; each discussed one aspect of his career, but also‘ 
included anecdotes and personal reminiscences. This booklet contains the 
seminar program, listing the speakers, and also copies of transparencies of 
:he talks (and one paper which was a later expansion of a talk); sadly, not 
nil of the personal remarks appeared on the transparencies. 

The Master of Ceremonies for the Seminar was BNL former director Nick 
3amios; 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 his 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 
occasionpossible 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 tiittenberg 
Roy Rubinstein 
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Outline 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 K+- 
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 BNT., senior Physicist. In the 1960s and early 19708, Ted led a 
series of lx&on-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 
finalmeas urements in this series were carried out as Experiment E-104 at the newly 
operating Rxmilab 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 sect@ns fall, reach a minhnum, and then rise. 
Previously this had only been demonstrated in some isolated cases. This 
phenomenon is still not completely understood. 

In the early 19606, 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 8’ magnetic moment. These measurements were useful in 
establishing the quark model of hadron structure. . 

In the late 196Os, Ted embarked on studies of rare decays of kaons; the first 
e@ximent studied K* J) lt*lt’r. 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’+% decay is electromagnetic $I 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 q, as well as a 
form factor dependence in the decay K,+zWy that has been confIrmed but never 
really explained. 

II 



At the end of the 1970’s Ted led a series of experiments to check predictions of 
various new particles, and/or claims of discoveries of such. One was a claim of an 
observation of the $ produced in the reaction n-p + qcn and decaying to two 
photons. AGS Experiment 732 did not confirm this result, and also set a limit on the 
reaction x-p + J/y& at 13 GeV/c. Anothti experiment was stimulated by a 
theoretical prediction of a new particle, the H di-hyperon. E703 used the reaction 
pp 4 K+K+H with the incoming proton below threshold for the production of 
K+AK*h 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*uB. 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 
th+! 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+ 4 a”efv . 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 copters, 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 tlhe 197Os, one of 
Ted’s counters cleanly separated pions and kaons at 340&V/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. 
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Pint cB.dl> total caPz m. moment world ave. 
(GeV/c) (kG-cm) #events tarn) (n.m.1 

---w--e ---m-e -----me ---- ---e----- ---L------ 

1962 1.02 540 254 .55 (.lO) -1.5 (0.5) 

1965-1971 1.02 450 3868 ,61 (.03) -0.73(0.37) -0.613 

1972-1974 1.83 1500 2436 -.119(.020) -2.1 (0.8) -0.652 
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.THADDEUS F, KYCIAV 4- ? -. 
..,.. 

Since 1960 he has led the development and construction 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. Thescounters which were built 

Sphned the full range of velocities available at the AGS, Most recently, 

'he design&d and built tcqo gas differential Cerenkov counters for use at 

Fermi National Laboratory in the total cross section experiment. The 

resolution of one counter was adequate to separate Ic. mesons from ~~.mesons a 
even *at a momentum of 200 GeV/c, -9 U-OGCV - 

Over the last dacade Ted Kycia Led an effort to improve the precision 

with which total cross sections of charged particles could be measured. 

This led to the discovery of six massive TT 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 hreviously 

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-protori total cross section which . 
would b& due to previously unobserved massi P pion resonances. In the X* 

meson-nticleon total cross'section measurements a number of structures .i. 
also were discovered. These have subsequently been studied by groups 

-k this country and in Europe. The questionof whether any of the I? meson- 

npzleon stzuctures could be due to the @stence of exotic Z*'S is still 
. 

uPresolve -It The.techniques developed at IkL @r meas@.n.ng total . 
_ _-. I-;. - 

sections & a hQh*pr-ecision were'than applied to the measurement of .: 
.,.o ..*.:.-$ 

tottil".&@@ 
L . -.. ,. __ 1 ., 

Settins at~&:‘"~This latter. expetient~ was-c~%zied out _. 
'ia colJsb+atiOn with -- . 

. 
I.. . . 

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

i47+ 
___ -. 

London, July 2 : A new experiment announced today at the 17th Inter- 

~tiei;sl Conference on High Energy Physics held at Imperial College in 

London, England indicates the 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. 
-IL- - 

These precise measurements, with an accuracy of about one part in 

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 site becomes 
,i 

essentially constdnt between 150 and 200 GeV. 
-w-c 

The ph,enomenon of c~sectio~risi~g with energy was first suggested 

in 1977 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, 

WesternEuropean scientists&working at the European Center for Nuclear. 4 

Research (CERN) near Geneva, Switterfand announced an increase in proton- 

proton cross sections. 
C-t-. 

- The principal findings announced today are: 
.: 

C. 1; .;F fncrease of the size of a proton with increasi.ng energy:appears!j: 
.A, . *.- 

& be a.:wn&al and systematic property of strongly interacting nuclear" 

*: 

13 I 

;forca;l$F%.ve of&e 'particles employed-were the pi-meson, plus and minus, I 
. 

ae &m&$& plus and minus, and the proton itself. The cross sections of 



.- . .,; ._ 



nt will be continued up to about 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 
-0 

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 crosssection and that of its antiparticle on the same target should 

approach zero at very high energies was enunciated bythe 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 

.of one proton and one neutron--was used as a target. By comparing the.proton 

cross section and the deuteron cross section, the neutron cross sections were 

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

equal to the proton cross section at%ese 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 

charged pion on a neutron. 

5. This experiment provides the "systematics!' of the behavior <f:;" - ..'.. ; 

an e&ire.,class of interactions. 
-;z&-‘ _, _: : " 

The proton and neutron appear to ha&:'. 
:‘.. . 
!:' 

. . I .___ ,. -. -. : 
cross se&ions nearly equal to each other for all of the probes. The 

,. . . . - ,- . 
diff&enc@ between particle and antiparticle,pairs seem to be.disappearing 

I +.-* -. : 
at extremely hfgh.energies. Even the difference in cross section between ..* 
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lm 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 beam momentum or 
cm. 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 
pm&ions of 0.1 - 0.2 % and a systematic scale uncertainty of 0.4 - LO 96. 

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 our 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 reproduced below. 

, Curriculum Vitae 
THADDEUS F. KYCIA 

. . . Since 1960 he has led the development and construction of differential Cherenkov 
counters for ‘use in charged secondary beams. Tbeir 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 ranpe 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 x 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 
x meson-nucleon resonances. This was followed by a series of measurements of total cross 
sections of K mesons, Ic 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 a 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 2’ ‘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. . . . 

Fig. 1. Compilations of data of the total and of the integrated elastic cross sections 
‘versus lab momentum for I@ and tid 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 [l-2,4-9] and the beginning of the continuum region [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 

I 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 
iessentially 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 It’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 n+p and 
n-p total cross sections, and hence to derive the total cross sections crIn and a, 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 

. bhysics 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 
it is 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 r, the height a,, and the isotopic spin I, 

The total cross section method of resonance-hunting must be consi&red as a 
%oarse spectrometer”, with a not-so-good energy resolution. In fact “spectrometers” 
with higher resolutions have been used, like elastic scattering and ‘“phase-shift 
gxilyses”. 

Total cross section measurements do not provide enough information to 
establish conclusively that a peak in a definite isospin state is a resonant state, i.e. 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. 
I 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 

. ringle at the center of the target (see Fig. 3). The method is thus to evaluate the partial 
cross sections ai 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” protons the used K+-meson flux was about 3500 per pulse at 1.6 GeV/c, 
increasing at lower energies. The IC meson fluxes were typically one third of the K+- 
meson fluxes. The antiproton fluxes reached about 10000 F’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:l between the wanted- and unwanted particles; the 
contamination of unwanted particles was assured to be less than 0.i % by the 
Cherenkov counters. 

Figures 4 to 8 show some of the experimental results obtained. Figs. 4 and 5 
show the Kp, data and the KN, I=0 and I=ldata, 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 KN 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 np, Irt’p, n’d, n+d total cross sections. 

In the Fp 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” [lo]. 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 GY [ll, 121. 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. 

B. TARGET 
LJM MOMENTUM SLITS 

HIGH wmN?uM SLITS 

Fig. 2. Layout of a partially separated Broo&haven beam. Qr’-Qt are quaclrupoles; D,- 
Ds are bending magnets; Sl-S3 and G are scintillation counters. Note the 
ele@rostatic beam separators. 
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Fig. 3. Layout of the experimental apparatus for the measurement of low energy total Fig. 3. Layout of the experimental apparatus for the measurement of low energy total 
cross sections. Sr, S2, S,, and g are scintillation counters defining the beam. The gas cross sections. Sr, S2, S,, and g are scintillation counters defining the beam. The gas 
differential Cherenkov counter is shown; it was replaced by a liquid differential differential Cherenkov counter is shown; it was replaced by a liquid differential 
Cherenkov counter for measurements at lower momenta. &, D,, and the dummy are Cherenkov counter for measurements at lower momenta. &, D,, and the dummy are 
the liquid hydrogen, liquid deuterium and the dummy targets, respectively. S4-Sr2 are the liquid hydrogen, liquid deuterium and the dummy targets, respectively. S4-Sr2 are 
the transmission counters. the transmission counters. 
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Fig. 4. K-p total cross sections in the range 0.6-3.5 GeV/c lab. momentum. 
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Fig. 5. KN total cross sections in the pure I=1 and I=0 states, for the range 0.6-3.3 
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Fig. 6. z-p, ‘JE*p, and tid total cross sections. For all points shown, the statistical errors 
are smaller than the size of the data points. 
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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 113-151. Then followed measurements at the 
CERN-ISR at high energies [15, 161 and two sets of measurements at the Fermilab 
fixed target accelerator 117-221. 

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 n+-K* 
separation w.as 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 t.o 200 GeV/c secondary beam 
momentum, and later in the range 200 to 370 @V/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 

[...I 

BROOKIiAVEN, FERMILAB AND ROC- UNIVERSITY PHYSICISTS OPEN 
@W WINDGW ON STRONG NUCLEAR HIGH ENERGY INTEMCX’IONS 

London, July 2, 1974: a new experiment announced today at the 17* International 
Conference on High Energy Physics held at Imperial College in London, England indicates 
the 
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Fig. 9. Layout of the experimental apparatus for the measurement of the high energy 
total cross sections at Fermilab. Cr, C, (C!,) are gas differential (threshold) Cherenkov 
counters, PWCl-PWC3 are proportional wire chambers B,-B, and Al-4 are 
scintillation counters. H,, D2, VAC are the liquid hydrogen liquid deuterium and 
dummy targets, TI-Tr2 are the transmission counters, El-& are scintillation counters 
used for eEcicncy measurements, C, is a lead glass Cherenkov counter; the iron 
absorber and the muon (p) scintillation counter were used for estimating the muon 
contamination. 
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Fig. 10. Relative counting rate versus helium pressure in the gas Cherenkov counters 
for the beam of unseparated particles of 150 GeV/c momentum. 
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Fig. 11. (a) Compilation of zip , pp , Itp, &p, Kp and K+p total cross sections plotted 
versus c.m. energy. (3) the Fp and the pp total cross sections, including cosmic ray 
measurements. The solid line is a fit of.the 6, and p data with dispersion relations: 
the region of uncertainty is delimited by dashed lines 
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Fig.12. The differences of total cross sections for 6, K*, p and j5 interactions with 
protons. The solid lines repreknt fits of the data to a power law dependence. c 
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I (4 04 (4 
Fig.13. (a) Production oross sections of the six long-lived charged hadrons plotted vs 

lab momentum; (b) (c )particle ratios vs p/p-. 

1 Fig. 14. Absorption cross’sections in different nuclei. 

: surprisingly systematic character of the interact& 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 neutton. These 
~interaction probabilitiers are usually eferred 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 thecproton and neutron increase for five of the six p&es 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 situation which has been.predicted by some physicists. Since the 
proton and neutron are the basic blocks of a11 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 (Cl&N) 
near Geneva, Switzerland announced an increase in proton-proton total cross sections. 
Although the CERN scientists were limited to the study of proton-proton coIlisions 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 
t&V. 

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 Btookhaven National Laboratory (BNL) in Upton, N.Y., the Fermilab in Batavia, Illinois, 
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. Winsiow 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 0. Mazur, Paul M. 

Mockett, now at the University of Washington, Seattle, and David CRahm. 
Fermilab- - David P. Bartly, 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, Xaaak 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 &u&on-which is composed of one proton and one neutron-was 
used aa 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 charged 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. 
I....1 

The measurements performed later in the momentum range 200-340 ,GeV/c 
confirmed the above statements and proved that also the antiproton-proton total cross 

j section was rising with energy, see Fig. 11. The differences of (antiparticle-proton) - 
(particle-proton) cross sections are shown in Fig. 12. 

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 
I, 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 Pig.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 [lo, 13,191. 

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 [18-223. 

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 j5p colliders [24], up to 1.8 TeV cm. energy. Several members of the 
previous collaborations measured the antiproton-proton total and elastic cross sections 
at Fen&lab [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 cm. energies, at least 
up to 1.8 TeV. Cosmic ray measurements indicate that the total cross sections increase 
even at higher energies, see Pig. 1 lb. 

The next steps will be measurements at RHIC at BNL and then at the Large 
Haclron Collider (LHC, the proton-proton collider which is being built at CERN). 
Ivfaybe some of the c6llaborators will participate in those experiments 
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Conclusicins 

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 _Zip)where new measurements will be 
ma& in the near future. The experimental future after year 2005 will rely mainly on 
the LXX 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 Kvcia 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 Iyears. 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 . 
Zi”” 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 Kvcia and Cerenkov Counters 

Cerenkov effect discovered 1930s 

‘Use in particle physics started 1950s 
i (Reviews late-SOS) 

1960s: New energy range of AGS, PS 

Ted started building gas 
counters 4960 

Cerenkov 

’ (also solid, liquid) 

1970s: Fermilab, SPS 

Kycia Symposium 
BNJ.,, 19 May 00 

R2 
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Stgdy hadron. interactions (e.g. total 
cross sections) with different 
incident particles % k p 

Secondary beam is a mixture of ‘JCI k, 
p of same momentum 

Measurement of p of a beam particle 
gives its type 

Use Cerenkov effect to measure p 
(generally n: k separation most 

: challenging) . 

1 
coshk- 

/ nP . ( 1 P 1 
> - 

n 

(Fig 6, and vary gas pressure to VZLIC~ n) 

57 



K 

58 



T&d 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 
cdunter 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 article on Cerenkov 
counters.. 
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Due to Ap beam 
A9 dispersion (n = n(k)) 
A0 beam optics (use parallel 

section) 
Multiple scattering in gas, 

windows, etc. 

n: and K Bight can partially overlap at the 
focal plane 

Ted. put veto photomultipliers at the z 
light focus 
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Veto: might lower efficiency of K 
; detection a little 

would reduce n contamination -of K 
signal 

Efficiency vs purity can be varied 
aperture of K diaphragm 
threshold for n 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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K+ -/J AND K---p TO TAL.CROSS SECTION 

I.: 
k 
: :. 1’~:. 3. &renkov counter 

optical system. 

&WI ‘;L fixed a&&&&focus&I by a spherical 
a &W 11’ into a nng Image at an annular slit. The Cerenkov 

%@I which pa&es through this defining aperture is 
$$* 11 t.11 upon a 5-in.diam photomultiplier tube (RCA 
~*blhl. The defining annular slit itself is cut into an 

411 ~~iilal mirror. Light which arrives outside the slit 
II IWU.& by thii mirror onto another 5-in.diam 

~~*l.rctrultiplier tube. The signal-to-noise ratio is im- 
MWI by requiring, with tunnel-diode discriminators, 
IJII::I* pulse from the light passing through the slit 

Gncidence channel C) and only a small pulse 
I the light which appears outside it (the antico- 
IIWC channel a,. Typically the background due to 
1.~11 electrons, off-axis and off-momentum parti- 
;IIIII other sources is reduced by more than an 

I 81f magnitude in this way. 
‘1‘1~ c*ounter is filled with CO, was and can be operated 

I Iltl-+ures as high as loo0 
5 III ii, length and 

i $@&:I .!.5 ph&oelectrons in the coincidence channel. A 
5 .~@w;:I ~tl relative velocities @=t/c from 0.98 to 1.0 is 
3 .p N UI’~ I by varying the gas pressure and thus the index 
; z% (1 Ir:l+ion according to the relation cos6= l/& where 
: ‘2-a be. I IW index of refraction and 0 is the cerenkov angle r: i .: ;.’ tit!:% !I is lixed at 4.5’. 
;:; >: 
f 

I !W trmnter is designed to resolve particles whose 
~6: r!~\(- velocities differ by as little as A/3=2,X1O-4 at 

4 -3. I~4...:~w~;~ greater than 18 BeV/c. An example of a 
j . *:- . GUI ion curve at’ a momentum of 18 BeV/c is shown 
,I “; _,. , . a. *t.. .I ; the velocity difference between the K+ and 

. ..p i pds correspond .to 46-3.6X10-4. In the mo- 2. 

. q -i-” 

*'ah range of a few BeV/c, multiple scattering 

& 
I -::I., oqter windows and gas appreciably broadens 

.. aA a.:_ .. :111x image. The width of the axinular slit can be 
7 i .: . . . . ..+I lo accommodate the full image size. 

;-;- .y _-. -. , 

C. Electronics 

Figure 5 is 8 block diagram of the electronics. 
The transistorized coincidence circuits, discriminators 
(DISC), and fanouts were designed by Sugarman et uJ.18 
The discriminator makes use of 20-mA tunnel diodes 
(2 61-22), and its operation is stable for input pulses 
from 2 to 20 mA. 

The counters (S&S&) 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 (S&&) and (S&S&) were 
recorded. (S&SJ gives the total number of charged 
particles; (S&S&C) gives the number of particles of 
the selected mass value (e.g., K mesons). The final 
counters &S& were of graduated sizes with S4 the 
smallest, SS the largest. Their purpose was to obtain the 
variation of the total cross sectiox~ measured at different 
small angle cutoffs in order to exvrapolate to zero angle. 
For thii- purpose the coi-ncidences (S&&CC&), 
(.W&CC.%), and (&S&CC&) were recorded. Since, 
according to the optical model, the width of the diirac- 
tion peak is inversely proportional to the momentum, 
the sizes of counters S4, Se, and SS were selected as 
appropriate to the momentum. 

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

1’ R Sugarman, W. A. Hiibotham, F. C. Bferri~t, i&d A. Ii. ’ 
Yonda, Bmokhaven Nationd Laboratory Report BNL5390 
(un ublihd); 
c&J 

R. .M. Sugarman and W. A. H&inbothm, Pm- 
rngs of the I-w l2mft?mce on InsLrumsrJaliorr 

Energy Physks (Inkrscimce Publishers, Inc., New Yo d 
or Hi& - 

P-54. . 
-, l%l), 

,. ‘. ._. 

: . T’ 

’ 
_’ _ .:- ,. ,, 



64 
9 



SIEMENTUM TRANSjFERS B781. 

1; 

1 

i 

. 

. 

. 

b , 

i 

1 

t 

. 

. 

. 

b 

; 

b I 

1 

- 
I 

. , 

. 

P 

. 

, 

i 

E ERENKW GAS PljESRE&mil 

FIG. 3. Cerenkov counter pressure curve 
for the .ll&BeV/c measurement. 

the fraction of protons removed from the beam. In the 
worst case, the 11.6-BeV/c experimkt, proton loss 
amounted to 43% at 
30 g/cm2 ‘of CO2 in 
deterGned by measuring R&R12 as a function of the 
gas preksure, and was checked with the.result expected 
from known proton-nuclear total cross Sections. 
. We ‘would expect the effective .deuteron loss factor 
t& be- si&iscanttly worse. sin’ce the cross section _ foi 
deuterons on.. carb.oti .tid oxygin is larger than for . . . : ‘- .~ :__., ‘. - - ., .- ._ . . -. 0 .: ‘. ,,.. ::. ., ,- ; _, , -- ._ . ._.- _ ‘. --e;;-.; :. I. .,. /. 65 
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2288 BAKER, COOL, JENKINS, KYCIA, PHILLIPS, AND READ 

in the instantaneous counting rates. For this reason, an 
additional coincidence channel was provided to record 
(S&SdX?) (SS delayed) where the delay inserted in the 
SC channel was 217 nsec which corresponded to the time 
difference between successive rf beam bunches within 
the accelerator. In thii way the accidental coincidence 
rate could be continuously monitored and an accurate 
correction made. 

An auxiliary 1-indiam counter S7 was placed just 
behind S‘. It could be moved by remote control 
horixontally or vertically in a plane perpendicular to the 
beam axis. Coincidences (S&&CC&) were then used 

FIG. 5. Block diagram of the elcctmnlcs. 
T,. 

sure and m&w&g ibe f&cl 
the beam counted by tbe (5en 

. counter. 

for beam alignment and for measuring the six a 
focal spoi of the beam. Similarly, the coinc& 
(SxS8xCCS*sr) was used to check periodicul~ 
efficiency of counter SC for i-4,5, and 6. The m& 
efficiency of the counters and their associated cl+ 
circuits was greater than mo. ,:;g 

.-Q 

D. Hydrogen Target 

‘I’he hydrogen target was 120 in. long alltl $Z 
diameter. The windows at each end of the tar$k! 
1.42 g cm-* Al; the hydrogen was 21.3 g cm-*. 
target was used for target-empty runs. 

&.;? 
;p 

IIL EXPERIMENTAL PROCEDURE :: 

The mean momentum values were obtain& W&a, SW 

accurately measured integral field excitation c gj&& lhc Ii 

magnet. D and the geometry of the aplum 
~p..~.~ll~lns : 

-=;* In Tail values were checked by measuring the velocity- ~- 
particle5 with the Cerenkov counter C. The 5$$ 

Ap/p were obtained from calculations using 
a., * 

tl., z:.$ r _ <y’. ,( T ‘L’Alll 
sions of the pertinent aperture stops. 

The magnet currents required in the (i; 
=y#j&,+>az. 
y;., 

lenses were cakulated16 in advance for asuia 
tion of momenta. Final adjustments of the ,ti 
quadrupoles Q1 and Qx were made by ma& 
efficiency of the counter C at a few momenta;il 
these ‘iurren~ could he set satisfactorily by & 
the measured magnet excitation curves.~x 
justment of Qx and Q4 was made at a 
measuring directly the size of the focal 

fe& 
spot 

Sr (see Sec. II C). Thereafter, a satisfacta 
was found to be an adjustment of 

H G. T. Danby, Brookhaven National 
Department Intemal Report GTD-2 (unpublishcc 
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Ted stayed with the 6 coincidence, 6 veto 
design, with optics as in the lo* counter, 

. A counter for a different mtimentum 
. range would have a different Cerenkov 
angle 

In,late 196Os, Ted built 2 more counters 
* for the AGS, to replace the original 4 34* 

counter (4 349 2 metres) 
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1970s - Fermil.ab, SPS 

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

Two different philosophies 

1 
cose=- 

nP 

N = ALsin . 

Ted: small Cerenkov angle 
l long length; small dispersion 00 

. 

Meunier: Large Cerenkov angle ’ . 
l short length; must correct for . . 

dispersion (complex optics) 
(no vetos) 
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Ted (Fermilab. Ml beam) 

16 metres 15 mr 
32 metres 7.5 mr 

Combine: 48 metres ‘5mr 

Meunier .(Fermilab M6 beam) 

5 metres 25 mr 

Ted’s counters required more beam length 

Meuniefs counters required a more 
parallel beam, and were more complex 
op:tically 



-A- .- - - - .I -l- . TM-743 (Rev 'A) 
BRDCKHAVEN NATIONAL LABORATORY 2833 

XSSOCIATED UNIVERSITIES. INC. UPTON, L.I.. N.Y. 11975 

.' May 21; 1976 
.W 

Ds, aancoln ipzea , 
Penni Ratiooal Accelerator laboratory 
P.43, Box SW 
Bats&&a, Illinois 60510 

. . . . 
DearLinc, ., 

'me function of the Riph Resolutio&a DiQg&&-" CermnkovCounter 
was to identify secondary particles LII the M beam line in'the PNAL MesoP 

The M beam. line and-the Cerhtex were designed to be 

In p&icular, the angular divergence of the 6eam in the 
"peallel section!' dictated the maxiaauu~ Ce&nkov.angle for adequate separation 
at the, then, maximm'momentuni of. if30 GeV/c, The'Cerenkov angle was chosen 
to be 11.5 milliradians for which a‘radiator.length of:55 feet was'requiked. 
We wanted to have n~o Cerenkov countetis'for identifying two types of particles 
in the "parallel sec'tion": so the length of the parallel section became 120 feet 
laag*,. 

. Just before-the Cerenkov'counter 'designbegan, it became .very clear 
that the maximum momentum'of the patiticles & that.beam will gssatly exceed 
200 GeV/c. The situation was furthq'canjilicated by the fact..tWt Klaus,Pretzl 
increased the maximum angular-divergencc‘in the I'parallel‘section" from.~.O.2 
'to? 0.28 &lliradians.' : .._ 

._ . 
_. 

. If the twoCer&kov coun+stwere to be canbiued.:into one and the Cerenkov 
angle reduced by‘a factor of &m,. there would be insufficient.li'ght output 

. (which varies inversely with the.square of the Cerenkov angle ). I, therefore, 
chi;anged the Cere&ov angle to lS .6$. milliraditins for one counter~which -then 
gives.us 7.61 tilliradians when the-.co.&teFs arc bolte& tOgether, Only the' 
spherical mirror n&&d ko be‘ changed ,,ips@e. t&’ counter, 

Enclosed you.will.find a..kerw c0py.o.f a table.sho+g.the contribution, 
to the resolution A9/8.'from the effect of 'dispersioq in helium for MODE. 1 
(for separate counters where.9 = lS,66‘.mr) and MODE 2 (for joined counters 
where 8:. - 7.61 mr). Notice.&at-the.diffe&uce between the 4%~ coptributions 
varies %s'the inverse square‘of the CerCn~v.angle;..Theref~~e the effect of 
dispersion' foz.by 7'.61 'mr combination fs a,factor oflo'smaller than for 
Neun2er I's DISC counter with its.e,~f 24,S.s~. .T&he.,&ed ,for ~chroxmtic correction 
therefore van,%shes. In'any kixi@ of.a practical beam with high‘iatensities the . . 
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a;ain thirlz LO r;oky about is the angular divergence, also shown in the table. 
it dwsn't vary with manentuza and is the main source of the width of the 
peaks on the pressure curve, and hence the resolution. It's clear that the 
8, = 7.61 mr is adequate. for separating K mesons from n mesons even at 450 &V/C 
if tfac angular divergence is reduced by a factor of three from uhat~currently 
exists in the Mi beam line. Ihe Cerenkov'angle need not be reduced to reduce . 
tbc effect of dispersion at current Fermi Lab energies. It would need to be 
reduced only if the beam angular divergence is not to be reduced. .Anothej; 
advantage of my design overfieunier's is that I can t-t 

firgher Dbu x wTl an the beam tor the same resolution, 
B 

hceas a much more pararrer BBl!! 
In other words, he 

b . 

So as far as 9 resolution goes for separating K mesons from n mesons, 
for oc P 7,61ar it is only a function of beam angular divergence, For 9, = 
15-66 mr it is a function of angular divergence up toa 300 GeV at which 
point the.dispersion effect enters in. : . 

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

Zhe Cerenkov counter pressure vessel and qu&tz 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 ihat would not 
be af&ected by temperature and pressure changes,. High pressures'usual+y z&e 
required at low momenta where high resolution is not necessary and so one can 
switch to a gas such as C62. 

There are 6 photomultiplier..tuhes im I&& of the coincidence and anti- 
ooincidence rings. Enclosed is.the optics &gram of the Cer@&v counter 
at the photomultiplier- tube end as-well as the.diagram for a'single counter. 
Adjascent pairs of the 6 coincidence photomultipIiers are added with resistive 

. nuxers, amplified, and a three-fold coincidence required, The 6 anti-coincidence 
.outputs are added with resistive mixers 
with ,the three-fold coincide&e. 

, ampUfi+.~end put in anti-coincidence 
'_ . . 

. . _' 
Twelve RCA C 31000 M photanultipliers &d twelve RCA 8575 photomultipliers 

'were to be used on the two counters, the former on the coincidence channel 'end 
. the latter on the anticoincidence channel. We couldn't get delivery on the 

C31000 N's and so the original running.was all done with RCA'8575's. Enclosed 
are copies.of pressure Curves taken at 100, I50 and 200 GeV/ii, all taken with 
RCA 8575's. The resolution.wasa$equateand the efficiency exceeded 907.. 

When I bolted the two counters together we scrounged up s&c C 31000 M's 
at Eermilab and put them on the coincidence side, with RCA 8575's on the anti- 
coincidence side and took the enclosed pressure c.qrve at 280 GeV/e. The 
primary proton momentum was 3OO'GeV/c. 

%e counting rates are limited by the photomultiplier. base design.a.nd 
dis&riminator. We could operate at 106/pulse, Val Fitch ib running with one 
of,my old counters at the'AGS on antiprotons, The-p-level is at a level of 
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7' - lO!/pulse and n' level at 10 - lOg/pulsc. Undor circumstances such 

as these the anti-coincidence channel'could ndt'be used. The background 
between peaks could be increased by a .factor of. 10; This should ahost . 
never be a problem at Fermilab because the rates TI mesons are not at that. 
level at the highest momenta where high resolutions are required. I should 
point out that the resolutions at lOO,.lSO and'200 &V/c would now be 
better than sh<un on the pressure curves with the C-3&000 M's, all twelve 
05 which are presently in the counters. 

Each counter weighs about 5000 pounds; You.might notice that there 
is a long &tension pipe on the.upstrean,end of the Cerenkov counter just 
to give'it a‘longer radiator length. In tandem use the counter weighs about 
Mce as much. The two extension pipes are bolted together on the upstream 
endof thecounter. 

'Some of the other numbers that you may wish. to have are: 

: 

Focal lengths of spherical mirrors;.409.4 iixches and 842.82 inches, 

Inside radius of,pressurti vessel; 9.625 inches.. 

Pressure vessel wall &chess; 0.375 inches. 

I should stop at.this point and if w have any more questions. I shall 
respond to then. Regard& 

-.. Sincerely purs , 

, 

&,. ,-. 
. AL- 

.T. F..Kycia . 

.Encls. 
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Summary 

Ted pushed the use of veto 
photomultipliers and small Ceienkov 

- 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 wo’rld’s best beam 
Cerenkov counters 
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A Brief History of the Our Search for CP 
Violation in K’ + T? no y 

and Other Interesting K Decays ’ 

P.M. Mockett 
Kycia Symposium 

Brookhaven National Lab 
19 May 2000 

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. 

Special thanks for their assistance were given to C. Anderson, 
J. Fuhrmann, G. Munoz, H. Sauter, F. Seir and 0. Thomas. 

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



c 

Decay Modes Studied 

,Direct Term and CP Violation (Physical Review Letters) 

Test of K Decay Models (Physical Review D) 

Search For the Rare Decay (Physics Letters) 

Kaon Form Factors (Physical Review D) 

K+ + p+ 7~’ v + Jo+ v 2y 

. 

Detector Description (Nuclear Instruments) 
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?/MTpp 
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/Y- LUCITE 
LIGHT GUIDE 

2’ GAP 
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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: 



AGS E631 - Study of&, Radiative Decays 

Laurence Littenberg - BNL 

Ted Kycia Memorial Symposium - 19 May 2000 
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Proposal to Study Radiative Decays df $ 

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.O. Mazur 

and R. Rubinstein 

Brookhaven National Laboratory 
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Proposal to Study Radiative Decays of q 

W.C. Carithers, - n , J.=IkGL@ au; 2. - 

University of Rochester 

B.S. Carroll, I-H. Chiang, T.F. ‘Kycia, K.K. Li, P.O. Mazur 

Brookhaveti National Laboratory 

. . 

: 
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Proposal to Study Radiative Decays of g 

I. Introduction 
. 

Hadronic structure is best 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 from weak and electromagnetic probes. The weak current has been 

used as a probe of K meson structure in semi-leptonic decays. A very large 

nirmber 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 electromagnetic 4 
LX4 

structure of the kaon. Since all K decays involve IAYl = 1 transitions, theq*/$*G$ 
v 

weak interaction necessarily enters so that radiative K decays involve both' 

weak and electromagnetic currents. 
C 

The scale for all radiative $ decays is set by the rate for $ + yy* This 

branching ratio is known to be (4.9 f 0.4) x 10M4 from several measurements. 

Interestingly the l$ 2 
+ yy decay and the K? + nfnoy experiment of Abrams et al., 

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?: + nfvoy experiment was able to demonstrate the existence 

of direct emission without probing its detailed structure. 
. 

We propose a broad based study of possible fcaon structure by measuring.radiative 

decay modes of the $. All of these measurements will be done simultaneously in 

apparatus capable of high data rates and sensitive to branching ratios as low as 

5 x lo-g. These decays include e+e'y, u+u-y, r+r-y and&&% Furthe@rore, a - ,. '. 

large sample of =%-no decays would also be recorded. e+e-p,fi'lr('k" 
J 

- r* $tv 
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Innei’Bremsstrahlung, proportional ‘to K* it it 

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

For KL 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 
dir&t emission, although this is not 
expected in the Standard Model. 

.<’ 

Direct Emission, the interesting part 

40 80 .&Jo loo 120 140 

.)o 
@ t3 450 

9 e. 400 

3 
5. 

350 

Ls300 

250 

200 

150 

100 

50 

0 

KTeV 1996 I\,.+ n+n-y 

l 1996 Data 
* (8069 Events) 

I IMersremMc 
I Direct Emirsion MC 

0.025 0.05 0.075 0.1 0.125 0.15 0.175 0 

Ey C.O.M. (Cd) 
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242 Eventsir 
: 

SPECTRO%ETER 

me+,-[GeV] 

FIG. 2. Mass spectrum shonrtng the etxistence of J. 
Er3sult3 from two 3pecOPmeter settbgs ax-5 plot%d 
3ikmvkg t!xd the peak is iridapuiezt of ssectmmetc\r 
c*crrentz. The rm at redllced curxti was ‘k&en two 
zionths mer.tban the uornlal nlll. 

Search for Narrow F< and Fppv States 

A.S. Carroll, I-H. Chiang, T.F. Kycia, K.K. Li, L. Littenberg 

and P.O. Xatur 

Brookhaven National Laboratory 

57.C. Carithers and J.P.de, Brfon I 

,: University of Rochester . .I , --. ; : :, _- ..: : 
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Conclusions 

E631 was an extremely successful experiment. 

- Three new decay modes of the KL were discovered: 
KL + e+e-y 
KL + P+P-Y 

- B (KL + &r-y) was accurately measured for the 1st time 

- A new dynamical effect was seen in the KL + &k-y. 
- This is still a challenge to theory. 

- The first ever limit was put on KL + nOe+e-. 

- Attention was focussed on KL + 7r”@Y- 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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i ivov 1976 

3 NOV 1976 

9 DEC 1976 

31 JAN 1977 . 

1' FEB 1977 

23 JUN 1977 
i3 
0 26 JUN 1977 

7-21 AUG 1977 
9 

18-29 a? 1977 

-26 tJUL 1978 

-18 SEP 1978 

TIME LINE FOR E703 

Bob Jaffe submits a paper to PRL, ItPerhaps a Stable Dihyperon" 

Ted Kycia acquires a copy of a preprint -. 

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

Gaffe paper published in PRL 

Experiment 703 Approved for two weeks running with sole 
use of AGS at -5 GqV/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" 

%earch for Six Quark State&' published. 



Search for Six-Quark States 

A. S. Carroll, I-H. Chiang, R. A. Johnson, T. F. Kycia, K. K. Li, 
L. S. Littenberg, and M. D. Marx 

Brookhaven Nationat Lubo.mtory, Upton, New YOP% 11973 

and . 
R, Cester, R. C. Webb, and M. S. Witherell 

Princeton University, Princeton, New Jersey 08540 
(Received 26 July 1978) 

j’ We have searched- the missing-mass spectrum of the reaction@ --K+K% for a narrow 
‘six-quark resonance in the mass range 2.0-2.5 aeV/c2. No narrow structure was ob- 
served. Upper limits for the production cross section of such a state depend upon mass 

As the evidence for t&e colored quark structure 1 
of hadrons mounts, the apparent absence of exo- 
tic quark combinations becomes more and more 
,puzzling. Nothing in current theory excludes 
Gqij& six-quark, or even larger states 

,_etisting as long as they are color single 
recent papers, Jaffe has used the Mass 
Institute of Technology bag model’ to calculate 

. the masses of dimeson and dibaryon3 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 

0 1978 The American Physical Society 777 



The @ Dibaryon - The Simplest Strangelet - 1 

Prmerties: 

1. Spin = 0 
2. Isospin = 0 
3. Strangeness = -2 
4. Quark Structure = Q ‘, all in relative S state 
. I UwFeneSS - The H dibaryon is the only dibaryon 

I- 
- 

’ _. - . . : 
~ 

predicted to be stable, with respect to 
strong decay I 

122 



The contribution to our S-wave +dpon’s tiass from lowest order gluon ex- 

change is. proportional to 

where zi (xi) 1s the spin (color) vector of the i&quark normalized to 3(2). 

M(T~ R, mj R) measures the interaction strength. In the bag model ft is a simple 

For LOr singlet hadrons containing only quarks (no antiquarks) 

. (2) 

where N is the btal number of quarks, J is their angular momentum, and C6 is 
. 

: .+&+&i0&dw 
it--.“. . 

-the quadratic Caeimir of SU(6) for the colorspin representation 

M= f (4 KB)“~ k. 043 N - z. + ac A] 3’4 

. where Bl’4 = 146 MeV, z. = 1.84 and ac = g2/4 x = 0.55 are fixed in the @ 

and Q3 sectors of the model. 3 

SWce 
Rep&se&&ion ‘6 J fm)f Mass in the 

Representation limit ms = 0 

$90 144 0 i 1760, 

896 120 192 I! 1986 

280 96 1 10 2165 - 

176 96 1 10 2163 

189 80 092 27. 2242 

‘. 
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9 

. . . ak decav hfetzme of & &bamoG 

lo-8 

lo-g 

1.90 1.95 2.00 2.05 2.10 2.15 220 

H? Mass (GeV/c2) 
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BNL-24296 
E&S 78-2 
INFORMALREPORT 
LHMITED DISTRIBUTION 

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

Airi 14, 1978 

TYPICAL PROTON BEAM INTENSITIES FOR 7.0 SECOND SPILL 

GAGS circulating intensity 2.5 x 1012 

c ,& 010 SEC 1.0 x ioll 

'1 tiTErget SEC 2 x 1o1O 

Expd=eealIaQcbadtr 3 x log 

, 9 set r=p. 

PROTON BEAM M(MEwTIIM CALIBEUTIONS 

(For a description of the methods, see the text.) 

Gauss Clock RF Frequency Bl Dipoles Neutron%ass* 

5.0 5.12 f 0.026 5.12 f O.Oi 

0.0'15 5.29 * f.40 f 0.027 5.38 f 0.010 5.38 f 0.01 

5.80 f 6.03 3.95 f 0.030 's-97 f 0,020 5.92 f 0.01 

,: 

i ; 

* 

~srrtltd pi kick of the 18D36 spectrometer magnets was 383 MM/C. 
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E 

.M 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' 

were running the accelerator in a new mode, one with low energy and long, 
(My memory is that the beeper in the trailer had an eerie wail 

during the spill, but my memory may not be that reliable.) . 1 
work-experiment that could-e so&cklx. 
d sensitivity without bmng a completely new apparatus 

To 

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, I 

Mike 
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Exp. 
p. SDokesDerson m 

810 .Liidenbaum/Platner Search for quark matter (QGP) & 

814 Braun-Munzinger 

J36 Fraa C 

858 Crawford 

878 Ckvford 

882 Price 

Beam Remarks 

other new phenomena utilizing 
H..I collisions at the AGS 

Si H” Br Completed 
Strangelets 1991 

Search for a strangeness -2 
dibaryon 

-- s H” Completed (?) 
1993 

Study of extreme peripheral col- 
lisions 8: of the transition from 
peripheral to central collisions in 
reactions induced by relativistic HI 

Si Strangelets Completed 
1992 

Search for a strangeness :2 
dibat-yon using a 3He target 

K- H” Running 1994 

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

Si Strangelets Completed 
1991 

Production of rare composite objects Au H” & Begins 1994 
in relativistic HI collisions Strangelets 

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

Si & Strangelets Completed 
Au 1993 

Search for particles with k 1 2 3 & 
negative charge or large A/Z produced 
in central nucleus-nucleus collisions 

Si & Strangelets Completed 
AU 1993 

885 May/Franklin/Davis Experiment to detect M hypemuclei 

886 hna.i/Pile/Diebold Search for new particles in nucleus- 
nucleus collisions 

888 Cousi&Schwartz Search for the H dibaryon 

891 Platner A search for quark matier (QGP) & 
other new phenomena utilizing Au-Au 
..collisions at AGS , 

8% Crawford/Ha&an ‘Search for a short-lived W di- 
baryons, strange matter, etc. 

I-- c H” nuclei Engineering 
1994/run 1995 

Si & Strangelets Completed 
Au 1993 

P Ho Completed 
g%EY mr 

Au Ho& Not yet 
Strangelets scheduled ’ 

Au’ H”& Not ‘yet 
Strangelets scheduled 

136 



Committee Report on Speculative “Disaster Scenarios” at REUC 

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

John Marburger, Directqr 
Brookhaven National Laboratory 
October 6,1999 

Three different hinds 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. 

v 
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. Str-angelets 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. It is ovenkelmingly likely that the most stable configuration of strange matter has positive electric 
charge.” 
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Ted Kycia Memorial Symposium 

May 19, 2000 

E787: Searchin for New 
Physics at the !! ensitivity 

Frontiers ‘ 

Douglas Bryman 
University of British Columbia 

Vancouver Canada 
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The “Generation Puzzle” persists 

fifty years after the discovery of 

strangeness 
and the first non-discovery 

Of P - ep 

l ;KAONS at th. e center of action in particle physics. 

l ‘CP/T violation has been seen (only) in Maon deacys. 

l ,Lepton flavor-violating decays’are still absent but 
.LFV may have shown up in neutrino oscillations. 
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Unitarity relations e.g. ‘f ;I”or ~~-A~T-~~--+~I ;,d F 0 

1.5 

rl1 

0.5 

I I I 

K--4T0VF 0 

b K-n”e+d 
L 

+ - 
K-n: vv 

J 
\ 

/ I 
I I 

I I 
I I I 

m 
"0 2 1 -1 

P 

Four “Super-clean” K and B physics inputs will test the SM 

CP-V picture. (Buras) 

K’ - r+uv BNL-E78?,E949, FNAL-CKM 
K0 L - Am BNL KOPIO, FNAL KAMI 
Bd + XPK, BABAR,BELLE,CDF,HERA-B 
3 =. Bs--Bs 
;Cd Bd-& LHCB,BTEV 
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t u ua ii u Ua 

Top Dependence I&l= I&*sVtdj h+h)=ln+Q4d) 

Calc. BR (10-l”) 0.82 III 0.32 0.28rtO.l L 
Est. Theory Uncertainty 5% (charm) 1% 

l Negligible long distance effects (lo-‘“). 

l Hadronic matrix elements from isospin analog 

.E(+ + 7Pe+u e- 
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0 50 100 150 200 250 300 

Moment urn (tvleV/c) 

K +. 7T+ Yy . 

Stopped K -+ YT Momentum 4n Veto 

C.M. system Energy 

Range . . . 

PHILOSOPHY: 
7r--+p+e 

l Get as much information as possible! 

l Suppress backgrounds (K + f%r”, Kt + p%,‘....) 

S/N = 10. 

l Perform “blind” analysis to avoid bias. 
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E787 DETECTIIR 

K:7r-4:1-(S K - Be0 degrader + 

photon veto: 

data acquisition: 

active, segmented target 

7r-t + 1.0 T drift chamber + 

21-layer, segmented range stack 

14 X0 barrel, 13.5 X0 Csl endcap, ’ 

Pb glass, collars 

N 1.0 X lo6 K+ stops hi target per 1.5-set spill 

N 200; K+ ---f z+wUt.riggers per spill 
i- 
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-_.. 

ACS Prdporll . . . - . . _ . 
.;.. -w * . ..__--- m.w .-.- - - - . . _ .- 5 * ._. . & -*.- - w.-. -. . . . . ..- -. - . _ . . . 

. L _.,... s...s-.s . . . . 

A Study of the Decay ti * ti6. - ‘- -. - - L W.C. 
. 

. . . - 

s I-8. Chimg, B.A. Johxwon, T.V. Iyci8, LX. 
Li, LA. Lgttcnberg, B.C. Str8nd - BNL; 
D. Hatlou - C8rrregicrHellon Univerrity~ 
H.S. Atiyr, R. Scto - Columhi8 Unlvcrrity; 
U.C. Lot&, A.3.S. Smith - Friaccton - 
‘Univtrrity; D.A. Irymarh, LA. HcDonrlb, 

. J.-M. Poutirtou - TBICUHF. r 
. . 

bctcctorcr: $oleaoidal drift chamber magnetic 

8pcctrometer, +intillrtioo couufers, dmer 
--.- __ _..__.. .--...- ____ __ _ -_ . __.~ _ counterr. 

Time Requested: 2100 &ours of drtr taken wfth S s 1012 
protons/puke; @O hour8 of tebting vlth 
0.15-2 y lOlZ proton/j3ul8e. 

PHASE I RARE KAON bE7ECl’DR A+ BNL 
SIDE VIEW 

-. T ! pot 
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Evidence for the Decay Kt - TT’ZW (E787) 

1995-97 Data: One event observed. 

Estimated background: nb = 0.08 j, 0.02. 

NK= 3.24 x 1012 Acceptance= 0.208 zk 0.005(stat)& O.O2l(syst) 

38 L 

36 F 

34 : 

32 k 

30 F 

28 r 
I I, I I I I I, 8 I I I I1 I I I I, I I I I I 

90 100 110 120 130 140 150 

l-3 m-3 

Results: 

R(K+ + ?c+&)= ~g&)=1.5:;; x 1o-1o 

0.002 < Iv&l < 0.04 

‘. . 
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R(K' - d-z)< 1.1 X 10sl' (90% al.) for m, = 
.o. - 

mA W> 
A 

10 r 

lg- 

IO" F 

lo+ E 

1o-3 c 

104 z 

ioc F 

1oc r 

1o-7 r 

lo-e - 

excluded 
regions 

E787 
K+ + #X0 

I window 

too much dark matter from 
cosmic axion strings 
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h. ‘+ - 7FvYProgress 

Progress In K’-T’vC 

89-91 bkgnd level l 

95 bhpn3 iW@ * 

-11 
10 ._ . . . . . . . . as-' bK.s!?d !W?.-r .Eg+. . _. . . . 

1970 1975 1980 1985 1990 1995 2000 2005 

Year 

l : Background in E787 95-97 data OK for measurement. 

l , E787 1998 data comparable in sensitivity to previous 
total. 

l E787 now becomes E949 aiming for 5x sensitivity of 

E787. Running starts at ttie AGS in 2001. 

l CKM proposal at FNAL aims for 10x greater sensitivity. 
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Lessons from E787: 

Measure as much as possible: 

Energy, position and -ANGLE of each photon. 

Work in the C.M. system : 

Use TOF to get the Ki momentum. 

Photon Veto limited by photonuciear interactions at low energies. 

uN200psec 

K 1’ 
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KOPtO: Challenges and Goals 

Largest background source Ki + 7r”xo. 

Weapons: Kinematic reconstruction, photon veto. 

Eliminate events with missing low energy photons. 

Photon inefficiency : lo-* at 200 MeV. 
(Comparable to E787). 

Photon angular resolution : 17 mr at 350 MeV 

(10 mr achieved by GLAST) 

Energy resolution : 3.5% 

. . 
(Achievable w&h 11 Sk!%?:” 

. 11 

K0 L + ;rr”7ro Background 

E*o vs. p!q - lq 

. 
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Using the 24 GeV AGS (between. RHIC pulses), 1014 
p/spill, expect 1.5 x 101" K decays. 

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

Estimated event levels for signal and backgrounds 

Process 

KF --3 7r%D 

KL decays (7) 

: KL + n+?r--?rO 
KL’Y-YT 

KL decays (charge) 

FL decays (7, charge) 

Other particle decays 

Interactions 

Accidentals 

Total Backnround 

Modes 

x*e~v,7r*p~v,7rf7r- 
*f,~v,, ~*z%m",7r+7r--y 

A + x’n, K- + T-T 0 

n, KL, y 
n, KL, y 

Main source 

7r -e+v 

A i TO?-& 

n+7r 0 

n, KL, y 

Events 

65 

24 

9 
0.04 

0.06 

0.1 

0.03 

0.5 
0.3 

33 
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E787 RESULTS 1988-2000 

MODE RESULT(E787 GAIN) COMMENT 

hT+ -+ d-m 

K++dp+p- 

K++T+YY 

K++y+vy 

K+ + 71-fr0y 

K+ + 7r+x 

K+-+p+upp 

K'+e%pp 

7r" + ZJU 

?rO-+yX 

K' + 7r+7r0m 

AND TECHNOLOGIES 

(1.5”;.;,)10-‘“(580) 

(5.0 It 1.0)10-s(4500) 

(1.1 zt o.3)10-6(100) 

(1.33 zt o.12)10-5(1000) 

(4.72 & 0.77)10-” (2) 

<,l.l x IO-l'(346) 

< 4.1 x 10-7(2.4M) 

< 5 x 10-7(2M) 

< 8 x 10-7(10) 

< 5.3 x lo-*(1900) 

< 4..3 X 10m5(new) 

500 MHz/ 10 ps Transient Di@tizers 

500 MHz Gallium Arsenide CCDs 
Pure Csl Crystal Detectors 

Scintillating Fiber Target 

inflated foil Central Drift Chamber 

Discovery! 

Discovery ! 

Discovery ! 

Discovery ! 

D.E. Rad. 

Familon? 

H iggs? 

H iggs? 

Search? 

Vector? 

Non-SM 
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A Tribute to Ted Kycia 

Brad Tippens 

May 19,200O 

As a physicist, Ted Kycia wss a purist. He did not seek prestige, infiu- 
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 hsd a permanent and positive infiuence 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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E927:PREcmdN MEASUREMENT OF THE 

RATE AND SPECTRUM FOR K++n?e+v 

PHYSICS 

TECHNIQUE 

. 
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Physics 

SCondition for Unitarity of the CKM Matrix: 

A = 1 - lVJ2 - IVu,12 - &,I2 
= 0.0027 I!Z 0.0017 

IV,d12 = 0.9489 & 0.0011 
j IV,,12 = 0.0484 I!I 0.0013 

IV,b12 = 9 I!I 6 x 10” 
(0.0003) 

WImproving the determination of VW is 
heightened by the recent interest in improving 

a t-he measurement of V& at Los Alamos and 
elsewhere. 

~Irriproving VW will make a significant 
improvement in the determination of other 
paiameters of the CKM matrix. 

1-o.5h2 h x3A (pi~q) 

4 l-o.SP : h2A ’ 

h3A (l-p-~-q) -k2A 1 
. 

..” 



TECHNIQUE 

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

Rn(K,,) = $-;$3= & (I- s)-’ J---.2 

i L i 
. . 

We experimentally determine all major sources of systematic . 
error. 

Determine 6 &rcng &z k0t2 0 9 

Finitetargeteffects- 2 7$& 
a &2?e 

Identifyingn,p,m& 11)~-L’-7: :‘.‘;: -. -- Q.2 7% 

Dominant error comes from K7c2 and $3 background. - 

We identify and include radiative modes 

/ 

186 
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-- --- _ .- - .._ __ .--_ . -- .- _--_ _ -. __-.. -- 

EXPERIMENT DESIGN 

WTake advantage of -4n CB by usingstopped K+. 

l clean trigger - we count all K+ decays 
‘it+ background -0.02% 

l large acceptance’ 3 high statistics 
less dependence on acceptance differences 

l measure radiative corrections 

mYIdentify K&-and K~using CB crystal TDC & 
Cerenkov detector. 

l two independent methods aIlow determination of 
efficiency 

l TDC method gives w 1.3% bgrd 

l Ckenkov counter should have > 90% eff. 

l TDC’s .on crystals are necessary to reduce accidental 
backgrounds. 
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STATUS 

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

. 

EFBasic Design & Engineering completed. 

- Second Test Run to prove Particle ID. 
TDC’s 
Cerenkov Counter 

6 Further running conditioned on success of Test Run. 

. 

._,’ 

m !‘, 

-.: 

. .. .s 

-.--__ 
------.-~-..-..--...-.-~~ 

i. .; 1 

--- -.-._ .-. _-___ 
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