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Summary ,
: - _.
We propose a study of the production of =°, =, A K, KT, KT, p, pin

" multiparticle final states, with tagged positive and negative beams of 200 GeV/c
particles incident on protons. In addition, a new phenomenon in which a 1arge
amount of electromagnetic energy is emitted in the forward direction will be investi-
gated. Evidence for this phenomenon was observed in Experiment 154.
| This experiment is to be carried out with the advanced hybrid spectrometer
system, with the bubble chamber as target, and with the downstream portion of the
spectrometer including two powerful new tools, an ISIS system to identify chérged
particles and a forward gamma detector (FGD} to study the production of electro-
magnetic energy. The beam momentum and the ISIS design are such as to give high
efficiency for identification of particles produced in the central region of x and y, |
where most particle production takes place. The two instruments will allow us to study
for the first time correlations among neutral particles and between neutral and charged
particles, and also questions of local conservation of transverse momentum and of
quantum numbers,

We wish to achieve a positive beam with 10% K+; the remainder being equally
divicied between p and 7r+, and a negative beam composition of 20% p, the remainder 7 .
We propose 1x10° pictures in each of the two beams. This will allow us to study thé
details of the production processes as a function of the quantum number's of the

projectile particle under identical experimental conditions, with good statistics.



Introduction

" We propose a comprehensive experiment to exanﬁne the dynamics of hadronic
production utilizing the full analyzing power of the advanced 30-inch hybrid bubble
chamber system for a variety of incident beams with downstream instrumentation |
for the identification of héavy charged particles (ISIS) ahd for the measurement of
electromagnetic decays of forward-going neutral particles (Forward Gamma Detector).

Presently available data, consisting primarily of momentum distributions of

| charged secondary pions, have revealed a pattern in which short-range phenomena
characteristic of asymptotic models coexist with strong ﬁagrrientation effects. At
Fermilab energies the nature of the beam and target particles is reflected in the
major fraction of particle production; not only the diffraction combonent, but also
the high-multiplicity component and the (presumably) deeply inelastic production of
J/% show a marked dependence on the quantum numbers of the incident channel.' In
the latter cases the observed effects may‘be a airect consequence of the kinematié |
distribution of quarks among the incident particles.

In order to extract new information regarding these features of the strong
interaction mechanism, we propose an experiment with the full retinue of charged
hadron beams available to the 30-inch chamber for the widest spectrum of incident
channel quantum numbers, employing the ISIS detector to isolate heavy chargedv
particles (K's and protons) in the final state, and the forward gamma detector for
a more nearly complete accounting of the total energy into pions. These new
capabilities will allow a much more complete examination of the generalized charge
structure of events than has been possible in the past and in turn will require longer
exposures., The physics topics will emphasize multiparticle production in the central

- region. The parameters of the experiment have been chosen to optimize the effective-

ness of the ISIS detector in this range of center-of-mass momenta.




. 6
We request 1,0 x 106 pictures with a tagged negative beam and 1.0 x 10

pictures with a tagged positive beam, both at 200 GeV/c momentum. The positive
beam will be composed of approximately 10% K+, with remainder consisting of equal
numbers of 1r+ and p, while the negative beam will consist of about 20%';; and 80% = .
The use of these tagged beams will enable us to study the dependence of the interaction
charaéteristics on the quanturn numbers of the incident pgrticle with minimum system-
atic errors and minimum set-up time. These areas of investigation will include
single particle distributions for identified charged and neutral particles, multipl.icity
studies, and correlation studies, including the question of neutral-charged particle
correlations about which little is known, The w, 79, b* and other resonances which
decay into #%'s will now be studied in detail and their connection with clusters will be
clarified. Aiso, local conservation of transverse momentum, strangeness and other
quantum numbers will be checked with much more complete information. The forward
gamnia detector will also permit the investigation of the large amounts of forward
géing neutral energy observed in low multiplicity events, a hew phenomenon which has
been observed at Fermilab energies (E154). Four-constraint fits will be extended to ,
events with one, two, and possibly three %'s, and events with charged K's. In
addition, we will engage in more speculative searches: a search for a possibly new
phenomenon where both projectile and target end up near x=0; a search for new
particles that décay into one or more heavy particles and several pions; a study of
four-constraint physics; and a study of pairs of identical heavy particles to compare

with the Bose-like behavior seen in identical-pion pairs.

Physics of the Experiment
The primary object of this experiment is the study of the production characteristics
of particles and resonances in interactions with target protons, and the dependence of

these production characteristics on the quantum numbers of the projectile particle,



We will be able to detect, identify and measure y, =9, 1;*‘, KO, 1(*, p"E’ A, with
sufficient accuracy to isolate and study the resonances they form, |

Figure 1 shows the main features of the downstream spectrometer system which
makes these studies possible,

Specific physics topics we will explore are:
1.  Study of 7% Production

In order to study #° production, we have built a lead glass shower detector -
hodoscope with good energy and spatial resolution. A prototype has been extensively
tested and used in E299; the result of these tests as well as a description of the full
scale forward gamma detector (FGD) are included in Appendix I.

With this device we will be able to reconstruct #° and 7/ mesons and to
distinguish up to six gamma rays (3x%, Thus, we shall be able to perform a study
of the two, four, six, and eight charged prong topologies where one, two and possibly
three 7°%'s are observed, allowing four constraint (4C) fits. There have been no
previous studies of these channels, This experiment, together with E154 and E299,
also will pexrmit high statistics studies of the four, six, and eight charged prong
topologies with no neutral particles, and comparison with the corresponding channels
with %r° mesons should prove extremely fruitful. For example, our E154 study of the
four charged-particle 4C samplca1 has shown that more than 92% of the cross séction
is due to beam énd tafgéii diffraction dissociation, 'vp%r’ " events make an important
contribution to the beam dissociation cross section in the A; and Ay mass region and
there is some evidence for a contribution from f , Higher statistics should permit
a resolution of the latter question as well as yielding a better understanding of the
three-pion system in all invariant mass regions. In this experiment it will be possible
also to obtain results for the four charged-prong, one w° channel at a similar level of

statistics.




This experiment will also permit an inclusive study of «® production as a
function of rapidity in the forward hemisphere. Such a study is extremely important
in order to verify the previous evidence for the existence of clusters and to determine
whether they consist mainly of two pions ("p" like) or three pions (“w" like) and
indeed whether clusters are the well-known resonances. Rigorous tests of local
transverse momentum conservation will be carried out, whereas with charged-particle
rapidity studies only, definitive tests of this sort are not possible. |

Another facet of this experiment is the examination of the forward going neutral
energy associated with the production of two charged particles. Our interest in this
phenomenon stems from our observations in Exp. 154 (7 “p at 150 GeV /<), For this
experiment we had in our PWC system a crude gamma ray detector consisting of a
two-radiation length thick piece of lead followed by three PWC planes. This counter
permitted a rough measurement of the intensity of electromagnetic energy incident
on the lead converter in each event. In the two-prong inelastic data we found a
significant class of events in which most of the incident momentum went into the
forward electromagnetic shower [refer to proposal for E393, Appehdix III]). Monte
Carlo calculations emulating known diffractive processes were not able to reproduce
the observed results. We believe that these observations indicate a new phenomenon
occurring in the 2-prong events, and that a detailed study of the electromagnetic
energy associated with the two-prong events is required. Data from the forward
gamma detector in the experiment proposed here will allow us to determine 7°
four-vectors and form relevant invariant mass distributions. If there are narrow
structures in this final state, we will be able to detect them. In any event, we will
be able to determine the character of this final state in an exclusive manner and

determine if there are any new physical phenomena involved.



2, Multi-Particle Production with Chafged Particle Idénti.ﬁcation
‘In order to identify charged particles which leave the bubble chamber in the
forward direction, we will use the Fermilab ISIS system which is described in
Appendix II. This is the relativistic rise parﬁcle identifier which was first discussed
in the September 1975 Bubble Chamber Syn_'lposiv.un2 and which was further specified
during a workshop held at Fermilab in May 197 63. This device is designed to have
good acceptance for particles produced in the central region, near x=0, where most
particle production occurs, and is essential to the study of the following questions.
a) Single Particle Inclusive Distributions
| K+, K, p, p production as functions of t, x and y will be measured. Thesé
will be the first complete data of this kind at these energieé. K® and A° distributions
will also be studied. It is important to determine where in the rapidity chain these
heavy particles tend to lie - are they produced in association with either the target
or projectile, or does production simply peak in the central region. By comparison
of measurements made with the different projectile particles under identical circum-
stances, it will be possible to see over what range of rapidity the nature of the incident
particle affects the production of these particles.
Comparison of K*K$, KiA", KEKO production for different incident beam particles
will allow a search for a strangeness = 0 plateau. The existence of such a platéau

would be interesting, in view of the fact that no charge=0 plateau exists in 7 p inter-

.'atc:t:ions.}4

b) Correlatons

Rapidity correlations between pairs of charged pions have yielded much informa-
tion leading to our current understanding of the nature of multiparticle production.
The observed short-range correlations have stimulated great interest in the question

of cluster formation and the concept of local quantum number conservation near y=0".




Specific identification of 1(4: and pt' with good efficiency in the central region will
greatly extend ther correlation information and allow a study of baryon number and
strangeness compensation in addition to that of electric charge. Also of prime
interest would be the study of 7% creation near the central rapidity region. Measure-
ments of the 7 mesons will permit the more complete study of local conservation ofv
transverse momentum. To date, there is very little information regarding the cor-
relation between neutral and charged pions. The distribui;lon of *gr" production and
correlations between 7' s have yet to be studied. In addition, identical particle
effects which have been studied for charged pion pairs will be investigated for

k", KK and 7%° pairs.

This experiment, by virtue of % detection and charged kaon identification, -
should provide a rich variety of new opportunities for the study of correlations in
effective mass of multiparticle systems (e. g., resonance production), and the study
of multiparticle correlations treating resonance states as single prompt partcles.

c) Braking Collisions

There appears to be some experimental evidence from the ISR that a cross
section approaching one millibarn exists for a process where both incident protons
stop in the center-of-mass. 6 The number and distribution of the associated particles
(presumably mostly pions) is of great interest. No data exist on these quesﬁoﬁs.
There are two speculations about the origin of this phenomenon. The first is that the
two protons stop due to a mutually catastrophic bremsstrahlung of ‘pions. This would
manifest itself by the emission of two large jets of pions, forward and backward. The
second speculation is that the protons stop due to a coherent central collision of the
fundamental coﬁstituents (quarks, partons), and this type of reaction might yield an
isotropic distributiqn of pions. Establishing that the ISR result is real and measuring
the distributions of the outgoing particles would establish a/ totally new phenomenon

which should yield fundamental information on elementary hadronic properties,



d) Resonance Production‘
" The capability for detecting éharged‘ K mésons as well as neutral strange
particle decays over momentum raﬁges which encbmpass the central region, coupled
with the 7% detection capabillty of the forward gamma detector, will provide the means

for a systematic study of the following matrix of inclusive reactions:

— —
- n
*.
T B, ‘po
+
K'| +p -— K*, K* | + anything
P @0
L.
. o of
A, y*

The initial analysis goal will be to determine the cross sections as. functions of the
kinematic variables x, y, t, etc, The contribution of resonances, especially the
meson resonances, to the whole of multiparticle production is important in its own
right, and has obvious implications for the understanding vof clustering phenomena;
Of the reactions listed above, only those leading to p® and A" have been studied
in any detail in collisions at Fermilab energies.

In terms of the generalized charge structure of events, we expeét that the.
- kinematic distribution of resonance states will be far more sensitive to the nature of
reaction mechanisms than is the distribution of their decay products. The propo.éedv
experiment will afford a broad investigation of the kinematic behavior of identifiable
resonances in texms of the resonance quantum numbers and the quantum numbers of
the incident beam, Existing data for the production of pr; K*, and]/% show a marked
dependence on the nature of the incident particles, with central production observed
in pp or p—-nﬁcleus collisions and forward, beam-like produi:ti.on observed in collisions

of mesons with nucleons. This could be the result of the usual hierarchy of coupling




strengths for the various quantum number exchanges in a multiperipheral mechanism,
or it could result from the intrinsic constituent structure of beam and target.
Although the absolute cross sections for ° production are nearly equal for # meson
and proton beams incident7, the relative cross sections for J/§ production are very
differents, and recent measurements of J /¢ induced by meson, proton and anti-proton
bea?ns at 40 GeV /cg point to a significant contribution from valence quark annihilation.
Of particular interest in this context'will be a systematic examination of the production
of the low-mass meson resonances p, w, @, K* for v, K, p and p beams incident.
Data of this sort will be important as well for the emerging phenomenology of
hadronic interactions via hard collisions of constituents, While such models
emphasize the high _P’I‘ regime beyond the reach of bubble chamber data, it is clear
that more complete and precise data on the resonance structure of "normal" events
will be of great value in the interpretation of experiments which probe the structure

of large transverse momentum phenomena.

e) pp Annihilation

Our primary interest in aﬁ enriched p component of the negative beam arises
from our desire to have the widest possible spectrum of incident channel quantum -
numbers (or valence quark configurations) available for a systematic study vof the
dynamics of particle production. The importance of a p beam in the context oka such
a program is dis”cussed in the Subsections above,

In additon, it would be of great interest to measure the total pp annihilation
crosé section. An attempt will be made to do so in this experiment in spite of the
major difficulties involved in estimating the cross section for pp~nn + X. While
this cross section can be estimated in principle by assuming factorization and
applying this assumption to measurements. of the channels pp-np + X, pp-pn + X,

and pp-pp + X, meaningful results can only be obtained if the factorization assumption



is reliable to considerably better than 5% ’This is because the interesting difference
cT(Ep) - oT(pp) is expected to be of the order of 2mb10-. which is 5% of either cross
section and the correction for nn production must be known considerably better than
the difference itself. It is obvious that inefficiencies in measuring any of the f:hree
cross sections will reduce the reliabili@ of the estimate of the annihilation cross
section. Itis clearly important, however, to establish the measurable cvross sections

as accurately as possible,

Beam and Experimental Apparatus

As has been discussed, the experiment will require the Fermilab hybrid 30-inch
bubble chamber - PWC spectrometer, with the addition of an ISIS system and the FGD
in the downstream portion of the spectrometer, as shown in Fig. 1. These devices
are described in detail in Appendices I and II,

A prototype of the FGD has been intensively and successfully tested in use and
its performance is described in Appendix I. Results of these measurements show
that we are able to locate the shower centers within a standard deviation of 1.4 mm,
and to measure the shower energy with a resolution AE/E=, 27 /A/E where AE is the
full width at half maximum of the measured energy distribution for incident electrons
of nominal energy E. The prototype has been tested with incident electrons of energies
ranging from 26 GeV /c to 100 GeV/c. - The angular acceptance of the full FGD ‘is
125 mr,

The full scale FGD is now being assembled at Fermilab.

The Fermilab ISIS is well matched to the spectrum of charged particles leaving
the bubble chamber, since the beginning of the relativistic rise region for protons
is at about 5 GeV/c and that for kaons and pions is lower. The acceptance of the
| Fermilab ISIS is also quite well matched to the angular spread of the particles leaving

the bubble chamber (see Appendix II).
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As discussed in Appendix II, the resoluton of the Fermilab ISIS decreases
above 10 GeV/c with increasing momentum and kaon identification becomes poor
above 40 GeV/c. Thus the momentum resolution of the hybrid system |
(Ap/p = 0.06p%/GeV/c) is sufficient so as not 1o be a limitation on the Fermilab
ISIS over the momentum range where it has good resolution, particle idéntiﬁcation
in this device requiring momenta measured to better than 10%.

A primary interest of this experiment is the study of reactions which yield
protons nearly at rest in the center of mass and mesons in the central region of
rapidity. As can be seen in Figs. 2 and 3, the corresponding laboratory momenta
of these secondary particles fall in a region where the resolution of the Fermilab
ISIS is véry good.

The first module of the Fermilab ISIS (ISIS-1) is being assembled. After
preliminary testing it will be shipped to Fermilab the beginning of October where it
is scheduled for a beam test starting October 27,

Preliminary studies have shown that, with an accelerator beam of 400 GeV /c,
the desired ratio of 10% K' is achievable in the 200 GeV /c positive beam, with the
remainder approximately equally divided between 1r+ and p. Theoretical calculations
indicate that one should be able to achieve the desired p/# ratio of 1/4 in the negative
200 GeV/c beam. Beam tests will have to be made to détermine the actual beam
compositions. With these beams, enriched in K" and P, an intensity of about 101¢

particles per ping will yield the desired 8 tracks per picture.

Equipment Costs

New equipment will be required for this expériment. All electronic items
shown in fig. 1, i.e,, P1, D1, Ii, D2, 12, D3, and FGD, will be used for the first
time in this experiment. The following list describes these items, their cost and

who will furnish them.
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Description Cost Responsibility

P1 - 3, 500 wire ' $125, 000 Universities

PWC system 85, 000 Fermilab

D1 - 80 channel Drift ' 25,530 Fermﬂah
Chamber system - 45, 000 Universities

I1 -ISIS 1 o 40, 000 , ‘Fermilab
225, 000 .. -+ Universities

D2 - 80 channel Drift © 25,530 Fermilab
Chamber system '~ 49,000 Universities

12 - ISIS 2 1486, 200 - Fermilab
187, 000 Universities

D3 - 80 channel Drift :

Chamber system - 70, 530 . Universities
FGD - Forward Gamma Ray 250, 000 ' Universities

Detector ‘ 100, 000 , Fermilab

Computer Fermilab

As noted before, the FGD is complete and hence requires no new money,
ISIS Iis actally under construction and test and does not require new money.
ISIS II, the PWC and Drift Chamber systems do require new money. Note that the

above figures are approximate. Detailed figures will be furnished and negotiated

for the agreement.
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APPENDIX 1

Test Results of a 31 cm x 31 cm Lead Glass Electromagnetic
Shower Detector '

IHSC Consortium

To be Submitted to Nuclear Instruments and Methods




Introduction

Preliminary test runs of a lead-glass Cerenkov electromagnetic shower
detector have been carried out using a tagged negétive electron beam at the Fermi "
National Accelerator Laboratory, with nominal beam energies of 30, 40, 50, 60,
75, and 10'0 GeV. The detector tested here is a reduced séale ve:sion of the shower

e

detector to be used with the Hybrid Spectromete at Fermilab and the Forward

Gamma Detector at CERN. Several workers have studied and used various types of
lead glass shower detector(s2 )and lead-scintillator sandwich detectoi'(st:f"%"tlé novel
feature of this system is that the electrbmagnetic shower converter, as well as tﬁe
absorber, consists of active elements, ensuring negligible unobserved energy loss

and good energy resolution,

The Detector

The detector (Fig. 1) consists of three sections: (1) éonverter, {2) shower
hodoscope, and (3) absorber. Photons or electrons incident on the converter develop
a cascade electromagnetic shower which then passes through the shower hodoscope.
The shower hodoscope is then aﬁle to measure the profile of the shéwer allowing
for determination of the shower centroid. Finally, the shower is totally absorbed
by the absorber and the energy deposited in it is measured along with the energy
deposited in the converter.

The converter is constructed of two layers of lead glass bars, each bar being
6. 25cm x 6. 25cm x 75cm and of type F-2(5') . Each layer consists of five bars with
the axes of the bars in the different layers situated at 90° to each other and over-
lapping with an area of 31cm X 31lcm (see Fig. 1). There are a total of four radiation
lengths presented to the beam (two radiation lengths per layer). Tﬁese bars are each
viewed by anAMPEREX 56 AVP(G) photomultiplier with clear silicone resin wafers(7)

used for optical contact,



The bars are wrapped with 1/4 mil. aluminized mylar and the entiré coverter
unit is housed in a light tight wooden box. The box (Fig. 2) is made of clear pine,
notched, glued, and screwed together to afford maxinium strength; The interior
corners were sealed and all surfaces were painted black to minimize light leaks.

- The photomultipliers were spring loaded against the glass to ensure good
optical contact between the glass and the encapsulating resin cokat on the photémbe
faces.
| The calibration package shown schematically in Fig. 3 is essentially a two-
compartment light-tight container. One compartment contains the argon strobe
lamp, which is mounted at the center of a spherical sﬁpport for fiber optic light
guides which are illuminated by the strobe. These :guides carry Iight from the strobe
to the detector phototubes, and it is this light standard against which the gain stability
of the tubes is determined. To monitor the stability of the strobe, one of the light
guides is directed into the second compartment of the calibration package and is
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viewed, together with a collimated Am ~-doped Nal(Tl) scintillator source(s) , bya

reference phototube, The strobe signal is attenuated by a neutral filter to a level

comparable to that of the Am241.

The shower hodoscope consists of three plastic scintillator planes, made of
"fingers" lcm thick and 1. 5cm wid‘e‘of type I\h‘é‘;loﬁ(9 ). The central plane has vertical
fingers with the other two planes set at £ 45" to it. Each scintillator finger is viewed
by low cost RCA 931A(10)photomultipliers which are adequate for the large gmount of
light produced by the high flux electron showers. To increase the light acceptance
of the internal photocathode through the lateral window, each finger is equipped with
light guide heads of cylindrical shape which focus the light on the photocathode, The
78 photomultipliers (29 for each diagonal plane and 20 for the vertical plane) are
enclosed in a single light-tight aluminum box. Figure 4 is a photograph diéplaying

the light guides for the three scintillator planes.




The linearity of the 931A i)hotomultiplier was measured in a separate test and
found to be linear within 1% up to 20 mA, and at 40 mA the deviatdon from lineari&
Was'found to be 10%. The output charge from each 931A photomultiplier for the
fingers is digitized in order to establish the spatial position of the shower as described
in detail below, |

In order to equalize ﬁe gains of the photomultipliers used with the finger
hodoscope, a 1ight diffusing, graded Lucite bar is used for the three planes. Light
from a pulsed cold-cathode Krytron (EG&G KN -22)( 11&3 difﬁ.;sed by a white painted
band on the surface of the Lucite bar facing the end of the fingers (see Fig. 5). The
pink light from the KN-22 is incident on a scintillator bar, made of the same scin-
tillator ;plastic as used in the hodoscope, which induces ﬂuo’rescént light with the
same spectrum as the actual scintillations. This induced light is then incident on
the diffusing bar which distributes the properk amount of light to each finger, The
grading of the shape of the Lucite bar and the variation in width of the painted dif-
fuser band were empirically determined to ensure the uniformity of diffused ligllt
accepted by each finger. To compensate for the attenuation of light flux with distance,
both the thickness of the Lucite bar and the width of the painted diffusing band were
tapered, The resultis a "saber" 1.5 meters long with a thickness of 4, Scrn at the
beginning and 1 5cm at the end with the diffusing band starting with a width of 0,7mm
and increasing linearly to 2, 0mm. Within a length of 1 meter the variation in the
light output is less than 2%. V ”

The shower absorber isv made up of 4 lead glass biocks of type SFS(S") , €ach
being 15c¢m x 15c¢m x 60cm in dimension. These blocks are placed behind the finger
hodoscope with their longitudinal axis perpendicular to the plane of the finger hodo-
scope, thus presentihg ~ 25, 4 radiation lengths for shower absorption., Each absorber

block is equipped with a 5 inch EMI 95301{( '12)photomultip1ier, coupled to the glass. - .
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with optical grease . These blocks are wrapped with aluminized mylar and opaque
tape and are not housed, but stacked in the open. The identical scheme for equalizing |
photomultiplier gains is used for these absorber blocks as for the converter blocks,
described earlier.

The Beam Description

The tesf was carried out in the Fermilab Neutrino Section N5 hédroh beam
line, which is normally used in conjunction with thke 15 foot bubble chamber. A
30cm x 5mm x 5mm Be target having ~ 1 absorption length as well as ~ 1 radiation
length was used. A semi-differential gas Cerenkov counter was used to tag electrons
in the beam but no attempt was made to incorpo mte the electron trigger in the gate
logic, since the Ce;enkov counter was located too far upstream. This being the case, -
a trigger having reasonably high rejection of 7 's and p 's was devised by adding the
photomultiplier signals from the second layer of the converter with a linear fan -in,
The output signal of the fan-in was then discriminated at a level to insure an electron
count when registered as such by the Cerenkov counter, This allowed aVrelatively
small amount of high energy hadronic showers to be registered with virtually no loss
of electron events. The fraction of good triggers (i. e., electrons) ranged ’from
60% at 30 GeV/c to 30% at 50 GeV/c and only a few percent at 100 GeV /c due to the
decreasing electron content in the beam with increasing energy.
| The beam was dispersed over an area of ~ 10cm (horizontal) by 6cm (vertical)
at the apparatus, allowing for showers to develop throughout several converter and
absorber components. The beam was directed over various regions of the éntire
active area of the apparatus. A triplet set of proportional wire chamber planes was
situated just in front of the detector to enable off-line position determination of each
incident particle. |

The momentum bite of the beam including systematic uncertainties due to beam

monitoring resulted in a ~ 1%.

Ap
b




Data Acquisition

A master gate was formed by two-fold coincidence between two scintillatokrs
separated by 2 meters and situated immediately before the apparatus. This gate was
" then fanned out to the Proportional Wire Chamber (FWC) gating and storage logic and
the Analog to Digital Converter (ADC) units for the lead glass and scintillator hodo-
écope components. " The PWC system is capable of storing information for 16 particles
with dead time during storage of ~150 nsec, The ADC units for the lead‘-glass System
were operated with an im:egrﬁting gate of ~ 400 nsec, during which time the master
gate generator was locked out by a.latch. Thus the maximum hardware dead time of
the system during data storage was ~ 400 nsec, The ADC units used were LeCroy 2249A
CAMAC modules’1® with 10 bit digital readout and least count of 1/4 p C. The overall
deadtime of the system was dictated by the PDP-11/45 cdmputer(ls') which read out the .
ADC units through direct memory access. Upon completion of the ADC readout, the
mastex gate lockout latch was cleared to allow continuation of data acquisition. This
‘was repeated for a maximum of 16 particles ox uatil the end of spill, whichever came
first, Thus, each event consisted of ADC information along with the corresponding
PWC information which allowed for off-line determination of beam position, shower-
core position and energy, on an event by event basis.

After eacn beam spill which resulted in the storage of information for up to 16
beam events, up to 18 calibration events originating from the triggering of the various
light sources (EG&G KN22 for the scintillator hodoscope, Kerns(m) flash lamps for
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the lead glass converter and absorber blocks and the Am 1 doped Nal) were recorded,

Energy Determination

As a shower develops through the system, some of its energy is deposited
in the first two layers of lead glass converter blocks and the remainder of energy is

deposited in the absorber blocks. The amount of energy deposited in the hodoscope



scintillators is negligible and is not taken into account in this study. Thus there are 14
active components, 10 converters and 4 absorbers, whose photo -multiplier output
charge represents energy deposited in the system. The coefficient ® for each com-
ponent which relates charge to energy is determined by a least square analysis using
the expression:

14
X2 =?‘,(Ei —‘IL? o C

i) ; = energy of the electron
‘ th
for thei™ event.

o = charge to energy conversion
factor to be determined.

Cki = charge from the kth

component of the ith event,

The fit was carried out at 50 GeV to determine the o coefficients which in turn
were used to obtain the shower energy Ei =Z‘«akai for the 30, 40, 60, 75, and 100
GeV runs.

In this report, no attempt was made to compensate for photomultiplier (EMI 9530
for absorbers, AMPEREX 56 AVP for converters) gain drifts due to temperature
change. The analysis is as elementary as possible.

Figure 6 displays the sum of the energy distribution in the first two converter
layers summed for each event whereas fig. 7 shows the distribution of energy
deposited in the absorber blocks for the same sample at 50 GeV. Figure 8 displays
the distribution of total shower energy determined for each event in the 50 GeV run
which includes hadronic as well as electronic showers (no Cerenkov electron tag was
imposed). The major portion of hadronic showers was eliminated by selectively
setting the threshold of a discriminator into which the OR'ed output of the second
layer of converter blocks was fed.

Figure 9 displays the 50 GeV distribution with the Cerenkov electron tag

imposed. The remainder of the hadronic shower is then seen to be eliminated.




The entire remaining low energy tail méy be due to 7 's with a delta ray in the
Cerenkov counter registering as a beam electron.
. Figures 10-14 display the shower energy distributions for 100-30 GeV ihcoming
electrons. In all cases the Cerenkov electron tag was imposed. '
Figure 15 is a plot of the actual beam energy versus measured energy. As can
be seen, the linearity is good up to the highest energy value. The resolution, in

terms of FWHM, for the various energies is shown in fig. 16 and its energy dependence

is given by:
AE (FWHM) = 271£2%
or o = (11,4£0,8) 10 2E

where E is the energy of the shower in units of GeV.

Position Determination

The center of an electron shower whose radial distribution is (closely) exponential
and which has a characteristic width of 2..3cm is determined by ‘eval‘uating the weighted |
averagé of the signéls from the hodoscope fingers, This method introduces a sys-
tematic error due to the exponential behavior of the shower profile é.nd the discrete
sampling of the ﬁngers( 4 ’). This systematic shift to the finger center has been cor-

rected by the following function:

Ax = 0,075 sin [27 (X - xc)]
W ‘

w = 1, 5cm width of finger.

X = coordinate of finger center
closest to x.

X = weighted average coordinate.
A plot of the quantity d = x + y + 4/2v where X, y, and v are the finger co- |
ordinatés allows us to estimate the resolution of our detector. Elementary geometric
considerations dictate d is constant and the standard deviation of itsv measurement is
twice that of each coordinate, assuming x, y, and v are measured with the same
accuracy. The final shower position is determined by a least square fitto x and y

along with the geometric constraint given by d.
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Figure 17 shows the’distribution of d at 50 GeV, FWHM is 6, 3 mm which leads
to the conclusion that each coordinate has a resolution of ¢ = 2,7 mm. |
. Figures 18a and 18b show the x and y distributions of the difference between
the shower center determined by the hodoscope fit and the position of the incident
electron as given by the PWC, The distributions are consistent with the l.4mm

hodoscope resolution since. the PWC has 2mm wire spacings.

Conclusion

The results of this test show that an electromagnetic shower detector can be
built without the use of inactive components, such as lead. This allows for better
shower energy determination and simplifies thve overall construction., The plastic
scintillator hodoscope is used solely for determinigg the position and not the energy
of the showers and thus does not require extreme measures to insure pulse height
integrity. The charge to digital converter units used with the position hodoscope
were probably much better than required, only because of their availability, Cheaper
units could be substituted for this task, Temperature control and tempesature com-
pensation in the electronics were not considered for this test. Although effects due to
temperature variation were found to be negligible, the final system will be monitored
for temperamre variations. |

The energy resolution for this prototype system was found to be ¢ = (11,40, 8)
x 1072 /E GeV and shower-core positions were determined with ¢ = 1,4mm resolution.
By periodically calibrating the phototube gains with a known energy electron beam, it
is conceivable that a system such as this could be used with systematic errors known

and correctable to better than a percent.

Acknowledgments

We would like to thank Fermilab and its Neutrino Section for their support and
use of the N5 beam line and the use of the 15" bubble chamber tagging system.

Particular thanks go to J. C. Walker and C. Needles of the Neutrino Section for their

help throughout the entire test.



1)
2)

3)
4

5)

6}

REFERENCES
D. G. Fong et al., Nucl. Phys. B102, 386(1976); Phys. Lett. 538, 290(1974).
J. S. Beale et al., NIM 117, 501(1974). '
L. M. Lederman and R. A, Vidal, NIM 129, 65(1975).
B. J. Blumenfeld et al., NIM 97, 427(1971).
M. Holder et al., Phys. Lett. 40B, 141(1972),
J. A. Appel et al., NIM 127, 495(1975).
R. G. Astratsaturov et al., NIM 107, 105(1973).
A. V. Barnes et al., Phys. Rev, Lett. 37, 76(1976).
G. Donaldson et al., Phys. Rev. Lett. 36, 1110(1976).
Yu. Bushnin et al., NIM 106, 493(1973).
Yu. Bushnin et al., NIM 120, 391(1974).

Schott Optical Glass Inc,
York Avenue

‘Duryea, Pennsylvania 18642

U. S. A. |
F-2 - SF-5 |
Radiation Length (cm) 3.06 2.36
Critical Energy (MeV) 18.4 15.8
Density (gr/cm? 3. 60 - 4,08
Refractive Index 1, éz : 1.6727

Amperex Electronic Corp,
230 Duffy Avenue
Hicksville, N. Y. 11802

56AVP - 2 inch head-on photomultiplier tube with 14 stages,

" Dow Corning Corp.

Midland, Michigan 48640
U. S. A.

Sylgard 184, Encapsulating Resin
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The Harshaw Chemical Company
Crystal-Solid State Division
1945 East 97th Street

Cleveland, Ohio 44108

Am?#! Doped Nal (T#) Light Pulser ~ 200 counts/sec.

Nuclear Enterprises
931 Terminal Way
San Carlos, California 940 '?0

RCA Electronic Components
Harrison, N. J. 07029

931A - 1 1/8" Diameter Side-on photomultiplier tube with 9 stages.
E G &G Inc.

Electro-Optics Division

35 Congress Street

Salem, Massachusetts 01970

KN-22 Cold Cathode, Gas-filled Krytron

EMI Gencom Inc.

80 Express Street

Plainview, New York 11803, U. S. A.

9530R - 5" diameter, "super" S-11 cathode, 11 dynodes

Dow Corning Corp.

Midland, Michigan 48640

U. S. A,

‘Optical Grease

LeCroy Research Systems Corp.
Spring Valley, N. Y. 10977
U. S. A.

CAMAC Model 2249A, 12-channel A to D converter

D1g1t31 Equipment Corp.
Maynard, Massachusetts 01754
U. S. A.

PDP~11/45 Computer ; .

Private commumication
Kerns, Gordon

Physics Department
Fermilab

P. O. Box 500

Batavia, Illinois 60510, USA

These flash lamps were designed by C. Kerns and loaned to us during the test.



Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6

Figure 7

Figure 8

Figure 9

Figure 10a

Figure 10b

Figures 11-
14

Figure 15

Figure Captions

Schematic of the converter, hodoscope and absorber layout.

Photograph of the converter and its light-tight box,

‘Schematic of the light calibration package.

Photograph of the light pipes from the scintillator hodoscope.
Schematic of the "saber" light diffusing bar used fpr the 'hodoscope
calibratidn. |

Energy distributions of the showers in the coﬁverter, froni 50 GeV/c
electrons,

Energy distributions of the showers in the absorber, from 50 GeV/c
electrons.

Eﬁergy distributions of the showers detected by the entire system
from 50 GeV/c negatives. The long tail on the low energy side is due
to hadrons. |

Energy distributions of the showers detected by the entire system,
from 50 GeV/c electrons, with the Cerenkov counter,électron tag
invoked. |

Energy distribution of the showers as detected by the system, from
100 GeV /c negatives. The Cerenkov counter electron tag is not used
here since the counter efficiency is low at this energy.A

Energy distribution of the same sample as shown in fig. 10a, except
the electron tag from the Cerenkov cbun,ter is used. Due to the low
efficiency, the sample is depreciated.

Energy distributions for electrons at 75 60, 40 and 30 GeV/c,
respectively. |

Measured shower energy versus actual electron beam energy.



Figure 16 Energy resolution (% FWHM) versus E% for the various shower
energies, .

Figure 17 Distribution of d=u+ v + .Jé— x for shower cores. See text for
definition of d. | |

Figure 18a  Distribution of x coordinate differences between shower core

and beam electron positions.

Figure 18b  Distribution of y coordinate differences between shower core and

beam electron positions.
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APPENDIX II July 27, 1977

Acceptance and Resolution Studies for the Fermilab ISIS

T. B. Stoughton, T. Ludlam, and V. Kistiakowsky

Introduction

Studies have been carried out previously of the acceptance
and resolution anticipated for an ISIS-like device by R. Plano
(Rutgers), W. Bugg (Tennessee), and J. Brau and V. Kistiakowsky
(MIT). Some of these results were presented at the May 1976
Fermilab Workshop on Particle Identiflers for hadron physics
and thelr consideration was partly the basis for choosing ISIS
as a component bf the downstream charg;d particle identifier.
Appendix 1 of this note contains results obtalned by W. Bugg
for 147 GeV/c w—p interactions (E-154) and references will be
made to these figures and tables.

The present study was carried out for 300 GeV/c 77 p
interactions because of the proposal to use ISIS for such an
experiment (Fermilab proposal, P-U488). The study attempts to
answer some questions raised during and subsequent to the
workshop. |

" The results given in the following sections are based on
a sample of 147 GeV/c w p events (E-154) which have been modified
to simulate 300 GeV/c events. The analysls was carried out
independently at MIT (VK, TS) and at Yale (TL) with somewhat
different assumptions and the results were in agreement where
direct comparison was possible.

The quasi-300 GeV/c events were obtained from 147 GeV/c

events by multiplying the longitudinal component of the center




of mass momentum of every charged particle by -Q§(300)/s(lh7)

where s(300) and s(147) are the center of mass energy for 300

GeV/c and 147 GeV/c 717p interactions, respectively. The particlesV
were then transfofmed into a frame in which the transformed target
proton was at rest.

At MIT, the particles were swum downstream from thelr
experimental vertex positions. At Yale, the incident plons were
assumed té be parallel to the x-axls and the productlion vertices
wefe distributed randomly in a volume of the bubble chamber
defined as féllows in the usual coordinate sYstemi

-.20 < x < .10m

A .035 <y < .085m

-.195 <z < -.185m
The accuracy of the swimming program was verified by swimming
particles from 147 GeV/c events to the position‘alohg the beam-
line of a proportional wire plane in the existing hybrid system
and comparing the y and z coordinates obtained in this fashion
with the experimental positions. |

Studies were made both with and without background. Five
noninteracting beam tracks were randomly distributed in an
area of the bubble chamber defined as follows:

.015 <y < .105m

.210 < 2 < -.170m
The event and the five noninteracting beam tracks were randomly
distributed in a 250 usec spill. The effect of thls background

on the track resolution was negligible. The major source of
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background results from the interaction of low momentum event
tracks with the magnet and other material. W. Bugg (Tenﬁ.)

has measured the event related background for 147 GeV/c and found
an average of 7 tracks at the entrance of.ISIS~1 and only two
tracks at the exlt of ISIS-2. It was attemptéd to simulate this
highly divergent béckground by randomly distributing 147 GeV/c
events on the surface of the magnet aperture. This background
resulted in an average of 5.5 tracks at ISIS-1 and 4.5 tracks

at ISIS-Z.‘ Since a slowly diverging background track is more
likely to‘interfére with an event track (also Slowly diverging),
this simulated background has a wvery peSsimistic effect on track
resolutlion.

Figure '1 gives the momentum distribution for all particles
from simulated 300 GeV/c events and for those which escape
through the B. C. magnet aperture 1lnto the downstream system.
These distributions may be compared with'figure A-l (figure I
in Appendix A). The main effect of the transformation to 300
GeV/c 1s an understandable shift to higher momenta.

Figure 2 gives the rapldity distribution for A) all
particles from the éimulated 300 GeV/c events, B) the particles
which escape the magnét, C) the pérticles with p > 5 GeV/c which
escape the magnet, andvD) the particles with p > 5 which pass
through a lmxlmx3m long ISIS ending at x=6.125m. These figures
may be compared with figures A-10 through A-ZO (figures in the
appendix) and the main effect of the transformation is séen to

be a widening of the rapidity region and as expected a depletion
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of the number of events with y < 0 and p 5 5 GeV/c which escape
the magnet.

Flgure 3 shows the distribution of the number of events
which result in a given number of charged particles in ISIS-1
and figure U that for ISIS-2. The averaged charged multiplicities
are 3.0 for ISIS-1 and 2.6 for ISIS-2. These numbers are obtained
from the 1u7'eév7c events, scaled up in energy as desecribed, which
have a total charge multiplicity of 7.40 % 0.04. 1) 1he average
total charge multiplicity at 300 GeV/ec, obtained by 1hterpolating
data at 147, 200, and 360 GeV/c, is 8.5/event. 1In the studles
at Yale, the 360 GeV/c data of Firestone et a1.(2) wereAusedAfor
‘the purpose of summing or averaging over all multiplicities.
This multiplicity distribution is reproducéd in figure 5. Figure
6 shows the frequency of charged tracks entering ISIS-1 and
ISIS~-2 as a function of primary multiplicity.
L. Accgpténce |

Since deslgn consideratlions seem to dictate that ISIS
consist of two modulés rather than the three originally proposed,
this study was carried Qut for a 1 meter long ISIS module (ISIS-l)
with an entrance plane at x=2.375m and a 2 méter long ISIS module
(ISI8-2) with an entrance plane at x=4.125m.

Due to voltage breakdown and gas purity considerations
it is undesirable to increase the dimension of ISIS beyond 1
meter in the direction perpendicular to the plane of signal
wires. However, the ériteria limiting the diﬁension of ISIS

in the direction parallel to the signal wires is less restrictive
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S0 tests were made to determine the fraction of‘pérticles gainéd
by extending the dimension of ISIS beyond 1 meter in this direc-
tioh.. |

Table I shows the fraction of the tracks which escape
the magnet and traversebthe entire length of ISIS-1 for varioué
"y and z dimensions. TableAII shows the same fraction for the
secohd module of ISIS. The>tests show that virtually nothing
is gained by increasingvthe dimension of ISIS‘beyond 1 meter in
the z~direction, but a 5% increase in the fraction of ﬁracks -
which traverse the entire length of ISIS-2 occurs by increasing
the‘dimensioh in the y-direction by QOém. The reason for this
is that the bubble éhamber magnetic field points in the z-direc-
tion and so the tracks are more spread out in the y-direction.
However, due to the lower density of tracks in the y-direction,
track resolution is so nmuch more efficient with the wifés parallel
to the z-axis (which will be discussed in the next section) that.
the acce?tance galned by having the extended wires perpendicular
to the z-axis 1s negligible compared to thevloss in track ‘
resolution. Therefore, the wires should bevparallel to fhe
z;axis (directidn of the B. C. magnetic field) and thus the
- dimension of ISIS is limited to approximately 1 meter in the
y-direction. As Tables I and II show, no significant gain in
accepténce is obtained by Increasing the dimension 6f ISIS
in the z-direction. Therefore in all further tests ISIS is

assumed to be 1 meter in both the y and z-direction.
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M. Track Overlap

The effectiveness of ISIS in identifying a given track
is determined by the number of cells the track traverses 1in
which 1t can be resolved from neighboring tracks in the event.
Since it 1s necessary to make an accurate determination of the
| ionization, it 1s necessary to integrate the pulserarriving at
the wire for a long enough time so that all the charge is
collected. W. W. M. Allison et al.®  have found that this
time varies from ~0.25 usec to ~0.4 usec, corresponding to
spaclal resolutions of lecm to i.7cm for:a drift veloclity of
bem/usec. The lower 1imit is for tracks passing close to the
sense wire and the upper limit for tracks where the charge has
drifted 2m. For this study, two tracks were conslidered to be
unresolvable in those regions where their projectioﬁs on the x-y plane were |
within lcm of each other.

| In the studies carried out at Yale, ISIS-1 was divided
into 62 cells and ISIS-2 into 125 cells corresponding approxi-
mately to the number of data samples from each module. That
study determined the aVerage number of "clearﬁ cells for each
track and the fraction of tracks with 90% of the track clear.
In the MIT study ISIS-1 was divided into 100 “eellS? and ISIS-2
into 200 "cells" and the study determined the fraction of each
track which was clear. Hlstograms were made giving the
percentage of tracks with a gilven fractién‘of the track clear.

The results of the two approaches were in qualitatlve agreement.
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The original design of ISIS consisted of a sense wire
pPlane at beam height sandwiched between two high voltage planes
at a distance of 50cm. Because the symmetry of the configuration
results in the fact that the single sense wire plane may recelve
signals from both the upper and lower halves of ISIS at the same
time, the probability of track interference is approximately
doubled. Table III shows the effect of this reflection symmetry.
In this table fygg 1s the fraction of tracks with 160 of 187 cells
clear as a function of momentum and primafy multiplicity.  The
improvement in resolution by eliminating this reflection
symmetry 1s quite dramatic. Studies Wére made 1n én attempt to
eliminate or reduce the effect of this reflection.symmetry. These
studies resulted in a modification to the high voltage —.sense
wire plane configuration of ISIS. 7

It was suggested at the Fermilab workshop iﬁ May 1976
that a way to improve the acceptance of ISIS without increasing
the drift distance would be to position the device with
lengthened sense wires perpendicular fo the magnetlc field and
where the largest aperture 1is necessary. Table IV compares
the track overlap characteristics for ISIS-1 and ISIS-2 with
wires parallel to and perpendicular to the magnetic field.
The loss 1in track resolution indicates that the orientation of
ISIS with the sense wires parallel to the magnetic field is
desirable. All succeeding test results will be given only for

the case with the wires parallel to the B. C. magnetic fleld.
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In an atteﬁpt to improve resolution, teSts were made by
offsetting the signal wire plane from,beam height and also by
rotéting by angles between ¥ 60 about the axis parallel to the
sense wires through the center of each ISIS module. All of
these teéts resulted in a.decréase in track reéolutiqn.

Since track resolution is seen to be a serlous problem
and no improvemeﬁt is obtained by trying different orientatlons
of the original design, tests were rﬁn to compare the original
design, A) éignalvwire piane at beam height with high voltage
planes at ¥ 50cm, with the following altérnatives,.B) high
voltage plane at beam helght wlth two separately analyzed
signal planes at - 50cm, and C) high voltage plane at beam
Vhéight with two separately analyzed signal planes at i}250m
and two more high voltage planes at ¥ 50cm (see figure 7).
Design B eliminates the problem of reflection symmetry;‘ Design
C eliminates the reflection symmetry problem about the y=0
plane but introduces reflection symmetry about the planes
y=1250m. However design C is an improvement over the original
désign since each sense plane receives signals from only half
the volume.of ISIS and thus the probability of track overlap is
reduced. Table V gives the fraction of tracks entering the full
ISIS‘as a function of the amount of the track which is clearly

resolved for each of the three designs. Designs B and C are a

substantial improvement over the original design A.
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Design C has the additional attractive feature that the
maximum drift distance is reduced by a factor of 2 and thus the
chamber may be operated at half the voltage originally antici-
pated for ISIS. Since higﬁ voltage tests in Argon (20%) COo,
have shown that breakdown and corona may be a problem in a device
with a 50cm drift space, design C, with a 25cm drift space, is
especlally attractive. Therefore, since the track resolution
of design C is at an acceptable level, this design has been
propoéed for ISIS.

Table VI gives the fraction of tracks of a given momentum
and primary multiplicity entering the fﬁll ISIS as a functlon
of the amount of track which is clearly resolved for design C.
Table VII gives the same data'with the event-related background
descriﬁed in sectionlL Since this sléwly diverging backgrqund has
been found to be rather pessimistic, - the aetual results
should be somewhere between those of Tables VI and VII. Never-
theless, in view of the difference between Tablés VI and VII,
it clearly would be very desirable to reduce the background
by lincreasing the aperture in the magnet.

Since it may be possible to improve the spaclal resolution
because of the smaller drift space, a study haé been made of the
track overlap characteristics for a spacial resclution onO.Scm.
Table VIII gives these results together with those for 1.0cm
spacial resolution. The factor of two in track resolution is

seen to give an approximately 13% increase in the fraction of
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tracks which are at least 90% clear.

Additional studies were made to determine the effect of
connecting signal wires from the two signal wire planés in a
systematic way to reduce the amount of electronies required for
analysis. The following two schemes were tested, 1) wires in
the upper plane were successlvely connected from‘the front to
wires in the lower plane from the back, and 2) wires from the
front half of the upper plane were successively connected to
wires 1n the back'half of the lower plane and wires from the
back half of the upper plane were successively connected to
wires in the front half of the lower piane (see figure 8).
‘Both tests gave virtually identical results. Table IX compares
thesé tests'with the test of design C. 1In view of these results,
it 1s not desirable to connect signai wires from the two sense
wire planes.A | |

1L Particle Identification

The abllity of ISIS to identify particles rests on an
accurate determination of the ionizatlion loss dE/dx; Figure 9
taken from W. W. M. Allison et al.(u) shows the mean lonization
of a m, k, and p in A(20%) CO, as a function of particle
momentum. However, slnce a éeries.of measurements of dE/dx
" will be distributed in a Landau distribution such és that shown
in figure 10, a large number of measurements wlll be needed to
gét an accuréte determination of the mean lonization. If one
then plots a distribution of the calculated mean lonization for

all particles seen by ISIS for a given momentum one will obtain

10
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peaks corresponding to different particle types. The locations
of these peaks will correspond to their relative ionlzatilions
and their widths to the expected fesolution of ISIS. This
resolution depends both onythe statistics of the amount of
ionization in each sample and on the number of samples. Thus
1t is proportional tb the square root of the number of samples
used in calculating the mean. W. W. M. Allison et al. have
shown that 6.2% fﬁll width at half maximum (FWHM) may be
obtained with 330 samples. Since the Fermilab ISIS will provide
a maximum of 192 samples the expected width of these peaks with
maximum track résolution is 8.1% FWHM. Figures 11, 12, 13 and
14 show results for several momenta assuming that the ratio of
w/k/p is 10/1/1. | |

For thé purposes of this study, a particle identification waé made from figures
11 through 14 by making two partitions in the mean ionization loss corresponding to the
point where a particle is as likely to be a kaon as a proton and the point where a particle
is as likely to be a kaon as a pidn. All particles with a mean ionization loss less than
the first partition are identified as protons and all partic;les with a mean ionization loss
greater than the second partition are identified as pions. The remaining particles with
mean ionization loss between the two partitions are identified as kaons.

Figure 15 gives the percentage of pions, protons and

kaons which are correctly ildentified with 192 ionization
samples for all particles. The effielency of ISIS for ldentifying
protons is < 80% for the entire range from 5 to 80 GeV/c. The
percentage of kaons which are correctly identified falls from

75% at 7 GeV/c to 50% at 43 GeV/c.

11
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An 1§portant parameter in the analysis of ISIS data will
be the‘probability that a glven particle is correctly identified.
For this purpose figure 16 gives the percegtage of the particles
called kaons which are correctly identified. Corresponding‘ '
curves for protons and pions are also given. Although figure 15
states that only 50% of the kaons will be correctly identified
~at U3 GeV/c, figure 16 states that of those pérticles identified

as kaons 62% will actually be kaons at 43 GeV/é. ‘The‘appareht
discrepancy between figure 15 and 16 results from the fact that -
in figure 16 the number of particles called a given'type 1s not
independent of momentum. Although more kaons are’misidentified
at higher momenta which results in the fast fall of the kaon
curve in figure 15, the fall is less drastic in figﬁre 16
because fewer particles are éalled kaons at higher momenta.
. Figure 16 indicates that the Fermilab ISIS will be a useful
kaon identifiler up to at least U0 GeV/c.

In conclusion 1t should be stated tha£ although these
last figures are a realilistic estimate of the ultimate resolution
of,the Fermilab ISIS based on the current state 6f the téchnique,
we are looking into the possibllity of improving the particle
identification by looking not only at the mean ionization, but
also at the width of the Landau distributions of the ionizatioh
samples. Others have found that such considefatidns should lead

to a significant improvement 1in resolution.(S)

12
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IV. Conclusion

The Fermilab ISIS will be a two module device. The first
modﬁle, ISIS-1, will be 1xlxlm with 1ts entrance plane at
x=2.375m. The second module, ISIS-2, will be 1x1x2m with its
entrance plane at x=4.125m. 97% of the particles whiech escape
the aperture of the bubble chamber magnef traverse the entire
length of ISIS-1 while 80%’of the particles traverse the eﬂtire

length of ISIS-2. ,
The Fermilab ISIS will consist of a sandwich of two

signal wire planes and three high voltage planes. The high
voltage plane in the center of the sandwich will be at beam
height. For this configuration an average of approximately 80%
of the ionization samples for tracks with momentum between 5 and
80 GeV/c will be useful if there is no background. For a
pessimistic simulated background this average falls to approxi-
mately 70%. Again for the case with no background, the average
percentage of useful lonization samples varies from 60% at 5
GeV/c to 85% at 80 GeV/c.

Particle 1dentification studies have shown that for 192
ionization samples between 85 and 80% of the protons are correctly
~identified in the range from 5 to 80 GeV/c. The percentage of
kaons which are correctly identified falls approximately linearly
from 75% at 7 GeV/c to 37% at 60 GeV/c. Nevertheless the Fermi—
lab ISIS will be a useful kaon identifier up to at least 40
GeV/c. The particle identification may be improved, as others
have found, by looking not only at the mean ionization, but
also at the width of the Landau distributions of the ionization

samples. This possibility will be studied.

13
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Figure 1

Momentum distribution for all particles from simulated 300 GeV /c
events and for those which escape through the bubble chamber magnet

aperture into the downstream system (unshaded).
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Figure 2  Rapidity distribution for A) all particles from the simulated 300 GeV/c
events, B} the particles which escape the magnet, C) the particles with
p >5 GeV/c which escape the magnet, and D) the particles with p> 5

which pass through a2 Im x m x 3m long ISIS ehding of x = 6. 125m,
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Figure 3 Distribution of the number of events which result in a given number
of charged particles in ISIS-1.
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Figure 4 Distribution of the number of events which result in a given number

~ of charged particles in ISIS-2,
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Figure 5 Charged prong multiplicity distribution 360 GeV /c u—p @) .
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Figure 6

Number of tracks as a function of multiplicity for 300 GeV/c = p.

Solid line-entrance to ISIS-1, Dashed line-entrance to ISIS-2,



Number of Events

52 5660k
Number of Charged
Particles in ISIS

<np; >
<n,>

<n,>

<n >
<n2>

<n;>
<nz>

<n >
<n2>

H

]

]

L}

H

]

2.1

2.0

3.4
3.2

4.1
3.8

oo
O Ne



Figure 7. Configuration of the high voltage and signal wire planes
for the three designs of ISIS which were tested. For a
comparison of these designs, see Table V.
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Figure 8: Drawings showing how the signal wires could be connected
to reduce the amount of required electronics. For a
comparison of these two configurations with design C of
Figure 7, see Table IX.
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Figure 9 Mean ionization loss in 80% A-20% CO, as a function of momentum

for pions, kaons, and protons (taken from ref. 4).
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Figure 10: Ionization loss for 3 GeV/c pions in 1. 5cm of 93% A-T% CHy (taken
from ref. 4).
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Figure 11:

Mean ionization loss in ISIS for 5§ Gev/c protons, kaons
and pions (p: k:rt = 1:1:10).
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Figure 12: Mean ionization loss in ISIS fo 10 Gev/c protons, kaons
: and pions (p:k:v= 1:1:10). _
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Figure 13: Mean ionization loss in ISIS for 20 Gev/c protons, kaons

and pions (p:k:mt = 1;1:10),
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' Figure 14: Mean ionization loss in ISIS for 60 Gev/c protons, kaons
and pions (p:kivt = 1:1:10), '
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Figure 15: Percentage of particles of a given type which are correctly identified
assuming that the ratio of w/k/p is 10/1/1 for all momenta.
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Figure 16: Percentage of particles called a given type which are
correctly identified assuming that the ratio of » /k/p
is 10/1/1 for all momenta.
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Tablel .

PERCENTAGE OF TRACKS NHICH ESCAPE THE MAGNET AND TRAVERSE THE ENTIRE LCNGTH OF I15I5-1 FOR
VARIOUS DIMENSIUNS OF [SIS IN METERS IN THE Y DIRECTIUN (CULUMNS) AND THE Z DIRECTION (R0WS)

1.000  1.025 1.050 .1.075 1.100 1.125 1,150 1.175 1.200
% ok x & % % % &k ok ok ok g ook f g ok ok % % %k & %k % ¥ & % ok % %k % & k%
1.000 =% 96.6 7.0 97.3 97.7 97«9 - 98,1 98,3 98.4  98.6
L.G25 % 967 970 97,4 97,7 98.0 98 .2 98.3 98.5 98,6
1,050 % 96.7 97.0 974 917 98.0 98,2 98.3 98.5 QYeh
1.0/5 % G671 97.0 97,4 97.7 98.0 98.2 98.3  98.5 98.6
1,100 % 96.7 97.0 97+ 4 971 98.0 98.2 98.3 98.5 386
1e125 % 6.7 97.0 97 .4 7.7 98.0 Q8.2 983 9845 98.6
L0 % 9647 91«0 97.4 97.7 - 98,0 98,2 98,3 9B8.5 9B.6

1el79 * Yo7 97.0 97 .4 97.7  9H.D 98.2 9843 98,5 =~ 98.6
1.200 x 96.7 97U - 9744 977 98.0 8.2 98.3 985 9846

o # O K R ostXR

Table II

CPERCENTAGE OF TRACKS WHICH ESCAPE THE MAGNET AND TRAVERSE THE ENTIRE LENBTH OF 1S18-2 FJR
VARLOUS DIMENSTUNS UF I1SIS IN METERS IN THE Y DIRECTION (COLUMNS) AND THE 2 DIRECTION {(ROWS)

1,000 1.025 1.050 1.075 1.100 1.125 1.150 1.175 1.200

ok B % o % W ok K ok o ok ok od of o % ok ok % e ok ok % ok & %% &k K % % &

1,000 % 79,7  680.5 - 8l.1 8l.7 82,5 B3,1. 83,7 843  B4sT ¥
1.02% % 79.9  80.7 81,3 81,9  82.6 - 83.3 83.9 84.4 - B4.,9 %
1,050 % 80.0 80«8 8le4 82.0 82,7 83,4 84,0 B4.6 - B5.0 %
‘10075 % 8001 80.9 81.5 8202 8209 83.6 »8402 84.7 ‘ 8501 L
10100 e ) 80.2 B8le0 8116 0202 : 83001‘ 8306 84,2 84.8 7/8502 *‘
1.125 ¥ 80.3  Bl.l 8l.7 . 82.4 B83.1 83.8 B84.4 85,0 B5.,4 %
" .1.150 5 g80.5  8l.3 8l.9 B2.5 83,2 83,9 84.5 85.1  85.86 ¥
1175 %  B0.5 8l.4 82,0 82.6 83.4 84.1 84.T 85,2 85,7 %

1.200 % - %

80.6 Ble4 82.1  B2.7 B83.4 Ba.l  B4.7 853  B5.7



DP1l Note #5

Table IIT. Comparison of results both with and without signal wire plane
reflection as a function of momentum and primary multiplicity, -
fmo is the fraction of tracks with 160 of 187 cells clear.

Momentum Number of f160 f160

Range Prongs Reflected Not Reflected
5<p<10 i .58 .51
6 .48 .56
8 A6 »51
10 .36 U6
12 .37 LUl
10<p<20 4 .75 .91
6 .72 .87
8 .66 .83
10 .64 .80
12 .50 .74
20<p<T70 4 .56 .89
6 A4 .80
8 .49 .75
10 iy .78
12 .37 -73




DPI Note #5

Table IV. Comparison of the track overlap characteristics of
the full ISIS with vertical and with horilzontal
wire orientations. The table glives the percentage -
of all tracks with 5<p<70 GeV/¢c from events with
multiplicity greater than or equal to 4 as a function
of the percentage of the track which can be resolved
from all other tracks in the event.

% of track which is resolvable

90-100% 70-90% 50-70% 30-50% 10-30%

Verticle wire (y) 35% 7% 12% 9% 5%
Horizontal wire (z) 46% 149 16% 10% 5%




A o -

Table V. Comparison of the track overlap characteristics of the
. full ISIS for the three designs described In the text.

The table glves, as a function of momentum, the per-
centage of all tracks which traverse the entire length
of ISIS with at least 90% of the track clear and the
percentage of tracks with between 70 and 90% of the
track clear. Also glven are the average percentage
clear for ftracks at a given momentum and also the num-
ber of tracks in the test sample.

% of track clear Avg. % Sample

Momentum 90-100% 70-90% Clear Size

Design A 5-~10 27.1 39.7 74.2 1063
10-20 29.6 "35.9 72.5 2431

20-40 28.0 26.8 65.6 2852

40-80 26.4 ‘ 22.4 60.9 2515

Design B 5-10 85.9 5.6 94,2 1063
10-20 86.0 3.1 92.0 2431

20-40 80.5 §.o 87.7 2852

4o-80 : 75.8 5.7 84.6 2515

Design C 5-10 75.8 15.0 90.9 1030
10-20 80.2 8.9 89.5 2368

20-40 T7.3 7.7 86.5 2647

4o-80 73.5 8.9 83.9 2177




" Table Via-n:

The following tables give as a function of momentum and
primary multiplicity for ISIS-1, ISIS-2; and the full ISIS
(ISIS-3) the fraction of particles with a given percentage
of their track clearly resolvable from other tracks in the
same event. The table also gives the average percentage
of the track which is lost due to overlap or to exiting from
the sides of ISIS. The total number of particles used to
calculate any particular set of data in the table is also
given.



eomp——

- MOMENTUM

5-10
5-10
5-10

10-20
10-20
10-20

20-40
20-40
20-40

40-80
. 40-80
40-80

GEV/C
GEV/C
GEV/C

GEV/C
GEV/C
GEV/C

GEV/C
GEV/C
GEV/C

GEV/C
GEV/C
GEV/C

Table VIa: Track resolution characteristics for all particles entering

PRONG

ALL
ALL
ALL

ALL
ALL
ALL

ALL
ALL
ALL

ALL
ALL
ALL

S

ISIS.

FLAGL
FLAGL
FLAGL

FLAGI]
FLAGL
FLAGL

FLAGL
FLAGL
FLAGI

FLAGL
FLAGL
FLAGL

[S§1S81
Is1s2
I1S183

ISIS1
[SIS2
ISI53

[SIS1
ISI1S2
151583

ISIS1
[S152
[SIS3

596

295
304

« 713
664
+ 705

671
177
756

676
162
726

1-30

«234
129
o144

164
o171
<117

123
«101
«080

« 095
«100
«090

3-50

+053
«076
+133

«0l4
«037
069

«018
017
« 050

022
« 009
046

5-70

.027

.079
+201

+0l6
+032
« 047

«015
011
022

026
012
022

+090
421
«217

«093

096

«062

153
«094
»091

181
115
116

AVE

15.8
5044
38.7

13.3
15.6
147

18.6

12.5

l4.4

217
14.3
1647

SAMPLE

2147,
2147,
27417,
2795,
2195.
2795.

2903,

2903,

. 2538,

2538.
2538, .




W W

MOMENTUM

5-10
5-10
5=-10

10-20
- 10=-20
10-20

20-40
20-40
20-40

40-80
© 40-80
40-80

GEvV/C
GEV/C
GEV/C

GEV/C
GEV/C

GEV/C

GEV/C
GEV/C
GEV/C

GEV/C
GEvV/C
GEV/C

Table VIb: Track resolution characteristics for all particles which
traverse the entire length of ISIS,

PRONGS
ALL  FLAGO
ALL FLAGO
ALL FLAGO
ALL - FLAGO
ALL FLAGO
ALL FLAGO
ALL FLAGO
ALL FLAGO
ALL FLAGO

"~ ALL FLAGO
ALL FLAGO
ALL

FLAGO

ISIS1
15182
ISIS3

ISIS1
ISIS2

ISIS3

I1S1S51
1sIS2
15183

ISIS1
15182
ISIS3

0-9

.665

- .745

+ 758

« 717

756
«802

691

« 191
+ 773

«676

769

« 735

1-30

«240

«200
150

164
168
.089

125
«100

.093

103

7,089

3-50

.025

«020
.052

013

012

+ 041
.018
014
048

023

.008

«048

- 5-70

1+ 005

017 -

.015
.009
.013

«013
« 009
015

.023
012

-+ 016

70~

.059

.031
. 022

«091
.055
054

«153

086
087

+185

o L12

AVE
1

[No2w ~ I o

13.0

- 10.5

18.5
11.5

13.5

21.9

1601 ‘

* » @

SAMPLE

2417.
1049,

1030,

2743,
2411.
2368.

2760.

2788,

2()"!’70

12333,
2380,

2177,



L]

Table VIc: Track resolution characteristics for all particleé entering
ISIS from 4 prong events,

TSV S0 PSR P S PN A

MOMENTUM PRONGS R 0~-9 1=-30 3-50 5-70 70~ AVE SAMPLE
5-10 GEV/C 4 FLAGL 1SISl .80l  .075 .033  .039  .052 9.5  306.
5-10 GEV/C 4  FLAGL ISIS2 (458  L065  .072  .069 4337  40.5 306,
5-10 GEV/C 4  FLAGL ISIS3 458 L101  .108  .212 .12l 30,0  306.

10-20 GEV/C 4  FLAGL SISl 913 .044  .006 .003  .035 4.6 344,

10-20 GEV/C 4  FLAGL 151S2 (869  .052  .0l5  .020  .044 6.9  344.

10-20 GEV/C 4  FLAGL 1ISIS3 887 .029  .035  ,029 .020 6.1 34k,

20-40 GEV/C 4  ELAGL SISl 884  ,028  .002 .0 .086 9.0 466,

20-40 GEV/C 4 FLAGL 1ISIS2 .929  ,024  .006 .002 039 4.5 466,

20-40 GEV/C 4  FLAGL 15183 .897  .015  .045 .006 .036 6.0  #b6.

40-80 GEV/C 4  FLAGL SISl 821 4029 . .033  .010 .107  13.2 485,

40-80 GEV/C 4  FLAGL ISIS2 .918  +023 .0 .006  .054 6.l 485,

‘f 8‘4 4850

40~-80 GEV/C FLAGL ISIS3 « 845 +058 + 037 «0 + 060




Table VId: Track resolution characteristics for all particles from 4
prong events which traverse the entire length of ISIS. .

MOMENTUM PRONGS | © 0-9  1-30 3-50 5-70 ° 70-  AVE  SAMPLE

5-10 GEV/C 4  FLAGO 1SIS1 896 048 007  .019 030 449 269,

5-10 GEV/C 4  FLAGO 1SIS2 936 043  .0l4  .007 .0 7.1 140,

5-10 GEV/C 4  FLAGO ISIS3 .921 043 .036 .0 .0 3.0 139.
10-20 GEV/C 4  FLAGO 1S1S1 L915 041  .006  .003  .035 4.6 341,
10-20 GEV/C 4 FLAGO 1SIS2 .936 045 .0 .003  .0lb 2.5 3lb.
10-20 GEV/C 4  FLAGO 1SIS3 .955  ,006 .019 .003  .Olb 3.1 312,
20-40 GEV/C 4  FLAGO ISIS1 .88l  .027  .002 .0  .090 9.3 445,
20-40 GEV/C 4  FLAGO . ISIS2 .937  .023 . .005° .002 .034 3.9 444,

© 20-40 GEV/C 4 FLAGO ISIS3 4905 .0l2  .045 ,005 033 5.5 423,

40-80 GEV/C 4 FLAGO ISISL  .811  ,027 .036  ,009 117 -~ 14.0 445,
40-80 GEV/C 4 FLAGO 1SIS2 W918  .024 - 40 ,006 052 T6e0 . 462,
40~80 GEV/C 4 8.8

" FLAGO ISIS3 .84l o057 038 0 064 422,



-

MOMENTUM

5~10
5-10
5-10

'10-20
10-20
10-20Q

20-40
20-40
20=-40

40-80
- 40-80
40-80

GEV/C
GEV/C
GEv/C

GEV/C
GEV/C
GEV/C

GEV/C
GEV/C
GEV/C

GEV/C
GEV/C
GEV/C

Table Vle: Track resolution characteristics for all particles entering

PRONGS

b
6
6

[oal o 8 # )

ISIS from 6 prong events.,

FLAGI
FLAGL
FLAGL

FLAG1
FLAGL
FLAGL

FLAGL
FLAGI
FLAGL

FLAGL
FLAGL
FLAGL

ISIS1

- ISIS2

ISIS3

ISISl

ISIS2
ISIS3

18181
ISIS2
ISI[S3

[S151
I1S1S2
[S183

k0f9

«689

321

+810
126
+ 786

o124
« 186
+ 784

" «681

+803
o 748

1-30

«149

«119 .

o121

« 096
+ 150
086

.088
.095
4058

«093
« 060
«0T1L

3-50

« 049
068
132

007
.028
« 043

<017
«016

0044

«011
«008

~ «038

 5-70

.024
.083
204

+ 006

010

0040

017
. 009

026

039
+008

+ 024

70~

«090
«403
195

08l
«086
046

.153
.095
088

w176

122
o119

AVE

13.8

49,0

37.1

9.9
12,4
11.4

18.2
12.1
14.0

21 .44
14.1
1644

SAMPLE

636,
636,
636,

678.

6738,
678.

804,

804,

8040

664,
664,
664,



B

MOMENTUM

5-10
5-10
5-10

10-20
10-20
10-20

20-40
20=40
20-40

40-80
40-~80
- 40-80

GEV/C
GEV/C
GEvV/C

Table VIf: Track resolution characteristics for all particles from 6
prong events which fraverse the entire length of 1SIS.

- PRONGS

GEV/C

GEV/C
GEV/C

GEV/C
GEv/C
GEV/C

GEV/C
GEV/C
GEV/C

" h

S O o

L5 B g v

FLAGO
FLAGO
FLAGO

FLAGO
FLAGO
FLAGO

FLAGO
FLAGO
FLAGO

FLAGO
FLAGQ

FLAGO

ISIS1
Is1s2
15183

ISIS1
15182
ISIS3

ISISL
1S1s82
ISIS3

18181

T5152

ISIS3

.715
804
844

«817
.808
«875

. 728
« 795
+800

686
. #8114
C 171

.058

«024
«012

077
2052
« 049

152
089
.089

176
111
.104

AVE

- O~ T
. o »
~ O O

9.5

7.8
8011
17.9
11.5

13,3
C21.2

13.0

14.7 -

- SAMPLE

552,
250,
244,

()66-
600.
590.

768.
7176
7‘&0‘-

609,
622,
567,




MOMENTUM

5-10
5-10

5-10

10-20Q
10-20
10-20

20-40
20-~40
20-40

40-80
40-80
40-80

GEV/C
GEV/C
GEV/C

GEV/C
GEv/C
GEV/C

GEV/C
GEV/C
GEV/C

GEV/C

GEV/C

GEV/C

Table Vig: Track resolution characteristics for all particles entering
ISIS from 8 prong events.

PRONGS

8
8
8

o< omoen o< o

o o

o i

FLAGL
FLAGL
FLAGL

FLAGL
FLAGL
FLAGL

FLAGL
FLAGL
FLAGL

FLAGL
FLAGL
FLAGL

ISISL
IS1s2
IS1IS3

[SIS1
15182
158183

ISIS1
15182
1SIS3

[S1S1
IS1S82
ISIS3

0-9

+ 609

291
.298

« 665
617
« 660

«669
o773
« 749

(641

702

694

1-30

222
14l
«156

« 184
+192
L] 14’0

1134-'

«.103
085

"2 099
«131
«094%

3-50

«050
068
134

017
056
079

021
014
«052

019
015

«045.

5-70

.030
.086

.027
. 042

048

021
011
«0l4

021

"~ 4015

14023

10-

.088
bl
<198

.106
.093
<069

«156

+ 099
«100

.220
138
144

AVE

15.6
49.6
38.0

15.6
17.1
16 b

19,5

13.0
15,0

2540
17.2
19,7

SAMPLE

72170
124,
724,

144,

Th4,
Tah.

718,
718,
718.

518,
618,
618,




Table V Ih: Track resolution characteristics for all particles from8
prong events which traverse the entire length of 1SIS.

MOMENTUM

5-10
5-10
5-10

10-20
10-20
10-20
20~40
20~40

20-4Q

- 40-80

- 40-80

40-80

GEV/C
GeEvV/C
Gev/C

GEV/C

GEV/C

Gev/C

GEvV/C.

GEV/C
GEV/C

GEV/C

GEV/C
GEvV/C

PRONGS

8
8
8
4

8
8

(=R~ ~Rres]

[s=3K = ¥ o+

FLAGO
FLAGO

FLAGO

FLAGO
FLAGO
FLAGO

FLAGO
FLAGO
FLAGO

FLAGO

FLAGO

FLAGO

ISIS1 .

ISIS2
ISIS3

15181

IS182
ISIS3

IS1S1

IS1S2
1S153

1S1S1 .

ISIS2
[S1S3

« 667
737

154

<669
«T15
o765

672
« 790

W770

643
2704

694

1-30

234
212
o147

«186
. 200
.110

136
«100
»080

,096
136

«097

3-50

.02%

2014
048

.017
017

047

021
010

.052

,017
4012
« 045

5-70

W012

.0
.018

+023
013
016

018 -

. 009

0008"

f 0019 ‘
" .01l4
'0022’

70~

+ 062

036
.033

105

» 055
« 062

o154

.001
089

v 224

‘134'

+142

AVE

SAMPLE

645.
278.
272,

126,
631,
. 6161

676. .
690,
649,

572,
582,
536.



MOMENTUM

5-~10
5-10
5-10

10-20
10-20
10-20

20-40
20-40
20-40

40-80
40-80
40-80

GEvV/C
GEV/C
GEv/C

GEV/C
GEV/C
GEV/C

GEv/C

GEV/C
GEv/C

GEV/C
GEV/C
GEV/C

Table VIi: Track resolution characteristics for all particles entering

PRONGS

10
10
10

10
10
10

10
10
10

10
10
10

FLAGL
FLAG1
FLAGL

FLAGY
FLAGL
FLAGL

FLAGL
FLAGL
FLAGL

FLAGL
FLAGL
FLAGL

ISIS from 10 prong events.

IS1S1
ISIS2
ISIS3

ISIS1
[S182
ISTS3

1SIS1
ISI52
ISIS3

ISIS1
IS1S2
ISIS3

520
v245
«256

« 640

«590

638

567
o712
692

611

649
4659

 3-50

»053
.095
«130

022
032
087

029
«016
«057

024
011
«054

5-70

.029

« 066
«205

018
« 046
«064%

011
.018
«020

+041
(32
«035

70-

. 086
458
e 245

.105
125
«078

«179
+109

G111

211
« 141
o141

"~ AVE

17.2
53.7
&1.3

15.8
19.5
18.1

22.8

- 15.2

17.6

25.9
19.3
21.4

SAMPLE

546.
546.
546,

503,
503,
503,

[‘1’41-
’f"i’l.
441 .

370.
370,
370,




Table VIj: Track resolution characteristics for all particles from 10
prong events which traverse the entire length of ISIS.

— , ; "*“**m~mm*M~‘______é_ﬂwﬂm_a“~*-—~—ff"‘“””f”’Mm"J

MOMENTUM PRONGS | © 0-9  1-30 3=50 5-70 70-=  AVE  SAMPLE
5-10 GEV/C 10  FLAGO [SIS1 4586 4320 .027 .0l0 .056  12.6  48l.
5-10 GEV/C 10 FLAGD 1SIS2 672 255 ,026 .0l0  .036  10.0  192.
5-10 GEV/C 10  FLAGO ISIS3  .686  .218 .048 .02l = .027  10.9  188.

10-20 GEV/C 10  FLAGO ISIS1 .640  +219  .022 .018 .10l  15.6  494.

10-20 GEV/C 10 FLAGO ISIS2 689  .217 ..012  .012  .O71  12.0  424.
10-20 GEV/C 10 FLAGO ISI53 ‘ « 740 «130 050 .022 - .058 12.8 = 416.
20-40 GEV/C 10  FLAGO ISISL L569  .21T L0217  .012  J176  22.5 415,
20-40 GEV/C 10  FLAGD [SIS§2 .729  J146  .012  .012 .10l  14.0 425,
20-40 GEV/C 10  FLAGO (SIS3 715 120 .050 .015 .100  16.1  400.
40-80 GEV/C 10  FLAGO ISISI (616 116 .023  .035  .209  25.5 344,
40-80 GEV/C 10  FLAGO 1SIS2 662 172 © .006  .032  .128  18.1  343.

40-80 GEV/C 10 FLAGO IS1S3 ' .682 - +104 +053 <025  .135 ©  20.2 318,



MOMENTUM

5-10
5~10
5-10

. 10=-20
10~20
10~20

20-40
20-40
20-40

40+~80
40-80
40~-80

GEV/C
GEV/C
GEV/C

GEV/C
GEV/C
GEV/C

GEV/C

GEV/C
GEV/C

GEV/C
GEV/C
GEV/C

PRONGS

12
12
12

12
12
12

12
12
12

12
12
12

Table VIk: Track resolution characteristics for all particles entering

ISIS from 12 prong events.

FLAGL
FLAGL
FLAGL

FLAGL
FLAGL
FLAGL

FLAGL
FLAGL
FLAGL

FLAGL
FLAGL
FLAGL

IS1S1
ISIS82

_ ISIS3

18181

15182

ISIS3

ISIS1
IS1S2
18153

ISIS1
Is1S2
15183

- 0-9

«363
«208
«»189

«545
e 541

«503
+639
«596

+ 535
676
027

1-30

«398
«100
«131

322
« 240
215

.219
o148
131

«232
« 204
o162

'3-50

077

- «151

021
«043
.086

022
2044
077

.035
.028
085

5-70 -

.019
085
174

.026
.030
069

016
011
. 044

+007

- «Q07

9049

70~ -

«154
«529

.133

142
« 090

0212‘0

158
153

»085
077

AVE

24,3

61.0
4845

20.9
21.4

21.1

29.8
21.2

24.6
13.9
17.3

SAMPLE

- 259.
259.
259.

233.
233.
233,

183.
183.
183%

142.
l42.
142.



I ———

MOMENTUM

5-10
510
 5-10

10-20
10-20
10-20

20~40
20-40
20-40

40-80
40-~-80
40-80

GEV/C
GEV/C
GEV/C

GEV/C
GEV/C
GEv/C

GEV/C
GEV/C
GEV/C

GEV/C
GEV/C

GEV/C

Table VII: Track resolution chacteristics for all particles from 12

PRONGS
12

12
12

12
12
12

12
12
12

12
12
12

a

prong events which traverse the entire length of ISIS.

s

FLAGO
FLAGO
FLAGO

FLAGO
FLAGO
FLAGO

FLAGO
FLAGO
FLAGO

FLAGO
FLAGO

- FLAGO

ISESt
ISIS2
ISIS3

[SIs1

[S1Ss2
ISIS3

ISISt

1s1s2

ISIS3

[SIS1
15182

[SIS3

0-9

423

L7112
<644

+500

- +628

«621
.{fﬁ‘)
0638
+582

.531
.684

620

- 1-30

445
.219
247

327

«250

«205 .

- «227

s 147

«135

.231
4203

el 74

3-50

»032
0l4
«055

018

«026
068

«023
045
«082

«038

+023
099

5-70
- 005
0

.0

2022
.010

016

017
011

«035

,008
. 008

‘V.QZS

M V

70- AVE SAMPLE
.095 17.8 220.
.055 10.3 13,
.. 055 12.8 73.
o133 20,7 226.
.087 14.9° 196,
.089 17.2 190.
J244 30.4 176,
.158 21.3 177,
165 24,8 L70.
192 . 25.1 130, _
L0883 13.4 133,
.083 17.2




MOMENTUM

5-80
5-80
5-80

5-80
5-80
5-80

GEV/C
GEV/C
GEV/C

GEV/C
GEV/C
GEV/C

GEV/C
GEvV/C
GEV/C

GEV/C.

GEV/C
GEV/C

GEV/C
GEV/C
GEV/C

GEV/C
GEV/C
GEV/C

PR
4

Table VIm: Track resolution characteristics for all particles entering
ISIS with momentum between 5 and 80 Gev/c.

PRONGS

ALL
ALL
ALL

4
4
4

oo

6

[s-2Re R e}

10
10
10

12
12
12

FLAGL
FLAGL
FLAGL

FLAGL
FLAGL
FLAGL

FLAGL

FLAGL
FLAGL

FLAGL
FLAGL
FLAGL

FLAGL

FLAGL
FLAGL

FLAGL
FLAGL
FLAGL

IS1S1
ISIS2

18153

ISIS1
1S182
[SIS3

I1SIS1
ISIS2
ISIS3

ISTS1
ISIS?2
IS1S83

ISIS1
ISIS2
ISIS3

15181
ISIS2
IS183

0f9

669
624
623

«B855
+823
.795

726
«670
676

646
592
« 597

582
«530
+ 543

463
<482
457

1-30. -

«155
o126

«108 -

«041
«037
o047

«105

.082

162
143

.el121°

0223
«163
0134

+307

«160

3-50

.027
+035
o075

«018
. 019
«052

.020
. 029
«062

027
.039
079

033
« 042
. 086

,038

. 051

« 104

- 5=170

.021
034
073

+011
.020
« 049

«021
.026
070

.025
.039

077

024

042

. 089

.018

" «039

»093

70-

«128
2181
o121

0175
.101

056

127
+169
.110

«139
-187
127

«138
0222
147

174
258
186

AVE

17.3

23.2

21.1

Q4

12,4

11.3

15.9
21.1
19.2

18 o()
2445

22.4

19.9
28.5
25.5

24.6
32.6
29.8

SAMPLE

10983,
10983,

10983,

1601,
1601,
1601,

2782,
2782. -
27182.

2804,
2804-
280/"-_

1860,
1860,
1860,

817.
B17.
817.

v ot o e e



Table VIn: Track resolution characteristics for all particles with
~momentum between 5 and 80 Gev/c which traverse the
entire length of ISIS,

————

MOMENTUM PRONGS . | 0-9 1-30 3=50 = 5-70 70~  AVE  SAMPLE
5-80 GEV/C  ALL FLAGO ISISL .689  .156  .0l9  ,Ol15 121  16.1 10253.
5-80 GEV/C  ALL FLAGO 1ISIS2 . .769 .132 .012 .009 .077  1l.1 8628,
5-80 GEV/C  ALL FLAGO ISIS3 769 .093  ,047 .015 .076  12.8 8222,
5-80 GEV/C 4 FLAGO ISISL o871  ,034 .0l4  ,007 .075  B.8  1500.
5-80 GEV/C & FLAGO 1SIS2 .930  .030  .003  .004 <032 4.1  1360.
5-80 GEV/C 4 FLAGO 1SIS3 (898 .029  .035  .002  +035 5.7 ° 1296.
5=80 GEV/C 6 FLAGO ISISL - 4751 .103 .01Z2 .016 118 - .14.6  2595.
5-80 GEV/C 6  FLAGO 1S§1S2 805 .10l  .Ol2  .,005 078 10.3 2248,
5~B0 GEV/C b FLAGO 1S183 .818 2056 «038 015 «0173 11.6 2141,
580 GEV/C B FLAGO I1Ss1St +H64 + 165 020 .018 «133 17.5 2619,

5-80 GEV/C 8  FLAGO 1SIS3 .747  .102 L0408  .015  .087 14.3 2073,
5-80 GEV/C 10 FLAGO ISISL - 4603 4226 .025 .0l8  .128 18.4 1734,
5-80 GEV/C 10 FLAGD 1S1S2  .692 4189 -.012 .017 . .090  13.8 1384,
5-80 GEV/G 10 FLAGO ISIS3 = 711 133 .05l .020 ,085  15.3  1322.
5-80 GEV/C 12 FLAGO ISISL  .480 322 - .027 .O013  .158  22.9  752.
5-80 GEV/C 12 FLAGO 1SIS2 .655  .204 L0290 .00 .104  15.9  579.

5-80 GEV/C 12 FLAGO 1S183 612 182 ~ .078 022 +106 19.0 554,




Table VIla-n: The following tables give as a function of momentum and

primary multiplicity for ISIS-1, ISIS-2, and the full ISIS
(ISIS-3) the fraction of particles with a given percentage
of their track clearly resolvable from other tracks in
the event and the simulated background. The table also
gives the average percentage of the track which is lost
due to overlap or to exiting from the sides of ISIS. The
total number of partzcles used to calculate any partxcular :
set of data in the table is also given.



Table Vila: Track resolution characteristics for all particles entering
ISIS.

MOMENTUM  PRONGS , 0-9  1=30 3-50 5=70 70-  AVE 3 AMPLE

5-10 GEV/C  ALL FLAGL ISISL 2333  .277  .149  .094 .148  29.8  2747.
5-10 GEV/C  ALL FLAGL ISIS2 . 169 4153 119  .106  .454 57,1 2747,

5-10 GEV/C  ALL FLAGL ISI1S3 Jl46 180 L175  L19% 305 &1.T 2141,
16-20 GEV/C  ALL FLAGL ISISL 4433 ,252 .097 L0637 4150  26.5 2795,
10-20 GEV/C  ALL  FLAGL [SIS2: 2391 .262 L 145 L0T7  .126  27.0  2195.
10-20 GEV/C  ALL  FLAGL ISIS3°  .359  ,278  JlHO  .096  .OBT  26.7 2795,
20-40 GLV/C  ALL FLAGL TIS1Sl <449 201,094 .055  .201  30.1  2903.
20-40 GEV/C  ALL FLAGL 1SIS2 <493 4223 ,105  ,055  .124  23.5° 2903,
20-40 GEV/C  ALL FLAGL 1SIS3 421 .257  .152  .058  .112  25.6  2903.
40-80 GEV/C  ALL FLAGI 1SISl 437,204 LOT7T  .054  .229  32.1 2538,
40-80 GEV/C  ALL FLAGL ISIS2 =~ ,507 .214 4080  .043  ,155  24.9 2538,

40~80 GEV/C ALL  FLAGL IS1S3 411 267 127 053 «145 27.1 2538,



Table VIIb: Track resolution characteristics for all particles which

MUMENT LM

5-1¢0C
5-10
5-10

10-20
10-20
10-20

20~40
20-40
20-40

40-80
40~80
40-80

LEV/C
GEV/C
GEV/C

GEV/C
LEV/C
LEVZ/EC

GEV/C
GEV/C
wEV/CG

GEV/C
GEV/C
Gev/C

PRONGS

ALL
ALL

ALL

nLL
ALL
ALL

ALL
ALL
ALL

ALL
ALL

CALL

FLAGO
FLAGO
FLAGO

I"LAGO
FLAGU
FLAGO

FLAGO
FLAGO
FLAGO

FLAGO
FLAGO
FLAGD

I1S181
[SIS2
IS1S3

IS1S1
[STS2
[SI1S3

ISTS1
I$1S2

ISIS3

ISISL

[sI52

15183

0-9

«373

425

«370

ol'34
QIPIG()
« 409

Yy
502

421

- «433

<510
o413

traverse the entire length of ISIS,

295
«320
¢321

252
« 280
» 292

»199
222
«259

.201
218
267

115
.050
.038

« 148
082
.068

«203°

116
«105

0235
146
«139

AVE

26 .0

- 20.3 .

22.1

2().4
2l.8
23.1

30.3

22..7
24.9

32.7
24.3
26,9

> AMPLE

2417,
1049.
1030.

2143,
2411,
2368,

2760.
27848,
2641,

2333,
2380,
21717,



MOMENTUM

5-10
5-10
5-10

10-20
10=-20
10-20

20-40
20-40
20-4Q

40~890
40-80
40-8Q

GEV/C -

GEV/C
LEV/C

GLEV/T
GEV/C
LEV/C

LEV/C
GEV/C

GEV/C

GEV/G
GEV/C
GEV/EC

Table VIlc: Track resolution characteristics for all particles entering

PRUONGS

4
4
4

4
4

4

4

s

ISIS from 4 prong events,

FLAGL
FLAGL
FLAGL

I'LAGL
FLAGL
FLAGL

FLAGL
FLAGL
FLAG]

FLAGL
FLAGL
FLAGL

1SI1S81-

IS1S2
ISIS3

IS1S1
15182
ISIS3

[S1S1
[§152
[S153
15181

15182
ISIS3

0-9
2461

02068
222

.538
. l)ttlf
« 480

«592
«607
545

«563
.612
307

1-30

216

170
»212

224
198
oZ‘f’t

159

o185

236

«161
177
262

3-50
131

111
160

2070
o 142

<183

00(32
« 107

o116

087
085
«115

5=70"

»088
«088
186

058
061
<052

.045
00(‘1'}.
047

.039
.033
.033

70
105
«363
«219

110

«055

<041

» 142
060
056

«151
093
082

AVE

24.1
47.5
39.5

20.2
L8.6
19.0

21.8
16.0
17.8

23.6

17.7-
19.5.

s AMPLE .

306.
306,
306.

3‘!‘{9‘ .
.5"4 »
344,

466,
406,
466.
485,

485.
485,




Table VIId: Track resolution characteristics for all particles from 4
prong events which traverse the entire length of ISIS.

MOMENTUM PRONGS | 0-9 1-30 3-50 5-70 70~  AVE  ;AMPLE
5-10 GEV/C 4  FLAGO 1SISL ,520 .212  .112  .0T4  .082  20.5  269.
5-10 GEV/C 4  FLAGO 1SIS2 \557  .293  .093  .036  .021  13.5  140.
5-10 GEV/C 4 FLAGO 1ISIS3  .460 .309  .180 .043  .007  15.5  139.

10-20 GEV/C 4  FLAGO 1SIS1 \537  .223  L070 . .059  L111 . 20.3 341,

1G-20 GEV/C 4  FLAGO ISIS2 583 210  .137  .045 025  14.8  3l4.

10-20 GEV/C 4 FLAGO 15183 513,250  ,186 .029  .022  16.4 . 312.

20-40 GEV/C 4 FLAGO ISIS1 (587 J155 - 065  J065 148 22.4 445,

26-40 GEV/C 4  FLAGO ISIS2 (613 . 180  L110  .041  +056  15.5 444,

20-40 GEV/C 4 FLAGD 1S1S3 544 4236 121 .047  .052  17.6 423,

40-80 GEV/C 4  FLAGD ISISL - 551 4157  .090 038 .164  25.0 445,

4U~80 LEV/C % FLAGO "TISTS3 . +495 263 ~ .126  .033  ,083  20.0  422.



[Ma W BRE

— -
oC o

1G=20
16-20
10-20

20-40
2C~40
20-40

40-50
40-80
40-80

MOMENTUM

LEV/C
GEV/C
UEV/C

GLV/C
GeV/G
VEV/C

GEV/C
wEV/C
Lbv/e

LEV/C
LEV/C
ukv/C

Table VIle: Track resolution characteristics for all particles entering

PRONGS

b
6
O

ISIS from 6 prong events.

FLAGL
FLAGL
FLAGL

FLAGL
FLAGL
FLAGY

FLAGL
FLAGL
FLAGI

FLAG)
FLAGI
FLAGI

ISIS]
15182
I1S1583

ISIS1
IS1S2
ISIS3

1SISl
15182
ISIS3

I1S1S1
IS1S82
ISIS3

.388
«200
«170

'01168

<435
«403

476
o221
461

W423

«532
2434

«137
436

289

. e118

o111
068

.183

116
«109

224
164
152

AVE

s AMPLE

636.
63()0
6306.

078,
678.
678.

804,
BO4.
804,

664 .
664,
664,



HOMENTUM

5-1¢
5-10
5-10

10-20
LCG=-20
10-20

2U=4Q
2040
2U=40

40-80
4G-80
40-80

GEV/C
Ghv/C
GEV/C

LEV/C
Lev/e
LEV/C

GEV/C
Lwkv/C
LEV/C

GEv/e
GEV/C

GEV/C

Table VIIf: Track resolution characteristics for all particles from 6

3

prong events which traverse the entire length of ISIS.

PRONGS

6
6
6H
6

G
O

6

t
O

6 .
6
]

FLAGD
FLAGO
FLAGO

FLAGU

FLAGO

FLAGO
FLAGO
FLAGO
FLAGD

FLAGO
FLAGO

FLAGOD

[SIS1
IS182

IS1S3

15151
15182
15183

1S1S1
[51S2
IS183

18ISl
15182
ISIS3

s — . T—

0-9  1-30

« 440 257
‘496,284
« 430 +303
471 L237
0(383 '255
.(' ‘G() 02.88
«4T? «193
$536  L211
#4170 251
2422 + 209
527 212
437 267

5-70
076

.052

.066

0063
0L 7
0506

052
« 045
035

074

.032

056

70-

105

. 040
. 029

114
075
063

184
111
104

0228
alS&_v
#1306

AVE

23.6

18.1
20.1

- 23.0
20.6

210«

2844
21.2
23,2

33,1
24,0

2643

ffAMPLE

552.
250.
244,

666,
600
590,

168,
176,
140. .

609,
5220

567,



Table VIIg: Track resolution characteristics for all parti cles entermg
ISIS from 8 prong events,

MOMENT UM PRONGS E 0-9  1-30 3-5¢ 5-70  70~- AVE 5 AMPLE
5-10 GEV/C .4  FLAGL T1SISL 0359 .265 145  LOBT  Jl44  28.7 124,
5-10 GEV/C B FLAGL TSIS2 o162 4166  .104  .122 448  56.7 124,
5-10 GEV/C B FLAGL IS1S§3 144 191 L1800 .200  .286  47.2 124,

LU-20 LEV/C B FLAGL 18181 J415  .259 L0900 <065 171 28.2 tan.

L0-20 GEV/C W FLAGL 15182 D355 .271 4160 . 085  .124  28.2 T4k,
L0-20 GEV/C 8  FLAGL 1S1§3 320 4304  J187 094 095  28.0 - T4h.

20-40 GEV/C 8 FLAGL 1SIS1 L4625 194 102 J064  .216  32.0 718.

20-40 GEV/C 8 FLAGL 1S1S2 J4TL 4230 096 .063  .141  25.6  T1B.

20-40 GEV/C 4 FLAGL 151S3 387,259  J16& 067  .123  27.6 718.

4G=80 GEV/C 8  FLAGL 1SIS1 JA27  W20T 066 036 «264  33.9 618,

40-80 GEV/C 8  FLAGL 1SIS2 463 4220 .092  .049 o176  2T.6 618,

40-80 GEV/C 8 FLAGL ISIS3 401 0252 129 0649 168 29 .5 618.




Table VIIh: Track resolution characteristics for all particles from 8
prong events which traverse the entire length of ISIS.

MOMENT UM PRONGS | 0-9  1-30 - 3-50 5-70 70~  AVE 3 AMPLE
5-10 GEV/C € FLAGO ISIS1 397 .285 o132 .076  J110  25.1 645,
5-10 GEV/C 8  FLAGD ISIS2 406 4338  .129 .065 .06l  21.6  278.
5-10 GEV/C B FLAGO ISIS3 371 .342 .162  .006  .059  22.7 272,

10-20 GEV/C 8  FLAGO 15151 W416 L2600 L091 063 .169 28.1 {20,

L0=20 GEV/C R FLAGOD 151S2 <410 4304 J14T L0585  L082  22.8 631,

10-20 wiv/L H FLACO [S81S3 « 373 «318 « 164 068 076 24.5 6106,

20-40 GEV/C 8 FLAGO 1SISL 422 .195 102 W065 216 32.2 676,

20-40 GEV/C B FLAGD 1SIS2 480 0230 .0Y6 .06l  .133  24.7  690.

20-40 GEV/C B FLAGU 1SIS3 393 .265  .169  ,060 .112  26.6  G49.

40-80 GEV/C B FLAGO ISIS1  ,427  ,203  .068  .033  ,269 34,4 572,

40-80 GEV/C 8  FLAGD ISIS2 462 4223 091 050 174  27.4 582,

8

40-80 GEV/C FLAGD ISIS3 . 399 +252 o131 «053 .168 - 23.7T - 536.



MOMENTUM

GEV/C
LEV/C
GEV/C

GeV/C
LEV/C
LEv/C
GEV/C
WEV/C
LhLV/C

GEV/C

GEV/C
GEV/C

PRONGS

10
10
10

10
L0
10

10
10
10

10
10
10

Table VIIi: Track resolution characteristics for all particles entering

ISIS from 10 prong events.

FLAGL
FLAGI
FLAGL

FLAGL
FLAGE
FLAGL

FLAGL

FLAGL
FLAGL

FLAGI
FLAGL
FLAGL

[STS1
[S1S82
IS1S3

I5I81
IS1Ss2
18183

- ISISL

IS152
5183

[SISL
IS§1S2
IS1S83

¢ 340
«408
¢ 336

¢ 346
435
«316

« 099
<097
214

078
072
» 109

050
059
075

L0790
0068
.0()2

148
489
<328

«1063
169

«109

o231
147
129

.270

184
.178

AVE

31.0

60.0

50.1

28.8
30.5
29 .8
34.5
27.4
276

3t.7

2945

32.1

5 AMPLE

5’4‘6.
546,
546,

503.

503.
503.

' ‘ilfl L

"q‘l".
G4,

370,
370
370.



MOMENTUM

5-10
5%=10
5-10

lo-20
10-20
10-20

20-40
20-40
20-40

40-80
- 40-80
H40~80

LEV/C
GEV/C
GEV/C

LEV/C
GEV/C
wEv/C

GEV/C
GEV/C

LEV/C

GEV/C

Ccev/e
LEV/C

Table VIIj: Track resolution characteristics for all particle 8 from 10

PRUNGS

1C
10
10

Lo
L0
10

10
L0
10

10
10
10

prong events which traverse the entire length of ISIS.

FLAGO

FLAGO

FLAGO

FLAGO
FLAGD
FLAGO

- FLAGO

FLAGOD
FLAGO

FLAGO
FLAGO
FLAGO

[S1S1
15182
ISIS3

-FSISL

(5182
1S183

5151
I[s1s82
[S1S83

IS1S1

IS51S82
ISIS3

«301

«319

.3491
«399
3T

a}“’
<416
«350

346
449

324

.137 079
. 182 057
«213 .101
« 097 L0719
«130 » 040
. L83 « 065
123 051
141 050
.081 064
« 067 +073
142 060

A70”~-1

123

.052

.037

+ 160
«116
0179

231

« 139

- «120

210
166
167

rd

. e

AVE -~ 3AMPLE

27.4

22.1

24.6

28.0
29.3
2.2

34.6
2646
28.7

3T4
2844
23140

481,

192,
188.

109‘&.
424,
416,

415.
425,
400.

344,

343,
"~ 318.
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MOMENTUM

5-10
5-10

5-10.

- 10~£0

ly=¢¢e
10-20

PAVELYY)

=40
20-40

4('=gQ
4C=~B0
40-80

LEV/C
GEVZ/C
LEV/C

GEV/L
LEv/C
LEV/G

wEv/L
Ltv/i
LEV/C

GEV/C
HEV/C
wEv/C

i

Table VIIk' Track resolution characteristics for all particles entering
ISIS from 12 prong events.

e

PRONGS
12 FLAGL 18ISl
12 FLAGL 1§1§2
12 FLAGL 15153
12 FLAGL ISIS1
12 FLAGL 15152
12 FLAGL TS1S3
12 ELAGL ISISL
12 FLAGL 151S2
12 FLAGL 1S53
12 FLAGL ISISl
12 FLAGL 18152
12 FLAGL [S1S3

C-9 1-30 3-50 5-70 70~-

189
131
081

+ 305
+313
283

» 333
3488
«3Y7

360
458
352

«305
085

147

«330

+253
266

A0

257
2251

+275
+282
324

178
131
162

+ 086
« 1063

176

<060
« 109

.los

.113

.1637

| 0093 ’

« 085
s 162

« 099
086
« 150

055
071
082

. +028

L0056
003

+236

T +568
4448

»180

185

. 124
311
o175
186

218

» 106
.092

AVE

38.9
6545
37.1

32.3
33.1

32.9

40 .6
0.7
33.9

32.2
22.6
25.6

SAMPLE

259,
259,
259,

2313,
233,
233.

183.
L83,
183.

142,
142.
142,




MOMENTUM

Ut e

10
10
10

2V
2h

20

40
40

=10
-10
-10
-0
~20

-20

-hy
-4.()

-840
~RO

LEV/C
GEVZC
LEV/C

GLV/C
aEV/C
GEV/L

wEV/C

GLtv/G

LLv/e

wbv/e
ukv/C

40~-80 GEV/G

Table VIII: Track resolution characteristics for all particles from 12

prong events which traverse the entire length of ISIS.

PRUNUS

12
12
12

12
12
12

12
12
L2

L2
12
12

FLAGO

FLAGO

FLAGO

FLAGO
FLAGO
ELAGO

FLAGD
FLAGU
FLAGD

FLAGO
FLAGO

FLAGO

ISIS1 -

15182

15153

15181
15182
1S1S3
5151
18182
[$183

ISIS1

T8182

1S1S3

.218
L4066

.288

«310
« 362
3106

« 324

« 390

«318

« 354
459
4355

1-30

350

+ 260
«370

327
265
lzqs

234
+ 260

.2’!1 .

2177
293

3-50

+ 182
151
«233
088
179
163

063
L0t

176

11
098
«182

050

+0721

QWMM e »
5-70 70~ AVE
L082 .168  33.6
.05%  ,068 22.1
055 . 055 25.1
W0Y7 W 177 32.6
061  .133 28,0
.121  .105 2941
L0517 .318 h).4
068 W17% 30.6
076 .18 4.3
D031 223 33.0
.G53  .098 21.8

. 25 %

"3AMPLE

220,
73.
13,

220,

196,

130,

116,
1747,

1/0.

130.
133,
121.

at



MOMENTUM

9=-80
5-80
5=H0

5-80
9=-80
5-80

5-80
H-80
H=-430

S5-30.

5-80
5-80

5-40
5-8¢
G=30Q

5=-80
>=-80C
b=60

GEV/C

GEv/C
cbv/C

GEV/C

GEV/C
LEV/C

LLEV/C
LEV/C
LEV/C

NIV
GEV/C
LEV/C

GEV/C
GEV/C
GEV/C

GEV/C
GEV/C
Lev/e

Table VIIm: Track resolution characteristics for all particles entering
ISIS with momentum between 5 and 80 Gev/c.

PRUNGS

ALL
ALL
ALL

%
4
%

6
4]
0

4
]
13

1o
Lo
10

12
12
12

FLAGI
FLAGL
FLAGL

FLAGL
FLAGL
FLAGL

FLAGL
FLAGL
Fi.AGL

FLAGL
FLAGL
FLAGL

FLAGL

FLAGL

FLAGL

FLAGL
FLAGL
FLAGL

1S1S1
1S152
1S153

IS1S1
15152
1S1S3

ISIS1
IS1s2
IS1S83

[S1S1
£S1S2
ISIS3

IS181
[S1S2
ISIS§3

1S1S1 -
15152
15183

«413
» 389
0334

547
«530
458

ol‘"{fl
‘“31
375

A6
0358
«310

« 334

316
+ 205

285
#2917
+239

5-70 . 70-
L068  L181
071 214
L1000 .l61
L0654  L131
L0552 .127
.071  .092
069 .166
L0610 .199
L0839  .151
006“ 0196
L081  .223
.104  .168
076 196
075 ° .261
123 .192
075 234
077 4290
J124  .235

AVE -

29.6
33.1
31.8

22.4

23.1
22.1

28.0

30.8
23.1

30.6
3“07
33.2

32.6
38,2
36.1

36,4
41.3
39.5

> AMPLE

10983.
10983,
10983,

16010'
1601.
1601,

2182,
2782..
2182,

2804,
2504,
2804,

1860,
1860.
1860,

817,
Bl7.
Bll.




MUMENTUM

5-80
5= 80
5-80

HEV/C
GEV/C
LEV/L
GEV/LC
LEV/L
oEV/L
GLEV/C
LEV/C
wEV/C

Luev/e

GEV/C

Lev/e

GEV/C
GEV/C

GEV/L
GEV/C
GEV/C
LEVZLC

o
4,
ot

Table VIIn: Track resolution characteristics for all particles with
momentum between 5 and 80 Gev/c which traverse the
entire length of ISIS.

PRUAHGS

ALL
ALL
ALl

bl
Y
e

10
10
10

12
12
12

FLAGD
FLAGO
FLAGO

FLAGO
FLAGO
FLAGO

FLAGO
FLAGO
FLAGO

FLAGO
FLAGCO
FLAGD

- FLAGO
FLAGO -
FLAGO

- FLAGO

FLAGO

- FLAGO

1S1S1

{8182
IS1S3

15181

[SfS2
[SIS3

15181
151582
IS1S3

185181
- I1S182
ISIS3

I51S1
IS182

1S183

151581
15152
15183

- 3-50

102

«113
o158

.« 082
«105
léak

«09Y
103
«Ll4uU

+099
114
157

W11
125

o176

114

.18l

- 5=70-

C +064
051
.058

051

«038
«» 038

.065

« 045
+050

"~ «060

« 057
061

069

056

.072

072

060
.083

70

e175

'0107
+095

+057

133

«050

<160
. 105
092

« 189
»120
.109

126

4107

. 189 -

215

130
121

AVE

28.8
22.6

2446
' 22.3

15.7
17.8

27,1
21.5
£23.2

29.8
2445
26.3

31.4
25.7.

2745

35.0

2646
29.6

s AMPLE

10253,

8628,
8222

1500,
1360.
1296,

2595,
2248,
2‘41‘

2619.
2181,
20173,

"1734{' 
1384, .
- 1322.

752.
579,

554,



Uri NOGEe gy

Table VIII. Comparison of the track overlap characteristics of the
full ISIS for 0.5cm and for 1l.0cm spaclal resolution.
The table gives, as a function of momentum, the per-
centage of all tracks which traverse the entire length
of ISIS with at least 90% of the track clear and the
percentage of tracks with between 70 and 90% of the
track clear. Also given are the average percentage
clear for tracks at a given momentum and also the num-
ber of tracks iIn the test sample.

Minimum Track _ "% of Track Clear

, Avg. % .Sample

1 Resolution Dlistance Momentum 90-100% 70-90% "Clear " Size
1.0cm - B<p<10 75.8 - 15.0 90.9 1030

-10<p<20 - 80.2 8.9 "89.5 2368

20<p<lo - 77.3 7.7 - 86.5 2647

4o<p<80 73.5 ‘8.9 - 83.9 2177

0.5cm 5<p<10 88.8 T-7 95.2 1030

10<p<20 90.4 4.1 94.5 2368

20<p<4o 87.5 .2 '92.8 2647

“40<p<80 86.4 3.1 90.8 2177




Table IX.

DPI Note #5

Comparison of the track overlap characteristics of the
full ISIS for the signal wires from the two signal wire

planes connected as described in the text. The table

gives, as a function of momemtum, the percentage of all
tracks whilch traverse the entire length of ISIS with at

least 90% of the track clear and the percentage of tracks
with between 70 and 90% of the track clear.

Also given

are the average percentage clear for tracks at a given

momentum and also the number of tracks in the test sample.

"% oI Lrack clear

_text for test 2

Description orf ‘ AVE. % Sample
Wire Connections | Momentum [ 90-100% [ 70-90% Clear Size
all signal wires 5-10 75.8 15.0 90.9 1030

separate 10-20 80.2 8.9 89.5 2368

20-40 7.3 T.-T 86.5 2647

4o-80 73.5 8.9 83.9 2177
'signal wires 5-10 37.2 39.9 80.4 1032
-connected as 10-20 43.5 31.7 79.1 2368
"described in the 20-40 39.5 26. 4 73.9 - 2650
“text for test 1 40-80 33.5 24.9 68.8 2181
"signal wires 5-10 - 35.9 41.9 80.3 1030
"connected as 10-20 39.4 37.1 79.1 2368
~deseribed in the 20-40 37.1 30.6 74.0 2647

40-80 35.3 ~24.6 69.6 2177
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SUMMARY

We propose a high statistics study of two, four, six, and eight charged

particle final state channels in which a single forward going =° is also produced
in 150 GeV /c w-p interactions. We will also perform hlgh statistics studies of
the four, six, and eight charged particle channels without neutrals and inclusive
studies of w production as a function of rapidity. We will a‘llso study the forward
going electromagnetic energy associated with the two-charged prong topology in
150 GeV/c © p interactions. We believe that there is evidence éf a new phenomenon
associated with these photons based on previous data (E-154) which cannot be
explained on the basis of known reactions with known particles. We propose

adding a gamma ray detector behind the last PWC plane in the Fermilab 30"
| hybrid syétem. This gamma ray detector should have an energy resolution
AE?— < 1% and a spatial resolution of less than £ 3mm. We request 106 frames
taken in the 30" hybrid system with an incident =~ beam of 150 GeV /c, In this
exposure there will be ~ 9000 two prong events with electromagnetic energy greater
than 20 GeV of which 3000 will be the events associated With the new phenomenoi |
The precise information on the photons should allow us to determine what is the
character of the beam difﬁ:action reaction and whether or not it represents a new
phenomenon. This part of the experiment will be performed first and a quick

answer should be possible.



Introduction

The purposes of this experiment are twofold: 1) a high statistics study of
7¥ production and 2) a study of the forward going neutral energy associated with
the two charged particle topology, both in = p interactions at 150 GeV/c. We
propose a change in the experiment discussed in the original version of this pro-
posal (submitted 14 May 1975), replacing operation with a triggered bubble chamber
light flash to untriggered operation in which the events of interest are selected in
off-line analysis of the forward going neutrals. We still request 10 & expansions
of the 30-inch hybrid system but now replace our original estimate of ~ 105
pictures with a request for 10® pictures. A scan for tagged two charged- particle
events would be done first and permit an expeditious elucidation of the second topic
listed above.

High Statistics Study

Based on our previous experience in experiment 154 (w —p at 147 GeV/c),
we believe that it is possibie to use a slightly higher incident flux and therefore
request 10° pictures with ten tracks per picture of w p interactions at 150 GeV /c.
Table I gives an estimate of the number of events we expect for the various topolo-
‘gies based on our E-154 results. It is seen that this expériment also would permit
high statistics studies of the channels in which no neutral particles were produced
for the four, six, and eight charged prong topologies.

The primary purpose of this proposed experiment is a study of channels in
which one or more w%'s is produced. In order to accomplish this we propose to add
to the proportional wire hybrid bubble chamber sjstern a lead glass hodoscope down-
stream of the last proportional wire chamber that will have a resolution —AEE- ~ 1%
and a spatial resolution less than £ 3mm. It is expected that the prototype device

associated with E-299 (see E-299 agreement and other plans - attached).




will suffice and, hence, that we will have suitable equipment for this experiment

as soon as the test run with E-299 is completed (spring 1976) . We shpuld be ahle
to reconstruct w° and n® mesons and should be able to distinguish up to six gamma
rays (3v%. Thus, we would be able to perform a study of the two, four, six,v and
eight charged prong topologies where one % is observed allowing four constraint
(4C) fits. These are channels of which there have not been previous studies. This
experiment together with E-154 also would permit high statistics studies of the four,
six, and eight charged prong topologies with no neutrél particle,s and comparison
with the corresponding channels with 7% mesons should prove extremely fruitful.
For example, our }3}-154 study of the four charged-particle 4C sample has shown
that more than 92% of the cross section is due to beam and target diffraction disso-
ciation. p°r events make an important contribution to the beam dissociation cross
section in the A; and A, mass region and there is some evidence for a contribution
from f% . Higher statistics should permit a resolution of the latter question as
well as ﬁelding a better understanding of the three-pion system in all invariant mass
regions. It would obviously be of great interest to obtain results for the four
charged prong, one w’ channel at a similar level of statistics.

This experiment will also permit an inclusive study of #? production as a
function of rapidity. Such a study is extremely important in order to verify the
previous evidencé for the existence of clusters and to determine whether they consist

~mainly of two pions ("p" like) or three pions (" " like). Light would also be Shed
on the question of transverse momentum conservation along the rapidity am‘vs.' In
particular, the question of local transverse momentum conservation could be
answered, whereas with charged-particle rapidity studies only, this is virtually
impossible, | |

Two Charged Prong Events with Forward ° Mesons

Another facet of this eXperiment is the examination of the forward going



neutral energy associated with the production of two charged particles, From
expefimenﬁ 154 we have 376 two-prong inelastic events with an identified proton
which we find can be classified into three distinct groups. One group is beam
fragmentation, and a second, target fragmentation. The third group is not easily
categorized and consists of events shown in figure 1. We had in our PWC syatem
for E-154 a crude gamma ray detector consisting of a two-radiation thick piece
of lead followed by three PWC planes. By counting the number of wires that fired
in these chambers, we can get a crude idea of the intensity of the electromagnetic
energy incident on the lead converter. We have arbitrarily defined a scale ranging
from 0-6 where 0 indicates no fired wires and 6 indicates more than 100 fired
wires., In the beam tragmentation region, there is essentially always some electro-
magnetic energy incident on the lead converter with the vast majority of the events
having intensity six. In the target fragmentation region, there is almost no
electromagnetic energy incident on the lead converter with the vast majority of the
~events having intensity zero. In the third region,r half the events have an electro-
magnetic intensity zero and the other half have electromagnetic intensity six. This
is shown in figure 2, |
This in itself is interesting but not unexpected. However, when we look at
the beam fragmeﬁtation events in detail, within our liniited statistics (212 events) ,

we find rather unexpected distributions. The first is that for the Plab of the v .

Although the statistics are poor, there is an accumulation of events with Pl a.b of the
w at 110 GeV/c. There is another accumulation at 40 GeV /c and another at

10 GeV/c. This is shown in figure 3. For comparison, figure 4 shows the &
laboratory distribution for all events. In this distribution, a high momentum peak

which includes the leading particle signal (target fragmentation) is cleaxly visible,




A second unexpected feature is the energy dlstribut;ion of the missing
neutrals (beam fragments) which pass through our gamma detector. This d1stri-
bution has accumulations at 140 GeV/c and 100 GeV/c.‘ This, of course, is the
reflection of the 7 distribution and conservation of é:nergy. This distribtition
is shown in figure 5.
The physics questxons we would like to answer are: What is the compo-~
sition of the neutral energy shown in figure5? Does the accumulatwn at 140 GeV /c
consist of a single 7% or several n?'s? What are the invariant mass distributions
between the neutral 7° or #%'s and the 7 ?
‘We have investigated the possibility that the phenoxﬁena we se_e'result from
a known reac;ion. such as A production. If this were the case, given that the
A~ is an I spin 1 particle and that it decays into two I spin 1 particles, we would
expect to have similar behavior in the four-prong sample containing an identified
proton. In particular, the events in the beam fragmentation fegion of the four
| prbngs, the 1r+ plays the same role as thé 7 in the two-prong sample. Figure 6

shows the distribution of this x. As canbe seen, 'this distﬁbuﬁon (within the
| statistics) is quite different’from the w distribuﬁon (fig. 3), pérl:icnlarly in the
high energy region. | |

We believe that the above comments indicate a new phenomenon is

occurring in the two-prong events and that a detailed study of this pheﬁomenon is
calléd for. We have tried many Monte Carlo calculationé to simulate a final state ‘
that might explain our data. These include: |

1) T 4p "A""+p

5



2 w4p> A 4P
vvf0'1+"‘

11,0 ,n,O

1" 1

To match the data with reaction 1), one requires A~ with widths less than

”

100 MeV, "p- with widths less than 10 MeV and angular distributions like cos®g.
We have not found parameters that allow us to match the data with reaction 2).
Hence, we believe one has to study in detail the electromagnetic energy associated
with the two-prong events.

We would use the information from the photon detector to identify those
frames in which there was an event with at least 20 GeV of photon energy. These
ﬁ:émes would be scanned forvtwo prongs, and we estimate that we will find 9000
two prongs for an exposure of 10° frames at ten tracks per frame. Approximately
one third of these will be beam fragmentation events. Hence, the data reduction
part of this experiment is quite modest and since the scan of preselected frames
for two prongs would have the first priority, we should be able to perform this part
of the experiment in a short time.

The gamma ray data will allow us to determine w? four vectors and form
reievant invariant mass distributions, If there is narrow structure in this final
state, we will be able to detect it. In any event, we will be able to determine the
character of this final state ’in an exclusive manner and determine if there are any
new physical phenomena involved.

Scope of the Experiment

This experiment will be accomplished by use of the Fermilab 30-inch
bubble chamber hybrid system with the addition of a gamma ray detector behind
the last PWC plane. A total of 10 pictures of w p interactions at 150 GeV/c is
requested. The film will first be scanned for two-prong events associated with at

least 20 GeV of forward going electromagnetic energy and the measurement and




analysis of the ~9000 events expected could be completed quickly. Then the film
will be scanned for all events associated with forward going electromagnetic
energy and for all four, six, and eight-prong events. This scanning and the
measurement of the events will be carried out by the groups férrrrxing‘the Propor-
tional Hybrid System Consortium (PHSC). If necessary, the number of groups
involved in the éxperitnent could be expanded to permit a more rapid reduction of
the data.



Table I

Number of Events for 108 Pictures with Ten Incident w Mesons Per Picture for
w p Interactions at 150 GeV /c

Number of Charged Particles Number of Events

2 - 55, 000
elastic 35,000

inelastic 20,000

4 46,000
4C 6,300
6 52, 000
4C 1,600
8 | | 49,000
= 10 75, 000

All events 280,000 (11. 6 events/ub)




Figure 1:

Figure 2:

Figure 3:

Figure 4

Figure 5:

Figure 6:

FIGURE CAPTIONS

Scatter plot of the laboratory momentum of the w versus the

center of mass value of the Feynman x parameter for the proton.

The sample is all the inelastic two-prong (v , p) events. Shown

are our definition of beam fragmentation and target fragmentation

| regions. Also indicated is the definition of Region IIl.

For each of the three regions shown in figure 1, we have estimated
the electromagnetic intensity seen in the forward direction. The
detecting device was two radiation lengths of lead followed by
proportional wire planes. The intensity was estimated by the
number of struck wires, Bin 0 implies no struck wires and bin 6
implies more than 100 fired wires., As might be expected, in the
beam fragmentation region there is relatively more electromagnetic

energy seen downstream than for the target fragmentation region.
n laboratory momentum for the beam fragmentation region.

T laboratory momentum for the whole two-prong inelastic (1:-; P

sample,

For the beam fragmentation region we calculated the missing mass
four vector. If this four vector was aimed towards our gamma ray
detector, we computed the energy of the rniésing mass and entered

it into this histogram.

The data for this histogram comes from the four-charged prong
samplé with an identified proton, We made thebsame cut on the

proton. as for the two-charged prong sample and then plotted the
laboratory momentum of the 1r+. Note the events in this sample

may or may not have associated missing neutrals.
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Agreemant

This is an Agreement.between Fermi National Aecelerator Laboratory
and the experimenters of Proposal No. 299. This documentlcontains

an ehumeration of the major items needed for the proper execution

of Experi ment No. 299 as expressed in the proposal for the experiment
and subsequent correspondence. A one page summary descrlblng the

current research objectives of this experiment as expressed by the

| experlmenters is glven in Appendlx I.
A. Personnel | A
1. The experimehters committed to this‘experiment are:
b.G. Fong, M. Heller, A; Janos; A.M. Shapiro, M. Widgoff;
Brown University;kJ.W. Cooper, R. Plumer, R. D. sard,
A.E. Snyder, J. Tortora, University of Illxnoxs, R.A Burnsteln,
C. Fu, H.A. Rubin, Illinois Institute of Technologye E.D. Alyea,
" Indiana University; L. Bachman, C.~Y. Ch;en, P. Lucas,
L. Madansky, A. Pevsner, R.A. Zdanis, Johns Hopkins University:
J.B. Brau, J. Grunhaus, E.S. Hafen,. R.I. Hu151zer, U. Karshon,
v. Kastlakowsky, P.A. Mlller, A. Napler, I.2. Pless,
P.C. Trepagnier, J. Wolfson, R.K. Yamamoto, Massachusetts
Institute of Technology; S. Centro, G. Ciapetti, M. De Gioxgi,
D. Pascoli, L. Ventura, D. Zanello, Padova/Rome; E.B. Brucker,
P.F. Jacques, M.D. Jones, E.L. Koller, T.C. Ou, R.J. Plano,

C. Sun, S. Taylor, T.L. Watts, Rutgers University/Stevens

Institute/SUNY, Albany; J. Barwick, W. Bugg, H. Cohn, G. Condo,
T, Handler, E. Hart, R.D. “cCulloch, UnlverSLty of Tennessee/

Oak Ridge; D. Bogert, M. Johnson, H. Kraybill, D. Ljung,

T. Ludlam, E. Taft, Yale University/Fermilab.
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In addition, the university groups expect.to involve three

other physicists, six engineers, three draftsmen, and

twelve technicians during various phases of the experiment.

In addition, the universitieé'will supply at least two

full-time people stationed at Fermilab during ‘the testlng

and installation period of the drlft chambers and gamma

ray detectors at Fermilab.

" R.K. Yamamoto was chosen to be Project Manager to direct

. all aspects of the design, construction, installation,

testing, and initial operation}bf the drift chamber and

gammé ray detector.

~The scientific spokesman for this Experiment'is I.A. Pless.

5. - The presently assigned Fermilab llalson phy5101st is

1.

L. bevodlc
Equipment and ‘Beam:

‘Fermilab will provide:

Chgs

The instrumentation and experiment will be done using

the‘N3vbeam to the 30-inch hybrid bubble chamber facilitf

located in the neutrino area.

‘The beam will be equipped with appropriate quadfupoles;

'behding magnets, collimators, and with additional instru-

mentation as described herein.

a. The secondary beam and beam enclosures. ' ———
b. Instrumentation for tuning and conﬁrolling

the beam, including‘ﬁérenkov counters (30.0K)
c¢. The 30-inch Fermilab bubble chamber with | '

manpower for bﬁbble chambef operation and

beam line technicians. It is undérstood

that the experimenters will assist in these

efforts.


http:expect.to

The film and film processing will be provided by

Fermilab. Test strip developing facilities will

. be available for use during the exposure.

Proportional wire planes with 2" radius active area

- Upstream system and interfaces

Cables, power supplies, etc.

Proportional wire planes with 6" radius active area

for downstream system
Downstream systems and interfaces

Cables‘and‘power supplies for downstream system

- Enclosure for detectors

Data tagging computer - existing PDP-11

The experimenters request the use of ‘an existing -
computer in Lab A for debugging equipment. Cables

and serial read-out equipment must be installed

~ to Enclosure 114.

Space in bubble chamber high’bay area for down-

- stream detecting equipment

Standard PREP electronics, CAMAC crate and
modules (see Appendix II)
PREP equipment presently assigned to E154

Cables from bubble chamter high bay area to

- Laboratory A

Lead glass phéto tubes - 48 pieces (ekisting)
Rigging
Fast turn around CDC 6600 time (50 hours)
New Costs
Existing Value
Total

$(14.6K)
(23.3K)
 (13.0K)

(19.4K)
(10.0K)
' (15.0K)
( 2,ox)
(80.0K)

6.0K

78.7K

( 1.3K)

( 5.0K)

(15.0K})
5.0K

$ 89.7K

$(228.6K)

-~

s 3L8.5K



4.
Laboratory will provide:
a. Drift chamber With 1.2 ﬁeter diameter active -
area and read out system_ ‘ | 40.0
b. LeadAglass gamma ray detector with .75 meter | | |
X .75 meter acfive area and read out sfsteﬁ '  ' 80.0
| Total New Equipment’ $120.
5; The’fermilab Physics Department.will’grovide:
a. Computing time on IBM 350/195.(10 houxrs) | 1 5 3.
b. Three (3) scanner/measurer-moﬁths on Film o |
Analysis Facility with PDP-10. To be decided = —
- later. | - | -
c. Funds towards item 4. above - . B __ 5.0
Funding o ?otai Cost 7 . 8. 5]
1. ‘Fermilab funds are avaiiable in_EY 76'andAF§?7vfor items.in r
Category B3. The Fermilab Neutfinc bepartmentibudget -
codes for this experiment are ENU (operating) and EAH
(equipﬁent). |
2. The budget codes of the university experimentérs at Fermiiab
are __ (operating) and ___ (equipment). The budget co&és'
foi the Fermilab experimenters'thrdugh the Physics Department
are ~  (operating) and __ (equipmént). : | N
'Each university will approach:itsvfunging agency (ERDA, NSF}

" The University experimenters and Oak Ridge National

. o

for an incremental increasevof at least $10K. This will
provide a base of $90K or greater to fund this experiment.
R.K. Yamamoto was chosen to be the treasﬁrér to monitor‘the
university funds. (CRNL will provide $30K to augmenh thé

univérsity funds which will be spent mainly on item B. 4a).



Special Considerations:

1. It is recognized that the physics under investigation in
Experiment #299 has been expressed in two phases. It
is understood that Phase II of this investigation is

contingent on completion of Phase I and on the approval

of a separate proposal by Fermilab.

AN
a. Phase I - 600 x 103 pictures: (approved)

i. 500 x 10° pictures with a mixture of % and p.-

| at 150 GeV/c (158 x 103‘pictures already have

Abeen taken as of the signing of this document)
ii. 100 x 10° pictufes of ® at 150 GeV/c

b. Phase II - 600>x 103 pictures: (requiring’a'hew proposal)
1. 400 x 10° pictures with a mixture of 7" ana p

at 150 GeV/c

ii. 200 x 103 pictures of m at 150 GeV/é

2. As part bf the ongoing program to improve the Fermilab
30-inch hybrid bubble chamber system, the expé:imenters
will design, construct and bring into operation a lérge
drift chamber and a gamma ray detector. These two devices
will incfease the acceptance of the hybrid system for
charged particles énd give information on the &irection

and energy of gamma rays. The experimenters will furnish

the equipment described in the body of this document
and when the devices are installed, documented and oper-
ational, they will be turned over to Fermilab to be

operated as a part of the Fermilab bubble chamber spectro-

meter system.




a1

3. Beam characteristics and bubble chamber operation.
a. Beam will use the availablé filter to optimiée the
n+/p ratio. This will néminaily be 1/3 or greater.
b. The nominal beam spill to the bubble chamber should
be 100 miéroseconds or’longerﬁ ‘ |
c. The experimenters will be provided with 35 mm £1lm.
' The bubble chamber will be operatedVin a mﬁlti—pulse
- mode during each accelerator cycle. SR
d. The 30-inch magnet w1ll be operated at approxnmately 25 |
e. The film is the property of the Fermi National Acc—
elerator Laboratory and is on loan to the _experimentexrs
for an eighteen (18) month period starting with the
date of exposure. Folig;ing this period the film ié“vﬁay
to be returned to Fermilab for possible réassignment
to other approved reéearch groups'unless an extension
“ofAthe loan has been arranged-'v' |
f. The éicture count is to be.determined by the’frameA
"counter. Reasonable care wili’be taken by the beam
line technicians and bﬁbble chamber érews to provide
quality pictures.
4. Testing time ' i
a. Experimenters estimate that the installation of the
gamma ray detector and drift chamber will take one’

month. On site testing of the system will require two

months. A beam spill of 100 microseconds or longer is



required. Beam will be available on a parasitic

. basis only.

b. A short test run with 5,000 correlated bubble chamber
pictures will be required to fully certify the

installation.

5. The experimenters will provide all programs, magnetic
tapes and consumable items for the on-line computer

- systen.
6. Six (6) copies of all publications or preprints for work
done at Fermilab will be sent by the Scientific épokesman
for this experimént to the Director of Fermilab.

Experimental Planning Milestones_(tentative)k

. Relative Estimated

Time . : Date
1. Construction of prototype lead
| glass hodoscope to~10 mos. 1 Sept, 197
2.’ Beam testing of prototype lead _ |
glass system (requiring about 1
week of prime running in N3 hadron
beam at 50 GeV) : t -9 mos. 1 oct, 1975
3. Constructioﬁ of prototype drift
~ chamber | £,-7 mos. 1 Dec, 1975
4. Test prototype d;ift chamber : to~6 mos. 1 Jan, 1976
(requiring parasitic use of N3
- hadron beam)
5. Cohstruction of driﬁt chambers to—é nos. : 1 Mar, 1976
6; Construction of gamma ray
detector ‘ t,—4 moé. ) 1 Mar, 1976
7. Installation of‘equipment ' ' t0~3 mWos . 1 Apr, 1976



8. Test of equipment ;to-z mos. 1 May, 1¢
9. Data collection | ey 1 July, I
10. Completion of'experiment C ’ t0+6 mos. 1 Jan; 1c

This Agreement is mutually acceptable to both the experimenters‘and
Fermilab. Circumstances and needs will change as the experimeﬁtal

program develops. Thisvﬁgreement will be a@enaed when'neceéséry;

%Kgx#( /?/75’

mes R. Sanford (Date)
’ Fermi National Accelexator Laboratory

e v, 1.
tﬁmm . Plegy t0 /75
I. A. Pless : (Date)
Massachusetts Institute of Technology




Appendix I
Current One-Page Summary of Physics Objectives and Experimentél

Techniques for Experiment 299

Precision Study of High‘Energy Collisions induced by Incident 150 Gev/c
Pions and Protons o
The experfment will be performed using the Fermilab Proportional

Wire Hybrid 30" Bubble Chamber System. A total of 600,000 pictures

will be taken of which 500,000 will be_with'ﬂ+:and‘protons on hydrogen

at 150 GeV/c, and 100,000 with m on hydrogen, also at 150 GeV/c.

The objective of the experiment is the study of the followiﬁg

topics: -
1) Charged particle multiplicity moments

2) Production spectra for charged and neutral paiticles
3) Leading particle and diffraction phenomena
4) Correlating in momentum and rapidly among the produced

particles

5) Pactorization of production amplitudes with respect to the

quantum numbers of the incident particle.

In addition, we expect to make z preliminary study of Kip and

-

pPp interactions.




TYeg ONTY
ZoNE
AN o
Ay 2
A5
AE 3
AF 2
Ca 13
cR 13
ce 13
25 S T
o | 3
CJ 3
FP 5
r“ 5

New PREP Equipment for Experiment {299

A"IIIATION £299

MFGR

ORTEC
3L PACK

LECRYY

LECRUY
LECRYY

srj\EPan

STD EnGR
LECROY

JORWAY

GEC-ELL
STN ENGR

POy DgsS

FERMIL A

TOTALS‘._”“
ALL ITEN

ALL "5t

Appendix II

PREP REGUEST FILE/ SORT BY AFFILIATION

HONEL #

AZ1A
1211
£214L
64AL
429

v CS
1416

- 2249

782

rBF6521

MHM81AC

S197E
£5-7292

. ToTAL QUANTITY IS .

K
ITEHS $

DESCRIPTION

q]}

N2 cra PUR SUPPLY
SISCRIMIMATIR
4-FOLD LOGIC UNTT
FAN-IN/ZFANQUT

QIAD

7975

o

IH

78738

CRATE

PWR SuPPLY

ADC

CONTROLLER

B8-H EXTEND

\ MEMORY COWE
FOMER SUPPLY
HV DISTRIPUTIQn uOX

79 ITEMS_AT_ A _TOTAL COST OF.3

CALL DELIV ITEMS TETT T g

. ALL O4ED ITEHMS

" = on oy sm we
- ey e - -

$ 78738

s

UNIT TOTAL
COST COST
- 182 354
T 362 724
795 3075
675 2225
545 17290
695 - 92351
855 - 11¢5a‘
2225 - . 2@88%
855 11115
1920 3480
2795 8365
. 595 2975
1208 ‘5488
76738

i



Exploratory discussion for setting up a beam line test for the 299 lead glass hodoscope
The following is a suggested outline for determining the important energy
and special characteristics of the lead glass hodoscope suggested for the 299 gamma
ray detector. This outline is meant to bea reference pomt of chacussmn and not a
firm commitment on any party. :
1. Beam line - Fermilab
a) ' Flux density of e up to 100 cts/mm? in a "few hours™ at most.
b) AP 0.3%
¢}y  25<p < 200GeV/c
g PD‘E;-IL,corr_lputer plus scope
&  NIM LOGIC - borrowed
£) ~ beam counters

2. Remote CAMAC System Fermuab i
a) f " CAMAC CRATE

b) senal crate coatroller system
- c) _v parallel to serial converter
-d)  12 channel A to D converter (borrowed ox bought}

3. 5 element x, 5 element y 2 dimensional lead glass hodoscope - Ferrmlab

a')' ‘ glass and photo tubes

b) .‘ box

c) ~ movable cari‘iage

d calibration tubes and pulsex
e) _cross slide

4, Calibration system and data - PriSC

a) similar to that described in FGD and PHSC - Fermilab agreement
b) - provide phototube + source +neutral density filter and mouat.
c) use Fermilab neon tube znd pulser

5. Binary glass system - Fermilab
3.) glass 2" x 12" by _."z"’ %:, 1"' 1"

"b) raount for above




6. Hole counter system - PHSC S SRR
- a) two counters S :

f) 1" diameter

ij) 11" diameter with 3.6 mm dla.meter hole in cente;r: :

b phoco' tubes - 56 AVP

c) ' bases - & nanosecond pulse

. ; d ] two-dxmenmonal Cross shdeé with 4" trave1
. Soft:wa_re PHSC ' ,
'-'va){ data. gathermg
. ;b) 3 hlstogramg | L
8 Of f-lme computer time - Fermﬂab‘PHSC

As noted above, the outlme is not meant to be an .agreem,ent but: J:ather T

. the'basm for discussion so that an agreement can be reached. The enc}.osed
A ,sketch is 3ust: a rough 1dea. of how the test mxght go- - B - :

- M. johnsoﬁ ) R
"I A. Pless - .

11 Feb:ﬁtzaxjr 1975



* . Outline for the Joint Construction between the European FGD Collaborxation

' - : - . )
. .-y

and the Americah PHSC-Fermilahb of a Foi-ward Gamma Detector

. The followihg outline is the result of discussiohs between Gigi Ventura.
and Irwin Pless. These discussions followed presentations Vto the whole PHSC-Fermilab
and a subgroup of the PHSC.-Fermilab. -

. The purpoee of this outline is to delineate construction idea.s and pre-
]iminary 'responsibilities for accomp]_ishing two obj et:tives. The first objective
is a preliminary study of the cntlcal parameters of the system. ThJ.S wﬂl 1nv01ve e

a test pe:nod in the Ferrmlab beams w1th a prototype representmg a mlmmal

conﬁguratmn. The second is the construction, 1nsta.11at10n, and operanon of

L a full -size Forward Gamma Detector in the Ferrmlab 30" Hybnd Bubble Chamber

System, to be used for physics expenments It is ant1c1pated that the eqmpment
will remain at Fermllab through 1 January 1977.
I. | Prehmmary Test
A Size: |
- 1. Full-size alonO' beam dlrectlon
2. _One quarter alrea perpendlcular to beam directiert
" B. Components . |
- _1 4blocL 15 x15 x 60 cm3
a. - Responsibility
i. FGD -
2, 3Q x 30 cm? two cootdinate scintillatien hodoscope 4
a. Responsibility - '
| i. FGD
3. 31.5 x 31.5 cm? two coordinate iead giass hodoscepe
a. Responsibility

i. PHSC-Fermilab




h Io( Bo

-2
30 x 30 cm? three coordinate PWC hodoscope
a. Responsibility '
i, PHSC-Fermilab -
64 Channel ADC - 10 bit

~ a. Responsibility

i FDG - borrowed

PI—ISC -F errmlab borrowed

:NIM Loglc ‘
' o a. Respcnszblhty

i. PHSC ~-Fermilab

‘Cali.bravtion phétOtubes - 2 each

" a. Responsibility

i; ' FGD

Movable Carrxage

- Responsibility

i. ~ PHSC-Fermilab

1. Operatioﬁél‘ Hard;;vare »

A S1ze.

" B.

. 1

30 rachatmn lengths along beam dlrectlon T

2 60 x 60 cm? perpendicular to beam direction o
Compdnents |

1. Lead glass counter -~

1. 16 blocks 15 x 15 x 60 cm?
a. Respénsibility |
i. FGD
ii. PHSC-Fermilab



-3-

2. Calibration tube and two-dimensional remote control 2]
a. Responsibility |
i. FGD
ii. PHSC-Fermilab
-‘;. Nitrbgen box
a. Résponsibil.ity )
i. P}ISC-Férmilab
2, Vertéx. hodoscope ’
1. 60 X 60_ cm? three céordinaze scintillation hodoscope-
o a Responsibﬂity . |
A i.‘ FGD 7 ‘
b. Calibration tube and remote control system [1] ,'
a. Reéponsibﬂipy | |
. i. FGD
- 2, Nitrogen box
. a. Responsibﬂity
. i. FGD |
3. ‘Lead glass hodoscope
1 6v2.5 x 62.5 crr'xz‘ tvz;"o coordinate lead glass hodoscope
a Responsibilif;y -
i.' PHSC-Fexrmilab
2. Calibration tube and one-dimensional remote coﬁtrol ’[43
a. Responsibility | |
i. FGD
ii. PHSC-Fermilab
3. Nitrogen box
a. Responsibility

i. PI—ISC(-F ermilab




4, Drift chambér, |
1. 120 x 120 cm? drift chamber
a. Responsibility
i. PHSC-Fermilab
5. Mechanical mount
1 'I\vo-dzmensmnal remate com:col mechamcal mount for items
123,4and5. T
2. ReSpon81b1hty ‘ "
L PHSC-Fermllab
6. Cahbration device [6 each] ) ‘
1. Tubes - nuclear services - AADC Self Tngger LED
a. Responsibility
i FGD
- This doCurnént just records, as mentioned akbobvey',“ ‘inf‘oma‘! di.ééusskic‘)ns

between Drs. Ventura and Pless. ThlS docu'nent is not meant to be a binding

comrmtment but,rather, a basis for dlscusswn before any final comtmtments are

made. In particular, the attached rougn sketch is only th:u:, much effort must be
‘expended before these crude 1§ieas becorne a worlqng scheme. )
. | G. Ventﬁrg |
I. P:Vless :j

30 January, 1975
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tant by moni a,o:rm the light pulscs

A is a reference PM, whese gain is kept cons

from the NaI (Am 241 doped) source N. The LED L can be moved by co'nputer : ‘

sofleec!g;aSs DlOC:&.S 1, 2, 3, etc: to - .

control, over the central region of the f=2

nd zver A to check for sh:uLs in the Yight output

" control txc stability of their gains, and over

“— —-

ounters a pulse int e*:sity is needed

of L itself. Since for the lead glass ¢

a veral tens GeV, while the pulses

equivalent to the light f1 om a shov*"

from N correspond to or ~ 1 GeV shower, an attenuating filter F is set between

L. and the photocathode of A, so as to rouzhly equalize its outputs for L and N,




