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ABSTRACT

It is proposed to study interactions of wideband neutrino beam
in the 15-foot bubble chamber filled with a neon-hydrogen mixture.
Using a total sample of 70,000 charged current neutrino events the
main physics aims are (a) searches for production of heavy quarks and
t-leptons or other unexpected phenomena - the production mechanisms
of these and of charmed mesons and baryons will be studied. The event
sample is expected to include decays of 7000 charmed particles (including
1200 F+) and 40 t+ particles (b) the study of quark and gluon frag-
mentation functions, jets, high Py phenomena (c) the measurement of
inelastic structure functions. Many other physics topics (resonance
and strange particle production, neutral current, ve interactions etc)
will be studied. Three high resolution cameras will be used to study
the decays of short-lived particles. It is requested that a first
sample of 20,000 charged current events be obtained as soon as possibie
after the Tevatron begins operation to search for new phenomena.
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Introduction

For several years the above groups have been studying various
aspects of neutrino physics at the FNAL accelerator and the CERN-SPS.
The aim of this proposal is to extend these studies to Tevatron energies.
In figure 1 we show the neutrino spectra as they have been used at
the CERN-SPS and what can be expected from a wideband beam at the
Tevatron. It can be seen that the proposed beam has a much greater
coverage in energy and that for energies above 150 GeV the yield of
neutrinos per proton is an order of magnitude greater at the Tevatron.

A new feature will be the use of high resolution cameras to search
for new particles (e.g. top, bottom, T etc). We expect to observe
several hundred examples of charmed particle decays.

Physics Aims and Proposed Exposure
The main aims of the experiment are threefold;

a) Study of charm and heavy quark production, t-lepton pro-
duction and search for unexpected phenomena.

b) Study of quark and gluon fragmentation functions, the
transverse momentum behavior of hadrons and other aspects

of the hadron system.
¢) Measurement of inelastic structure functions.

In order ‘to carry out these aims we propose an exposure to yield
70,000 charged current neutrino events. The beam we propose to use is
the quad-triplet train set to a 400 GeV/c tune. The advantage of this
beam is that for energies greater than ~ 100 GeV the neutrino flux is
greater than that of a horn powered beam and the large flux of neutrinos
of lower energies is suppressed. This allows the use of greater proton
intensities on target and consequently a move rapid accumulation of high

energy events.

We propose to use a moderately dense neon-hydrogen mixture. The use
of neon is essential for electron identification and total energy measure-
ment, -however, too dense: @ mixture can lead to measurement problems.

The groups working at CERN have carried out an exposure at 275 GeV/c in
the narrowband beam. It was found thatusinga  75% (mole) Ne-Hp mixture

~ 20% of the events were unmeasurable, Rec tTy on exposure at 300 GeV/c
has been carried out using a 33% Ne-H mixture and the rate of unmeasurable
events is very low. The groups working at FNAL have used a 64% Ne-H?
mixture in the present cuad triplet beam and have been able to measure

all events with.some difficulty. The optimum mixture will be decided after
a detailed 'comparison of the above exposures,
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Search for Heavy Quark and Lepton Production

¥n an exposure of 70,000 charged current events we expect to
obtain approx1@ate1y 7,000 examples of charm production. These will
lead to appro§1mate1y 500 dimuon events and a larger number of (ue)
events. The dimuon events will be identified using the well-proven
EMI and the (ue) events will make use of the good electron identifi-
cation of the heavy liquid. The bubble chamber is unique in that it
allows the observation of the accompanying strange particles and
therefore charmed baryon production can be distinguished from charmed
meson production. Hadronic decay modes of charmed particles can
?]sotze studied making use of the detection efficiency of the heavy
iquid. -

In recent exposures of BEBC at CERN a high resolution camera has
been installed as a test in addition to the usual camers. This camera
works satisfactorily and using a short flash_delay a resolution of ~200
in space is obtained on axis CERN is currently developing optimized
cameras for BEBC. We propose touse three specially designed cameras in
the hadron parts of the 15-foot bubble chamber giving an approximately
30% coverage of the visible volume including 60% of the events. Decay
lengths of a few mm should be clearly visible 2mm corresponds to a D+
meson of 12 GeV/c if the lifetime is 107!? seconds. We therefore expect
to see many charmed particle decays using these cameras. To facilitate
the observation of short decays the bubble chamber should be operated
to obtain 1ittle distortion and good uniform contrast.

Production of the heavier quarks b and t has been estimated using
excitation functions given by Baltay* and the Schrock and Wang estimates
of the Vobayaski-Maskawa missing angles. Usjng these numbers we expect:

v +{%% - y~ + b 20 events

+{g} + ut +b 6 events
d

<

<

+§s{ + @~ + t 25 events (Mt = 18 GeV)
b

There events shoujd be characterized by cascade decays
(t»)>b->c>s->u etc.
or
b>c»>s»>u
- o -
In the latter case leptonic decay of the ¢ >~ € + s would lead
to characteristics u~e-, u~ u- events. Current upper limits to these
processes at neutrino energies of ~ 100 GeV and below are a few percent
of the opposite-sign dileptons, corresponding a few dozen events in our
experiment. | Some of the multiple decays should be visible using the

high resolution cameras if some of the b or t states have lifetimes of
the same order (a few times 10-!2 seconds) of the lowest charmed states.

* C. Baltay, meeting on Bubble Chamber Neutrino Physics at the Tevatron,
Argonne October 1979.
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If the F production is 20% of the charmed particle production
and if F » ™V, has a 3% branching fraction then approximately
40 t-Teptons “should be produced in this exposure. There would be
characteristic double decay events. The T lifetime is predicted to
be 3 x 10-!? seconds, which is in our range of sensitivity.

The yields of events are summarized in the following table:

Table 1

Reaction Events
v+ N>y +x 70,000
v+ N>+ +ox 9,000
v + N = - + D¥(DO) + X 5,800
v+ N->p-+ FH+ X 1,200
VN> -+ 5T vt gg
v+ N->pu +5b 6
v+ N->u +t 25

Study of Quark and Gluon Fragmentation Functions and Final State Hadron
Properties :

There properties have been extensively studied in wideband and
narrowband experiments at CERNand FNAL. The interest of a Tevatron
exposure is in the much greater range of hadronic mass W and Q2 ‘which
are of interest for the following reasons;

I. For W2 < 16 GeVZ the separation of current and target fragments
is ambiguous. In the SPS exposures a large proportion of events are in
or near this region. In the proposed Tevatron exposure only a small
proportion of events have W? < 16 GeV®~

II. 1In the SPS wideband and narrowband experiments an increase
in the arerage transverse momenta of hadrons relative to the current
direction has been observed as the hadronic mass increases. This can be
approximately described by:

<pF2> =0.15 + 4 x 10-* W2 (GeV?)

The CERN measurements extend out to W? = 200 GeVZ. An exposure of

70,000 events in the quad triplet-beam would allow measurements out

to W? = 450 GeVZ(500 events) where the <Py?> should be more than twice
its value at low W? if the above behavior persists. This highest W

point is shown together with theexisting BEBC data in Fidure 4. The value
of <PT?> is greater for larger values of Z = Epay for hadrons emitted
forward with respect to the current, whereas hadrons emitted backward
show no increase in <P72> as expected from hard gluon emission and the
data are in quantitative agreement with QCD predictions.

III. The range of Q* used for the determination of fragmentation
function moments and the QCD parameter A can be greatly extended.
Present data extend to Q* = 64 GeV®. The higher energy and greater
statistics of the proposed experiment would allow this range to be
increased to > 400 GeV? with similar statistics.
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. We are currently studying other ways to reveal gluon jets

in neutrino interactions (angular energy flow, azimuthal asymmetries
gtc). Our Monte Carlo studies predict greatly enhanced sensitivity

in gluon ( effects at the larger W and Q2 accessible to this experiment.
In addition to fragmentation into pions we will also study fragmentation
into K° and p, w and other resonances.

Measurement of Inelastic Structure Functions

Although the measurement of inclusive structure functions can
be carried out with a variety of techniques, the bubble chamber has
advantages, in spite of lower statistics,than electronic detectors.
The principleofthis -is.thie measurements can be made down to low
hadron energy v (<1 GeV) and therefore the complete v and Q% range
accessible to the beam can be used. This is particularly important
in the evaluation of moments, which is themost direct way to compare
with QCD predictions. Figure 6 shows the cummulative energy distribtion
of v and v events in the proposed exposure. It can be seen that 1000
neutrino events will be obtained at energies greater than 600 GeV and
300 antineutrino events will be obtained above 400 GeV. There numbers
of eventsare similar to those used in the BEBC structure function work
at 200 GeV at the SPS. A

In order to carry out measurements of structure functions it is
necessary to know the neutrino flux. Since we will be using an almost
isoscalar target we can determine the neutrino flux using the energy
distribution of the events themselves and normalizing to the measured
cross sections in iron. These measurements are being made out to
300 GeV at CERN and will no doubt be made to 600 GeV using narrowband
beams at the Tevatron. Nevertheless it is important to have a monitoring
of the muon flux in the shield for the purposes of setting up and
monitoring of the stability of the beam. If our proposal is approved we
will request that CERN supply flux monitoring equipment for the beam.

A study of inelastic interactions requires good measureability of
both hadrons and the final state muon. At the very high energies
involved the deflection of muons in the bubble chamber field will be
small and may reach the Timits of resolution. We have studied this
effect in detail and find that it canbe overcome by requiring a certain
potential length for high energy muons in the bubble chamber. If at
600 GeV neutrino energy we restrict the fiducial region such that all
muons are measured with momentum error less than 25% then we nevertheless
accept 60% of all neutrino interactions in the bubble chamber. We
therfore feel that the provision of an external muon measuring device is
not essential. . ' v

Other Physics Topics

In addition to the major topics discussed above the proposed exposure
will also allow us to study many other topics including strange particles
production, resonance production, neutral currents and ve interactions.
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Summary of Experimental Conditions

We request that the bubble chamber be filled with a moderate
density neon-hydrogen mixture and equipped with the EMI and internal
picket fence. We also request that photos be taken with high resolution
cameras in the three hadron ports.

We request the quad triplet beam tuned to 400 GeV/c and using
the highest proton energy available. If a 64% (mole) Ne-H? mixture
is used then 2.5 x 10'® protons on target will correspond to ~ 1
event per photograph (v+V + NC). We believe therefore that we can
tolerate the highest proton intensity on target. An intensity of
1 x 10'2 protons per pulse 250,000 pulses would be required to yield
70,000 charged current neutrino events. At the same time we would
acquire 9,000 charged current antineutrino events. These event
numbers are our long term aim. We would 1ike to have a first sample of
~ 20,000 charged current events as soon as possible after the Tevatron .
begins operation in order to search for new phenomena.

We will request that CERN provides some flux measuring equipment
to be installed in the riew FNAL iron shield.

| Measurement Capacity of the Collaboration

An important feature of this proposal is that we intend to measure
completely all events. A1l the laboratories have considerable experience
in measuring neutrino events in heavy liquid. We estimate our combined
measurement capacity at 40,000 events per year. The proposed experiment
results on rare events or partial samples will be available beforehand.
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ABSTRACT

It is proposed to study interactions of the wideband neutrino beam of
the Tevatron in the 15' bubble chamber filled with a neon-hydrogen
mixture. Using a total sample of 70 000 Charged Current (CC) neutrino
events the main physics aims are: (a) searches for production of heavy
quarks and T leptons or other unexpected phenomena - the production
mechanisms of these and of charmed mesons and baryons will be studied. The
event sample is expected to include decays of 7000 charmed particles
(including 1200 F') and T particles; (b) the study of quark and gluon
fragmentation functions, jets, high Pr phenomena and (c) the measurement
of inelastic structure functions. Many other physics topics (resonance and
strange particle production, neutral currents, Vé interactions, etc.)
will be studied. Three high resolution cameras will be used to observe the
decays of short-lived particles. It is requested that a first sample of
20 000 CC events be obtained as soon as possible after the Tevatron begins

operation to search for new phenomena.




PROPOSAL

FOR AN EXPOSURE OF THE 15' BUBBLE CHAMBER FILLED WITH A NEON-HYDROGEN MIXTURE

1.

2.

TO A WIDEBAND NEUTRINO BEAM FROM THE TEVATRON

Berkeley-Hawaii-Seattle-Wisconsin—Aachen-Bonn-CERN~Imperial College~Munich-
Oxford~Saclay Collaboration

Spokesman: D.R.0. Morrison Contactman: W.F. Fry

INTRODUCTION

For several years the above groups have been studying various aspects
of neutrino physics at the FNAL accelerator and the CERN-SPS. The aim of
this proposal is to extend these studies to Tevatron energies. In fig. 1
we show the neutrino spectra as they have been used at the CERN-SPS and'
what can be expected from a wideband beam at the Tevatron. It can be seen
that the proposed beam has a much greater coverage in energy and that for
energies above 150 GeV the yield of neutrinos per proton is an order of

magnitude greater at the Tevatron.
A new feature will be the use of high resolution cameras to search for

new particles (e.g. top, bottom, T, etc.). We expect to observe several

hundred examples of charmed particle decays.

PHYSICS AIMS AND PROPQOSED EXPOSURE

The main aims of the experiment are three:

(a) Study of charm and heavy quark production, T lepton production and

search for unexpected phenomena.

(b) Study of quark and gluon fragmentation functions, the transverse

momentum behaviour of hadrons and other aspects of the hadron system.

(c) Measurement of inelastic structure functions.
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In order to carry out these aims we propose an exposure of the 15"
bubble chamber to yield 70 000 CC neutrino events. The beam we propose to
use is the quad-triplet train set to a 400 GeV/c tune. The advantage of
this beam is that for energies greater than ~ 100 GeV the neutrino flux is
greater than that of a horn powered beam and the large flux of neutrinos of
lower energies is suppressed. This allows the use of greater proton
intensities on the target and consequently a more rapid accumulation of

high energy events as shown in fig. 1.

We propose to use a moderately dense neon—hydrogen mixture. The use
of neon is essential for electron identification and total energy
measurement. However, too dense a mixﬁure can lead to measurement
problems. The groups working at CERN have carried out an exposure at
275 GeV/c in the narrowband beam, and have found that using a 75 mole per
cent Ne—H2 mixturé N 20% of the events were unmeasurable. Recently, an
exposure at 300 GeV/c has been carried out using a 33% Ne-H2 mixture and
the rate of unmeasurable events is very low. The groups working at FNAL
have used a 647% Ne-*H2 mixture in the present quad-triplet beam and have
been able to measure all events though with some difficulty. The optimum

mixture will be decided after a detailed comparison of the above exposures.

SEARCH FOR HEAVY QUARK AND LEPTON PRODUCTION

In 70 000 CC events we expect to obtain approximately 7000 examples of
charm production. These will lead to approximately 500 dimuon events and a
larger number of (le) events. The dimuon events will be identified using
the well-proven EMI and the (ye) events will make use of the good electron
identification of the heavy liquid. The bubble chamber is unique in that
it allows the observation of the accompanying strange particles and
therefore charmed baryon production can be distinguished from charmed meson
production., Hadronic decay modes of charmed particles can also be studied

making use of the detection efficiency of the heavy liquid.

In recent exposures of BEBC at CERN a high resolution camera has been
installed as a test, in addition to the usual cameras. This camera works

satisfactorily and using a short flash delay a resolution of ~ 200 u in
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space 1s obtained on axis. CERN is currently developing optimized.cameras
for BEBC. We propose to use three specially designed cameras in the hadron
ports of the 15' bubble chamber giving approximately a 30%Z coverage of the
visible volume including 60% of the events. Decay lengths of a few
millimetres should be clearly visible (2 mm corresponds to a D' meson of

12 GeV/c if the lifetime is 10712 ).

charmed particle decays using these cameras. To facilitate the observation

We therefore expect to see many

of short decays the bubble chamber should be operated so as to obtain

little distortion and good uniform contrast.

Production of the heavier quarks b and t has been estimated using

(%)

excitation functions given by Baltay and the Schrock and Wang

estimates of the Kobayashi-Maskawa mixing angles. Using these numbers we

expect:
v o+ { Y >u +b 20 events
c
v+ { f -> u+ + b 6 events
c
¢ -
v+ |8 *H *+¢ 25 events (Mt = 18 GeV) .

b

These events should be characterized by cascade decays
t~>b->c¢c+s +u etc., oOr
b>c>s »u
In the latter case leptonic decay of the ¢ +e + s would lead to
characteristic | e events. Current upper limits to these p}ocesses at
neutrino energies of v 100 GeV and below are a few per cent of the opposite
sign dileptons, corresponding to a few dozen events in our experiment.
Some of the cascade decays should be visible using the high resolution

cameras if some of the b or t states have lifetimes of the same order (a

few times 10—13 s) as the lowest charmed states.

(*) C. Baltay, meeting on Bubble Chamber Neutrino Physics at the Tevatron,
Argonne, October 1979.
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If the F production is 20% of the charmed particle production and if
F+ 1 vrhas a 37% branching fraction then approximately 40 T leptons should
be produced in this exposure. These would be characteristic double decay
events. The 1 lifetime is predicted to be 3 x 10“13 s, which is in our

range of sensitivity.

The quad-~triplet beam contains some antineutrinos as well as

neutrinos. The yields of events for 2.5 x 1018 protons are summarized in

the following table:

Table 1
Reaction Number of events
V+N =+ U +X 70 000
v+¢N -+ p DO +X 5800
- +

v+ N -+ U +F + X 1200

LT“J,\) 40

T

v+N =+ yu +b 20
- +
v + N -+ B o+ X 9000
vV+N - u++b 6

4. STUDY OF QUARK AND GLUON FRAGMENTATION FUNCTIONS AND FINAL STATE HADRON
PROPERTIES

These properties have been extensively studied in wideband and
nérrowband experiments at CERN and FNAL. The interest of a Tevatron
. . . ‘ 2
exposure is in the much greater range of hadronic mass W and of Q° as

shown in figs 2 and 3, which are important for the following reasons:

(a) TFor W < 16 GeV2 the separation of current and target fragments is
ambiguous. In the SPS exposures a large proportion of events are in
or near this region. In the proposed Tevatron exposure almost all

events have w2 > 16 GeVZ.
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(b) 1In the SPS wideband and narrowband experiments an increase in the
average transverse momentum of hadrons relative to the current
direction has been observed as the hadronic mass increases. This can
be approximately described by

(p2) = 0.15 + 4 x 1074 w2 (cev?) .

The CERN measurements extend out to w2 = 200 GeVz. An exposure of

70 000 events in the quad-triplet beam would allow measurements out to

w> = 450 Gev? (500 events) where the (p,f,) should be more than

twice its value at low W2 if tﬁe above behaviour persists. This

highest W point is shown together with the existing BEBC data in

fig. 4. It has been found [1,2] that the value of (p%) is

greater for hadrons emitted energetically forward in the hadron c.m.s.

than for those emitted energetically backwards. This is in agreement

with QCD predictions that hard gluons should be emitted forwards.

{c) The range of Qz used for the determination of fragmentation function
moments and the QCD parameter A can be greatly extended. Present data
extend to Q2 = 64 GeVz. The higher energy ana greater statistics
of the proposed experiment would allow this .range to be increased to

> 400 GeV2 with similar statistics.

We are currently studing other ways to reveal gluon jets in neutrino
interactions (angular energy flow, azimuthal asymmetries etc.). Our
Monte-Carlo studies predict greatly enhanced sensitivity in gluon effects
at the larger W and Q2 accessible to this experiment. In addition to
fragmentation into pions we will also study fragmentation into KO, o, W

and other resonances.

MEASUREMENT OF INELASTIC STRUCTURE FUNCTIONS

Although the measurement of inclusive structure functions can be
carried out with a variety of techniques, the bubble chamber has advantages
in spite of lower statistics, over electronic detectors. The basis of this

is that measurements can be made down to low hadron energy v (< 1 GeV) and
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therefore the complete V and Q2 range accessible to the beam can be

used. This is particularly important in the evaluation of moments, which
is the most direct way to compare with QCD predictions. Fig. 6 shows the
cumulative energy distribution of Vv and V events in the proposed

exposure. It can be seen that 1000 neutrino events will be obtained at
energies greater than 600 GeV and 300 antineutrino events will be obtained
above 400 GeV. These numbers of events are similar to those used in the

BEBC structure function work at 200 GeV at the SPS.

In order to carry out measurements of structure functions it is
necessary to know the neutrino flux. Since we will be using an almost
isoscalar target we can determine the neutrino flux using the energy
distribution of the events themselves and normalizing to the measured cross
sections in iron. These measurements are being made out to 300 GeV at CERN
and will no doubt be made to 600 GeV using narrowband beams at the
Tevatron. Nevertheless, it is important to have a monitoring of the muon
flux in the shield for the purposes of setting up the beam and monitoring

its stability.

A study of inelastic interactions requires good measureability of both
hadrons and fhe final state muon. At the very high energies involved, the
deflection of muons in the bubble chamber field will be small and may reach
the limits of resolution. We have studied this effect in detail and find
that it can be overcome by requiring a certain potential length for high
energy muons in the bubble chamber. If at 600 GeV neutrino energy we
restrict the fiducial region such that all muons are measured with momentum
error less than 25%, then we nevertheless accept 60%Z of all neutrino
interactions in the bubble chamber. We therefore feel that the provision

of an external measuring device for the muon momentum is not essential.

OTHER PHYSICS TOPICS

In addition to the major topics discussed above, the proposed exposure
will also allow us to study many other topics including strange particle

roduction, resonance production, neutral currents and V_ interactions.
* e
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An example of a topic that could be of special interest when the
Tevatron first operates is neutrino oscillations. In the bubble chamber
filled with a neon-hydrogen mixture, they could be studied in three ways
simultaneously, from the numbers of v, events, of‘\)T events and from the

NC/CC ratio.

MEASUREMENT CAPACITY OF THE COLLABORATION

An important feature of this proposal is that we intend to measure
completely all events. All the laboratories have considerable experience
in measuring neutrino events in heavy liquid. We estimate our combined
measurement capacity at 40 000 events per year. 1In the proposed
experiment, results on rare events from the entire sample and results of
measurements of all events on a partial sample of the film, will be

produced quickly.

SUMMARY OF EXPERIMENTAL CONDITIONS

We request that the 15' bubble chamber be filled with a moderate
density neon—hydrogen mixture and equipped with the EMI and Internal Picket
Fence. We also request that photos be taken with high resclution cameras

in the three hadron ports.

We request the quad-triplet beam tuned to 400 GeV/c and using the
highest proton energy available. If a 64 mole per cent Ne-H2 mixture is
used then 2.5 x 1013 protons on target will correspond to ™ 1 event per
photograph (v + v, CC + NC). We believe therefore that we can tolerate
the highest proton intensity on target. At an intensity of ,

1 x 1013 protons per pulse, 250 000 pulses would be required to yield
70 000 CC neutrino events. At the same time we would acquire 9000 CC
antineutrinoe events. These event numbers are our long-term aim. We would
like to have a first sample of v 20 000 CC events as soon as possible after

the Tevatron begins operation in order to search for new phenomena.
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/5 f+ Bubble C hawber

Wor/( Jone ‘Sl'm:e. /QS‘}' raw , w‘/'c/\ -F/msﬁw/
1 Sept /785

Descale Colw,on!rsak Heat Eic Aauyers
R& ba; 16/ Ce hupres:ors
Aework 2- Saction /~lex Lines (Vccam« /‘(a.é:
Heliume Li;ue-Fl'er
Yea[esijn 3&5 eujme warm ead
reparir tubihe vacuan. feak
ﬂs* run —obsehm/ new leak fo vacauun
+ouud and repaired leek
Cowmm!sSsion new Neoa //7Jro)-eu Dewar (E 'hzn)()
QDewar /ee'frijom'/br Repair (vac leak) + opeyetrin
Removed eutire Expansron S'ydgm Frow pit (needed
o repair chawmber k? fouudatiow ) :

Replaced 3rou‘f undey Chambey leg s
G” expanston valve (nspectron
Rebuilt and tested eypansion S‘y.rfeu‘
pilet valves ( Ross velves)
Progress on electronics work hst
Hologva/&hy
o[esijnea/ and ﬂs*ec/ Op*/éllre/ay For Jaser heaunt
Inytelled ~70% of baffles juside gfc.
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Gas 4‘44/7 $iS /h«/rove wenls

Repaired Nn‘rajm Dewap - (Ieat fo vecuuw) |

C rew wmanpower

- Uer7 jaaal.

We were allowed 7o hive pecple
Lor all vacaut /oosr/'/ons - /'m./ua&'uy a .
Ve/olacewem‘ 7Q¢'JV Somweoue who wi// rehire
/n Dec 86~ before the Ferwmilab A/r/'xj
-Prceje stavted ou Jep? 1, /580
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/?e,o/ace ;Qemvonmf‘ "payf 6'F e,yoam’m .Sy.r?(ek« A /)/

Jest run h yc/roj én I’E‘/}'Ijenfak (qﬁ‘e;— ‘?ﬂ?‘?fclﬂyﬂ' repeh

($cvud aftew L& Fost ot

IM‘*&” o?‘-"-/ Nycu« )Ve//f('m (alufrf“ﬂ}' (‘Fdr Mach

)

Tustall high pressure dedin Fecovery compressgr
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7’257‘_"0« ”e//luu Zl’gz;ef/'er (c}m'u)

Clean., reassemble ¢ 1ushl/ chauder o,v//c: Windtow.s

Frost, baffles
Fiber optrés holb 9 raphic cawera

//74/;’0;04» -)C/// For w/u'aéw ok Cw//oldu [ nves /f/z)
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RecoaT laser wmdows
Replace "Tee" with new lase r beam nm}-/a«m]

Tustrament repair Jealsbratim

Electronics worklsT |
e -Scotchlite entire chawber

S urvey Lrducials
Assem
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Summar7 of technician work peeded
ou 15 $. Bubble Chamber before 57‘0;»7‘/;7
Shifts For £632 physics ran. |
As of Sept 22, 193¢ |

/‘/E¢/\am'c¢,l wor,(’ Han boee ks

#7a'ra7en S’ys'km 12,5
- Hehvw 5’7:7&9«« 68.0

Ex/oaus/bu Syafeu 27,2

Optres / Hole Jmfl7 73.0

Coo//‘uj Weter .fyskl« 25

Vacuum Systen 7.0

Ceuerel 87.0

Total Mechenia! 287, % Manweels

Electronics work 96.8 mauwesks

Have /5 Mech Techs 2822 . 19,15 weeks work
%3

Meve G Elect Teods Y-8 = 16,1 weeks work
6

Calendar weeks ”o[lJa7s Wark weefs
Jept 13,3 o Tan 12,87 /% ~hS 145

Sef a5t to Fb 2,87 /9 -5 17.5

Mech Tech work ow E 206 Avaou Caloriueter s/ace Sept 12
will add about 75 mw or about | Calender weet o Schedule.
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C hawber /eﬁ

Bubble Chandber vessel is supported
/Mde/n_uJew//7 from Vacuum tauk (aud tuaju’d),
B.C legs have ~ 1 meh of jraaf' between steél

base Ia/a?‘c aud coucrete Floor. This jroa'f cou?‘a}gpq/

J row /)arv‘ic/_es wiheel hod VU$7(¢J) causine
ﬁyacd' +o cvack. Measupement of the Fiducie
In Tu—/y 8% auel fec 85 indicote :

Last /eJ - assume el

Nw ltj clown 0,060 I‘tcl\

S W Ie.j Jown © /43 tkeh

causiag @ wovewest projected o fhe Top
Fhe vacuum Faut of 0.5¢7 rwck |
C hambev /legs were supporled ou jacks
old 9rout rewoved, aud wew [;m,vrwd)
30'0'47‘ poured between The /& base pletes

Hie cancrete.
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Needed Yo catch the raéy Jaser /'9 it

after it has goue awss the e hawber o
Basically +hey aré sefs of black anodize
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e Al

venelian blinds. Those which cover Seekdhli J

areas are baebed up by black auodized A
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C?/Ihv/r?cc(/)/a*fs. ﬂese Aave S‘ro'/r4/$7‘e Ok
Fheir upper Surfaces , So Yhe convewioual
Cameres See Ouly scotel/ite, The raé/
laser 5&04-«.) whick comes from below, hits ;He
black surfaces First. [lades are a Ftached
t+o the frawme 67 we/c/fuj Cm«u,o/efe/]

arwouvd TFhe cowtact avea ((to prevent boshi ‘7 ).

—_
Dirs er:inj /ens
Mew design combines Vhe Jlk/er:/'uj lens
and [faser c/mv.(fer Window In one /a/'ece

ot 'F“’“’ ?“"7‘\'-- Two pairs of .)‘,a//'f
mouuting rings are uow re;alreq/ to hold

the %aarfi m place.
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Test run

W;‘H\ 7"‘6 hew éa-f-'-F/fS auc/ c/(,sfel’sm] fens

moau‘l‘ /us otler CAM és 7Lo éo/o vaph
0 P 7 ] P

it

15 very desivable To do a cold test hefore

he p/nysics run,
A full eu)}ueerin) ran , /.
cool down
test with treck seusitive chamber

warwm “'p

re ,ﬂl'r p@ r /bQ,

would tekbe oboul & wouths (did in OF39- Mvr:r)

7’1;e pre:en'f f}xm/fqrr)" ;cleo/a/e Jd{r/

not allew for this, but if the schedube ss

o’cla7¢a/) a Full @ugiueering ron Shoe
carel‘ully cousideved,

Siuce time For a full euj}nnrinj

a ppears e li kel ) T lelreve awm ear/y

cooldown would be helpdel Fveu if

sehedele slips for a weontt oF fwo, thie.

cl\amiev woa/a/ S*Okf Coo/l'uj c/owk aj

sook Qs all hecessary work has beey

cowmpleted. The hope here (5 To

be

ras

He
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uncover Fro[)/ems ‘e""/?/ Jo 'f'/nf can fe|
fived with a Swaller /ose of lolgslcs +i
However, the chawber should not be coo/e/
dowu so Qar/7 that it will he Frack Seus/"Zz‘/b-c
more than G weeks betore beaw is
schedufed ,or we jred/, cvease the risk#
of breakdown before the 5 weonth /0:‘7:/'::

Fua (s OVEr.

e,

T

Present estimated start “p scfl eclute

Feb 2,81 Start shifts
~ fFeb 16 Start cooldown
~ Mar 2 T rack semh‘ive, J?Larf
ho/ojnf/n'c fune up
Mar 1S Start of pl',.s/'cs ran.







EMIT /IPF

IS( H;Lmok Bubble Chawmbenr

\)Q.\d owes
o I 3 \
_Ex{'cwrvx \ MUOV\ --AQ“* Crev Lor Tevetvon

I'\'\'CTV\k\ Etc.\\c‘t‘ Fewnce e ro .

I?F - o\c*:»"wn\r\es tiwme e'{‘ Quw\"‘- \/0-'\'0-‘

m——
Qro(). ‘\‘u\)es 3 DEBC &Q.Sw)n
’\Bo\\\* ot CERW ¢ Wﬁifl £orr \o\] Eurofe«v\
(rvovps
Tustalle d \v) Dobhle Ch awm ber Crew
o wd F«ga\‘&{es Sv@egr'\‘ G\roup.

T wside vocvom Fank © Westile CnVivoument.

)
EMI ~ wvon (dentiEcation. |
Qwa@. Youbes B(LLv\& ~bsorbev. A

‘5»)\\&' onde A S"'a“e& lbj 'Fo.c“c-\ﬂes Sger.,‘f'
(J‘P‘O»UWF w\"f'\o\ W\UL—L\ Vko.vsfawgr ‘P/aw\ 6932

T.E—- ~ Time Df&)\*‘\.?-.wj Sysdent.

De Soan d ‘Ov) Dan hreew — boild \:'3 C o
Nou\ow\t*\ﬂc. gjs-\-ems.

\ CRNAQ C.V'o..‘\‘& V‘(sa.s OJ+ U}Obo ‘\-JLcjc
B\l Wks vw S\ wmsec. 5@1\\ reod Ou*-







Om\\v\g S Us‘\tw\ - {‘@g?mxvs; b, {“'ﬁ-»} 0"(/:

~vsed ™M VLTI
- o}o"(‘ "\Q\e 'élavv\ Cngu’}\P\O Dc f«v’fmch"‘
oONn Q\I\O-V\c)?S "\'a D-ﬁ- P‘\’*‘

(30 .

AN

~uv~\«buc ‘ccu*uftl vse cdswtitces (ot‘!"L\JCPb\
bg.._m 5()\.“5 o Q.L&Qc.k S‘j S"‘QW\ :#A.tl.Ehc'-)ff
- OV\\\V\Q \W\?Of"‘l‘an'{' :V\ p\etzungnj S’jS"‘Ck-\.
\‘v\l'\'-c..\lu)-
“°\~0‘qu“\ *".1\(" - needed So I*SQ.‘/‘
3 3 i
CQV\\OL—C\\’C& \—\S‘/\\\L \ou\@\a\les SM”. TV()?CV
Esvw e & \)S\K’S EM]:/_IPF \A'v‘rs‘

How did work >
H..a\ S‘{'o.v“‘\a() Vvo(o\evws ‘ou+ sjs-}eu\

\D&jsw “\‘o ofu.\%e r¢msub\¢L{ L.)e_(/

SoW\e_‘(‘\W\e &‘F*Q-" Q«._«,\nv\\ho\ g“G vy,

{OVQV‘&(( LJ‘Q :__V‘_Q bﬁ{ (:\e\:SeQ ug'f‘[\a\

T ———

‘e nNew § S"\'C“\,

\.\ C\eo w70 A QLQF?\‘&V\QK (1 @‘““k-TL\V‘jf'er/‘
\)SW\U oW UV\LMASCQ\ .Ssma)((, of Y
dl\«\rqca\ Cuvrvent Q.Ven’f‘sl e OL{“IU\€4

0N AL OsC.(.(P*‘c\V\LQ_ CO" ()M>‘+(I\(.\;(g_ O'F CIlqo.

————————




2\ IV\S)YAJ W\QV\+~k E‘G‘A.tlcv\p) QF EME
\)S\v\a ‘\'\A"OUGB\'\ WMoon § ](..J( oL‘(‘ach

o \"\S'f'/'uw\emﬁ‘ Q(:"FCC.\C“\L-} (LP(«&\L\
of A4 Cum improve by

_uer

fe\,)u\.r\'v\ v m»*‘bk\e\ (°U+ Iaac,!'l )V'Ounee
Wevea s es. Reduvndan La - rof+-v\'f .

- ‘ -

-—
—— o s e e e $®ws 2 Youm W

S‘j S‘\'!W\ (,bo)\lx bg W\QI'V"! )

QWOM\QW\S‘
£ To deod wires

I?F Q\:.c.“(/os\cg Ao \S2 ‘:3 L\HJL\ ')f"\VCSLuUSf
lou tF(‘sc,\c.s\t.
J

Dent +obes EHEQ.T..‘) and L).‘H’b«v\
?-{Tfu Stow § AQ*J.
Somne  bed verd sut Cands.

O‘)gr..‘*‘cov\o\\ P/oL\&M S!

\'Stuw\\ A‘\+3 /H-V (Huw\\cit“‘) \)6) \) \JSV dowv\\
Difficelt +o Cuy Fiming p-oblemy (hock).

BQ.C..QsS ?oor ‘éa\" V‘QQ)A(VS,




EM'_‘: /I??’ Iw\glovcmeh{'s (Hafjg;/c‘*

bm Fmg\lﬁ-(es gu@fo/’T &u’ouﬁ
\3 (r‘cmg\rs\ R!hfauv\\ﬂ-x'\“b"\.
Cw \o\t"\a \\~\ V i\_\] Paut/ A&.S'\"/\‘LU""(AM -

OV Janixe /Scjw\ew‘\.

'XW\()/b\/CS: (T\w\\n:) @J»\)gs*‘w\gu\_"{‘ q)/oL‘&ms)\—\\) d\ﬁ[\CUl'h?S
'S’k‘a:stS: Nemrlj C«M-\ Fk"‘&.

1’3 De\“‘”"‘;d“f\‘!f - &!\ww'«“'Fu’tJ at” €5,
L\cc:(ro-ucs LN EHI ‘710‘1, +U|OC’.

Cawn Viwiove 1‘3&\(0"3 .'; Lua-ln(/ f{V l’\out/.

'Kmv/ovcs Cc.urgs’,) NV @vob(eu\.

Statust  De Stq nedl and ‘*&S“re& . 'EM—F-J(QLM\
J\w&(u\} \of\«){/ i AP Q;Pec_(-r—.(,
Estimade mud Novem be, tor can,’)[u‘tbq.

) Better Cavers for EMT. Hure sobshotal
‘:w\@fo\rcs oc-cces§ | .
S'\'k*\);" D¢$~6)w CQM \Q.‘{ .

Covv\?\d-t EMTC ~ wid MQVQML)Qf
OxWwers +laeve adfdev.

ﬁ{'\ EmMT C - ewmeunt fﬂbferln .

Take out ,?kktt b KN ew w\oum.‘hrle
f(@k\l‘ '

L)

deed wives N ‘Desu\vr\ v‘)c‘f*.r
ovr o

\{v} '\'0 S*’/&Cbsx\*g\.\ - e\wﬂ,{l A\"F‘CU h’

v(:'pr \f\of\%h‘*\ {’“UL’QS.




WV ood e AVNJ v‘m\'yw C/(/\-a\hﬁ& s(/\oufu\ ba_
ccm@\dm.(k by about the cmd of-
Dacewm bar 5o Fhere time +
£3% wny o blewms  creha bifore tha
o o (aniny o e vun .

S\ THE W - From TOF hewker?

Dav\ C.\J\AGDW\sV\ CG&/\((C\QB)) +, \OL o./"“ \;\
\\)o\/em‘o:/ 4~ \I\Q\P o~ g,

L-u‘acf LG’IA‘ Ciency - TPF B ""700‘9
ACE B3 A~ 2%

"to(:c LJ“’) f‘,\g o Lo v [ ; |I L ‘)JQVQ
rlhe 5\,3"’10\ Q‘("F: c‘lehcj a~d rol/l\
VV\&VW) OF '\’L& OPC/& +¢-on¢v/ ‘)ng./.»‘.




SQ'F*\J&/C Ct\&b\’ts

$ﬁ&k W OV enSe Ju Q/D+om
QAQ/ﬁj cme\

\V\S\QV\S\'\'
“} oUrYy oy,

So\u'\'(o :
N \0"'2“&\ Q\/CV\‘\"S %) 4
by £Fers. v W\uh‘fk

£ L
V‘QSQJN\S\":[Q for ch
C bV\?L} L-th"-\

help £- '
©.h. part. v ”‘3 PDQQ)‘W-*‘ e e




D\W\UQ'\ SQ c.fc(\

G’oc& S«W\(’(t Yo X aming 'C.:/‘

NEW ?P8wY S\cs

To vredoce w\emsdﬂf\f} y Rimusa
Candidabey ave sele ted usu\a
(v EnNT f‘r«?e& \a\os WA eas ured
Vesteg 0 esvtions,

C_um(luhhs W\\)s'-t C\\VL ’\'uuo or Ragir_
""(/c-d(s“ v the ’\'0( . § ‘;L&g vView *

80‘70 O'F' ,Q\/QV\J( V2V+((?S ll\ﬂ\/&
\OQQV\ MeRasuved wnnd 6"/0(?55'4
*—L\Vou-)(\ ‘\'L\t S ch/LL\ r"bvvﬁ“‘\ '

.3Q“° o€ events Loun d Li-)
sQanL\ e\loy/nu.\ (FsSSti\? Cu;"‘S)

\f\ou/& ‘AQQ"\ 7 .y (ssvtflu( &n.A QN/y}‘/

\AYD()Q )("O C‘\’I\\S\»\ W\QS% Of A«.‘w\ B')
DQ.QQW\‘OQ\/. '\—\l\zS\s ?voy.cj" 'Qo‘r \/c\h.k Ta.m\

Q"V (“QSQ'\AY A 1\ foﬁ’%xxﬂs St-)V\ O““\UMS




DIMUON SELECTION

SCAN
FRAME

o MEASURE
OTHER
TRACKS
Y 20% of frames
R/F} (X,Y,Z) Y 0.6% of events
DIMUON
PROGRAM

PROB 632
PROGRAM

Y 19% of events

Y 1% of evencs

147 of events
MEASURE ‘ , PROCESS THRU
LEAVING * : GEOMETRY AND
TRACKS XTRAP

Fig. 2.1.7-1
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HOLOGRAPHY IN THE 15° BC

Developed over period of years by
people from Columbia,CERN,Fermilab

Tested in cold 15’ BC just prior to
first E632 run

Took 90K holograms in run (150K pix)

Few, low quality events found

Many problems are now understood and
solutions have been found

Expect to record events over 4.7
cubic meters with 100 micron resol’n
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HOLOGRAPHY PROBLEMS
Volume | imited by fringe motion
during long pulse
Wrong light distribution at BC
Lack of monitoring
Volume | imited by boiling
Volume | imited by stray |ight
Quality possibly |limited by

a) Reference beam change in |ig
b) Microboiling




HOLOGRAPHY SOLUTIONS

| aser improvements
Pulse Stretching:Works usually
Simmering :In progress

l.aser beam transport
Works

Laser beam monitoring
Designed, parts ordered

Dispersing lens/window
Designed, ordered,partially ground

Light baffles
Installed on wall
Partially installed in beanie

Tested 1n warm BC

Fiber optic camera
Being tested at CERN




LASER IMPROVEMENTS

1. Puise Stretching
Want 3-10 microsec pulse
Opto-electronic feedback
Now get 70% good pulses
Need Jon Hawkins et al again

2. Simmering
Want 400 microsec delay from trig
Establish low current arc
then trigger big capacitor
Tufts design
Tom Kovarik building & testing
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LASER BEAM TRANSPORT

Raw beam gives donut at disp lens

Two stage optical relay designed by
Wes Smart

Built with uncoated lenses

Tested sucessful ly—-uniform |light dist

Lenses have been bought-to be coated
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LASER BEAM MONITORING

Want to monitor beam position, shape
and energy while running
System designed by Wes Smart &
Ludo Verluyten (Brussels)
Electronics development by
Herm Haggerty
lLenses ordered
Electronics being ordered
Apertures 77
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DISPERSING LENS/WINDOW

Design with imit on power density
to Iimit boiling
Maximize area to |imit boiling (8x)
Two-lens system to spread |ight
Light angular dist designed by W. Smart
lLens optical surface designed by
M. Peters
Reflection analysis & edge design by
W. Smart |
Order placed
Lens partially ground
Grinding to be done Nov 14-28
Coating to be done Dec 5-19




S e ) o 1 i

3o -
30

r—
- ...r__. e ._4:

2%

.............

._.,.-__r.. [SUGHE S
. T

i

3

}-

!

e
.

T

i

!

: ! ;
oo :

7

i

4

!

‘

{

QG

29

ve;

¥ o

- i_f",i;.ﬁ R T
: R I HEN
!

/6

L4

ja

O, Laser Hal$ Au’lg (a’e])

TP
/0

................

R i

ok

{44 b

...................
NI SEEEE ERERI IVIR] CRRRE ARETY PRORE DUREY FORE PON4

........
......

-

01619

.,....Bioutumaua._u::ut WOY—
W x 81 WILIWILNID 3HL OL 0F X 04



N f W Nt e ey

| |

A dyensrns

r.mzﬂ

o

) NN
l NN AN \\\\\
N RN

~—— z./2f—

beLer Lens<




Ne-H z /
NN
I LA TS SN N D

/™ S S 1
\//ff//f//’/// ///////////// a
S~
A
A\~
.
// F\)‘eb g&lJCA‘
N
7
,4
N N, <, .
/\ _\\\ ((’
N ’(
~
L <




(‘j’ (A/(rv




e e e R R O At +

a%&-&v}t!f;{x;n&w)yﬁ&ip et e e kg
\.,

7 B G e, ol B gat 5 55 L

RS S

TS

:

i

!
i
i

b

B LT, TN T
CRERE H A1 - ) J

P

T

R

YA

77
e

—— eeas . —— m—

— o—— ot
r— —— i




L IGHT BAFFLES

Prevent illumination |ight from
reaching film by scattering off wall

Anodized aluminum only safe material

Venetian blinds black on bottom

Scotchlite on top

Designed for max absorption by
Jeremy Lys (Berkeley)

Built and installed by BC crew
(Partial coverage)

Tested by team from Fermilab & E632

Background now about = ref beam

Must cover rest of ares

Test with new dispersing lens Jan 87
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FIBER OPTIC CAMERA

Want to have backup in case of
a)Wrong reference intensity
b)Change of ref beam by liquid
c)Microboiling

Need to couple and transmit
25-30 microjoules in fiber

Tried by H. Bjelkhagen
Fails In monomode fiber due to

stimulated Brillouin scattering
Works i1n 50 micron multimode fiber

Remaining problems
Speckle due to fiber size
Resolution due to fiber size
Test of design
Engineering design & construction
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