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SUMMARY

We wish to study the forward electromagnetic energy associated with the
two-charged prong topology in 150 GeV/c w p interactions. We believe that
there is evidence of a new phenomenon associated with these photons. We have
tried to explain our data (£-154) on the basis of known reactions with known
particles and cannot do so. We propose adding a gamma ray detector behind the
last PWC plane in the FNAL 30" hybrid system. This gamma ray detector should

have an energy resolution % < 1% and a spatial resolution of less than + 3mm.
We request 108 expansions in the 30" hybrid system with an incident 7 beam of
150 GeV/c. We will trigger the flash when we detect an electromagnetic energy
shower greater than 20 GeV/c. We expect to take 100, 000 pictures of which

9, 000 will contain two-prong events and of which 3, 000 will be the events of
interest, This will be an increase of more than an order of magnitude over our
present data and in addition will have precise information on the photon energy and
distribution. This precise information on the photons should allow us to determine

what is the character of the beam diffraction reaction and whether or not it

represents a new phesomenon,




The purpose of this experiment is to examine the neutral energy moving
in the forwaxrd direction associated with the two-charged particle topology
created by w—p interactions at 150 GeV/c. From experiment 154 (a Tr_p
exposure in the FNAL hybrid bubble chamber system) we have 376 two-prong inelastic
events with an identified proton. We find these events can be classified into three
distinct groups. One group is beam fragmentation, a second group is target
fragmentation, and a third group is not easily categorized. These are shown
in figure 1. We have in our PWC system a crude gamma ray detector. This
detector consists of a two-radiation thick piece of lead followed by three PWC
planes, We can count fired wires in these chambers and get a crude idea of the
intensity of the electromagnetic energy impingingbn the lead converter. We havé
arbitrarily set the scale from 0-6 where 0 indicates no fired wires and 6 indicates
more than 100 fired wires. In the beam fragmented region, there is essentially
always some electromagnetic energy incident on the lead converter with the vast
majority of the events having intensity six. In the target fragmented 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, half the events
have an electromagnetic 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 fragmentation events in detail, within our limited statistics (212 events),
we find rather unexpected distributions.

The first unexpected distribution is that of the P, of the m . Although
the statistics are poor, there is an accumulation of events with Plab of the 7
being 110 GeV/c. There is another accumulation of 40 GeV/c and another at
10 GeV/c. This is shown in figure 3. For comparison, figure 4 shows the 7

laboratory distribution for all events. In this distribution, a high momentum peak




which includeé the leading particle signal (target fragmentation) is clearly visible.
A secénd unexpected feature is the enérgy distribution of the missing
neutrals (beam fragments) which pass through our gamma detector. This distri-
bution has accumulations of 140 GeV /c and 100 GeV /c. This, of course, is the
reﬂection of the w distribution and conservation of energy. This distribution
is shown in figure 5.
The physics questions we would like to answer are: What is the compo-
sition of the neutral energy shown in figure 8?7 Does the accumulation at 140 GeV /c
consist of a single w0 or several w%'s? What are the invariant mass distributions |

0's and the 7 27

between the neutral =% or =

We have investigated the possibility that the phenomena we see result from
a known reaction, such as A~ production. If this were the case, given that the
A isanl spih 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 region of the four
prongs, the ‘1T+ plays the same role as the 7 in the two-prong sample. Figure 6
shows the distribution of this 17+. As can be seen, this distribution (within the
statistics) is quite different from the w distribution (fig. 3), particularly in the
high energy regiomn.

We believe that the above comments indicate a new phenomenon is
occurring in the two-prong events and that a detailed study of this phenomenon is
called for. We have tried many Monte Carlo calculafions to simulate a final state
that might explain our data. These include:

1) 7 4p - AP

non
’_9 p- + 70

I_/\ TTL+ w0




2) w4p > A +p
|

90

L

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

TTO TTO

100 MeV, ’ p—” with widths less than 10 MeV and angular distributions like coség.

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 associ-
ated with the two-prong events. |

We propose to add to the proportional wire hybrid bubble chamber system
a lead glass hodoscope downstream of the last proportional wire chamber that
will have a resolution %-g < 1% and a spatial resolution less than + 3mm. Itis
conceivable that the prototype device associated with E-299 (see rough draft of
E-299 proposal and other plans - attached) would suffice and, hence, we might
have suitable equipment for this experiment by winter 1975.

Using this equipment we WOllid trigger the bubble chamber light flash only
when there was at least 20 GeV energy detected in the doWnstream system. We
would then scan the film for two-prong events and reconstruct all data, including
photons. We should be able to reconstruct =0 and n® mesons. We should also be
able to distinguish up to six gamma rays (3 w0).

We request 10° expansions of the 30" hybrid system with incident 150 GeV/c
7 mesons. We estimate (from our E-154 data) that we will take ~ 100, 000 pic-
tures. Of these, we estimate we will have 9, 000 two prongs and, of these, we
will end up with 3,000 beam fragmentation events. Since we will be measuring
only two prongs, we will use a slightly higher incident flux, 10 tracks per
picture, and this has been folded into the above estimates. Half of the estimated

false triggers come from wall interactions and the othex half from topologies




greater than two prong. The data reduction part of this experiment is quite modest
and we should have quick results once we have the film,

Having the gamma ray data will allow us to determine ¥ four vectors and
form relevant 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.

The cost of the extra equipment is contained in the attachments.




FIGURE CAPTIONS

Figure 1: Scatter plot of the laboratory momentum of the T Versus thg
center of mass value of the Feynman x parameter for the proton.
The sample is all the inelastic two-prong (7 , p) events. Shown
are our definition of beam fragmentation and target fragmentation

regions. Also indicated is the definition of Region IIL.

Figure 2: 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.

Figure 3: 7 laboratory momentum for the beam fragmentation region.

Figure 4 T laboratory momentum for the whole two-prong inelastic (r , P)
sample.

Figure &: 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 missing mass and entered

it into this histogram.

Figure 6: The data for this histogram comes from the four-charged prong
sample with an identified protoﬁ. We made the same cut on the

proton as for the two-charged prong sample and then plotted the




laboratory momentum of the 7r+. Note the events in this sample

‘may or may not have associated missing neutrals.




TI 7~

Plas

- 175,

195.09
190.C0
185 .00
180.00
00
170.C0
lu) OPO
16«.;.00
155,00
159.00
145 ,.C0
140,00
135,00
130.C0
125.09
12C.C0O
115,00
110.C0
1C5 .00
100.00
95,00
90 .00
85 ,C0
80.00
75.00
70.C0
65,00
60.00
55,.G0
50.00
44 .00
4G.C0
35.C0
3G.C0O
25.00
2G.C0
15.00
10.C0

5.00

0.0

pRCJ
BN X
AXTS

LOWR
EDOGE

T V-2 TI°7 + NEVTRALS '
TARGET

150 £Y/¢ FRAGMENTS
\\\*“N“vk' .
11 1
: 1 1
BEAM 1 1 1 1
FRAGMENTS 1 ' 1 1
11 1 1 1 1ol 1
\\\\\\§ 111 11 1 1ili1 o1 1 1 1
" 111 1
3 1221 1 1 12 2 1
2z |11 11 11 1 1 i 11
4 2 1 1 1111 1 1 L L 11
201 1 11 1 1 1 11 11
51 1zl 1 11
3 112 1 S |
1522 i1
5 1 |
611p 1 1 REGiIanse 1ii
24 3
11 1 1
111
151
111 L 1
21 i1 ,
1122 1
2z ]
2341
121 2
571
553 111 1
651 | 1 11
233101 1 1 1
31 41 1 1
142 1 1 L. 1 1
12211 1 ‘
21111111 1 1 1
6933 11 1 11 1
12120 1111 2 11 11 1 ]

\}DO e d ? —————————————————— ‘i" S
135) ) — 75 X PROTON =30
0CCCCCCNTNC0002C37875273740436451332164511234513211012322101201220114021L111011210

¥ # * 3% % ¥ # & £ £ % % ¥ % $ s

- e - e e e - an v i s’ A A e s A e o e mw hew b mem e o T A e M N e R e e R G Ak e SR e e e Wm b mie % v b SR T e e Ah S v S e Ak e Sed e s e wm e .t mm wm em

PETET11110111111600000CQCCOQ0CECCACCCCCCCCCCCCOCCCCOCO0O0a0ccCClCut00903000063C0

11IlllOOQ‘CCOLOCUUU@QQQ@% EEORABENBRTTTTTITTITTTEEECEEEEEEH5955555858544444400043333

HHHHHMHHHr—qu—tHHHHMHHMMHHHMHMMHHHHHHHHHHHH

—
[ScIRVs Bles BECC RN N SR CURE b R e

P
I~

18

i ]
e A

fon
(8%

1

[andiE SRR ol =)
DWW ~N~NU NS ~N~NwD o>

et
joolil 20!

12
27
16

FRCJ
CN Y
AX IS

FlevRE




- )
&

EVEN1 

o

L

\
H

LER L

L.

N U ML

L

I3
L)

t

womir e A

ey

REGTOM T

> 6 0 1 2

ENERGY (Mz'a.fﬂiﬁi

Y UMITS)

FICURE 2




T *F%,WMF"L MEUTRALS

150 Gev/c

D

4p b BERM FRAGHENTATION REGION

on. i

N
%
!

!

Mot Syt e 2

-~
L
..,

s AT RO L A

5,‘/ 10 G@_V/r

I L Ve G T,

NT
(]
o]

EVE

=)
i

: FIGUSE 3
o . { i i i ] "w—ll

50 160 ‘ 1570




RS

f’.—i — . 2 H 4
mp—= 1 p+ VEVTRA

| 150 Gé%J;J(

LS




o

=

Q | 0l - f?ﬁ

M S &

FIGURE &

] | ! } e LS i

4p . 70 50..,.
COMPUTED EWERGY OF MISSING KHEUTEALS [6eV)



U

I

F

R g o S

N J

. s
\uY
R

[on W <D

{ W

o
fr
e

A8 %}

ol

tn i

s
\oy

.
5

ho -

’

MU.U
/9 i/ SLNIAG

10~



Proposed
Draft Agreement

This is an agreement between Fermilab and Professor I. A. Pless of
M. 1. T. representing the experimenters of Experiment No. 299. This document
contains enumération of the major items needed for the proper execution of
Experiment No. 299 as éxpressed in the proposal for the experiment and subse-
quent correspondence. This agreement covers Phases I and II of the experiment
and is outlined in Appendix L
A. Personnel
1. The experimenters committed to this experiment are:
D. G. Fong, A. M. Shapiro, M. Widgoff, Brown University;
G. Ascoli, B. Eisenstein, U. Kruse, L., Peek, T. Roberts,
R. Sard, L. Seward, A. M. Snyder, J. Toxtora, University
of Illinois; R. A. Burmstein, C. Fu, D. V. Petersen, M. Robertson,
H. A. Rubin, Iilinois Institute of Technology; E. D. Alyea,
C. Ellis, W. Farmer, K., F. Galloway, H. ]J. Maxtin,
R. A. Mercer, M. Morrison, J. E. Mott, Indiana University;
C.-Y. Chien, A. Pevsner, V. Sreedhar, R. A. Zdanis,
Johns Hopkins University; J. Grunhaus, E. Hafen, R. Hulsizer,
U. Karshomn, V. Kistiakowsky, P. Marcato, A. Napier, I. A. Pless,
P. Trepagnier, B. Wadsworth, J. Wolfson, R. K. Yamamoto,
Massachusetts Institute of Technology; E. B. Brucker,
E. L. Koller, R. ]J. Plano, S. Taylor, T. L. Watts,
Rutgers University/Stevens Institute; J. Barwick, H. Bréshear,
W. Bugg, H. Cohn, G. Condo, T. Handler, E. Hart, B. Meadows,
University of Tennessee/Oak Ridge; D. Bogert, M. Johnson,
H. Kraybill, T. Ludlam, P, Maxrtin, H. Taft, Yale University/

Fermilab.




4‘.o

5,

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 addi-

tion, the universities will supply at least two full-time people

stationed at Fermilab during the testing and installation period

of the drift 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 of the drift chamber and gamma ray detec-

tox.

The scientific spokesman for this experiment is I. A. Pless.

The presently assigned Fermilab physicist is L. Voyvodic,

Equipment and Beam:

1.

The instrumentation and experiment will be done using the

N3 beam to the 30-inch hybrid bubble chamber facility located

in the neutrino area.

The beam will be equipped with appropriate quadrapoles, bending

magnets, collimators, and with additional instrumentation as

described herein.

Fermilab will provide:

aa

The secondary beam, hybrid bubble chamber and beam

enclosures

Instrumentation for tuning and controlling the beam,
including C érenkov counters

Data ta‘gglng computer

Space in bubble chamber high bay area for downstream

detecting equipment




e. Standard electronics; CAMAC crate and modules $ 32,000
£, Cables from bubble chamber high bay area to
Laboratory A ‘ $ 5,000

g. Lead glass and photo tubes 48 pieces

5

(existing) Value ($50,000)
New Equipment $ 37,000
Existing value ($50, OOO)
4, The experiments will provide:
a. Drift chamber with 1, 2 meter diameter active
area and read out system $ 40,000
b. Lead glass gamma ray detector with . 75 meter
X . 75 meter active area and read out system - $ 80,000
New Equipment $ 120, 000
5. Operating costs:
a. Rigging | $ 5,000
b. Film (L. 2 x 108 pictures)
Cc. Bubble chamber operation
d. Computer time (PDP-10 + CDC 6600)
C. Funding:
1. Fermilab funds are available in FY 76 for the items in Category B3.
2, Each university will approach its funding agency (ERDA, NSF)

for an incremental increase of at least $10,000, This will pro~
vide a base of $90,000 or greater to fund this experiment.

R. K. Yamamoto was chosen to be the treasurer to monitor the
university funds. (ORNL will provide $30, 000 to augment the |
university funds which will be spent mainly on item B. 4a. M. I, T.

will try to furnish $60, 000 which will be spent mainly for item B. 4b)




D.

Spe

1,

cial Considerations:

It is recognized that the experiment is in two phases. The two

phases of this experiment are based on Dr. Goldwasser's letter

of November 22, 1974, Ref. 299. It is understood that Phase II

is contingent on major completion of Phase I and on the approval

of a new physics proposal by Fermilab. |

a. Phasel 600 x 107 pictures: approved.‘
i, 500 x 10° pictures with a mixture of r and p at 150 GeV/c
ii, 100 x 10% pictures of w at 150 GeV/c

b. Phase Il 600 x 103 pictures:
i, 400 x 103 pictures with a mixture of 'n'+ and p at 150 GeV /c
ii, 200 x 108 peitures of w at 150 GeV/c

Beam characteristics

a. Each picture shall contain between 6 and 10 tracks.

b. Beam should have a # filter to optimize 7r+/p ratio.

c. For the w@ aund P exposure the w+/p ratio shall be more
than 1/3. This can be obtaiﬁed by controlling the bubble
chamber flash lamps by means of a suitable monitoring system.

d. The beam spill to the bubble chamber should be 100 micro-
seconds ox longér.

Testing time

a. Experimenters estimate that the installation of the gamma ray
detector and drift chamber will take one month. In site
testing of the system will require two months. A beam spill
of 100 microseconds or longer is required.

b. A short test run with 5,000 correlated bubble chamber pic-

tures will be required to fully certify the installation.




E. Experimental Planning Milestones (tentative) 2

1,  Construction of prototype drift chamber 1 May 1975
2, Construction of prototype lead glass hodoscope 1 June 1975

3. Beam testing of prototype system 1 Sept. 1975
4, Construction of drift chamber A 1 Dec. 1975
5. Construction of gamma ray detectox 1Jan. 1976
6. Installation of equipment o 1.March 1976
7. Test of equipment 1 April 1976
8. Data collection , 1 July 1977

Appendix

In Phase I of this experiment the experimenters will receive and start to
analyze the 600 x 10% pictures approved by Fermilab, These pictures will be
divided between a Tr%/p exposure gnd T exposure at 150 GeV/c. Phase II of
this proposal anticipates an additional 600 x 10° pictures at 150 GeV/c, also
divided between TT'+/p and 7 incident particles. Phase II is based on
Dr. Goldwasser's letter of November 22, 1974, Ref. 299, As stated in the body
of this agreement, it is understood that the receipt of the pictures requested
in Phase I1 is contingent on a major completion of the already approved Phase I
and on the approval of the physics by Fermilab.

As part of the ongoing program to‘ improve the Fermilab 30-inch hybrid
bubble chamber system, the experimenters will design, construct, and bring into
operation a large drift chamber and a gamma ray detector. These two devices
will increase the acceptance of the hybrid system for charged particles and give
information on the direction 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 operational, they will be turned over to

Fermilab to be operated as a general facility,




Exploratory discussion for setting up a beam line test for the 299 lead glass hodoscope

i ? ra) P e lkeY
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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 be a reference point of discussion 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.P_ ~ 0.3%

c) 25 < p < 200 GeV/c

d) PDP-11 computer plus scope

e) NIM LOGIC - borrowed

1) beam counters

Remote CAMAC System - Fermilab

a) CAMAC CRATE

b) serial crate controller system
c) parallel to serial converter
d) 12 channel A to D converter (borrowed or bought)

5 element %, 5 element y 2 dimensional lead glass hodoscope - Fermilab

a) glass and photo tubes

b) box

c) movable carriage

d) calibration tubes and pulser
e) cross slide |

Calibration system and data ~ PHSC

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

Binary glass system - Fermilab
a) glass 12" x 12" by 2", &', 1", 1"

b) mount for above




6. Hole counter system - PHSC
a) two counters

i) 1" diameter
i) 14" diameter with 3. 6 mm diameter hole in center

b) photo tubes - 56 AVP
c) bases - 5 nanosecond pulse
d) =~ two-dimensional cross slides with 4" travel
7. Software - PHSC |
a) data gathering
b) histograms
8. Off-line computer time - Fermilab-PHSC
As noted above, the outline is not meant to be an agreement but rather

the basis for discussion so that an agreement can be reached. The enclosed
sketch is just a rough idea of how the test might go. :

M. Johnson
I. A. Pless

11 February 1975
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Outline for the Joint Construction between the European FGD Collaboration

and the American PHSC-Fermilab of a Forward Gamma Detector

The following outline is the result of discussions between Gigi Ventura
- and Irwin Pless. These discussions followed presentations to the whole PHSC—Fermilab
and a subgroup of the PHSC -Fermilab. |
The purpose of this outline is to delineate construction ideas and pre-
liminary responsibilities for accomplishing two objectives. The first objective
is a preliminary study of the critical parameters of the system. This will involve
a test period in the Fermilab beams with a prototype representing a minimal
configuration. The second is the construction, installation, and operation of
a full-size Forward Gamma Detector in the F ermilab 30" Hybrid Bubble Chamber
System, to be used for physics experiments., It is anticipated that the equipment
will remain at Fermilab through 1 January 1977,
I. Preliminary Test
A, Size:
1. Full-size along beam direction
2. One quarter area perpendicular to beam difection
B. Components:
1. 4block 15 x 15 x 60 cm?
a. Responsibility
i. TFGD
2. 30 x 30 cm? two coordinate scintillation hodoscope
a. Responsibility
i. FGD
3. 31,5 x 31,5 cm? two cooxdinate lead glass hodoscope
a.‘ Responsibility

i. PHSC-Fermilab




I. B.

-2-

30 x 30 cm? three coordinate PWC hodoscope

a. Responsibility

i. PHSC-Fermilab
64 Channel ADC - 10 bit
a. Responsibility

i. FDG. - borrowed

ii. PHSC -Fermilab - borrowed
NIM Logic
a. Responsibility

i. PHSC-Fermilab
Calj_bration phototubes ~ 2 each
a. Respoﬁsibi]ity

_ i. FGD

Movable Carriage
a. Responsibility

i, PHSC-Fermilab

II. Operational Hardware

A.

Bh

1

2‘

1.

Size:
30 radiation lengths along beam direction
60 x 60 cm? perpendicular to beam direction

Components

Lead glass counter
1. 16 blocks 15 x 15 x 60 cm?
a. Responsibility
i, FGD
ii. PHSC-Fermilab
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. Calibration tube and two-dimensional remote control [1]
a. Responsibility
i. FGD

ii, PHSC-Fermilab

Cot

. Nitrogen box
a. Responsibility
i. PHSC-Fermilab
2, Vertex hodoscope
1. 60 x 60 cm? three coordinate scintillation hodoscope
a. Responsibility
i. FGD
b. Calibration tube and remote control system [ 1]
a., Responsibility
i. FGD
2. Nitrogen box
a. Responsibility
i. FGD
3. Lead glass hodoscope
1. 62.5x62.5cm®?  two coordinate lead glass hodoscope
a. Responsibility
i. PHSC-Fermilab
2, Calibration tubé and one-dimensional remote control [4]
a. Responsibility
i. FGD
ii. PHSC-Fermilab
3. Nitrogen box
a. Responsibility

i, PHSC-Fermilab




4, Drift chamber
1. 120 x 120 cm? drift chamber
a. Responsibility
i. PHSC-Fermilab
HR Mechanicai mount
1. Two-dimensional remote control mechanical mount for items
1, 2, 8, 4, and 5.
a. Responsibility
i, PHSC-Fermilab
6. Calibration device [6 each ]
1. Tubes - nuclear services - ADC - Self Trigger - LED
a. Responsibility

i. ¥GD

This document just recoxrds, as mentioned above, informal discussions
between Drs. Ventura and Pless. This document is not meant to be a binding
commitment but,rather, a basis for discussion before any final commitments are
made. In particular, the attached rough sketch is only that; much effort must be
expehded before these crude ideas become a working scheme,

G. Ventura
I. Pless

30 January, 1975
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A is a reference PM, whose gain is kept constant by monitoring the light pulses
from the Nal (Am 241 doped) source N, The LED L can be moved, by computer
control, over the central regidn of the faces of lead glass blocks 1, 2, 3, etc. to
control the stability bf their gains, and over A to check for shifts in the light output
of L itself. Since for the lead glass counters a pulse intensity is needed
equivalent to the light from a shower of séveral tens GeV, while the pulses
from N correspond to or ~ 1 GeV shower, an attenuating filter F is set between

1. and the photocathode of A, so as to roughly equalize its outputs for L and N,
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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 w° is also produced
in 150 GeV/c w—p interactions. We will also perform high statistics studies of
the four, six, and eight charged particle channels without neutrals and inclusive
studies of 7° production as a function of rapidity. We will also study the forward
going electromagnetic energy associated with the two-charged prong topology in
150 GeV/c w p interactions. We believe that there isr evidence of 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 system. This gamma ray detector should have an energy resolution
AEE < 1% and a spatial resolution of less than & 3mm. We request 10° 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 phenomenon.
The precise information on the photons should allow us to determine what is the
character of the beam diffraction rcaction and whether or not it represents a new
phenomenon. This rpart 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 7® production and 2) a study of the forward going neutral energy associated with
the two charged particle topology, both in 7 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 (m -p at 147 GeV /c),
we believe that it is possible to use a slightly higher incident flux and therefore
request 10% pictures with ten tracks per picture of m 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 experiment 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 7%'s is produced. In order to accomplish this we propose to add
to the proportional wire hybrid bubble chamber system a lead glass hodoscope down-~
stream of the last proportional wire chamber that will have a resolution —AEF- ~ 1%
and a spatial resolution less than 4 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 should be able
to reconstruct w° and 7;0 mesons and should be able to distinguish up to six gamma
rays (37%. Thus, we would be able to perform a study of the.two, four, six, 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 pérmit high statistics studies of the four,
six, and eight charged prong topologies with no neutral particles and comparison
with the corresponding channels with w° mesons should prove extremely fruitful.
For example, our E-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 Or  events make an important contribution to the beam dissociation cross
section in the Ay and A, mass region and there is some evidence for a contribution
from £f97 . 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. It would obviously be of great interest to obtain results for the four
charged prong, one ©° 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 evidence 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 axis. 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
éxperiment 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 system
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 fragmentation 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 maj grity of the
events having intensity zero. In the third region, half the events have an ele_ctro-
magnetic intensity zZero and the other half have electromagnetic intensity six. This
is shown in figure 2,

This in itself is interesting but not unexpeéted. However, when we look at
the beam fragmentation events in detail, within our limited statistics (212 events),

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

Although the statistics are poor, there is an accumulation of events with Plab‘ of the
m  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 7
laboratory distribution for all events. In this distribution, a high momentum peak

which includes the leading particle signal (target fragmentation) is clearly visible.




A second unexpected feature is the energy distribution of the missing
neutrals (beam fragments) which pass through our gamma detector. This distri-
bution has accumulations at 140 GeV/c and 100 GeV /c. This, of course, is the
reflection of the v distribution and conservation of energy. This distribution
is shown in figure 5,

The physics questions we would like to answer are: What is the compo-
sition of the neutral energy shown in figure 5? Does the accumulation at 140 GeV /c
consist of a single 70 or several w's? What are the invariant mass distributions
between the neutral w° or w%'s and the w ?

We have investigated the possibility that the phenomena we see result from
a known reaction, 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 region of the four
prongs, the Tr+ plays the same role as the w in the two-prong sample. Figure 6
shows the distribution of this 'n'+. As can be seen, this distribution (within tﬁe
statistics) is quite different from the = distribution (fig. 3), particularly 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 phenomenon is
called for. We have tried many Monte Carlo calculations to simulate a final state
that might explain our data. These include:

1 TAp-> A +P
" 1t

l—) p ot

L} *rrk+ 70



2 mw4p- A +p

nfan o+ 1?_

w00

To match the data with reaction 1), one requires "Af" with widths less than

100 MeV, ”pu " with widths less than 10 MeV and angular distributions like cos€g.
We have not found parameters that allow us to métch 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
frames would be scanned for two 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 sincé the scan of preselected frames
for two prongs would ha = the first priority, we should be able to pei‘form this part
of the experiment in a short time.

The gamma ray data will allow us to determine 7° four vectors and form
relevant 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 wnb interactions at 150 GeV /¢ is
requested. The film will first be scanned for two-prong events assbciated 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 forming the Pfopor*
tional Hybrid System Consortium (PHSC). If necessary, the number of groups
involved in the experiment could be expanded to permit a more rapid reduction of

the data.



Table ]

Number of Events for 108 Pictures with Ten Incident m  Mesons Per Picture for
m 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 1,800

8 | 49, 000

=z 10 75,000

All events v 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 7 versus the
center of mass value of the Feynman x parameter for the proton.
The sample is all the inelastic two-prong (r , p) events, Shown
are our definition of beam fragmentatioﬁ 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 tx}.ro 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.,b As might be expected, in the
beam fragmentation region there is relatively more electromagnetic

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

w laboratory momentum for the whole two-prong inelastic (r , 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 missing mass and entered

it into this histogram.

The data for this histogram comes from the four-charged prong
sample with an identified proi;on. We made the same 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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Agreemnant

This is an Agreement between Fermi National Accelerator Laboratory

and the experimenters of Proposal No., 22%9. This document contains

an enumeration of the major items needed for the proper execution

of Experiment No. 299 as expressed in the proposal for the experiment

and subsequent correspondence. A one page summary describing the

current research objectives of this experiment as expressedhby the

experimenters is given in Appendix I.

A. Personnel

l‘

The experimenters committed to this experiment are:

D.G. Fong, M. Heller, A. Janos} A.M. Shapiro, M. Widgoff,

Brown University; J.W. Cooper, R. Plumer, R.D. Sard,

A.E. Snyder, J. Tortora, University of Illinois; R.A. Burnstein,
C. Fu, H.A. Rubin, Illinéis Institute of Technology; E.D.,Alyea;
Indiana University; L. Bachman, C.~Y. Chien; P, Lucas,

L. Madansky, A. Pevsner, R.2Z. Zdanis, Johns Hopkins University;

"J.E. Brau, J. Grunhaus, E.S. Hafen, R.I. Hulsizexr, U. Karshon, .

V. Kistiakowsky, P.A. Millex, A. Napier( I;A- Pless,

p.C. Tfepagnier, J. Wolfson, R.K. Yamamoto, Massachusetts
Institute of Technology; S. Centro, G. Ciap&tti, M. De Gioxgi,
D. Pascoli, L. ﬁentura, D. Zanello, Padova/Rome; E.B. Brucker,
P.F. Jacques, M.D. Jones, E.L. Koller, T.C. Ou; R.d. Plano,

C. Sun, S. Taylor, T.L. Watts, Rutgers University/Stevens
Institute/SUNY, Albény; J. Barwick, W. Bugg, H. Cohn, G. Condo,

R.D. McCulloch, University of Tennessee/

T. Handler, E. Hart,
Oak Ridge; D. Bogert, M. Johnson, H. Kraybill, p. Ljung,

T. Ludlam, H. Taft, Yale University/Fermilab.




2. In addition, the university groups expect.to involve three
other physicists, six engineers, three draftsmen, and
twelve technicians during various phéses of the experiment.
Iin addition, the universities will supply at least two
full-time people stationed at Fermilab during the testing
and inétallation period of the drift chambers and gammé
ray detectors at Fermilab.

3. R.K. Yamamoto was chosen to bé Project Manager to direct
all aspects of the.design, construction, installation,
testing,'and initial operation of the drift chamber and
gamma ray detector.

4. The scientific spokesman for this Experiment is T.A. Pless.

5. The presently assigned Fermilab liaison physicist is

L. Voyvodic
Bquipment and Beam:

1. The instrumentation and experiment will be done using

the N3 beam to the 30-inch hybrid bubble chamber facility

located in the neutrino area.
2. The beam will be equipped with appropriate qguadrupoles,

'bending magnets, collimators, and with additional instru-

mentation as described herein.
3. Permilab will provide:

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

the beam, including\férenkov counters (30.0K)
¢. The 30-inch Fermilab bubble chamber with

rnanpower for bubble chamber operation and

beam line technicians. It is undefstood

that the experimenters will assist in theée

efforts.


http:expect.to

J.
k.
1.

me.

The film and film proce?sing 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 $(14.6K)

Upstream system and interfaceé (23.3K)

Cables, power supplies, etc. (13.0X)

,P}oportionél wire planss with 6" radius active area

for downstream system | - {19.4K)

Downstream systems and interfaces (10.0K)

Cables and power‘supplies for downstream system (15.0K)

- Enclosure for detectors ( 2.0K)

Data tagging computer - existing PDP-11 (80.0K)

The experimenﬁers regusst the use of ‘an existing

computer in Lab A for debugging equipment. Cables

and serial read-out equipﬁent must be installed

to Enclosure 114, 6.0K

Space in bubble chamber high bay area for down-

stream detecting equipmant -

Standard PREP electroﬁics, CAMAC crate and

modules (see Appendix II) 78.7K

PREP cquipmént presently assigned to E154 ( 1.3K)

Cables from bubble chamZzer high bay areé to

Lakoratory A ( 5.0K)

Lead glass‘phéto tubes - 48 pieces (existing) : (lS.OK)

Rigging IS.OK

Fast turn around CDC 6600 time (50 hours) -

New Costs $ 89.7K

Existing value .$(228;6K) '

Total S s18.3K




The

University experimenters and Oak Ridge National

Laboratory will provide:

a‘

The

b-.

C.

Funding

1!!

prift chamber with 1.2 meter diameter active
area and read out system

Lead glass gamma ray detector with .75 meter
X .75 meter acﬁive area and read out system

Total New Eguipment

Fermilab Physics Department will provide:

Computing time on IBM 3?0/195 (10 hours)
Three (3) scanner/measurer-months on Fili
Analysis Facility with PDP-10. To be decided

later.

Funds towards item 4. above
Total Cosk

40.0K

 80.0

$120.0

-

5. 0K

8 - 5}\/

Fermilab funds are available in FY 76 and FY77 for items in
Category B3. The Fermilab Neutrino Department budget

codes for this experiment are ENU (operating) ana'EAH

(equipment) .

The budget codes of the university expeiimentérs at Fermiliab
are _ (operating) and __ (equipment). The budget codes
for the Fermilab experimenters through the Physics Department
are _ (operating) and __ (equipment).

Each uhiversity will approach its funﬁing agency (ERDA, NSF)
for an incremental increase of at least $10X. This will
provide a base of $90K or greater to fund this experiment.
R.K. Yamamoto was chosen to be the treasurer to monitor the
university funds. (ORYL will provide $30K to augment the

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



D. Special Considerations:

1.

It is recognized that the physics under investigation in
Experiment #299 has been expressed in two phases. 1t

is understood that Phase II of this investigation is
contingent on completion of Phase I and on the approval

OX a separate proposal by Fermilab.

N

é. Phase I ~ 600 x 10° pictures: (approved)

i, 500 x 10° pictures with a mixture of = and p.
at 150 Gev/c {158 103 pictures already have
been taken as of the signing of this document)

ii. 100 x 103 pictures of n at 150 GeV/c

b. Phaée IT - 600 x 103 pictﬁres:«{requiring'a new proposal)

1. . 400 x 103 pictures with a mixture of wt and p
at 150 GeV/c

ii. 200 x 10° pictures of m at 150 GeV/c

As part of the ongoing program to improve the Fermilab

30-inch hybrid bubble chamber system, the experimenters

will design, construct and bring into operation a large

4]

drift chamber and a gamma ray detector. These two devices

will increase the acceptance of the hybrid system for
charged particles and give information on the direction

and energy of gamma rays. The experimenters will furnish

the equipment describod 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 spactro-

meter system.




3. Beam characteristics and bubble chamber operation.

& .

Beam will use the available filter to optimize the
ﬂ+/p ratio. This will nominally be 1/3 or greater.
The nominal beam spill to the bubble chambexr should

be 100 microseconds or longer5

The experimenters will be providéd with 35 mm £ilm.

The bubble chamber will berperatedrin a multi-pulse
mode during each accelerator cycle.

The 30-inch magnet will be operated at approximately 25
The fiim is the property of the Fermi National Acc~-
elerator Laboratdry and”is on loan to thé experimenters
for an éighteen (18) month period starting with the
date of exposure. Follo@ing this period the film is'
to be returned to Fermilab for possible réassignment

to other approved research groups unless an extension
of the loan has been arranged. |

The picture count is to be determined by the frame
counter. Reasonable care wili be taken by the beam

line technicians and bubble chamber crews to provide

quality pictures.

4. Testing time

.

Experimenters estimate that the installajiion of the
gamma ray detector and drift chamber will take one
month. Qn 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.

The, experimenters will provide all programs, magnetic

tapes and consumable items for the on-line conputer

systemn.

Six (6) copies of all publications or preprints for work

done at Fermilab will be sent by the Scientific Spokesman

for this experiment to the Director of Fermilab.

Experimental Planning Milestcnes (tentative)

Construction of prototype lead
glass hodoscope

Beam testing of prototype lead

glass system (requiring about 1

week of prime running in N3 hadron

beam at 50 GeV)

Construction of prototype drift

chamber

Test prototype drift chamber

(requiring parasitic use of N3

hadron beamn)

Construction of drift chambers
£~

Construction of gamma ray

-

detector

Installation of eguipment

Relative

t —~10 mos.
o)

t -9 mos.
e}

t -7 mos.

t —6 mos.

—4 mos.

t —3 mos.

Estimated

__Date_

1 Sept,

1 Oct,

1 Jan,

1 Mar,

1 Mar,

2

197!

1975

1975

1976
1976

1976

1276



8. Test of equipment tn“2 mos ., 1 May, 1¢
9. Data collection ~ ts . 1 July, 1
10. Completion of experiment to+6 mos. -1 Jan, 1t

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

program develops. This Agreement will be amended when necessary.

f’%/( Yos s

ﬁm@s R. Sanford (Date)
Fermi National Accelerator Laboratory

/
boi & Pl Violrs

I. A. Pless (Date)
Massachusetts Instlfvte of Technology




Appenaix I
Current One-Fage Summary of Physics Objectives and Experimental

Techniques for Experimant 299

Precision Study of High Energy Collisions Induced by Incident 150 GeV/c

Pions and Protons

The experiment will be performsd using the Fermilab Proportional

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

R *
will be taken of which 500,000 will he with 7 - and protons on hydrogen
at 150 GeV/c, and 100,000 with T on hydrogen, also at 150 GeV/c.

The objective of the experiment is the study of the following

topics:
1) Charged pérticle multiplicity moments
2) Production spectra for charged and neut;al pafticles
3) Leading particle and diffraction phenomena
4)y Correlating in momentum and rapidly among the produced

particles

5) Factorization of production amplitudes with respect to the

guantum numbers of the incident particle.

+
In addition, we expect to make a preliminary study of K—-p and

'pp interactions.
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Appendix II

New PREP Equipment for Experiment #2993
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Exploratory discussion for setting up a beam line test for the 299 lead glass hoJo:,com

The following is a suggested outline ior determining the important encrgy
and special characteristics of the lead ¢ Cl:»Sf) hodoscope suggested for the 299 gamma
ray detectoxr. This outline is meant to be a reference point of discussion 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) LR 0,39
p
c) 25 < p < 200 GeV/c
d) PDP 11 commxter plus scone
e) NIM LOGIC - borrowed
) " beam counters

2, Remote CAMAC System - Fermilzb

a)-" ~ CAMAC CRATE
b) A ‘semal cxate controller system
: c‘)ur parallel to serial converter
d) 12 channel A to D convertzr (borrowed or bought)

3. 5 clement x, 5 element y 2 dimensional lead glass hodoscope ~ Fermilab

a) glass and photo tubes

b) box

c) movable carriage

) calibration tubes and pulssr
c) cross slide

4. Calibration system and data ~ P=5C

a) similar to that described in FGD and PHSC - Fermilab agreement
b) provide phototube + sourcz +neutral density filter and mount,
c) use Fermilab neon tube ard pulser

5. Binary glass system - Fermilab

a) plass 12" x 12" by 1Y,

YRR

b) raount for above




- 8.

Hole counter system - PHSC
a) two counters

iy 1" diameter , - -
i) 14" diamcter with 3. 6 mm diameter hole in centex

b) photo tubes - 56 AVP

c) bases - 5 nanosecond pulse

d) fwodimensional cross slides with 4" travél
Software - PHSC

a)" - dé,ta gathering

b) histograms

Off-line cvomputer time - Fermilab-PHSC ) .

As noted above, the outline is not meant to be an aga:é ement but rather
the basis for discussion so that an agreement can be reached. The enclosed
‘sketch is just a rough idea of how the test mi gut go. ' -

M. '}ohnson
I. A, Pless

11 February 1975 '



Outline for thie Joint Construction between the European FGD Collaboration

and the American PHSC-Fermilab of 2 Forward Gamma Detectorx

The following outline is the result of discussio,ns between Gigi Ventura
and Irwin Pless. These discussions followszd pres entations to the whole PHSC-Fermilab
and a subgroup of the PHSC ~Fermilab.

The purpose of this outline is to delineate construct_:ion id‘CélAS and pre-
liminary responsibilitics for accomplishing two objectives. The first objgzctive
is a preliminary study of the critical parameters of the sjfstém° This will involve
a test périod in the Fermilab beams With a prototype repi:esenting a mlmmal
configuration, The second is the construction, ins.tallation,. and 'opération of
a fqll—sivze Forward Garﬁma Detector in the Fermilab 30" Hybrid Bubfale Chambei
System‘,. to be used fér physics experiments, Itis anticipated that the G:quipméht
will remain at Fermilab through 1 January 1977. |
I. Preliminary Test

A, kSize: |
. 1. Full-size along beam direction
2. Onc quarter area perpendicular to beam direction
"B. Components: |
1. 4 block 15 x 15 x 60 cm3 ‘ .
a. Responsibility
i. FGD
2. 30 x 30 cm? two coordinate sciztil}.atién hodoscope
a. Responsibility
i. FGD

31.5 x 31,5 ¢m? two coordinate lead glass hodoscope

o

a. Responsibility

i. PHSC-Fermilab
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30 x 30 cm?® three coordinate PWC hodoscope
a. Responsibility
i. PHSC-Fermilab -
64 Channel ADC - 10 bit
a. Responsibility
i. FDG - boxrowed

ii, ~ PHSC-Fermilab - borrowed

NIM ‘Logic

a. Respbns ibility

~i.  PHSC-Fermilab
Calibration phototubes - 2 ‘each
a. Responsibility

i. FGD

Movable Carriage

" a., . Responsibility

i. PHSC~Fermilab

. Operational Haxdware -

A

10

2.

Size:

30 radiation lengths along beam direction

60 x 60 cm? perpendicular to beam direction )

Components

1.

Lead glass counter
i. 16 blocks 15 x 15 x 60 cim?
a. Responsibility
i. ¥GD

ii. PHSC-Fermilab
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2. Calibration tube and two-dimensﬂmal remote control {17
a. Responsibility
i. FGD
ii, PHSC-Fermilab
3. Nitrbgon box
a.’ Responsibility |

i. PHSC-Fermilab

2. Vertex hodoscope

1. 60 be SQ em? three coordinate scintillation hodoscope-
a. Responsibility |
i. ¥GD
b. Calibraticn tube and remote control As»ys.térrn (1]
a. Responsibilit_y o

i. FGD

2. Nitrogen box

a. Responsibility
i. FGD

Lead glass hodoscope

1, 62.5x62.5 cm? two coordinate lead glass hodoscope

a. Responsibility
i.' PHSC-Fexmilab
2. Calibration tube and one-¢imensional remote co:ﬁ}:ol [4)]
a. Responsibility
i. ¥GD
ii. PHSC-Fermilab
3. Nitrogen box
a. l‘{cspons‘il')ility

i. PILISC-Jrermilab




4, Driﬁ: chamber,
1. 120 x 120 cm? drift chamber
a. Responsibility
i. PHSC-TI'ermilab
5, Mechanical mount
1. TWO*dimensioml reméte contr'oi mechanical mownt for items
1, 2,8, 4, and 5 |
é., R.espcnsibility :
| i. PHSC-Fermilab
6. C‘élibration device [6 each]
1. Tubes - nuclear services - ADC - Self Trigger - LEDV’
a. Responsibility -

i. FGD

- This document just records, as mentioned above, il1f§rrrxa}. discussions
between Drs. Ventura and Pless, This document is not meant to be a binding
commitment hut,réthef, a basis for bdiscussion before any final commitments are
made. In particular, the attached fough sketch is only that; much effort myst be
expended before these crude ideas become a working scheme, |

| H G. V entura
I. Pless

30 Januaxy, 1975
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A is a reference PM, whose gain is kept constant by monitoring the light pulses
from the Nal (Am 241 doped) source N. The LED L can be moved, by computer

control, over the central region of the fzces of lead glass blocks 1, 2, 3, ete, to

control the stability of their gains, and over A to check for shiits in the light output
unters a pulse intensity is needed

[RADR o M)

of L itsclf, Since for the lead glass ce

equivalent to the light from a shower of several tens GeV, while the pulses

from N correspond to or . 1 GeV shower, an attenuating filter I¥ is set between

L and the photocathode of A, so as to rouzhly equalize its outputs fox I and N,
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