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I. INTRCDUCTION

We propose an experimental progrem for studying the interactions

of neutrinos on hydrogen and deuterium for neutrino energies above

15 Gev. This program includes measurements of’:

a. the total cross section to see if it saturates or remains linear
in neutrino energy,

b. distributions in the deep~-inelastic region to test scale invariance
and various models such as Pomeron exchange and the parton hypothesis,

c. the elastic differential cross section to learn more aboltt nucleon
form factors,

d. interactions involving W mesons, if they exist.

A detector similar to the l4-Toot BYNL butble chamber, suitably altered
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analysis of the finzi-state hadrons.
In the case of neutrinos, only the direction of the incident lepton
is known, and it is necesgsary to determine its energy E. This can be

. . . 0
done by measuring the energies of all final n '

s, charged hadrons,
neutréns, and leptons {(muons). Provided we identify which of the
final particles is the outgoing lepton (energy E'), we can make the
same analysis as in deep-inelastic electfon. scattering. . The total

and the "elastic scattering” cross sections will alsc bhe measured.



79

e
Pubble-chanber detection of neutrine events provides precise
information on the location of the interacﬁion vertex as well as
the momnenta of all charged oﬁtgoing particles., Pnotons from ﬂo's

n.As -

. .. i © A .
are detectsd with essentially 100 /o efTicicerey by a proportional

-

guantaneter {lead plates with wire coordinatle planes in the gas gaps ),

and spatial information as well as the lotal electromagnetic encrgy
45 obtained. A provoriicnal haorometer (copper or concrete plates
with wire coordinate planes in the gas gaps) determinces the energy

in nuclear cascades and traces lrdividuzal radron tracks. HNeulrons

are also detectad in the hadromets

avsorope B re suppressed by
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and leptcn energles through track curvature, while the guantameter

deterinines tne total electromapnetic enarsy te aboutl the same precision.
e o} rons 1s Getecued the hadro-
meter lo scnewnat less accuracy, bub this coaspenent is normally a small

fracticn of 1he totael, Deotalled vertex inf
tage, as already meniticned. Third, the angular acceptance is large,

ntwn and lepton~enorgy transfers 1sg

sampled with good efficiency. Finally, since the muon erergy 1s

determined in the bubble chawber, the thickness of the muon detector



is much less than the muon range.

In Section IT we discuss some of the measuremants thatl might be
made in the neuirino energy range from 15 to 80 GeV. We use these
consiéerations,as the basis for designing detectors. Section IT also
contains specifications required for the neubrino beam and a summary
of the components of the neutrino facility that participants in this
proposal could help to develop. Technical design considerations are
discussed in Section III. Finally, in Section IV we suggest a pos-
sible schedule for obtaining cne million events during both 2C0-GeV

and 5C0-GeV phascs of the sccelerato

N

cperation.
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where © and QH are the laboratory angles of the final lepton and

hadron systems, B is the ncutrino energy and E the final lepton energy.



A\
§
&\,

e

The loci of edgual values of Vi the Lorentz~contraction factor,
are indicated by the dashed parabolic curves in Fig. 1. .The st"éight
lines radiating from the point (QE:Oi:%J: 50 GeV) are loci of equal
lepton angles for E=50 GeV. Fié. 2 is the corresponding graph for
E=20 GeV.

Tf all the final hadrons are in thermal equilibrium, we can
estimate the pion multiplicity <mx > , which depends only on W.

-1

The opening angle for the hadron jet is of order « The rising
el w &

J

parallel lines in Figs. 1 and 2 correspond to different valucs of

<oy >. We belicve this model provides an upper limit to the multi-

o

plicity and scrves to emphasize the scope of the experimentsl task

ion of neutrinos

on hadroas can be written in terms of the gquantities just defined as
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2. Spin-s-Parton’ Nodel
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To obtain a feeling for where events would lie in the @ — vs — &/
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plane for the "spin-i-parton” model, we have set
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point is that all sectors contaln statistically significant populations.
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5. Pomeranchukon-Exchange Model
Predictions for the Pomeranchukon-exchange model can be obtained

by setting ﬁ%ﬁ:: (constant) (1-%) and G? = 7, ¢ = 0. The distri-

R S
bution. of 1000 events at 50 GeV for these assumptions are shown in
Fig. L.

We propose to make our deteciion efficiency high in all sectors
2 o} . \
of the @ -vs-&f plot and consequently, to be able to measure the
total cross section.

L, TPireball Model

Ve introduce the notion of ths hadron s

3l s et P A T ! 1 b 44 2L A vy e 2 4 R
might be and how this firepall will emlt its products in the lab sys-

and for the

In order to summarize the production and decay processes, we distort
the triangular sectors of Fig. 5 af into rectangular ones. Within
ﬁhe rectangular sectors we draw pilcbtures of how the events might look.
The kinematics of the outgoing hadron system and final lepton are
shown {or some of the seciord, Most hadrons will be obtained within

the shaded cones; the vector is the outgoing lephton momentum. Fig. 5b

summarizes the corresponding information at E=20 GeV. The hadron
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«c ones are constructed with pessimistic (it predicts too many 7%ts
with cone angles too layge) assumptions, namely, those of a fire-
ball model for the hadron system. The Pomefanchukon—exchange model
would predict'conés with smaller opening angles and smaller meson
multiﬁlicity.

Bjorken and Paschosl point out that the difference, €;~ q%j s
is very‘modél dependent. We wish to expose the chamber to both
22 and 37 .

C. Event Rate

In estimating the event rate, we assume the radial distribution

for the neutrino beam at the detector obtained from the spectra of D.

energies; and b.) ths cross section saturates at E = 10 GeV and re-
. . 38 2 .
mains constant at 9x10 ¢, for higher energles.
4

The lower set of curves in Fig. Ga indicates the nurber of

4]

T A 3 - 43 -
neutrinoe interaction

o

¢

. 6 ; non 1D .
per GeV per 107 beam pulses (at 2x10 prozons/

=33 2 , , . .
pulse) per 10 cm . The uvpper set of curves in Fig. 6a is for
. G O 1 e -58 2 s .
assumption a, = 0.0 E (Gev) x 10 e, while curves for assumption
. . . ] =58 2 N
b with a saturated cross section at 8x10 em~ are shown in Fig. 6b.

Also shown in Figs. Ga, b are histograms for the number of inter-
actions per 10~ pulses that lie within 1 meter of the beam axis.

Because there is so much uncertainty about K ylelds and hence 7.4
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Tlux, we show no corresponding curves for antineutrinos.

a N2r ad
D. Measurement of ~————in2

a E¥, s
L. Neutrino Inergy upectrum
In determi@ing cross sections, one must first find the energy
spectrum of the incident neutrinos. This spectrum, normalized with
the data obtained from the neutrino flux monitor, gives the number
of neutrinos incident in each encergy interval during the course of
the experiment. Weutrino events occurring in the bubble chamber can

then be assigned to the appropriate intervals once the total encrgy

o RS W) sk - R . M RN I
of the final-state particles hes been

Protons

B

shoula

should be carried out at 500 GeV as socn as proions of

lablea,

[N

become ava

We feel that our understanding of the

be significantly enhznced if a bubble chambar of size v 2K -
. nraton N NN BN T AL 4 e R v el -
posed Lo primary protons at 200 and 500 GeV. Attention would be

focused on low-energy charged kaons and pions correspending to the

backward jet in the center-of-mass system. We therefore endorse
¥ )

and some of us would like to porticipate in, the bubble-cha: survey--

proposed by G. Snow.j We suggest that NAL investigate the possibility

of making the bending maguets of area 2 capable of bending 500 GeV

('\

protons. Exposure of cnly 10 to 20 protons per pulse are needed.
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The‘quadrupoles could remain at thelr 200 GeV values.
3. Meson-¥ocusing System
“The meson-focusing device should marximize the neutrino flux
at 55'GeV‘ﬁithiincident protons of 200 GeV. To reduce systematic
errors in the cross sections resulling from uncertainties in the
neutrino encrgy and thus the neutrino flux, the meson-focusing device

should simultaneously minimize the logarithmic derivative,

(]

d N . . - i
d fn — iz / d £n Ezgg. This can be accomplished by eliminating

ns that produce low-energy neutrincs (B < 16 GeV) and by

focusing those mesons The low-
s 3 A K o o C Tt aaly and Wee s .
pover, high-band-pass devices proposed by Iriszh and Kang and by

1
7
Tm A3 o 5.0 aa Aacmarithad o ymons et e erredt o con e e et et 3 -
Wachsmuth™ hes described a meonitoring syster for the neutrino flws
B A R | [ S S (U S S S, . TR I A - o
which measures essentially the and radial distribubions

of muons within the muon shield in front of the bubble chamber. Ve

N

believe such a system 1s necessary. for reliable coperation of the

‘neutrino beam, as well asg for the flux

obtaining cross scctions.
D. HMeasurement of the Neulrinoc Energy
1. Curvature and Total Enerpy of Charged lHadrons

The neutrino energy, T or Bass cach event
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by measuring the energies of all outgoing pariicles. ,The energy of
the charged-hadron component is given most precisely Ey track curva-
turc in the 30-KG field of the bubble chamber, while a less-precise
check.is obtaiped from the hadron calorimeter associaled with muon
identification. The hadrometer isllimited pfimarily’by the Staﬁistics
of hadron cascades in which, unlike eleciromezgnetic c&s:ades, a
significant and varisble fraction of the energy is lost to secondary
neutrinos, slow neutrons, and nuclear binding ﬂner;y.r Fluctuations

in these losscs are characteri

)
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they point up one of the major advaniages ol the bulb

tool for doing neutrine physics.

hedron enc

cisicn for

of volume exceeding

ingerts of H. or D,

2
*
volumes of ordar 50 1

chamber smaller Than

BN, 1h-foot chamber.

.

N

foot-diameter sphere are less than 3 m', & volume that would yield

too few events in the

region,

il v . .

*'BEffective volume" is the volune of
efficiency for detecting all of the
the =N mixture. .

2 ¢

mltiplied by the
m neutrel pions in
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To permit the necessary determination of the neutral pion
energy, we propose to take advantage of a special featuré of the
WAL 15-foot (30 mB) bubble chamber design -~ namely the thin exit
wall of 1/2" steel, less than ote radiation length. The thin wall
implies that pfotons from ﬁo decay can be detected efficiently and
the total shower energy measured precisely by a cylindricsl x
quantameterg at the downstream end of the chamber. A possible
arrangement is shown schemztically in Figs. 7 and 8. The guanta-
meter itself is described in more detail in Section IIT. Tﬁe total-

- o , o . .
energy resolution should be betier than + 3 / for events in which
: ©

-

the total cnergy into neut

calibration would then permit an obscluie

) A adoyprimt AR 2 T T . 4
Lo consgoruclen 1 Lae valuum T

This locabtion, shown in

diameter be extended about 1/2 meter.  These medifications, in ad-

dition to permitting & guantauet

of Figs. 6a, b is a cylinder of 1-m radius, intercepting a sphere

~ly

5.6 m in diameter, and yielding a fiducial volune of 10 m”. The
volume outside this cylinder could be used as a blanket of H-HN

e
mixture to detect wide-angle photons.

3. Total Encrgy of Hadrons via Proportional Celorimeter

The total energy of the hadvons (charped hadrons and necubrons)
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can be obtained from a hadrometer. This device is analogous to the
gquantameter cxéept that the plates would be made of copper, non-
magnetic steel, or concrebe instead of leéd (for operation near the
bubble chamber), and the plate thicknesses would total 10-15 collision
lengths rather than 15-20 radiation lengths. Thus the hadrometer
serves three purposes: 1t stops hadrons permitting muon identifica-
tion, it méasures hadron encrgy, including the energykof any neutrons
it

emitted from the neutrino vertex, and/ follows tracks spatially.

The hadrometer wvould be located just oulside the bubble-chember
closc to the magnet as practical., It's configuration might

magnet a

(=)

0

spproximate vertical half-cylinder, similar to the quantamster,

jai]

although reclansular modules, such as those shown in Fig. 8, appear

- [ R . -4 - ] a
the case of the quantameter, a poritional-
roasdnttt <217l e j1ama iz 1a A amitiggan
rofdovy WLLL e assd. NS LS ALSCussa2A
- 4 29 2 [P P T
in more de=taill in Ssction III.

L, Lepton Toial Energy

QO

The momentum of the {inal lepton 1s measured by curvature. Like

the curvature measurements of the charged-hadron energy, this pos-

perivheral eguiovmont is reduirsd
not to stop them or octherwise deiermine theilr energy. ¥Final elec-

trons are identifie’d in the quontameter. Thus the hadromzter or
absorber used with the bubble chamber is much thinner than the full
muon range. This, in turn, permits much larger solid-angle detection
for muons atl an acceptable cost +- a feature well matched to intrin-

sically large solid = lo of the bubble chamber.
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Any particle penetrating 10-15 collision lengths of hadrometer
is almost certainly a muon. Pfoportional (Charpak) chamberslo or
wire chambers can be used to locate the muon path with high spatial
resolution. The ruon may be identified by projecting each track
from the vertex through the quantameter and hadrometer and testing
vhether its location at the final muon detector is consistent with
location at the obsérved track. We propose to build into the guanta-
meter and hadrometer a number of coordinate-sensitive planes to
follow each track in detail, tracing each detected muon backwards
into the bubble chamw

F. Measurement of Structure of Hadronic State

ct

The bubble chamber i1s ideally suited to studies of the final

1 Q5 - <Fot - i A s @ T - k] - b SRS -~ 2 PR Ly ey o ol 5
hadronic system. Hadrons, llke muons, trappad in the magnetic fiald

. s o) o]
slon on dindividual « 's and 7 's can

Similarly, detailed informatl i

-

be obtained from a knowledge of the vertex location and the origins
ol 3 - O
of correlated y showers. In many cases, for example, the x energy
can be determined from the photon opening angle, and in some cases
PR ) o .
a separation of n~ and 7 decays should be possible.
A procedure of the type just discussed reguires extensive

use of coordinate-sensitive planes. The proportional-calorimeter

design described in Scction IIT permits several planes per gap or per
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plate without 1ntcrfcrlnf in any way with the determinations of neu-
tral pilon or hadron energy. This option 1s a major advantage of

the proportional (Charpak) chamber.

G. Possible Hadronic Decay Modes of the Intermediate Vector Boson (1IvB)

If the maés of the IVB is larﬁe many decay modes are possible.
Again the high measurement accuracy of the bubble chamber makes it an
deal instrument Tor detecting these modes. Provided the mzss of the

IVB is not too large, its width is likely to be much smaller than the
experimental resolution function of the bubble chamber. Thus the
signal/noise will be improved with lncrcased measurencot accuracy.

We 1list below in diagramatic

o e - S Y e adlnl s led- B kS
form scme examplas of the possitle hedronic decay wmodes of the IVE.

Baryon-Antibaryon
+ —
7 Toem {2
W - ‘.t"'} =
= 1
- B (G

; 14 , -

The symbol P{}(QI) represents an antibaryon of the %+ octet, ete.
Only ihese palrs of final particle-antipariicle states that

are nearsst nelghnbors in the ¥ —vs— T plot of Fig., 9 are allowed

AB=0 and
under thq’Aq# Q rules. TFor neutral IVB's (if neutral lepton cur-

rents exist) the nearest nelghbors joined by the dashed lines would
be possible decay products.

Yor lox~zomentumntransfer production the IVB would receive most
of the energy of the incident neutrino. Counsequently, the decay

fragments would be thrown into a forward cone of half angle MWER
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The quantameter would easily detect the 7°'s that might be among
the decay products.

ITT. EXPERIMENTAI BQUIPMENT

A. Neutrino Beam
1. Targets
The enhancement of the high»energy'portion of the neutrino spec-
trum requires thin targets consisting of light nuclei. Fig. 10 (Fig.

2
ha of TH 218)1

summarizes how the mumber of neutrinos above a
certain energy depends upon the target thickness. Our regulirement
is for q » 2, thus the optimum target thickness i1s about 1 mfp. The

detrimental effects on the high-energy neutrino spectrum of multiple

interactions of the incident nucleon within a complex rucleus provide

strong motivation for developing targets of very light nuclei. Ex-
perimentation and desizn studies for the n2utrino tarzet should begin

as soon as possible.

el
e}
[

We wish to participate in the design and testing

4,5

o

a meson-

i

(—"
&
3
te)

to produce those special qualities in the neu

3

beam alluded in Section II D.3.

focusing device

3. HNeutrino ¥lux Monitor

e

acing emulsions

The CERN neutrino spectrum was measured by p o
and ionization chambers at various depths and radial positrons in

the muon shield to determine the muon flux at these points. Wachs-

muth  asserts that if the pion and kaon specira are known and the

. a W,
shield measurements taken, - £ at the bubble chamber can be
. . O d Eﬁf . .. a Nos,
determined to aboul 9 /o' The importance of determining - ig

7V
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so great for this experiment that some of us would like to partici-
pate in these measurements.
While the eguipment relating to the neutrino beam would be
part of the NAL facilify, members of this proposal are prepared
to participate in the design and development of this apparatus.
B. Hybrid Detector System

1. 30 mj H,, D Bubble Chamber
<

no

The detector has alrecady been discussed briefly in Section IT,
dealing with the type of measurements one might make. The hybrid
system shown in Fig. 8 is built around thz NAL bubble chsmber and

£ - o e om e s Ao e
offers these sdvantages:

a. precision on %E!: ISR ’ to 3 / o2

b. wvertex inferwation of the bubble shamber,

c. absorber (raircmeter) thickness ruch less, then the muon

range

d. large solid angle,

e, simplzcity.
Of these, the first four foliow immediately from the use of the bub-
ble chamber itself, particularly its abilily to measure EH and E“,

cnce The muon has been identified. Supplementary information on E
including identification of baryons, is provided by the hadromeier,
vhile Ero ig given solely by the quantameter. The advantage of
L . '
the
simplicity follows partly from relatively/thin absorber reguired
(since the bubble chamber measures EH) and partly from the use of

porportional calorimeters to be described.

The reentrant cylindrical tank housing the quantanmcter is an
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important change in the preliminary bubble-chamber design and
necessitates an increase in the coil diameter of about 1/2 meter;
this change will greatly increase the effectiveness of the bubble
chamber for both strong and weak interaction physics, particularly
in reactions involving final n 's.

2, Ionization and Proportional Calorimcters

Parallel-plate ionization calorimebers, such as the guanta-
9

meters” widely used in monitoring photon beams, have several intrin-

sic properties that are essentisl in determining E o and E accurately.
R +- =) W H

oy

First, the respconse depends only upon the relative ionization in the

caps as corpared to the lonization in

range. Fourth, an ion chamber is operated as a cone-paraneier device;
there 1s one high-vollage sgiting and cne outpul sigral proporitional

to the total energy deposited in the chwiber as sampled

vig the ionization in zas gaps. This last

fies the operation of the calorimeter énd results in a high repro-
ducible instrument.

In the case of electromagnetic showers (Eﬂo), virtually all
of the energy appears ultimetely in the form of ions, which are
sampléd directly in th

e donization calorimeler therchy avoidiag

such duestiouns as the response of ECIHLLlldLLOQ or Cerenkov counters,
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In the case of hadronic cascades,

a certaln portion of The energy

r binding

is lost to neutrinos, slow neutrons, and nuclea g, &s men-

r

A typical lo

tioned previously. ss might be 20-30 ~/4 at 35 GeV,
although for some events the loss may be catastrophically large.

Within the statistical uwncertaintics of this

is similar for all hadrons, including high-energy ncutrons, provid

ing the absorber thickness is sufficient to contain

The actusl gain can be determined by calibvratlion with hadrons of

various energy.
The only serious limitation of jonization czlorineters, as fa

.
+

This smal

the parallel plate structure and is not =saslily dei=cied,

A much higher gain 1s possibvle Ty
fields surroun -diameter (20-7
tional avalanche multiplication. Proportionsl caLor’mat@rle rete
the uniformity, isotropy, and, linearity of ion chawmbers, asnd if th
signals from the high-voltage plates zre added, there ig one hizh-
voitage setting and one outputb The gain of a proportional
chamber, unlike an ion chamber, varies exponentially with the high
voltage, but geod reproducibility can be obtained.

Proportional, charbers cease 1o be linear when the space
charge in single avlanches appreciably distoris the electric field
near the wires., This occurs typically at 5X106 ions, and the high

voltage is normally set low enough so that this condition is not

9-20

process, the response
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exceeded,

A crucial point in our application is thatvthe primary
ionization of the showef, consisting of some L4000 ions/GeV, in
the gas, is distributed over -several hundred tracks in perhaps

: . 5
10 gaps. As many as 107 avalanches may be thus involved so that
an output of 5x109 jons or more can be obtained without exceeding
the linear response region. This largely compensates for the greater
capacity of a pair of plates or of an entire éhamber, as compared
with thé capaclity of a single wire, and it yields an outpul voltage
withln one or two orders of magnitude of that normally obtained on
a single wire of a multiwlire proportional chamber. Such a net

Ccan aiford

. . . 14 . . L
outpults are involved {The situztion is quite diiferent when one
N ,\j‘ e , \
L e ; s PR VNS SR E \
must read 100 1c L& separate wires.)

of 10 lead plates and a similar number of gas gaps totaling =20
radiation lengiths of lead, sbout 11.6 am. A sector 20 x90 measured

) 1 vy s 2 dha e e v [ A o vt )
from the center of the tutbhle champer would be shout 4

with a 5-m arc and would welgh about 16 tons. Each double gap would
consist of a single wire plane centered between two lead blates and
defining a total gap of 2x.5 cem = 1.dcm. Ten of these gaps would
add an additional 10 cm to the guantameter thickness. Allowing an

additional 5 cwm for flanges and windows, we obiazin a total quanta-

meter thickness of atwut 30 can. A 35-cm-wide reentrant tank would
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00
allow, in addition, the installation of a couple of sciwtillation
counters or possibly a two-gap spark chamber. Some reduction in
quantameter thickness could be obtained by using tungsten plates,
fewer gaps, or somevhat less than 20 radiation lengths of material.
Note that the steel walls of the bubble chamber and the reentrant
wall will amount to 1-2 radiation lenglths and may be:counsidered as
the first plate of the guantameter, while the quantameter at 1 col-
lision length may be considered the first plate of the hadrometer.
The quantameter itsell might then begin with a sensitive gap fol-
lowed by the first lead plate.

The wires of the proporti

<

provide spatial resolution.

of 2rm is provstl
I

is willing i« YVertlcal wirss sre Torward
in the evlirdrical confionrgtda et a ety D i
~l Vi S Ll n T lod L O sontloch sl s Ml FORA N NS/ G SR T WA s EROSAROR
3 e R P - R - -
a modular cuant ds seraliel nlates.,
1 s I

L., Proporticnal izirome

material
lengths. The 12-cm lead of the quanianeter is ciuivalent to about
=

1 collision length for hadregas while the 150 cm of copper adds an

additional 15 collision lengths. The copper coils of lhe bubble

chamber magnet amount to several collision lengtns but do not

seriously limit the accuracy of the hadron-encrgy determination for

most event types.
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Welpresently envision é proporlional hadroneter design, with
copper plates and wire readout, subltending vertical and horizontal
Aéngles of about'QOO by 900 as measured al the center of th? bubble
chamber. The volune ol copper wéuld then be 8mx8xml.5m and the weight
about SOO tons.

As indicated in Table I, the cost of such a hadrometer is more
than half the total for the experiment. Further, whereas lhe guanta-
meler is essential to lhe experiment in providing a unique determina-
ticn of E;o, the mesasurement of EH is best done by the bubble chamber
itself. If one abandons the measurements ol EH in the hadrometer and
reduces the track following reguirements, a number of cost-saving

options are then posiible including: reduclng the hadrometor accept-

. =0 -0 . e . ,
ance to 45 x 457, using optical srark c instead L
chambers, raducing th2 nurbsr of nlates, ard -

1 T e
namopery

5. Range Detector for Muons lLeaving the Bubble C

Highly peripheral events produce muons at large angles and at

o

,
]
ct
e
4]

sufficiently low momenta that the muons can be trapped
bubble-chamber magnetic field. Muons of a few GeV and more pass
through the 14 collision lenzths of photon and hadron absorber and
can be identified in that way. A single plane of scintillators down-
.Streém‘of the hadrometer might suffice, while the last several gaps
of the hadrometer could provide the spatial resolution necessary 1o

o4

permit muon tracks to be traced back to the bubble chamber. Ivents

withmons in an intermediate energy range, for exaunple the range from 1 to
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3 GeV, may frecouently recmain ambiguous, as far as mucn identification
is concerned unless the hadrometer subtends a very large solid angle
and unless individual tracks are followed through each piane of the
hadrometer until they stop.
6. Trigeering Options

Signals should be available from the guantameter and hadromcter
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within 100 ns of the occurence of an event and with a time Jitter
of less than 50 ns.lo. These signals, in coincidence with scintil-
lator planecs, could be used to develop a trigger reguiring an inter-
action having total energy above, for example, 10 GeV.. Four
scintillator planes might suffice: an anticounter in front of the
bubble chamber, a yes-counter in front of thé guantameter and another
in front of the hadrometer, and finally the muon counter plane
already mentioned. The trigger could be used to flash the bubble
chamber illumination or fire peripheral spark chambers, or it

could simply be recorded for use in analyzing the bubble-chamber

fond

film. We present

IV. SCHEDULES

particularly IRL ag =

the design
meter, counters and modific

ments for sharing the cost could be b

gotlated vetweso our grouns

and NAL.
B. LRL Development
Work should begin immediately on sone of the spocial items
just mentioned. Among these is the design of the reentrant tank
for the quantameter, which could ve carried out bQ IRL mechanical

engineers skille

o]
jog}
o
=
[
o}

genic eguipment. The design could proce

o
jo

.

at Berkeley in close collaboration with W. Fowler and his group atl
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NAL. In addition, the shop and experimental facilities of LRL
could be made évailable to the Uni§ersity of Hawall group and
others involved in developing the quanlameter and hadrometer.
C. Participation of Our Persounnel at NAL.

The development of the neutrino beam eguipment would best be
done at NAL. We woul& hope to make the experience of graduate
students stationed at NAL as broad as possibie. Thus, while a
major fraction of thelr time would be devoted to development of
the neutrino facility and bubble chamber, their direct participa-
tion in construction and other activities of the sccelerator should
be encouraged.

‘'D.  Beam Survey

Ju ~ -
ine SO0 &5 TOs
Horo T
. nere, wWe

commitments.

A survey bubble chamber of the type suggested by now5 should
data~analysis equiprent at our participating institutions is ade-
unate to handle exposure of several hundred thousand pictures ou
both hydrogen andrdeuteriun. The information from the yield measurve-
ments couldibe used to up-date the operating paramsters of the weson-

focusing device. ZFarly exposures to 500-GeV protons would be very
‘useful in designing the focusing for the 500-GeV phase.  Since only

ten or twenty protons poer pulse are rcquired, one might consider
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designing the ﬁending magnets of Area 2 (super conducting?) to bend
500-GeV protoﬁs, allowing the guadrupoies to remain set at their
200-GeV design values. At the low intensities required, no radia-
tion damage would result to the beam transport equip&ent, and no
additional shielding would be fequired. Reliable, fail-safe in-
tensity-control eguipment would, h WGVGT; be necessary.
E. Million-Picture Exposure at 200 GeV

The experimental program of preparing the neutrinoc beam for
this application could easily occupy the first year or more after
beam turn-on. The accelerator operation in its second and third

years is likely to be more reiiable, and {the bubble chamber will

e

be btetter understood. Ve therefors propcse that 2 one-mi

>3 of
Our regson for r=q lerator

70 GeV Tor an accepta nsutrinos

incident. The 500~GeV exposure would accur at a much later date.

V. PRELIMINARY COST ESTIMATE

4

=0

A prelimirary cosl estimate is given

=
-

Jak
@)
.}
¢

-
.

The principal

assumptions are:
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A. Geometry shown @n Fig. 8,
B. $1.00/pound for copper plates (container negligible),
C. ﬁ.BO/poun& for lead plates (container 18K),
D.’ all wires feadout, 2-mm wire spacing, 10 planes/chamber,
# /wire to readout, £1.50/wire to fabricate the quantameter,

#2.50/wire to fabricate the hadrometer.

As already mentioned, the cost is clearly doninated by the

15

copper plates of the hadrometer, ~ $LO00K out of $RGCOK total.
- . . , n O e}
If one reduces ithe weter 1o an angular scceptance of b5~ xh5

@]
Q
&
[
o)
j@]
4
v3
oy
[oF)
[
o
e

$1250K, sbout a factor of two,

using optica hadrometer plates of concrete
shielding vlo eter and necessary modifications
of the bubble chamber scem to us essential 1if one is to carry

out & neutrino program of the type proposed here.



~D8 .

TABLE T
Preliminary Cost Bstimates (A1l Wires Read Out)
Cost Xp Cost K@

1. Modificgtions of Bubble Chamber Coils 300 300
and Vacuum Tank

2., Quantameter: Iecad Plates and Container 50
10 Wire Planes , 30
10t /2mn=20 ,000 Readouts x 100 180
85 [wire
5. Hadromeiter: Copper Plates and Container 1600
10 Wire Planes 100
10::8m/2m=40,000 Readouls x 200 1900
Sj/wire '
4, Counter Planes: 20
20
b0
Lo 120
5. Computer 50 50
6. TFast Ilogic, Slow Logic, =teo. 50 50
. o .0
TOTAL = % 2600K (90”x90" Hadrometer)
If the plate area of the hadrometer is reduced

TOTAL = $1250K (15°%:15° Hadrometer)
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NATIONAL ACCELERATOR LABORATORY £  ROBOX 500 %A

L)

.(u ;wm@
BATAVIA,ILLI 0510
TELEPHONE 312 2316600

DIRECTORS OFFICE

May 28, 1971

Dr. Lynn Stevenson

Lawrence Radiation Laboratory
University of California
Berkeley, Califorxnia 94720

Dear Lynn:

In response to your presentation to Ned and me

just prior to the Washington APS meeting, I discussed
with our Program Advisory Committee the status of your
rlans for an external muon identification and your
feeling that you needed some encouragement from NAL

to proceed further with the development of a prototype
external muon identifier.

I am impressed by the enthusiasm of your group, and I

find that there is Lroad agrcement oboubt the desirability
for an external muon identifier along the lines that you
are interested in developing and testing. I have, therefore,
decided to commit NAL support to your effort during FY 72.
You may expect such support to be available up to approxi-
mately $30,000. By June of 1972, I expect that both you and
we will have sufficient evidence at hand to make a firm
decision with regard to the further development and
construction of a Phase I external muon identifier. If the
development goes well, you can expect support from NAL
during FY 73 up to an amount like $90,000. It is my
understanding that funding at that level would make

it possible to mount your Phase I external muon identifier
in FY 72. Because of the complicated nature of these plans,
I feel that you should negotiate an agreement with Jinm
Sanford. This will help to define your goals and our

joint responsibilities.

As Ned and I have indicated repeatedly to you in the
past weeks, we are not yet ready to take definitive
action on physics proposals for the use of a 15-foot bubble

Proposal File No, \% C_,
Master ' |

10
JRS



chamber for neutrino research. We .are, in fact, just now planning to
call for proposals to use that bubble chamber for neutrino studies.

I hope that these assurances will be sufficient to encourage your
group to continue its work towards the development of an EMI.

Sincérely,

R. R. Wilson

cc: Vincent Peterson



