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Abstract

NAL presents the opportunity to expand our knowledge of neutrino inter-
. actions from energies of less than 10 GeV up to more than 300 GeV. We propose
an exploratory experiment which 1s designed to emphasize the physics of very
high energy interactions (~300 GeV).

Our experiment has the following primary physics capabilities.

I.) Ve will meke a sensitive search for the Intermediate Boson (W}, which is
capable of detecting W-bosons of mass up to ~15 GeV. The experiment is sensitive
to the W independent of its decay mode. It also has the very nice feature that
the W mass can be reconstructed to an accuracy ~10% for every event associated
with W — p+v decays.

ITI.) We will simultaneously explore the behavior of the deep inelastic scattering
processes. From these studies we will look for structure in the weak interaction,
such as a possible W-meson propagator, and test many hypotheses about the basic
hadronic structure. The range of momentum and energy transfers accessible is
vastly expanded over that of all previous experiments.

ITI.) By taking data at several incident energies, we will obtain information
bearing on the fundamental question of whether the total cross sectlon continues
to rise linearly to 300 GeV as predicted from a peint interaction.

Our experiment relies on a very simple scheme to define the momentum of
the incident neutrinos to ~ * 6% and angle to ~ * 0.1 mrad. These added con-
straints greatly ease the experimental problems. Also, the monitoring of
the neutrino flux becomes very direct. We are therefore proposing a rather
modest experiment capable of carrying out the above measurements. The apparatus
consists of a target, a calorimeter to determine hadronic energies, and a com-
bination of spark chambers and an iron core magnet to detect the angle and
momenta of muons. The rates for the experiment at 250 GeV are 1000 events/day
in the inelastic scattering and 15 events/day for a hypothetical 8 GeV W-boson
decaying into pv. We request 500 hours of running time and 250 hours of test
time for the experiment. (~2 x 1018 p at 400 GeV).
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I. Physics Justification

A. Introduction

One of the most eiciting prospects opened up by the high energies'
available at NAL is the study of the weak iﬁtéracfion. At preéent,
neutrino physics has only been studied for Ev < 10 GeV. Our expérimenﬁ is
designed‘as an-initial probe of the very high energy neutrino processes,
extending to the highest energies accessible (Evj: 300 GeV).

We propose at a very eérly stagé ﬁo run in a high,energy‘neutrino ﬁgam
with é very modeéf éppafatus;’ The experimental setup described in the'next
section.will do a W-search anﬁ méasure the deep inelasﬁic seattering simul-
taneously. - We will also obtain information on the A-dependence §f the cross
section and make-a measurement of the energy dependence of the total cross
section on heavy nﬁclei. This will provide an impoftant early look at-high
energy neutrino physics.

We will also be capable of more refined measurements of the total-
neutrino-nucleon cross section as a function of energy; antineutrino
comparisons; and further measurements of the inelastic éross sections.

'The physics Whiéh we propose to explore in this extréme high eﬁérgy
fegion is focused on the most fundamental initial questions. These include:

(a)i W-Meson Search

Is there a boson which acts as the intermediary for the weak
interactions, in analecgy to the strong and electromagnetic interactions?
If so, one can replacc the four-fermion vertex by connected three

particle vertices, &z illustrated below for B-decay.



The range of the interaction R = ﬁgg is very small, which implies
W
that the mass Mw is large.
W-mesons, if they exist, should be produced in the neutrino

reactions

vu +Zop +W o+ 2

and the decay mode

W+-ﬂ u+ + Vv

provides a signature for identification of the W by observing two
oppositely charged muons in the final state. For W-bosons of

2
mass > 2 GeV/c many decay modes are possible and it is difficult to

3

caelculate the decay rates for pure hadronic decays (e.g., W+—’K + ﬂo).



However, Yamaguchi(l) has argued that the branching ratio

. 1 1
W—2 +vis 61',oloaon Yoo

Theoretical cross sections for W-production have been calculated
by wu.(g) We have calculated, using Wu's formulae, cross sections per
proton for an Pe target extended to the neutrino energies attainable

b NAT,.. These cross sections are shown in Figure 1. Since the co-
herent production cross section Qaéies as Z2 it‘is experimentally
advantageous to use é heavy nucleus in regions where-tﬁe coherent
cross section is dominant. Thus.far, neutrino experimenté at Brook-
haven(s) and CERN(é) have set a lower limit on.the W mass of

'M§,Z.2 GeV/c?. From Fiéure 1 it is cleafly desirable to use very high
energy neutrinos. In this proposed experiment.using neutrinos up to
300 GeV we would be able to detect WJbosoﬁs of mass M*_S‘15 GeV/cé.

Tt should be noted that if the W  exists and can be pro-
duced at these energies, since only one weak vertex is involved in the
production reaction, this process will dominate over second order dimuon

production.

(b) Deep Inelastic Scattering

The process v + N =2 pu + (anything) is analogous to the very
(5) %
. . 5 a q2 dv
the energy loss by the leptons and q is the four momentum transfer

interesting SLAC inelastic ep scattering. ; Where v is

squared, involves three structure functions for neutrinos and can be
written

2 2 -
d o E-v G 2 e 2 20 2 2B-v 2
- q2 - = 5 5 s 3 [wz(q , V) + 2 tan 5 (Wi(q , V) + i ws(q , v,
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v=EF -BR'
vhere

q2 = 4 EE' sin2

o

and E' is the scattered pu energy

E is the incident v energy

© is the lab scattering angle,
aésuming a cufrent—current form for ﬁhe weak interaction. Egquation (1)
looks identical to the ep scattering formula,bexcept that WS’ vhich is
associated with the parity violating part, is absent in ep scattering,
and the factor G2/2 replaces (2na)2/q4. This latter difference means
tﬁat the neutrino inelastic scattering crossvsection does ﬁot contain
the sharp l/q4 fall-off found in.the electron case.

One of the basic questions is whether the neutrino process shows
the same behavior as the electron processes. A difference, at the
same q2 and v, would indicate some fundamental modification to the weaXx
interactions.

Another question that can be iﬁvestigated is the hypothesis of
scaling. Under the assumption that the nucleons consist of fundgmental

: transverse

"partons” that themselves have no structure and very little/momenta,

exhibit scale invariance (i.e., are
ZMV) (6)
2 L]
q
. 2 2
to scale in the q@ region accessible to SLAC ep scattering (q2 < 7 Gevo ).

the functions Wi, We, and W3

Tunctions of a single parameter w = The functions are observad

It will be of fundamental importance to see whether this scaling exterds
to the q2 accessipble to 300 GeV neutrinos (qiax = 600 GeVg). It should
be emphasized that only ~5% of the total events at 300 GeV lie in the

g and v region covered at SLAC. This means that most of the data will
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be in a new and totally unknown regidn.
The dependence of the structure functions on w carries infor-

.mation on -the detailed structuré of the nucleon. For examble,(s)

f{[v we(m)]] Leze® (2)

© N
dw 2
f[[v Wz(m)]:l & < ZQq (3)
ﬁhere Qi = charge on the ith partoﬁ and-N = total number of partons.
The asymptotic behavior of v'Wé(w) is not known; that is, whether it
approaches some non-zero value. If it does, equation (3) diverges ang
N=w . If, on the other hand, v W2(m) goes to zero, equations (3)

and (2) allow us to determine the number of partons.

For example,

There are similar observations concerning Wi and WS'

integrals over W, are related to a linear combination of baryon number

3
and hyperchérge for the constituents.
It is also very 1mportant to compare inelastic v and v cross

sections. Adler( ) has derived, using current algebra, the following

sum rules for the infinite neutrino energy limit

- 2
do(vyp) 4 a(v PlA: G_ (cos2 o +2 sin2 0)
dq2 dq2 x © :
- 2
and d g(v n) _ d U(V n) - G_ (—c052 6 + sing e )
) 2 bI¢ ¢ ¢
d g dgq

Gc = Cabibbo angle.



(c) gp Vs E,
As we enter a new energy region one of the most basic questions
involves the behavior of the total cross sections. For exumple, will

neutrinos scatter like antineutrinos? Will the cross section continue

to rise linearly as predictéd from simple Fermi theory for scattering

from a point particle? Etc.

(4)

Experiments at CERN using a heavy liquid bubble chamber have
measured the total cross section for neutrinos up to 12 GeV. The
method involved summing the visible energy in the chamber, making an

estimated correction for missing energy, and equating the result to

the neutrino energy. The results up to Ev ~)2 GeV are shown in

Figure 2.

A linear relationship

38 2

o ~0.6 x 10"

ot E, (in GeV) cm

works at these energies. Fermi scattering from a point particle

predicts such a linearly rising cross section. Eventually this rise

will violate the unitarity limit (o < % 7 K2) but this occurs at

~105 GeV, well beyond NAL energies.

The cross cection may, however, turn over at much lower energies.
_r

2.2
1+gq /Mw

For example, if the W exists it has a propagator term

2 2 '
This term becomes important for q ~ Mw . At high energies this

2
damping of Q_%_ at large q will affect the total cross section; for

dg

example, we estimate that if Mw = 25 GeV, the propagator term produces

approximately a 30% damping of O at 300 GeV. A turnover might occur



fbr other reasons like effects from higher order weak interactions,

or beqause of a form factor if the nucleoﬁ does not consist of point
constituents. Measurement of the differential spectrum of the out-~

going u migh@ shed light on which effect caused the turnpver. High

energy neutrino and antineutriﬁo fluxes. should be sufficient to

measure oy, (Ev) and o, (Ev)'up'to ~300 GeV.

B. Basic Experimental Approach

In seeking the best meéns of studying these physics questions we have
given particular attention to the advantages.of knowing thé incident
ﬁeutrino energy énd angle. We propose to make a "monochromatic” neutrino
_beam by using the highést energy neutrinos from the decayé of the X mesons
in a momentum-selected beam. This is. done by onl& looking very near the
forward direction, thus obtaining a narrow band of neutrinos from the K
decays. In this way we can put neutrino physics more nearly on the same
footing as most hadron expériments.

In the ﬁ search, the independently-measured neutrino energy and angle
. permits the mass of the W meson to be reconstrucfed for each event, with'
an accuracy of ~10%. In addition, the beam is free of anfineutrinos (since
‘the charge of the hadron beam is selected uqambiguously), which gives an
additional handle on the identificatiqn of the events. The signature for
a W candidate will be the appearance of a p+, u~ pair, with no hadrons.

The W-decay p+ has a large transverse momentum, while the p has relatively
low energy. The presence of a distinct peak in the mass spectrum for such
events will be az great advantage in establishing the existence of the W,

as well as providing important information about it. It will also be
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possible to investigate the angular distripution of the u+ in_thé V¥ decay.
The decay mode W e + v, which sh§uld be equal in rate t§ the W2 p + v
mode, should also be detectable in oﬁr apparétus. The high energy electron
will produce a short-lived electromagnetic shower, with no hadronic component,
and therefore appear anomolous;
| The W will be detected even if it does npt-ofteﬁ decay into leptons.

In this case, the procésses are

v+ 2wy g+ 2

followed by
W — hadrons.

Lee and Yang have pointed out that the p~ in i production preferentially
has low laboratory energy. This allows us.to find the W without recourse to
the leptonic decay. The cross section for v + Z =y + hadrons will,qin this
case, show a peak in dc/dE“ at low energies relative to the v energy. The
neutrino energy will, of course, be measured independently. This peak will
disappear suddenly as the energy of the v beam is lowered. (See Figure 1.)

The inelastic scattering events will be characterized by a hadron
shower plus a p . For such events we shall measure the differential cross
section dgo/dqzdv and the total cross secﬁion as functions of neutfino
energy. The monochromatic beam will give a reliable measurement of the
ﬁeutrino energy with resolution better than 10% and with negligible system-
atic errors. The energy dependence of Utot(Ev? and do/dqzﬁv(Ev) can thus
be determined independently of measurements involving the final-state

particles, with better accuracy than experiments which rely upon summing the

final-state energy. Accurate knowledge of the neutrino angle is important
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for the reconstruction of q2 in inelasticiscattering, and in the‘mass
calculation in the W search.
Of particular importahée for the total cross section measurement Ls
an accurate determination of the incident neutrino flux. With a narrow-
band hadron beam, the neutrino flux can be much more reliably and easily
computed and monitored then with a wide-band system, since only hadrons of
a given momentum are present. The principal goal of the total cross secticn
measurement is to observe whether there is a deviation from the 1ineér rise
vith energy.at high energies. Such a measurement is extremely sensitive to
normalization errors in view of the rapidldrop in the neutrino fluxes with
increasing energy. Even when the wide-band neutrino spectrum is known
exactly, small systematic errors iﬁ the energy of individual events produce
large errors in normaliztion. For example, the yield curves for the horn-
focused beam show a change in yield of 40% for a 5% error in E near 100 GeV.(s)
An important practical advantage of using a monochromatic neutrino
beam is that it is possible to do the experiment with a relatively modest

detection apparatus.

d2o

In considering the three problems —~ W-search, —>5 —— , and Op
. dg dv

"we have looked into various choices of target materizl. In particular, the
question of heavy nuclei vs hydrogen as a detector has been considered.

‘Experiments show that the total photon cross section on nuclei is proporticnal

(9) (10)

to ~A0'9 at 20 CeV. Interpretations of this result using a vector

dominzance mcdel also predict a dimunition of the neutrino cross section for

small q2 . In sddition, Adler(ll) has predicted using PCAC, that the dif-

ferential cross section at zero degrees should be proportional to A2/3. Trere

(12)

are other versions of PCAC that would give an A-dependence, however.



-11-

These considerations do not affect tHe W-search. While it is highly
unlikely that tpey willuaffect the.deép ipe;astic cross secéion, at high
qz, there may be_some effect in the total cross section. We expect to test"
whether fhe total cross secfibﬁ'is proportional to A, and to check this
question at leaét at one energy with h&drogen. Ir itAbecomes desirable,

we will be capasble of measuring the total cross section on hydrogen over

the energy range 100 < E, < 250 GeV.
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II. Experimental Method

A. - Introduction

We have tried to devise an experimental setup which is as modest as
possible and still sufficient to do the physics. The fact that weﬁﬁa;é
monochromatic neutrinos allows us to relax soﬁewhat the demands on the rest
of the apparatus. What we mean by "monochromatic neutrinos" is the following:
In the target box we have a simple beam transport system which selecﬁs hadrons
within a * 5% momentum bite, forms a parallel beam, and directsit down the
decay tunnel. The energies of the neutrinos from kaon and pion decay are
correlated with their laboratory angles, with the highest energy v's going
aﬁ zero degrees. By mzking the detecﬁion apparatus subtend a small angie we
can accept only neutrinos within a smali momentum band near the respective .

end points for kaon and pion decays:

gv \
\\Y'S"P,LLU
‘\_.\ o T —
) Vi sy
bcceptance T T — s S
angle = mm— >
» EK,TF E\;
hV'MLbC e
o % - ’ y .
Neutrrinos m A
SPPC""f”W\. g-c «i(cep“(’;l \J'A_ EV

The separation of the two pbrtiens of the spectrum is accomplished by very
rough measurenent of the total final-state energy in the detector. We shall
concentrate on the narrow spike of high energy K-decay neutrinos in this
proposal.

The overall experiment layouf is shown in Figure 3, with a detail of

the detection appriatus in Figure 9. The detection apparatus consists of
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1l metere x 10 meters of iron, lead, and aluminum target in sections ~1
interaction length thick, separated by'scintillatién counte;;éﬁd spark
chambers. The scintillators will sample hadron showers to determine
rougﬁly.their energy; Muon angles.ﬁill ﬁe measuféd in the spafk chambers.
Dovnstream of the target is an iron-core magnet with spark éhambers to
measure muon momenta.

The evenis of interest will produce the followiné‘two main topol -
ogies in our apparatus:

(a) Inelastic scattering. These events afe characterized by the

appearance of a muon (distinguished by its range) accompanied by a

shower of hadrons:

A —— ©

Target-detector

v +N u + hadrons Muon-analyzing
H Magnet

The kinematical variables q2 and v.are reconstructed from the measureil
mucn energy and angle, and the known neutrino energy and direction.

The hadron shower information, besides separating the Ev péaks, furthsr
constrains the energy reconstruction.

(b) W meson producticn. For these events two muons emerge from the

interacticn vertex, with no other visible particles.
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v+Zop + W o2

—*u+ + v
**** !
- I
- e — N
v“ < | i -
—_—t : <
+ e
. 1 e
B e
k |
Target-detector Muon-analyzing

Magnet

From the measurement of momentum and angle for both muons, together
w;th the beam energy and direction, the mass of the W can be re-
contructed.

W production with decay other than p, v will have a topology
similar to inelastic scattering, except that tﬁe distribution in
muon energy will contain an excess of low—eneréy muons . The
size of the effect will depend strongly upon the beam energy. For
the particular case W —> ev, the shower accompanying the low-energy
mucn will be much shorter, as there is no hadronic component.

Hadron Beam

As the first step in the production of a monochromatic neutrino beam

we form a relatively narrow-band, parallel hadron beam at the entrance to

the dscay tunnel. The requirements on this beam are (1) the momentum

should be resolvable within Ap/p = + 5%; (2) the divergence should be less

than

~t.2 mrad at the highest energies (this can be relaxed somevhat at

lower ensrgies); {3) the beam should be‘able to go to the highest energies
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at which usable fluxes of kaons will be prbduced by the accelerator at
its maximum energy. We take this to be 300 GeV.

A first attempt has been made to design a simple beam meeting the
above criteria, which we present here to establish its feasibility. The
arrangsment is shown in Figure 4. We assume the beam transport elements
are to be contained within a 40-inch-wide x ZOO-foothong target box. The
beam enters the boﬁ essentially parallel to its axis and near one side.

A guadrupole doﬁblet accepts secondaries produced in the target at zera
degrees within as large a solid angle as is practical and forms them into
a parallel beam. The beam is dispersed by a pair of C-magnets and passed
through a channel in the shielding to select the momentum band. A second
identical pair of dipoles removes the angular dispersion in the beam and
steers it down the decay tunnel. The protdn beam is dumped within the’
shielding inside the target box.

For definiteness we héve taken the magnet dimeﬁsions and parameters
to be close to those for the "sﬁandard" magnets described in the 1959
summer étudy; 55-37. For running with 400 GeV protons on the target, we
’use guads of 2—inch—diamet§r aperture, giving a solid angle acceptance of
4 microsteradians, and a horizontal beam width of 1.5-inches (first quad
focuses horizontally). Thus when the beam is disblaced by 15 inches, a
momentum resolution of + 5% results. The angular divergence in the decay
tunnel; due to chromatic aberrations, is sbout * 0.1 mrad. With the given
parameters, such a beam can run up to about 300 GeV.’

A slightly different arrangement is used when 200 GeV protons strike
the target. In this case, larger-aperture (4-inch diameter) quads are used

to increase the acceptance to 16 p sr, which results in a larger (3-inch-
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wide) beam at the momentum slit. In order to maintain the momentum re-
solution, the bend angles are also increased a factor of two, and the
maximum beam momentum is about 150 cev/e.

In summary, the parameters of this tentative beam are:

.

400 GeV protons _ 200 GeV.prS%ans

LY = & psr N0 = 16 -psr

sp/p = * 5% sp/p = * 5%

29 . =10.19 mr 09, . =10.38mr
horiz , horiz _

— + o+
Agvert = T 0.07 mr AQvert = T 0.14 mr
(13)

Using the yield cruves from Awshalonm one obtains the K yields shown
- in Figure 5. It should be noted that it is possible to run the experiment
with just the 400 GeV setup.

C. Monitoring System

ﬁBecause we intend to-use a momentum analyzed hadron beam, the moni-
| toring of the neutrino flux becomes simplified and direct. To demonstrate
feasibilityuw§ mention the following scheme which utilizgs a small area
downstream of the 10 meters of Fe at the end of the decay region. Figure 6
shows the average number of u's per unit area downstream of the Fe as a
function of radial position from ﬁhe center of the hadron beaﬁ,'fof
E hadron = 300 GeV. Also indicated is the rms radial shift due to multiple
scattering in the iron for 150 GeV y.

The'very sharp forward peak from x decay will be a very useful signal
to monitor the stability of the hadron beam direction. By equalizing the

rates in counters placed at equal positions on each side of the center line,

we should be able to keep the center-line of the beam fixed to < 0.05 mrad.
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The relatively broad radigl distribution for the K-decay u's allows
a direct calibration of the K-decay v's in our beam. Input to the rlux
calculation are: the average momentum of the hadron beam, K-meson litfe-
time, hadron beam length and direction, geometry of the monitoring counters
and apparatus, and the number of coﬁnts in the Ku2 monitors. We are very
insensitive to the details of the haaron focusing system, and we are
completely insensitive to assumptions concerning the hadron flux yields,
K/x ratio, etc.

The monitoring system will be internally checked to determine that the
radial Eistribution of p's is as expected. We can also make an absolute
calibration, by running at low beam levels and comparing the monitor counts
directly to the number of K's in the beam. A very modest counter hodoscops
consisting of around ten small counters wiil accomplish this.

D. Shielding

The full 500 GeV muon shield is probably not reguired in this experi-
ment. This is because we have (a) dumped the 400 GeV proton beam in the.
target box, (b) transported only a fraction of the secondary hadrons dowvn
the decay channel, (c) utilized a high momentum hadron beam and therefore
confined the decgy muons to the forward direcﬁion, (@) placed our apparatus
600 meters from the end of the decay channel.

A number of possibilities involving pitching the forward muons into
the ground using magnetized iron were discussed in the 1969 Summer Study.(l4)
" A very modest version of such a scheme should keep the muons through cur
apparatus at a tolerable level. As illusﬁratioﬁ, 100 kg-m of bend at the

dowvnstream end of the decay region will displace 300 GeV u's by about 20

feet at our apparatus.
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E. Muon Bean

In connection with the above sugges tlon, we note that the narrow-band
hadron beam which we propose is aslso a good source for a muon beam. Thia
oéens up the possibility of forﬁing such a beam by using, for eiample, aﬁ
iroﬁ magnet at the end of the decay tunnel_to deflect muons into a muon
éxperimentai aréa.v This would double aé a sweeping magﬁét for ﬁhe neutrino
beam. Muon aﬂd neutrino experiments could thus run simultaneocusly in
area l;

A simple extension of this beam would permit bringing muons into.the
néutrino appaiatus.. This is very desirable foi check out aﬁd calibration
purposes.

. Neutrino Beam

The kaons in the hadron beam decay about 64% of the time via KX >y + v.

The kinematics of this reaction is such that, for small neutrino angles,

2 2

Mg - Ty

V- PK.[(PK) + 9 ]

The relation between Ev and 0 is single-valued, so that the zero mrad
neutrinos have the highest energy. An apparatus centered at zero mrad
covering finite solid angle will be sensitive to the upper end of the
neutrino energy spectrum. Further, if the apparatus 1is scme distance from
the decay region, the radial position of interaction allows a measurement
of Qv, and hence of Ev' Our apparatus, described in detail below, hés a
cross sectional area of 1 m2, and is placed 600 m downstream of the end

of the decay channel.
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Figure 7a illustrates the difference between the actual neutrino
energy_(Ev) and that calculated (Ecalc) from the knowledge §f the average
kaon momentum and some average decay position along the hadron beam. The
resolution on the X-neutrino peak is FWIM = 36 GeV out of ~300 GeV.

This figure also illustrates the resolution necessary for the combined
measurement of hadrons.(Eh) and p-(Eu) energies to make the.distinction
between K and x neutrinos. For a hadron energy measurement with standard
deviation 25% and muon energy measurement 16%, we show in Figure 7b the
distribution in [(Eh + Ep) - Ecalél' This is very close to the distribution
.that will actually be observed and shows a clear separation of pion‘neutrinos
- from %aon neutrinos, even for very large n/K ratios. .Onee the distinction
is made, of course, the resolution on the neutrinos from K-decay is % 6%, as

showvn in Figure 7a.

The yields of neutrinos from X :

uo decays hitting our apparatus as a

function of energy are shown in Figure 8.

G. Target-Calorimeter

A blowm up view of the experimental arrangemenﬁ is shown in Figure 9.
We have made the target only 1 meter x 1 meter in cross sectional afea.
AAlthough it i; technically possible to make apparatus of much larger cross
sectional area the rates seem sufficienf for the smaller size. |

The target will consist of repeated modules, one interaction length
of material followed by a liguid scintillator. TFor Pb or Fe this would be
4 inches of target followed by scintillator repeated for a total of 10
meters of target material. Also wire‘spark chambers will be put with every
second scintillator. The liquid scintillator will be used to sample the

(15)

hadron shower and measure its energy. The wire spark chambers will be

used to follow the muon tracks.
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vThe apparatus required in the calorimeter consists of 100 sheets of
4" x 1 méter X 1 meter Fe or Pb, one hundred 1 meter square liquid séin; _
tillatoré, and fifty 1 meter square wiré chambers with readout for 4 X and
4 j coordé/éhamber;

In order to get a feeling for ﬁhevrequirements for the calorimetry |

in our experiment consider that the very worst case corresponds to a

scattered p~ of zero ehergy. In this case, the hadroﬂ shower contains‘less
ithan 140 GeV 6f energy if the neutrino came frombnvdeca&; it contains more
than 250 GeV if it came from K-decay. Noté that the calorimeter does not
give the initial neutrinb energy, it allows us to distinguish two possi-
bilities which in tuin‘comés from the beam properties. In a more general
event, there are three energies of interest: the incident heutrino energy,
the final hadron shower energy and thé fiﬁal pu  energy. Energy conservation
allows internal consistency checks among these. The system is self-cali-
brating.

Calorimetérs of the type described for this experiment have been
extensively studied, and have been used in cosmic-ray experiments on very

(35) The standard deviation on the energy for

high eﬁergy p-p collisions.
real calorimeters has been in the range 20-25%. In real applications,
corrections of 20—40% had to be made for.unsampled energy. The appiication
of the calorimeter to neutrino interactions is complicated by fhe fact that
the initial hadron system is not a single strongly interacting particle.
The initial hadron system, for neutrino iﬁteractions, will have unknown
muttiplicity, charged/neutral ratio, as well as K/x ratio. Since we

measure the neutrino energy independently,.our calorimeter can be calibrated

directly on neutrino interactions, so that systematic effects should be small.
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Considering the experience of previous experimenters apd wlthout extensi#u
calculations, we will assume that we can achieve a standardlaeviation of
25% on the measurement of the energy in the hadronic shower. This is quite
adequate for our purposes.

In order to study the dependence of the cross.sections uﬁon nuclear
mass number, different materials will be used in the target. Good counting
rates are obtained with both lead and iron, which gives a variation by a
factor of ~4 in A. Portions of the target can be replaced with other, 1éss
efficient materials for runs at the neutrino energy where thé flux is highest.
Runs with liguid hydrogen would be made using a slightly different arfange—
ment: in this case the hydrogen would be placed in front of the hegvy |
target, which wouid still function as a calorimeter.

H. Muon Spectrometer

Rather than trying to stop the high energy muons(it would require
3 meters x 3 meters x 150 meters of Fe at 300 GeV), we propose Lo measure

directly the muon momentum in a magnet. 'A rather inexpensive solution

which we propose is an iron core magnet, toroidal in shape with the axis
of the toroid along the v-beam direction. The magnet, shoﬁn in Figure 9, is
1imited_in resolution by the multiple scattering in the irbn._

For a configuration wifh 200" lever arﬁ on eaéh side of ﬁhe magnet and
a 20 kg field for 80" the resolution, including multiple scattering and 1

resolution in the spark chambers, is given below.
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AP
P B
P ' _ Air Iron
(cev) ' Core ~ Core "
o5 .86 13.0
50 1.64 13.1
100 3.2 - 13.4
200 6.4 14.5
300 9.7 16.2

I. Resolution

éable I indicates some typical resolutions expected for running at
300 GeV. We first list parameters that are directly measured. The energy
errors have already been discussed. The errors on incident neutrino angle
are quite small due to the large distance between the decay region and the
apparatus. The errors on the outgoing muon angle are dominated by multiples
scattering. They are divided into two cases: (lj when there is no large
hadron shower, the muon will be measured stafting from thé interaction
point; (2) when there is a large hadron shover, there exists a distance
(~1.9 meters) over which the muon is unmeasurable.

From the measured quantities, we have indicated some calculated
variables of interest. We have used fhé constraint on energy conservation,
Ev = Eu + Eh in deriving the resolution on the inelastic scattering vari-
ables, v and q2.

For the W mass calculation, we take the reaction

v“ +Zop 4 Wt Z',
L4
1]
- | +V“J
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Table I

Resolutions for Ev = 300 GeV

(no hadron shower) é
. : i

Parameter Type IStandard Dev.(SD) Major Contribution tou S.D.
Neutrino Eﬁergy Measured 36% Momentum Spread in Hadron
(E.) i | 'Beam
v ; :
: - _ .
s |
Outgoing y Energy § Measured 313—16% Multiple'Scattering in
. (Ep) { | Iron Core magnet
!
Hadron Shover - % Measured |25% Inherent Statistics in
Energy (EH) . : Calorimetry
Incident *v § Measured ~0.1 mrad Parallax of decay region
Angle (Gv) t as viewed from apparatus
Outgoing u é Measured (15 mrad for E = Multiple scattering in tar-
 Angle (6 ) i .- 10 GeV get detector over the dis-
(nadr sﬁower . to : . tance of the hadron shower
. ont) '0.5 mrad for E = E where the p is not observed
presen . 200 CeV ;
|
Outgoing u  Measured < 0.6 mrad ! Multiple scattering of muon
Angle (eu) - . : in target-detector )

v=E ~-E .- Calculated < 25 GeV : i Brror in Eh for small v}
v. K ; . 0<v<300 GV | . :
: Brror in Ev for large v.
¢ = 2B E (1-coso ) ' 12 2
vV il Calculated:NB-lB% over range of* @ > 1 BeV , error in
: TEM’ g2 > 1 Bev2 . energy determinations
'~ .05 BeV2 for : q2 <1l BeVe, error in angle

lq%< 1 Bev?

b

determination

+
Angle be?ween H : CalculatedESQ
and W' in : l -i-< 0.07

wh o u++v(9+) : ; °

“+

@ and 8 forM < 7 CeV
v 3 W

Transverse momentum of re-
coil nucleon for Mw > 7 GeV

W-mass (Mw) 2 Ca;culatedi oM /Mw < .10

9+and p+ energy
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in which Z' predominantly recoils with small momentum transfer. The energy
of- the p-_is measured in the detection épparatus and the energy EO of the

incident neutrino is known, so that Ew is obtained from

eglecting the carried off by the ili on. : ‘
neglecting energy carri £ by reco;llng nug;eon (Etransferred

qz/EMZ < Eo.) The W mass can then be obtained from the relation

-
M =2E, (Ew -~ P_ cos 9+).

Here E_ is the (measured) energy of the W-decay pt.  The angle 9+.between
the p+ and W' directions is obtained in the reconstruction with an accuracy
(12] 4 : _

6—i-< 0.07. This relies upon the fact that the decay p. has large transverse

+ -
momentum relative to the W-direction, while the (unknown) transverse momentum

carried off by the recoil nucleus is sméll.

-J. Rate in the Apparatus

(a) W-Search: Rates are shown in Figure 10. The experiment should be
sensitive to W production for W's up to 15 GeV in mass. These rates
assume the branching ratio into pv ~10% (so the total rate for all

decay modes is a factor of 10 higher).

2 . .
(v) - (Ev): Total inelastic rates are shown in Figure 11. The

d q2d v

experiment should be capable of measuring the cross sections from

40-300 GeV (rates vary from 100-1000 counts/day over this range in
energy).

2 .
() —~§§g—— (E_): At 200 GeV, we can make a comparison of the anti-
' dgadv .
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(4) Toroidal Iron-core Magnet
-
a) l2m of Fe (main cost - power supplies and coils are minimal)

p) 8-3 m2 wire chambers.
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neutrino cross section (rate of 100/day) with the neutrino eross
section.

(d) We can study various materials at 200 GeV for Ev with reasonuble
rates. For example. Al gives a rate of 250 events/day and 1iquid.
hydrogen 10 m2 x 10 m gives ~100 events/day. |

K. Requést for Time

Our rate calculations assumed 400 GeV protons, 10 sec rep rate, and
1013 interacting protons/pulse.

We propose to carry out the measurements outlined in this proposal
assuming the above parameters with ~2 x 1018 interacting prdtons.. This
represents 250 hours - test time at low intensity

500 hours - data taking.

It should be noted that our experiment, which could be ready at a very
early date, is capable of interesting physics at reduced intensity. For
example, for 1012 interactihg protons/puise we would produce 10 events/day
of hypothetical 8 CeV W-bosons and even an estimated 1l event/day of the type
W-—=pn+ v. Also, we would obtain 100 events/day in the ine;astic spectrum.

L. -Summary of Experimental Equipment'

Below is a summary of the main experimental components needed fof.this
experiment.
(1) Hadron beam components for the target box.
(2) p-dump (either a pitching magnet arrangement or muon shield)
(5) Target-Calorimeter
a) 10 n° meterial {mixture of Fe, Pb, Al)
b) 70-1 e liguid scintillators

c) 50-1 m® wire chambers.
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11.
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13.

14.
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NEUTRTHNO PIVSICS AT 1
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—

2

July 20,

The material presented in this supplement represcenls additional information

k]

wvhich was not dincluded dn the main proposal. This includes discussion

o)
o
=

- . . SN K} : L - - -
backgrounds, W-boson rates, wuon shiclding, and tho estimzated cost of the exper-

jment-.
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A. Neuirino beam

The neutrino boaw was diséusse& in scetion J1¥ of the proposal (p. 18). For
the purposc of obtaining a monochromatic neutrinoe beam, the signal conzists of
the high encrgy peal of neutrinos fron KU7 decay. 7The background presented by

n the propesal. Ve have calculated the yields

[N

the HUZ nevirinos wios discussed

i0r wo additicra
decays. These decay modes give neutrinoz in a broad speetrum
. . ot )y o et .
extending frcm zero to v 75 BK. Figure £-!chows the neutvine spectyun vith

the background effects included, for the case EK = 300 GeV. The K23 decaye contri-
bute tﬁc shovlder ﬁn the high side of the 2 pgak.
(2) Decays from before the fivst magnet-of the hadron beam., As indicated
in Figure 4 of the propesal, the hedrvons produced in the target~drift for v 88 ft.
. A

before the charge and momsntum selection s made., Althouzhy this distence is

short compared with the decay tuincl, because of the nuch wider contributing

the front--end dvift space is not directed pavallel

=3
jog
m
[N
[a N
[e]
}J'
0n
-
o
]
r.—‘l
[}
B
I
(&3]
(@]
rr
o
(453
t

to the dzcay tunnel axis, according te configuration (a) or (b) sketched below:
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= e e
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The gurds magnify or demwgnify the first bend as needed to give an achromatic boeou
at theo output. Satisfactory solulions have been calculated for both configurations,

Tho neuiprine background from this scurece has been calculated and is plotited
(for beew configuration (a) above) in Figure A1, The lewer dotted curve gives

the dntincutrino component.
+ .

B. Backgrounds for UW-search
In this section we shall discuse briefly the kinds of ncutrino interactions
that tend to have signatures similar to that eof a VW meson. If the W is wassive

it will be produced only by high—-energy neutrinos. A feature of the monochromatic
beam is that when it is tunéd to high energies, the very lerge low cuergy part
of the neutrino spzctyum that would othervise be present is largely recumoved (sce

p i g

L)

Figure A-1). he ratio of U-preduction to toteal

w.
s

nteractions is therchy greetly
impiroved.
For l's detcected via tuc-p, v, decey, the potentiai
(1) Sirgle v eand multi-v preduction, with a subsequent @ decey, vesultins

in a dimuoena signature with little or no bhadronic shower. Ve estimsate the rate cof

such cvante by taling a

)

the nurber of neulrinos

per pulse), aund a pro

for E1T = z fewr GaV. The resul

even if the recoiling bavyons never give chservedle shovere,

| . o L B P ~ e
shovers are distipguishoble fron

‘Regavding the nultipion production, va can eslablish an uvppor dinit as
follovs: “he total nuiber of voutrivae dnteractions . (for signal ond bochkoreund) is
: -3
~ 5000 poey day, droooy probchility of 10 7, vo got v b over day

wvith-a w-docay muon,  Of this total the nosber of eventls with no hedren shooory is ver

A2
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~sinll: conseyvatively <27, This gives <1 backprouvnd event péy‘dgy.

(2) A contamination of ontincutrinos would be sowovhal more serious sirce

4 . - - , . -}
the o from vz >y +z' b w is more Jikely to fake o W decay, its
' Lony '

encrgy being wove aften lavge. From Figure A-1 it dis clear that the v contamination

is very swall, and confined to low enevgy. It can be noglected.

(3) In order to detcet the production of W's witlhiout secing the leptonic
-decay, one must be able to sce a sharp, low energy peck in the spectrum of muons
from interactions at a given ncutrino cuergy. The background Eu spcatrum from
thé inelastic scattering is cxpacted to be quite flat. Wa can expect to see the:
Jow energy peal very clearly since the neutrins encrgy is well deterninad for
each event, Most of the low enerzy ncutrinos, viich could give an coxcecs of
low encrgy backgrovnd muons in the sample if the energy were misanalyzod, are

removed from the narrow-band

]

C. Sepearation of Neutrino and Antineutrino Inelastic Processe
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The only background for the inslzeti

from antincutrinos (szo Figure A1), coiing from the part of the beam before the

first magneat. Yt is negligible over all of the useful enecrgy range. For running
with antincut: , tho neutrino backgreund iz 22 Jarge as 157 zt the worst evargy

(50 GeV). ©Pocause

only eue euer
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YI. Rakes for Figh Tioss W-Bocony (> 30 GeV)

0

Tt dis natuwral to aasuﬁo that since our‘bcam cccepts only a 10Z momontwe bite,
the 'rates will_bc Jorer than those for a béam vhich docs not wake this selection.
1t ie the purpose of this scction to point out that in the scarch for very heavy
W's the rates for our beam are compareble to those of a wide band system. Rate
is not a problen for the rest of the physiés in the propesal.

7

«

he production of high mass W's js due to the hishest cnergy nevtrinos.

. 1 of the prowpoesal.

&)

This cen be secn by leoking at the W-production curves, Fi
These neutrinos, in turn, coise from piouns 2 300 GeV eznd kaone 2 150 GeV., Actually,
the contribution of 150 GeV I-wmesons dis less than that of 300 GeV K-mesons,

on rises shavply with enargy. As a result, & 20 CGoV band

P

since {he cross sact
of hadrons at ~v 390 GeV dncludes a lavge fraction of those which contribute to
the counting rate.

Another factor mzles the rates more favoreable for our momentum selecied

bean. The hadrons are very well collimated (v .2 meters in diam. at the end

]

{

of decay tumnel, and A% ~ 1 wur.) for our beem. A wide band systcm in contrast

fille a 1 meter dizneter decay tunnel and has nmuch larger angular divergeonces.
As a result, our beam produces e much better collimated bezn of neuvtrinez than

detector is shouwn in Fig, A-2 for our beon aud for 2 molel o

In order to match this distribulion ouy apnaeratus weas cnedew te be I wm. x 1.

in transverse dinensions wiile any wids bead systow is usuzally checen to be at

Jeast 2 1. x 7 1.

£ o I -yt
& for eounl teveat
P EE RN AR

in ovr boan

gocs throuch & tig

Celoulations have been rode copavies in datail a wide band be
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bean for productios of W's » 10 GeV.  Actuval rates for theso heavy We ore wpcertain
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due to the very large djffaronccé in KT/H+ ratio for diﬁfcrent produétiun modolé.
However, we find indepondent of these assumptions that for equal teommage, a

wide band arrvengement with a lﬁrger arca detector alwvays hos Jess rate than our
experiment. The actual'factor, vhich depends on K/ ratio, type of wide band

, ete,, varies from 1.3 - 3.0.

systen used, MU

To summarize, our advantage In rate dus to having the neutrinos well collimated
more than offsets the lossos due toe our momentun sclection in the hadron beawm in
the secarch for the heaviest W's.
ITI. Huon Shielding

tions concerning the nuon shield for the bubble chamber,

4]

Due to recenl quo
wve would like to emvheazize the facl that our experiment does not require this

shield.

.

order to obtain our wonoenergetic v-beam), it is pessible withoul compromising

The hichest encrgy muons ever. produced in our beam ave 300 CGeV/e. The

encrgy loss in earth is ~ 45 CoV/meoter, vhich mzans that v~ 670 meters of earth

600 metevs or pure carih ond move to s=y. 802 metevs. Moving the exporinont gives
only ~ 257 redaction in rate and actually Jwproves the cucrgy and angular rvesoluticn

on noubtrinos.

. LA - U BT P -~ N -~
Je have propesod o appovetus o) wmindeoal sice ond conpleoxity to periors our



expeviment. Ve have been able

2L T

Fe

to relox soemevhat the dewands on the apparaius,

since we independently determine the dncoming neutrine angle and cnergy. The

iren core magict is only 2 mcters t

hick, sirce 13 -« 167 cnergy resolution onn the

N .

muons is adequate. Our proposed Calorimeter-target is only ~ 1 m. » 1 m. trans-

verse and ds rvather coarse in sampling stations. This is pozsible since the

rate is adequate end calorimetry requiremcents are nol severe {z 20 - 25%).

(1)

(2)

(3)

Below iz an estiuwate of the cost of our apparatus,

Calovimetlai-target

10 m3 material v §15K Fe, Pb, Al mixture

Liquid Scintillator v §30K , Egtimated commercially by
Nuclear FEntevprises iuncluc
boxes

Wire Spark Chawbers v §$50K

Electronics v §55K (some of this equipaort
already exisis at Caltech)

L)
=
o]
)
T
o
(4
W
"~

Muon Swoccts

Magnet, coils, pover supply, $1.25K
stand.
1.5 n. radive x 2 n. thick

Vire Cheambers and Electronics §25X

Yoom lonitor

10 small counters N 82K

.

for wire chunber Probebly Coltech U2 or
~nd data collcction Equivalent
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I) PURPOSE AND SCOPE

The Caltech-NAL collaboration has as 1ts purpose the early exploration of

'the foliowing physics goals:

1) Search for the intermediate vector boson (w-megon) supposed to be
the medietor of the weék interactions;

2) The measurement of the totel neutrino cross section (UT) on protons
and neutrons inside heavy nuclei et neutrino energies’(Ev).between 80 Gev
end 300 GeV,

3) Measurement of the differential cross section for neutrinos interactingv
with protons and neutrons (dZU/dvdqg) at neutrino energies between 80 GeV and
300 GeV;

4) Comparison of neutrino and enti-neutrino cross sectlions in the same

energy range.

This expe:iment'differs from others proposed at NAL in the following
mejor ways: (a) the use of a narrow-band (monochromatic) neutrino beam,
(b) direct end simple monitoring and calibration of the beam, and (c) a
flexible target detector. These unique features are very important in the
pursuit of these four physics goals.

For the W;segrch, our éxperiment has the following capabilﬁties: We
_expect the rates for this search will be adeguate up to a boson mass of n 10
GeV/cz. Up to this limit, the search using a monochromatic beem, although

lower in rate, will have negligible.backgrounds from other processes. In
addition, for the decay mode W -+ u + v , the mass of each observed boson wi;l
be determined. Because Such events can be separated wilthout recourse to

cuts in transverse momentum, the angular distribution of the W decay can dbe
obtained without bias. This distribution affords an important check on the
W production. We also expect to detect the W in the modes W +Ie + v and

W - hadrons. The simple monitoring features of the beam sllow blag-free
measurements of the productioh cross section of W's as a function of energy,
another important check. ‘

There are a number of unique features of our experiment for the goals

(2), (3), end (4). All of these involve measurement of neutrino scattering from
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nucleons (i.e., v+ N-+yu + 7T, with T in some hadron state). We expect that,
with the simple monitoring, the determination of the absolute cross section versus
energy will be quite direct. Because of the additional information on the
newtrino energy, the kinematic variables (q2 end v), so important for deep
inelastic scattering, can even be determined for events where either the hadron
energy or muod energy is_unobserved, That is, the differential cross sections
will be obtained in a.bias—free way. The additional informetion on the energy
also provides improved resolution on the kinématic variables. ?Complete charge
separation provides & relatively clean system for détermining anti-neutrino
cross sections. Finally, the flexible target detector ellows the systematic
1nvest1gatlon using dlfferent target meterials, of any A-dependent effects.

Because of the partlcular beam end epparatus that we have chosen, however,
there are certain 1mportant physics goals that are not part of our program.
-Thls Judgment is based on anticipated cross sections extrapolated from presently
evailable informatlon. For example, the four-fermion reaction,v + 2 = yu  + u + v+ 2
has & calculated reaction rate which is too low in our beam and in our apfaratus.
This measurement requires a wide-band beam and & fine-grained target calorimeter,
A V-search at the highest masses in a wide-band beam also requires a fine-
grained calorimeter to separate the signal from the large background Another
important physics goal which has & low antidipated reaction rate and a potentlal
systematic efficlency problem is the measurement of neutrino cross sections
in hydrdgen. We do not antic;pate this as part of our experiment.:

We expect t;mggni;éiéred to begln final data’ teking in January 1972. The
various goals should be attained by January 1973 with about 10 19 protons on
the terget of energy Z_hOO BeV. We shall refer to this period of data acquisition
as Phase I of our program. - Figure 1 shows the presently envisaged set-up of
Phase I. |

The milestones in the éxperimenﬁ are as follows:

(1) January 1971: small calorimeter running at ANL to test calorimetry;

(2) June 1971: Phase 0O ready for operation at NAL;

(3) September 1971: W-mass limit set at b GeV;

(4) December 1971: W-mass limit set at 6 GeV,

totel cross section measured at E, = lOO\?eV;



(s)
(6)

(1)

(8)
(9)

L/

January 1972: Phase I ready for operation;
June 1972: Total cross section measured up to 250 GeV,

W-mass limit set at 8 GeV;

>September 1972: Neutrino ~ anfi—neutrino total cross section comparison

at 200 GeV,

W-mass limit set at 9 GeV,

total cross section measured to 300 GeV;
December 1972:’Déep inelastic scattering cross section measured.

Januery 1973: Farewell to Caltech!

o7
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II) RELATIONSHIP WITH OTHER FACILITIES

The design of the detector building, i.e., "W" house, is such that the
construction of the muon lab and the hadron beam can proceed without interrupting
the functioning of the experiment.

Certain minimal requirements are necessary for the experiment to function,
however. During the running stages of our experiment, floor vibration, power
"line drops, and magnetic fields in the region of the experiment must be kept
below reasonably tolerable levels.

The target, quads, and dipoles occupy only a small fraction of the space
available in the target box. There should be ample space for the operation of
other facilities with a minimum of rearrangement. (Hadron beam and wide-band
neutrino beams, say.) -

The interface at the monitor station {i.e., Torpedo room) is less clear

at the present time, since no detailed design exists at present.



III) SUMMARY

5.

1) This is the first experiment to be done in the neutrino area, therefore,

there are certain complications which are not typical.

includes costs for items which would not normally be included as part of an

experiment.

We recommend that cost codes be set-up in the following divisions:

. (A) Operating
(1) Capital equipment
(2) '"Temporary" installations

and service

(B) Plant
(1) Beams and Targets components
(2) Monitoring and control components
(3) Spectrometer and Detector coﬁponents

(4) 1Installation (T & M contracts, etc.)

2) Cost Summary for FY '71

These are the amounts of money which we expect will be spent in this

fiscal year to bring Phase 0 into operation.

(A) Beams and Targets
" (1) 2 quads and 2 dipoles
(2) Power supplies
(3) Target and Beam dump
(4) P.B. steering (magnets and p.s.)

(B) Monitoring, Control, and Testing
(1) MAC 16 or equivalent
(2) 3 Controllers & P.C. boards

(3) Monitoring electronics, etec.

The cost estimate

WAA

WAB

NAL
Plant

Cap.Equip.

50K.

25K
15K
25K

25K
10K
10K

2/-59
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NAL CIT

Plant Cap.Equip.

(C) Detector

(1) 80 T steel plates#® 20K

(2) 12 XY S.C.'s** ‘ 25K
(3) 10 scintillators | 20K
(4) Associated electronics 20K

(D) Spectrometer
(1) Magnet and coils* 10K
(2) Power supply 2K

(E) Data Handling
(1) Tape drive for I-3 (rental?)* 3K
(2) ZI-3 mobilization 5K

(F) Facilities
(1) Detector building with

Hardstand 40K
(2) HVAC and other utilities 15K
(3) 3 Porta-camps#* : 10K

Sub-Total 240K 45K 70K

Installation (10% of 290K) 30K
Misc. including travel . 5K 25K
Phase I advance procurement 25K
Total 275K 45K 120K

% This item could be plant or capital equipment.

%% Indicates chambers used for the spectrometer.
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3) Fiscal Year '72 Projecticn - Phase I
Below is a summary of our estimated ccst to bring Phase I into operation

and perform the experiment. No division is made between CIT and NAL cost.

(A) Beams and Targets 100K
(B) Detector 275K
(¢) Spectrometer (Phase I-Magnet) . 50K
Sub-Total | h2SK

(D) Installation | 25K
Misc. including travel 50K
Total 500K

L) Summary of Funding

A summary of the.funding requirements and sources of money are given below.
NAL Cap. Equipment réfgrs to NAL expenses specificsally due to collaboration
(counting equipment, scintillators, spark chambers, etc.). A specific division
is given for FY'Tl. These are the costs required to get Phase 0 in operation
in June, pius,neceésary expenses toward Phase I.

FY'72 represents a projection, and a suggestéd breskdown of funds. We
suggest that the exact breakdown for FY'72 be negétiated at & later time (the

actusl emount of funds available at Caltech for_FY'72 is not known at this time).

FY'T2 FY'72
1 3 . ' o ’ . *
CIT Existing _ 120K . 7 :} 200K
CIT Incrementsal AEC -
NAL Cap. Equipment 45K~ 100K
NAL Plant 275K 200K
NAL Existing - -
LhoK 500K

. A
At this time 125K existing can be guaranteed from Caltech for FY'72.
This represents expenses for cepitel equipment, etc. It does not include ongoing

expenses (selaries, etc.), amounting to about $300K.
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IV) DESCRIPTION OF FACILITIES

(1) Beams and Targets
(1.1) The monochromatic neutrino beam.

The beam consists of two quadrupoles, as a doublet, and two
arrays of bending magnets. This will take the beam from point to parallel, and
the opposing dipole arrays will remove the éngular dispersion.

The plan is to'use the same elements in two configurations.
One with the guads closer to the target would be a large solid angle beam (of
max. momentum 150 GeV/c, say), while the other arrangement would allow up to
300 Gev/c.

(1.1.1) Quadrupoles

The first quad would be externally identical with a proton
beam quad, but with poles adapted for a 2" aperture. The second quad is a
normal 3" proton beam quadrupole. This allows both quads to be run in series

on the same power supply.
(1.1.2) Dipoles

In order to obtain the full solid angle allowed by the quads,
the beam should use 3" dipoles. Two Main Ring B2 magnets would result in

satisfactory performance with about a 2/3 reduction in intensity.

(2) Momnitoring, Control, and Testing

Our dintention is to use the region at the downstream end of the decay
region (possibly upstream of the '"torpedo plug'") for monitoring and testing in
the early stages of Phase 0. To facilitate this early monitoring and testing,
provision should be made for appropriate portable shielding. The arrangement of
the portable shielding will be such that it does not interfere with the completion
of the area. Small portable tool-sheds and a small porta-camp can act as
experimental stations.

in June 1971 we will have there a small counter hodoscope for tuning the hadron

beam. We will alsc have a small version calorimeter, which had previously been
used at ANL, to test on high energy hadrons. The purpose of these tests will be

to determine that our proposed method of calorimetry is adequate. During



[N

Phase 0O, we will also utilize this set-up at thé end of the
decay.region to investigate monitoring and celibration methods.

- When the Front End Enclosure at the downstream end of the decay pipe
is completed, this phase of testing will terminate. A%t that time, we will
install monitor counters inside the Front End Enclosure.

The oﬁtfitting of this monitoring installation, including fast logic,

100 M/c scalers, and a multichannel analyzer, will be provided by NAL.

(3) Target-Detector

The target will initielly consist of 4" Fe slabs, and -the detectors
of 3/8" thick scintillators to measure the hadron_ehergy“and.spark chambers to
follow'muOn trajectories.

The device will be bﬁilt in moduler form. Each module consists of
L slabs of target material, 1 spark chamber, and 1 or L scintillators (Phase 0
or Phase I). A typical module is shown in Figure 3. The modules will be built
and mounted in such & way that different target materials or thicknesses can
be used for A-dependent studies or for finer sampling ealorimetfy, if necessary.

A summary of the target-detectors for Phase O and Phase I is given

below:
Phase 0:
- Module

L - 60" x 60" x L" Fe slabs

1 - 60" x 60" X-Y wire chambers

1 - 60" x 60" x 3/8" scintillators
Total length 2L-1/2"

Total Detector
40 - 60" x 60" x L" Fe slabs
10 - 60" x 60" X-Y wire chembers
10 - 60" x 60" x 3/8" scintillators

Total length 20' 5"

Phase I:

Module
L ~ 60" x 60" x 4" Fe slabs (also other materials and thicknesses

will be used)

2/-£3
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1 - 60" x 60" X-Y wire chamber
L - 60" x 60" x 3/8" scintillators
Total length 2L-1/2"

Total Detector - 20 modules
80 - 60" x 60" x L" Fe slabs
20 - 60" x 60" X-Y chambers
80 ~ 60" x 60" x 3/8" scintillators
Total length Lo' 10" |

The iron target material and fast logic will be provided by NAL. The
counters, spark chambers, drive system, readout, and some fast'logic wvill be

provided by Celtech for Phase 0. For Phase I Caltech and NAL will share the
costs of building the detector.

(4) Muon Spectrometer

An iron core toroidal magnet will be used to momentum analyze maons.
A preliminary magnet will be built for Phase O and a larger magnet constructed
for Phase I. ' 4 '

The Phase 0 magnet will be 60" transverse and 80" long and have a
field of 16-18kg. Two 60" x 60" X-Y sp;rk chambers will be used following the
magnet to measure the exit angle. . A
' The Phase I magnet will-be'about tvice the radius. Two 120" x 120"
X-Y spark chambers will be used both in front and following the magnet in
order to measure entrance and exit angles and thereby determine the muon

momentum,

(5) Data Handling

The counting electronics will be housed in 2 - 30' porta-camps
mounted side by side. A PDP-8 computer will be used in Phase 0 for data
recording and on-line diagnostics. This computer, owned by Caltech, presently
has two tepe units end soon will have a disc. 12 - X-Y spark‘ghambers will be
readout on magnetostrictive lines and a total of 96 coords will be recorded
for each event. Pulse height ansalyzers on the scinti;lators will &lso be recorded.

We estimate that at least 600 sq.ft. of floor space is needed %o house the
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triggering and data recording equipment. The PDP-8 tapes will be analyzed immediately
by using the XDS Sigma-3 coﬁputer (located at Beam Transfer) as a dedicated off-
line computer during Phase 0. The addition of the 1 - tape unit is required to
make use of this computer.

We expect to interface the XDS Sigma-3 to the experiment for Phase I.
More powerful on—line diagnostics will be required due to the increase in the amount
of equipment. If it turns out that the PDP-8 is capable of servicing Phase I,

the Sigma-3 will remain as an off-line computer.

 (6) Facilities

The "W" building will be 30' x 90', large enough to house the Phase
I experiment. This building will provide space for some stock, some light shop
activities, and some electronics work benches. 1In addition, it is supposed that
the Phase I magnet will be fabricated in the building. The gas purifying and
eirculating system will be in the building, as well as the spark chamber pulsers.

The electronics and on-line computer will be housed in a porta-camp
complex near the '"W" building. These would be sitting on the hardstand, and
coupled together as in the case of the Booster porta-camps in the footprint area.
-The porta-camp complex will be consistent with the layout of the area as shown in
NAL Drawing No. 2211 ME 7766 Revision B dated 12/16/70.

' The total power réquired for the entire facility is anticipated to

be less than 60 XVA, 3¢, 480V.
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Vi) METHOD FOR ACCOMPLISHING THE EXPERIMENT

{A) Manpower

Principle Investigator: B. Barish - Caltech

*
Ph.D. Staff

Other Research Other
Commitments Commitments
F. Sciulli (Caltech) none ' some teaching
B. Barish (Caltech) none teaching
. Y. Nagashima (Caltech) none none
'B. Ford (Caltech) BC-25 at SLAC none
C. Peck (Caltech) | BC-25 et SLAC teaching
A. Maschke (NAL) o none ' accelerator
L. Oleksink (NAL) ‘none accelerator

Thesis Student: (Phase 0 -- Search for W-Boson)
T. Humphrey (Caltech)

Technicians: 1 NAL and 1 Caltech

Programmer: 1 Caltech (on-line programming)

(B) Division of Responsibilities

The followlng list includes the ant1c1pated needs of the experlment and

éetails the primary responsibility for each need:

. i) Beams and Targets: (NAL) ,
This refers primarily to the experlmental needs upstream of and

including the decay tunnel. It includes:. _
1. Maghets, power supplies.
2. Beam'dump.
3. Targeﬁ.
Ly, Beémron-target monitor.
*We expect to add one more postdoctoral fellow from Caliech between Januéry and May 1971.

L3 :
BC~25 begins to run at SLAC in January 1971, and should finish during Summer 1971.
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ii) Monitoring, Control, and Testingl(NAL)
' - This section refers to the expérimental instaellation downstrecam
of the decay region to be used for monitoring of the beam and testing of the
small test calorimeter. ' '
1. Porte-camp, tool sheds, power (NAL).
2§'Electronics, including fest séalers, fast logic, multi-channel
analyzer, pover supplies (NAL)."
3. Monitor counters (cIT).
4. Test calorimeter (CIT/NAL).
5. Controllsystem_gnd data link connecting experimént, monitor

station, and eccelerator control (NAL).

iii) Detector (CIT) ,
This includes the target calorimeter and associated equipment:
1. Target material (NAL).
2. Scintillators, light pipes, counters and bases, cables {CIT/NAL)
'3; Spark chambers, gas flow system, drive circuitry, readout
" wands and readout equipment (CIT/KNAL). -
4. Spectrometer magnet (NAL).
5. Wonder buildjng, pover, detector mount, etc. (NAL).

iv) Trigger and Data Handling {(CIT)

This includes the experimentzl control, data recording, and data

‘analysis.
1. Fast logic, cables, power éupplies (cIT).
2. PDP-8 computer - date recording (CIT)..
3. I-3 computer - data analysis (NAL).
L. Software for PDP-8 and I-3 {CIT).
5. Porta-camps to house experimental control (NAL).
v) Fecilitles
This includes those general needs we anticipate as part of this
experimental program, and which can‘most effectively Ye provided through FAL,
1. At the experiment: toilet facilities, drinking water, electric
| power, gas‘lines.
2. At the monitor staticn: electric power.
3. I-3: computer mobilized.

L, General: office spéce; housing.
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15.

During the experiment, we expect that we will have, on the average, four
persons, with wives and children from Caltech, working at NAL. We expect also
3-5 single persons will require housing. We hope thet NAL will provide furnished

apartments or houses to meet these needs.



