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I. INTRODUCTION 

The reactions of scattering neutrinos from electrons, 

v + e- + v + e- , 
]..I ]..I 

ve + e- + ve + e 

and their anti-neutrino counter parts, have not been observed experimentally. 

These reactions are predicted in the conventional V-A theory of weak inter­
' 1act lons. They also play an important role in some cosmological theories. 

During the past few years, a great deal of theoretical effort has 

been concentrated on the development of a renormalizable gauge field theory 

which manifestly unifies the electromagnetic and the weak interactions. 2 

In the context of this theory, there should exist a massive neutral boson, 

ZO, mediating the weak interactions,lin.the same manaer.astlle· photons Tor 

the electromagnetic interactions. Both the V-A theory and the gauge theory 

give definite predictions on the cross sections of neutrino~electron scatter­

ings. Specifically, the ZO-exchange makes the ve scatterings a first order 

process; while the W-boson exchange makes the reaction a second-order process. 

The latest experimental development in high energy physics is the 

observation of events in neutrino-nucleus interactions in which no muons are 

produced. 3 This important discovery indicates the existence of hadronic 

weak currents. 

These important developments in physics give us a strong incentive to 

study neutrino-electron scattering at NAL where strong sources of high energy 

neutrinos are available. Such experiments will answer the following fundamen­

tal questions: 

1. The existence of lepton-lepton current interactions. 

2. The distinction between various weak interactions theories, such as; 

a. The 4 fermion local V-A theory. 
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b. Gauge theories. 

c. The W.-boson theory. 

3. The existence of a lepton neutral current. 

II. EXPERIMENTAL DESIGN 

The basic experimental arrangement is shown in Figure 1. It is 

conceptually simple and novel. The main elements are specially designed 

multiple wire proportional chambers interlaced with steel radiators of ­

r-t- in thickness. Neutrino-electron interaction can be uniquely identified 

by the observation of an electron shower with no hadrons present. We expect 

to measure the shower energy with about 15% accuracy and the shower mean 

direction to about 1 mr~ The whole arrangement presents several hadron 

interaction lengths to the beam so that events with hadrons can be isolated. 

The accuracy of the shower direction measurement will enable us to sort out 

other types of backgrounds. 

Two main types of background are: 

1••0 production, and 

2. vn -+ ep. 

The first one can be discriminated against by the presence of accompanying 

hadrons. The second pro~e6S gives the same order of magnitude as the ve 

rate but such events can be recognized by the broader angular distribution. 

A. The MWPC 

The construction of the MWPC's is shown in Figure 2. In this construc­

tion, the anode wires are connected together to give information on the pulse­

height induced by the electron shower. Signals at the anode wires will also 

provide the trigger. The two cathode planes are used to measure the position 

-- ... _---------------------------------­
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of the electron shower. The "induced" signal on the cathode planes will 

be read out by a novel "delay-line" technique. 4 The active area of the chamber 

is 1m x 1m. The mechanical construction is made easier by the use of 

aluminum plates to support the cathode-wires, which also serve as part of 

the radiators. The cathode-wires are glued on and insulated from the aluminum 

plates. 

Our laboratory has already built 12 MWPC·s 1m x 1m in size for the 

ll-P inelastic scattering experiment at NAL. The required electronics-and 

mechanical techniques for building these chambers are now fully developed. 

We estimate the cost of the chambers for the proposed v-e experiment at 

$3000 each. 

B. The Ta rget 

The steel plates between the chambers and the aluminum walls of the 

MWPC·s will serve both as the target for the neutrino interactions and as 

the radiators for the recoil electrons. The total thickness will be 1 r·~· 

per cell. 

Initially, we would like to build 50 cells, made of one MWPC and one steel 

piati ~~th~l to do the experiment. Later, this number can be increased to 

100. If economy permits, we will replace a few steel plates with Pb-glasses. 

This should enable us to double check the electron energy measurement of the 

C. The Trigger 

Since the chambers are operating in the proportional mode we will 

use the anode signals to sample the electron shower energy. If the anode 

signals from several adjacent chambers show the characteristics of such an 

electron shower this signal will be used as a trigger to latch the information 
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in all the equipment preparatory to data readout. 

Deta"lls of electronic logic, cosmic ray vetoes, etc., w"ill not be 

discussed here. 

D. Counting Rate 

To estimate the event rate we use the neutrino spectrum shown in Figure 

3 and a basic cross section 

2ooiE.) = 10-41 E (in GeV) cm . v v 

For 50 cells 1m x 1m in size each with 1.38 cm of steel and 2 cm of aluminum 

From Figure 3, the integral 

5
120 

N (E) E dE = 1.7 x lOll neutrinos/m2 • 
v 

5 

The counting rate is given by 

0.3 events/hour, 

for 1013 protons of 350 GeV on target, 600 pulses per hour. At 1000 hours running, 

tbfsew~~tsprovide 137 events. 

The expected cross-sections from different theories are shown in Figures 

4 and 5~ It is quite clear that 1000 hours running should provide a very 

significant amount of information in this totally unknown area of physics. 
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E. Beam 

The neutrino beam at NAL can be reused many times. This proposed 

experiment can be set up behind Exp. lA and run in parallel with other 

neutrino experiments under any beam conditions. I 

III. 	 EXPERIMENTAL PLAN AND REQUEST TO NAL 

Upon approval of this experimental proposal, we can immediately start 

the construction work of the MWPC's. The job can be completed within a year 

and the experiment can be started 3 months after. 

The cost for the MWPC's and the associated electronics will be borne 

by the investigators from the Enrico Fermi Institute of the University of 

Chicago. We anticipate requesting some supplementary equipment funding from 

the 	NSF. 

We request NAL to supply the following items: 

1) 50 steel plates, 1m x 1m x 1.4 cm in size. 

2) A suitable enclosure for the equipment. 

3) Fast trigger electronics from PREP. 

4) A PDP-11 computer for data acquisition. 

Finally, we request 1,000 hours of running time, all parasittc. 
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Schematic arrangement of the experimental setup. 

Schematic diagram of the construction of the multiple-wire 


proportional chamber. 


Neutrino spectrum at NAL. 


Cross sections for ve scatterings given by different 


theories. The parameter e2/g 2 is defined as sin2e in 

Weinberg's theory. 

The energy dependence of ve scattering cross sections. 
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Addendum to Proposal 253 

Detection Technique 

In this addendum., we describe the technique to be used in detecting 

the recoil electrons from high energy ve scattering. Experience 

at SLAC is reported., as well as the test we recently made at 

the Wilson Synchrotron Laboratory of Cornell University. 

A. Principle of Detection 

To identify ve scatters., events which occur at the 10-3 

level of the dominant vN interactions., a detector which unam­

biguously singles out electromagnetic interactions is clearly 

necessary. Moreover., since had.ronic reactions produce electro­

magnetic showers via neutral pions., the extreme forward going 

character of the electrons from ve scatterings must be recognized 

by this detector. 

It is well established now that the energies of high energy 

ectrons or photons can be measured very well by an electro­

magnetic shower detector of approximately 20 radiation lengths 

in thickness. The energy of the incident particle is fully 

contained in the detector. However., such a detector is not 

thick enough to contain the high energy hadronic cascade because 

20 r.l. is equivalent to approximately only 2 strong interaction 

collision lengths. the initial 3 r.l. of the detector., the 

- 1 ­
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energy loss of the electromagnetic particles is several times 

that of the minimum ionizing particles. Therefore, an EM shower 

detector in conjunction with a (dE) measurement at its front end
dX 

can determine the energy of an electron or photon and at the 

same time reject hadrons. 

In Proposal #253, we try to apply this simple principle to 

detect the recoil electrons from ve scattering. The detector 

we plan to use is sensitive only to the electromagnetic showers 

induced by high energy electrons or photons. It should be "blind" 

to the nuclear scattering events because it capitalizes on the 

radical differences between electromagnetic and hadronic shower 

development. Of course, as in all neutrino experiments, the 

detector part of the target. After a description of a SLAe 

detector in (B), our solution is described in (e). 

B. Experience at SLAC 

At SLAC, two large size shower detectors were built for the 

8- and 20-GeV/c spectrometers. ch one of these detectors was 

20 r.l. thick. It consisted of 20 s bs of Pb-plate and lucite 

sandwich, 1 r.l. thick each. The first 3 s bs were used also 

for (~'~) measurement. Signals from the whole assembly were 

electronically added to provide the total energy determination. 

The arrangement is shown schematically in Figure 1. 
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For the SLAG deep inelastic electron scattering experiment, 

the 1f/e ratio accepted by the heavily shielded spectrometer 

was at times as bad as 400/1. Therefore, pion rejection was 

very important to the success of the experiment. For a typical 

run, the raw pulse height spectrum is shown in Figure 2. The 

minimum ionization peak was greatly suppressed by strong attenu­

ation, but ~ 30% still remained. The pulse height spectrum of 

the front (dE/dX) detector is shown in Figure 3. If one demands 

a (dE/dX) cut, as shown in the Figure, then all the pion con­

tamination vanishes in the total energy spectrum. The resultant 

total energy spectrum of the electrons is shown in Figure 4. 

We found that pions could be rejected to the level of ~10-3, 

with an overall electron detection efficiency ranging from 67% 

at 2 GeV to 89% at energies above 4 GeV. 

It should be remarked that the SLAG shower tectors were 

built in 1965 and have successfully operated since 1966. 

Although no details were ever published, the technique has been 

widely adopted in high energy phys s. For example, a simi r 

system was used at SPEAR for the 1f discovery. 

C. ve Detection at Fermilab 

In order to do the ve scattering experiment at the Fermi b 

successfully, one has to measure (1) the reco e tron energy, 
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(2) the recoil electron direction. Also one has to be able to 

reject the nuclear scattering events which will be ~ 103 times 

more abundant as mentioned before. The Pb-lucite sandwich 

described above is a device much less expensive than Pb-glass or 

NaI(Tl) crystals. However" the cost for using it to do a \!e 

scattering experiment is still formidable. In addition" it does 

not have good spatial resolution. The economic consideration 

d us to the development of a shower detector as described in 

Proposal #253. It basically works the same way as a Pb-Iucite 

sandwich does. The only difference is that instead of the 

lucite-photomultiplier tube assembly" less expensive proportional 

chambers are used to allow accurate shower direction measurements. 

In each module" the signal from the anode will be used for pulse 

height analysis. The delay-line readout from the cathode planes 

will determine the centroid position of the electron shower. 

The signature of a possible \!e scattering event is also 

provided by the anode signals of the proportional chambers. 

The trigger scheme is illustrated in Figure 5. The analog 

signals from every ten or so successive anode planes are added 

together. The triggering threshold is adjusted by the calibrated 

attenuator in front of the discriminator which will accept electrons 

above a certain energy and reject most of the signals caused by 

nuclear scatterings. We plan to build the electronic logiC 

required for this purpose at the Enrico Fermi Institute. 
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D. The Test at Cornell University 

During November, 1974, five members of the collaboration 

(R. Fine, R. Heisterberg, L. Mo, T. Nunamaker, and S. C. Wright) 

did a test run with 5 MWPC!s at the Wilson Synchrotron Laboratory, 

Cornell University. 

The test set-up at Cornell University is shown in Figure 6. 

The bremsstrahlung from the GeV electron synchrotron was 

incident upon a thin converter in front of a dipole magnet. 

The asymmetrically produced electron pair was energy selected by 

a magnet and a collimation channel to an energy resolution of 

~ 10%. This electron beam was used to test the shower detector 

we intend to use for the ve scattering experiment at Fermilab. 

We installed five X 1m MWPC!s exactly the way we intent 

to do the ve scattering experiment as shown in Figure 7. Since 

there were only five chambers, the assembly was not thick enough 

to contain all the electron shower energy. Hence, the energy 

resolution was consequently not id.eal. We record.ed the pulse 

height spectrum of each ind.ividual chamber. The total energy 

spectrum was obtained by software addition. Figure 8 shows the 

pulse height spectrum at8 from the first chamber. Figure 9 

shows the total energy spectrum at 8 GeV from the sum of five 

chambers. Figure 10 gives the energy calibration from 2·5 

through 9.5 GeV. 

http:record.ed
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As shown in Figure 11, on each cathode plane there are five 

p points to measure the partacle trajectory position. Because 

of time and financial limitations, we did not build the electronic 

centroid finder. Instead we use standard commercial start-stop 

type, time-to-digital converters (TDC) to measure the transit 

time. By doing it this way, the positions measured were actually 

the edges, instead of the center, of the shower core. A typical 

picture of a shower induced by 8 GeV electrons is shown in 

Figure 12. Figure 13 shows the spatial resolution which was 

obtained by taking the average values as the centroid positions 

and fit with a straight line. 

E. Conclusion 

The test run at Cornell University indicated that the 

proposed detector is a sound one. One can measure the electron 

energy and determine simultaneously the shower direction to 

better than 8 mr. If the centroid finders are used instead of 

the TDC's, we anticipate a factor of "",4 improvement in direction 

determination. 

We wish to thank Dr. R. Humphrey, Dr. M... Tigner, Professor B. McDaniel, 

and the staff of the Wilson Synchrotron Laboratory for their help and 

hospitality. It has always been a pleasure to visit Cornell University. 
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Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure g 

Figure 10 

Fi gure 11 

Figure Captions 

Electron shower detector used in the 20-GeV/c 
spectrometer at SLAC. The detector is a 
Pb-lucite sandwich. 

Pulse height spectrum of the SLAC shower 
detector with a mixture of pions and scattered 
electrons of 6.4 GeV. 

Pulse height spectrum of the third slab of the 
SLAC shower detector at 6.4 GeV. The cut used 
for electron-pion separation is also shown. 

Pulse height spectrum of the SLAC shower 
detector at 6.4 GeV. Pion contaminations 
has been removed by imposing a (dE/dX) cut 
as shown in Figure 3. 

Trigger scheme for the proposed ve scatter­
ing experiment at Fermilab. 

Arrangement of the test setup at the Wilson 
Synchrotron Laboratory of Cornell University. 

Details of the test setup. The steel radiator 
is 3/8 in thick each. The distance between 
chambers is 13". Each chamber consists of two 
aluminum plates, 1/4 in thick each. 

Pulse height spectrum of the first proportional
chamber with 8 GeV electrons. 

Total energy spectrum given by 5 MWPC's and 8 
GeV electrons. This spectrum was obtained by
software addition of spectra from five 
chambers. 

Energy calibration curve of the 5-MWPC assembly.
The channel numbers are those of the centroids of 
the total energy spectra as shown in Figure 9. 

Schematic of the delay-line readout on the 
cathode plane. The positions seen by the TOC's 
are the edges of the shower. 



Figure 12 

Figure 13 

A typical picture from the cathode plane 
delay-line readout. In this illustration, 
the triangles indicate the outer edges of 
the shower measured by the TDC·s, and the 
crosses their average values which were 
taken as the centroids. 

Typical spatial resolution given by the 
electron shower. 
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ADDENDUM III TO E-253 

N. Booth, R. Heisterberg, L. Mo, A. Skuja 

The setting up of E-253 is now almost complete in the 

Wonder Building and parasitic tuning is underway. The apparatus 

2consists of 41 multi-wire proportional chambers, 1 m in active 

area, with 1 r.l. of Al between successive chambers. In addition 

we have a scintillation hodoscope at the upstream end to veto/tag 

incoming muons and two hodoscopes at the downstream end separated 

by 4 ft of steel to veto/tag muons produced in the apparatus. At 

present we have no capability to measure the momenta of these 

muons. Now that we are ready to start our v~e scattering experi­

ment we feel that it is time to reconsider the supplemental re­

quest .which we made in Addendum II to our proposal. 

We would like to supplement this setup with an iron magnet 

and drift chambers to measure the momenta of forward-going muons. 

Not only will this help us to better understand the background to 

our primary reaction of interest, v~e scattering, but will enable 

us to study as byproducts several interesting processes in a 

unique way. In particular, our apparatus is well suited to 

measure coincidences between electromagnetic showers and muon~ __~ ~--.-. 
..-­

With a small amount of additional equipment, we will 9p.~1~ to 

measure the following two reactions: 

1) Single ~o production by charged and neutral currents, 

v~ + n + u + P + ~o 

+ v + n + ~o 
~ 

This provides information on the isospin structure of 

the weak current. 



-2­

2) Inverse muon decay, 

V + e 
ll 

These reactions have not yet been observed and have 

rates comparable to v e elastic scattering. They can 
II . 

only be done at Fermilab because the threshold energy 

is 10 GeV. Since the muons go very forward our apparatus 

has very good acceptance. The study of these reactions 

answers the question of the additive or mUltiplicative 

law of lepton conservation. 

We wish to stress that these measurements should not cost us 

additional effort. 

We should also mention that once we can measure muon momenta 

we can also examine events of the following types in our data: 

a} Muon-electron pair production, 

v + N -+ II + e + X 
ll 

b) Multi-lepton production, 

- + ­v + N -+ II II jl. + X 
ll 

- + ­-+ II e e + X 

- + ­
-+ e IIII + X 

- + ­-+ e e e + X 

~~- ~--------
We have begun to construct 10 drift chambers. We ask FerF~ab 

to supply two iron dipole magnets each 1.5 m long and 8 ftX 8 ft 

in active cross-section. This requires an additional 15' of space 

in the Wonder Building. We do not envisage that this program will 

interfere with our approved vlle scattering experiment. Besides the 

additional physics which we can gain we consider it to be a nec­

essary improvement to enable us to understand the many background 

processes which will trigger our apparatus. 
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