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NEUTRINO AREA 

Some of the earliest proposals for experiments received by the 

Laboratory were to study neutrino interactions. This led to an examination 

o[ numerous experimental area designs in order to develop one suitable for 

these experiments . These studies included detailed examinations of detectors 

and beams as well as general concepts for the experimental area . From these 

studies it was pos s ible to layout the desired experimental area, which became 

known as the Neutrino Area. The Neutrino Area was the first experimental 

facility to be completed, and started using the proton beam in May, 19 72. 

The types of physics to be done in the Neutrino Area can be summarized 

as follows: 

Neutrino Physics: 

This includes both broad -band and narrow -band energy spectrum neu -

trino beams for counter and bubble chamber detectors. 

Muon Physics: 

Because muons accompany the neutrino beams, it was natural to put 

the [irst muon detectors in this area. 

Hadron Bubble Chamber Physics : 

O nce it was decided that the Neutrino Area would have a new large 

bubble chamber for neutrino physics, it was natural to provide it with 

a charged-particle beam. By the addition of an existing small 

bubble chamber in this area, one could also obtain a quick "look" at 

hadron physics at high energies . 
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In developing the Neutrino Area, the central factor was the neutrino 

beam itself. A proton beam transport region was necessary to focus the main 

high intensity proton beam onto a target . The target region required beam 

monitoring equipment and a focusing system to collect the pions and kaons 

emitted from the target . There must then be a sufficiently long decay space 

for a reasonable fraction of the pions and kaons to decay into neutrinos and 

the accompanying muons. This decay space must be evacuated so that the 

pions and kaons would decay without disappearing by interaction. After decay 

the muons must be absorbed or deflected so that only neutrinos enter the 

experimental apparatus . Approximately 30,000 tons of material are necessary 

to absorb 400 GeV I c muons arising from the broad band focusing system. 

The combination of the decay path and absorber leads to an experimental area 

that is 1.6 km long. A schematic drawing of the Neutrino Area is shown on 

the next page. 

Because of the requirement for different high intensity beams, such 

as broad band neutrino, narrow band neutrino and mu on beams, it was 

decided to put each target and focusing system on railroad cars . In this way 

it is possible to change from one system to another or to repair apparatus 

on the train . Since the target ing apparatus becomes very radioactive, it is 

necessary to have a special target handling area for servicing trains. 

There are three target trains each of which will fit into the 200-foot 

long, 6-foot diameter target tube. There is also a 200-foot train in Neuhall 

just ahead of the target tube used for proton beam transport to the target on 

a train . The three trains are: 
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Schematic drawing of the Fermilab Ne utr ino Area, which lies 3300 feet north 
of the Central Laboratory Building. 
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Broad Band Neutrino Train : 

This train has special "horn" magnets to focus all pions and kaons 

of one charge. It was described in the Au gus t 1974 NALREP. The 

train is used for neutrino physics in the 15 -foot bubble chamber 

(Experiments #31, #45A, #155) and for the broad band neutrino 

counter facility located in Lab C (Experiment # 1A). 

Narrow Band Neutrino Train: 

This train bends and foc uses using conventional magnets the pro­

duced pions and kaons to form a beam with fixed charge and with 

a narrow band of momenta. It is used for neutrino experiments 

E21, E262, and E320 located in the Wonder Building. 

Triplet Train: 

This train contains a triplet of conventional quadrupole magnets 

and focuses produc ed pions and kaons of both signs of charge. It 

has principally been us ed for muon expe riments E26 and E9 8, 

although it has been used for high energy broad band neutrinos (E370). 

In conjunction with all of these trains, the hadron beam for the bubble 

chambers passes beside the neutrino train as shown in the drawing. By 

various targeting schemes or absorption methods, the hadron beam is used 

to produce enriched beams of protons, antiprotons, pions or kaons. There 

is a Cerenkov-proportional wire tagging system for the beams to both the 

15-foot and 30-inch bubble chambers (see July 1974 NALREP). 



To complete the beam area following the 1100 foot long, 3 foot diameter 

decay tube, there is a 3000 foot earth muon absorber to remove the unwanted 

muons and purify the neutrino beam. On the side of the earth filter are many 

small magnet enclosures. The properties of the Neutrino Area beams are 

summarized below: 

BEAM PARTICLE 

Broad Band v 
Neutrino 

Nar row Band 
Neutrino 

Triplet Train 

v 

µ 

1T 

Hadron Beam 1T , p 
With C lT+ 
Tagging p + 

K 
lT++p 

TABLE I 

NEUTRINO AREA BEAMS 

YIELD FOR 10
13 

INCIDENT PROTONS (300 GeV) 

10 
3X10 v peaked at 15 GeV -1 interaction/ 

30 tons of target 

10 
2X10 v peaked at 15 GeV - 1 interaction/ 
12 O tons of target 

8 
4 X10 v peaked at 40 GeV 
3X10 7 v peaked at 105 GeV 
-1 inte raction / 900 tons of target 

i.6 X10! v peaked at 40 GeV 
7X10 v peaked at 105 GeV 
-1 interaction /6 ,000 tons of target 

. 5 + 
6X10 µ at 150±1.5 GeV 
2x10 5 µ - at 150±1 .5 GeV 

halo= 1 . 0 

9 
1 . 5X10 peaked at 40 GeV 

-1 interaction /400 tons of target 

10 
7 

7T - at 150±1.5 GeV into Muon Area 

25-300 GeV 6p / p = . 1 - 1 .0% 
25-200 GeV 
50-125 GeV 
Tests in progress 
5x105 at 150±1 . 5 GeV 
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The Neutrino Department has five detector facilities; counter neutrino 

experiments are done in Lab C as well as in the Wonder Building, Muon Lab, 

30-inch and 15 -foot bubble chambers. Nominally two of these five facilities 

are in operation at any given time. These facilities will not be discussed in 

detail here, since some of them have been presented in NALREP and the 

others will be presented in future articles . Figure 2 is a rough sketch of 

each facility and Table II summarizes the characteristics of each facility. 

The figures have been drawn to the same relative scale so that comparisons 

of size can be made . 

Two of these facilities will be improved this calendar year . The 

building containing the counter broad band neutrino facility (Lab C) will be 

enlarged by a factor of 2 to make space for larger diameter magnets for 

muon detection and measurement. Als o the hadron calorimeter will have 

lead plates added to increase the target mass and increase the ability to 

identify electromagnetic showers. 

The counter narrow band facility will get a new building designated 

Lab E to be located ahead of the 15 foot bubble chamber. This will replace 

the Wonder Building located in the midst of the earth shield . The toroidal 

magnet will also be replaced with three 12 foot diameter, 8 foot lon g magnets 

to give better acceptance for muons. 

The possibility of extending the operation of the horn to a pulse of 1 

millisecond is being investigated. If this is done then all three neutrino 

facilities, Lab E, 15 foot bubble chamber, and Lab C, could run simultaneously. 
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TABLE II 

NEUTRINO DEPARTMENT FACILITIES 

FACILITY 

Counter Broad Band 
Neutrino (Detector 
located in Lab C) 

CHARACTERISTICS 

Useful Target - ZO tons liquid scintillator 

Hadron energy ±15% by liquid scintillator 

Muon identification acceptance see Fig. 3 

Wide gap spark chambers 

Toroidal magnets 

Counter Narrow Band Useful Target - 80 tons steel 
Neutrino (Wonder Bldg. ) 

Hadron energy ±20% by steel - scintillator sandwich 

Muon Lab 

15-ft B. C. 

30 -in. B. C . 

Muon identification ac ceptance see Fig. 3 

Wire chambers 

Toroidal magnet 

Target-Hydrogen, metal, etc. 

Cyclotron magnet. 15 kG - 4 ft X 1Z ft X 1Z ft 

Multiwire proportional chambers around target 

Magnetostrictive wire chambers downstream of magnet 

Muon identification ( see Fig. 3) 

Useful Target - 1 ton hydrogen 
Z tons deuterium 

ZO tons neon 

3 meter fiducial length for hadrons 

Setting - 300 µ 

Muon identification EMI (see December 74 NALREP) 

Magnetic field 30 kG 

Tagging system for hadrons 
Z Cerenkov + 9 wire planes 

Useful Target - 0.3 meter Hz, Dz, neon 

Setting error 40 µ 

Magnetic field Z 5 kG 

Tagging system for hadrons 
Cerenkov+ 1Z wire planes 

Downstream proportional wire system with 
1Z planes (see Fig. 1) 
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Since the Neutrino Area was the first external experimental area to take 

beam, it has accumulated extensive operating experience. As of January 1, 

1975, there were 41 completed experiments. and 55 remaining approved 

experiments. During 1974 the accelerator provided beam for 43 weeks. The 

Neutrino Department used the beam for 39 weeks (with 2 additional weeks for 

train changes and 2 weeks of down time). The experiments d one in the 

Neutrino Area beams were: 

Neutrino and Muon Lines: 

Experiment 1A 
Experiment 262 
Experiment 320 

16 weeks 
6 weeks 
6 weeks 

Counter neutrino 28 weeks 

Experiment 9 8 
Experiment 26 

9 weeks 
2 weeks 

Counter muon 11 weeks 

39 weeks 

Hadron Beams: 

30" hadrons 19 experiments. 1 .115 x 1O
6 

pictures. 
15 r hadrons 3 experiments, 69 K pictures, 
15 ' neutrino 3 experiments, 108K pictures, 
1 6 tests or small experiments (emu ls ions, etc.) 

18 weeks 
4 w eeks 
8 weeks 
9 weeks 

39 weeks 

The first results from the Neutrino Area came from the 30 -inch bubble 

chamber. Whereas these experiments did not produce new exciting 

discoveries, they did produce inclusive data for pions, protons, lambdas, 

antilambdas , neutral kaons, and some resonances; i.e., rho and delta in 

addition to multiplicity and production data . 



The neutrino experiments have given data confirming neutral currents 

and Experiment E1A has new exciting data on dimuon production. Neutrino 

Experiment E21 has produced detailed total cross section data. Muon 

Experiment E26 has published a paper suggesting scaling violations between 

SLAC and Fermilab energies. 

All of the Neutrino Area facilities have produced recent data that should 

give exciting results during 1975. 

Reported by F. Russ Huson 
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NOTES AND ANNOUNCEMENTS 

ACCELERATOR DIVISION APPOINTMENTS ... 

Phil Livdahl has been appointed Head of the Accelerator Division 

effective May 1, 1975. He will rep lace Paul Reardon who has accepted 

a position at Princeton University. The Deputy Head will be Russ Huson 

w'W5 has been a long-time member of the Neutrino Department. In 

another appointment Jim Walker of the Neutrino Department has been 

appointed Head of the Internal Target Group of the Accelerator Division. 

In this position he will tak e over the duties of Drasko Jovanovic. 

JOHN PEOPLES APPOINTED HEAD OF RE::>EARCH DIVISION . . 

John Peoples of the Physics Department has been appointed Head 

of the Research Division, effective June 1, 1975 . He will take over from 

Jim Sanford, the Acting Head, who will continue his duties in the Directors 

Office. 

JANICE ROBERTS RETURNS TO GUEST OFFICE ... 

Janice Roberts has resumed her responsibillties in the Guest Office 

after spending a year in England. 

NEW FERMILAB HOUSING RATES ESTABLISHED .. 

The Laboratory has made a careful and extensive study of housing 

expenses compared to housing income and reluctantly finds it necessary 

to raise the rents on all Fermilab housing units as of May 1, 1975. 

If you wish more details, please contact the Housing Office on 

Extension 3560 or 3777. 
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RENTAL AND LEASE CARS AVAILABLE AT FERMILAB. 

Fermilab has rental and lease cars available on site, at the Travel 

Office located in the Central Laboratory, 1 -W. Pilots Leasing Company, 

which has been a contractor of long standing with the Laboratory, offers 

sp ecial rates to experimenters. Daily rentals for Chevrolet Vega Hatch-

backs or Ford Pintos are quoted at $7 .00 per day and $0.07 per mile . 

For experimenters or visitors that require vehicles for longer time 

periods, special monthly rates are available with no mileage charges. They 

are as follows: 

1 month 
3 months 
6 months 

12 months 

$225.00 
$205.00 
$189.00 
$172.00 

All of the above rates include maintenance, liability and property 

damage insurance and $100 .00 deductible collision coverage. The rates do 

not include gasoline or oil. Larger cars are available. 

Payment may be made personally, through home institutions, or 

charged to the Work Package code. Credit cards are not accepted . 

Monthly rates are predicated upon monthly payments due 30 days in 

advance. 

At least two days notice should be given for monthly rates. For more 

detailed information and reservations contact the Fermilab Travel Office at 

840-3397 . 
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FACILITY UTILIZATION SUMMARY--MARCH 1975 

As in February, the March high energy physics research program was 

accomplished in two parts, namely, with sixteen days of 380 GeV operation 

followed by fifteen days of running at 300 GeV. The first part was an 

extension of the work begun on February 17 with slow and fast extracted beam 

delivered to the Proton and Neutrino Areas, respectively. Accelerator 

reliability remained good during the last half of the 380 GeV run with 257 of 

the 336 hours of beam time scheduled for high energy physics research work 

actually delivered. 

The switch to 300-GeV accelerator operation, with an eight-second 

cycle period and half-second flattop to reduce electrical power consumption, 

was accomplished in less than two shifts. The Neutrino Area program was 

continued for several more days and the Meson Area was brought back into 

operation, while the Proton Area was shut down. A number of problems, 

many of which were directly or indirectly caused by several series of voltage 

surges on the incoming power lines as the result of wind and ice storms 

during the last week of March, limited overall operating efficiency to 71% 

during the last half of the month. 

In Proton-East, Photoproduction # 87A/Di-Muon # 358 experimenters 

continued and completed their current run, taking data at 380 GeV. Photo­

production data (# 87 A) were collected early in March. The deuterium filter 

was then emptied for the last five days of the run so that neutron-produced 

events(# 358) could be studied. Low intensity beam was also split into 

Proton -Center for some initial testing by Di-Lepton # 288 during the last 
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weekend of operation. The Proton Area was shut down at the end of the 380 -

GeV run for installation of the beam splitting stations in Enclo sures E and H 

and preparation of the Proton-East line for electron/photon beam operation. 

Once 300 -GeV extracted beam had been established, the Mes on Area 

started up with a full program. Nine experimenter groups, seven of which 

were carry -over s from the February run, were in various stages of setup in 

the five secondary beamlines . By the end of March six groups (five carry -

overs) wer e tuned up and taking data, including Photon Inclusive #268 - doing 

a heavy particle search, P art ic le Search #366 , K
0 

Regeneration # 82, Elastic 

Scattering#69A, Pion Diss oc iation #86A , and Test Hadron Jets # 246. In 

addition, Particle Search #330, Neutron Dissociation P. 30 5 and Hadron Jets 

# 260 used beam to do some testing and collect preliminary data for setup 

purposes, and Nuclear Chemistry #81A parasitically bombarded four more 

targets in Mes hall using their r emotely operated target positioning equipment. 

In the Neutrino Area, the Neutrino #370 group used the available 380-

GeV high intensity fast/slow-spilled beam (-1 msec) on the triplet target 

train to collect data on high-energy neutrino interactions, looking principally 

at di-muon events . This work was cont inued aft er the change to 300-GeV 

operation, but had to be suspended three days before the planned shutd own 

of the area for insta llation of the two-horn trainload because of a water leak 

in the beam dump. At the same time the 15 ' bubble chamber had been filled 

with liquid hydrogen an d brought into operation with the new plastic piston . 

After severa l days of shakedown tests and beam tuneup, the chamber and 

magnet we re brought into operation using bypass beam only. 

• 
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After some 3,000 test pictures had been taken using the incident hadron beam, 

over 11,000 pictures were taken for the 15 1 rr -pat 100 GeV #8 3A experiment, 

with the magnetic field at -26 kG. Earlier in the month, low intensity slow 

spilled beam at 380-GeV was brought into the bypass for two separate short 

periods of l ead-glass counter tests by Photon Search# 63A in Enclosure 105. 

Prior to failure of the beam dump cooling water system, Neutrino# 310 also 

used several shifts of low intensity slow spill running on the triplet target 

load to test their "gamma catchers 11 before final installation at Lab C. The 

Neutrino Area was off for the entir e last week of March to make repairs and 

install the two-horn system. During that time. the 15' chamber was emptied 

and refilled with an approximately 25%-7 5% neon -hydrogen mixture in 

preparation for neutrino running. 

In the Internal Target Area, ru nning time continued to be assigned on 

alternate weeks to Proton-nucleon Inelastic# 317 and Particle Search /1 363. 

These groups worked during the evening and owl shifts and on weekends, to 

accommodate the continuing C -0 area construction work. Experiment If 31 7 

used the hydrogen gas jet mainly to conduct background measurements and 

check equipment in preparation for data taking, while the lf363 group con­

tinued collecting data for a charmed particle search using the upstream 

rotating target and a modified double arm spectrometer . 

The summary of the accelerator and beam utilization for the month of 

Marc h follows: 
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I. Summary of Accelerator Operations 
Hours 

@380 GeV @ 300 GeV Total 

A . Accelerator use for physics research 

Accelerator physics research 25 27 52 
High energy physics research 257 192 449 
Research during other use (14) J3L ~ 

Subtotals 282 219 501 

B . Other activities 

Accelerator setup and tuning 5 11 16 
to experimental areas 

Scheduled interruption 22 30 52 
Unscheduled interruption 83 92 1 75 

Subtotals 11 0 133 243 

c. Unmanned time 
Total 392 352 744 

II. Summaries of High Energy Physics Research Use 

No. of Expts. Hours Results 

A. Counter experiments 18 2094 

B. Bubble chamber experiments 1 31 11 ,113 pictures 

C. Emulsion experiments 0 

D. Special target experiments 1 1 target 

E. Test experiments 0 

F. Engineering studies and tests 1 52 3050 pictures 

G. Other beam use 125 Beam tuning 

21 2302 

18 
III. Number of Protons Accelerated and Delivered ( x 10 ) 

&: tests 

@380 GeV @ 300 GeV Total 

A . Beam accelerated in main ring 

B. Beam delivered to experimental areas 

Meson Area 
Neutrino Area 

Main beam 
Bubble chamber beam (estimated) 

Proton Area 
Total 

0.558 

0.000 

0 .528 
0.003 

0 .021 
0.552 

0 .490 1.048 

0.294 0. 294 

0.132 0.660 
0.002 0 .005 

0.000 0 .021 
0.428 0.980 

' 



IV. Beam Utilization by Experiment 

Hours 

A. Meson Area 

Elastic Scattering# 69A 99 .5 
Nuclear Chemistry# 81A 4 targets 
Ko Regeneration# 82 147 .0 
Pion Dissociation /I 86A 131 . 3 
Test Hadron Jets #246 91. 6 Tests 
Hadron Jets # 260 4.0 
Photon Inclusive f, 268 167. 2 
Neutron Dissociation# 305 119.4 
Particle Search# 330 23 .0 
Particle Search Ii 366 149.5 

B. Neutrino Area 

Photon Search# 63A 20 .9 
Tachyon Monopole# 20 2 Cosmic ray running 
Neutrino # 310 182. 2 Tests 1 7 
Neutrino # 3 70 289.0 -6.5X10 protons 
15 I 1T 

- -p@ 100 GeV # 83A 30.8 11 ,113 pictures 

c. Proton Area 

Photoproduction # 8 7 A I 157. 3 
Di-Muon ff 358 98. 2 

Di-Lepton #288 44.7 Tests 

D. Internal Target Area 

Proton-Nucleon Inelastic # 317 1 71.9 Tests 
Particle Search# 363 197.4 

Total 2124. 9 
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PROPOSALS RECEIVED DURING FEBRUARY AND MARCH 1975 

No. Title 

375 Studies of r-Meson Collisions with Protons at an 
Incident Momentum Close to 150 Ge V I c 

376 Studies of K -Meson Collisions with Protons at an 
Incident Momentum Close to 150 GeV /c 

377 A Prec ision Study of Leading Particle and Diffractive 
Effects in 1T-p Interactions at 300 GeV/c 

378 A Proposal to Study Leading Particle Production in 
1T-p Interactions at 75 GeV /c 

379 Search for Short Lived States Decaying Weakly via 
Leptonic Modes 

380 Study of the Properties of Weak Neutral Currents in 
the Interactions of a Narrow Band Neutrino Beam 
in Liquid Neon 

381 Measurement of the Real Part of the p -n and p -p 
Forward Scattering Amplitudes; Production of Low 
Mass Isobars in the Very Small Momentum Transfer 
Region 

382 A Search for Charmed Hadrons Produced by Muon 
Deep Inelastic Scattering in Tagged Nuclear Emulsions 

383 A Proposal to Stud;y the Inclusive Production of KS0 

by K- on Hydrogen 

384 Proposal to Study 1T -p Interactions at Highest Energy 
in the Fermilab 15' Bubble Chamber 

385 Proposal for Exposure of a Stack of Nuclear 
Emulsions to Protons of 400 GeV /c 

386 A Search for Low Energy Neutral Particles and 
Particle Interactions Involving Small Energy 
Exchanges in the Neutrino Beam 

387 100 to 300 GeV Pion Interactions in Emulsion and 
Heavy Element Targets 
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May 9 -1 0 , 19 7 5 

May 21, 1975 

May 29-30, 1975 

June 14, 1975 

June 21 -27, 1975 

DATES TO REMEMBER 

Fermilab Workshop on Ionization Calorimeters. 
Contact M. A tac, Research Services Department 
(Ext. 3960) for more information. 

Deadline for receipt of materials to be considered at 
the summer meeting of the F ermilab Program 
Advisory Committee. 

Meeting of the PAC Bubble Chamber Subcommittee 
on Neutrino Experiments. 

Fermilab Auditorium Arts Series: The Edwardians. 
Tickets available in Guest Office . 

Summer meeting of the Fermilab Program Advisory 
Committee. 
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