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a nd Y . P ilipenko. -- -
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THE INTERNAL TARGET AREA 

II . . The machine s hould be designed as a device separate from the 

experimental area s ... a con c ept of internal targeting is a bad philosophy 

.. . " This s tatement i s attribut able t o G . Cocconi (R ound - Table Discuss ion, 

UCRL R e port No . 1 6830, 1966), and was fully supported by D . D. Jovanovic 

acco r d ing to that same report. What, t he n, is the rea son for such a n abo ut ­

face on the part of one of Cocconi ' s "followe r s"? This a rticle i s intended 

as an explanation of s uch a ch a nge o f heart . At the same time, i t descr ibes 

the NAL Intern al Target Area, located in the C - 0 stra ight se ction of the 

main ring. 

Heretofore , b y " internal target" one h as meant a s ubstantial piece of 

matte r placed inside the accel erator beam vacuum pipe which, when struck 

by the circulating beam, serves as a source of proton interactions . Even 

under the most restrained experimental u se (an unlikely situation), allowing, 

for example, no more than 10% of ac ce lerated beam to be di ss ipated on such 

a target, the s u rrounding area of the ac cel erator t unnel, magnets, and 

vacuun1 chamber would become s o radioactive as to prevent access t o t he 

tunnel or work on nearby compon ents . At NA L the effort to reduce extraction 

l osses (currently about 3%) would be ludicrousl y foiled by dumping 1 O""o of the 

beam at some othe r place. It is clear that such operation of the accelerator 

would indeed follow "a bad ph ilosophy. " 

What, then, is the NA L Internal T a rget Area, and what makes it 

tolerable, and perhaps, even unique, in comparison with the "good philosophy " 

external exp e rimental areas? 
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To begin with, the Internal T arget Area at NAL is not a source of 

secondary beams, but rather a direct prot on- proton interaction chamber 

much like a colliding beam int ersection region. At present beam intensities 

12 
of 5 X 10 protons per pulse, the fra ction of the beam l ost is of the order 

9 10 
of 10 to 10 protons per pulse . At th is level, the 55 - m l ong C - 0 str aight 

section is r e l atively "cool, " having residual radioactivity leve l s of 1 to 5 

mrem per hour. The low losses and resulting small radioactivity result 

from the use of special and unique targets . 

The C - 0 area had its origins in the technique of using hydr ogen gas in 

the form of a supersonic jet which is squirted through the circulating proton 

beam during its acceleration. This technique was first demonstrably 

employed by a USSR group working at the 70-GeV accel erator at the Institute 

for High Energy Research at Serpukhov, USSR . Later, this group formed 

a collaboration with a U.S. group (Rochester, Rockefeller, NAL), and 

essentially founded the C - 0 area. During the waiting period, while the 

target was assembled and tested outside the accelerator tunnel, the 

Rochester group (out of frustration , perhaps) developed a thin-foil rotating 

target. The rotating target has evol ved into a wheel on wh ich 2 - to 5-µ thick 

graphite or polys tyrene fibers are mounted . 

Before describing in detail the t echnique and apparatus which make 

these targets operate, let me enumerate salient features of the Internal 

Target Area wh ich, from the v ie wpoint of a high energy physicist, make it 

particularly attractive . 

1. T h in t argets (or a jet stream of g as) can be unobtrusively placed 

in the circulating beam from t he moment of injection, thus making the 
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The Internal Target Area, located at the C-0 straight section of the 
main - ring tunnel. Beam travels from left to right through the pipe, visible 
in center of photograph. A series of lead collimators and a gamma detector 
(far right) for Photon Search # 63 are shown. 

whole spectrum of energies from 8 to 400 GeV accessible. With the same 

apparatus one may study phenomena taking place in proton-proton inter-

actions over an energy span of nearly two orders of magnitude. 

2. The interaction region is nearly a point source. The beam, which 

has a cross section of 2 t o 5 mm, interacts with the gas jet of 12-mm 

extension. The intera ction reg ion is even smaller if the rotating target is 

used. 

3. The t a r get densities are so small that the particles recoiling from 

the interaction with an energy of a few tens of KeV can be detected without 
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interacting or scattering in the mass of a solid or liquid target. One can 

extend the good vacuum up to the thin window of a wire-chamber detector, 

thus substantially reducing multiple scattering limitations to momentum 

resolution. 

4. Momentum resolution of the incident beam, in this case the cir -

-4 
culating accelerated beam , is 10 or better. 

5 . With gas jet densities ofp "'10 -
7 

g/cm
3 

(which can be easily 

achieved at the 1 atm input hydrogen pressure), the 50,000 per sec multiple 

traversals of a c irculating beam of 10
12 

protons yield 10
8 

interactions per 

Thi s is equivalent to 10 9 protons incident on a 2 - ft l ong hydrogen sec. 

target in an external beam line . 

6. The vicinity of the int eraction region is much more free of beam 

halo than are the external proton beams. Expe rimentally, the actual "room 

background " in the main-ring tunnel has been found to be about 10 
6 

counts 

. 2 
per sec ma 10 0 - cm counter placed 1 m away from the vacuum pipe . 

The gas jet target was designed to produce a burst of dense hydrogen 

gas into the c i rculating beam once or twice each accelerator cycle . The 

principle on which it operates is s imple: at a g iven time , valve V1 opens 

3 
and l ets through a measur ed volume of hydrogen (about 50 cm ) under 

pressure of 15 to 60 psi, conf ine d initially between the valves V1 and V2 . 

Without being absorbed on a cup s urface, thi s jet pulse would raise the 

pressure of the whole accelerator volume ( 50 m 
3

) to the intolerable level of 

- 3 
2 x 10 Torr (mm Hg). By employing cryopumping and pre cooling the 

hydrogen, most of the hydrogen in the pulse freezes in the cup enclosure. 

• 
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V2 
Diagram of NAL' s jet 

target, designed and built in 
the Soviet Union and brought 
to Batavia for use in Proton -
Proton Elastic # 36. 
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Additional diffusion and ion pumps restore t he vacuum of the accelerator in 

-6 -7 
this section to -10 to 10 Torr between cycles. 

After 4 to 6 hours of operation the cup is filled with solid hydrogen, and 

the accelerated beam is interrupted for a few pulses to withdraw the whole 

target assembly into an upper chamber. After closing the isolation valve, 

the cup is heated, allowing the hydrogen to sublimate. This p r ocedure lasts 

from 30 to 60 m in, after which the target is ready for use again . Although 
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the duration of the jet pulse can be up to 3 sec, the more normal use is two 

to three pulses, each of 100-msec duration, during an accelerator cycle. 

Under such conditions, the liquid helium consumption for cryopumping the 

cup is 30 liters per hr. This rate of helium consumption can barely be 

maintained, since the liquification rate of the local helium refrigerator is 

"'30 liters per hr. 

The whole operation is relatively trouble-free, thanks to very skillful 

operating crews. In the past year and a half the jet has accumulated more 

than 2000 hr of operating time. When deuterium gas is used in the jet target 

the closed-loop gas is used so that no deuter ium is wasted . 

0 

-4 
~~Q __ 

~167 

Seconds 

Jet Chamber 
Pressure 
Transducer 

Local 
Beam Loss 
Monitor 

Typical hydrogen jet target operation dur ing one acce leration cycle 
( 6-sec durat ion). 
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The thin rotating fiber targets are essentially wheels 5-cm in diameter, 

with some 60 to 100 fibers protruding 2 cm from the rim. The wheel is 

driven by the motor, operating in vacuum at 3600 rpm, moving the fibers 

through the beam at the rate of 2 cm per msec. In such a fashion, one obtains 

a duty factor of about 50%, i.e., a fiber intersects the beam approximately 

50% of the time. The interaction rate of the proton on the fibers is 10 to 50 

time s larger than it is on the jet pulse, i.e. , 10 9 to 5 X 10 9 interactions per 

sec. A combination of carbon and polyethylene ( CH2 ) targets can be used 

allowing for simulated hydrogen data by CH2 - C subtraction . The depletion 

of hydrogen from polyethylene fibers is s ubst antial : typically CH
2 

fibers are 

burned up in about 48 hr. However, by popping the target out of the beam for 

part of the acceleration cy cle , and by mor e gentle immersion into the beam, 

one can both cont r ol t he beam int ensity and the lifetime of the fibers. 

At present, in addition to the jet 

target, there are three rotating target 

mechanisms installed in the Internal 

Target Area. There is, however, 

considerable interference between 

experiments taking data simultaneously- -

the background of upstream targets 

interferes with the detectors of down-

stream users. Although in practice 

only one experimental group uses one 

target at a time, by judicious gating 

Beam 

2-5 Microns 
Carbon or 
CH 2 Fibers 

The rotating fiber target . 
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and adjustments of popping and jet squirting times , three groups were operating 

simultaneously for a period in December 1973 . 

This article would be incomplete without some mention of several 

serious limitations and drawbacks in the utilization of the Internal Target 

Area. 

1. Absolute monitoring of the interaction rate or luminosity is difficult. .. 
One method used so far has been to monitor the elastic cross section at very 

low recoil momentum by a pair of solid-state detectors and then, via the 

optical theorem and measured total cross sections, calculate the absolute 

luminosity. Another method, still being studied, is to monitor the light 

output from the ionized hydrogen in the jet. Presumably, the only correction 

then would be the r elativistic rise in the energy loss, which is calculable . 

We hope that the absolute monitoring problem will be solved as experien ce 

accumulates. 

2 . The maximum allowabl e interaction rate should not exceed 10
10 

interactions per pulse. This implies that infrequent processes having cross 

- 33 2 
sections lower than nanobarns ( -10 cm ) a r e barely accessible , s ince 

they will result in counting rates of few events per hour. 

3. Access times to experimental equipment inside the main-ring tunnel 

is very limited, because the entire accelerator must be turned off. P remium s 

are to be awarded for reliable equipment which can be remotely controlled. 

The set -up times for new experimental apparatus are short and far apart, 

of the order of one week every several months. 
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4. Minimum interference with accelerator operations is maudatory. 

The use of magnets having fringe fields of more than 1 G a t the beam pipe is 

essentially proscribed, and interference with the nominal beam pipe of 5 >< 10 

cm is ruled out. 

5. F ina lly, the space limitation in the C - 0 straight section is severe . 

Tunnel width is only 12 ft, and clearance must be allowed for passage of 

service carts and the magnet - moving veh!.cle . Any exper imenter wanting to 

occupy the tunnel "freeway" is strongly d i scouraged from doing so, and must 

be prepared to move his apparatus out of the way on 30-min notice, day or 

night. 

Some of these limitation s may be alleviated by the enlargement of the 

area which has been suggested. This enlargement, very limited in purpo se, 

would he c. rc•om attached to the main-ring enclosure by a 6- X 6-ft opening 

in the outside tunnel wall. Such a room- - actually a pit --might house a modest 

recoil-arm spectrometer with limited momentum a nalyzing capability up to 

10 GeV /c. This addition, predicated upon many other factors in additio to 

the obvious cost limitations, can only be contemplated if its construction does 

not impede accelerator operation for any longer than normal shutdown periods . 

This article would be incomplete without the mention of both the experi­

menters and the crew who operate the Internal T arget Area. Primary credit 

goes to E . . Malamud, who initiated the area and collaborated with the Soviet 

group in Proton - Proton Elastic # 3 6 (see page 13). The physic i sts from Dubna 

who nur sed the hydrogen jet through its teething period were Y. Pilipenko, 

V. Bartenev , and B. Morosov. Equal credit goes to the Internal Targe t 
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operating crew, unde r t he l eader ship of J . Klen, who showed that a limited 

access area was v iabl e oper ationally, and who fathomed the intr icat e t echn ique 

of operat ing the jet . 

At the t im e of th i s wr i t ing ther e we re four experimental teams do ing 

experiments in the Int ernal T ar get Area. 

Proton-Proton Inel a stic #22 1, for which s olid - st ate detectors a re used 

to study p + p .... p + x at small m om entum tran sfers. The group have 

maste r e d a way of us ing CH2 r ot ating t argets fo r thi s investig ation. Equally 

Experimental apparatus for Proton- Proton Inelas tic # 221 and P article 
Search # 184 in the tunnel. Solid-state detectors for # 221 a r e in box in uppe r 
foreg r ound. The singl e - arm spectrometer for # 184, not visible in photograph, 
i s just below the beam pipe. 
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clever i s t hei r ability to handle enor mous data rates and prepr ocess the 

events befor e going t o the magnetic tape. They hope to accumulate a billion 

potenti al event s on t hei r data tapes . 

Photon Search # 63, the study of p + p """ y + anything. The u se of a 

lead-glass detector inside the tunnel with a modest amount of sh ielding is the 

accomplishment of this group. Rather forward angles down t o 30 to 40 mrad 

are being explored. This group uses both rotating carbon filament s and t h e 

hydrogen jet as a target (see September 1973 NALREP for details). 

Particle Search# 184, a search for muons or other penet r ating particles 

at large transv erse momenta. This group uses a modest, but v ery compact 

single-arm spectrom eter ( 6-m l ength) with proportional chambers. They 

have successfully managed to shiel d their stray m agne t field t o negligible 

values in the vicinity of the acceler ator vacuum pipe . They use a filament­

rotating target as their sour c e under investigation . 

Proton-Deuteron# 186, the study of p + d el astic scatter: ing . This g roup , 

another Soviet-American collaborat ion, i s continuing in the t radition of the 

already successful p + p e l astic scattering experiment ( # 36) already compl eted. 

Physicists from all of these groups, as well as those from past and 

future experimental gr oups, p rovide constant stimulation and input toward 

solving the problems of better target s , more efficient monitoring, and the 

developing of other technologies for u se in thi s small, but viable experimental 

area . 

I would like to add one, p erhap s subj ective comment . The limitation in 

space in the Int ernal Target Area calls for small, ingeneous, and clever 
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solutions. The size of the experiments so limited may bring about the onset 

of small, "table-top" or cyclotron-type experiments . This will allow small 

groups with a lot of perserverance, patience, and ingenuity to mount useful 

experiments at the energies available at the NAL accelerator. 

Report ed by D. Jovanovic • 



SMALL ANGLE PROTON-PROTON SCATTERING 

The traditional technique for measur ing the scattering of elementary 

particles dates back to the original approach of Lord Rutherford and is based 

on the detection of the angle of deflection of the incident particle. In the late 

1960's, Nikitin and his collaborators from the Joint Institute for Nuclear 

Research in Dubna, USSR, demonstrated that for scattering at very small 

momentum transfer it is advantageous to measure the recoil particle instead. 

Indeed, the kinetic energy, T , of the re coil of mass, m , is a direct m e as -
r r 

2 
ure of the four -momentum transfer q = 2m T . The recoil angle depends 

r r 

very weakly on the incident energy 

. 2 
sm ¢ 2 

4m + ltl 
r 

where ¢ is the angle measured from 9 0 •. 

2 
(E+m) 

r 

In an experiment at Serpukhov, the Dubna group used solid state 

detectors to measure the energy and angle of the recoils from a supersonic 

jet of hydrogen, which served as the target. The jet is placed in the pat of 

-7 3 
the circulating beam ; be cause (2x10 g/cm ), recoils with energies as low 

as 0.2 MeV can be detected. The use of the high intensity internal beam and 

the multiple transversals through the target compensate for the very small 

density of the target. Furthermore, sinc e the energy of the beam varies 

durin g the acceleration period, it is possibl e to study the scattering as a 

continuous function of the energy. 
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Proton -Proton Elastic #36, a measur ement of small-a ngle scattering 

using this technique, was performed at NAL by a joint team of Soviet and 

American physicists. The member s of the group were V. Bartenev , 

A. Kuznetsov, B. Morosov, V. N ikitin, Y. Pilipenko, V. Popov , a nd 

L. Zolin from The State Committee for Ut ilization of Atomic Energy of the 

USSR in Moscow; R . Carrigan, Jr., E. Malamud, and R . Yamada of NAL ; 

R. Cool and K. Goulianos of The Rockefeller University in New York, N . Y., 

and I. -H. Chiang, A. Melissinos, D. Gr oss, and S. Olsen of the University 

of Rochester in R ochester, N. Y. The experiment was one of the first to be 

done at NAL; using a polyet hylene foil t arget, data were obtained in Mar ch 

1972, soon after protons were accelerated to 200 GeV in the main rin g. 

This experiment was also an exampl e of Soviet American collaboration in 

high-energy physics research, which is continuing with several new experi-

ments. Not only was this collaboration essential to the succes s of the 

experiment, but also it provided the opportunity for close friendships and 

wide ranging exchanges of ideas amon g a ll participants. 

The jet target was designed and c onstructed in the Soviet Union and 

installed in the C-0 straight section of the Main Accelerator during the summer 

of 1972. It is now operated with hydrogen or deuterium gas as part of the 

Internal Target Area. The rotating foil targets were des igned an d built by 

T. Haelan of Rochester. The detect ion a pparatus consisted of a set of eight 

2 
solid - s tate detectors, approximately 100 mm in area, placed 2 .5 m from 

the inte r action region. The apparatus was in vacuu m , as s hown in the 

diagram on the follo wing pag e . 

,, 
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Ex.120 

BEAM 

Ex.63 

Ex.67 

Schematic l ayout of the apparatus in the C-0 straight sect ion of t h e NAL 
main ring dur ing the runn ing of Proton -Proton Elastic # 36. Oth er experi­
mental groups usin g the gas jet t arget are ind i cated. 

A typ ical pulse-height (i.e., recoil energy) spectrum is shown on page 

16. The width of the ela stic p e a k i s due to the finite a n gular r esolution of 

the system, which is due to the ±5 -mm width of the jet. The elasti c counts 

of th e detectors y i eld the differential cross secti on da I dt. A typical cross 

section in t he r ange 0 .01 < t < 0.16 is shown on page 18 (l eft). It provides 

information on t he slope of the d iffraction p eak. If one wis hes to examine 

the region in which the electrom agnetic (Coulomb ) a nd nuclear amplitudes 

interfere, t he detectors are placed closer to 90 ° and a cr oss section su ch 

a s that shown on page 18 (right ) is obtain ed. Sinc e the pha s e of the Coul omb 

amplitude i s known - -b eing e s s ent i a lly r eal except for a small, calcul able 

phase shift--it is possible to determine from these data the phase of t he 
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nuclear amplitude. Furthermore, since the Coulomb cross section is known 

in absolute magnitude, one can attempt to normalize the data and obtain the 

total cross section through the optical theorem: 

Jda 4>/; aT( s) =dt ( s, t=O) 2 . 
( 1 + p /2) 

The great advantage of thi s experimental technique lies in the ability to 

measure the s mall-angle cross section as a function of energy, since most of 

the biases and systematic effects are independent of the energy. The diffrac ­

tive scatt ering of p r oton s can be represented by du /dt = Ae - b / t /, and th e slope 

of the d iffract ion peak (b) a s a funct ion of ins i s shown in the upper diagram 

on page 20 . Th e ene r gy dependence of b can be parametr ized a s b = b + 
0 

2a 'fu (s/s ) which is the predi ction of Regge theory for a simple P omeron 
0 

trajectory of slope a' , and fits the data for s > 100 (GeV )
2

. One find s t hat: 

-2 
b = 8.2 3 ± 0.27 and a' = 0 .28 ± 0.03 (GeV /c) 

0 

. 2 
with s

0 
equal to 1 (GeV) . On the othe r hand, it i s possible to fit the data 

equally well, and over a wider range of values of s with several other mo re 

complex mo:lels . 

A simple interpretation of b comes from an optical (diffraction) m odel 

in which an interaction r adius (R) yiel ds a differential cross section : 

2 
- n , I -3 [ t 

da/dt = Ae 

Thus, our results indicate that the interaction radius increases with ene rgy. 

Furthermore, in the optical model, the opacity of the proton can be obtained 



Cf) 

r 
z 
::::> 

>­a:: 
<( 
a:: 
r 
lil 
a:: 
<( 

9 
8 
7 
6 
5 

4 

132 GeV 

b=-11.59 ± .06 

3 

2 

. 
' 

I 0 \., 
9 ..... 
8 -._ 
7 ...... 
6 •• , •• 
5 ••• ... 
4 • • • ... 
3 • • • • ... . . 
2 ••• 

• . . 
I c_~~~--'--~~~---'~~~~~~~~~~ 
0 .0 .04 .08 . 12 .16 

t (GeV/c) 2 

The differential cross s ection du/dt in 
arbitra r y units in the int e r v al 0 .005 < t < 0.15 
for p -p e l a stic scattering at an incident energy 
of 132 GeV. 

.. 

13 

12 

II 

10 

9 

7 

' 

b (S) [(GeV/cf 2] l tt 
t fl tlfftv~ EXPERIME NT 

t ! ( 
.2 D AMALDI ET AL 

3 A BARBIELLINI ET AL 

4 + BEZNOGIKH ET AL 

5 X CHERNEV ET AL 

6 0 BELLETT INI ET AL 

S-(GeV) 2 

10 20 50 100 200 500 1000 2000 5000 

The s lope of the diffraction peak, b ( s ) 
for It I :5 O .12 ( GeV I c)2 , as a function of the 
square of t he c . m. energy. The solid line i s 
a fit of b(s) = b 0 + 2a'~ ( s/s0 ) only to ou r data 
points for s;:: 1 00 GeV . 

I ..... 
00 
I 



... 

from the ratio of the elastic cross section to the total cross section. For a 

black sphere this ratio is 0.5, while experiment ally it i s observed that 

uel I uT "' 0 .175. Since the nuclear amplitude is almost purely imaginary, it 

holds that : 

leading to: 

uel = Jro Ae -bt dt = uT2 1 
167T b 

t=O 

Such rel ations are exampl es of the interrelation between uT and b which re sult 

in various bounds which can b e proven rigorously from local field theory. 

Thus far, none of these bounds i s viol ated by the data. 

The ratio p of the real part to the imaginary part of the nuclear ampli -

tude is plotted as a function of the energy in the lower diagram on page 20. 

Given analyticity, caus ality, and the validity of the Pomeranchuk theorem, it 

is pos sibl e t o obtain the ratio from a kno wledge of the pp and pp total cross 

sections through a dispersion relation. If , on the other hand, °T( pp) r ises as 

( .tn s,2, the n p must cross the p = 0 axis and t e nd to zero from above as shown 

2 
by curve I. Curve III i s calculated on the assumption that uT rises as ( 1n s) 

up to E = 2000 GeV and the n remains constant at a value of uT ~ 44.2 mb. 

While the data are not sufficiently accurate to distinguish between the assump-

tions use d for curves II and III, they clearly rule out a constant total cross 

section. Conversely, if the ISR data on rising total cross sections are 
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(II) a: (pp) i s consta nt fo r E > 120 GN at 38 mb; (Ill) aT(pp) becomes constant 
abovJ 2000 GeV at 44.2 mb. In each case it i s assumea that aT(pp} approaches 
a: (pp) as E -0.602 
T 
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accepted, then our data are a further confirmation of the validity of local 

field theory up t o energies of 400 GeV/c. 

An alternative interpretation of the sign of p in terms of potential 

scattering is th at the real part of the nuclear amplitude r eflects the sign of 

the r eal part of the p-p potentia l. Since the Coulomb force i s repulsive, a 

po sitive value of p indicates that the p-p potential which at ver y low energies 

is attractive and then becomes repulsive, changes its sign at E - 280 GeV 

and again becomes attractive. Whether this behavior continues to infinite 

energies or whether the sign of p is oscillatory, is an open question. 

Reported by A. C . Melissinos 
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A Box Elder tree silhouetted against a stormy sky. Tree is located near 
Batavia Road, east of its intersection with Eola Road on the NAL site, a part 
of the former Anderson Farm. (Photo by T. Fielding, NAL) 



THE PROTO -DOUBLER PROJECT 

Until very recently, NAL's Energy Doubler project has had as its pri­

mary goal the construction of a ring of superconducting magnets able to 

accelerate protons to 1000 GeV , twice the energy of which the main ring is 

capable at present (see September 1973 NALREP for details). It now appears 

that within our original construction appropriation we may not be able to 

construct the full Energy Doubler and the remaining improvements to the 

experimental areas. The Energy Doubler project has been carefully reviewed 

and re-evaluated in light of these considerations. The results of these 

deliberations are reported in "The Energy Doubler Design Study- -A Progress 

Report," just issued by the Laboratory. 

Three different modes of operation of the Energy Doubler can now be 

anticipated. One is as originally conceived and would raise the ultimate 

capability of the main ring to 1000 GeV. Another is the "energy saver" mode, 

in which superconducting magnets would be used to decrease electrical 

power consumption while providing 300- or 400 -GeV beams to the external 

experimental areas. The third is the ''beam stretcher 11 mode, in which the 

magnets are kept a t constant fie l d strength , filled from the regular accel­

erator wor kin g at a s hi gh a rate as possible. The supe rconducting magnets 

would s e r v e to store a t h i gh int ens ity and s t r etch i t out over a n e arly 100% 

duty cycle. 

The development of cryogenic, super condu ct ing systems, wt.a tever 

their eventual application, is important in solving some of the nation's 

energy problems, and th e Energy Doubler Design Study contributes to this 
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development. The preliminary work hav ing to do with the feasibility of 

constructing appropriate magnets, and the results of som e very recent t ests 

on the prototype magnets and the one full-scal e 20 -ft d ipole magnet are 

described in the report, as is the development of the associated re fr igeration 

system. The next step, the joinin g of several full-scale magnets into the 

refrigeration system is now under way, and significant results should be avail­

able later this year. 

The problems still to be answered are largely ones of standardization, 

tolerance of manufacture, procurement, quality control, installation, and 

over -all cost. The present estimate of a complete Energy Doubler is 

between $20 million and $30 million; the amount of funds still left from the 

original $ 250 million for construction is estimated to be about $ 20 million. 

Because of the step-wise approach which has been followed in this project, 

and in view of its potential cost, the Laboratory is now seeking authorization 

only to proceed to the next step, the construction of a Proto-Doubler. 

This Proto-Doubler would consist of nearly 150 superconducting dipole 

and quadrupole magnets installed in one -sixth of the main r ing. Although 

such a system obviously could not be used for multiple transversals of 

accelerating protons, it would make possible the testing of the most critical 

principles and procedures which might be adopted if the entire Doubler were 

constructed. Just the construction of the Proto-Doubler itself would provide 

a unique opportunity to develop and test superconducting equipment. This 

project is estimated to cost approximately $10 million, of which all but about 

$ 3 million would be recoverable if it were decided not to b uild the Energy 
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Doubler. Magnets, refrigerators, superconducting wire, instrumentation, 

all could be used in the experimental areas to exploit the available 400 -GeV 

beams . 

In transmitting the report to the AEC Division of Physical Research, 

NAL Director R . Wilson urged them to agree to this authorization for an 

expenditure of up to $10 million to buil d the Proto-Doubler, commenting, 

"It presents to us an unusual opportunity to prepare oursel ves to take the next 

exceedingly important step toward reaching 1000 GeV. It provides for the 

development of techniques that will find immediate application in reducing 

th e large energy usage at the Laboratory. Finally, as pointed out in the 

report, it has dir ect relevance to the general problem of energy conservation." 
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NOTES AND ANNOUNCE MENTS 

DEDICATION. . . 

The formal dedication ceremonies for the Laboratory have been 

scheduled for Saturday, May 11, 1974. At that time, NAL will officially 

become the Fermi National Accelerator Laboratory. Details of the cere -

monies are being formulated. 

USERS MEETING PLANNED. . . 

The Annual Meeting of the Users Organization will be held this year on 

Friday, May 17. For those who arrive early, a Social Hour will be held on 

Thursday afternoon, beginning at 5 p. m. 

The emphasis of this year's meeting will be upon the operation of the 

accelerator and the development of experimental facilities, with reports 

from the Board of Trustees, the Laboratory staff, and the Users Executive 

Committee. Hotel reservation forms will be mailed to members of the 

organization soon; anyone not a member who wishes to attend should write to: 

Users Organization Secretary 
National Accelerator Laboratory 
P. 0. Box 700 
Batavia, Illinois 60510. 

More details about the program for the day will be announced in the April 

issue of NALREP. 
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MORE MOVES .. . 

The following offices are now located in the Central Laboratory, on 

the Atrium Floor adjacent to the elevator in the West Wing: 

Medical Office E xt. 3232 
Housing O ffice E xt . 3560, 3569 
Visitors Office Ext. 3440, 3582 
Public Information 
and Village Crier Office Ext . 3341, 3351 
Travel Office Ext. 3397 
NAL Employee Benefits Office Ext. 3395 
Argonne Credit Union Ext. 3293 from 

8a.m. to2p.m. 

Medical offices - -formerly in the NAL Village and in a trailer near the 

Trans fer Hall at the main site - -are now combined in the Central Laboratory. 

A physician is available on Tuesday and Thursday afternoons . 

Other offices schedul ed to be moved to the Central Laboratory during 

March include the NAL Personnel Offices and the AEC Batavia Area Office 

to the sixth floor, east wing; and Engineering Services to the fifth floor, 

east wing. In addition, three groups already in the building will be relocated 

to their permanent quarters: Neutrino Department will be moved from the 

second floor, west wing, to the twelth floor , east and west wings; Proton 

Department will be moved from the third floor, west wing, to the eleventh 

floor, east and west wings; and DUSAF will be moved from the second floor, 

east wing , to the fifth floor, west wing. Present plans are t o have all 

personnel i n the i r permanent offi ces in the building by early summer . 

• 
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FA CILITY UTIL IZATION SUMMAR Y - - FEBRUAR Y 19 74 

F or the firs t t hr ee days of F ebruary the high -energy phys i cs r e s ear c h 

program was continued, with the accelerator operating at 30 0 Ge V. A nu m­

ber of experimental group s t ook data dur in g t his p eriod. 

In t h e Int ernal T a r get Ar e a, P h oton Sear ch #63A and Proton -Deut e r on 

Scatterin g # 1 86 each us ed porti ons of the available b ea m time. L ept on # 70 

took da ta at 50 mrad in P roton Central , whil e Particle Sea rch# 1 OOA t ook 

data in Proton East. In the Neutrino Area, Neutrino #262 used a fast bea m 

spill for tuning, background studies, and preliminary data taking for the ir 

neutral current experiment; Long -Lived Particl es # 239 complet ed their data 

taking, and Hybrid# 2B, operating in the multiple pulse mode , took 44,51 2 

pictures of 'TT+ -p int e r actions at 100 GeV. 

A low intensity (1 to 2 x10
11 

protons per pulse) slow-spilled beam was 

sent successfully to the Meson Area for beam transport and tar get train 

tuning. This work proceeded so smoothly that one full day was availab l e for 

tuning of the secondary beams by experimenters . This was the first beam 

brought into that area since the fire, and all systems wor ked well . 

A period of maintenance and development work followed from 

February 4 to 16, during which the installation of a new trans former for 

providing pulsed power to the main ring was completed. This trans former 

is connected to the 345 -kV main supply feeders at the Master Substation and 

supplies power to the main-ring magnets at 13 .8 kV. It is designed to handle 

the heavy pulsed loads what will occur during 400- to 500 - GeV ope r ation . It 

was put into service under load on February 15; within two days n or mal 

ramping of the main -rin g magnets at 300 Ge V had been achieved. 

.. 

" 
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An additional week was then spent in starting up and tuning the accel-

erator an d exte rnal beam lines for 300 - GeV oper a tion , a fter which the high-

en ergy physic s program was resumed . In P roton East, P article Sear ch # 100 

c ollected dat a on dire ct muon production. In Proton Central, Lepton # 70 

began checking and tuning their apparatus, which had been repositio:1ed to 

c ollect data at 83 mrad. In the Neutrino Area, Neutrino # 262 began ba ci<;ground 

studies, after the train had been tuned for pos itive particles at 120 GPV/c. 

An effort was then made to establish conditions for compatible operation of 

the muon beam line for Muon # 257 . The attempt was n ot comple~ely success-

ful, indi cating a need for additional tests . The train was then retuned for 

140 GeV/ c and Neutrino # 262 began taking data . Neutrino # 1A collected data 

simultaneously. Meanwhile, pictures were t aken in the 30 -inch bubble 

+ 
chamber to c omplete an 80 ,000 picture exposure of 'IT -p interactions at 100 

GeV / c for Hybrid # 2B. The N -3 beam line was then changed to transport 

200-GeV negative pions, and additional pictures were taken for Hybrid # 2B. 

Six experimental groups made use of the secondary beams in the Meson Area 

for bea m tuning and equipment checking. These included Total Cross 

Section # 104 in the M-1 West line , Charge Exchange #11 1 in the M-2 line, 

Neutron # 4 in the M-3 line , Elastic Scattering # 96 in the M-6 East line with 

Multiplicities # 178 using an upstream target in the same beam , and K
0 

-

Regeneration 11 82 in the M-4 beam line. 

The su:nmary of facility utilization for the month of February is as 

follows: 
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I. Summary of Accelerator Operations 

A. Accelerator use for physics research 

Accelerator physics research 
High energy physics research 
Research during other use 

B . Other activities 

Subtotal 

Hours 

23 
137 

~ 

160 

Accelerator setup and tuning to experimental areas 77 
Schedul ed interruption 327 
Unscheduled interruption 108 

Subtotal 512 

C . Unmanned time O 

Total 672 

II. Summaries of High Energy Physics Research Use 

A. Counter experiments 

B . Bubble -chamber experiments 

C. Emulsion stacks e:Kposed 

D. Specific target bombardments 

E . Test experiments 

F. Engineering studies and tests 

G. Other beam use 

µ of Expts. 

1 5 

2 

1 

Hours 

948 

69 

101 

8 

221 

Results 

948 hr 

87 ,000 pictures 

1 target 

221 hr 

18 1347 

III. Number of Protons Acc elerated and Del ivered 

A. Beam accel e r ated in main ring 

B. Beam delive r e d to experimental areas 

Me son Area 
Neutrino Area'~ 

Proton Area 

Protons 

T otal 2 .8X 1017 

o.2x10 17 

1.3 x to1 7 

0.6x 101 7 

Total 2. 1 x 1017 

*This does not include slow spilled beam for bubbl e chamber and muon beam 
operation . 

• 
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MANUSCRIPTS SUBMITTED FOR PUBLICATION 
DURING JANUARY AND FEBRUARY 1974 

W. F . Baker et al. 
NAL-P ub-74/1 3 -EXP 
(Experiment 104) 

V. A . Tsarev 
NAL-Pub-74/17-THY /EXP 

M. Atac e t al. 
NAL-74/19-THY /EXP 

M . Atac an d W. E. Tayl or 
NAL -Pub -74 / 22 -EXP 

T. Nash et al. 
NAL-Pub-74/ 25-EXP 
(Experiment 75) 

H. R . Gus tafson et al. 
(Experiment 4) 

B. C. Brown et al. 
(Experiment 187 ) 

D. F. Bartlett et al. 
(Experimen t 202) 

J . Whitmore 
(General Bubble Chamber 
R eview) 

S. Ohnuma 

S. Ohnuma 

E xperim ental Physics 

Measur ement of n±, K±, p, a n d p Production 
by 200 and 300 GeV I c Protons (Submitted to 
Phys . Rev . Lette r s) 

Are There Small Scale Oscillat ions i n High­
Energy Proton-Proton Scatteri n g ? (Sub­
mitted to P hys. R ev. Letters) 

Drift Chamber Development at NAL 

The Developmen t of a New Drift Chamber 
With a New Gas M ixture (Submitted to 
Nucl. Instr. a nd Methods) 

A Search for Fract ionally Char ge d Quarks 
Produc ed by 200 an d 300 GeV P roton­
Nuclear Interactions (Submitted to Phys. 
Rev. Letter s ) 

A Me asurement of the p -p Total Cross 
Section at 200 and 300 GeV / c (Submitted to 
Phys. Rev. Letters) 

Heavy Particle Produ ction in 300 GeV I c 
Proton/Tungsten Collisions 

Detecting Near Ultravi '.:llet Radiation in the 
Presence of Visibl e Light (Submitted to 
Rev. Sci. Instr . ) 

Experimental Results on Strong Interactions 
in the NAL Hydrogen Bubble Chamber 
(Submitted to Physics Reports) 

Nonl inear E ffects a n d Their Corrections in 
the NAL Main Rin g (Submitted to the 
U. S . -Japan Semina r on High -Energy 
Accelerator Science, Tokyo, Nov . 5-9, :1973) 

Quart er Integer Resonance by Sextupoles 
(Subn:itted to the U .S. - Japan Seminar on 
High - Energy Acc el erator Science, Tokyo , 
Nov. 5 -9 , 19 7 3) 



L. C. Teng 

L. C. T eng 

S. L. Adler et al. 
NAL-Pub-73/ 86-THY 

H. D. I. Abarbanel and 
J. B. Bronzan 
NAL-Pub-73 /90-THY 

H. D. I. Abarbanel and 
J. B. Bronzan 
NAL-Pub-73/91-THY 

R. W. Brown et al. 
NAL-Pub-74/ 14-THY 

A. R. White 
NAL -Pub - 74/15 -THY 

A. I. Sanda 
NAL-Pub-74/16-THY 
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Proposed NAL Future Projects (Submitted 
to the U.S. -Japan Seminar on High-Energy 
Accelerat or Science , Tokyo, Nov. 5-9, 1973) 

Status of the NAL Synchrotron (Submitted 
to the U. S . -Japan Seminar on High-Energy 
A ccelerator Science, T okyo , Nov. 5 -9 , 19 7 3) 

Theoretical Physics 

Nuclear Charge Exchange Corrections to 
Leptonic Pion Production in the ( 3, 3) -
Resonance Region (Submitted to Phys. Rev. D) 

Structure of the Vacuum Singularity in 
Reggeon Field Theory (Submitted to Physics 
Letters) 

Structure of the Pomeranchuk Singularity 
in Reggeon Field Theory (Submitted to 
Phys. Rev. D) 

Possible Effects of Weakly Coupled Neutral 
Currents in pp -+ 1+ 1- + X (Submitted to 
Nucl. Phys.) 

Analytic Continuation of the Two Reggeon 
Cut Discontinuity Formula (Submitted to 
Phys. Rev.) 

Parton Model Predictions for Colliding 
Beam Processes at Present Energies 
(Submitted to Phys. Rev. Letters) 

• 


