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A SEARCH FOR FRACTIONALLY CHARGED QC ARKS 

Reported by T. Yamanouchi 

The r emarkable success of SU( 3) symmetry in particle phys ics has l ed 

to the c onjecture that hadron s might consist of bound states of fundamental 

triplets . In parti cul ar, Gell-Mann a nd Zweig pointed out that a simple 

explanation of the regular ities in the hadron mass spect rum can be achieved 

by assuming the existence of thr ee par ticles of fractional charge ( 1I 3 e or 

2/3 e) an d fractional baryon number. These particles are usually called 

quarks. A great variety of obs ervati ons c oncerning strong, electromagnetic, 

and weak interactions can be understood if quarks are the basic building 

bloc ks of hadrons. Although there have been many searches for quarks, in 

the cosmi c - ray flu x, in se con dary-particle beams fr om a ccelerators, and as 

stable constituents of terrestrial matte r , none of these experiments has 

given positive results. This fact can be interpreted in several ways: for 

exampl e , that quarks cannot exist as individual particles , but , l ike phonons 

in a crystal , are no more than mathemati cal entities that can have meani n g 

only inside th e hadrons; or that the conservat i on of some quantum number 

prohibits their existenc e in free space; or that they are mass ive, and there -

fore difficult to produce, i.e., they have a s mall pr·oduction cross s ection. 

It is als o possible that the basic bu ilding b l ocks of hadrons are unitary trip-

lets o f integer charge, as suggested by Han and ambu. In any case, one 

of the most important tasks for high -energy physicists is to e:ll.1:end the 

search for quarks into the r egion o f higher masses and smalle r production 
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cross section s . The NAL a ccelerator is best suited for this purpose sin ce t he 

energy available for quar k production is substantially higher than that at any 

other existing acc el erator except the CERN Int er se ct ing Storage R ing (ISR ). 

_-\ t _ AL, th e bea m flux (or lu m inosity) is many orders of magnitude gr eater 

than that of cosmic r ays or the ISR. 

We have con du ct ed s u ch an e xperiment using the M2 beam in the Meson 

Area . The prima ry pr oton b eam, 200 and 300 GeV, was fo cused on a 1 2 -

inch long ber ylliu m tar get . Se condaries p roduce d at 1 mrad were transmitted 

thr ough the M2 b e a m line and brought t o the sec ond focu s a t the det ection 

appar atus appr oximately 1360 fe et from the p r odu ct ion target. The princ ipal 

de t ector wa s a set of e ight s cintillation counters which p rovided ioniz ation 

l oss infor mation on par t i cl es t ransmitted by the b eam c hannel. (Quarks of 

charge 1/3 e a nd 2/3 e a r e expected to exhibi t ioniz a tion l os ses 1 /9 a nd 4/9 

th ose of singly char ge d particles. ) T wo t hr esh ol d Ceren kov c ounte rs pr o -

v ided in formation on particle m a ss. A muon identifier, a steel-liquid 

scintillator sandwich, wa s l ocated a t the back of the ent ire apparatus. 

Durin g the running p e riod with 200 -Ge V inc ident protons, the "super -

m omentum " met hod wa s used. T his m ethod m a kes u s e of the fact tha t quarks 

with momentum p beha ve in a b eam channel a s i f they were ordinarily 

charged particl e s of momentum 3p or 3 / 2 p. In a major por t ion of th e 

running the b eam momentu m wa s s e t to 27 0 Ge V / c , thus a ccepting quar ks ,, 
with charge 1 / 3 e and of momentum 90 Ge V I c. This particular momentum -. --
was chosen because it was the max imum of th e four-body phase -space for 

.. 
th e rea ction : 

N + N -• N + N + q + q. 
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Experimental apparatus for Quark# 75 . E 1 -8 are ionization l oss 
counter s ; C1 and CZ are gas thr eshol d Cerenkov counters; MU is a muon 
identifier; V</i, V1 , a nd VZ a re vet o counters; B is a pair of scintillation 
counters for beam de finition . 

Since no particle with momentum gr eater than ZOO GeV I c is produced in 

ZOO -GeV proton -nucl ear collisions , the beam channel would provide sufficient 

bending to prevent the transmissioG of ordinary particles al ong the b ea m l ine. 

It was expected, however, tha t some muons which p enetrated the shiel din g 

and strayed into the beam l ine afte r the l ast bend could r each the detectors . 

In a run with 1 o1 7 
protons on the pr oduction ta rge t we observed 59 such 

events. The energy l os s es in the eight ionization loss counte rs for thes e 

events were clearly those of singly charged particles, an d the pulses in t e 

muon identifi er indicate tha t all of these wer e indeed m u ons. 

Although th e super -momentum met hod provided a clean, e ffic ient way 

of searching for charge 1I 3 quarks, it was not the optimum way o f searching 

for charge Z/3 quarks . A more s ignificant search for the latter was made 

by raising the primary proton energy to 300 GeV and lower ing the s econdary 

beam momentum to Z07 GeV/c. Again, this particular momentu m value was 
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chosen on the basis of phase -space considerations. In this mode of running, 

since there was a large flux of ordinary particles in the beam, an on -line 

preselection for quark candidates was made by requiring that at least three 

o f the ioniz ation loss counters show quark-like signals. When this condition 

was met, the event was recorded on magnetic t ape. From the off-line 

analysis of some 14,000 events so obtained, it was concluded that no candi­

dates for fractionally charged quarks had been observed. 

In addition to the pair production just discussed, there is another pos -

sible mechanism for quark production, i.e.: 

N + N - N + q{ 2 /3 ) + q{2/3) + q( -1/3). 

In t h is case, the optimum beam momentum would be lower than that for the 

pair production, since more energy is required to produce three quarks than 

two. It is also possible that the choice of optimum momentum based on the 

phase-space cons ider ation may be incor rect. This is quite poss ible for low­

mass qua rks, but unlikely for high-mass qu arks, since the phase -space 

requirement would domina t e for the l atter. In order to cover all possibilities, 

we also took dat a· at s eve r al other beam conditions. None yielded p ositive 

results. The upper limits (90 per cent confidence level) of the quar k 

production cross s e ction obtained a t va rious cond itions are summarized in 

the tabl e on the fac ing pa ge . 

In order to de rive t he upper limits for the total cross s ection for 

quark production we must as s ume some plaus ible production model. The 

total cross -section limi ts obt ained by assuming {a) four-body phase spa ce 

for pair production {isot ropic center - of -mass angular distribution ), and 

• 

i 



Upper Limits for Quark P roduc tion (9 0% Confiden ce L evel) 

2 
Proton Sec on dary d a/dEdn LS 
E n ergy Momentum q = 1f 3 q = 2/3 
(GeV) (GeV / c ) (cm2 / sr GeV/ c) 

-36 -3 6 
200 270 5 .6x 1o 2. 8x10 

207 5, 6X10 
- 35 

2 .8X10 
-35 

150 8. 0 X10 
-3 5 

4. 0X1 0 
-3 5 

300 270 5.1X 10 
- 34 

2. 5X10 
-34 

207 1.0X10 
-34 

5. 0X10 
-35 

150a 4 .8x 10 
- 33 

2 .4X1 0 
-33 

a Positive polarity. All others are negativ e . 

(b ) four-bo dy pha se space c onstraine d by a multiplicative fa ctor of 

exp [ -pt/0.16(GeV/ c )], where pt is the t ransve r se m omentum, are s h own in 

t he figures on the following page . We pres ent thes e as extrem e cases . For 

comparison , simil ar limits from the CERN ISR experimen t are also s hown. 

The experiment was p e rformed by T. Nash, D. Nea se, J . Sculli, and 

T. Yamanouchi with the help of J. Upton of the NAL Physics Department. 

T . White partic ipated in the des ign of the expe r iment. 
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THE MESON AREA: STAT US REPORT 

Reported by R. A. L undy 

During 1973 the Me son Ar ea came into nearl y full operation, with the 

completion of all of the bea m lines except MS, and the install ation of approxi ­

mately ten experiments. As orig in ally conce ived, the Meson Area was to 

accept a 200 GeV prot on beam, a nd with it to produce six secondary beams . 

Four of these were to be ch arged particle beam s and two were t o be ne utr al 

particle b e ams . One of the c h arg ed pa rticle beams--M5, an 80 - GeV le be am - ­

was deferred ear ly in the planning s t age and has since bee n re v ived as a 

minimal 50 GeV /c test be am. The other three charged particle beams, M 1 

( a high inten sity, medium resolution beam), M2 (a diffracted proton beam), 

and M6 (a m edium intensity, high resolution beam), had been designed with 

protons of onl y 200 -GeV l e incident on the t a r get in the Meson Area in mind. 

One of the first major tasks was to investigate the po ssibility of raising the 

momentum range of these beams to match the 300 GeV l e incide nt protons 

which have become the standard operating mode for the acce l erator. 

F ortunately, the M2 beam had a momentum capability of approximately 

2 60 GeV le, which had been intended fo r use in Quark # 75 . By adding more 

mag ne ts and power supplies, it was possible to raise the capability of thi s 

beam t o slightly over 300 GeV/c. The Mi bea m line was also redesigned to 

operate at a maximum momentum of 280 Ge V l e, a nd the necessary com ­

ponent s in stalled late in 19 73. To increase its u sefulness, a switching 

magnet was added which provides a b ranch beam and allows for more than 

one experiment to b e set up at one ti:ne. The branches cannot be used 
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Aerial v i ew looking west ove r the Meson Area, taken in September 
i973 . It shows th e earth s hiel din g over the secondary beam l ines and the 
research area s. Far t o the l e ft , t he protons for the accel e r a t or p r odu ce 
secondar y beams o f part icles . Th ese b eams fan out into the Detect or 
B u ilding , whe r e t he e xp erim ent s are ins t alled . T he forward dete ct or 
apparatu s for the e xperim ents e xtends be yond the building in the cor r ugat ed 
r oofed extens ion s t o the r ight . B eam lines are numbere d Mi th r ough M6, 
with M i in the fore ground, and th e west branch of M6 at the bac k. (P h oto ­
graph by T . Frel o, NAL) 

• 

• 
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simultaneousl y ; ho weve r. bE·am can b e switched from one to the 0t he!· ir. 

npproximately c.n nour 's tim e. A similar m agnet was installe d in th t :\16 

beam line but the momentum capabili t y (180 GeV /c) of that line was not 

increased. The two neutral beams, .\113 (predominantly a neutron bea m) a nd 

M4 (a beam in which the larger production angl e i s expect e d to fa vor KO 

;:iroduction rel ative to neutrons) were capabl e of Lm ctioning with 300-Ge\' 

protons on target with no changes . 

During 1g 7 3 a number of exper iments were s e t up in the Meson Detector 

Building and the exten s ions north of it. The goal has been to provide as 

many compatible installations as possible to prov ide for maximum flexibility 

in sch eduling , and to g ive each g r oup a first look a t experimental possib i:_ities. 

Th e major experiments installed in the Mi beam line are T ot a l Cross Section 

# 104 and El astic Scattering # 7 . Quark # 75 h as been compl et ed, and Pion 

Charge Exchange # 111 and Mi ssing Ma ss # 51A are in stalled in the M2 b e am 

line, along with parts of Beam Dump # 108 and Neut ra l Hype r on # 8 . e utron 

Cro s s Section # 4 shares the use of tl:.e M3 beam with Neut ron Dissociation 

# 2 7A, while equipment is te s t e d p a r as itically for Neutron Backward 

S:::attering # 12 . Quark # 72 has been complet ed in the M4 beam line, and KO 

Regene r ation # 82 i s now installed there. In the M6 beam line, the first 

major installation was the s ingle-arm spect romete r currently b eing u se6 

fo r E lastic Scattering # 9 6. Elastic Scattering # 69A will soon be installed 

in the M6 west branch beam line , a l ong with sorr. e portion s of Multiparticle 

# 110 . 
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In add ]tion to upgrading the beam lines to match the higher accel erator 

momentum, we have continued to improve the target load, to enabl e it to 

handle beam intensities of several times 10
13 

proton s per pul se . The 

l atest and , we hope , fi. nal version of the t arget load was installed dur ing 

December 19 73 a nd Janua ry 19 74. B as ic ally, it consi st s of a large evacuated 

box embedded in h eavy shiel ding, containing four 20 - ft l ong railroad cars. 

P roton s are brought into the target lo ad through steel collimators , which 

serve to define the target angle and the angular spread of the proton beam. 

It is important that these t wo angles be controlled, t o help guard against 

acc identally tr ansmitting a very high inte n s ity proton b eam into the experi ­

mental area. Following these collimators is a movable shuttle wh ich 

supports eight water - cooled t arget s of varying l engths and diameters. Made 

of e ither beryllium or tantalum, each target i s equipped with a thermocouple 

to monitor the effectiveness of the cooling. The shuttle permits both hori­

zontal and vertical po sition ing of the targets. Downstream of the targets is 

a water - cool ed aluminum "spoiler." It is designed to intercept the proton 

beam whieh has passed through the targets, and allow it to develop into a 

hadron shower spread out geometrically to r educe the specific e ne rgy 

deposit which could conceivabl y melt compon ent s of the t arget train. The 

spo iler is remotely con trolled so that it can be pos itioned for optimum 

''spoiling, " yet not appear as a secondary t arget during operation . Down­

s t ream of the spoiler is the first of three s t eel collimators which define 

apertures for the six secondary beam lines . This collimator cont a ins a 

water - cooled aluminum core which absorbs the bulk of the power carried in 

.. 

• • 

• 
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by the proton beam. In addition to these collimators and t arge t s, a numbe r 

of diag nosti c dev ices which provide information about the p r oton b eam posi­

tion and size are mounted on the train l oad. 

Late in December, during the 400 -GeV operating pe riod, the Me son 

Area was shut down so that changes in the target load and other ins tallation 

work in the bea m lines and expe rimenta l setups could be carried out . On 

De cember 2 6, a fire was a ccidentally started by a construction wo rker in 

the we st branch extension of the M6 b e a m line. It spread r apidly a long th e 

extension to the north wall of the Detector Building, damaging both. Fortu ­

n ately, no one was injured, and the experiments installed in the Detecto r 

Building and in the other beam line exten s ions suffered no major damage 

b eyond deposits of soot and smoke . An extensive cleanup effort was 

immediately started, and it is hoped that the experimental program in the 

Meson Area, which had been scheduled to recommence on J anuary 1 '.l, will 

in fact beg in in mid February. 
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LONG-RANGE PLANS FOR THE NATIONAL ACCELERATOR LABORATORY 

The results of the 1973 Summer Study, summarized in the August 1973 

is s ue of NALREP, were presented to the Long Range Advisory Committee 

l a st fall. Grou p Leaders who participated in the s tudy made presentations 

concerning t h e major areas examin ed during the Summer Study . Following 

the presentat ion of the different p rograms, the Cha irman of the Lon g Range 

A dvisory Committee, Pr ofe s sor David F r is ch of t h e Mass a c hus etts Ins titut e 

o f Tech nology, convened the gr oup in executiv e sess i on and rec ommendations 

were formu lated. T hese were for warde d to the L ab or atory and hav e provided 

material for discus s i on a nd considerat ion con c erning NA L 1s longer ran ge 

plans. The Director has de s cr ib e d several of th e obje c t ive s which n ow 

represent the pl ans for the next few y e a r s . The highlight s of t he plan s are 

the following : 

T he Laboratory 's plann in g fo r the lon g - r ange future will cente r ar ound 
the design of "POPAE" (proton on proton an d e l ec tron) storage r ings . T he 
three rings will be about the s ame diamete r a s the present acceler a t or. The 
proton rings will accommodat e energies up t o 1 000 GeV. The e l ectr on r ing 
will probably opera te som ewhere betwe en 20 a nd 30 GeV. All rings a r e 
envis oned to be in a single tunnel , and the eventua l goal will be t o produce 
proton -proton coll is i ons or p r oton -ele ctron collisions, hopefully with only 
minor modifications of the installe d fac ilitie s . In orde r t o achieve a better 
unders t anding of this project, it i s our in tention t o start a s e r ious design 
study as soon as pos sible, with a goa l of p r odu cing des igns and report s this 
year. 

We shall not undertake the construction of a "super Om ega " type detec -
t or in the near futu r e . In fac t, we shall res is t suggestions t ha t we bu ild a 
single , enormou s, a ll -pur pos e dete ctor. We s ha ll , however , be receptive 
to proposal s for spe cific exp e rim ent s e xpl or ing m ult ipart icle final s t at es and, 
if appropria te, we s ha ll unde r take t h e constr uction of individual comp on e nts 
(e.g., a lar ge ver t ex m agnet) wh ich m ight e ventua lly constitu te par t s of a 
"super -O mega " p r ogr am- -t h e part s c ompr isin g the wh ol e . 

• 
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We are giving no further consideration to the construct ion of a still 
larger hydrogen bubble chamber in the near future. There was no significant 
user interest express ed in such a facility, and it seems appropriate to 
examine the effectiveness of the 15 -ft chamber be fore contemplating the 
construction of a larger detector of this kind . 

We shall not view the possible construction of a totally new experimental 
area in terms that would suggest it to be a long-range future project. Rather, 
we shall continue our upgrading of the experimental facilities and beams in a 
manner which will give experimenters access to the highest energies and 
highest intensitie s t hat the accelerator can produce. 

In addition to these projects, the Laboratory is pursuing the poss ibility 

of the Energy Doubl er, a superconducting ring of magnets placed in the main-

r ing tunnel that might serve to increase the energy of the beam to double its 

ultimate energy, possibly to 1000 GeV, and which might effect considerable 

economy in the electrical bill. An exploratory effort has shown the feasibility 

of building small magnets that appear to be of adequate quality and reproduci-

bility . The cost of the components would appear to be with in the financial 

capabilities of the Laboratory. On the basis of these modest studies , the 

development will now be pursued more vigorously to the next stage, which 

envisions the construction of several 2.0 -ft long magnets which are to be 

installed and tested in the 200 -ft long tunnel in the NAL Village which was 

used as a prototype of the main ring. A project report is nearly completed 

on the feasib ility of the construction and installation of the Energy Doubler . 

If the idea continues to l ook good, the e ffort toward realizing the Doubler 

will be expanded in the near future . 
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SOME RECENT ACTIVITIES OF THE USERS EXECUTIVE COMMITT EE 

Reported by W. D . Walker, Chairman 

The Users Executive Committee meets once every couple of month s. 

We find out how the accelerator is ope rating a nd what organizational change s 

have been made in the Laboratory staff, as well as other house keeping 

matters. In addition, we u sually meet for an hour or so with the Director. 

The r esult is a fairly steady d ialogue between the Committ ee, as represen ­

tative s of the Users, and the administration of the Laboratory. 

We recently polled Users who h ave o r have had active experim ents at 

NAL to find out their needs for services and facilitie s at the Laboratory. 

The r esults of this poll, which were not t erribly surprising, have r esulted 

in a report to Dr . Wilson. In m any instances, these need s h ad been anti ­

cipated by the Laboratory. The n eed for additional housing was the most 

popular complaint. More on - s ite housing i s being renovated no w and should 

be availab l e in a few month s. This work was held up for many months by 

governmental red tape. The need for off- and on-site transportation was 

stressed by others as the second mo st popular complaint . It is hope d that 

the availability of lower cost rental cars (based on- s ite ) will h elp alleviate 

this problem. 

The Commit tee has proposed to the admini stration that a Users Office 

be established in the Central Laboratory. This office should be headed by a 

person of considerable authority, who woul d have cogn izance ove r a ll the 

Use r Servic es. The office might handl e housing, transportation (car r ental s) , 

communication, and typing , for exampl e . 

• 

• 

• 
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We al s o discussed at our last meeting poasible plans for a faculty -

type clnb at NAL . The m ost interesting item discussed was the L aboratory's 

s ucce s s in constructing prototype superconducting magnets fo r a possible 

energy doubler . 
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"PROCEDURES FOR EXPERIMENTERS" FOR 19 74 

A new edition of the P rocedures for Experimenters booklet has just 

been issued by the Program Planning Office. As part of the Laboratory's 

continuing program of improving communications with experimenters, the 

booklet i s intended to r eflect changing policies and practices a t NAL. No 

one should have any qualms about discarding the 1973 version--it was 

printed on genuine "100% recycl ed waste " with just that in mind. 

The 1974 edition differs considerably from earlier versions. The 

administrative organization of the Laboratory is detailed in the first chapter , 

along with a listing of some of the department anc.l group leaders with whom 

experimenters will need t o work . Safety informatioL, including radiation 

safety requirements, is covered in anoth er chapter, as well as in t wo 

appendice s. General area information, business arr;,.ngeme nts, des cr iption s 

of the assistanc e obtainable from service and support groups a t the Laboratory, 

and the methods followed in planning the experiment al program are a ll dis ­

cussed in l a ter chapters . The new .AL policy on publications a nd the pur­

poses of the NAL Physics Departme nt , as well a s an appendix cont aining 

information for foreign visitors h ave been added. The booklet ends with a 

s ubject index. 

Copie s of Procedure s for Experimenters 1974 have been mailed to the 

spokesmen for all approved exp eriments . New experimenters will receive 

copies in the Visitors Center , when registering on s ite for the first time . 

All other ~xperimenter s are encouraged to pick up copies of the booklet from 

either the Program Planning Office or the Visitors Cente r. 

• 

• 
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NOTES AND ANNOUN CZ E MENTS 

WORKSHOP ON SPECIAL B EAMS T O B E HELD . . . 

The t e chnical po s s ib ilities and sugg estions for special hadron beams 

to the 15-ft bubble chamber, and th e a s s ociated detection equipm ent, will be 

expl or ed in a Workshop to be h e ld a t the Laboratory on Friday, F eb r uary 15 . 

A panel, including H. Foelsche, Chairman; A. Erwin; J. Lannutti; 

L. Voyvodic; and R . Yamamoto; will meet separately after the Workshop to 

formulate recommendations for the consideration of the NAL Program 

Advisory Committee. Spokesmen for experiments proposed which would 

require such beams have been invited to participate; all other~ interested 

are welcome to attend. The Workshop will be held in the Curia, NAL 

Village, starting at 9 :00 a . m . 

PLEASE NOTE . . . 

The dates for the March meeting of the NAL Program Advisory 

Committee have been changed--the Committee will meet on Thursday and 

F r iday, March 14 and 15. Experimenters are invited to submit the ir pro ­

posals for use of th e 30- in. bubble chamber filled wit h deute riu m, and to 

send any other app ropr iate pr oposal revisions to th e Dir e ctor' s O ffice b y 

ea rly F ebr ua r y. 
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EXPERIMENTAL PROGRAM SITUATION REPORT 

The experimental program situation at NAL is summarized below. The experiments are lis t ed 
sep arated by experimental area under categories that best describe their circumsta nce as of 
January 1, 1974. The experimental area names are abbreviated as follows: Interna l Target 
Area (ITA), Meson Area (MA), Neutrino Area (NA), Proton Area (PA). Publications are available 
or talks have been given about the experiments marked * 

Total Number of Approved Experiments - 108 

Spokesman 
A. EXPERIMENTS THAT HAYE COMPLETED DATA TAKING (36) : 
!TA *Proton-Proton Scattering #36A 

*Proton-Proton Missing Mass #67A 
*Photon Search #120 
*Proton-NUcleon Inclusive #188 

MA *Quark #72 
*Quark #75 

Super-Heavy Elements #147 
*Emulsion exposures to protons 

@ 200 GeV for experiments 90, 
103, 105, 114, 116, 117A, 156 
171, 183 

NA *Proton-Proton Inelastic #14A 
*30-Inch p-p @ 300 #37A 

30- Inch TI--p@ 100 #125 
*30- Inch TI-- p @ 200 #137 
*30-Inch p-p @ 200 #141A 
*Massive Particle Search #199 

Beam Dump #211 
*30-Inch p-p @ 1 00.#252 
Emulsion expos ures to muons 

@ 150 GeV for experiments 205A, 
255 

Emulsion exposures to protons @ 
300 GeV for experiments 181, 195 , 
232' 233' 237 ' 242, 244, 250 , 275 

Cool 
Sannes 
Cline 
Sannes 
Leipuner 
Yamanouchi 
Debeauvais 

Franzini 
Malamud 
Morrison 
Huson 
Fields 
Frankel 
Goebel 
Ferbel 

PA *Particle Search #187 Lederman 

B. EXPERIMENTS THAT ARE IN PROGRESS (21): 
!'CA *Photon Search #63A 

Particl e Search #184 
Proton-Deuter o n Scattering #186 
Proton- proton Inelasti c #221 

MA Neutron Cross Secti on #4 
Elastic Scattering #7 
Neutron Dissociation #27A 

*Nuclear Chemis try #BlA 
Elastic Scattering #96 
Pion Charge Exchange #111 

Wa l ker 
Ma n n 
Meliss inos 
Fr anz i n i 
Longo 
Meyer 
Rosen 
We i sf ield 
Ri tson 
Tollestrup 

Extent of Run 
to Date 

700 hours 
600 hours 
1,200 hours 
1,050 hours 
500 hours 
900 hours 
3 exposures 
45 Stacks 

140 hours 
51,000 pix 
54,000 pix 
48,000 pix 
67,000 pix 
2 targets exposed 
2 hours 
33,000 pix 
3 stacks 

29 s t a cks 

200 hours 

2 , 200 hour s 
250 hours 
1 00 hours 
1 50 hours 
1 , 350 hours 
400 hours 
400 hours 
52 bombardments 
650 hours 
700 hours 

Date Comp l eted 

June 24, 1973 
Aug . 8, 1973 
May 29, 1973 
May 9, 1973 
June 11, 1973 
·sept . 8 , 1973 
Aug . 29 , 197 3 
Sept . 20 , 1972 

J une 21, 1973 
June 1 , 1973 
Aug. 28 , 197 3 
Ma rch 10, 1973 
Nov . 27 , 1972 
Aug . 22, 1 973 
Nov . 14 , 197 3 
Dec . 6, 197 2 
Oc t. 16, 197 3 

Oct. 20 , 197 3 

Nov . 6 , 197 3 

• 
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NA 

PA 

*Neut rino #l A 
*30- Inch Hybrid #2B 
*Neutrino #21A 
*Muon #26 
*Monopole #76 
*30-Inch n+-p @ 100 #121A 
*30-Inch p-p @ 400 #138 

Long-Lived Partic l es #239 
Monopole #3 
Lepton #70 

*Particle Search #lOOA 

-1 9 -

Cline 
Smith 
Barish 
Chen 
Ca rrigan 
Lander 
vanderVelde 
Frati 
Eberhard 
Lederman 
Cronin 

C. EXPERIMENTS THAT ARE I N TEST STAGE (5 ) : 
MA 

NA 

Mi ssing Mas s #51A 
Total Cross Section #104 
Mul tiplicities #178 
Muon #98 
30-Inc h Hybr id #154 

D. EXPERIMENTS BEI NG I NSTALLED (8 ): 
MA Elast ic Scattering #69A 

K Zero Regeneration #82 
NA 15- Foot Neutri no/H2 #45A 

15-Foot EMI Test #155 
15-Foot Engineer ing Run #2 34 
Neutr i no #262 

PA Pho toproduc tion #87A 
Photon Sea rch #95A 

von Goeler 
Cool 
Busza 
Wil son 
Pless 

Sandweiss 
Telegdi 
Nezrick 
Peterson 
Huson 
Barish 
Lee 
Cox 

E. 
MA 

EXPERIMENTS TO BE SET UP WITHIN A YEAR (16) : 

NA 

PA 

Neutral Hyperon #8 
Neutron Backward Scattering #12 
Monopol e #22 
Beam Dump #108 
Multiparticle #l l OA 

Pondrom 
Reay 
Collins 
Awschal om 
Pine 
Yuan 
Derrick 
Stoughton 
Kalbfleisch 
Fry 

Det ector Deve lopment #229 
15-Foot Ant i-Neut r ino/ H2 #31A 
Super-Heavy El ements #142 
30-Inch n-- p@ 300 #143A 
30-Inch p- p & Ne @ 300 #161 
30-Inch n--p & Ne @100 or 200 
Emulsion/Prot ons @ <400 #189 
30- Inch n+- p @ 200 #217 

#16 3A Walker 

30- Inch p-p @ 50 or 60 #2 28 
Emulsion/Prot ons @ 400 #2 51 
Pr oton-Proton Elastic #177A 

Ritson 
Lander 
Ferbe l 
Kusumoto 
Orear 

500 hours 
98 , 000 pix of p-p @ 200 & 300 
900 hours 
750 hours 
3 targets exposed 
58 ,000 pix 
12, 200 pi x 
50 hours 
Exposure of 4 targets in progress 
700 hours 
550 hours 

20 hours 
300 hours 
50 hours 
100 hours 
9 ,000 test pix 

50 hours 
150 hours 

50 hours 
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F. OTHER APPROVED EXPERIMENTS (22) : 
MA Inclusive Scattering #23A 

Polarized Scattering #61 
Diffractive Dissociat i on #86A 
Charged Hyperon #97 
Form Factor #216 
Neutr on Elastic Scat t ering #248 
Hadron J e t s #260 

NA 15-Foot Neutrino/H2 & Ne #28A 
Det ec t or Development #32 
Detector Development #34 
15-Foot Neutrino/H2 or Ne #53A 
15-Foot Ant i-Neutrino/H2 & Ne #172 
15-Foot Anti- Neutrino/H2 & Ne #180 
Tachyon Monopole #202 
Detector Development #206 
30-Inch p-p @ 500 #207 
30-Inch n--p @ 400 #215 

PA Photon Tota l Cross Section #25A 
Muon Search #48 
Monopole #74 
Long-Lived Particles #115 
Multigamma #192 

Location of Experiments 
at NAL-Winter 1973-74 

Rothberg 
Chamberlain 
Lubatti 
Lach 
Drickey 
Longo 
Pine 
Fry 
Hof s t adter 
Huggett 
Ba l tay 
Bingham 
Nezri ck 
Bartlett 
Peterson 
Enge lmann 
Gol dhaber 
Ca l dwell 
Adair 
Flei scher 
St evenson 
Guiragossia n 

Meson Area Ex P. eriments 
Neutron Cross Section•4 
Elastic Scattering• 7 
Neutron Dissociation•21A 
Missing Mass• 51 A 

'

Nuclear Chemistry• 0 1 A 
K0 Regene ration• 82 
Elastic Scattering• 95 

Proton Total Cross Sect ion•104 
Swilchyord Pion Cha rge Exchange•111 

__ ........... ~ Multipl ici ties• 178 

Prol on Area 
Exi:>erimenls 

Ueutrino Area 
E x12er imenls 
Neutrino• IA 

{30-lnch Bubble Cha mber 

{

Neut rino• 21A 
Muon• 26 

Monopo le~ Muon• 96 
Lepton"70 • Neutrino" 262 
Photoproduction 87 A 
Particle Search'*IOOA 

lnlernal Target Area 
E xi:>er imenls 
Partic le Product ion•63A 
Particle Search• 184 
Proton- Deuteron Scattering•106 
Proton - Proton Inelastic '* 2 21 

• 
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FACILITY UTILIZATION SUMMARY - DECEMBER 1973 

Operation of the accelerator at 400 GeV dominated activities at the 

Laboratory during the month of December. The purpose of this effort was 

to test systems in both the accelerator and the experimental areas. The 

test was only partially successful, in part because of a lack of reliability of 

many of the accelerator components and utility systems. 

During the first week of December the 300-GeV operation, which had 

been in progress since l ate October, came to an end. The Meson Area 

target train was then removed for repairs and for improvements to make 

possible its use with higher inte nsity beams. Improvements were also made 

in the M1 beam line to enable it to operate up to 280 GeV /c. Many of the 

accomplishments of the 300 -GeV run in the Meson Area have been described 

in the Status Report on page 9. 

A few days were required for maintenance and development work 

before the start of 400-GeV operation, scheduled for De cember 13. The 

400-GeV beam whi ch was available during the month for high energy physics 

use came about a week later and was limited to the equivalent of a week. 

The primary expe rimental groups taking data during that period included 

Neutrino # 1A, using the s ingl e-horn system in the Neutrino Area a nd Particle 

Search # 100A, using the slow- spill beam t o compare data with that taken 

earlier at 200 and 300 GeV in the Proton Area. Beam t uning was also unde r ­

way in the Neutrino Area to the 30 - in. bubble chamber. Significant data 

were also collect e d b y three groups working in the Inte rnal T arget Area, 

P roton-Proton Inel asti c # 221 , Proton Deuteron Scattering # 186, and 



- 22-

Particle Search # 184 . The 400-GeV operation continued into the first week 

of January, after which p r eparations to retur n to the 300 GeV operating mode 

began. 

Th e facility utilization summary for the month of December is as 

follows: 

I. Summary of Accel erator Operations 

A. Accelerator Hours for Physics Rese arch 

Accelerato r Physics Research 

High Energy Phys ics Research 

B. Nonphysics Hours 

Subtot al: 

15 

18 6 

20 1 

Accelerator Setup and Tuning to Expe rimental Areas 21 

Scheduled Interruption 64 

Un scheduled Interruption 420 

Subtotal 543 

C. Unmanned Hours 

T otal : 

II. Summa ries of Expe r iment al Use 

A . Integrated Number of Hour s in External Beams 

For Approved Experime nts 

Oth er (for beam tuning and studies) 

Total: 

B . Total Hours Ch arged to Approved E:iq>eriments 

C . Tot al Bubble Chamber P ictures for Approved 
Experim ents 

D. Tot al Number of Experiments to which T ime 
or P ictures were Charged 

*:Christmas standby. 

744 

972 

61 

10 33 

1078** 

20,000 

19 

These tabulations do not include 149 hours of parasitic time r un for the 
above approved experiments, nor do they include 3 additional experi­
ments which ran parasitically for a total 22 8 hours. 

' 
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III. Total Number o f Protons Accelerated 

Main Ring 

Expe r imental Areas 

Meson Area 

Neut rino Area 

Proton Area 

' 

Total: 

Total : 

30 .1 2 x 10
16 

5.14 x 10
16 

13.06 x 10 16 '~ 

2.12 x 1016 

20.32 x 10
16 

*This does not include fast spilled b eam for bubble - chamber operation. 
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MANUSCRIPTS SUBMITT ED FOR PUB L I CATION 
DURING NOVEMB ER AND DECEMBER 1973 

Experimental Phys ics 

R. A. Carrigan, Jr. et al. 
NAL-Pub-7 3/73 - E XP 
(Experiment 3 6) 

G. Giacomelli 
NAL-Pub-73 / 74-EXP 

A . E. Brenner et al. 
(Single Arm Spectrometer 
Facility Group) 
NAL-73/83-EXP 
(Experiment 9 6) 

M . Atac and W. E. Taylor 
NAL-Pub-73/89 -EXP-THY 

J . C. Vander Velde 
(General Bubble Cham b e r) 

J. Lach 
(General Bubble Chamber) 

R . Stefanski et al. 
(Experiment 1A) 

S. Childress et al. 
(Experiment 14A) 

G. Kra fczyk et al. 
(Experiment 21) 

S . K. Chang and N. Sugarman 
(Experiment 81 ) 

The Real Part of the P r oton-Prot on Forward 
Scatter ing A m plitude fr om 50 to 400 GeV 
(Submitted to Phy s. Rev. Let ters ) 

Inelastic Reactions a t Very High Energies 
(Lectures at the Canadian Institute o f Hi gh 
Energy Physics, Mc Gill University, 19 73) 

Search for Heavy Mass Particles and 
Antideuteron Flux Produc ed by 300 GeV 
Protons on B eryllium 

High R esolution Cry ogenic Spark Chambers 
(Submitted t o Nucl. Instr. and Methods ) 

Recent Results from th e NAL Bubble 
Chamber (Present e d at the 5th International 
Conf. on Hi gh Ene r gy Collisions, 
Stony Brook, 1973) 

Multiplicities and Correlations in Particle 
P r oduction at NAL (Invited Talk at the 
IV International Symposium on Multi -
particle Hadrodynamics, Pavia, Italy , 
Au gust 31-Sept. 4, 1973) 

Measurements of Neutr ino a nd Antin eutrino 
Cr oss Sect ions a t High Ener gies (Subm itted 
to Phys. Rev. L etters) 

Small Momentum Transfer p-p Inelastic 
Scattering at 300 GeV / c (Submitted to 
Phys . Rev . L etters) 

Calibration o f a Sampling T otal Absorption 
Detector at 200 GeV (Submitted to Nu cl. 
Instr. a nd Me th ods ) 

Intera ction of 30 0 -GeV Protons with 
Uranium (Submitted to Phys . R e v . C, 
"Communi cations " ) 

I 

• 



J. B ab ecki et al. 
(Experiment 9 0) 

J. W. Cron in et a l. 
(Exper im ent 100) 

P. L. Jain 
(Experiment 114) 

D. Bogert et al. 
(Experiment 13 7) 

D. Boger t e t al. 
(Experiment 137) 

M. Derrick et al. 
(Experiment 141) 

M. Derrick et al. 
(Experiment 141) 

M. Derrick et al. 
(Exper iment 141 ) 

R . Singer et a l. 
(Exp e riment 141) 

R . Singer et al. 
(Experiment 141 ) 
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Angul ar Distributions in Proton -Nucleus 
C oll is ions a t 67 and 200 GeV (Submitted 
to Phys . Letters B) 

Production of Hadrons with Large Transverse 
Momentum at 200 and 300 GeV (Submitted to 
Phys. R ev . Letters) 

Interaction of 200 GeV Proton in Nuclear 
Emul sion (Submitted to the 13th International 
Cosmic -Ray Conf. , Denver, August 1 7-30, 
1973) 

Diffraction Dissociation in 20 5 Ge V / c ;r p 
T wo- and Four -Prong Interactions 
(LBL-2112 and presented at the APS 
Division of Particle and Fields Meeting, 
Berkel ey, California, August 13-17, 1973) 

Pion Diffraction Dissociation in 205 GeV/c 
;r-p Interactions (LBL-2113 and submitted to 
Phys. Rev . Letters) 

+ -
The Reac tion pp - pp;r ;r at 205 GeV I c 
(ANL/HEP 7354 and submitted to Phys. Rev.) 

Diffraction Dissociation in Four -Prong 
Proton-Proton Interactions at 205 GeV/c 
(ANL/HEP 7356 and submitted to Phys. 
Rev . Letters) 

Updated Charged -Particle Multiplicity 
Distribution from 205 GeV /c Proton­
Prot on Int eractions (ANL/HEP 7361 and 
submitted to Phys. Rev. Comments and 
Addenda) 

Inclusive Two-Particle Rapidity Correlations 
in 205 GeV/c pp Interactions (ANL/HEP 7368 
and s ubmitted to Phys. Rev . Letters) 

Semi -Inclusive Two-Particle Rapidity 
Correlations in 205 GeV I c pp Inter a ct ion s 
(ANL /HEP 7369 and submitted to Phys. 
Rev. L etters ) 



L. Voyvodic et al. 
(Experiment 141) 

K. Niu et al. 
(Experiment 156) 

F. Nezri ck et a l. 
(Experiment 199) 

J. Lee-Franzini 
(Experiment 221 ) 

D. Cohen 
(Exper iment 252) 

C . B r omberg et al. 
(Experiment 25 2) 

D. Cohen 
(Experiment 252) 

J. W. Chapman et al. 
(Experiment 252) 

T. Ferbel 
(Experiment 252) 

J. W. Chapman et al. 
(Experiment 252) 

B. A. Prichard, Jr. 
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Evidence for Scalin g of Semi -Inclusive Cross 
Sections Between 1 3 and 205 GeV I c 
(Submitted to Phys. Rev. L etters) 

Detailed A nalysis of Jet Showers Observed 
by Emulsion Chambers with Producing Layer 
(Present ed at t h e 13t h International Cosmic·· 
Ray Conf., Denver, Augus t 17-30, 19 73 ) 

Search for Massive Long Lived Particles in 
Aluminum Targets Irradiated by 300 Bev 
and 400 GeV Prot ons (Submitted to 
Phys . Rev.) 

p - p Inelastic Scattering at Small 
Momentum Trans fer (Talk given at the 
5th International Conf. on High Energy 
Collisions , Stony Brook , 1973) 

Stu dy of pp Interactions at 102 and 405 GeV / c 
(Presented a t the IV Inte rnational Symposiu m 
on Mult ipa rt icle Hadrodynamics, August 31 -
Sept. 4. 1973, Pav ia, Ital y) 

Cr oss Sections and Charge d Particl e Multi ­
ri lic ities a t 10 2 and 405 GeV (Submitted tu 
P hys . F;ev. Lette r s) 

Some Remarks Concerning KsO and A Pro ­
duction in High Energy Proton -Prot on 
Collisions 

Production of y, AO, Kso, and AO in pp 
Collisions at 10 2 GeV/c (Submitted t o 
Phys. Letters) 

Particle Multiplicities and Cor relat ions a t 
NAL Energies (Presented a t the APS 
Division of Particle and Fields Meeting, 
Berkeley, Californ ia, Au gust 13 -1 7, 1973) 

Pion Production in pp Collisions at 102 
GeV/c (Submitted to Phys. Rev.) 

Mechanisms of Electrical Discharges in 
High Vacuum at Voltages Up to 400 000 V 
[J. Appl. Phys . 44, 4548 (1973)] 



E . J. Barsotti et al. 

R. G. Martin 

A. E . Brenner and 
R. G. Martin 

E. A. Paschos 
NA L-Conf-73/ 65-THY 

J. B . Bronzan 
NAL-Pub-73/69-THY 

B. W. Lee 
NAL-Pub-73/71-THY 

A. I. Sanda 
NAL-Pub-73/75-THY 

D. Z . Freedman 
NAL-Pub-73/76-THY 

M. B. Einhorn and 
S. Nussinov 
NAL-Pub-73/79-THY 
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Oper ational Aspects of a Serial CAMAC 
Control System {Submitted to the IEEE 
Nucl ear Science Symposium, San Francisco, 

ov . 1 4 -1 6 ' 1 9 7 3 ) 

CAMAC Stand-Alone Control System { CA MSAC) 
{Submitted to the IEEE Nuclear Science 
Symposium , San Francisco, Nov. 14-16, 1973) 

CAMAC Scanning DVM System {Submitted to 
the IEEE Nuclear Science Symposium, 
San Franc isco, Nov. 14-16, 1973) 

Theoretical Physics 

High Energy Neutrino Physics {Lectures 
Delivered at the "Ettore Majorana" Summer' 
School, Erice, Sicily, July 1973) 

The Reggeon Calculus for a> 1 {Submitted 
to Phys . Rev . ) 

Renormal iza tion of Gauge Theories -
Unbroken and Broken {Submitted to Annals 
of Physics) 

Massive Quarks and the Quark-Parton Model 
(Submitted to P hys. Rev . ) 

Coherent Neut rino -Nucleus Scattering as a 
Probe of the Weak Neutral Current (Sub­
mitted to Phys. Rev. Letters ) 

Antinucleon Production and Its Relation to 
the Rise in the Proton -Proton Total Cross 
Section (Submitted to Phys . Rev . ) 




