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OBSJ-:ltVATION OF A CHARMED PARTICLE 

The group of Experiment 247 has announced they have directly observed 

a like l y example of the production and decay of a charmed particle. The 

e>qJeriment was performed in the w ide-band neutrino beam utilizing a 

technique in which spark chambers are placed downstream of nuclear-

emulsion stacks. A neutrino intc"action occurring in the emulsion ma.y be 

located by trac ing baC'k from the se condJ.ry -parti cle tracks in the spark 

chambers to their point of orif(in in the emulsion. Nuclear emulsion is the 

only detector that makes it possible to ob s erve directly particle s of lifetimes 

-14 -12 
10 to 10 seconds. The search for interactions in the emul sion is only 

partially complete, but an event has already been found in which one of the 

secondary particles produced by an incident neutrino is a likely cand idate 

for a char med particle. The partick decays after 0.2 millimeters, corre­

sponding to a lifet ime of approximately 6 x 10 -
1 3 

seconds. Detailed me asure-

ments of the decay particle s fr om this particle make it most probable that the 

event r epresents a massive new short -lived particle with characteristics 

compatible with those expected for a charmed pa rticle. The possibility that 

the event is an ine la st ic diffractive scatte ring event c a nnot be completely 

ruled out by the evide nce, but it i s h ig h ly probable that a charmed particle 

has been directly observed for the first time. 
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HIGHER ACCELERATOR iNTE SIT Y 

. . f 2 13 
An accelerated-beam intensity o .4 X 10 protons per pulse was 

r eached during the Thanksgi ving weekend, making a total increase of more 

than 20% in pea k intensity during 1976 . 

The new intensity record i s the r esult of work in many d ifferent parts 

of the accel erator. One of the major efforts has be en to change linac 

operation from the 7 5-m A peak-current and four-turn boo ster-injection 

puls e-length parameters of the original design to 300-mA peak-current and 

single-turn booster-injection pulse length. This change gives smaller 

beams, mor e acceptabl e to both Booster and Main Ring. It has required 

major upgr ad ing of the linac rf systems . T here has also been extensi ve 

development of acc elerating columns, resulting in a new column of larger 

t otal current and brightness, and modification and retuning of the 750-ke V 

tra nsport line. 

There have a lso been a numb er of booster improvements. The 

booster working point was changed from (6 .62 , 6.80) to (6. 75, 6.90), whi ch 

gave r educed losses early i n the cycle and smaller beam s iz e at 8 GeV. 

Quadrupole and sextupole correction elements a r e now also ramped on a 

p rogram. 

T h e booster rf system has had improvement in th e turn-on system and 

a change in the total method of operati on to clamp coherent longitud ina l 

ins tabilitie s near the end of the cycle. One station i s driven at th e 83rd 

rather than th e usual 84th harmonic of the revolution fr equency , which 

determines cohere nt effects in th e beam . Thi s is an adaptation of an idea 

proposed and used by K . W. Robinso n at the Cambridge E le ctron Accelerator . 
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These efforts have produced a much bett er beam for rn.ain - ring injection 

and extraction. The Main Ring itse lf has had improvements in beam-position 

control a t transition, magnet realignment, development of higher- mode 

dampers in the rf system and injection-correction retuning. 

It has been possible t o extract the higher-intensity beams with accept­

able lo sses becaus e of development s in th e extra ction system , including new 

extraction septa and a septum- s hadowing device in the Proton split . Si mul­

taneou sly with the greate r intens ity, the r e have been improvements in 

r e liability, spill s tructure , and splitting and fast/ s low fl exibility, all of 

which h e lp t o make the extracte d beams more usefu l for high-energy phys ics 

rc:;earch. 
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ELECTRON COOLING AT FERMILAB 

Introdu c tio n 

Electron cool ing , the damping o f t he osci llatio n s o f a prot on beam by 

inte raction with a n el e c t ron bea , has be en demonstr ated e xperimentally by 

G. I. B ud ke r and hi s c olleag ues at the Institute of N u cl e a r Phy s ic s, 

~ ovoslbi r sk, USSR. This s uccess has kd a gr o up her e to c on s id er t he u se 

of e lectro n cooling a t Ferm ila b a nd the Labo r a t o r y has sub itted a pro po s al 

t o the N at io n a l Scienc e Founda tion t o s tudy e l ectron cooling in a small ring 

that wo uld be c on struc t e d jus t we st o f' th e Booster. ff t he se t es ts a re s uc ­

c essful , it will be po ssible t o utiliz. ele ctron cool inc; in s<"veral wa ys a t 

Fe r m ilab . For e x et m pl e, i l will be po ss ibl e to bui ld Flt m ode st c o s t ;i p roton­

ant ip ro to n co ll iding - heam fac ility th a t can be qsed t o expl o re an entir el y ne w 

energy r eg io n a nd to search for th e intermediate vecto r boso n that is believed 

t o m oderate th e weak intera ction. It will a l s o be po s:o; ibl e t o im prove the 

inten sit y o f th · F e n n llab beam by r ed uc ing it s s ize an d t hereby i·ed u cing 

l o sses dur ing in jection nnd ac c e lerati o n. 

Electr o n cool ing o f ba y o n b e;; m s \Va · first pi· opo sed by Tl< idkc r :1s a 

mean s to m::1ke int e n>-H-' a nhproto n beam s . A n Pl L• ctr·o n bea m i s m ade t o 

fr avc l a.i·a.ll c l to th i~ lia ryun be::i n iH th e sam e ,; peed in a lo n s1ra ig ht section 

o r -l ,;tor-.i .: •~ , - i n~. Coll is ion '< \\·i th e l e ctron s r ecl 11v 0 th oscill a tio n arn pli t11 dcs 

a nd m orn cntum s pn~ad oi" th\' baryon s a nd , con ,.,cquPntly , r-ed ucc t he vul ume 

o r r ll :\ 'i (~ ,;p ac• · Ol:c up i ed L :;- the ha ··yo n bc:im . T he bca m i s 1 hen ct i:n ,.; ,, r· a n cl 

has hi <:l1e1 · l umino ,.; it y . T l1i-; lii uh c 1· densi l ' un d l um ino si ty ma k l• c•leclt· on 

coul i1 q ;ittr:i_!'fivc rnr jlr'oton- ·inti p1 ·o tnn <·ollidin :.; hr- a.m,.; . 
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All the experimental work to this time has been carried out on the 

NAP-M storage ring constructed for this purpose at l'< ovosibirsk. In their 

experiments, a beam of 65-MeV protons has been cooled by a 35-keV elec-

tron beam. They find that the relative difference in speed 6v/v between the 

-3 
proton and electron beams must be less than 2 x 10 for cooling to take 

place. When there is cooling, the lifetime of a coasting proton beam in 

NAP- Mis increased from 900 to 5000 seconds. The proton beam damps 

from an amplitude of 2 cm to a final amplitude of 0.8 mm, a figure in 

reasonable agreement with the predictions of the theory. The damping time 

depends linearly on the electron beam current, as predic ted. The quanti-

tative agreement of predicted a nd measured damping times is not yet clear. 

Proposed Cooling Tests at Fermilab 

It is important to verify the Novosibirsk results and to study in more 

detail the cooling time and its dependence on various parametc: ,·s of interest . 

For these studies, it is proposed to construct a stnr:i;;e ring in an a bove -

ground temporary building just west of the Booster. The location and si7. e 

of the ring are shown in the figure. A beam of protons from the linac will be 

used to fill the ring. One of the two long straight sections will be used for 

this injection, while the other will be used for cooling apparatus. Linac be am 

is available, of co ur ::;e, while main-ring ac ce leration is in pror;r e ss , anrl an 

extracted 200-MeV beam is already in existence for the protnn-radiog-raphy 

studies now g oing on. The linac eneL;·y of 200 MeV is advant ai;;eo 11s ror tl1 ~ s e 

5 
t e.:ts , because the cooling t'ciw inC'l cJ. sr~ c; c·apidly with energ y ( a ~ y ) and 

cooling experiments would therefor e become much more diffi c ult at hi gher 
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BOOSTER 
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Proposed cooling ring location. 

PROPOSED 

COOLING RING 



-8-

energy. The electron-beam energy is fixed at 110 keV by the requirement 

that the proton and electron speeds match. It is planned that the electron 

gun in the Fermilab cooling ring will have higher current density than has 

been available at Novosibirsk, making use of the technology of an electron 

gun developed for the SP EAR rf system. 

The table below is a listing of the important parameters of the proposed 

storage ring. 

Storage-Ring Parameters 

Proton Energy 
Electron Energy 
Electron Current Density 
Magnetic Radius 
Maximum Dipole Strength 
Long Straight Sections 

Number 
Length 

Limiting Apertures 
Horizontal 
Vertical 

v 
z 

200 MeV 
110 keV 
1.3 A/cm2 

4.7 m 
4.6 kG 

2 

22 m 

15 cm 
6cm 
3.7 

The storage-ring parameters are determined by the experiments 

planned. It is not a difficult ring to build. The field strengths required are 

small and the aperture only slightly larger than that of the Main Ring. A 

modest rf system is planned for use in beam manipulation and stacking. 

Applications of Cooling at Fermilab 

If the tests of electron cooling are successful, there are a number of 

possible applications of the method here at Fermilab. One simple, straight -

forward application would be to reduce the size of the beam inj ected into the 

Booster. This would make it possible to reach higher beam intensity at full 



energy, since a si.g nificant a m ount of beam is now scraped o ff during Booster 

injection. One could also con si d e r usi ng elec tron cooling to reduce beam 

size at other times in th e acce l eration cycle. These beo. ms of high e r 

luminosity could also be advantag e ous for th e proton-proton colliding-beam s 

s ys tems being discussed. 

An appli cation that holUs gr e:.i.L pr·o rn isc fo r physi c s experiments has be en 

propos .d by Cline, l Lcl nt re , Mills , , nd Rubbia . In Lhi p la n, antiprotons of 

5 to 6 Ge energy arc produced by 100-GeV m ain -ring protons on at· r gct in 

F s ector . The anti protons a r c tr a ns ported to the Booster , injected and 

decel era t ed to 200 lVIe V. The y are then transferr e d to a 200- MeV cooling 

ring install e in the Boo s t er tunnel. T hi ring i s p resently envi saged as an 

expanded ve rsio n of th e xperim e ntal coolin · ring disc ussed above. The 

cooling time is a l ul a ted t o be 60 m illis econds. Cool e d antiprotons are 

collecte d in th e coolitl!f ring for seve ral hours to achieve a total s t a ck con-

11 . 
tainin • of the ord<er of 10 antiprotuns. This , ·(ack is then injected into the 

Booster , ar rderated to 8 GeV and injected into the ·1. 1:-<in Ring, going in the 

opposite d irection to that 0 ° proton '., , Then one Booster batch of protons is 

" ' lJ·lc:, ·:-i.t rd t., 8 <;c \T and inje c ted into the \(a in J;i ng. Both protons and anti-

p ,-otons are the n accelerated to:r.cLl1u t· in the .\'L<.i n Uing to full energy, and 

b ·,' r> ug-ht togr:ther to collide a t a long strab;;it section. This scheme is shown 

schematically in the figure on the following page. 

·when the Jo:nc-rgy Doubler /Saver is co m ple ted, it can also be used, 

bo th for acceleration and for storage of pp colliding beams. It will then be 

possihle to have a center-of-mass energy of 2 T eV without construction of 

a m ajor new ring. 
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5.7 GEV p p 

MAIN RING MAIN RING 

(100 GEV) ( 8 GEV) 

I BOOSTER BOOSTER 

(5 .7 GEV--200 MEV) (200 MEV---a GEV) 

(a ) p PRODUCTION , 

DECELERATION, 

COOLING (60 mSEC) 

{b) p ACCELERATION 

AND STORAGE ( 3 HOURS) 

AND TRANSFER TO 

MAIN RING (60 rnSEC) 

MAIN RING 

(8 GEV) 

p FROM (b ) 

p BOOSTER 

(200 MEV---8 GEV) 

(c) p ACCELERATION 

AND TRANSFER TO 

MAIN RING (60 rnSEC) 

Schematic pl<i. n of p-p c olliding beams. 

It should be understood that the antiproton-proton facility being dis-

c ussed will not initially give lu minosities comparable to t hose that can be 

achieved in proton-proton colliding beams, but they would provide a unique 

g limpse of elementary-particle physics in an entirely new encn;y :c::inge. In 

this new range, it will be possible t o s earc h for th e intermediate vector 

. 2 
boson , now p redicted t o have a mass of 64 GeV le for the c harged state and 

2 
79 GeV /c for the neutral state. Center-of-mass energies of s everal hundred 

GeV are needed to produce these bosons in proton-proton or proton-antiproton 

s y stems. Even in an electron-positron system, a center - of-mass ene r gy of 

80 GeV ( 40 GeV in each beam) is need ed. No existing or approved acceler·:1tor 



can reach th e se energies, whereas the ring discussed here could survey the 

region thoroughly at a cost far smaller than that of constructing a totally new 

facility. 

There ar e many other interactions to be explored in this totally new 

energy range. At much lowe r luminosities, cosmic rays have produced many 

unexplained super -hig h energy events. The anti proton -proton facility will 

permit these processes to be explored. In addition, one might hope to pro­

duce he avy leptons, Higgs bosons, or even free quarks. 

All these applications make th e study of electron cooling of great 

interest for Fc:rmilab, with a possible large impact on future directions of 

the Laboratory. Cooling studies are now being pursued as a Laboratory 

effort, coll ai}orating with intere s ted u s e rs, to learn more about this important 

ac celerator-physics development. 
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D.EPARTMENT OF COLLIDING DEAM EXPERIMENTS 

A meeting was held at Fermilab on November 17 to discuss various 

possibilities for the organization of work on colliding beam experiments. In 

accordance with some of the ideas which were discussed at that meeting a 

Colliding Beam Experiments Department has now been set up. Professor 

James Cronin of the University of Chicago has agreed to head this new 

department. 

The department is to be a center for a number of activities directed 

toward planning for the exploitation of pp and pp colliding beams in the 

present Main-Ring tunnel. Financial restrictions prevent adding very many 

people to Fermilab, so most of the contribution to the work will be made by 

people in other departments and divisions of the Laboratory. However, 

some people will be transferred to the Department as it seems desirable to 

do so. It is expected that a strong contribution will be made in this depart­

ment by both Fermilab and non-Fermilab physicists who expect eventually 

to submit proposals for use of the colliding-beam facilities. 

Among the responsibilities of this Department will be: 

1. The new department will be responsible for establishing the num­

ber of experimental enclosures in the Main Ring, the scope of each, and 

then their design specifications. 

2. It will be responsible for the construction of actual experim ntal 

facilities if their size and scope are as complex as, for example, a large 

bubble chamber. 
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3. It will a lso be r esponsible for maintaining free and easy access to 

some of th e fac ilities for less global research. 

4. Development work necessary to establish th e feasibility of experi­

m enta l equipment will also be organized by this d epartment. 

5. Consid eration of and possible planning for a by-pass of the Main 

Ring, to be used with the Cnergy Doubler, will abo be a responsibility of 

this department . 

The actual attainment of cooled protons and of producing and storing 

antiprotons and protons in the Doubler or in the Main Ring v.rill r emain the 

responsibility of the Accel erator Division. R esponsibility for eventual con­

struction of the enclosures and their management is a lso envisaged as 

remaining in the Ac celerator Division. 
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TS 

GENERAL COMMENTS ON MEETINGS TO COME . 

A general schedule for PAC-related meetings to be held at Fermilab 

during the p er iod January-June 1977 w ill be found at the end of this is s ue 

under "Dates to Remember. " This schedule was prepared following the 

i ovember meeting of the Program Advisory Committee and \'. CJ.s shaped by 

the discussion and recommendations at that l.N.:<.:ting. (A r eport on the 

November PAC meeting appeared in last month's is sue of i\!ALRI ;p. ) 

Workshops and Proposal P r esentations are open meetings. All inte rested 

persons are welcome to attend and to participate in the discu ssion to the 

extent time permits. General questions about th ese meetings should be 

addressed to T. Groves in the Director's Office. Further information 

pertaining to specific workshops follows. 

MULTIP.l\RTICLE SPE CTROMETE R WORKSHOP. 

Th e Multiparti cl e Spectrometer Workshop, originally scheduled for 

December 9-10, 1976 is now· planned for Friday and Saturday, .1.1arch 4-5, 

1977 . A comm ittee chaired b y B . Ma lamud is r esponsible for orga nizing 

the program and a s eparate mailing containing pre liminary program infor­

mation is planned for early January . 

HADRON JIC: T F.XPERI M.to: NTS W RKSHOP. 

This workshop will be convened to consider a new gene ration of 

experime nt s designe d to explore in some detail the production dyna mics 

• 



and the s tructure of ha dron j e t s . There are three current generation hadron 

jet experiments at Fermilab. Data taking has been concluded for E260, the 

firs t of th e three and our expectation is that by the time of the workshop the 

a nalysis of the results from thi s experiment will be reasonably we ll in hand. 

A major portion of the data taking will have been completed for E236 a nd 

p r eliminary r esults may be a vailable. E395, the las t of th e three, will be 

in a relative ly early s tate with the bulk of the data taking expected to come 

after th e workshop. Tentatively, we expect that report s will be given on 

the se three experiment s a s a prelud e to evaluating proposals for future 

experiments of thi s type . Experimenter s interes ted in s ubmitting proposals 

for future hadron jet exp eriment s a t F e r m ilab should note the March 4, 19 77 

deadline for submis s ion of proposals to be consider ed a t the workshop. 

FUTURE NEl . TRINO E XPE RIMENTS WORKSHOP . 

During a dis cussion of E 3 10 at the Novem ber PAC meeting, th e pro­

ponents of that experiment r e - e m pha. ized the ir ag r e ement with the 

L ab or atory' s policy that the equipment they have put together for that 

expe riment i s available a s a La bora tory facility. We a r e <1ware that the re 

is some in te rest on t h e part of s eve ral new groups in undertaking s tudies of 

neutrino interactions. Some of these s tud ies would r c"quire l a rge detectors, 

a nd a nu mber of i<.l eas ha ve been proposed for detector s \'i hi ch wou ld be 

entirely diffor c r t fr om th os r: which tx i s t t oda y . our purpose= in holding thi s 

workshop in th E: spr ing i s to co id<:r propos a l s c dd r e s ·ed t o new n eutrino 

cxrJrcri rr .i:n t" <.<nd r d;.,. te:d f" c ili ti e: s . Groups int t.:rc s t t.:<.1 in pu r s u i ng futur e 
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neutrino experiments at Fermilab should note the March 2 5, 1977 deadline 

data for the receipt of written materials to be considered at this workshop . 

The outcome of the discussions at this workshop will form a major topic to 

be dealt with at the 1977 Summer PAC m e eting. 
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R ES • ARCH ACTIVITIES D R ING NOVEMBER 19 76 

J m e s MacLachlan 

The accelera tor had a premie r m onth in November despite two m a jor 

power interruptions. 
18 

The accelerated proton tota l of 2.6X10 i s second 

only to the June , 19 75 
. 18 

figur e of 2 .8X 10 obta ined in the la s t month of 

straight 300 Ge V running. The flattop was m a inta ined at 1.5 sec for th e 

entire month . A two-day interruption began on Tuesday morning, November 

9 , when a main-ring feeder failed becau se of ·econda r y s p lice failur es . A site -

wide outage was caused by the s horting of a secondary bus duc t on th e s pa r e 

transform er T-8 2 a t the Master Subs ta tion on the following Saturday, 

November 13. Although power was r e stored to th e exp erimental area s in an 

hour and to the accelerator int•:. o hours, the damage done to control syste ms , 

etc., cost a day of operation. The acce lerator m a intenance period arranged 

during the feed e r fa ilure was the only one in November; thus , an unus ua lly 

high 638 hours of high e nergy phys ic s research was schedule d . The accel-

era tor operating efficien cy of 76% was also ab ove a vc rage , so tha t a r ecord 

487 hours of beam tim e w ere available. Main-ring intensity re cord s we re 

db 1 h 
. . 13 set an roken severa times; t e int ensity was generally over 2x10 ppp 

throughout the month. The current record set on the Tha nksg·iving ·.,veek-

13 
end i s 2.41X10 ppp. The m a jor downtime on the Tha11ksgi ving 

weekend, Sunday, th e 28 th, was clearly a ssociated with a failure to control 

the high i nt e nsity beam. A vacuum leak in th e Main Ring was caused by a 

way wa rd beam puls e puncturing the main-ring vacuum chamber in a bend ing 

magnet (see the cover photograph). 



-18-

The Proton Area program ran unchanged through the month. Photon 

T otal Cross Section #25A completed a two-month run on November 30 with a 

few days of l ead glas calibration. They had run nearly all of Nove mber 

at high intensity with the electron b a m at 200 GeV, but, following a l eak in 

the target box over the Thanksgiving weekend, they dropped to low intensity 

for the calibrations of lead -glass counters. Di-Hadron #494 ran st adily in 

P-Central, obtaining some extended periods of stable running. p-p Scattering 

# 177A changed their geometry to cover the "intermediate" t-range - 8 to -13 

2 
(GeV/c) around Novembe r 10. With some efforts to improve shielding they 

11 
eventually were able to use about 4 x 10 protons I pulse. 

The Neutrino Area program was a lso rather s table. The major high-

intensity user was Muon #398, wh ir.h collected data on ine lastic muon-proton 

scattering. 
. 18 

They received about 1.4 x 10 protons in slow spill and achieved 

-7 
an average µ/p of about 10 . The experiment 30 -in. p-p@ 50 Gc V #344 was 

completed a t the 30-in. bubble chamber on the morning of November 1. 

A fter a somewhat slow start that included repeated troubles with the t ugging 

computer, 30-in. Hybrid· 299 ran until Mond;J.y, November 22, taking 273K 

pictures using a beam with nearly 10 % K+ at 150 GeV. Both experiments 

were run with eight expansions per machine cycle. Experiment #299, 

setting re stri c tions on partic l e count but not on species , achieved ext e nded 

periods with pictures on nearly every expansion in its later running. A total 

of 538K pictures were taken in the 30-in. chamber in the operating period 

that began in August. lc utrino #310 r an much of the early part of the month 

12 
with about 10 ppp of 1-2 msec spill to establish trigger rates, check 
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backgrounds, and test the optical spark chambers they were installing. For 

the last week and a half, they did not run while working intensively to get 

ready for high -priority running in December. 
13 

A 12-hour test at 10 ppp on 

Novemb e r 5 helped to establish the feasibility of th e December n.ir:. Neutrino 

11482 wa s active in paras itic te sting and setup using muons from the slow spill 

for much of their work. Three tests of the antineutrino plug for use with the 

horn train, each a pprox imate ly two hours long, w e re conducted during the 

month (11/3, 11/12, and 11/30). The final t est of a segmented plug at 

13 
1. 5 x 10 of 20-µsec spill wac; a success. 

The Me son Ar ea had the same experiments in all beamline s for the 

month. Particle Search 1/ 4 72 completed its run in 1Vl2 line on Monday, 

November 29. Inclusive Scattering #118A took data at -100 GcV in the M6-E 

line . Form Factor #456 moved from testing and calibration to data taking 

in the ,\ I1 W line which they ran to yie ld about 10
6 

particles a t -250 GeV. 

~l·utron Ela s tic Scattering !/ 248 continued to take data routinely . They 

finished th e month with a couple of days of p-p elas tic scattering for cali-

bration by t a king a d vantage of time with the 1\12 line off to run th e 1Vl3 line 

a s a diffracted proton (95% purity) b eam. K
0 

Regeneration /f226/11 48 6 com-

pleted the E486 part of their work (A -depe ndence of particle-antiparticl e' 

cross section diffe rence). They ende d the month with tests to establi s h the 

optimum Z and thick.llc ss of th e regen erator for th e electron regenera tion 

part of the exper iment. The installa tion for t e sts of Multi-Muon 11439 

started the l a s t two days of the month in the M2 line . 
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The lnternal Target Area had a rather meager month with a total of 204 

hours spread a mong four experiments. p-N Scattering #198A received half 

tlw.t time during a little over a week starting November 5 when the helium 

liquifier wa s working reasonably well . Adding to th e difficultie s of two 

liquifier down periods were cold leak troub les with the jet for p-N Scattering 

#381. Nuclear Fra gm nts ff 442 had a productive test run in which they 

e stablished the feas ibility of their running with the most forward angles of 

the spectrom eter a rm. p- N Scattering 1/ 381 got well underway with a deu­

terium jet the last two days of the month. 
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FACILITY UTILIZ.ATION SUM MARY -- NOVE MBER 1976 

I. Summary of Accele rator Ope rations 

A . Accelerator us e for physic s r e sea rch 

Accelerator phy s ics research 
High energy physics research 
Re s earch during othe r use 

B. Other activitie s 
Subtotal 

Hours 

53.6 
487.4 

~ 
541.0 

Accelerator s e tup and tuning to exper imental are as 
Program interruption 

5. 8 
4.6 

168 .6 Un s c h eduled interruption 
Subtotal 1 79 .0 

C. Unmanned tirn.c 

Total 720.0 

II. Su m m a rie s of High Energy Physics Res e arch U se 

~ of l:xpts. Hours R e sults 

A. Counter expcri1uents 
B. Bubble chambe r expe riments 

C .t:: m ulsion experiments 
D. Special ta rge t experime nts 
L. T est e xp e riments 
F . Engineering studies and tests 

G. Other bea m u s e 

16 
2 

1 

2 

3807.0 1 exp. completed 
274 .3 281K 30-in. pie­

ti.;res; 2 exp. comp. 
2 s tac ks expose d 

11.0 v plug tests; N3 
lud b e~. rn te s t 

51. 7 N3 beam tuning 

21 4144 .0 

Ill. Numb e r of Protons Accelerated and Delivered @ 400 C e V ( X 10
18

) 

A . B eam aecel~r~ttud in Main Ring 

B. Ueam delivered to exp e rimental a r e:i s 

Meson Area 

Ne utrino J\rea 

Proton Ar ea 

Slow Spill 
F a st Spill 

Total 

.286 

1.36 
.183 

. 315 

2.63 

2 .14 
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IV Beam Utilization by Experiment 

A. Meson Area 

Inclusive Scattering #118A 
Ko Regeneration 11 226 I #486 

n Elastic Scattering # 248 
Form Factor #4 56 
Particle Search 114 7 2 

B. Neutrino Area 

c. 

D . 

30" Hybrid #299 

Neutrino #310 
30" p-p @ 50 GeV 1/344 
Emulsion/ Muons@ 50 - 100 GeV 

#373 
Muon #398 
Neutrino 1148 2 

Proton Arca 

Photon Total Cross Section #25 A 
p-p Elastic l/ 177A 
Di-lfadron #494 

Internal Target Area 

p-N Scattering il 198A 
p-p Polarization 11 313 
p-N Scatte ring #381 
Nuclear F ragm . nts f/442 

Total 

Hours 

400.5 
276.4 

3 74 .5 
409 .0 
3 76 .8 

265.6 

142 .8 
8.7 

434.1 
76.4 

375 .6 
3 50 .0 
387.3 

103 0 
22.8 

0.0 
40. 5 

4081.3 

Results 

Data 
Data on E486 complete; 
tests for 1:1 226 
Data 
Setup tests and data 
Data; experiment complete 

2 73K pictures and Pb 
glass calibration; complete 
Setup and test data 
SK pictures; complete 
2 emulsion stacks; com­
plete 
Data 
Setup and checkout 

Data 
Data 
Data 

Data 
Data 
Da ta 
Test data 



-23-

MANUSCRIPTS AND OTES PREPARED 
DURING NOVEMBE R AND DECE MBER 1976 

Copies of preprints with Fermilab publication numbers can be obtained from 
the Publications Office or Theoretical Physics Department, 3rd floor east, 
Central Laboratory. Copies of some articles listed are on the reference 
shelf in the Fermilab Library. 

D. Weingarten et al. 
Experiment #2B 

B. Y. Oh et al. 
Experiment ff ZB 

lVL Pratap et al. 
Experiment 11 2B 

H. R. Barton, Jr . 
et al. 
Experiment 1/12 

D. L. Cheshire et al. 
Experiment #34 

J. P. Berge et al. 
Experiment // 4 5 

T. Kitagaki et al. 
!experiment H83 

T. Kitagaki et al. 
Experiment -#83 

A .. E. Brenner et al. 
(Fcrr :1 ilab S L1gk Arm 
Spectrometer c;x·oup) 
J :xperin :c nt !/ 96) 

D . Ljung et al. 
Lxperiment Ji 13 7 

Experimental Physics 

Evidence for Local Compensation of Transverse 
Momentum in pp Collisions at 200 and 300 GeV/ c 
(Submitted to Phys . Rev. Lett.) 

Semi-Inclusive ir Cross Sections in pp Interactions 
Up to 300 GeV/c (Submitted to Nucl. Phys. B) 

Three and Higher Order Rapidity Distributions in 
pp Collisions at 200 GeV I c (Submitted to Nucl. 
Phys. B) 

Some Features of N-P Charge T:xchange Scattering 
Between 60 and 300 GeV/ c 

Measurements of Cascades Initiated by 5-300 GeV 
Hadrons in a Tungsten Ionization Spectrometer 

Search for µe E vents in Antineutrino- Nucleon 
Interactions ( FERJ\'1ILAB- Pub- 76 I 81- .EXP; 
submitted to Phys. Rev.) 

Structure of Dis s ociative Cluster s 

On the Resolution of the 100 G VI c n p Data from 
the FJ\J ,\L 1S' Bubble Chamb r 

Inclusive H;... dron Sca ttering from 50 to 175 Ge V I c 
(FE R:\iJ.IL.\B-Pub-76 / 84-EXP; submitted to Phys. 
Rev. Lett.) 

rr- p a t 205 C e V/ c: Multiplicities of Charged a nd 
Neutral Particles; Production of Neutral P a rticles 
(FJ:: RMILA.JJ-Pub-76 / 92- YXP; submitted to Phy s. 
Rev.) 



C . Bromberg et al. 
Experiment #' s 138 . 
and 252 

F. A. Nezrick 
Experiment # 18 0 

J . E . A. Lys et al. 
Experiment #194 

E. H. S. Burhop et al. 
Experiment #24 7 

E. W. Anderson et al. 
Experiment # 281 

A. Firestone et al. 
Experiment // 281 

J. Biel et al. 
Experiment # 305 

M. J. Lauterbach 
et al. 
Experiment #43 5 

G. Marchesini and 
E . Rabinovici 

H. B. Thacker 

R . Savit 
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Rapidity Correlations in pp Collisions at 102 and 
400 GeV I c (Submitted to Phys . Rev . ) 

Search for New Particles Produced in ~µ Nucleon 
Interactions in the 15-Ft Bubble Chamber 
(FERMILL\B-Conf-76/90-EXP; invited talk at the 
SLAC Summer Institute on Particle Physics, 
Oct. 2-13, 1976) 

Rescatteri.ng in 100 GeV/c Proton-Deuteron and 
Positive Pion-Deuteron Interactions (F E RMILAB­
Pub-76/89-EXP; submitted to Phys . Rev.) 

Obse rvation of a Likely Example of the Decay of a 
Charmed Particle Produced in a High Energy 
Neutrino Interaction ( .FERMILAB- Pub- 76 /91- EXP; 
submitted to Phys . Lett.) 

+ - -
Direct e e Pair Production by 360 GeV I c 1T in 
Hydrogen (Submitted to Phys . Rev. Lett.) 

lf.-p Interactions at 360 GeV/c: Measurement of the 
Total and Elastic Cross Sections and the Charged­
Particle Multiplicity Distribution (Submitted to 
P h ys. Rev. D) 

Structure in Momentum-Transfer for (plT -) Systems 
Produced in Diffractive Dis sociation of eutrons on 
Protons (Submitted to Phys. Lett.) 

The Polarization of Prompt Muons Produced at 
Pt= 2.15 GeV/c by 400 GeV P roton Interactions 

Theoretical Physics 

Diffractive Production Amplitudes for crp > 1 
(FERMILAB-Pub-76/74-THY; submitted to Nucl. 
Phys. B) 

Many-Body Scattering Processes in a One ­
Dimensional Boson System (FERMILAB-Pub-
76/ 77 -THY; submitted to Phys. Rev.) 

New Approximation Schemes for Lattice Theories 
(FERMILAB-Pub-76/78-THY; submitted to Phys. 
Rev .) 



K. Igi 

A . Hdprin and 
P . ~;orba 

K. 11.1 Bita:c -.i.ml 

P . ::>orba 

I. Otterlund 

P . Stix and 
T. Ferbel 

R. iam::ida et al. 

P. \ Sanger et al. 

K. L. Brown et al. 

Factorization of R gge Slopes for Ordinary and 
l cw Hadrons (FE RMI L B-Pub-76/82-THY; 
submitted to Phys. Lett . ) 

Gluon Exchange Corrections to the i ucle on Mag­
n etic Moment in the MIT B g Mode l (FERMI LAB­
Pub-76/83-THY; submitted to Phys. Lett.) 

Cl ss ification of P seudo Particle Solutions in 
Ga uge TIPories (F ERM ILAB -Pub-76/85-THY; 
submitted to Phys . Rev.) 

Gen er al Revie w 

Inclus i e P r oduction in E muls ion with Accelc ;:ator 
Bearn s (Gene r a l r •vie w of emulsion experiments) 

Charged-Particle Multiplicities in High Energy 
Collisions (Submitted to Phys. Rev.) 

General 

Operational T e st and Field Measurement of l:-' t ·oto­
type B ending Magn e ts for E nergy Saver/Double r 
P r oject (Sub m it ted to the 19 76 AppliHd Supercon­
ductivity Conference, Sta nford University, 
August 17-20, 1976) 

D m a gc to Stabilizing Materials by 400 GeV 
Proton s (Subrnitted to the 1976 Applied Supercon­
ductivity Conference , Stanford University, August 
17-20, 1976) 

Other 

The Effect of Beam Line Magnet Misalignments 
(Fl.!:B.MILAB-76/88; submitted to Nucl. Instrum. 
Methods) 
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INDEX TO THE 1976 ISSUES OF NALREP 

Accelerator 
The Accelerator, January 1975 to July 1976 
Higher Accelerator Intensity 

Antibaryon, charmed 

Beam Stability in Main Ring 

Colliding Beams 
Modest Colliding-Beams Meeting 
Colliding Beam Experiments Department announced 

Charmed antib aryon 
Charmed particle observation 

A New Detector Facility at Fermilab 

Electron Cooling at Fermilab 
Energy Doubler/ Saver 

Summer Study announ ced 
Summer Study reported 
Progres s Report 

Hadron Physics, Particle Identifiers for 
Higher Accelerator Intensity 
Highlights of Fermilab Experiments in 19 7 5 
Highlight s of the Summer PAC Meeting 
Hyperons 

So What About Hype rons ? 

Main Ring, Beam Stability in the 
Modest Colliding Beams Meeting 

Notes and Announcements 
Books available 
General comment on meetings to come 
His tory of Science room 
Holiday schedule 
Photographs solicited 
NALREP editorial staff changes 
New assignments 

Month Page 

Aug 1 
Dec 3 
Sep 1 

J an 1 

Apr 1 
Dec 12 
Sep 1 
Dec 

Jul 29 

Dec 5 

Mar 19 
Aug 7 
Nov 5 

Jul 13 
Dec 3 
Feb 1 
Jul 1 

Mar 1 

Jan 1 
Apr 1 

Jul 3 7 
Dec 14 
Oct 9 
Jan 13 
.'\pr 18 
Mo.r 21 
Jan 13 
Feb 16 
Mar 21 
Apr 18 
May 13 
Jul 37 
Nov 13 



, . 
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Notes and Announcements 
Special announcement ( 500 G€V) 
Summer housing 
Summer Study on use of .Energy Doubler I Saver 
URA trustees and officers 
Summaries of Fermilab proposals now available 

Observation of a Charmed Particle 

Parity 
Possibility of measuring S parity 

Particle Ide ntifiers for Hadron Physic s 
POPAE De s ign Collaboration 
Prairie Restoration Project 
1.'rocedures for Expe:r·iin: nters 19 76 Available 
.Progrnm Advisory Committee 

.Plans for spring PAC meeting 
SunlHter m neting hig !1 .lights 
A review of forthcoming PAC-related m eet ings 
A reminder of forthcoming PAC-related meetings 
Report on the autumn meeting 

Progress Report on the Energy Doubler 
Proton Area 

The Proton Area, September 1974 to March 1976 

So What About Hyperons ? 
Special \.nnouncement (500 GeV) 
Storage a t Fermilab 
Summer 1,rogram for Minority Students 
Summer Study on tilization of Energy Doubler/Saver 

U s e rs Orga nization 
Annual meeting scheduled 

U sers Exe cutive Committee Report 

Who An swers the Phone at Extension 3333? 
Workshops 

Elastic scattering at large Pt 

Ela s tic scattcri.ng a t larg Pt cancelled 
External pa rticle identifiers - announcement 
External particle identifi e r s - repor t 
Future neutrino experi m ents works hop announced 
Hadr on jet experiments works hop announced 
Multiparticle spectrometer workshop deferred 
Multiparticle s pectrom eter workshop deadline 
Multiparticle spectrometer workshop postponed 
Multiparticle spectrometer wor kshop res cheduled 

W-Search rxperiment 

Jun 
Apr 17 
Mar 19 
Mar 22 
Aug 12 

Dec 1 

Mar 17 
Jul 13 
Jun 3 
Jul 31 
Jan 12 

Jan 11 
Jul 1 
Aug 11 
Sep 12 
Nov 1 
Nov 5 

May 1 

Mar 1 
Jun 1 
Oct 10 
Oct 1 
Aug 7 

Feb 15 
J a n 9 
Sep 19 

Sep 13 

J a n 11 
Feb 15 
Mar 19 
Mar 19 
Jul 13 
Dec 15 
Dec 14 
Ma r 19 
Oct 9 
Nov 13 

D e c 14 
Apr 11 



January ZS, 1977 

February 10-11, 1977 

March 4, 1977 

Mar ch 4-5, 1977 

March 10-·11, 1977 

Mar c h Z5, 1977 

March 31 - April 1 , 1977 

April Z1 - Z2, 19 77 

May 6, 1977 

May 19-ZO, 1977 

June 18-24, 19 77 

DA TES TO REME MBER 

Deadline for receipt of all new proposals and 
other written material s to be cons idered at 
the March meeting of the P rogram Advisory 
Committee. 

Proposal Pre s entation Meeting. 

Deadline for receipt of written materials to 
be considered at the Hadron Jet Experiments 
Workshop. 

1Vlultiparticle Spectrometer Wo rk shop. 

Sp1 ing meeting of the Fermilab Program 
Advi sory Committee . 

Deadline for rec ipt of wr itte n materi.als to 
be cons ide red at the Future Ne utrino Experi­
ments Work shop. 

Hadron Jet E >rperiments Work shop. 

Future Neutrino E xp er iments Workshop. 

Deadline for rec eipt of all new proposal s 
a nd other written materials to be conside r ed 
at the Summer meeting of the Program 
Advisory Committee. 

Proposal Presentation Meeting . 

Summer meeting of the Ferm ilab Program 
Advisory Co m mitte e. 


