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RESEARCH ACTIVITIES DURING DECEMBER 1976 

James MacLachlan 

The accelerator operated for high-energy physics 343 of 59 5 hours 

scheduled in the month of December. The principal emphasis for the entire 

month was on the delivery of high-intensity 2-msec spill to the Neutrino Area 

for Neutrino #310. The low 58% operating efficiency reflects problems in the 

experimental areas as well as with the accelerator itself; however, continued 

progress on accelerator intensity made it possible to achieve important 

progress in the experimental program. A Booster accelerator intensity of 

3 x 10
13 

p/Main-Ring pulse on Saturday, December 21, was followed by a new 

Main-Ring mark of 2.47X 10
13 

protons/pulse the next day. As in November, 

the Main-Ring pulsed power feeder system caused the greatest interruption 

to the program. Once again a feeder fault under a service building was com

pounded by secondary faults in splices, thereby interrupting operation for 2t 

days starting Sunday morning, December 5. Nearly as great a disruption 

was caused by the loss of a preaccelerator ion source filament on December 

13. The pump-down and conditioning of the new filament so limited intensity 

that scheduled accelerator studies and M&D were moved up a day; by the 

following weekend, beam intensity was again approaching 2x10
13 

p/pulse. 

Starting Monday, the 20th, the flattop was reduced to 100 msec to provide for 

fast extraction of the entire beam to the Neutrino Area. With this ramp it 

became possible to reduce the cycle time to about 6 .8 sec and to average 10 16 

protons/hour. This mode of running was interrupted by a Christmas standby 

period of Friday through Sunday, December 24 through December 26, 
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inclusive. Operation was reestablished promptly following the standby. The 

high average intensity proved too much for a collimator on the Neutrino tar-

get train and the special period for neutrino running was curtailed on 

December 29. The Neutrino Area was turned off for repairs and accelerator 

studies were carried out while the backup program in the Proton Area was 

activated. The last day of the month the accelerator switched over to a 200/ 

300 GeV ramp with 2 sec flattops at each energy for the backup program. 

By the end of the month, spill regulation problems etc. were under control, 

and the new mode of operation appeared to be successfully established. 

The Neutrino Area was the focus of the research program throughout 

the month. Muon #398 was completed on December 1, and two days later 

Neutrino #310 was started up with a 2 msec spill. 
13 

At-2X10 p/pulse E310 

obtained about 1 trigger per 3 pulses by gating the single triggers to the last 

part of the spill to enhance the fraction of multimuon triggers. The experi

ment received over 10
18 

protons on target and recorded somewhat over 30K 

optical spark-chamber pictures, including several hundred di-muon candi-

dates. The 15-ft bubble chamber was scheduled to run in December for 15' 

tests of the proposal 15-ft v/H2 & Ne #460. The EMI was reconfigured by 

removing wider angle planes from the chamber and setting them behind the 

chamber in an outside shelter to provide double planes in the central region. 

The chamber itself had a varied set of problems, including leaks in recently 

modified optics ports, helium liquifier and expansion engine difficulties, and 

pluts in liquid helium lines. The chamber began producing pictures for 

physics on Wednesday, December 22, and on the next day, set a new record 
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of 10K pictures in a 24-hour period. The chamber was still operating satis-

factorily after the holiday standby, although liquid helium production was 

marginal. The run for the experiment ended on December 29 with about 22K 

pictures in the 58% Ne mixture. Neutrino #482 was taking test data in Lab E 

throughout the month. During the high repetition rate running, an emulsion 

stack for Emulsions/New Particles #386 was placed in the neutrino beam. 

This experiment sought evidence for interactions of two energy neutrals in 

a low background emulsion poured locally and developed promptly. All beam 

to the Neutrino Area ended during the morning of Wednesday, December 29, 

when it was found that all three experiments were reporting 80-90% decrease 

in triggers. A visual examination of the train disclosed that the 8-ft steel 

collimator immediately downstream of the target had sagged into the beam. 

The heat resulting from the secondaries during the high-intensity running 

had heated the collimator to the point where it could no longer support its 

own weight. 

The Proton Area crews worked vigorously in early December to 

restore Proton-East for Particle Search #325, following the completion of 

Photon Total Cross Section #25A on November 30. E325 began to run 

Saturday, December 11, and returned to data taking after a couple of days of 

17 
startup and used 1.1X10 protons on target at 400 GeV. The Proton Area 

went into standby December 20 during the high intensity running to the 

Neutrino Area, but following the train failure, all three lines started to come 

back up for the 200/300 GeV running which began on December 31. Proton-

Central and Proton-West continued this month with Di-Hadron #494 and p-p 
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Elastic #177A respectively. During the standby period, E177A adjusted their 

target and recoil arm position to prepare for data taking at 200 GeV. That 

work was quickly completed for the unexpected reactivation of the area. 

The Meson Area also had few changes from the November program. 

The biggest change was the installation of Multi-Muon #439 in the M2 line for 

tests of its magnetized beam dump approach to looking for high mass states 

with multi-muon decays. The experiment calls for -10
10 

protons/pulse, and, 

therefore, a major part of the test was establishing the feasibility of proper 

environmental shielding by piecemeal installation of shielding around the 

experiment. These tests appear successful, and the experiment reportedly 

works about as proposed, producing a clean, strong ljJ signal. Form Factor 

#456 gathered data steadily in the M1W beam line, and Neutron Elastic #248 

ran smoothly to completion in M3. In the M4 beam line, K
0 

Regeneration 

#226/#486 turned early in the month to data taking on the electron regener

ation (E226) part of the experiment. Inclusive Scattering #118A devoted the 

month to completion of their -175 Ge V data. They finished with enough time 

remaining to permit Di- Lepton #288 to use the single arm spectrometer to 

measure energy loss of muons in beryllium at 50 GeV. Beam to the Meson 

Area was turned off on December 20 as scheduled for the neutrino running. 

Helium liquifier problems persisted in the Internal Target Area. 

Partly as a result of bringing in liquid helium, p-N Scattering #381 managed 

to run about half of the available time in the first two-thirds of the month 

p-p Polarization #313 also collected some data during the high repetition 

rate running before Christmas. 
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FACILITY UTILIZATION SUMMARY -- DECEMBER 1976 

I. Summary of ~\ccelerator Operations 

A. Accelerator use for physics research 

~\.ccelerator physics research 
High energy physics research 
Research during other use 

B. Other activities 

Subtotal 

Hours 

55.8 
343.0 
(44.3) 

Accelerator setup and tuning to experimental areas 11.6 

{ Scheduled 7 5. 5 
Program interruption Adhoc 54 . 5 130.0 

Unscheduled interruption 
Subtotal 

C. Unmanned time 

Total 

II. Surnrnaries of High Energy Physics Research Use 

#of Expts. Hours 

203.6 

Results 

398 .8 

345.2 

744.0 

/\. Counter experiments 13 2118 .2 2 experiments complete 
B. Bubble chamber expts. 
c. Emulsion experin1ents 1 1 stack; complete 
D. Special target expts. 2 2 exposures 
E. Test experiments 
F. Engineering studies 8, tests 5 241. 7 Yields in N3 line et al. &r 

22K 15-ft pictures 
G. Other beam use 

21 23 59. 9 

Ill. Number of Protons Accelerated and Delivered (X 10
18

) 

\. Beam accelerated in Main Ring 200/300 GeV 400 GeV Total 
0.04 2.05 2.09 

B. Beam delivered to expt. areas 200 300 400 

Meson Area 0.00 0.00 0.28 

Neutrino Area 
Slow Spill 0.00 0.00 0.04 
Fast Spill 0.00 0.00 1.24 

Proton Area 0.02 0.01 0.13 

Totals 0.02 0.01 1.69 1. 72 
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IV. Beam Utilization by Experiment 

Hours Results 

A. lVleson Area 

Nuclear Chemistry #81A 1 exposure 
Inclusive Scattering #118,"i. 19 5.8 Data 
K 0 Regeneration #226/#486 221.5 Data 
n Elastic Scattering # 248 209.6 Data 
Di-Lepton #288 Tests 12. 7 dE/ dx for µ in Be 
Particle Search #439 167 .6 Tests 
Form Factor #456 225.1 Data 

B. Neutrino Area 

Neutrino #310 241.6 Daia 
Emulsions/New Particles #386 1 stack; complete 
Muon #398 6.7 Data; complete 
Neutrino #482 173 .9 Setup and test data 

c. Proton Area 

p-p Elastic #177A 171.6 Data 
Particle Search #3 2 5 119.0 Data 
Nuclear Fragments #466 1 target exposure 
Di-Hadron #494 193 .9 Data 

D. Internal Target Area 

p-p Polarization #313 49.2 Data 
p- N Scattering #381 142. 7 Data 

Total 2130.9 



-17-

Fermi Nation a I Accelerator Laboratory 

Meson Area 

Neutrino Area 
Proton Area 

Internal Area 

PROTOll-NUCLEON SCATT. #l98A 

P-P POLARIZATION #313 

PROTON-1iLICLEJN SCA TT, 11381 

NUCLEAR FRAGMENTS #442 

Internal Area 

Experiments in the Research Areas 

.JANUARY - APRIL, 1977 

Proton Area 

PROTON EAST: 

PARTICLE SEARCH #325 

PHOTOPRODUCT I nN #401 

PROTON CEMTEH: 

D 1-LEPTOil l.'233 

DI -HADRON l.'49'1 

PROTON WEST: 

P-P ELASTIC #177A 

Neutrino Area 

HADRON BEA~.: 

PA'TICLE SE\RCH f379 

rlEUTR l '~0 BEAM: 

15-FT B.C, 

NEU TR I NO #310 

MUON/HADRON BEAM: 

P.~RT!CLE SEARCH •369 

Meson Area 

Ml BE.AM: 

POLARIZED SCATTEHING m 
INCLUSIVE SC:\TTERING •32'·1 

FfJRM FOCTOR #456 

M? RE\M: 

PARTICLE SE.ARCH '"139 

LAMBO'. MOC, NF TIC M0''ENT /!440 

I MCLUS !VF 'iFI ITRAL ME<O~I 1!'51 

M' BEAM: 

NELITRON-'IUCLFl!S ltlFLASTI C #<133 

M4 BE\M: 

KD CHARGE RAO I US H??6 

M6 BE'.M: 

MULTI DART! CLE l1 Jl0~. 

BACK\iARn SCATTERING 11290 

H.ADRQil DISSOCim0N 1r195 
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AP'' 75 
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1 .l~ u 77 
I J ~·1 77 
I ,JA 'l 7 7 
1 .Hll 77 
1 J A t~ 7 7 

1 ,JAll 77 
1 J ~ 11 7 7 
1 ,H'l 77 
l J~ u 7-, 



PAGE CXPCRI11EN'IAL ['ll0GRAl1 SITUATION !lEI'OF1' {CONT'D) 

EX:PFRI11f:N·rs THAT All!; IN Tf.:ST STAGC (5): 

NA -Nl::U'IllltW 
-15-FT 

11 UL'(l-11UON •439 
HADRON DISSOCIATlON 1,J96 
11ULTIPAH'1'ICLC #1 lOA 

NCUTnINO 14[12 
P~rTlCLC SEARCH 079 
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SPOKESPERSON 

BA!llSli 
~OJCIC KI 

CXTCN1' er RUtl TC CHI: 

150 
300 
50 

250 HOUFS 
450 HC'Jf.S 

DAT[ OF P,SCEt1T RUtl 

1 ,JAN 77 
1 OCT 76 
1 OCT 76 

1 JAN 77 
1 J ~N 77 

H * ** > ** '""** ** * "* * *i * *** ** * * * ~*** * +' **** * * *'+" +'l-"* 0 ** ** *' *** t- * +' ** n +' ****"i< * * ***"' * ** ** ** t * ** o * *' *"°'"*** * • * • ** * ''"*' * * * » >+ t .J.~ * * *"* * H ~ '•"' * ~ > 
CXfcHIMLWl'S lHHG JNSiALLEIJ (51: C~T£N'l CF At-rf'CVhl 

rA -112 LAMEDA I'\ AGNL1'IC MO.~ENT 1440 
-116 BACK 'i Af<D SCA TT Lill NG • ~90 

-!'\UOtJ/tl~.OllON P~RTICL8 Sl:AllC!I iJ69 
-O'fllJ:,ll 110ll0?0LE #502 

fJ\lllC2 
EAKER 

KIRK 
BARTLETT 

160 HOU Vi 
900 HOUllS 

600 HOU 0:0 
cosrnc RH ?UHt1rnc 

300 HOUf-S 

****""*"***'*******"*****"**+.;**"*************"***"'*"*"****"******.f******'""-*'"*"**•**"******* .. ***"-"*""**'**i<***'***"''***'"**lV**''' 
EXHllI11ENTS TO BE SET UP WITHIN A YLJ\R (20): 

PJ\fiTICLE SLP«Cfl •J,4 
MADRON DISSOClATION 11272 

-1'!2 llADllON JETS '395 
LA11B[JA POURIZATlON 1441 
INCLUSIVE NEUTRON f404 
~U O!l SEA !\CH ~ 453 
PA ll'1'1CL ~- SCA RCtl i4 11 
;;>Al:TICLE S[ARCll •413 
PAf'rICLE SEARUi ~468 

-113 ilCUT!lON-NtH.:LJ::us lNCLAS.fIC ·~JB 
-M4 1!JCLUSIVE t\-SHO!lT 1J8] 
-116 ~S!:iOClATED PfiODlJLrIO~ ~99 

Phl1'TICLC SEAllCfl •4J0 

-NE:U'H'lNO \lt:tl'l'llINO #25) 
-11UClll/Hh[llWN !H-11U0ll #444 

~U O!l •20 J A 
MUON #391 

F~ -rt PHO'iOPRODUCTIO!l t152D 
PrlC'rDPfiODllCTION 11.;58 

ITA-C-0 P~ 0T0tl-d C J.IUM SC ATTE~I NG 112 89 

DIEBOLD 
SAND~ E !SS 

llCUSC.H 

"' 
350 HOU!lS 
JOO HOU BS 

700 HOU J1 ~ 

THE A.B1LIT'i TO SE'l' IJP 
THESE CXPERIMEN'l'S 
DURTNG THE NE;<T 'iCAR 
IS CONTINGEN'r ON THE 
AVAILABILITY OF fUNDS. 

DURitlG 1977 l'r IS 
PLANNED FOR 30-INCH 
BUBBLE CHAHBER CC<PO
SIJRES TO TOTAL l'l'l' 
LEA.ST 500K PICTIJRES. 

...... ********* * '*' "! ** *••->•*•"-">***** .. *********"-****"'****'"*"' >t4~* •*+'*°"*"'*'-> ·~~ ***+* .. *• **** t t tt•••0>1<+;.•+*****+*.0.~*'l ••'*'I•·~~/.;.***"'~'~ 
f. APPPOVI:D CXPCRIMEN'IS (271: 

n -11:! LAl1BDA-6A!l PRODUCTION J~95 

'" 

-Mb I !ICLUSIV E SCA1 TCR!NG f<i51 
fOPM H•C'l'OR H46 

-15-FT 
-30-Ttl 

15-<00T NCU'i'lll!W/D2 1 l51A 
15-fOOT NLU L'!l:Ctl0/D2 1227 
15-fOOT fttlTI-Nr:urn11w;u2 IJ'.10 
ururnriw o:.o 
15-FOOT 
15-rOOT 
15-fOOT 
JO-HICH 
JO-lHCll 
JO-INCH PI- -

I' A RT IC LL S ~A ~Cll I~ 00 
PtlI PiiOTOi'lWOUC.TJ.ON t2b3 
UIA~Gt:D f1YPEHOtl •~97 

PION IlKLUSIVE •250 
c-1csr 1Jo2 
l'!llL'fJGAl111A 11192 

STEVf.NSO'J 

*** ** ............ ** ............... •** ........ ,. .......... **** .......... ** ** .. "***** **** **** ** ................... **** ........... *"* ** ....................... 'f ** '"* .. f .. **~** * .... . 
... ...... ....... *** ***** .................... ****************** **** ******* .......... ***** ***** * .. ***"'** •• * •• * ... **• ............. * .......... ··~ _. ......... ~ •• *** ..... ·~ ... ~ * 

PEtlDING l?!;OPOSALS (~0): EXTSNT Cf HClJ!S'I 

OE'JEC.T01! DJ..VCLOPl1E!<T •427 
llIGll ;:;t1EPGY LHANNCLING #507 
PAfiTICLE sruoy t5t5 
LAl1SOA llC'rA DECAY 1361 
PARTICLt: SHRCll #477 
P[lOTON POLARIZAT10U i505 
K S'f AR PRO CUCT ION lr4~ 9 
NC:UTRON-UEUT!l~Oll ELASllC #~79 
f!ADRON DISSOCIATlON rJ12 

PARTICLE SlAf\Cil •~o9 
l'llJL1'1PAllTICLE -523 

!lEllTllINO 1355 
15-FOOT NElJTRillO/H2 G HE 13tl9 
15-l'OOT NEUTRIN0/112 i; NC i455 
llElJTRillO 11496 
15-FOOT llEU'fRI~0/D2t.H.I Z i.:i21 

-11llON/liADROll PION DISSOCIATION #318 
11LION 13<l8 
DI-11ll0N 1443 
MUON i448 
TES'l PAb1'lCJ.i: SCARCH #457 
11UON i487 

-15-FT 15-FOOT P - p Ol :> 011 "' 300 1208 
-30-IN 30-JNCtl PllAll - P @ 100 #394 

30-INCil HYEllID f48B 
30-INCll Pl&P - PCNJ; Ol lOD #$04 
JO- I NCH PE~R - 0 iil 20V iS 1 l 

PHOTOPROOUCTtON 1450 
PllO'rOPRODUC!lON •516 

GARISH 
TENNER 
PE:TERSOli 
CUEN 
V.>.HDC:R VELOC: 
ASCOL I 
liILSON 
PILCHER 
WILSON 
BRANDENBURG 
SESSOl1S 
TAKIBAn 
llHI T.~orn: 
PLE:'>S 
GULJA ~ov 
FRIDi'IAN 

CALD1"ELL 
NASH 

600 HCUfS 
1,000 HOUfiS 
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PAG[ E:<PCnME!l'J:AL P!iOGRAM SI'fUATION RC~ORT (CONT'D) 

-Pl: 
CHAtlGED HYPC!1:0N t353 
HA Dl10N JETS 1246 
EUSTIC SCATTI:IlING #.101 
IH-M!JON #326 
ELAS'IIC SCATTEillNG t347 
HJ\DUOH-NUCLEON SCATTERING # 1120 
r:u:crROPROOUCTIOtl #1154 
ELECTRON Pf<ODUCTION #518 
HADROll JETS 1519 

PE:W'JOH-PROtON SCATTERING 15000 
~ROTON POLllRH~'l'lON f522 

SPOKESPT:RSON 

EC.<; LUND 
SELOVE 
GfTTNE!l 
PlROUE 
\olALKER 
GUI!l~.GOSSHN 

GU!Il/l.GOSSH.N 
TAYLOR 
SCH LEI~· 

fRll.!lZINI 
OGREll 

EXTENT Gf RECUES'I 

1,000 HCUllS 
840 HOUfS 


