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RESEARCH ACTIVITIES DURING DECEMBER 1977 

James MacLachlan 

The accelerator ran in December at 400 GeV with a 1.25-sec flattop 

and provided 2.44X10
18 

protons and 401 hours of beam time of the 553 hours 

scheduled for high-energy physics. The 72o/o ratio of available to scheduled 

beam is somewhat below average, but after time had been taken out for a 

couple of sessions of extraction-system repair, leak hunting near CO, and 

finding a shorted Main-Ring transformer, the remaining operation was 

generally quite satisfactory. The accelerator was put into a Christmas 

standby for the 79-hour period from Friday, December 23, through Monday, 

December 26. The resumption of running for high-energy physics was 

reasonably smooth with good beam arriving about 2 shifts after startup. At 

the end of the month, both the Booster and the Main Ring were running at 

around their highest recorded intensities. 

Considerable progress was made during the month in smoothing the 

transition between high repetition-rate running during the night hours and 

slower running on weekdays. Initially, there were severe problems with 

extraction a few minutes after a major change in cycle time. The Main Ring 

could be made to run well either at slow repetition rate or at fast ,repetition 

rate, but seemingly not both. But, by adjusting the magnet cooling-water 

temperature to keep the magnets at constant temperature rather than by 

keeping the water at constant temperature, a 6 ° change in magnet temperature 

was eliminated. The extraction difficulties appear to have been related in 

some poorly understood way to this temperature difference. The day/night 
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variation in cycle will apparently be a long-term feature of accelerator 

operation, because negotiations for a new power contract have reached an 

advanced stage with provisions that encourage reduced consumption of power 

during the day. From the standpoint of protons accelerated and available 

spill seconds, it would already appear that a daytime limit of 55 MW will be 

workable. More difficult to assess are the effects on experiments, particu

larly the efficiency of short periods of running for high-energy physics 

sandwiched between successive daytime study periods. The relative value of 

continuity of running and the close matching of high-energy physics running 

to the power schedule is being carefully evaluated; the information from 

experimenters' hours reporting will be an important indication of the subtler 

effects of the new power limits. 
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FACILITY UTILIZATION SUMMARY -- DECEMBER 1977 

I. Summary of Accelerator Operations 

A. Accelerator use for physics research 

Accelerator physics research 
High energy physics research 
Research during other use 

B. Other activities 

Subtotal 

Hours 

52.6 
400. 7 
( 16.3) 

Accelerator setup and tuning to experimental areas 14.0 
Program interruption 2 7 .1 
Unscheduled interruption 170.6 

Subtotal 

C. Unmanned time 

Total 

453.3 

211. 7 

79.0* 

744.0 

II. Summaries of High Energy Physics Research Use 

III. 

#of Expts. 

A. Counter experiments 13 
B. Bubble chamber experiments 1 
c. Emulsion experiments 
D. Special target experiments 
E. Test experiments 1 
F. Engineering studies and tests 
G. Other beam use _£)_ 

15 

Number of Protons Accelerated and Delivered@ 

A. Beam accelerated in Main Ring 

B. Beam delivered to experimental areas 

Meson Area 
Neutrino Area 

Proton Area 

Slow Spill 
Fast Spill 

Total 

0.67 
1.19 

* . Christmas standby 

Hours Results 

3167.8 1 exp. completed 
337.3 103 K 15' pictures 

261.1 Tests complete 

5.4 Ni and PW beam 

3771.6 
tuning 

400 GeV (X 10
18

) 

0.36 

1.86 

0.08 

2.44 

2.30 



MESON AREA 

Associated Production #99 

Total Cross Section #104 

Inclusive K 
0 

#383 
s 

Multi-Muon #439 

Particle Search # 540 

NEUTRINO AREA 

Muon #203A 

Neutrino #310 

Di-Muon #444 

Neutrino #482 

15' v/H
2 

& Ne #546 

DP! Tests 

PROTON AREA 

Photoproduction #8 7 A 

Di-Lepton #288 

INTERNAL TARGET AREA 

Proton Polarization # 522 

p-N Scattering # 552 

Hours for experiments 

Hours for beam tuning 

TOTAL HOURS FOR HIGH-ENERGY PHYSICS 
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M6E 

MiW 

M4 

M2 

M3 

Ni 

NO 

Ni 

NO 

NO 

N3 

Pi 

PC 

co 
co 

BEAM UTILIZATION BY 

267.0 

265.8 

267.4 

263. 7 

194.6 

9.6 

343.2 

328. 7 

35i.2 

337.3 

26i.1 

259. 7 

304.2 

211.i 

i28.6 

3 766.2 

~ 
3 771.6 



-19-

EXPERIMENT -- DECEMBER 1977 

Activities 

data: Z: and y* production with 70 GeV ,,+and 70 GeV K- using the Single Arm Spectrometer 

data: complete; H2, n2 and nuclear total cross sections for rr±, ~, p, and Pat momenta up to 370 GeV/c 

tuneup: beam tuning and trigger studies for inclusive K
8
° production by K-

tuneup & data: beam tuning, counter timing, and rate studies followed by high mass dimuon production by 
protons in magnetized Fe beam dump 

tests: looking for delayed energy release from a target bombarded by neutrons 

tests: rate studies of chambers and computer interface 

data: prescaled single-I-'- and multi-µ data with an iron-scintillator calorimeter and toroidal muon 
spectrometer 

data: mass spectrum of dimuons produced by ±225 GeV/c "measured with the cyclotron spectrometer 

data: single-µ and multi-µ. data using the Lab E calorimeter and muon spectrometer 

data: 103K pictures in-the 151 chamber with 47% neon hydrogen mixture using the double plane EMI 

tests: complete; tests of the y detector and ISIS 

tests: trigger studies and equipment checkout for the production of high mass hadron states with the broad
band photon beam 

data: high mass dimuon data in a high rate configuration 

data: recoil proton polarization in pp inclusive scattering at 100-400 GeV 

data: p-p and p-D scattering using the superconducting recoil spectrometer 
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FERMI NATIONAL ACCELERATOR LABORATORY 
MONTHLY OPERATIONS HISTORY 

DECEMBER 1977 
Meson Area Date Accelerator Into Target Proton Area Neutrino Area 

~~--=-==~-+-~~__:_~~-,_~-J:~L.,._~~~-,-~~~-'-~~~~~'--~~~~~~ 

Thurs. 12/l 

Fri., 12/2 

Sat. 12/3 

Sun. 12/4 

Mon. 12/5 

Tues. 12/6 

Wed. 12/7 

Thurs. 12/8 

Fri. 12/9 

Sat. 12/10 

Sun. 12/11 

Mon. 12/12 

Tues. 12/13 

Wed. 12/14 

Thurs. 12/15 

Fri. 12/16 

Sat. 12/17 

Sun. 12/18 

Mon. 12/19 

Tues. 12/20 

Wed. 12/21 

Thurs. 12/22 

Fri. (H) 12/23 

Sat. 12/24 

Sun. 12/25 

Mon. (H) 12/26 

Tues. 12/27 

Wed. 12/28 

Thurs. 12/29 

Fri. 12/3 0 

Sat. 12/3 l 

Accele~r Ma~nanc~veloprnent 

Repairs: Main Ring vacuum, Extraction, Linac gas barrier 
- -

\R.,pairs:Extractio. 

p-N Scattering Di-Lepton 288 Di-Muon 444(Nl Assoc .. Prod" 99 
552 (PC) Neutrino 310 (M6E) 

Photoprod.87A (NO) OT 104 (MlW) i (PE) Neutrino 482 Multi-µ 439 (M2) 
OFF (PW) (NO) Incl. K

0 
383 (M4) 

15'V/H
6

&Ne#546 Part. S~h.540 (M3) 
~ cce .. ~-.:unies (N) 
.t<.epairs:MRVacuum DPI Tests (N3) 

' ... 00 

-l.8xl0 13ppp Proton Polariz .. 

@400 GeV I 522 

(l.25 sec flattop) 

I 
Accel .. Studies 

ttCCe .. ~l:Un1P~ 

-1. 7xl0' 'ppp 
@400 GeV 

-l.9xl013ppp 
@400 GeV 

,?;:;~t~ for \i~Q~A (/nJ 

Interlock Tests 1nd Accelerator Studies 

CHRISTMAS STANDBY PERIOD 

Accelerator Startup 

p-N Scattering I Di-Muon 444 (Nl) Water System 
OFF Neutrino 310 Repairs 552 I (NO) 

!Di-Lepton 288 
Neutrino 482(NO) 

~eprs:MR Xformer (PC) .15'V/Hi&Ne #546 
-2. 2xl0 · "ppp Photoprod .. 87A I NO) @400 GeV (PE) 

( 1. 25 sec flatto1 ) OFF (PW) 
I 

I 

I 
I 

I 
I 
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Fermi National Accelerator Laboratory 

Meson Area 

Neutrino Area 
Proton Area 

Experiments in the Research Areas 

Internal Area 

PROTON POLARIZATION #522 
P-N SCATTERING #552 

JANUARY - MARCH 1978 

Proton Area 

PROTON EAST: 
PHOTOPRODUCTION #87A 
PHOTOPRODUCTION #152B 

PROTON CENTER: 
DI-LEPTON #288 

Neutrino Area 

MUON/HADRON BEAM: 
MUON #203A/#391 
MUON #448 

NEUTRINO BEAM: 
NEUTRINO #253 
NEU TR I NO #310 
15-FT BUBBLE CHAMBER 

Meson Area 

Ml BEAM: 
HADRON DISSOCIATION #272 
PART! CLE SEARCH #490 

M2 BEAM: 
MU LT! -MUON #4 39 

M3 BEAM: 
PART! CLE SEARCH #540 

M4 BEAM: 
INCLUSIVE K~ #383 

M6 BEAM: 
MULTIPARTICLE #llOA 
HADRON DISSOCIATION #396 
INCLUSIVE SCATTERING #451 



7 

1 

-22-

SITUATION REPORT--JANUARY 1978 

PAGE 1 P'ERllI tiATIOIUL kCCELERUOR LABORATORY 

l!!Xl?!Ril\!NTAL PROGRA!! SirUUIOll R?!POBT 

PRO.'.iRAll PLHllill'; OP'!'lC! 
12 JUI 1978 

THE EXPERillEMTAL PROGRAll SITU,TION lt !"EllllltlB IS SO!UIARI'U.:D snow. Tl\! E:t"PERillEllTS HE LISTED SEPlRlT!D Bl UP!RI
llEllTAL UIU DllDIR CATEGORIES THAT BEST DESCflIBE THEIR CIRCllrlSTAllCE AS Of JUDA.RY 1, 1978. roa EXP!RIIU:llTS IUIICll HlV! 
Br:Ell COllPL!TED OR HAVE R!CEH!t BU.II THU:! IS IllDIC.t.TlOll or THE lllOllNT 01' RUNllI!IG Tiit! OR EXPOSURE. THE ElCP!llI-
tlEll'Ul U!El 11,UIES ARE lBaR!VU.TtD AS FOLLOWS: 11!5011 AREA (Ill), M!!UTRillO lBl'.:A (JU.), PROTOll AR!l (Pl), IllT!ilUL TlBGET 
lRU ll'U.J. 

TCTH llUllBER OP APPROVED l!lP!:R!llEllTS - 276 

Ul!l-BU.11 SPOUSPERSOll 
l. EXPERillEll1S 'l'IU.T HAVE COl!PLETED DAU TUillG (205): 

(Otllf EXP~Rilll!ll'!S COllPL!'l!D SINCE 1 JlK 197"1 lRE LISTED Bl!LOVI 

POLlBIZ!D SClTT!UKG t61 
10TAL CRCSS SICTIOll t104 
HlDROll JETS t236l ~ 

---· IllCLUSIVI! SCATTERllf~ 

__,----- !~~: i:ii~~ i~~:MELUG I 
__.- -112 .--- IllCLUSIV! llEUTRH ll!SO~ 

.---··-~ HlDROll JETS t395~ 
_;'.It,.,.._...-"" ·~"' IllCLUSIU: ll!UTBO t404 

_...-, LlllBDl 11.lGllfTIC 11 t440 

-!IUOll/HlDRON 
-15-fT 

PA-PE 
-PC 
-Pio: 

ITA.-C-0 

LAllBDl POUBIU.TIOll 1~"1 
NEUTROll-llUCLEUS Ill!Ll 1436 
II'. Z!BO CHlBGI! RADIUS 122 
K Z!RO CROSS Sl!CTIOll 1486 
UCLUSitE SClTTERlllG 111Bl 
15-rOOT lllTI-ll'!:UTRill0/112 1311 
15-rOOT 11Ell1RillO/H2&1E t53l 
!llULSIOll/llEUTRlllO 1536 
PARTICLE S?lRCH 1369 
PARTICLE SEARCH 1379 
PARTICLE S!ll!CH 1325 
DI-HlDROI 111911 
PliOTOll SURCH 195l 
PBOTOll-PBOTCM !LlSTIC 11771 
PBOTON-llUCLEOll SCATT!illllG 11961 
PROTOll-ll!LIO!I SClTT!BlllG 1289 
PROTOll-PROTOll POLUlZlTIOll 131.l 
PBOTOll-llUCL!Oll SCUTEllillG 1381 
llUCLElB FRlGll!llTS 1442 

Cl'll!SB!RLUll 
ucu 
!IOCIU:TT 
llEISBERG 
STORK 
GIBSOll 
K!llll!? 
S!LCV! 
GUS'!lfSOll 
BUNCE 
POllDROIS 
JONES 
T!L!GOI 
WillSTEill 
PRI!Dll.1.11 
DER1'1CK 
BlLTll 
NIU 
lll!IK 
llOJC!CKI 
CROllIJI 

'""' cor 
ORUR 
OLSEll 
lllL.1.KUD 
11!.l.l 
IULlllUD 
TllBllO'I 

!XTEllT or RUii TO DATE DATE COllPLET!O 

1,900 llOORS 
2 ,650 HOURS 
1,700 HOURS 
1,200 HOURS 
1, ~so HOU RS 

350 HOURS 
900 HOURS 

1,150 HOURS 
350 HOURS 
250 HOURS 
1100 HOURS 
350 HOURS 

1, 200 llOUQS 
950 HOURS 

2,550 HOURS 
2111( PIX 
163K PIX 

2 STlCKS 
1,aoo HOURS 
1, 2 50 HOU RS 
1, 500 HOU BS 
1,950 HOURS 
3,1100 HOURS 
2,1100 HOURS 

900 HOURS 
1,050 HOURS 

850 HOURS 
600 l'IOURS 

1, 200 HOURS 

26 OCT 1917 
22 O!C 1917 
20 JUL 1977 
13 lOG 1977 
13 lPR 1977 
JO 1ur 1977 
211 l'EB 1977 
16 1109 1917 

5 JUL 1977 
22 !llil 1 !;17 

2 JOL 1977 
18 APR 1977 
11 IU.R 1977 
17 /\AR 1977 
20 JUL 1977 
13 lUG 1977 
211 ur 1977 
13 lOG 1977 
131.0G 1977 

B JUN 1977 
28 ~EB 1977 
21l'EB1917 
17 OCT 1977 
19 APR 1977 
19 lPR 1977 

6 llOV 1917 
30 !UR 1977 
30 !U.R 1977 
13 AUG 1977 .................................................................................................................................... 

l!XP?Rl!l!l'IS THlT lRE Ill PBOGR!SS (27): !XTEllT Of BUI TO DlTt DATE or R!CENT RUii 

llULTI-!'!0011 f439 G.l.R'fLICK 700 HOO RS Jlll 1978 
PlRTICL!SEARCll~ STEINBERG 300 HOURS OCT 1977 _,, 
PlllTICLI!: SEARCH 540 LONGO 500 HOURS "" 1978 

-" IllCLUSI'fE 1(-SllOR 3 KOBRlK 750 HOURS JU 1978 
-'6 llOLTIPlR'IICLE 1110.1. Dt.l?Rfol 1,000 l'IOllRS JUL 1917 

lllDROll D!SSCClATIOll 1396 GOULU.1105 1,200 HOU BS J .. 1978 
BlCkWlRD SCATTERillG t290 BAK!B 950 tiOllBS JU 1978 
lSSOCUT'ED PRODIJCTIOll 199 DIEBOLD 1100 HOllll:S JAM 1978 

-O'!H!B llUCLllR CHlt!SISTRY t81l K.llll'll.l.11 159 BOllBlRD!l.!llTS 1Hll1978 
Ml-NO-HORII 15-rOot lllWTllillO/H2 1451 STE:V?:NSOll 16211: Pil "' 1976 

15-Poot AMTI-llPUTiINO/H2 611Et1 80 KU'TlllOV 273K PIX JUL 1971 
-ll0-1RIPUT llEUTRillO tl10 CLllll! 3,350 llOIJRS "' 1918 

ll!UTBillO 1253 " 300 HOURS JAii 1978 
ll!!U'l'RillO 11182 BJ.RISH 1,550 HOURS "' 1978 
15-POOT ll!UTllill0/1!2&111! t5116 HIJSOll 211111 Pil "' 1~18 -l!UOll/HlCROll '!!ST 110011 IRll.ADilTIOll t501 LlKDI! 2 TlBGETS !XPOS?;D "' 1977 
DI-t!UOll 14illl Sl!ITH 1,050 HOURS "' 1978 

-15-F! 15-roOT PI- - P ~ 100 183.1. KlTlGUI "' PIX "' 1975 
15-POOT PI- - PtllE 1200 "' fRETTER " PIX JUL 1975 
1S-1'00T PI- - P ii 360 '3811 '" PIX "' 1976 
llOllOPOLE 1502 BARTLl!TT COS/SIC "" RUllllillG JUL 1977 
llUCL!AR f'RlGl!EllTS 11166 KlllrlUll 6 T.l.RGI:TS EXPOSED JU 1978 
PHOTOPBOCUCTIOll '871. LU 3, 650 HOURS "" 1918 
PHOTOPRODUCTlOll t152B HEUSCH 900 HOURS ''" 1978 

-pc DI-LEPTON 1288 LRDERIS.1.11 5,0SD HOURS "' 1978 
ru-c-o PROTON POUlll'UT 1011 1522 OGREll 1100 HOIJRS J.1.111918 ,_, SC.l.TT!RillG 1552 SAllllES "' HOURS JU 1978 .................................................................................................................................... 

c. UP!Blt!!l'IS 1HAT t.RE Ill TEST STAGE (2): !XTl!llT or RUii TO Dt.T! DlTE or REC!llT RUM 

llA-flUOll/HlDROll llUOll 120H 
PIUOll f391 

KERTH 
~!RTH 

10 HOU&.S 1 JAii 1918 

.................................................................................................................................... 
l!Xl?ERil!EllTS BEUG IllSTALL!O (3): 

HADBOll DISSOCHTION 1272 
P.1.RTICLE SEARCH 11190 

U-lllJOll/HlDROll l!UOll lllHI 

P!Rll!L 
SlllDllEISS 
LOOIHS 

l!XTEJIT or lPPROVlL 

600 HOURS 
TEST ROllllillG 
PlRlSITlC RlllllllJG ..................................................................................................................................... 

EXPIR:IllEJITS TO SR SET UP WITHIN A UAR (29): 

_., 
-'6 

lll-110-DICliROIS 
-110-118 HOllJI 

XI-ZEllO PRODUCTIO~ 
lAllBDl B!T.I. D!C.l.Y 
PI-KU lTOllS 1533 
l!ICLUSIV! SClTTRRlllG t4S1 
ll!UTRillO t356 
15-rOOT llE011'.IllC/D2 11511 
15-rOOT llEUT8.Ill0/D2 1221 
15-l"OOT lllTI-llEOTRill0/D2 1390 
MEUTBillO 1531 
IEUTBIJIO 1553 
15-l'OOT 6 E!SOLSIOll/llEUTBI!IOl56~ 
OUlRK 1549 
!l!.OLSIOll/PI- 1200 1481 
i!!IULSIOll/Pl- ii > OB = 200 1503 
EllULSIOll/U- I> OR"' 200 1506 
£!1ULS10lt/PI- 1300 t525 
Et!ULSIOll/PI- 1300 1568 
E!SULSIOl/Pl- 1300 1573 
EllOLSIOll/PI- I 300 1514 

HELLER 
POllOROfl 
SCH I UTZ 
Bt.RTOll 
Bl RISH 
SllOll 
!IGELlllU 
CARllOMI 
Ii En 
HlllD 
VOIVODIC 
LONGO 
TlKAllASllI 
CG.I.Tl 
Olk!: 
il!LUS 
H!B!BT 
USHIDl 
llOLTER 

1100 KOORS 
300 HOURS 
500 HOURS 
400 HOURS 

1 ,000 HOURS NOTE: 
100K PIX 
10011 PIX 
30011 PIX 

PltuSlTIC RUllllIIG 
P.l.tllSITIC llUllfHG 
PlRlSITIC RUUillG 
PltuSITlC POUillG 
E!l!JLSIO• EXPOSURE 
EllOLSIOI !XPOSUR! 
!llOLSIOI IXPOSORE 
BnULSIOI UPOSURZ 
!tlULSIOI !XPOSUBI 

3 STlCKS 
3 STlCKS 

THE ABILITY TO SET UP 
THESE EXPERIMENTS 
DURING THE NEXT YEAR 
IS CONTINGENT ON THE 
AVAILABILITY OF FUNDS. 



PlG! 2 

Pl-PE 

EXP!Rlft!llTll PRO.i!Ull SITUA.TIOll l\EPORT (COllT'D) 

E:'!IJLSIOll/PROTOllS lllDO 11199 
Bl'l!ILSIOll/Pll:OTOMS 11100 t5111 
EllULSICl/PROTOMS I 1400 1515 
PHOTOPllODOCTIOll 11101 
PHOTOPBODUCTIOll 1516 
CHU:Gl!O HYP?ROll 11191 
PIOii IllCtUSHI! 1258 
DI-IHlOll t326 
C-'t!ST t302 
PlBTICLI! SEARCH 1561 
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li!lI 
JlCQUOT 
LORD 
GOllllL!! 
USH 
LlCH 
SHOCH!T 
SHOCHET 
C!S'fl.li-R!GG! 
C!STER-Rl!GGE 

!XTUT Of lPPBOUt 

!llULSlOlf UPOSOll:e 
!llULSIOll UPOSUlll! 

2 STACKS 
600 HOURS 

1,000 HOURS 
1100 HOURS 
800 HOURS 
800 flOURS 
1100 HOURS 
500 HOURS 

12 Jlll H78 

.................................................................................................................................... 
P. OTHER APfROY?O !XPl!Rllll!llTS (10): UT!IT or lPPROVlL 

ltl-111 PlRTlCLI!: SEARCH 1515 
-1\f HlDROll JETS 1551 

llA-110-ClCHROll 15-POOT MlllJTRillO/H2&11! 1380 
15-POOT lllTI-ll!IJTllillO/H21:11!1388 

-15-!'T 15-POOT P - P t II! I llOD 1291 
-JD-Ill 30-UCH PI- - HI Z I JOO t3011 
-OTHER EllOLSIOll/PROTOMS I 500 IS08 

!llULSIOll/PROTOllS i 500 t5211 
PlllTICt! SURCll 11400 
PllOTOPll:OOUCTIOll 1458 

!tlLlllUD 
BltTlY 
P!Tl!IOSOll 
lllllll 
llltUR 
llOLTU: 
WIU!S 
P!OPL!S 

"' 

800 llOUilS 
1,600 flOOSS 

200K Pil 
200K Pil 

25K PIX 
200K Pil 

IUIULSIOI UPOSOA! 
l!llULSIOI UPOSDll! 

qOQ KOORS 
1 ,000 flOUSS 

···································································································································· .................................................................................................................................... 
PUDillG PllO~OSlLS (3111: 

lll-111 

Rl!!OTRH lllP!llO 
P&RTICU'! Sl!lBCll 
llULTIPUTICU: IS23 

llA-110-DICHllOll UUTRillO 1355 
-110-llB flORll 1S-!'OOT lll!UTRIIJ0/H2&HIZ 11189 

15-FOOT IBUtllHO/D2&11Il IS21 
15-l'OOT lllTilf~TEIIlfO/D2&flIU539 
15-!'00T lllTill!UTtlillO/D2&1!IU542 
15-POOT lllTiliE0TiillO/H2tRIU5411 
15-l"OOT ll!UTRillO/D2&11IZ 15115 

-llfUTRillO llEUTll.IMO 1512 
-110011/RlDROll PICI DISSOCHTIOll 1318 

l\UOI 13118 
15-P'OOT P - P i ) OS ., 300 1208 
15-P'OOT PBlR - P i 100 IS26 
15-POOT PUR - D i 100 1521 
DllTl!ICTOR D!V!toPlll!llT 1528 
15-P'OOT PI- - D i 100&360 IS38 

-30-Ili 30-IMCH HIB!lID 13911 
30-IllCH PUP - PUii ilDO 15011 
30-IllCH PBlll - D t 200 1511 
DllTECTOR Dl!ULOPlll!llT 1550 
30-IllCll PlU- Pi 100 1558 
30-IllCH KYBIID IS65 
30-IllCH HYBRID fS10 
ClllBG!D HJP!ROll 1353 
PORll !'lCTOR 111116 

-Pll PUTICL! Sl!lRCll 1537 
l'Il-C-0 PBOTOll-PEIOTOll SCATT!RillG 

QUAB'K SUSCH 1511 

S!LOU 
YUlJI 
YUiii 
TUllUYICH 
onLill 
CUTTS 
DU!RBl 
BlBISll 
ll!UICll: 
YlllDER U:LDE. 
FB!T'IER 
CliftOllY 
Kl!'TUOV 
SllOll 
Rl!ID!!S 
lSCOLI 
lllLSOI 
TUIBUV 
Ll•DllB 
LllDEB 
IOB!RTS 
rR!TTIR 
WHITllOU: 
GULJA!IOV 
l'll:IDU.I 
lTlC 
SflllPllU.D 
UllUIOTO 
PLESS 
!CKLDllD 
!CKLUllD 
COi 
P'llUZllI 
OLS!I 

lllT!llT OP Rl!QU!ST 

1,500 ilOOllS 
200 HOURS 
100 HOURS 
100 ilOUSS 
250 ROORS 
150 flOURS 
BOO 110015 

1,400 HOURS 
1150K Pil 
200K PIX 
llOOK PIX 
50011: Pil 
SOOK Pil 
SOOK Pil 

6, 500 BOORS 
1100 HOURS 
800 flOURS 

751 Pil 
150K PIX 
150K PIX 
100 HOUIS 
1SOK PIX 

2,250K PI'I 
20K PI'I 

1 SOK PIX 
T!ST BDllIIG 
2,25011: PII 
3,0001 PIX 
2,00011. PIX 

600 HOURS 
800 HOURS 

1,1100 HOURS 
1,000 HOURS 

300 HOUllS 


