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WORKSHOP ON Cg..MISSIONJNG ANO 

OPERATION OF THE SSC 

II. RESUL 1 OF WORKSHOP SHOULD BE: 

e TO DETERMINE THE IMPORTANCE OF VARIOUS MAGNET FEATURES TO 

THE EFFICIENT OPERATION AND/OR COMMISSIONING OF THE MACHINE. 

GRADED FROM 0 TO 10, SUCH THAT: J 
0 = IRRELEVANT 

5 = IMPORT ANT 

10 =CRUCIAL 

• TO DETERMINE HOW WELL A MACHINE BUILT WITH A PARTICULAR 

MAGNET TYPE ACCOMMODATES THOSE FEATURES. 

GRADED FROM 0 TO 10, SUCH THAT: 

0 =NOT AT ALL 

5 =POSSIBLE 

10 = EXCEPTIONALLY WELL 

e TO ASSIGN AND SCHEDULE COMPLETION OF THE WORK BY APRIL I, 1985. 
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Workshop on SSC Commissioning and Operations 

I January 14-18, 1981"' 

Meeting Rooms 

WHAT WHEN WHERE 

News Reports T, W, Th 8:30-9:30 308LeConte 

Summary Session Friday 8:30-Noon 308LeConte 

Cryogenics Workroom Always 349LeConte 

Cryogenics Reports T, W, Th 11 :00-Noon 308LeConte 

Operations Workroom Always 430Birge 
, 

~ ,__._. 
Operations Reports T, W, Th 1 :30-2:30 308LeConte 

Design Workroom Always 347LeConte 

Design Reports T, W, Th 2:45-3:45 308LeConte 

• 

Systems Workroom Always 343LeConte 

Systems Reports T, W, Th 4:00-5:00 308LeConte 

Coffee Break 9:30-10:00 375LeConte 

Secretarial 8:30-5:00 375LeConte 
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Cryogenic Questions 

• Large Scale Cooldowns 
Time, cost, how often? 

• Magnet Replacement 
Time required, beam valves, how is it done, how 
often? · 

• Steady State Operation 
Removing heat from synchrotron radiation and 
ramping. 

• Two Phase Flow 
Is it stable? 

• One Phase Flow 
What do the recoolers look like? 

• Quench Recovery 
Two-in-one implications. 

• Separate Cryogenics 
Should one-in-one magnets have separate 
cryostats? 

J 



- Design Questions 

• Magnet Selection 
Is it desirable? What are the two-in-one 
implications? 

• Fractional Testing 
During commissioning, how many magnets will 
have to be changed? 

• Field Level 
What is the difference between very large and 
ultra large rings? J 

• Optics Restrictions 
How do they depend on magnet type? How 
important are they? 

• Beam Crossing 
Problems related to magnet type. 

• Correction Elements 
Problems related to magnet type. What level of 
redundancy? 



-

- Operations Questions 

• Installation 
Questions related to magnet type. 

• Ramp Cycle Time 
Is a slow ramp okay? What about eddy currents? 

• Bear.i Injection and Abort 
Questions related to magnet type, and side-by
side/over-under configurations. 

• Quenches 
How often might we expect them? Are they at 
injection or high field? 

• Beam Conditioning 
How long does it take to fill, accelerate, condition, 
collide, etc.? 

• Partial Acceleration 

J 

Is it possible to accelerate one beam while injecting 
the other? Is it useful? 

• Overall Complexity of Machine Operation 
Related to magnet type. 



Systems Questions 

• Quench Detection and Protection 
Different methods for different magnet types. 

• Power Supply Configurations 
Re~ated to magnet type. 

• Regulation Requirements 
Electromagnetic coupling. Transmission line 
effects. · 

• Vacuum System, Control System 
Differences related to magnet type. 

J 
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Workshop on SSC Commissioning and Operations 

January 14-18, 1915 

Participanu 

Workshop Coonlfnatlon 

Don Groom 
Peter Limon 
Karen Larsen 

University of Utah 
Central Design~ 
Lawrence Berkeley Labot~ 

Crrogen/a Gnpw 

William Fowler, Coordinator 
Donald Brown 
ChusRode 
Peter VanderArend 
John Van Sloan 
Richard Wolgast 

Fermi National Accelerator Laboratory 
Brookhaven National Laboratory 
Fermi National Accelerator Laboratory 
Cryogenics Consultants, Inc. 
Air Products a Chemicak. Inc. 
Lawrence Berkeley Laboratory 

Design Group 

Christoph Leemann, Coordinator Lawrence Berkeley Laboratory 
Alex Chao Centr.t Design Group-SSC 
Ernest Courant Brookhaven National Laboratory 
Don Edwards Fermi National Accelerator Laboratory 
Eugene Fisk Fermi Natoinal Accelerator Laboratory 
Albert Hoffman Stanford Linear Accelerator Center 
Steve Peggs Central Design Group-SSC 
Jack Petenon Lawrence Berkeley Laboratory 

• 
Operations Gn>up 

Paul Reardon, Coordinator 
Phil Bryant 
Lyn Evans 
Mike Harrison 
Russ Huson 
Andrew Hutton 
Derek Lowenstein 
Robert Mau 
Rich Orr 
John Poole 
Luc Vos 
Peter Wanderer 

Brookhaven National Laboratory 
CERN 
CERN , 
Fermi National Accelerator Laboratory 
Texas Accelerator Center 
Stanford linear Accelerator Center 
Brookhaven National Laboratory 
Fermi National Accelerator laboratory 
Fermi National Accelerator Laboratory 
CERN 
CERN 
Brookhaven National Laboratory 

Systems Group 

Donald Hartill, Coordinator 
Dixon Bogert 
Richard Cassel 
Karl Koepke· 
Gerry Tool 
John Zeigler 

Cornell University 
Fermi National Accelerator Laboratory 
Stanford Unear Accelerator Center 
Fermi National Accelerator Laboratory 
Fermi National Accelerator laboratory 
Texas Accelerator Center · 
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• Large Scale Coo!dovvns 
Ti:11e, cost, l·:o\v often? 
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• 5cpcirate Cryogenics 
Should one-in-one magnets have separate 
cryostats? 
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MAGNET COMPARISON 

A D B c 

MAGNET 

Field <T> 6 1/2 6 5 3 

Cold Mass <MJ) s.106 6.106 2.4 106 3.3 106 

Cold Mass/Ref (MJl 420.103 500.103 200.103 140.103 

Cold Mass/Section <MJl 35.103 20.103 12.103 3-3 .103 

Section <M> 600 600 1070 150. 

Section/Ref 12 24 16 42 

MAGNEI COOblNG 
Type Orifice Flow I Direct + Cond. Direct Conduction 

Main Flow Two 2" holes ? Ring Between Bore + Two 4" 
iron & collar 8 wedges high D's 

Pressure <atm> 4 4 4 2 

Flow (g/sec> 2 x 140 . ? 4 x 100 4 x 50 L x 56 

Temp. Gradient c°K> - .05 .04 alum/.07 SS .03 .07 

Subcooler Spacing <M> 200 200 107 300 

Subcooler Dewar Dewar 20 exch. Dewar 

Shields 80° 10• .. 10• ao0+10° 80°+10° 
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ALTERNATE MAGNET He FLOW SCHEMATIC - 4 PIPE 
CHR II· 8 ·84 

269/sec 

1ST 19TH 20TH 
FULL CELL FULL CELL FULL CELL 

1009/sec 

) 

u 
749/11c 

LIQ.Ha RETURN -1-.1..----------'--------L-···------..1--------.1..----' 
4.50 

4.45 

4.40 

4.35 

4.30 

4.25 

10 

9 

8 

7 

6 

5 

4 

. . . . . 

. . . . . 

MAGNET TEMPERATURE PROFILE 

• • • . . 

10° SHIELD TEMPERATURE PROFILE 

FIG.4 
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ALTERNATE - ST SSC MAGNET PARAMETERS 
NORMAL OPERATION 

STRING LENGTH 4.27 KM Flow 100. 
4 

g/sec 

10 Magnet Input 4.0 atm 4.3iOK Llci. 
Output 3.7 atm 4.46°K Llci. 

LlQ, Return Input 3.7 atm 4.40°K Llci. 
Output 3.4 atm 4.42°K Liq, 74. g/sec 

10° Shield Input 1.123 atm 4.35°K Gas 
Output 1.113 atm 8. OK Gas 26. g/sec 

ao0 Shield Input s.o atm 74. OK LIQ. 

- ~· Output 4.0 atm 89. OK LIQ, 

ONE He REFRIGERATOR COMPLETELY OFF 

LONGEST STRING 8.53 KM Flow 100. g/sec a 
10 Magnet Input 4.0 atm 4.3e°K LIQ. 

Output 3.4 atm 4.46°K Lio. 

Liq, Return Input 3.4 otm 4.40°K Liq, 
Output 2.9 otm 4.42oK Lio. 48. g/sec 

10° Shield Input 1.123 atm 4.35°K Gas 
Output 1.043 atm 8. OK Gas 52. g/sec 

~o0 Shield No Changes 

-
Table I 



LOAD 
100 .,. 

LIJAD 
I ?!I "Y. 

. ) ) ) ... ·.~ ... , ...... .AM:.•.··-... ...._..,.,..,,, ..... ~,,,.~··· 

) 

He REFRIGERATOR CONFIGURATION 
REFRIGERATOll fl 7 COMPLETELY DOWN FOR REPAIR 

LOAD 
12!1 .,. 

LOAD 
O"Y. 

LOAD 
12!1 .,. 

OPTION; IF NEEDED REF.if44- #10 CAN SUPPLY EXCESS LIQUli: 

RE! 
#9 

LOAD 
12!1 .. 

) 

'·' 
c[ 

c[ 

LOAD 
I OO'Yo 

-----·- -~---



) 
... 

.. 

UHTIAL COOLDOWN: 

N2 
Temp 

Tunnel "MTF" TESTING: 

N2 

REPAIR SEQUENCE: 
Time <days> 
Repair Isolation 

Bore Isolation 

Worm UP Using 
Worm UP Location 

) 

; ... '-:~·: ... - ·: ~ ) 
MAGNET OPERATIONAL IMPACTS 

A D 

Buy 13,000 tons Buy 16,000 tons 

80,20,5 

Buy 300 ton/day BUY 

- 5 !:i 

Valves on some lines 
He & N2 purges 
Purge with He 

Gos 
1 cell to 3oo°K 
2 cells to so°K +drift 
14 cells drifting 

? • 

? • 

. 

B 

<20,5 

3 

LI-tubes 

Valves 

Electric Heaters 
1 Section 

) .. 
) 

c 

80,20,5 

Pre test ol l 

4-5 

Purge with He 

Purge3.3 km 
with He 
Gos 
1 magnet + 2 enc 



- r 
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l 

·o 

\ 
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• 
1982 DATA-TONS PER DAY 

• -500-1000 
• -1000-2000 
• - 2000 -5000 
• ->5000 
8 - SSC SITE PROPOSALS 

• 

) ) 

) 

AIR SEPARATION CAPACITY 

• 

• 

• 
•1---; 

SSC COLO IRON USAGES 

OPERATE 250 
SECTOR FAST COOLOCMN 500 

FULL RING COOLOOWN 1000 

) 
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BNL - FNAL CkYOGENIC AGREEMENTS 1-10-85 

USE CONDUCTION COOLING 

. USE TWO SHIELDS: se~r PLUS 10 to 20°K 

ALL CRYOGENIC CIRCUITS 20 ATM MAWP 

VACUUM SHELL 5 ATM MAWP IS USEFUL 

AREAS FOR rURTHER DISCUSSION WITH MAGNET DESIGNERS 

BORE TUBE FOR 4 CM MAGNET 29MM I 33.4MM ID 
~ ,,...._ 

HOLES IN IRON/SLOT BElWEEN COi..LAR AND IRON L MGNET IMPACT 
~" <TWO HOLES BETTER ·1 '.IAN .QM!) CRYOGENIC IMPACT 

I 
<MEASURE CONDUCTIVITY_UF IRON) 

WARM-UP BY ELECTRIC HEATERS IMPACT 

COST VS ADVANTAGES OF ADDITIONAL PIPES $30M i 

COLLAR MATERIAL AL I SS 

\ 
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MAGNET CRYOGENIC DESIGN GOAL 

LOW HEAT LEAK 

Dipole N2 1.25 w/m 
' Dipole He .15 w/m 

: '. ! '. HIN IMUH NUMBER OF .PIPES: 4 EACH KAGNET 

80°K Shield 

, . , -· ~ 

... - ...... 

-

10°K Shield <Quench Header> .. ,.. _.., ... ~ 

-. Return Header <20 or LiQuid Return> I -. , . . 
Supply Header <10 Coils> . -. . . . 

' I 

NOTE: Two additional in tunnel { 4in ~e-2 atm lead flow 
3in Nz 20 a~n return 

NON FRAGILE 

20 atm all circuits 
?? 5 atm vacul.lll ~ne11 

~ 

He circuit 3C>O°K steo 
N2 ·cirt·'.)t 200°K step <Liq. ???> 

VAC. t.oss 

•• 
. . .. 

. · 
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$VSTE" DDUHTIHES 
F'RDH• 0000 
TOI 1;'21 

f'ltllllt l•P ~V".:T£H D£$Clt IPT IOU or TROUBLE HOURS EF'RO 

) 

I 
I,. 4 
l ..... 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
11?. 1 "j 0 3 OZ TVAC 
o·.:,1)1') ti401> TOf'H 

•JJO•l o .. o .. ""'s 
0502 0812 TCllt\'O 

0505 115!S "~'$ 

os2e 0545 Pace 
0530 0'53 TUHJHG 

0726 0800 "ltflS 

oss1 1oa1 TP: 

14? .. 5 1623 HRREG 
1439 l.f45 HRRF 

lbOO lt.05 CHISC 
1646 1;'00 HRPS 

1706 1t"l3 HRPS 
t 71 3 1 71 7 TCOR 
1~21 1724 HRPS 

E3 UPSTREAM 
E UOH"T OPEH 

BEAH VALY 
HFU ~4 UHIT 83 BUILDIHG 
C3 REQUIRED REPLACEHEHT 
REPL~CING THE BATTERY 8 

D:~ FOP. EJ. 
LE~D FLOU BAD AT Fl 
THE Dl BYPASS TRIH SUP 
PLY IS TRIPPIHG arr. 
H- ARC CURRENT TDD HIGH 
AND IT MDN'T CDHE DOU" 
TRYIHG TD GET IEAH ARDUHD 

HAltl RlHG 
AO QUAD REGULATOR DEAD 

A3 DUMP DOOR DPEH. 

HULTJPLE DO REGULATJOH ~8 
ORTS 
tUtODE PGf1 TO H l GH 
HCHET DEAD ALL BEAH DOWtl. 
MDRKJHG ON DO av PASS SUP 
PLY 
DO av P~SS TRIPPED 
Fl 9ULK SUPPLY TRIPPED DH 

WttTER FLOM 
DO TRIH SUPPLY TRIPPED 

~78 

1.00 

l.07 

3.17 

6.83 

.28 
4.38 

.S? 
l. so 

3.63 

.cs 
• 08 

.23 

.12 
• o~ 
• OS 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

d 

'i 

0 

0 

) 
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- OPERATIONS Sll!MARY 

_,Period of Ti• Covered=----~";.::E;;;E;:.;K...-12:;.:1:-...---------------

- •ates: 5/21/84 .oooo hrs. t11roug11 __ 5..,1~2 ... 11 ... 8 ... •=-------·-_.2 ... • .. o ... 0 ___ 11ews. 

Energy:__,;8;.;;o.o _____ Gev Flattop _ __.2uo'-----"sec:onc11 

Modi of Extraction:_~S::.ac:::..----------------------

Tota 1 110. of TeV Protons Accelerated: .281 I 1017 

Total 110. of MR Protons Accelerated: .219 x lol7 

Total No. of Main-Ring RlllPS: 10072 
Total No. of Tev Protons Injected: Utnt I 1017 

Total on 111 Loss Monitor: un I 10lS 

Total to Meson Area: .010 I 1017 

Total to lltutr1no Area: .012 I 1017 

Total to Proton Area: I 1017 

Average/Pulse: 2.79 I 1012 

- ,,...._, Average/Pulse: 7.87 I 1012 
For HEP 

.verage Injection 
Efficieney: UNK I 

Average Extraction 
Loss: UNJC I 

,. Aborts: tJN1t 

TeV Aborts: UNJt 

MR Cha"91 Aborted: !Zl!I I 101' - TeV Cha1"99 Aborted: Utftt 

Sc:M4u1td Mows Ac:t111 l Hours 
H19ft·EMrtr "'1s 1 CS 112.0 11.t~ Eff1cf.c1: 60.2 I 
Accelerated Stu41es aa.a lt.31 EfffcfMQ: 66.1 I 
Startup: 1,.0 
Tuning: 1.1, 
Accelerator Failure: ,1.31 -

~ 
Operatfon Hours: 157.0 157.00 
. Scheduled ShutdcMt: 11.0 11.00 

d Hoc Sllutcbla: 

Total Hours: 1&8.0 168.00 
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Ile!. C · (<.,:) 

~n~ • ..-1-----,r.~.~~Jft~.~t:--~---, anet Date ' 
Location amoved leplace•nt fi\t&'-" "'·' 

C.-\\-5 
ln•p•ctor of up1tream • down1tream magnet• '/oA. A\..&Cft"T '6 

Replacement 
Statu1 ~Olt D~1d 

lf eagnet removed i• a quad, vaa 
it 1urve7ed prior to removal! 

D 
D , •• 

Incorrect 
Seri•• 

llEASOH FOil llEPLACEMDIT 
1. · 18 Short: failed under power lflAc." l.1$1''4 Date ft"M.." • 111 

2. 

3, 

l:l'f>TREAH 
i.::; D 

D Hi-pot Hilliamp1 ----ccr~: ___ Date -----

I::] Convenience 

BENDING MAGNET LEVELINC DATA 
(Fill in appropriate bubble location) 

"Old" Ha net 

CJ1l11 

(11 I II 
11)11) Ai1le 

Wall 

"tlev'' Ha net 

QJ)ll ll]ll)l•tHea 
men 

(l_il_) 1_1 _l_I }1_1) 2nd:!!: 
•l:.;•~l~~--vaJ.!.. 

DV1:t:STK:AM END 
(11(11 II J 11) Aisle II II 11 1'11 11t Mei 

- ===-----------------------------------------. ....... ._.. ____ _,,_ 
iihtr1button: H. Edwards/342, R. Gerig/306, S. Hickry/314, R. -Mau/306, c. Hoore/306 

R. Orr/306, I D. P1ant/3D6 ' 
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) VERY GENERAL O\" ) VIEW OF STUDIES V~ HEP ) 

l. WE ATTEMPED TO BREAK THE RUNNING WEEK UP AS FOLLOWS: 

7 STUDY SHIFTS (ALSO INCLUDED M•D) 
14 HEP SHIFTS 

2 • STUDIES HAD 3 MAJOR PURPOSES 

A. TO ENHANCE THE PRESENT RUN 
EXAMPLES ARB TEV QUENCH RECOVERY, SPILL QUALITY STUDIES, SY APERTURB STUDIES 

B. TO LEARN HOW TO RUN PARASITIC ACCBLBRATOR STUDIES DURING HBP 
FLYING WIRE STUDIES. 

C. TO PREPARE FOR FUTURE HBP MODES AND FUTURE ACCELERATOR OPERATING MODES 
EXAMPLES ARB FAST.EXTRACTION STUDIES, BO LOW BBTA STUDIES, MRRF PARAPHASING ' 

LOW FRBQUBNCY CAVITY WORK. 

3. IN GENERAL PARASITIC STUDIES DURING THIS YEARS RUN WERE PARASITIC AND DID NOT INTBRl"BR 
WITH HEP. 

STUDIES STATISTICS 
TOTAL 

WEEK I 40-43 44-52 1-6 14-21 22-28 146 
212 149 452 

) 

SOIEIU!Um S'l'UDIES Hl6. 106 272 107 
AC?UAL STUDIES HRS. 46.6 168 71.6 131.9 34 Sli 
STUDIES/SCHEDULED 44\ 61.8\ 66.9\ 62.2\ 22. 8\ 

SCHEDULED HEP HRS. 529 1019 799 1020 792 4159 
samuD S'lU>IFS m;. 106 272 107 212 149 146 
STUDIES/UP 20\ 26\ 13.4\ 20\ 18.8\ 20\ 

ACTUAL HEP HRS •. 101 529 503 577.3 461.5 2197 
ACTUAL STUDIES HRS. 46.6 161 71.6 131.9 34.0 452 
ACT. STUDIES/ACT. HEP 46\ 31. 7\ 14.2\ 22\ 7. 3\ 20\ 



I" 

- BNBaGY 400 400 I 400 800 100 

NUlt I 40-43 44-52 1-6 14-21 22-21 

LillAC 3.t 5.5 4.1 2.7 4.3 

BOOSTla .7 1.2 4 1.4 4.3 

-
MR 22.7 6.0 3.6 5.1 5.2 

TIV 233.0 56.0 32.7 41.0 70.1 

SY 41.t 5.5 3.6 12.l 2.9 

UTILITIBS 39.8 2.5 4.6 4.1 1.2 

- ,,,...._ 
TONING 4.3 6.3 6.4 7.0 7.2 

CONTROLS 7.6 4.5 2.6 6.3 1.0 

TOTAL 353.9 87.5 49.9 66.J 100.1 

THIS DATA IS DOlllTIMS x 100 DOWll'l'IMB - -' ACTUAL BBP+ACTUAL STUDIBS+TUNillG UPTIMB 

-



'l'EV DOWNTIME 

,,...._ 

ENERGY 400 400 400 400 400 

WEEK I 40-43 44-52 1-6 14-21 21-28 

CllYO CHL 19.5 14.3 16. 7 16.4 31.4 

• 54 12.8 7.99 ••• 6.2 \ P.S. GPM 

CONTROLS 7.6 4.5 2.9 1.8 2.2 

TEV INJ. 0 2.3 1.7 .8 .7 

TEV U' 25 3.3 1.2 .91 .8 

TEV VAC 0 l .4 1.9 • 3 

- ,,...._ 
TEV COM 1.5 1.2 .4 4.4 .6 

TEV MISC 7 11.77 1.4 1.4 3.4 

TEV MAG 141 4.4 0 .78 38.l 

T QUENCH 5.2 8.2 5.3 9 4.7 

TOTAL 260.8 63.8 38 46.2 70.4 

THIS DATA IS DOWNTIME x 100 DOWNTIME 
• ' ACTUAL HEP+ACTUAL STUDIES+TUNING UPTIHB 



-

-- ENERGY - 400 

WEEK 40-43 

MEKS 4 

SAVER QUENCH 
TOTAL 28 

QUENCH/IWEEKS 1 

SY LB 15 

RB 12 

TOTAL 18 

SY QUENCH/I WEEKS 4.5 

1983 

QIENCHES 

400 

44-52 

9 

197 

21. 9 

0 

9 

9 

1 

400 

1-6 

6 

68 

11.3 

1 

8 

9 

1.5 

1984 

800 

14-21 

8 

69 

8.6 

10 

5 

15 

1.9 

800 

22-21 

1 

39 

5.6 

0 

4 

4 

.6 



' 
' 'I 

.o T 
' . T I 

' 
' 

I ! t I 

, I , 

' 

I 
I 

I . ' 
' ' ' 

' ' 
' ' I 

I , I , I 
i 1 , -r·-+-,....---+---.._++-r+-.1"'11"'1H-l-T"1 

'' '. ' -· 

' 
' ' 

' ' ' 

' 

I I 
' ' 
' 
' 
' 
' ' ' 

. , • I 

' ' 
' ' 

' 

' i I , I ' 
t:::~.::t:~~~ ·==·~ '::~:-_ ....... -+,--:::j:t::t:::~=t~~r-... ··+-.-t-H_-,,· --L.-~,· -t~~ -;- I 

' 

' 

' j I I i i I 1-

' 

' 
' 

' ! 

i 

. i 

I 

' ' 

' ' 
' ' 
' ' 
' ' 

. --~ 

----
~---------

1-----•---- , .... _.-_--__ -t.' :1cj::::i··:r::j~----i~---+-_-_-_·_~-+-'..-+~--"'' ---------·:_ :-_·---._-_-.~-·::...._•.•'.=~-=-~-~===~·~::::::':::.'.:::::::::..f::Ji!:!~=t:::::::::::i 
' a:!:= ----- - - - ' 

1----.--~-;~~~~-.l. L . ...:::-:::.::_: ;= .. -. ~i §c . __._, ' --'- ' .... .,....._ ... ~!---- - ~ I I 

~~~ :~ .. ·- ·_:~:·-_-_-___ ;_._._-_·-_·__ -----·-· --+-- ------...---++-~--~ 
~ ~ ( ' I 

t: ~- ~ --~--- :~:-'.-: _:'t: ;i:- -- _' ---j---x:: ~-r--

-----t- . f. b,._..._,,-+--- --- --·td-

:_-:-'f":.:_:'.': ::±:~---- f-,- ---.---_~ 
o ' I 

--· "L - - ' ---'-r, .,,-- ,-+1_. _;-'-tr--'--"-;- j• -
- i-=---" -~ - ... ..:.L.__j 
~=-::±' =· =-=-=~==-=-:;..=-=-=-::;=-=-=--=-:-;-.~--- -------:---::. =-lr=:=:t:::=:t::::::::t::::::·::+==1 
---->----, ----;; --...:. --+· ---.~---.. 

---~----

' ' I ' ' ' 

' t ~ --r· i--=i=: ---! _:J --~----.:.-. , __ , ----~--
!=- ;__ r- -~--t::+---._--+1--+-.: -~-_-+·-

• 
i- j; ~---~ '--+-----~:~·--+--:---+-

-
' ' I , I --'-

' ' 

' 

' ' 

- . 
--

----, 

- ' 

- _.:.. ___ ~ .1 
-- ' _ _j 

"'"-. ...- -4-- -l 



-

-

I 
; 

. >~ 
·. 

l<j -T 

• ·: , T '. I J 

' ' 
. I 

I 
I 

I 

' 

--·. ~. .;....,L ___ r '----·+--.---+-~·_,·- -- -+--- - -
--,r-------- ·- -- ~ -- ~-- ---- r---1 
~ :» .. ---1\) - .... ...,...,....,, ~-- - ·- ···-0\· _.;_ i - --· ___ ,__ .:._.'.:.: :: i 

-- -
·-:111.-i--- -··-. C--· .. , --· ~--;-~- . ' ·-j 

.., . ---+---~--·I--- ~ -- =..t=.:::::;------·--- ·--- _, --·- -1 
: -:~~~:~-=-;-=-~:-==:J:=..~-· ·=-±::--==t--:-::::_-~ -~:L~=~::-~::: 

-----.--- . . . . §· . . . .! --~---, I --~----~- -1 
-!-------1---·-- ----·-·---·-------- ··-·------·-, T----::t I ' -9···· • • ... -. --- ~~-:-:~=-. =~-=- : ·-·--i--:.__-:::;=~--

- . . QI - • . ··~- ·-----
.. - --. 

" _..,,....,....------i i 

•• 
.. 
f ··• 

--==-~-;-· :oo;;. . -- ----=~·=::---'t--'-+---+- --1 I ; 

·----; . -~-- ' -= . ::; ___ J ~-·- ---+- ___ , 
- --- . ..;. ___ ....o;;o----- . ----+----ii:;-...,...... ..... ----,,--<,'--+----+-----· +- ·-4-+- -~---1 -- I ' i ··-··---· ~- _._,___ ' 

._!IJ. __ 

I-•·--· 

::J 
--l-

·-"r-----, 
I 

' 

: 
~----:-i --

--+--~-·~' ' . 

1----~ . 

' ' 

+ ' 
~--· 

I -- .;-.. ---.-~-+-'--_-_-_~.-.1-_-.-.------.-,--·~-: : 
------·--------.-,--,,_ 

r- -

~, 

. ' 

' ' ' 

·' . 
-

• .. 

. 
' . ' 

. 

. I -=r 
; ;-----

- i 
-t· 

1 
. . -+- ---i--~--= 

; -~ :--- -:1~~ 
-;-i--t----<:1--· ·---- } ___ .., 

L. ·-r-- ·- . - . . . . _,_--'--'-r-· ·--· :.:::J.:=• --
;:E ~+------ ------;- --1:~-------~:::----- __ ;-------r-•·-+-: --+------4------1- ---

' . ; •· ' . 

~:-==.= ... ~,__~-~===~1-~:n:;::..···:::::;::::, ==~====:::'.:::===:t=l_=_= __ =tTl-=•.=.=--=,~"='1~·=·~j~====+=.=l==·+1-=-= .. _==t_=_=_= __ =1 
--~-:-:·::::;_. ·-=~a:..-±. --~-:t~·--_:U0::=t---,.·-., -+-.-.-- ---------

~-+-.-i---+----r-.- . ...,.. --··--- ---·-=--== --~ ~-z=:r----+-,---+---+----1 
!---~-+---·-- -----· :--·-· ; . . CJ) . ' . · ' .-_ -1---·.·-t-_T .. _· r:--.. :r ~-~_!_ ----i -'-····-<µ-...;.-+--..__._,..._ __ _; - It ·I :-,t-,---,-+-,-.---+----'-o---·-.:.-f-•----
,~ ___ _, ______ .. ____ _,,___...;._ .• ____ ,_ ___ _, --- -·· -- • ..-.. -. ..... ---+----+-----+----I 
::==~-==:::·:::1~==1t::::::~ll:::;:;::::t:::::::;::t:::::~r~ T::::::-=,+·==~-= ~· r------t-- ---+--i-i-,--1-, ...... --+---•,-<,i----·~+-,·---~-~-·-f'T1"'"7""-+-----t----+---+-~---; 
' - . - . ' .. --- -. --· -·. - -~--:--::'.I4=:=:8·=~==t:==:t:::t::~~=:t:;::_-;-;:-:j::;-:-:-:-:1+:-:-:::::;--+-·-· -
~~~ · j·:= ::= : · r ~ ....... : --'-, · ...... i...;_· ~.:..:._· · · ~=: :k -t -~:----r:-+-·-·-'-_+--1---.::_-:_~_,·-
~~ ~-~- :__· . .=:9-+-j ~~!-.t:::..- - - . :..-:+---= :=~=-tn -' ~-'--+.--~---1----1 

--- ~---· ,.._ ·--

~-=r- --=~ :=:::;· --'--'--+-------=--=-----t= .. --- ___ _, . 

- '!"""-. ~ ...... ----1----+----f---rri ~ --. r-·. C ··- ·-- ·- ___ ;_~-- c-·-·-. --+·- -· - . - __ ·,_ ___ _. _ _._-h---+---; 

--
-·-- -----J-+-•~-~-..l. ... _.;..._,t-,-,..j:...;...;,-,-1-,:,,,;iic.....- -. --- -~~~~--t-;-1---1--,.---1~-....;.+-----< 

' ' ' ' .,,., ; T ··+--~l-- - ~+---_.· __ '_._.:_, •''---1;4•+-''--1•-··--'--t--'--+-'-·---1 
---- ------- ---,- I i i- -~ _:!_ _: ..• I ' ·--+-+-++-· r--. --1;,. ----+-'-'---+_. ___ <~---+~---1 
>----;i-----1.--~--+--'-'-'-1-._~-;-t-+- I , . -r-r--i·----:-+-:---+-+,--->-- --·+----< 

T . ~ i I t 
0-----+-----+-----+-"--;....,-;.~~~ i-"~~,-'-i--+•Tt-o·.,-+--,---,.-ic..,-,.---1-•,-',--,-+-,-, 

-~- ...:..--;- ___ ... _:..... -~.,... __._, --;•· __ .. ,_____ r --- .,L __ -''--i--+-';.,...;.,-1-~'-1-'-'-_. ..... -1-___ ._._ ___ ~ 

·il!·-ii~~~.~,-~.~,~.,.:~~~·;·11:11·~ 
,...... ; I ; ' I o ' ' I : ' ' : : : ' ' ' : ' I ' I ' ' I ~ , 

H,-!,-+-.i-.-t+.,,H,-!,~-.... ,,H,1-i,4 .... ++.,-.J...-r-,-1-,.-,,.....i ...... ,...,.,---l-~ ....... --r-I----- ~ l j I I ' 

. ' 

: i I ' I I 1 I I , 1 ' T: I ! 1 I ! l I I ' 
' ' ' I I T~~ I j J I I I 1 I j I I 

' ' I I I I i i ! I T T T I I I 1 I l I • ! I I 



-

-

• __ , __ 
• • • • 1 I I I I I I I I I 

• ;. 
• • 
• •• • 
' r; I I I 
: J J I I 

!I. I I ~ . 1· : i f : I I f 
·= ././~ • • .. 

a ... .... 
• • .. 
a 

f: 
• • .. 
a 

•• • • • • • 

-ii 
~ 

8 I 
AYI.- T rYI • I 



- -

"tYQYEIX ''"I fQI CfCH •XPE 

BEAM QuENCHES 

INJECTION QUENCHES 

ACCELERATION QUENCHES 

FLAT ToP QuENCHES 

FLAT ToP QuENCHES 

,33 HRS, 

,42 HRS. 

.76 HRS, 

.85 

OTHER QUENCHES 

FULL HOUSE 

QP'1 FAILURES 

P,S, FAILURES 

• - ,. 1... .... :.-

4.26 HRS, 

.78 

4.08 

·---:- .. \~~ ·-



S S C. C ~ 0 \.AJ or Jc.s il cl)' 

.JtJhh foo /e_ 01/trf'ty 

SSC Rt: 6ULAR l<EFILL _ WAE'M SrAQr 

C'ICL•NEa NJC} 5e.TUP 

SE.T • vP AND C\.-' f.O{ l~J;crioe.J S 

Se.PAAA"TE. ~ALL oEAMS 

Flt..L SEAN\S 

A c.C.E.L.EQF\"TE 

Loi,.J {!ft."TAS (c~t-' a..e) 

Lu~ •NOSIT'I ( e.AC.tt o~ ) 

\~ ~ ~TA S + ~N\\~O~cTV AA\1~ 

To ~ se C2cAt... A-t>D 2 ·~ N-t. Fo'2. 

~ L.4S-r O\\le T"o ~e fi2..eA-v'f 

1 Iv-. 

15M 

16~ 



T'fA cAL J:>ltY 

e-x~.ellll\e:~ MA&N£. rs 
""'11:) n+E,\t2. CoN\Pe:N~ o...J!:> 

f5 M ed.. 

~h_ 45M 



) 
., 000 Hours 

History 

'000 

'.>00 

')00 

')00 

') 

,_____.I Total scheduled 

li!!!!ii!!3 Tota I achieved 

Physics lf"HAchieved 

~Lost due to ISR 

1971 
S% 

1973 
i!tZ 

3929. 

of 

3831 

1976 
,,¥ 

ISR 

4879 

. .. ... ... . . . ... ... ... . . . ... 

1977 
G'.Of 

.. 
) 

Running 
5360 

::: 
: : : ... 
. .. 
::: 

. .. 

... . .. ... . .. . . . . . . . . . . . . ... . .. 

. . . 
::: 
::: ·J ... . ,. 

i •. 
~. 

1978 

6.0% 

•105 

Hours 

•611 

1981 

All 
1982 
.. ,, 

): 

5767 

'11.Gf 

,,, 
1983 Year ,., 



-

-

T-- ~, 

;\,;'\-\ -· ·-

c. 
I ~-1 ,• I·"" 

. .~ I ~ 

~~·~\ """t' 
i 

r n, 
r-:> ;.-. ~ ___ c. .... 

\ 

~ 

< ..... ,,. ~ ...... ·~ 
____ ., .. 

1 l 
, 

j I 

,'.'_ .~/· .. ' -.,,,, -· 
/ I - ""\. 

·'v-.. I 
I<- 1 

._:: .·-. ~ ~ ·-/ 
I 

- ·~ /' I ,,. ~ - .... .. .. 
~ I '- • ' _,. ·' ; 

... ,..-.... · 
\,,. .. .,,,,,.. . --- '--

' \..) 

I 

• 
I \".. 

. , ' 
~··'''/''·--_ ..... .,., .. , ,., -

,__ , . ,,.. . '/),. s 
:.,....- - - -· - ' 

) 

I . ! 
W;., I ( •\. 

/ 

/ ..... .,., ,_, ;· 

• • ' 1 



-

--

&e/ ~$/o7 i 1.4 ~JI, An6i!_to6''1 

~$/Cs ~Mii. ("'":I 1'•-9 
I{ ;&uwi ,??,.,. w,i'J ~ ~jt~•114 ,J 
Aaf.k.J,o,. " ~, ~~ ~I/ ~ .,;;.,,;//,,,,-~,,,.. · v 

-t---06.00k Clos«- !SR hA111A1.l. 

• 



···-· ~c.· 

.J'S~-"13om~B/ 

J%1'- ~HNT 
"3/11/1z. 

Tl~ .Jnk~~t"~~~ ~/.& ~ ·~tr 

All,/ 16 ~ti- jM l>W Se~4/.l 
·--, (/ 

-f:t ..7,,h~~-k11u ~ ~ ~(/~ . 

· . (4'fa"at. fi..~- -:&<*J-!J. 'vu- 6. 1toha. J;r ~ (11>4~"',j,;... 
f J.tMl'h·~ M(ti,·"' .,.h~t (:,L-.-.J'},1.) -A atc..~h·tM. I& ?I~ 

Lia> ~~k ~·dtd A '4-.ekJ. ~~ 4M. l!~'<J tu~ ./f.I- . 
~,;[ k,.,.., ~ ,...,,,rrl.,.11.u t:k11~ ,,_tce,w..h'""- /& ~I 6'eV,{. 

!l ~ ... A~E,~ ~~41L~E//J,~ 1'rittt1'fJ. ~(M.r fl. 
<'Kr~/w. ./- tu~A.lfc.u JJ,'41 aH.rllr ;ft, "' ,/,,,k ~ riv. 
o.J,.,,.,.l.,_~J.1 ~ \ S°C. I /1'M.' 

~) letw.-~ 1:.&U..L sA.·f.1.. One foe.tor ,j. ~,.k,7. /'",+e.. 
~" ~ /IV/k.lor ~ /k lk~ -"-.wt J-,,,,:r.-

tt) ~0.!!"'!!.tnJ..~)!~ C ... ...__ Q...Js ~,J 114 SFWl~~11t11#1. 
~ olfFIM c-..,Je.. 1'1Rr - wttl .iw ~ -1- C4ntlH'H etv11.ljk 
·rr~ -.,,/ ~""'1"'1"'4 c,.J;;,I ·~wb:r. 

(/J Q~ ..ffel'-"'~ c....h..,·ro. .u.,,,,,,.;,~ 'xr"'~ '~u.'' rl. 
JLr "'tj it\ ~~ wqJ.. Fir -t'U.M.f~ f'-~·,J~ Ins ~Mctr<~ 
Jfl~/U •'""J~"" _..,, .f-L;. M~/14.S J f~ \;'A.t~ ,..,_ ~4"1~ iK Al\ 

,·Jr" ~J,n. c.k. 



.. .·• 

"" J~J[~ ~J;J~-4~ 

. . . .?A:t lt 4' ,.,&,. tYMJdk ,,.../ldlt, ~ f)(""'I'~ 
~euUwi )•,'f &,; IUt#t (/'~ w.~ ,L,J- -J. «Ad;~ r'f· ... uL ·. 

(su. M'b '2.rll l'frn'IMI .n~ .J 1--tth/1.,~'l - 2'. ·/- ~t""""' /,·..;,,·~ f..1.f), 
~. ;,.. ·kuA./-04!U( . fl.J ~,~· 1'N•w_ irt~ /~ > .. ~'~1. -1-.~ 'fH~ · 

1- ti.. ~va,·} .. u, "'A* Alllt,l t'~~: ht.u. ..;:,/ OftCL "1l.. ke.""" ;.1/,.JJ.. 
1'f- is J• t'JiHM (-"' 6°oJf) 11.J- kAlfA-~A.._ #Jr Cl>

1
~~- -&.~""" ,,.,,; 

;"'- tie olJ.,,,. "1 ("" M:b 12101 1/~/1,12- -1rJ., fr, irAe~ /,•144,'f h10. 
~ J'AI~ 1f. ,; ~ 1'. J~ l/.f - ht../1114/A'u -tv~ l'H.~J · . 
_,! ~urt~ ~ve 'k"~ Ht~ ,_,4~ 1'1- Au ~o-.e -~ 

·,/1'/l>uJl- /,,- f;,.) ~~J,•/t ~'f"1'1~J;. h hU\. /A. fl._ fw~ ,~(fl• 

. . .4-& ... ~ ~.t , • .., P•:; ~ 1£ ,,f..t./.;J-
,~~) ~-J:J:J .t1"'fl.i. Miff/I ldA ~ M.A.,,k_ f liru . 
~~ 1-

1
10 e~~c.u,/\111~ rel~~. 

~ i. ,EQ,11- JS~_, 1':t3 10 UMAcccJ..;.,e, scJ..J.,./u, 
~ 2 •. l1f'1'J.llt. .:rsre; i'~+ 10 e~iuJt·.,~ Je~. 
~ 3. ,/~.IS~, 19~2. 1() ~~·~ .telJuk. 

(// Jt'~k/p_ t'.'~"IM .:f,_ /o . ~ .. /Nib. HC.K.t 

f j11t.llf .as~). 

7k ~lloc~~ ,e·A~·•.1i\1-·~ ~verJ""?· 

./;.Jt~~ A"4 J.-,, '"'"'" p/_,'l 1"'4 ~ e~nec, 





-

-

-

C~.
1 

A . (;..J;-.ti.J. ,· ... i.i...J 

J..J.y-llJ- tyu,.;-...14 ,· ... ~t... ,.,. "<J ~ 
~·~ '1!i. ( ;,.,i;,,.:Q.J ; ... ,.u .... ) 

J ,;.} ....u -/- H..t /wo n'"q r , 
C...tr<.jo~ c . (,·.;; ... fLJ ;.._ rt.0 

£°><clwi11v. f. ~ •/ .~.- ~er _. r•'M'fi 
•I tNU° il'~r "'1 (M.tL i" "'l<UJ_,,, i-..J1t..li:J 

f•'"-~,·h'c ) 

A .:B c. ;;hJ 
~· (1..1,r....i..J) (:r.;....1-) ( ~.u ..,.:r..i..1 ri.. .. ,.,, 

p E•c.l.u.11'"") 

i (1H1) 113. S" 11f1.0 Q..S" 2ss.o 

2 ( 19H) 112. I> '}4.5' 58.0 ~~.o 

3 { -1·nu.) U..c 1s'3.o * 122.0 3s:f.o 



.. 
\(tJl~\ - • 

~,, 
a 

. 
• &.~ '"""' 

.. ,~ t~ 

o""" l'~bLL 

IL~ "ee-pA «. 
~ T....C. 
~ '"'~ .. 

.S Sc C. & o w Nks ""'r ----
}<. ~l K' o t. f k Q. - '' Qk c._. cL.. oJ..u.1.,').., 
~ 'f'r,.:fe_r;l,n. "8 S S'C 11~....d- g ~ rf.e......s; 
01/1£fg'5' 

. ' '· (~"~~~'" 
• ~- I 

'-· O~J~.' - tJA•~ 

Two 

.,._.. ..... ; ,).-.. 

W1'1-.-wf'1 ! ~~ ~1 

\L~~ r~ . J.J ~ 

'1.~' ) 

' . ' -, 
.IMaL, • 
c..t.a "'-'-- .,.._, WM 

I 



-----------------.---- - -

- 1tiu 61. -·ll •.tN'• I,~ . .:.,, r-"r...,.. 
,_CM~- - ~ ~ ,!,_~.,;~,/ -'; tn•"""""-- . ,.. . 

~--- JI..-/..,,.! ~·L "-•"t,.'f: .,_ •• I'-
.• • +,~--.'- • 'i'""a!·<·· _:''.··_:::···~· ,', ".:; •_I ' . ~.y,r_. ~~~lr>t~"·"'lt 6MJ.&""'4 .. 4 .. ~. 

, • .., • ~.J.. t ..w.c "' " ( AA.rt. ..... ) 

I"• ITS ( f)~ OJ Tl\ a r•"' ~ ) f::. Cf\-

! t(. 'u A..~ 

Mr A. ... \..I u ='> 
.t.."...:."'*c. ~ ~ 



r!;l .... ~:!.. 

·--------~1,,1~-------

c, "'"' 

(~µ., , ... 
,,. '" t ... c...t.. ... «ot..) 

- ~ 2. l.tJ( tu.__) dA iJ.~ pk ~*"( t•L"-. ~--'I- • , ' 
'1 IWI•~ ~yA 

cc J.o J.i .6.. ( /~tJ ~ ) />" ccalR ~ 
& L &,.41'rJ, • 



-

-

"'-

- r1-t.1tt-~ . .. uu-Qt.t. f u.v 

\ i -i:" 
~ r l 

.... Wl-:n 
'J ' 

-~-........ ,,c.. elq- w-w .. u.. 

' • · - .. \ I · .. - - - - - - "J.-" · · \ 1 • .... - · 
~"AO TIL1 '1 j' (l\IA-0 T&.1'? 

PASl \Vii '4A&.F ~E'-C. 

J~~~J ~' l!';l!l r!t:!l ~Q_ 
b ~ 1) b ' ' 

~C.Tt v< 
'"' ~~1= C.11.\. 

"'' • "" 
.,& NA ..... _ 

~ Jj '···- cav. ~ec eta• c c.e1-,.,_ _,.,,_ H/A - w. .. 
·l)t 

t Ca\ - tJ1..J.M ,.,.. !~ll ~ 



-
Ctw,.•AA~S ==== .. = 

10~ Ct.OJW' 

"T 

a t11~J 
'2,.. 

2.YO 
lS-otc~ ~ 

=: ~«.-~ ..... ¥"" &. ., ~ c.r- ,,. -- ~ 

c. l'A u "-' '· ¥ iiC It.."*' 
ST c..rr 
\ I (a.~) 
'I if 
flt. o ?oo 

('~uxl +S-o) ( J2.d2 -4-1.•) 
1'• ~ c. f'• .tw-l 

CJ..11"" : l.- ~ ~ '::J - 4 ~ 1" _,.. ') S-0 a I(. 

~ ,...._ ~~ 'I ,1.t,.t.,,,/ .-.-~ 

~'-"" P.S. 
~ s c IL' c.. DI ••ti ) 

<)Jc ' 

ll.o 
t Lo 



-

-

-

• 
T).,b~,_. 

VIW. IW,, .,v 
«.. ~'"'l ,...... ,.,,_.. . fl,IOT C~I T•<.Al. 

.... ~_,~,Ii'(.,,"' lll'A-) 

te1.f .. '"Jtn ,.,,~ , •c.c""' i . e 'J 

~~.&l: • ..) ~ 
b.~~.,.~ 

11 i>FT ~ 10 ti 

~I._" ~~ tAJ-'cc.l 
- CJA.i>•"ll- •I! ,,,,_ .,.- ( 7 ~' ,,r 



-

--

-

-

,.. ,, ' 
? ~ /4•f1ewt>f 

"· ..-:; f 

' - , ..... .,, 

t,ct./A ,,,, '-' T /' 

"''l:"?f. /4- 6 I '-I '7 

Acr 111tt' - ,,_,,,.,. ,, A'"" ;e· .v'*~'-*' 

tl.. /!"1~S• ~.I~"-' Cl'lt:"-!l 



U.·:amara.· 
~·· - - ' ···. - ·' 

I''···~ 

I· .. ; 
' .. 

. 

-·- --l-



- ._, ... .·.;.. - :..... .. -· ~.:.~- . 
·' 

-- ·-. . . 
.• 

.. ;., 
...... ·--.. - " ...... .. 

' -. 

L-7 • Separate Cryogenics 
Should one-in-one magnets have separate 
cryosta~ . . ·. .. ... . ~. . ., . ,. .. . 

. ... 

.. ·. 

- . "-.. ·-· . ·:-:~--- ,,_ .~. 

....... ~. -~· . 
. ' . 

• ";.-_';:,_::_,; .. ·'t •I_·::;•.:. . -... 
··.-:- ---~--

~-: __ .,:_,,~·:-~ . 
''" ... ,. 

» .; . .-~: :· · .. ::_ .. ~ .. ~ 

------·· _ ......... ·- --·· _,_ ... :.j 

-: ~ ~. ; : - ";. .. .~.:. : 
. t t· : .' J 

•. J;~ .• ~· .. 

... 

\. ; -1: 1_.-:k_.-~f-": ' 
:; : ~ ~ 

.. · ... 

' f 
f 
j 

t 
f 

' • ' l 
j 
j 
l 

j 



-

1/ 11 /f.5 

~ 

f f, ~ l..:f kls I ,,,.._f's ,£,, 

r z. fA,( JJ~ 

~ r '3. 11 r1:r-:1-
' 

-f f. ~ illtlc,S - .f£w- r.~s 

~ LJ-,.. s ;v f!nl_:_ QJjt ~:c-
4{ t«.~ ~ ~7 I 

-f $, ~" .,. oz ruH:.4v~ 

f~ 'a-I Ir'~ ~.../. 
-F-1. 1'1rh-( ~~~-ft. tJ,l-~ 

I 
Ii 
1, 
j_; 

r1 



-
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1. MAGNET OPERATING TEMPERATURE 
2· HEAT LOAD 
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• LOW TEMPERATURE 
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3. PRESSURE DROP IN MAGNETS - ALL OPERATING CONDITIONS 

... PIPING - NUMBER AND SJ ZE OF Pl PES REQUIRED 
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,, 
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•Direct + cond. 

? Ring Between 
Iron & col Jar ,, 
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.Olf ollm/.07 SS 
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Dewar ,..., •. 

""" 
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2.11 106 
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12.1o3 

1070 
16 

Direct 
Bore + 
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,, x so 
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21 exch. 
'Ml'+lff' 
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lf2 
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Design Questions 

• Magnet Selection 
Is it desirable? What are the two-in-one 
implications? 

• Fractional Testing 
During commissioning, how many magnets will 
have to be changed? 

• Field Level 
What is the difference between very large and 
ultra large rings? 

• Optics Restrictions 
How do they depend on magnet type? How 
important are they? 

• Beam Crossing 
Problems related to magnet type. 

• Correction Elements 
Problems related to magnet type. What level of 
redundancy? 
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A. BASIC R!QUIR!K!NTS POR REASONABLY RAPID COMMISSIONING 

o KAGllTICALLY D!-COUPLID COll!CTlONS OF SUFFICI!HT KAGNITUDI 

TO COMP!NSAT! POl ERROlS AND CYCLIIG PRllOMllA IN TR! 

MAGl!TICALLY COUPLED BENDS AID QUADS 

(2-IN-l; AND, POSSIBLY, DUAL MAGllT STYLE) 

B. D!SilEABLI l!QUIREM!NTS POI COKMISSIOIING 

0 

0 

0 

0 

DE-COUPLED BEAKS IN THE IR'S 

SINGLE BEAM OPElATION WHEN ONE lING IS DOWN 01 NOT COMPLETED 

CAPABILITY TO OPERATE BOTH RINGS AT DIPPER!NT ENERGY 

LEVELS WITH 01 WITHOUT B!AM 

CAPABILITY TO RAPIDLY ACCELERATE AND HOLD BEAM IN ONE RING AT 

LOW EHElGY (SAY 3 TeV) WHILE FILLING AND ACC!LllATIRG BEAM 

IR TR! OTR!l RING 
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P.JR 1 /17 /85 

BASIC REQUREMENTS FOR OPERATING EFFICIENCY 

o Siinpltcit,y of Design 

(e.g. Not too Nny 11111ltiple corrector system 111d associated 
compl!!x software systtlllS) 

o Installed redundancy in control, RF, powr supply and other distributed 
systelllS 

o Very high reliabilit,y (and destgn stinpltctty) tn •gnet and cryogenic 
systems 

o Use of Identical camponents whenever Possible 

0 Demonstrated reproducibility of performance tn subsystems 
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OPlaATillG COSTS 

0 DiffEaEJCI IETWllll LA•GI lillG AID ULTaA-LAaGI RillG 

PaOIAILY LESS TIAll 101 AllD PlOBAILY MOii LI~I 51 

o PRESENT APPROACHES TO MAGlllT IEPLACIMlllT tllADEQUATI, 

MUST BE IMPROVED, TOO TIME CONSUMillG 

o MAGNET RELIABILITY MUST II IMPROVED TO ESSEllTlALLY 

ELIMINATE MAGNET REPLACEMENT llQUlllMINT 

o IASI OPIRATlllG COST ESTIMATE Ll~ILY TO DICRIASI AS A 

RESULT OP IMPROVED SlTI LAY-OUT AllD ADVAllCES IN AUTOMATION 
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OISlllVATIOIS 

A. ALL MAGNET STYLES MEET BASIC SSC lEQUilllMENTS 

B. OllDEll or STYLI PlllPlllENCE 

(IP COST Oil OTBEll PACTOllS NOT OVlllllIDIIG) 

l. l-IM-1 MAGNET SYSTEM WITH MIITBEI MAGNETIC Oil CIYOGENIC 

COUPLING 

(a) MOST FLEXIBLE FOil COMMISSIONING, OPERATIONS, MACBINE 

DEVELOPMENT 

(b) ALSO ALLOWS POil ACCELEllATOll DEVELOPMENT STUDIES WIEN 

ONE llING IS DOWN 

(c) ALLOWS POI ASYMMETRIC ENEllGY OPEIATIONS 

(d) ALLOWS FOi P P OPERATION USING BOTH RINGS 

2. NON-MAGNETICALLY COUPiED DUAL K~r.NET SYSTEM 
---- - ~ ..... _. __ .,,......_ ... __ ... ...,_ - < • ··.-

(a) ALLOWS FOi ASYMMETRIC ENEIGY OPEIATlOI 

(b) ALLOWS FOR P P OPEllATION USlMG BOTB llIMGS 

3. 2-Il-1 MAGNET SYSTEM 
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i' .RJ · 1 • ; I Cl) 

PINAL COMMENTS 

THiii AIE NOW NO OBVIOUS SHOWSTOPPIRS II PIESENT SIT OP 

PIOPOSID MAGNET STYLES IP BOTH BEAMS All ALWAYS TO OPERATE 

THROUGH THE IR'S IN THE COUPLED MODE AND ASYKMITIIC ENERGY 

01 ENHANCEMENT OP SINGLE IING OPEIATIONS POI ACCELERATOR 

TUNE-UP, OPERATIONS, 01 PARTICLE PHYSICS IS NOT IEQUIRED OR 

DESIRBABLE. 
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