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Introduction 

The Perail&b TeT&tron is both the world's hi1heot 
enera accelerator 97at.• and first larse-scale 
nperconchactiJa& SJD.c.brotron. Since TeTatron 
com.i11ioniq in Jul7, 1083, the accelerator hM 
operated in 10114, 1985 and 1087 with extracted ....... 
of 800 CeV for three ruDS of find target ph7oice, and 
in 1987, and 1988, with proton-antiproton collidinc 
....... at ~ CeV. This paper will focus on the 
collider operation of th• Te•atron: it• pre11nt atatu. 
and the outlook for ite loncor-tera future OTolution. 

I!PrDTeaento Since the 1087 Collider lun 

Since the end of the 1087 collider run, there 
h&Te been a auaber of •icaif ic:ant iapro•eaent• in the 
TVious accelerator nbq•teu. Tb••• bpi-o•eaent•, 
whicll were crucial to the aucce•• of tbe pre•ea.t 
collider run, are briefl7 deocribed below. 

Antiproton Source inrOTeaent• 

The perforaaQce of the Aecuaulator tr&UTer•• 
CGre cooliq 97ateu bu: been iaprOTed b)' •upprea•ina 
aadeai~le paru:itic ,,..•esuide 90Cle• in tbe pickup 
arra7• with al.era..•• ab•orber•. Thi• bu: i.aproved the 
.. ittance of the pbar l>e.. •ent to the Te•atron. In 
late 1888, aicrcnra•e ab•orbers were also installed in 
the Accumulator stack tail syatea. The instabilitiea 
frequentl1 •een in this systea, which limited the 
sr•t .. perlora&nce at hi1h •taek iat•a•iti••, haYe 
been 1ffecti•el1 eliainated. Additionally, an optical 
notch filterlB hu '"'•n added to the Debuncher 
tran .. •r•• cooliaa .,.tea•, which allowai the .,.tea to 
cope Yi th the inereued CJcle rate required for 
'multi-batch' taraetina (•••below). 

The Accusulat.or boriaontal aperture at the core 
1t&8 iapro•ed h7 a reduction of the hori1ontal 
di•per•ion in the straight aections. Thi• bu re•ulted 
in .a i..mpro ... eaent in •ta.ckiq rate at hisb •tack 
intenaiti••· 

The Toltac:e in the Debuncher bunch-rotation rf 
SJ•t•• bu been iucreued bJ a factor of about 1.6, 
re•ultiraa in an iacreaae in the pb&r •ta.ckin& rate of 
rouchl7 10-20I. In the Accumulator, a new rf cad ty 
has been installed which allOft aoro flexibilitJ in 
the nuaber of pbar bunchH oont to the ll&in li111. 

llain li!,I iapro•e .. nt• 

'Kulti-b&tch' t&r1etiac refers to an operational 
mode of the !lain linc for pb&r production. In thio 
aocle, three Booster hatehe• are injected into the Main 
liac, accelerated to t:IO GeV, and extracted one at a 
tiall to tho Pbar Source on a lODll flat-top. The 
purpose of thi• operation is to allOY rapid-cycle 
operation of the Source, :reeultiq in principle in an 
increued pbar otackinc rate. Operation in thio mode 
requires .. ltiple bunch rotations in the ll&in linc 
prior to extraction; the•• aultiple rotation• re•ult 
in lOD11itndinal nittance crooth. This nittance 
arcnrtJ:i, toaether with inefficiencie• in tBe Pba:r 
Source, laa•• liait.ad the effeeti••De•• of thia mode of 
operation to date. further .,. ... studie• are plu.ned to 
dnelop M&DO to control thooo probl-. 

Sianif ieant iapro•ement• ha•• been aade in the 
efficiency of the bunch coaleoci111 proceso in the !lain 
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li111l. A leDftheDiDJ of the llain li1111 flat-top hae 
allOftd the hunch coaleociac procH• to '"'COM ""'" 
adiabatic, thus peraitti111 a l&r1er fraction of the 
initial 11 bunches to '"' coalesced into a •iacle 
bunch. The result is not onl1 an isproTuent in pb&r 
tran8fer •fficiency but alao • reduction in Ullbunehed 
beaa and in the .. norall7 andHir&ble 'satellite' 
buncheo. 

PiullJ, duri111 the ehutdowu period prior to the 
~eat collider run, a aajor rework of the llain ling 
lattice in the area of t.he DO 0Yerpu1 wu 
adert&ken2. Tbi1 rework hu had two couequencee. The 
••rtical diapenion ••• around the riac, which 
rHulted f,... a ainatch betftOD the DO oTOrpu• and 
the root of th• lattice, has '"'•n l&r1el7 eliainated. 
lloreo•er, th• Tertical di1per1ion aia&tcla between the 
!lain linc and the TeTatron at IO has been eliainated. 
The &boence of thio •inatch has reoulted in naller 
•ittance beau at DOO CeV. 

TeTatroa ispro•eaents 

Shortl7 after the end of the 1987 nm, the 
90dific.atiODI necee8&rJ t.o iapleaeD.t 8x6 bunch 
operation of tho collider wre '"'gun. The njor part 
of theae llOdification• iaTol•ed the Te•atroa injection 
kicker•. The kicker n•eforu nre modified to 
eli•inate p.,...itic kicks deliTered to stored bunches 
upon the iajectioa of new bunch••· 

Ono of the principal contributore to the 
anoaaloua eaittance crowth ob1erYed durina. the 1987 
collider run ... ideatif ied in early 1988 .. the 
char1inc poon oupplieo for the proton and pb&r abort 
kickera. lapro•ed filterinc of theae power supplies 
bu eli•inated this probl... Fil teri111 has also boOD 
added to the loo-p quadrupole power oupplie• to help 
reduce additional eaittanee crcnrth oba•M"•d when tbe 
TeTatron la in th• low-I confiauration. 

Lar .. tune and c1ir ... ttcit7 T&riatiou in the 
Te•atron at injection and acceleration were obaeM"ed 
darinc the 1087 run. These effect• are l>elieYed to be 
related to per•i•tent current• in the 1111perconductin& 
Te•atron dipole•3. To acldr••• thi• problea, special 
pro1&1111&ble raap 1•nerator• were izmtalled on the 
deTiceo which control tho TeT&tron tune, chro.aticit7 
and couplinc; theae ru.p 1enerator1 are prol'f' .... ed to 
a.utoeaticall7 coapensate for the Tariatioaa in the 
critical uc:bine p&r ... tero4. The ispl-ntation of 
this •ch• .. has pro'Fidod sufficient control OT•r the 
r .... - tun• and chr ... ticit7 that this proble•, 
which - qui to •erious in 1987, ;,,, DO lOD11•r of 
operational •ianificance. 

Pinall7, one of the 11Ddeoir&ble feature• of the 
1087 fi.xed-tar1•t run ...,. the relati•ely Iara• auaber 
of TOTatron dipole failuroo. Autop•i•• of theoe 
failures haH mealed a correlation with certain 
fabrication flan which C&ll l>e di•co ... rod and fixed on 
exietiac 1111CDeto5. Prior to th• 1088 collider ruD, all 
the dipole• in the e house• •q>ected to contain the 
110at IUl.J"•liable --cn•t• were ezaaiaed for th••• flaws 
and repaired u neceH&ry. About HO -·to (SOI of 
tho•• exaained) were repaired. The re•t of tlM 11&g11eta 
in the riaa will be examined aad repaired .. aec•••ary 
after the end of the current collider rua. 

Psrfol'll&Dce Duriy tho 1988 Collider lun 

Intecrated lU8inosit1 

Tho run be1u on June 2, 1988 ud hae be on in 
procrHa for about SS wou&. llxaaination of Pig. 1 



•bows t.be 81lbs1.aiitial prosress in intesrated 
1118iaosit7/weok made since tbe start of tbo run. The 
total iatecratod 11111inosit7 dolhered to date h ti. 7 
pb-1. 

Tevatron Collider Operation 
lata,...tad. Lumino•ity ter Week .. ~~~~~~~~~~~~~~~~~~--.. 

-
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Pl.pre l 

Tho •ior nporillent iD plaeo dlll'iD& tbio run h 
t.be 1..-10 1eaeral-p1ll'poH CDF upori•nt at BO. Tbio 
esporiaont bu lolC"d about 1.2 pb-1 of intosratod 
luainooit7 to date. haller aporinnts .,.. also iD 
place at CO, DO ud IO. At preoont, onh tbe BO 
st.rai.P,t ••ctioD po•••••• a low-beta .,.•te•. Thia .,..n. .. wu dHiped to prOTido a ,. of 1.:UX!.05 • 
(lbV) at tbo interaction point. B01tner, for 80ot of 
tbi• run it bao been operated in a llOde in which the 
ia••rt.ion optiCli are not aatcbed to the rest of the 
riq, but a aallor r (0.53..0.H•, lbV) io aditond. 

0.orall Collider PerforMDce P..-..otor• 

Tho collider porfonance io 911118ariud iD tbe 
•perforMDc• par .. eter•' listed in fable I. The first 
colan corre•pond• to a tnical saod •tore in Ma7, 
1917. The eecond col"8D preeent• t.be TeTatroa I 
projoct dHilD Fah. The lut col11m1 preHnto tbe 
paruoeters for one of t.be bi1best 11111inosit7 stores 
acliioTod to date. 

fable I: 
Collider Perf onance P..-.. eter• 

Ka7 1987 TOT I HU 
ParMeter Acbieud !!!!,. Agined 

1. ""8ber of ltuacbes a I ti 
2. Protou/buncb 6 ti 'l'.2 

(zlOlO) at low-, 
S. Pl>ar•bbuacb •• ti 2.D 

(zlOI ) at low-, 
4. Pl>are eztracted 

from core/bunch 
(dOlO) 

I. D traiiniHion 

2.3 ti 4.6 

efficionq (I) 'l'7 100 .. 
I. D Coa!Hciq 

elficienc1(1) 70 100 ID 
1. Tn t.J"aa.ni••iOD 

efficiuq(I) II 100 DI 
I. Trannerse •i tt.ance 

(851, • --•ad) 
proton " " 23 
pbar 39 " ll 

D. ,. (•) .14 1.1 .15 

2. 

10. Pbar "1.acltiq rate 
(1010/bour) 

(pool<) l.l 
(anrace) • 77 

u. L .. inositr 
lifetin (hour•) B. 

12. Operational 
eff icienq (I) 

(•tore bro/total br•) 40 
13. Anrae• stack 
i..fore traD11fer 21. 

(dolO) 
14. Anrac• etacliq 
t.iM (bo .... ) 10 

10. 
10. 

20. 

40 . 

10. 

Li8itatioao to tbe Iatesr!t.ed Luainooitt 

2.0 
1.4 

10.-25. 

II 

ll0-70. 

20. 

20.7 

hti~ton "1.acltig rate: Table n eb01fo the 
•,.;, .. iq actore• duriq tile 1018 ,...,,7 for •acb of tbo 
.-.rioua qaaatiti•• .. iociatecl with the aatiproton 
8tacltiq rate. The 'm••iD& factor' is the factor 
aeeded to briq the obeened \'alae of the '1'1alltit7 ap 
to tbe de•isn leTel for t.b• TeTatron I project. The 
l..-1e•t eiqle coatrlbatioa to tho al••iq factors lo 
a factor of about 2.6 (included la 'Phan/proton iato 
hbuacher') which appear• to be dae to .., onrHtinte 
of the pb&1" production croe• ••ction oa t1m&9t•n in 
t.be oriei--1 deoip. 

Table ll: Pbar Source StacltiDI late 
Mi•aiq; fact.or• 

bantitr !!!!!! Iii . 

hSfil' 
1. Pbaro/protoa lato t.be 

hbuncber(zl0-9) 12.1 2.7 
2. Pban/proton l>unch-

ntatsd into 0.2!1 (al0-1) 10.7 3.2 
I. Pbart1/proton lajected 

into the Acc,,...lator (al0-9) 1.11 1.7 

'· Pbart1 /proton stacked 
to t.be Accuulator core 

(d0-9) 1.3 3.7 

I. Protou/~cle OD t.areet 
(dO 2) 1.1 1.1 

I. TarsetiD& qdn/1'our 1180 1.1 

O.erall : Pl>aro/bour 
etackod to AccDUlator 
core (d010) 1.119 I.I 

The 'ai••iD& factors• la fable n correspond to 
etackiq into u -t7 aachiae . Ia ad di ti on, there ia 
a loos of l>eu f,.... tho Acc,,...lator core which reeults 
iD ..., effectiTe et.ackiq rate redaction u the 
Accuaulator b filled. Tllil effecthel7 ..... that 
-ti t7 4 iD t.be o.bo?1 tat.la le a faction of tbe 
stack lateult7. ror stacb of &boat aox1010, -tit7 
4 b reduced to &boat 1110-1. 

Tile t.pl-ntatioa of aulti-batcli tarsetiq can 
iD principle briq qaaatitr I to the de•isn Talae. 
laprOT-nto la qautitiH 1, 2 ud I an plaanod for 
t.be ant oollider :nm (•H l>el"") . lapleHntation of 
4-1 Gbo core cooliq, ud fmtber Ulpron•ate la tbe 
Acc,,...lator _rt .... , cu ~:!t redace part of tile 
roffoff in qaaatit7 4 witb • iataait7. 



.Aatiproton tr&11•fer: Pisur• 2 •hon the oboer ... d 
correlation between the auaber of antiprotoo• 
t.ran.ferred to the Te•atron and the stack intensitJ. 
The nlloff .. en at hilh atack illtensitiH io 
principall7 ciao to ho eff ecto: 

(a) . The pbar tr&11sfer efficienc7 froa tbe 
Acc: .. lator to low-1 in the T••atron, which bu been 
u biP u 951 for tranafer• froe nall stacks, drop• 
to about 90I for •tack. in the 80-70xlOl0 Riii•· rhh 
reduction is dae to lo•••• at pbar injection into the 
llain lina: for Iara• atack•, the core eaittance Hein• 
to aceed tho liai tee! lain line trannerse aperture. 

(h). rho fraction of tho core which caa be 
uatad:ed drop• froa about IOI for nall •tads to .col 
for larae •tacks. Thio drop h due to growth of the 
core loncitudinal width .. the iDtell9it7 gron. 
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Both of thHe probleu •ill be helped hT the 
l>&nchridth upgrade to •-8 CBs planned for the 
Acc...,.lat.or core coolinc SJ•t•• (•••below). 

ae .. -b ... interaction: Tbe principal liaitation 
to the proton tra.n•••r•e den•it7 (and hence the 
1 ... ino•it7) in the 1888 collider run h .. been tho 
b•--be• intera.etion. The be1a-Deaa interaction ca.n 
be paraaeterbed b7 tho linear beu-bou tune •hift, 

'" - 0.00733(llp/fp)Ds • 

where lip h the nuaber of protons per bunch (:r1010), 
e:p i• t.be proton DOI tr&.DSY•r•• ai ttaace (in I' •­
.,.ad), ud ash tho nuber of crotooinco (12 for thh 
run). Ia teru of thh paruoter, " be1in to •H 
deterioJ>ation of collider perf oraance at proton 
tr.nsTer•e den•iti•• corre•pondina to 6u > 0.02; for 
6u > 0.03, the desradation i• ••••r• enoQ&h that .. 
C&DDOt operate there. 

The perf oraance deteriorati011 ob.er-Ted in th• 
.._. 0.02 < 011 (0.03 i• W'pecificall7: 

1. Anti proton ••i ttaaco srowth at 150 C.V, duri1111 
acceleration to DOO GeV 1 and darinc tlae low-1 •qu•••• 
(tJPicall7 on tho order of 20-<&o!I); 

2. htiprotma lo•••• dvia.s the .... period• 
(tJPicall7 ~-IOI); 

3. leductioD of tbo initial luainooit7 lifoti .. 
(HO PJ.s. 3). 

The inflbence of a 7th order re•onance, located 
at a tune •eparation of (fq,,, 691) • (0.018, 0.024) 
froa the hare workinc point, h belinod to be 
re•pon•ible for the ob.eTt"ed eff ecta. To control the 
heu-beu interaction duriq operation, it is routine 

3 

practice to utilise the Te•atron tra.nSTer•e d .. per• .. 
noi•e •ources to deliberatel7 iacre .. e the proton 
trannerae e•i tt&nce to bring 611 into the acceptable 
raaa:•. nese d•per• alao are 'Ued to eliainate &DJ 
oatollitoo adjacent to the denoe central hllllcb which 
aa7 ha•e reaulted from iaperfeetiona: in the coale•cinc; 
proce•• in the lain line. 

ln1t1el IYlllnotlt'f hFett• "' hNM' be•-be .. t1.lfte 1t11Ft 

25 
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A progru of direct •uureaents of the 
antiproton tune distributionl i• underwa7 t.o help 
under•tand thi• li•itation in more detail. Studie• 
haTe aloo begun to explore the poooibilit7 of ••inc 
other re1ion• of tune spa.ce which u7 pro•ide areu 
freer of hiah-order re•onanee•O. Ulti ... tel7, in the 
next. collider ru, tho planned iaotallation of a beu 
oeparet.or ach... will reoolTe tbi• prohlo• (•e• 
below). 

Luainooity lihti .. : Tho luainoeit7 lifotiMlO 
i• obseM'ed t.o crow from the initial •alu•• •hown in 
Pia. 3, which depend on tbe proton trMi.eTer•• den•it7, 
to Talueo in tho ranee of 25-36 hour• after 15-20 
hoare iat.o a .tore. At tbh point, tho obHned 
trann•r•e eaittue• arowth i• •bout a fa.ctor of two 
creater than th• ezpeetation f roa intrabe1a •catteri111 
oad the effect. of the ToTatron residual 198· l.ltho111h 
studie1 a.re coatinuinc to locate the •ourCli of tbia 
llllOIOaloao eaitt&aco growth, the luaiaoolt7 liteti .. i• 
alr•adJ 011fficientl7 lone that it i• aot a ••riouo 
operational prob! ... 

Jleliabilitz: As of 12 larch 1888, there ban 
been 218 st.ores in tbe 1988 collider run, of which 80 
wore ended intentionall7 (•an ot.oro loncth 21.8 
hoare) and 132 hT failurH ( .. an .tore hncth 8.7 
boars). rho •on st.ore hncth for all .tor•• h 14.5 
ltov1. The lar1eat wiqle cauae of unintentional store 
lot1• hal been the spont.aeoua pref ire of tlle feyatron 
abort kickore (28 st.ore• lost). Thor• han been three 
Te•atron dipole failurea, re•poaaibl• for about 2.5 
web of clownti ... Sneral laia line .,.,..rp .. • dipoles, 
ud one lain line quadrupole, baH failed and had to 
M replaced.. There ha•e alao been a 11.uber of failure• 
of tho lit.bi,.. lone (leaks ia tho lo... coolinc 
cire11it) W'bich ha•• not cauood 90botantial downtiae 
bee1M1•• of the &Tailabilit7 of nuaerou• apar••· 

Outlook for tho htaro: tbo P'erailab !Jpvade 

After the end of the current collider run, there 
"'111 be a fiYe aonth ohatdown to coaploto tho ToYatron 



dipole repairs -d in t.be wprilll of 19811. 
SubaequatlJ, t.lie Tent!'OD will operate for fi.Hd 
t.azoaet ..,_sics far a nine -th raa. The ner11 will 
k IOO C.Y ud iat.sasiti•• of 1.1Hbt1013/palse .... 
plaued. 

hheeqaent 1CDllider ud fiHd tarpt !"llllS will 
kHfit fl'Oll t.he nbst.aatial iaoroT-nts pllWled in 
t.110 remlab 11p1rade ,.._...n. This prosraa h 
di•idod iato t.hree phases; in each phase, the collidor 
iai ti al 1.-iaasi tJ l8 expect.ad to incrouo h, at lout 
a foctor of fi,... Tllore will aleo he a nhst.aatial 
l.8prm-t ia fised tarc•t porfo.....,ce with each ...... 
J'l!u• I Cllll0-92) 

Liaoc ~•: Tiie Liaac llpl!'ade12 h a proposal 
w iacreue ~iuc n•r11 fro. 200 to 400 ll•V in 
tbe s- ph7sical l.,,.th, h, a replace•nt of tho lut 
fov drift tahe ca•itiH with 90re efficient, hi&hor 
p-adieat ca•iti••· The 90ti•ation for thi• 11perade i• 
to rod ace the .,ace-ch1U"1e induced ni ttaaco dil utioo 
preoentlJ nffered jut after Boo1ter injection for 
inteuitieo aboTe 1.6"1012. This will ban an iapact 
OD collidor porfo.....,ce in two ftJ•. Pirot, the find 
inteneitJ proton lnuachoo ,...d for collioione in tho 
Te•at.ron •lloald bT1 their •it.ta.nee reduced &,. 
!0-40I. Secondly, eiac• llain lina tran.aais1io111 
efficiency i• lillited hf the lain lilll traas•er•• 
aportveo, hi&h•r inten1i t7 beau (b7 a factor of 1. 7) 
•hould be able to he acceloroted and t.IU"ceted for pb.,. 
production. Thie inteuit7 incroue will aloo benefit 
the fisod t.ar1et prosru. If apprond for construction 
in "90, tho Li.nae npsrado project could l>e cosplete 
hf llid-19112. A related effort to reduce oaittance 
srowt.h in t.le low-ener11 end of the Lin•c is also 
llllderwa7. 

.&ntiwoton Source vwrade: Ia 11180, it h 
plaued to increue the aperture of the Debunchor riq 
h, oponilll ap tho Debuacher etochutic coolins 911tea 
electrode l&PS• Coupled with aperture iapro•oaent• in 
tho DeW..cber injection Hue ud an increase in tho 
lit.hi• 1.... aperatilll sradient, thio iapro•-nt 
•bould pin 1111 onroll factor ol about 1.1 in pbar 
•tackias rate. 

At tho •- ti•, the TIT -r in tho Dehuacher 
tr....,.eroo coolias 911tea will be doubled. Thio will 
-..111ate for the iacrouo in tho pp •paciq. 
Additioaall7, ia tho Accaulator, tho preoont 2-4 CIB• 
core e,stea will be upsraded to 4-1 Us in 11118. Tho 
an 4-1 GI• core e,steal3 will iaproTe the otackilll 
rate at bl.P stack inteuitieo, 1111d reduce tbe 
..Uttaace of tbe pb.,.. dolinrod to the TeYatron. 
Piaall1, • 2-4 Clla fut -•ntua cooli111 e,•tn ie 
plaonecl for t.he Debuncher ia 1900-81. This 911t•• will 
mite tho -•ntua apread of tho be• injected into tbo 
Accanlator lioth naller and al•o ln1 ••uitho to 
TIU"iat.iou ia th• lolllitudinal -ittaaco of tho proton 
beu. A prototJPO of thio .,_ aa7 be iapl-ted ia 
late•-· 

ta the .,... ef t.arptiq, a prefocasilll lithia 
1- io llDClor d.,.1lo-11t for tlio 18811-1900 period, 
wllich will allow the proton apot •ii• on tloo 
production t.arpt to he reduced. This will rewlt in 
1111 lacreue ia the par 7iold. To enable the tarpt to 
.....,,i•• with tho•• eaall apot •i1e1, 1111d •itb tho 
•i&her proton inteasitie1 foreoeen with th• Linac 
WJ>ll"M•, a t&ra•t ... epiq e,otoa h undor deoip, 
with iaplOMDtatioa upeetod ia 11191-92. Tllo alti•te 
onrall pin in par 7iold upectod froa the teraetiq 
i.apro,.. .. at• le a factor of 1.3. 

TeYatroa ~·: fte principal iapr~e .. nt• 
plu.nect for Ue 9Tatroa ia t.lae near-t.ers are a low-, 
911tn at DO, a •n low-1 e,etn at BO, and a 17•tea 

of electrostatic "parators to ••pa.rate the be•s 
n•rJWh•re ucept at BO and DO. Tbio e,etn will 
reline tbo coutrointe aow iapoHd h, the l>eu-beu 
iateroction, and rill allow aperotioa ri th ap to 44 
hlacbeo. A an abort 11J•tea, ud •n injection 
Hckero, will also be required. 

UD eark will continue on cold coapro11oro which 
will allow tho riq-wide taporature to l>e reduced 
froa ite preont 4.7• to loH tbllD 4.2". If this work 
io eucceaoful, a rilll-wido cold cospreoaor 011tea will 
he iutallod :la 1900. Tllil ia th• aast fouiblo wa7 to 
reach a riq •Dlr&J in the collider 80de of 1 TeV. 

rho an lrw-1 _,_ for BO aad DO UH 1:1 aew 
1.4 T/• aain quadrupoleo of a cold i!'OD, two ehell 
deoip, and a an 0.7 T/• tria quadrupoleo14. 
.m•all7, tho _,_ c:aa achine a ,. of 0.25 a. 
VDlih the preooat _,- at BO, the iuortion h 
cospletel1 •tched to the Tnatron lattice, includilll 
tbo lliaperoioa. Th• iuertion deoip aleo pro.idea 
..... apace• for eoparotoro. n • .,..te. i• planned to 
llo cosplotod in late 1900, in tiM for the firot 
ph7•ica nm of tho DO detector. 

The Hparator "7•te• will l>e inatallod iD 19W. 
Tho beau will be Hp.roted throqhout the aachine 
ncept at BO and DO. The ••pa.rated orbit115 will be 
iat•rlinked belice•, pr~idiac a aoaiaal ••pa.ration of 
)5 • at 1 TeV; ••pa.ration i1 occoapliohed aoilll 23 3-a 
lone electro1tatic separator• aperatilll at <35 IV/ca. 
A protot~ STSt•• is c:urreatlr cmder deYelo.-.at; 
te1t.1 of tbe spark rate of a 1epu-ator ia the Te•atron 
en•iroue11t will llo conducted u 1oon u b feuible. 

O.erall collider rforu.oce in bue 1: After 
~he aew ow- an 1eparator ia•tal atioo, tbe beaa­
be .. liaitation •ill l>e relieTed and operation witb 
bunch nuabero u bigh u 44 will he po11ible. By 1892, 
with t.be Liaa.c and Pbar Source uwad•• in place I the 
pb&J" •tackilll rate •hould reech about 7zIOlD/hour. At 
thie point, the •Jar liaitation to further 
iaprmeaente will be the perfo,,,...ce of the lain lilll. 
llitb 22 hunch operation, a r of D.6 a, and 1011 
proton1/buacb, and with optiaai utilisation of all the 
pb&J"1 tho Source can pro•ido (2.6d010fbunch in th• 
Tontron), it l• -ctod tbat the collider can 
proYido peak luaino1itio1 of about 1031/ca2/1oc, aad 
:1.ntqrated luaiDooi tie• of >IO pb-1 per 10 80Dth "". 

Phue n: tho lain h!octor (18111-113) 

Part.her prosro11 in collider l .. inoeit.7 be7ond 
phue I will require a •Jor nn initiati•e. The 
principal liaitation to porforoaace after the 
1.8pl-atatioa of phua I b tho lain lilll. Thil 
machia• liaite collider llllliaoeitJ in at leut lour 
war•: 

l. •-• of the macbiD•'• liaitod aperture•, 
proton inteuitJ for anti.proton otackilll io liaitod to 
woll i..1ow what lo :in principle anilablo froa the 
~r; 

ll. rar tho - nuon, the proton l.Dteuit7 for 
delin...,. to th• Tentroa h liaited to woll l>elow what 
the collider c:aa take before tho l>e-beaa liaitatioo 
io reached oa tho ••parated orbit•; 

I. Th• machine'• lWted -rtareo reoult• in 
_.. utiproton traufer officincy for Iara• lltacko. 

t. The prelOace of tho lain lilll beu in the 
•icinit7 of tho collidor detectors, requirilll ri1id 
coatrol of loeHI wbilo in pbar production, b a 
cout.aat aovce of probl- and dood tiM for the 
uperiaente ud oltea pnwides a liaitatioa to 
:inteuitJ. 

Tho propoeal for tho aolation of th••• probl­
b otraiptfonard: replace the llaia lilll ei th a nn 
l-110 CloV e,ochrotron in a ... t1lllllol. Thio an 
aachino ii called the !rain laj ector. It hu a radiu 
about half that of the pr11ent ll&in lilll, 11Dd ..... 



•a.e of the ... e eo11poaeat1. It will ha•• adequate 
tr&DsYerse and longitudinal adaittanee to h&Ddle 
efficientl7 all the beaa that the Booater can deliTer. 
Conaequently, it will be able to pro•ide intensities 
of 5xl012 protono/pul•e, at a rapid cycle rate 
(0.87 lo), to the Pba.r Source for pba.r production. It 
will be able to efficiontl1 tranof er la.rs• pbar 
.. itt.a.nces fl"Clll the Source to the Te•atron. It bas the 
eapacit7 to pro•ide proton bunch intenaitiea of 
)3zloll to t.he Te•atron for collider operation. It 
will be able to deli•er int.enoiti11 of 911013 to the 
Te•atron far fixed tar1et operation. Pinally, becauwe 
it i• decoupled froe the Te•atron, it will De able to 
delher 1ea.r-round 120 C:.V te•t be ... , and hip 
intonoit1 (3xl013/pul•e) 120 GeV production be ... , to 
the esperiaental a:reaa. 

Th• onrall i-t of the !lain lJJj ector on 
collider perforunce ia to increue both the nuaber of 
proton• and antiprotoaa aufficieatl{ that tGe 
laaino•it1 i• expected to exceed 5xlo3 /e-2/•ec. lf 
coutruction of the aachine began in 1'1'19Ql, it could 
be coopleted in late 1UU3. 

Phue Ill: beyond 1893 

The re.oTal of the Kain ling f roa the TeTatron 
tunnel opens up the poo1ibilit1 of the installation of 
another •uperccnducting •rnchrotron in ite place. 
Current Ra:D work on high-field •uperconductina 
dipole•16 offer• the po••ibilit7 of a 9.&T de•ign with 
•ufficient aperture to proTide a 1.5 TeV repl.ceaent 
for the TeTatron. MoreoTer, the de•ian admit• of the 
posoibilit7 of oporation at BT (1.8 TeV) whon cooled 
to 1.8° It. 

Preliainary desi&n work b&1: established a lattice 
designl7 which reduces the required separator fields 
at the higher ener17 to a aa.na&;eable leTel. The 
di•persion function has also been reduced 
•uhatantially relatiTe to the preeent Tevatron. 

The collider perfora.nce cain• inherent in this 
proposal a:re obvious. In addition to a luminosity 
incre .. e to >Vxlo31/r:a2/oec (coeins otrictlr fro• the 
reducod beaa eaittance at the hi1her on•rsr), the 
pbyaie9 reach of the 3.e TeV CM energy i• clearly 
•ubatantiall1 areater (equivalent to • factor of 10 in 
luaino•ity for •oae processes). MoreoTer, because this 
proposal does not require the re.oval of the exieting 
Tevatron fro• the tunnel, the possibility of pp 
collioion• at 2 TeV Cll on•r&r (and high luainoait1) 
renin• open. 
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