1. INTRODUCTION AND SUMMARY"’

The Tevatron proton-antiproton Collider is the highest-engrggticle collider currently
operational anywhere ithe world. To exploit this unique toofully, and tomeet thegoals of the
Fermilab high energy physics research program thretugh990'sand into thewenty-first century,
a phased upgrade tiie Fermilab accelerator complexusderway.The initial Run 1l goal is to
achieve a luminosity of8.0* cmi®sec® and anintegrated luminosity of 2 fb. It is thoughtthat the

ultimate potential of the initiaRun Il upgrades is tachieve luminosities up tox20** cmsec™.

Some of this potential will be need to achieve the Run Il goal for integrated luminosity in a reasonable

length of time—say 2 years—after the initial luminosity goal is reached. The Run II luminosity goals are

about a factor ofl00 increase ovethe original 1.610* cm?sec! design goal ofthe Tevatron

Collider, accompanied by creation of simultaneous high intensity fixed target capability at 120 GeV.
The first phase of the upgrade program, an increase in the Linac energy fravie\2@0 400

MeV, was completed inL993 and has supportd@vatron collider operations at luminosities in the

range of1.5-2.5¢10* cni?sec’ during Runlb. The second phase dahe upgradenvolves the

replacement of the existirigain Ring with a newaccelerator, the Fermilaldlain Injector, and the
construction of a nevantiproton storageing, the Recycler, within a commorunnel. The Main
Injector and Recycler together are expectedujpport duminosity in excess of ¥10° cni?sec” in
the Tevatrorcollider. Improved performance is based on enhanced antippotauction, storage,
and recovery capabilities following initiation of Main Injector and Recyofarations. Iraddition the
Main Injector is designed to providestow (or fast) resonantlgxtractedl20 GeV beam containing
3x10" protons with a 2.9 (or 1.9) second cycle time.

The FermilabMain Injector is a largeaperture, rapid cycling, proton synchrotron designed
specifically to address the fundamental limitations inherent in the pfdséamRing. With the advent
of the Tevatron at Fermilab the role of tain Ring changed significantly from its original mission
of delivering 400 GeV protons forfixed-targetoperations.The conversion ofthe MainRing to a
supportingrole in the earlyl980sintroduced a completelgew set ofoperational requirementiat
were never envisaged the originalMain Ring design.Accommodating theneeds of antiproton
production, bipolar injection into theTevatron, and physicavoidance of the colliding detector
experimentshas inevitably resulted in reducet¥ain Ring performance characteristicBossible
enhancements to thghysics program, such asest beamsfor detector development and high
intensity/low energy proton beams for high energy physics reseaechllprecluded by the present
operational and physical constraints in the Main Ring. The replacement of the FéviaiilaRing by
the Main Injector addresses all of these issues in an elegant and efficient manner.

The Recycler Ring, which will be installed in the Main Injector enclosure, will provide a factor
of ~2 in luminosity beyond that projected with the Main Injector alone, as well as providing a platform
from which an additional increases in luminosity could be achieMael.initial (Run 11) performance

goals established fdhe Recyclering are a stacking rate ofx2 0™ antiprotons/hour, #otal storage
capability of %10 antiprotons, and eapabilityfor re-cooling relatively largemittanceantiprotons
recovered from the Tevatron via the Main Injector.

This report presentthe design and operating parameterstied FermilabMain Injector, the
Recycler, andhe remainder of the Tevatron complduring the initial operating cycle of thélain

* Last revised on July 17, 1998.
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Injector era--a cyclaeferred to as CollideRun 1l. It should benoted that while many of the
improvements described in this report are expected to form a basis for even greater luminosities, up to
1x10*® cm?sec’ in the long term. Some ofhese concepts and improvements discussed in
subsequent chapters, but a complete description of the nature and feasibility of these improvements is
beyond the scope of the Run Il Handbook.

Table 1.1 summarizes the operational performance of the last collider Run Ib,
accompanied by operational go&ts the complex inRun Il. Normalized emittances containing 95%
of the beam arguoted.The horizontal andertical emittancgoalsare equal as are th@oton and
antiproton bunch lengtgoals. The antiproton intensitghown inthe center column of the table is

more than sufficient to achieve the initial Run 1l goal ®1&* cni’sec’, but is not expected to be the
maximum that could be obtainedth 36x36 operation. In particulathe Recycleiwas designed to

stochastically cool enough antiprotons to obtain a luminosityx@D? cm?sec'. However, as the
luminosity increases the number of interactions increases and adversely affgugithee detector
trigger rates and the ability of the experimenters to interpret the data.

One way to reduce the number of interactions pEpSssing is toincrease the number of
bunches.The rightmost column illustrates operatiaith 121 bunches at 132 nsec spacing. The
number of bunches is tentative (see the discussion in Chapter 6) but the 132 nsec spacing is set by the
trigger hardware ahe experimentsThe bunch parameters ithe rightmost column arelentical to
those for 3836 operation, but morthan 3 times the number ahtiprotons (121/36 to bexact) are
required.The luminosity is increased Wdgssthan a factor of 2 because of the luminosity penalty
incurred by the introduction of the 1B6ad crossing angle. This mode of operatioattgeactivewhen
the antiproton productiorateand recycling efficiency arbigh andthe number of interactions per
crossing are a concern.rmore detailedliscussion othe considerations déminosity, store length,
store lifetime, and the number of interactions per crossing are shown in Chapter 6.
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Table 1.1. Operational performance iRun | and goals for Ruhl. The leftmost columrshows
parameters typical of the last collidem, Run Ib.The middle columrshows parameters exceeding

the initial Run 1l with 3&36 operation, and the rightmost column illustrated the performance obtained
with the samebunch parameters biiting 121 antiproton bunches at 832 nsec bunch spacing
instead of the 36 that will besedinitially. Normalized emittances containir@h% of the beam are
guoted.The horizontal andertical emittances arassumecdequal andproton and antiproton bunch
lengths are assumed to be equal.

'RUN b (1993-95) Run [ Run Il

(6x6) (36x36) (140x121)
Protons/bunch 2.3x10" 2.7x10" 2.7x10"
Antiprotons/bunch 5.5x10" 3.0x10° 3.0x10"
Total Antiprotons 3.3x10° 1.1x10° 3.6x10°
Pbar Production Rate 6.0x10" 2.0x10" 2.0x10" hrt
Proton emittance 23 20T 20T mm-mrad
Antiproton emittance 13m 15m 15m mm-mrad
B* 35 35 35 cm
Energy 900 1000 1000 GeV
Antiproton Bunches 6 36 121
Bunch length (rms) 0.60 0.37 0.37 m
Crossing Angle 0 0 136 urad
Typical Luminosity 0.16x10" 0.86x10° 1.61x10° cmsect
Integrated Luminosity 3.2 17.3 32.5 pb/week
Bunch Spacing ~3500 396 132 nsec
Interactions/crossing 2.5 2.3 1.3

“The antiproton intensities giveare merely examples. Higher antiproton intensitigeld proportionally higher
luminosities. The initial Run 1l upgradese expected thavethe ultimate potential tachieveluminosities of 2x18
with 36 antiproton bunch operation.

The typical luminosity at the beginning of a store has traditionally translated to integrated luminosity withdatp3%
factor. Operation with antiproton recycling may be somewhat different.

1.1 Tevatron Performance in Run Ib

The Tevatron Collider operated in Run Ib with a typical luminosity ab#genning of a store
of ~1.6x10* cm™sec”. In the absence of @ossingangle or positioroffset, the luminosity in the
Tevatron is given by the expression:

BN, N,
p_'p F I/ *
TCErA N [1.1]

where f is the revolution frequency, B is the number of bunches in each b@aﬁﬁﬁ)le the number
of protons (antiprotons) in a bunay (05) is the rms proton (antiproton) beam size atititeraction
point, and F is a form factor that dependstlea ratio of thebunch lengthgj, to the betdunction at
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the interactiorpoint, f*. The luminosity can be rewritten in farm that more directlydisplays its
dependences on the limiting factors within the Tevatron complex:

3yf{(BN;)

B* Ng(1+ ™
Enp . [1.2]

LU

F(a,/1B%)

Here g\ representghe normalizedransverseemittance containin@5% of the beam, Nr is the

number of interactiorregions, and ¢ is the totalhead-on beam-beam turshift seen by the
antiprotons:

r

N N
§=,% " Nip =.000733 2 Ny,
ey, En, (1.3]

where p is the classicatadius ofthe proton. The numericalexpression orthe right of (1.3) is
evaluated with N in units of 160 andaNID in units oftmm-mrad.

Fundamental limitations are related to the quantiesd (Bl\t ). The beam-beam turshift

that can be tolerated by thatiprotons is believed to bienited by the tunespace available between
resonances up to about tenth order; tune shifts as higltv24have beerfound to be tolerable. The

second quantity, (ngl), representthe totalnumber of antiprotons ithe collider. Notethat for a

given total number of antiprotonsthe luminositydoes not depeneéxplicity on the number of
bunches.

The performance of the Tevatron Collider during Run Ib represents a signifigaoivement
relative to thepreviouscollider run and isattributable to completion of the Linagpgrade and other
improvements within theomplex. The Linacupgrade haged directly to increasegroton bunch
intensities delivered from the Booster and throtighMainRing. The directresults have beemore
intense proton bunches in collisi¢®2.3x10" vs. 1.%10") and a significant increase in the number

of protonstargetedfor antiproton production(3.3x10* vs. 2.0x10" every 2.4 seconds). The
increase in targetgorotons has supported arcrease in the antiproton producticate (from about
4x10"hour to about 810'hour) and anncrease in the intensity of antiprotbonches in collision

(5.5x10% vs. 3.%x10").

When operating wittsix bunches, as in Run Ithere are twelve potential proton-antiproton
collision points in theTevatron.Ten of these araow avoided throughhe utilization of electrostatic
separators. In Run Ithe antiproton tuneshift atthe maximumproton intensitywas about0.015,
limited by theprotonbeambrightness. Arantiproton tune shift 00.024 wasachievedprior to the
utilization of separators when all the beam crossings contributed nearly equally to the beam-beam tune
shift. We expecthatincreases of 50% or so inpfdy arepossible befordseam-beam limitations set
in. Long rangebeam-beam effectsere relatively smallduring Run Ib butwill become increasing
significant in Run Il. One of the design goals for the Tevatron is to keep the effect of these long range
interactions to be sufficiently small such that the collisions at the interaction points produce the bulk of
the beam-beam tune shift.
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Antiproton availability was the mostimportantfactor limiting luminosity in the pastand will
continueto besoin Runll. As demonstrated in Equatidn? and displayed explicitly ifrigure1.1,
the luminosity in the Tevatron is proportional to tiegal antiproton intensityThe totalnumber of
antiprotons inthe collider is determined by the product of the antiproton produciienthe typical
store duration, anthe transmissiorefficiency fromthe Antiproton Accumulator tstorage in the
Tevatron. Atypical store length of 1Chours, anaverage stacking rate ofx®0'%hour, and an
antiproton transmission of0% accountfor the observedaverage number of antiprotons in the
Tevatron inRun Ib. However, it should baoted that the antiproton intensignd therefore the
luminosity varied widely over the course of Run Ib.
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Luminosity vs. pbar intensity
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Figure 1.1. Luminosity observed irRun Ib vs. antiproton bunch intensitfor all stores over the
period July 23, 1994-July 9, 1995.

1.2 Run |l Performance Goals

Performance goals for Collider Run Il are presented in Table 1.1. A luminosity goall 65

cm?sec' hasbeen establishefbr this run, supported byhe Mainlnjector and the Recyclaings.
Two basic strategies afellowed to attain theluminosity goal:using a protorbeambrightnessthat
produces an antiprotopeam-beam tunshift close tothe anticipated limit;and accumulating and
delivering to the Tevatron as maaytiprotons as possible througirect production andhrough
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recovery at the end of collidetores. It isexpected that thaumber of antiprotonavailable will
gradually increase aRun Il progressebecause improvements in accumulatitgnsferring, and
recycling antiprotons.The betafunction at the interactiopoint, 3*, is assumed taemain at the
present value of 3&m. The bunch lengthshown inthe table isbased onthe achievement of
longitudinal emittances of 2 eV-sec in both the proton and antiproton beams. This emittance represents
a significant improvement over the currently achieved 5 eV\de the longitudinal emittance goal

IS aggressive, we expect improvements inNtaén Injector for coalescing fewer proton bunches and

from bypassing the coalescing of antiproton bunciiks. antiprotorbunch intensities listed ifiable

I.1 assume aecycling efficiency, defined abe fraction ofantiprotons leavinghe Recycler that are
returned following completion of a store, of 50%.

1.2.1 Protons

The Proton Source at Fermilab is composed of the 400 MeV Linac (with accompanyamy H
source and Cockcroft-Waltoaccelerator) and the 8 GeBboster.The Linac/Booster is currently

capable of delivering an intensity ofB)" protons per bunch with a transversgmalizedemittance
of lessthan 15t mm-mrad, and #&ngitudinal emittance aessthan0.1 eV-sec/bunch. Protons are

delivered from the Booster in 84 bunches spaced by 18.9 nsec. A total intensit@'dfoBotons per

bunch has been specified for the Main Injector era--a 2@8ovement over curremerformance. In

this mode of operation the Booster will be delivering<A@? protons pebatch to theMain Injector

for acceleration td20 GeV and delivery to the antiproton production target eveby seconds. As

described in Section 5.1, alternative scenarios are used during Main Injector fixed target operations.
The requirements on the Linac/Booster for proton loading of the Tevatron collidcemées.

A pulse train of 5 to 7 bunches, containing>86"“ protons each, will beelivered fromthe Booster

to the MainlInjector. Transverse andngitudinal emittances of about t5mm-mrad and).1 eV-
sec/bunch are required. These bunches will be coalesced at 150 GeV in the Main Injector into a proton
bunch containing 210" protons with alongitudinal emittance oR.0 eV-sec,the exact value
depending on the number bfincheshat arecoalesced. It i®€xpected that thaumber of bunches
coalesced into a single proton bunch ath@ number ofproton bunchesthat are formed
simultaneously in the Main Injector will be determined operationally. The maprbe advantage in
transverseemittance from coalescing lower intensitpunches,but there will be a penalty in
longitudinal emittance. With theew shortbatchkicker, Main Injector to Tevatron transfer will be

able to coalesce from 1 to 4 batches. After coalescing, protons will be transferred to the Tevatron.

In principle the Proton Source aihin Injector will be able tqroduce proton beams bright
enough to producéhe maximum tolerable antiprotdread-on beam-beam tuseift of 0.024 (cf.
Equation 1.3). As can be seen from Equation 1.2, for fixed antiproton beam parameters and assuming
operation in an antiproton beam-beéimited regime, luminosity increases #se proton emittance
increases. Howevediminishing returns set in ondke protonemittancebecomes much larger than
the antiproton emittancézigure 1.2 displayshe proton emittancerequired tolimit the antiproton
head-on tune shift to 0.022 as a function of proton bunch intensity, assuming two head-on collisions
per revolution. Ascan beseen from Equatiod.3, the requiredemittanceincreases linearly with
proton intensity.The figurealsoshows the corresponding luminosity athe proton parameters are
varied in this fashion witlthe antiproton parameters hdided. The proton intensity anémittances
chosen in Table 1.&re a compromise between the desire to keeprttigancesomewhat below the
currently achieved levednd tomaximize luminosity. However,increases in protoemittance are
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severely limited by the injection aperture and lthreg rangebeam-beam tunshift. It is not clear that
emittances muclbeyondthe nominal 2& mm-mrad ardeasible.The final optimization ofproton
parameters will most likely follow empirical studies after commencement of operations.
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Figure 1.2. Proton emittance (mm-mrad) and luminosity per antiproton (arbitraryfanitis¢ beam-
beam limitedsituation.The head-on beam-beam tusigift seen bythe antiprotons is.022 and the

antiproton beanmemittance 1% mm-mrad in thiscase. Longrange beam-beam interactions are
ignored.

1.2.2 Antiprotons

Luminosity in the Tevatron collider is proportional to ttotal antiproton intensity under
current operatingconditions. As described iBection 1.1, antiproton availabilityrepresents the
primary impediment to increased luminosity, both now and for the foresdaglnie. The Antiproton

Source is currentlgapable ofsupporting araccumulation rate of up to<I0'%hour atmodest (less
than x10') stack size, decreasing t81%'%/hour for stacks in excess of ¥B0'%. The stackingate
is limited by aperturescooling systemsand the number gfrotons on targefThe Main Injector is
designed to provide a 50% increasahi@ number oprotons pempulse,from 3.3x10" to 5.0x10%,
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along with a60% fasterepetitionrate, yielding a stacking rate iexcess of 1810'%hour atlarge
stacks.Planned improvements to the Debuncher Andumulator stochastic coolingystemswill

support a stacking rate of 00'%hour; a corresponding productioate may bepossible ifthe Main

Injector exceeds its design intensity or if modest improvementletdebuncher acceptance are
implemented. These planned improvements are sufficient to support the antiproton parameters listed in
the middle column of Table I.1.

The Recycler can increase the numbeamtiprotonsavailable at théeginning ofeachstore
by a factor of two. The Recycler accomplishes this by being able to store and cool as metitas 3
antiprotons, thuselieving the Accumulator stack-taslystem ofthe responsibility of coping with
antiproton stacks above 0 by recovering unspent antiprotonstaé end of Tevatron Collider
stores,and by improvingreliability in the long term storage of antiprotons during storesile
stacking.

In order toaccumulateantiprotons inthe Recyclering stochastic cooling will be utilized. As
described in Section IV stacks of up to abowil@? antiprotonscan be createdith the planned
stochastic cooling systems. This performance is adequate to support the antiproton needls @& Run
high stackingrate can be maintained kperforming frequent transfers of antiprotons from the
Accumulator to the Recycler. The frequency of such transfers will be determined operationally, but is
nominally about once every 2.7 hours.

An important feature of the Recycler ring is the capability to re-cool antiprtafires/er from
the previous store. It i®xpected that about5% of the initial complement o&ntiprotons will be
available at the end of a typical Run Il collidgtore. If two thirds othese can be decelerataad re-
cooled, the number of antiprotons in collision in the Tevatron at the beginning of a store twiltebe
the numberproduced duringhe interveningstore. This translates directly into a factor oo in
weekly integrated luminosity.

The MainInjector, Antiproton Source,and Recycler are expected to provide the antiproton
beam parameters specified in tight-most column ofTable 1.1. Typically the AntiprotonSource
will produce and deliver to the Recycler £1®" antiprotons during a 8 houollider store. These

will be combined with an additional 1x%0™ antiprotons recovered frothe prior store, cooled,
bunched and delivered to the Main Injector for acceleration and transher Tevatron.The required
transverse and longitudinal emittances af fftm-mr and 1.5 eV-sec in each of 36 bunches should be
achievable.

1.2.3 Luminosity Lifetime and Stacking Rate

The store luminosity will continually decrease frominiitial value asprotons and antiprotons
areconsumed through interactions andtlas bunch emittancesncrease. Fothe beam parameters
expected for Run I, the initial luminosity lifetime is dominateddogittancegrowth due tantrabeam
scattering, while after several hours the effect of antipriatssidue to luminosity becomeslatively
more important. Figur&.3 showsthe timeevolution of collider luminosity expectedr the initial
parameters of the 386 store listed in Table 1.1. This calculation is based upoadel that includes
the effects of beartossdue to luminosity,intrabeamscattering, and noise induced transverse and
longitudinal emittance growth. When compared with the observed evolution of high lumstosgy
(~2x10* cm?sec?) during Collider Run Ib the model agrees well.

The initial luminosity lifetime is 6.6 hours,but grows rapidly as thestore progresses. The
luminosity drops tohalf its initial value after 7hoursand to 1/e of its original value after about 12
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hours. At the end of an 8-hour store 76% of the original antiproton beam remties e@vatron, but
the transverseemittance isncreased to 18 mm-mrad and the longitudinamittance isincreased to

2.66 eV-sec. Without the Recycler ring the remaining antiprotons would be disgosed with the
Recycler they can be recovered for use in a later store.
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Figure 1.3. Predicted time evolution of luminosity for the two sets of ptoameters listed ifable
1.1.

The Run Ib performance an®un Il goals forantiprotonproduction, transferand recycling
are shown in Tablé.2. The Recycler stack sizgoalsare takerfrom the Recycler Technical Design
Report and correspond the number ofantiprotons required tachieve a luminosity of »210°
cm’sec' with a 7 hour stordéime and a 1 hour shot set-up tim&he initial antiproton intensity
depends on the store length, the stacking ratetrementiproton recovergfficiency. It isanticipated
that the optimum initial antiproton intensity and store length will ultimately be established lbasthe
of operational experienc&he improvements required to decreasestina setugime to 1 hour are
discussed in Chapter 7. Théiciencies given aréor the nominaldesignemittances given in section
1.3. Degradation in efficiency is to be expected for larger than design emittances.

Table 1.2. Operational antiproton stacking requirements for the current collider
conditions and for Run 1.

Parameter Run IB Run Il (Main
Injector +
Recycler)
Stacking Rate (E10/hr) 5 20
Antiproton at end of Store 73% 075%
Deceleration Efficiency 80%
Acceleration Efficiency 75% 90%
Store Duration (hr) 12 7
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Injection Time (hr) 2.5 <1
Required Usable Stack (E10) 44 278
Antiprotons Recycled (E10) 0 148

1.3 Subsystem Performance Requirements

Performance requirements for the variagselerators within the complex dvased upon the

considerations discussed Bection 1.2 and are summarizedelow. Detailed descriptions of
performance projections and required upgrades are contained in the remainder of this document.

1.3.1 Linac/Booster

L4

Antiproton Production
« -5x10" protons per pulse
e <20mmm-mrad transverse emittance

* Longitudinal emittance0.2 eV-sec
* 1.5 second repetition rate

Proton Coalescing in Main Injector
«  6x10" protons/bunch in 5-7 bunches, repeated 36 times with a 4 second period.

o <15mmm-mrad transverse emittance
» Longitudinal emittance in rang#®.15 eV-sec

Main Injector Fixed Target
« 5x10% protons per pulse

e 20mmm-mr transverse emittance
» Longitudinal emittance in range 0.2 eV-sec
» 15 Hz operation with a duty cycle up to 6/28

Tevatron Fixed Target
« 5x10" protons per pulse

* 20mmm-mrad transverse emittance

* Longitudinal emittance in range 0.2 eV-sec

» 15 Hz operation with 6 consecutive Booster batches delivered to the Main Injector; two
such ensembles, separated by 2.4 seconds, repeating about once per minute

1.3.2 Antiproton Source

L4

¢

Antiproton Production

« 2x10"hour stacking rate for stacks up td“@ntiprotons

Antiproton Extraction

. [_)elivery of 1-6<10™ antiprotons, in a bunch train Ju6ec long to the antiproton Recycler
ring.

* Transverse emittanc Ot mm-mrad

« Ap/p< 107 (full width)

1.3.3 Recycler

L4

Antiproton Accumulation
« Accumulate/cool 1-810", 8.9 GeV antiprotons, every 0.5 to 3 hr, up to a total stack of
3x10" antiprotons.
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» Equilibrium transverse emittance<fOrt mm-mrad
» Equilibrium longitudinal emittance &f60 eV-sec

¢ Antiproton Recovery
» Cool dilute antiprotons at 8.9 GeV with cooling time <2 hours.

 Initial transverse emittan&30rt mm-mrad
* Initial longitudinal emittance144 eV-sec for 36 bunches

¢ Antiproton Extraction (36x36 operation)

 Deliver to the Main Injector four bunches containingd G* antiprotons each, capable of
being captured in 2.5 MHz buckets. Nine cycles are required.

e Transverse emittanc0rt mm-mrad
* Longitudinal emittancel.5 eV-sec/bunch

1.3.4 Main Injector

¢ Antiproton Production
« 5x10% 120 GeV protons on target every 1.5 sec

e 20mmm-mrad transverse emittance
* Longitudinal emittance <0.3 eV-sec

¢ Collider Protons
» Coalesce and recapture into 53 MHz buckets, 5-11 bunches of 0.15 eV-sec each

containing 3-810'° protons/bunch delivered from the Booster. Accelerate to 150 GeV and
deliver to the Tevatron. A total of 36 coalesced bunches is required. The number of cycles
required depends on the number of Booster batches simultaneously coalesced.

* Transverse emittaneg 5tmm-mrad
» Longitudinal emittance&?2 eV-sec per coalesced bunch

¢ Collider Antiprotons
* Bunch rotate and capture into 53 MHz buckets, four bunches of 1.5 eV-sec each

containing %10 antiprotons provided from Recycler at 8.9 GeV. Accelerate to 150 GeV
and deliver to the Tevatron. Nine cycles are required.

* Transverse emittane Ot mm-mrad
» Longitudinal emittancel.5 eV-sec per coalesced bunch

¢ Antiproton Deceleration
» Accept 4 antiproton bunches at 150 GeV from the Tevatron with transverse emittance of

35mmm-mrad and longitudinal emittance of 3.5 eV-sec/bunch, decelerate to 8.9 GeV, and
transfer to the Recycler. Repeat nine times.

¢ Main Injector Fixed Target

« Resonantly extract@0" protons per pulse, at 120 GeV, with a 1.9 second repetition rate
and a several millisecond extraction time.

« Resonantly extract@0" protons per pulse, at 120 GeV, with a 2.9 second repetition rate
and a one second extraction time.

« Resonantly extract 240" protons per pulse, at 120 GeV, with a 1.9-2.9 second

repetition rate, after delivering<h0'* protons onto the antiproton production target in the
same cycle.

e <30mmm-mrad transverse emittance
¢ Tevatron Fixed Target
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« 1.5x10" protons per Main Injector cycle at 150 GeV

e <30mmm-mrad transverse emittance
* Longitudinal emittance in range 0.1-0.5 eV-sec

1.3.5 Tevatron/Switchyard

¢ Proton-Antiproton Collider Mode
» Accelerate and bring into collision 36 proton and 36 antiproton bunches, at 1 TeV per
beam, with the above listed beam parameters.

« Reliably produce a luminosity 0#&20* cm™sec".

¢ Antiproton Deceleration
* Remove protons at end of store, decelerate antiprotons to 150 GeV, and transfer 4
bunches at a time into the Main Injector. Repeat nine times.

o <25mmm-mrad transverse emittance
* Longitudinal emittance in range3.5 eV-sec/bunch at 150 GeV

¢ Proton Fixed Target Mode

« Accelerate and slow spilbA0" protons to the experimental areas at 800 GeV.
* Tevatron beam delivered to Meson, Neutrino, and Proton Areas

1.4 Accelerator Improvement Plan

Upgrades to the existing accelerator complex requirgdetet theperformance goals listed above
have been and will be funded mostly Ascelerator Improvemerrojects(AIPs). A summary of
projects required is given in Table 1.4-1. Furtdetails may bdound in subsequent chapters of this
report.

Table 1.3. Accelerator Improvement Projects required to meet Run Il performance goals.

AlP Why R&D Start Install/
Project Commission

Antiproton Injection Injection with 396 nsec Complete 1992 Summer 1995

Kicker spacing

Coalescig Cavity Upgrade| Improved coalescing Complete 1994 Spring 1995
efficiency

Antiproton BPM Upgrade | Reliability, simplification, [ Complete 1995 Summer 1998
dynamic range

MR/Tev TBT Upgrade Turn-by-turn capability at| Complete 1995 Summer 1995
all BPMs

Booster Extraction Pgrade| Improved aperture Complete 1995 Fall 1997

Debuncher Cooling 20E10/hour stacking rate | Underway 1996 Winter 1998

Upgrade

Accumulator Lattice Accommodate 2-4 GHz Complete 1997 Summer 1998

Upgrade Stack-tail upgrade

Accumulator Stack-tail 20E10/hour stacking rate | Underway 1998 Winter 1998

Upgrade

Antiproton Target 5E12 protons on target Underway 1998 Fall 1999

Sweeping*

Tevatron Dampers* 3E11/bunch Complete 1995 1998-1999
3E13 total beam

*These projects will probably be funded as R&D projects.
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