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PossibleScenarioto ReachHigher Luminosity

The basicequationsare

L = N2cy/47tE3*S

P/C = Z0Ne2c2y4/3CSp

AVHO = Nr/47rEN

AVLR = NrPLLR/ItYP*a2S

whereN = numberof protonsper bunch,S = bunchspacing,L = luminosity, f3 = beta-
function at thehigh-luminosity IP, P/C = synchrotronradiationpowerper unit length,Z,, =

377 ohms,C circumference,p = bending radius,M’110 = head-onbeam-beamtune

shift per IP samefor high- and medium-luminosityIFs, rp = classicalprotonradius,EN
= normalizedmis emittance,AVLR = long rangebeam-beamtune shift perhigh-luminosity

lIP, a = crossingangle,LLR = lengthover which two beamsinteractwith long range
beam-beaminteraction.

In this attemptof optimization,wefIx the following quantities:

13* =0.35m

a= 150 microrad
LLR 170m

p 10km
C= 85 km
r = 1.535x1018m
51=5
2 high and2 mediun-luminosityIP’s

Thevalueof 13* assumesa peakIR triplet gradientof 270TIm. ExpressingL in

1033cm2s4,N in E in TeV, EN in it mm-mrad,P/C in kW/m, we havethe
following expressions:



L=0.145 N2E/EN

P/C= 8.9x1W7NE4

AVHO = 0.00123N/EN

AVLR = 0.0198N/E

One way to specifythe beam-beamlimit is to imposea limit on the total head-ontuneshift.
With 4 lIP’s, for example, one might require

4AvH0CO.01, 1

which reads

0.00492 N/EN <0.01

In this case,the long-rangebeaimbeameffectsareignored.

A more conservativelimit on the beam-beameffect particularlyfor the pacmanbunches
may be to consider a limit of total beam-beamtune shift

Avtot =4 AVC + 2AVLR <0.02 2

which reads

0.00492N/EN + 0.0396N/B <0.02

In addition, weconsidera limit on synchrotronradiationpowerper unit length

P/C c 0.4 kW/m 3

which reads

8.9x117NE4 <0.4

We will ignorethe collectiveinstability limits.

Case 1 In this case,we ignore the long-rangebeam-beameffects.Theoptimal luminosity
is given by simultaneouslyreachingthe limits 1 and 3. This gives

N = 4.5x105W4
= 2.2x105F4



which gives

AVLR = 8.9xio E5

L = 1.33x105F3

Case2 In this case,we imposethelimit 2, which givesa curve for N versusEN.
Luminosity is optimizedalongthis curve.Theoptimumoccurswhen

4AVHO 2AVLR = 0.01. 4

This meansthat, whenoptimized, thehead-onandthe long-rangelimits arereached
separatly,eachcontributinga total tune shift of 0.01.At the optimum,one has

N = 0.253E

EN= 0.124E

in thiscase,we have

P/C= 2.25x107E5

L = 0.075 E2

For E>18 TeV, theP/C limit 3 is violated.

Theenergydependencesof variousparametersfor the two casesaboveareplottedin
figures 1-6. Theexpectedoptimalchoiceof parametersasfunctionsof beamenergyis
givenby the solid curves.

HelenEdwardscontributedessentiallyto the discussionsleadingto this study. Jacques
Gareytehelpedclarifying somequestionsconcerningthe long-rangeandsinglebeam
collectiveeffects. A study using an alternativelimit for the long-rangelimit which
emphasizesa possiblediffusion effect dueto the long rangeinteractionswasperformed,
yielding basicallythesameresultascase2 above.
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