SLAC—PUB—95-6806JUNE 1995Presented at the 16th IEEE Particle Accelerator Conference (PAC 95) andInternational Conference on High-Energy Accelerators, Dallas, Texas, May 1--5, 1995FLAT BEAM SPOT SIZES MEASUREMENT IN THE SLC-FINAL FOCUS*P. Raimondi and F. J. DeckerStanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USAWith the switch to flat beam operation in the SLCduring the 1993 run [1], it has become necessary to developan algorithm that˚ is capable of measuring the beam spotsizes at the Final Focus Interaction Point (IP). Thisalgorithm uses the correct beam-beam deflection formulafor the more general flat-beam case, since the round beamapproximation is no longer valid [2]. The application of thisformula to the IP spot size measurements in the SLC FinalFocus is the subject of this paper.I. DERIVATION OF THE BEAM-BEAMDEFLECTION FORMULA IN THE FLATBEAM CASEThe assumptions used in the theoreticalevaluation of the beam-beam deflection are:(a)Gaussian and upright distributed beams with sigmasin the three dimensions sz-, sx-, sy- for electrons,and sz+,sx+,sy+ for positrons(b)y = 0 (on plane colliding beams)(c)

assmax · <<- -z x2

(no disruption )It can be proved that the overall deflection angle isproportional to the electric field generated by theconvolutions of the two beam space distributions [3].Moreover, the Bassetti expression for the electric field E(x)is valid for Gaussian distributed beam [4]. Hence, aftersome algebra, the total deflection angle a(x) in the x-planeof the e- beam, due to the interaction with the e+ beam, as afunction of their distance x is:It can be proved that the overall deflection angle isproportional to the electric field generated by theconvolutions of the two beam space distributions [3].Moreover, the Bassetti expression for the electric field E(x)[4] is valid for the Gaussian distributed beam. Hence, aftersome algebra, the total deflection angle a(x) in the x-planeof the e- beam (due to the interaction with the e+ beam) asa function of their distance x is

+˚*Work supported by DE—AC03—76SF00515.

a p g () , x N r x x x x e e n y x n n ex_n = · -_{+�}^Ł�_�^ł� ( ) Ø º

Œ

ø ß

œ

2 2 erfc erfc S

S

(1)where

x

x n y x() ,

= -2 2 2S S

erfc x dt e t

x() ,= -+¥�2 2p

Ne+ is the number of particles in the positron bunch re is the classical electron radiusg is the beam energy over the electron mass,and

Σy = σ y−2 +σ y+2

, and

Σx = σ x−2 +σ x+2

˚,with some further algebra, we can also express thedeflection in an integral form simpler than the one used in[2]:

a g()() , ( / )x N r x dt e a te e x x tx= + -+ -�S S2 2201 2 21 1

(2)where

ay x / .= S S

a y x = S S/

2 1118 4 p

g

. ,

N r

N e e

e

+

+ =