SLAC-PUB-95-6841

Work supported by Department of Energy contract DE–AC03–76SF00515.

* Work supported by Department of EnergyContract DE-AC03-76SF00515.Measurements of Longitudinal Phase Space in the SLC Linac*R.L. Holtzapple, F-J. Decker, R.K. Jobe, and C. SimopoulosStanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USAI. AbstractThe electron and positron bunch distributions in theStanford Linear Collider (SLC) linac have been measuredusing a Hamamatsu, model N3373-02, 500-femtosecondstreak camera[1]. The distributions were measured at theend of the SLC linac versus the bunch compressor RFvoltage. The energy spread at the end of the linac was alsomeasured using a wire scanner. The effects of the bunchcompressor on the shape of the bunch distribution are alsopresented.II. Bunch Compression in the SLC LinacIn a linear collider the transverse emittance needs to besmall for high luminosity. Damping rings are used to dampthe emittance. The bunch extracted from the damping ringis too long for acceleration in an S-band linear accelerator.To reduce the bunch length after extraction, the bunch iscompressed.The bunch distribution in the SLC linac is determinedfrom the distribution in the damping rings, and the bunchcompressor. The bunch compression system at the SLCconsists of two parts: 1) a non-isochronous transport linefrom the damping ring to the linac (referred to as thetransport line), and 2) an S-band RF accelerating section atthe beginning of the transport line (referred to as thecompressor). The electron and positron damping ringshave separate transport lines and compressors.Bunch compression is determined by the relationship

zf = zi + R56 ΔEE

where

R56

is determined by the optics in the transport line,

zi

is the location of a particle in the bunch beforecompression,

ΔEE

is the energy offset of a particle after thecompressor, and

zf

is the location of a particle in thebunch after compression. When the bunch is extracted from the damping ring itpasses through the compressor RF accelerating sectionwhere the mean of the bunch distribution is centered on thezero crossing of the compressor RF wave. The compressorvoltage gives the distribution a correlated head-tail energyspread (tail of distribution is lower in energy than head).After the compressor the bunch travels through the non-isochronous transport line where the longitudinal phasespace rotates. Phase space rotation occurs from the highenergy particles (head) taking a longer path than lowerenergy particles (tail) through the dispersive transport line.The compressor voltage amplitude can be varied so that thebunch is under-compressed, fully-compressed, or over-compressed.III. Bunch Length MeasurementThe streak camera uses synchrotron light produced inthe splitter magnet at the end of the linac to determine thelongitudinal bunch distribution. The projections of thelongitudinal distribution are saved and analyzed off-line.The mean and

σ

of the projections are estimated byfitting the entire profile to an asymmetric Gaussianfunction

I(z) = I0 + I1 exp − 12 (z− z)

(1+ sgn(z− z)A)σ 2

where

I0

=pedestal, and

I1

=peak of the asymmetricGaussian. The term

sgn(z− z)A

is the asymmetry factorwhich parameterizes the shape of the asymmetric Gaussian.Since the shape deviates considerably from an asymmetricGaussian, a better estimate of the bunch length is providedby the root mean square width

σ z = (ziiN∑ − z)2 I(zi )

where

N

is the number of CCD pixels within

±3σ

of themean

z

,

zi

is the location of the pixel, and

I zi( )

is theprojection height.

0.40.60.811.21.42530354045Linac Bunch Length e+/e-

RMS sz e+ (mm)RMS sz e- (mm)

RMS

s

z

(mm)Compressor Voltage VRF(MV)Figure 1. The bunch length as a function of the compressorvoltage for the electron and positron bunch at the end of thelinac.

The streak camera measurement consists of taking 30longitudinal profiles at compressor voltage settings 2 MVapart. Plotted in figure 1 is the mean RMS bunch lengthand the root mean error for currents of I=3.4x1010 and3.3x1010 particles per bunch for the electrons andpositrons respectively. The accelerating RF voltage in thedamping rings during this measurement was 820 and 880kV for the electron and positron rings respectively.A compressor voltage setting of 30 MV gives a bunchdistribution that is under-compressed, 36 MV is a fully-compressed, and 42 MV gives an over-compresseddistribution. The longitudinal distribution of the positronsand electrons (see figures 2 and 3) is a sum of 30 plotswhere the means of the distribution are shifted to acommon origin.

σ_E

E = 2π σ_z

λ E V_{rf}σ

z^{λ =105}VrfE_{±2.5%}

zzE(z) = Einj(z)+ Ei cos(_{2πz}λ +φ i )i_N∑ − Ewake(z)NEinj(z)E^iφ^{iλ}E^{wake}(z)_{dE(z)}^{dz} = 0^{φ i}

φ i