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ABSTRACT: We discuss the results of our parmela simulations of the Wlson Laboratory
Injector. These simulations were done prior tothe installation of the newSLACsection. The nain
objective of our simil ation was to identify any possible problens that woul d be encountered when

the old CEAsectionis replaced by the new5EACti on.

To verify that the parnele sinmulation corresponded to reality, we simlated the old CEA

section which has enpirical data to whichour results could be conpared.

The effici ency of the injector at SLACwas al so used as the basis of conparisonw th our present

injector.
Apossible future nodel based on the SLACinjector nodel was also simul ated.

As of 18 Aug 95, the injector with the new SLAC section has operated

successfully for low beam currents.

T More commonl y known as the Chinese section here at Wlson Laboratory.



INTRODUCII ON

parnel a (phase and radial notioninelectronlinacs)is asimlationprograme written'byfL. Young
Los Al anos. W have used this programe tosimulate the injector withthe CEAsection and conparedits
results to that of observation. W then replaced the linac section with the newSLACsection and observe
the capture efftiency. After which, we inserted a harnonic buncher before the linac section to see whet he
we can effect a better capture. For the sake of conparison, we have used the SLACinjector as a yardstick

for capture efftiency.

Qur parmela sinulation starts with 1000 particles emtted fromthe gun. Space charge is taken into

consideration. The source paraneters are obtained fromisilc¥are shown in Table 1.

. _________________________________________________________________________]
Table 1. Gun paraneters used inall simulations

source type : gaussian no. of particles : 1000

total current : 4.6 A

o, =04 cm max =0.6 cm

o, =1000° = 0.97 ns Zma x=1600° = 1.56 ns

The choice of gun current 4%6cAnes fromwhat is observed at the gun BPM See the photographin
Figure 1.

Note: The base width of the pulse is,2.%% 3 ns.

I NJECTOR WTH THE CEA SECIT ON

To siml ate the present injector whichhas a CEAlinac section, we have used the SLACcell paraneters
but have mmced a CEAsection by changi ng the phase of the first twel ve cells. W had to do this because
of the dearth of informationwithrespect tothis section. These first twel ve cells a%@ ofmdated at 45
the rest of the section operateXCatlBls corresponds to & phase change between the first twel ve cells
and the rest of the section becaud@tefiperature change produces « phase change in this design.

These twel ve cells were designed to capture lowenergy ~ 125 keV el ectrons.

4.6 Acones fromthe fact that we have 8.6 Xfharticles at the gun for 3 ns. This inplies a current of
4.6 A
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Figwel This photograph shows the charge as recorded by the linac BPMs in

e+ conditions (photograph takenon 15 June 94).

W see a beamloss of 30%from

8.6 x 1¥Wparticles at the gun®pmaétxikd es at the end of section 1.

INJECTOR W TH A SLAC SECTI ON

The main concern of the laboratory is whether the new SLACsection would be abl

energy ~ 125 keVbeam The difference between the SLACsection and CEAsection is

section does not have any bunching cells.

W assume that the present linac section will be replaced with a SLACsection.

at various points of the injector are shownin Figure 3. Notice that the meanenergj

at the gun.
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Figure 2 This figure shows the differences in axial B-field as used by the old
injector with the CEAsection and the new SLACsection. Notice that the field
hi gher over the newSLACsectionand the diparound 350 cm This dipcomes from
the gap for the water pipes.

I NJECTOR AT SLAC

As a comparison with SLAC, we ran a simulationof the SLACinjector. The mainele

injector are shownin Figure 4. The main di fferences between our injector and the S
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Parmela Smulation with CEA and SLAC sections
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Figure 3 The histogramshows the losses after selectedelements for the oldC
section and the newSLACsection. The gun current is set to 4.6 A. The results

the simulationfor the CEAsection agrees with observation.

(i)The harmonic buncher between the second prebuncher and the first acceleratin
(i) The SLACgun operates at 10 Aand 145 keVas comparedto 4.6 Aand 125 keVhere.

The losses at selected el ements are shownin Figure 6. For comparison purposes,

and optimized for the conditionof al0 Abeamat 125 keVwithour newinjector with



BxIe* ()

SLAC Injector

rebuncher
401 P /-prebuncher 2

05 1\
T 7
w’ | [ ] L] ] \

38 deg. bend \ \buncher
olenoid

Inac
3 T T T T I T T T T T
B, field

[Ty
0 llllllllllllll

=200 2400 soo
=z (<exrm)

Figure 4 This figure shows the SLACinjector. The main difference bet ween our
injector and the aboveis the harmonic buncher betweenthe second prebuncher .

the first accelerating section. Operationally, the SLACgun runs at 145 ke V.

OTHER PREDI CTI ONS W TH CAVEATS

parnela has made the prediction that by turning off the lenses 0Bto OE, there will
The histogramfor the various capture efficiencies as each lens is turned off is shc
however, is contrary to empirical evidence. Turning off lens OE causes significant

recoverable by steering of the beam



Parmela Simulation with CESR and SLAC injectors
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Figure 5 The histogramshows the losses after selected elements for the ne
injector with a SLACsection and the injector at SLAC. The CESRinjector wit
the SLACsection does not contain a harmonic buncher and operates at a |l owe:
gun vol tage of 125 keV. The SLAC gun is operated at 145 keV. For comparison

purposes, we also didasimulationand optimizationof the newCESRinjector

10 A, 125 ke V.

FUTURE I NJECTOR W TH HARMONI C BUNCHER

Afuture improvement of the CESRinjector is the insertion of a harmonic buncher
prebuncher and the first section ¢laSLACso that a hi gher current beamcan be efficie
the end of the first section. For this particular simulation, we have assumed that
this future injector will be the same as SLAC. Figure future. ps shows the results of

tothe SLACinjector. Our sinul ationshows that we can, infact, do better than SLA



Parmela Simulation with different lens strengths
Particles alive at the end of selected locations
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Figure 7 The beamcurrent is @10 A. parmelapredicts a much better capture
as the lenses in the solenoidal field are turned off. This simul ation was done

the oldinjector withthe CEAsection.

CONCLUSI ON

parmelahas provenitself tobe averyuseful tool insimulatingthe CESRinjector.
evidence that it is accurate inthe larger context of capture efficiency. However, ce

out inthe text still remain.



Parmela Simulation with a possiole future Injector
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Figure 9 Apossible future i mprovement tothe CESRinjector is the insertion
a harmonic buncher a¢la SLAC. W have assumed that we will be using asimlar
field 1ike that of SLACin this simulation. Our sinmulationshows that we can,

fact, do better than SLAC.
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