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AbstraCt 
Generarinl a 100 nC. 15 pi pulse lenSlb e1ectloD..,:;: : 
the AWA require. a stable 1uer I)'stem c 
_.J,' 1 3 1'JtL .. aU at 248 om with the ability toPRNUCIDI • r-' J biDed. 

shape the wave fronL W. have inltl11ed a com 
CohereDi ultra fat 702 dye 1ua' and Lambda Physik 
ex.cimer pa1sed amplification system which meets theM 
requiremcntL A device has been built to produce shaped 
laser pubes. Detailed chanctcrlzadons of the 1aser system., 
its usociated optic!" developnent. and timing/ampJitude 
stabilization are presented. 

1. Inuodoction 

The Aqonne Wake-field Accelerator (AWA) iI 
under constractioa. Phase I of the AWA includa a liDac 
which can produce 100 nC. 10 pa electlDD bunches at 20 
MeV. In order to generate such hip electron beam 
cum:nts. an L-blllld photocathode sun and a scandial wave 
preaccelerator arc Ulled. One of the key components of the 
gun is a palsed luer system which is capable of producinl 
2 PSt 5 m1 puba at 248 om and operates at maximum 
RpOtition rate of 30 Hz. We have pmehased • joint 
Coherent-Lambda Physik lucr system which fulfiUs our 
requiJanents. Details of AWA desip and cODltnJCtiOll are 
discussed. by 1. Simp8Olll. In thi. paper. we concentrate on 
the laaer Jet up and its characteristics. 

2. Laser system configuration 

The schematic diagram of the 1aJer system is 
shown in the Figure 1. The system uses well known 
tecbnologiea3. The laser consists of a front end that 
produces picosecond pulses at 248 om and a final KrF 
amplifier. 'lbe central component of the front end is a 
synchronously pumped mode locked dye oscillator 
(Coherent 702). The dye laser is tuned. to the desired 
wavelength of 491 om by a single-plate birefrinpnce filter. 
Coumarin 102 dissolved in benzyl alcohol and ethylene 
alycol is the lasing medium. and DOCI dissolved in benzyl 
alcohol and ethylene glycol is the saturable absorber. A 
hannonic tripled. mode locked Nd: YAG laJer is ulled to 
pump the dye laser. The frequency of the mode locker is 
40.62.5 MHz of which the 32nd hannonic is exacdy 1.3 
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Fipre 1 Schematic Block Diapam. of 'lbe AWA Luer 
System 

A sinsIe pallle frcm the dye 1uer 0UIpUI tram is 
amplified to 300 pI tfuoap a duee-stap amplifier. The 
dye amplifi_ is Lambda-Physik R..2003 pumped by 100 
mI, 308 am pulses &om a Lambda·Physik LPXI05i 
excimer laser. 'lbe duration of the pump pulse is shortened 
to 10 ns so only one pWlIe from the dye oscillaror CID be 
amplified. 'lbe output £rom the dye amplifier is !requeuey 
doubled in a 3x3x7mm ansIe marched BBO crystal. Output 
at 248 om i. typically 25 - 30 pI. Because the length of 
this doublinl crysral. temporal broaclen.inl of the input pulse 
is expected. 

Amplificarion of the ultra-short lTV pulses is done 
in a single stap Kr:F acim_ laser (Lambda-Physik 
LPXI0.5i). The input pulse. pus throup the amplifier 
twice in order to fully utilize its stored energy. Output 
energy from 6nal ampJifi_ i. measured by ulinl Molectron 
12.5 joule meter. Typical output of 8 - 10 m1 is obtained 
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roatiae1y. Depe.ndi.nS OQ the dixb...., HV the ASS . 
, - 105 me.ut.m=d at 20 em from the on '. 1.1 ­
lenSlb ollbe final _ ..1_ • IpUt wmdow. The 

r- ... ~d by Hamammu streat 
c~ (model Cl'87) which hu reaoludca of 2 pI. 1'be 
typi~ me.ut.m=d pulse leoSlb (F'WHM) is 3 • 4 pI. No 
satellite pubes observed. Repetition rate of the of the laser 
~~ • be .. high u 3.5 Hz. We expect to lUll the I 
routinely at 30 Hz. Mer 

3 Noise in the Laser System 

. .!h«=te are two major concems of th~ laser in tennl 
Its stabilities: puI_ to pulse amplitude and t:_=_ .. w.uuug JItter. 

The amplitude jitter of the final output pul • 
measwed by the joule meter. The typical jitter valu~ : 
7$ ~peak~). This i. • pat CODCem to as. An 
am~Jitude no~. teduction device (noi_ eater) has been 
de_gned' to limit the fluctuation down to :t: 2$. It is • 
~ee~orward system. A lIDaIl fraction of the Juer palJe 
lDCldent 011 • vacuum photodiode FDCIates • voltage put_. 
The volt,.. pul_ is then amplified to the tV ranp and 

then drive • Poebl cell The tranllDission of the Poc.kel 

ceD bas negative slope vs appJied voltap. so it can be used 

to stabil.i.a the incoming laser pubes by adjustinS the 

voJtap amplifier appropriately. Another way to deal with 

the amplitude jitter i. a pulse encqy _lection method. 

Again.. a small fmctioa of the Iuer pul_ is incident 011 • 

joule meter. The energy radiog ia _nt to the fat b:iger 
logic. If the enellY of the pul_ faDa within • PJ"'d ranp, 
the logic will generate a trigger signal to activate the data 
acquisition for that pulse. This technique effectively lowers 
the duty factor of the machine. But with the luer operate 
at 30 Hz. we am apecting that the effective rep-rate will 
exceed 10 Hz. 

The timing jitter of the dye oscIDator was 
IDCaSUIed by using two diffeRnt methods: time domain and 
frequency ckmain. The time domain mea.sun:ment WCR 

made with a Tekttoaix o.cillOlCope using 7603 main frame, 
7S11 samplinafI'DR plug-in. and S-4 sampling head. The 
laser pu.be was monitORd with a fat diode (rise time of 
100 pa). Figure 2 shows the laser jitter of 10 ps pop (.5 
second exposwe). This technique sets upper limit of the 
jitter because irs close to the limit of the technique (hisser 
jitter is - 10 ps). The long tenn drift can be monitoted by 
using the same method. We have monitored the dye 
oscillator for more than 20 minutes and drift is less than 10 
ps. The frequency domain measuRment was done by using 
the output of fast diode (25 ps rise time) as the input to a 
RF spectrum analyzeI(HPSS69B). The noise band of higher 
hannoo.ic mode loebcllaser pJlses can be used to calculate 
the nns timing jitter'. Typical data is shown in Figure 3. 
The calculated lIDS timing jitter ( >100 Hz) is 2.$ ps which 
agree. with time domain measurements. Such timing jitter 
is tolerable for our application. 

Figure 2 Tune domain mCUUtement of the dye _--=11--. , 
timing jitter 
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Figure 3. Frequency domain measurement of the 702 dye 
oscillator's timing jitter 

4. Wave front shaper 

In order to IDuminate the photocathode with a curved laser 
pulse. a wave front shaper has been designed and built. 
The mechanical drawing is shown in the reference 1. The 
shaper is composed by 9 concentric cylinders. Each 
cylinder position can be adjusted Rlative to its next 
neighbor by a stepping motor. Front surface of the cylinder 
is optically polished. Optical coating can be applied if 
necessary. Laser pulse incidents on the front. surface of the 
shapcr nonnally. By adjusting each cylinder·s position. the 
reflected wave front is shaped according1y. The wave front 
can be either concave or convex. 
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1M joiat Cohenat..Lambda Physik u1tm hiP power 1uer 
syllteal .. opeatioaal at A W A. 1be .-J;mi.'} 

ch~ of !be luer have beca pedcrmecL The 
1aaer IJ*m caD be opemtecl roatine1y GIl the daily bali&. 
c;>ptimizatiOD of abe ta.r pafonnaace wiD. be done ill 
cOnjuDctiGl with abe AWA iDnDadaa. 

Finally. we woalcI Jib to ac:IaaowJedp the helpfral 
sugeatiou from T. RaG and P. Sbaa. . "I'IU waX i8 
supported by US Department 01 Energy. Hip En.., 
Physics Divisioa under cootract No. W ..31..109-SNQ..38. 
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