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STAGING WITH SPATIAL FILTERS 

James Glaze 

December 11, 1974 

It is known that small scale beam instabilities limit the focusable 

energy that can be achieved from a terawatt laser chain. Spatial filters 

are currently being used on CYCLOPS to ameliorate this problem. Realizing 

the full advantage of such a filter, however, may require certain staging 

modifications. In this note, a staging methodology is discussed that should 

be applicable to the CYCLOPS, 381, and SHIVA systems. Experiments are in 

progress on CYCLOPS that will address directly the utility of the proposed 

approach. 

STAGING EQUATION 

The theory of Bespalov and Talanov along with E~lan Bliss:s experimental 

work us'ing the ILS laser shows that the focusability of a beam is related to 

the so-called B· integral; this is written as 

B(z) = y r z I dz 
} 

0 

where 

2 
8n n2 ; (0.024) (I y = >. nc vac 

for ED-2 glass and' 1.06 µradiation. 

in GW/cm2) 

( 1 ) 

r-----NOTICE-------. 
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subcontractors, or their employees, makes any 
~r~nty. expreu. or Implied, or assumes any legal 
~bility or responS1bility for the accuracy, completeness 
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In Erlan's.experiment it was shown that the fractional beam energy 

that could be focused through a 500 microradian aperture following propagation 
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through an unpumped glass rod was·a decreasing function of B, evaluated along 

the rod axis, that· is 

Ef = EF(B), (2) 

where Ef is the focusable energy (that which passed ·through the aperture), E, 

the total output energy from the rdd and 

9, 
I 

B - I yl -, 
..to 

dz = 
0 

y I 9-
o 

(3) 

where I was the peak on-axis energy density divided by the temporal pulse 
0 

width at half maximum (T). For this experiment, the spatial and temporal 

variation of the input pulse was approximately Gaussian. 

If we adopt the form of Eq. (2), but generalize B to include gain in 

the following manner: 

.z 
I 

B(z) = yl j 
o ~o 

yl 
egz' dz'= - 0 [G(z) - l] 

g ( 4) 

where G(z) is the net stage gain and g is the small signal gain (we have 

obviously neglected gain saturation), a staging equation can now be derived 

by requiring dEf/dz = 0. From Eq. (2) we can write 

I I I 

\
. s!I ! F(B) + E £ t~J = 0 dz ; aB az 

IZ
0 

z
0 

(5) 

where z is the axial path length in the glass medium for which Eq. (5) is 
0 

satisfied. 
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Equation (5) can be simplified by using Eq. (4) to write 

l aB 
1 

_\ 
az1 

/z 
0 

gz 
= yl e o = yl G 

0 0 c 
(6) 

where G denotes the "critical gain" for which maximum focusable energy is c 
obtained. Further simplification results by writing 

i 

E(z) = Tl egz ! f(r) da 
o .·CA 

( 7) 

which gives 

1 dE \ 
~dz j z o = g E ( z o ) . 

(8) 

SulJsLi Luting Cqs. (6) and (8) into Eq. (5) yields 

Equations (5) and (9) have a simple meaning. They describe conditions 

for which the gain in focusable energy due to amplification is exactly offset 

by loss resulting from beam breakup. 

The staging methodology reduces to the problem of finding parameters 

that satisfy Eq. (5) or (9) at the output of a given stage. It is assumed 

that a spatial filter removes nonfocusable intensity variations (high spatial 

frequencies) and effectively sets B(z) = 0 at the stage input. The equation 

can also b~ used to locate the optimum position of a filtPr for a given 
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staging. 

PARTICULAR CASE 

We can solve Eq. (9) if we.have an expression for F(B). This function 

will, in general, depend on our definition of focusability, as well as the 

temporal and spatial variation of the pulse. In writing Eq. (5), we have 

neglected these variations; consequently, our F(B) will be considered· to 

have been averaged, in some sense, over rand t. In Erlan's experiment, as 

well as the current experiments on CYCLOPS, this averaging is automatic 

as only integrated total energy is measured. 

We now use Erlan's energy loss curve (Fig. l) to obtain F(B). By 

examination, a reasonable fit to the data, as pointed out by Bill Simmons, 

can be obtained with a Gaussian~ 

-(B/B )2 

F(B) - e o (B - 11) 
0 

( 10) 

(OthPr fonr.tions th~~ also fit the data reasonably well can be found). 

If we adopt the Gaussian and substitute Eq. (10) into Eq. (9) we get: 

Using Eq. · (4) to evaluate B gives 

g -
2y2I2 

0 

gB~ 
(Ge - l)G = 0 

c 

Solving this q~adratic equation for the critical gain, Ge, gives 

( 11) 

( 12) 
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The focusable energy, Ef' is obtained from Eqs. (~and (10); 

-(BC /Bo)2 
Ef = E·e 

where Bc must satisfy Eq. (11); solving for Be' we have 

Noting also from Eq. (4) that 

yl G B _ o c 
c g 

(G » 1) 
c 

and substituting into Eq. (15) gives 

and 

l ' ,,,,._,..,, ... ,, ...... ~--·- : 

!Cl -B//2=7.8~ 
! _: .. _____ ,_,,_~-- .. ····-··· .. -·--'"'"! 

(0.61) Tl G 1·· f(r) da 
0 c 

CA 

Usinq Eq. (13) \\le can write 

* 

-:----.................. "·-""" ...................................... ,* 
! - TgBO r i 
'Ef - (0.61) - . f(r) da. ! 
I I I I /2y ~CA \ 

( 13) 

( 14) 

( 15) 

( 16) 

( 17) 

( 18) 

( 19) 

The integral appearing in this equation is a geometrical shape factor for 
the intensity. Use of Eq. (19) for other than a Gaussian represents a 
further approximation. Equation (19) will be modified when \l/e obtain 
F(B) for the super-Gaussian. 
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CYCLOPS STAGING 

It is unlikely that the energy loss curves being generated for CYCLOPS 

will be the same as obtained with the rod experiment, or that the preceding 

theory will be useful without modification (this will be discussed later). 

It seems useful, however, to apply the preceding results to the C-amplifier 

staging of CYtLOPS. 

We consider the following artangement . 

!. 0.. ;) (! 0 

I I I I 

x /\I~ i \~~J [ ____ · ~1 C\/jl_ ~~~t- i/ ~ : 
I ,;, ! o., Fl c'I o'I 

'-----,--·--·_) .'--·---·1~---·---J ' \.. __________ ----·-···--------------.;~·-- '------>~_} 

f 1 \ +'~ r- /Sof!:c:-ftc \ .. \ (_- /) ~.., p \;.-~·it.. r·· ;:, fc.•.5· £. /~,c._,;-1. f,,-:-

PERTI NErn PARAMETERS 

I aa' = I .. ,/n =Peak on-axis input intensity 
11 

G 

g 

CA 

ro 

TP 

T r 

Td 

=I ,/n =Peak on-axis output intensity cc 

=module gain (1 .82 for solid cladding; 2 for liquid cladding). 
N = Gm = net stage gain (neglect small losses) 

= small signal gain (0.08 for liquid; 0.065 for solid) 
' 

= Glaa, (assume collimated beam) 

= (0.89)nr~I 0 T (r~lates energy to peak intensity and pulse width 

for N = 5 super-Gaussian). 

= 20 cm (clear aperture) 

= CA/ ( 2) · ( l . 38) = 7.25 cm (e-1 intensity radius). 

= Polarizer transmission (90% for C-polarizer) 

= Rotator transmission (88%). 

= Disc transmission (0.995). 
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Figure 2 is a graph of the critical gain, G (Eq. (13)), as a function 
c 

of input intensity laa', on the first disc face. Plots for both liquid and 

solid clad disk amplifiers are shown. If the stage is to be comprised of four 

modules, for example, it is observed that optimum values of laa' for the 

liquid and solid systems are 1.6 GW/cm2 and 1.9 GW/cm2 respe.ctively. From 

Eq. (13), it is observed that the dutput flux GI , and hence the output c aa 
energy are approxirnate.ly constant for all points on a given curve. Figure 2 

can be thought of as an iso-energy plot depending only upon the parameters 

B and g. lf, for example, we choose a "Hot C Design" (five C modules), it 
0 

is observed that the output is not "hot" at all! The advantage we gain is 

simply to reduce the input drive flux Iaa' required to reach the same criti

cal ouput energy. 

Since the C-stage driver (A and B amplifiers in the current CYCLOPS de

sign) must provide clean input (B = 0), the same method of design should be 

employed. That is, we use the same type of curves as in Fig. 2 to obtain 

maximum energy through-put at the spatial filter. Cost breakeven between 

the driver and the C-stages occurs when the cost savings realized by reducing 

the number of C modules is offset by the cost required to provide additional 

drive flux. Staging considerations for the front end of CYCLOPS will be 

presented at a later time. 

The theoretical performance for the C-stage of CYCLOPS is summarized 

below. 

2 
Ibb' (GW/cm ) =GI T12 = c aa' d 

24 for liquid (i) 

20 fo~ solid (s) 
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37 for R. 
I cc' = nlbb' = 

31 for s 

~00 , (Joules) = (0.89) T T nr21 1 T = 
p r o cc 

444 for R. 

358 for s 

271 for i 
= (0.61) E

001 
= 

21.8 for s 

It is interesting to note that, in the case of four C-modules, the 

difference between the focusable energy for the liquid and solid system is 

only 24%, while the difference in net gain (G 4) is 45%. This is a direct m 

result of Eq. (13), which shows that for critical staging, Gclaa' or equiva-

lently the output energ-'l varies as g. If the C-stages are "under driven", 

then the net difference in performance would vary as the ratio of the net 

gains G4(i);G4(s), (but the output energy in both cases would be lower!) 

With the present A and B staging on CYCLOPS, we can only provide a 

drive flux I , of about l.2 GW/cm 2. This reduces the theoretical perforaa 

ance of the system to the following: 

E = 211 Joules - liquid 
f 146 Joules - solid. 

Experiments that have been completed to date relate energy loss from 

beam breakup with the B integral evaluated at peak intensity. Since the 

ratio of peak intensity to average intensity is markedly different, say, 

between a Gaussian and an N = 5 super-Gaussian, it is expected that the 

loss function, F(B), for these two cases would also differ. Erlan's 

streak camera photos of the transmitted pulse in the rod experiment shows 

a temporal dip at peak intensity. This simply implies that the energy 
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I 

loss rate is greatest where the intensity is highest. By the same argu-

ment, it 'is expected that the spatial intensity profile will tend to 

flatten near the axis. If the spatial distortion becomes severe, a filter 

at the B output may complicate propagation through the remaining C-ampli-

fiers. An obvious solution, however, is to reapodize after the filter. 

The above disc~ssion suggests that it would be desirable to have a 

functional relationship between the focusable intensity and the input 

intensity. The simplest such relationship would take the form: 

It is elementary to show that G(B) cannot be uniquely determined by 

measuring the total energy Ef. It can be determined by measuring Ef 

over a range of B values along with temporal and spatial photos of t~;---~

transmitted pulse. Once this is accomplished, the pertinent time and 

spatial average can be taken, and a staging equation developed along 

the lines of the preceding discussion. 

(.-~7 ... . /) y:::.c .. , .... •.•..., 
uames A. Glaze 
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