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MODIFICATIONS OF THE DESIGN OF THE FINAL TRANSFORMER IN THE 
FFS TO ACCOMMODATE LOWER GRADIENTS IN THF FINAL QUAPRUPOLE 
TRIPLET SLAC-CH—239 

DE84 0117 57 
The final transformer of the FES includes the soft bend magnet and two 
symmetric quadrupole triplets as sketched in Fig. 1. It ends at the IP. 
It is a telescopic transformer (meaning that its tra ifer matrix is 
diagonal) with a magnification of -1/5 in both planes Ir the current 
design, L*, the distance between the downstream end of Ql and the IP, 
is equal to 7.25 feet (2.21 TO) and space is provided unstream of Q6 
to accommodate a 27 foot long soft bend magnet. Eatisf. :tion of the 
foregoing conditions leads to field gradients of .-ixsut J.9.8 kg/cm in 
Ql and Q3 and 18.1 kg/cm in Q2. 

It now appears that it would be very difficult to attain such gradient*. 
For practical superconducting quad designs, meaning iron-Tree, 5 cm 
bore, two-layer windings and 4.2 degrees K, experts have estimated 
that gradients of at least 14 kg/cm would be reasonable. 

This rarses the question, can the final transformer in the -TS be 
modified to accommodate gradients of 14 kg/cm or less and if so at 
What price in performance. 

DESIGN ASSUMPTIONS 

In order to avoid major upheaval in the design of other elements of the 
ARC-FFS systems, it is assumed that the overall length Of the transformer 
will be left unchanged. Then it appears that the only parameter of the 
system which might be compromised significantly is the length of the 
soft bend magnet. The 27 foot length in the present design is an 
anachronism stemming from early analyses with different configuration 
where the soft bend was located much further downstream. Studies are 
underway to determine what length is actually needed from a background 
point of view. Rough estimates lead one to believe that 10 feet is 
probably enough. Assuming that is so, it is straightforward to find 
modified designs for the final trans former optics which can accomodate 
gradients in the final quad triplet as low as 10 kg/cm and at the same 
time conform to the following conditions: 

a) Preserve the symmetric triplet configuration Which is 
important in connection with suppression of higher order 
clircnatic aberrations. 

b) Retain L* = 2.21 m. 

c) Leave the magnification equal to -1/5 in both planes, and in 
" turn retain the naainal rms beam size of 1.2 microns in bath 
planes. 
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RESULTS 
Calculation of the rms spot size at the IP, sgx* and sgy*, have been 
made for several modified designs using TURTLE, seoond order, with 
a 50 GeV beam having an omittance of 300E-10 rad-cn and a gaussian 
manentum distribution with a standard deviation of 5 ppm truncated 
at 5 pj-i.'. These are the conditions and parameters ordinarily used 
for evaluation of the relative performance of systems subject, to 
chromatic and geometric aberrations only. 
Results for sgx* and sgy* together with the sextupole strengths required 
for second order correction are shown in Table I. Compared with the 
unavoidable effect of emittance growth due to synchrotron radiation 
which causes the rms beam size *o grow to about 1.9 microns in the 
horizontal plane, the degradation in performance in these examples, 
even for quad gradient of 10 kg/cm, is not very significant. 
As a matter of interest, the last entry in Table I shows results with 
quad gradients equal to 14 kg/cm and L* increased to 3 m. That 
combination is one which just uses up the space available with a 10 fooi. 
long soft bend magnet (as does the combination L* = 2.21, Q1,Q2,Q3 = 10) -

TABLE I 
L* Q1,Q2,Q3 SGX* SGY* SEXA SEXB 

m kg/cm microns microns kg@lem Kg@lcm 
2.21 20 1.34 1.32 .52 -1.30 
2.21 13 1.39 1.35 .56 -1.35 
2.21 10 1.46 1.30 .60 -1.40 
3.00 14 1.43 1.49 .61 -1.55 

DISCLAIMER 

This report was prepared as an account or work sponsored by an agency of the United States 
Government. Neither the United Stales Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi
bility for the accuracy, completeness, or usefufness of any information, ar-aaralus, product, or 
process disclosed, or represents that its use would not infringe privately owned Tights. Refer
ence herein to any specific commercial product, process, or service by trade iiajne, trademark, 
manufacturer, or otherwise docs not necessarily constitute or imply its endorsement, recom
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors eipressed herein do not necessat>ly slate or reflect those of the 
United Stales Government or any agency thereof. 
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Pig. 1 Schematic layout of the final transformer in the PPH 
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