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Introduction 
The purpose of this Technical Note is to document the extracted beam 

transport program called "QTUNE". 

sizes in the four SEB lines and the FEB line from the ring to the primary tar- 
gets using the known power supply and magnet characteristics. Typical TTY and 
Versatec outputs for the "U" line and "C" line are shown in Figures 1 and 2. 

The program is run with the R-R QTUNE command when in the operations area. 

This program can be used to calculate beam 

Discussion 

0 The primary purpose of this program is to calculate the horizontal and 

vertical beam sizes in the various beam lines using the present settings of the 

power supplies and the best known values of beam emittance. Beam splitting is 
not considered. 
sizes. The magnetic data is calculated from the calculated magnet current 
using a 4th order power series. Power supply and magnet current limitations 

for the beam lines are included. Various groups of quadrupoles in the beam 
lines can be tuned to vary waist locations and sizes. 

All beam is assumed going down each line when calculating beam 

This program uses 5 by 5 matrices to include momentum dispersion effects. 
Because this program is similar to a first order "TRANSPORT" run, one output 

option will write on the "MATRIC-DAT" data file matrices and beam sizes in a 
similar format to "TRANSPORT". All other output data is written on the "QTUNE- 

DAT" data file which should be printed after exiting from the program. 

Program Options 
The various program options are shown on the HELP file in Figure 3. 

The "A" command will print on the "MATRIC-DAT" file the transport matrices 
and emittances using the beam line chosen with the constant BFILE and the power 

supply data chosen with constraints IAGSFG and IENUT. Figures 4A-B show a part 
of this file. 
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The "B command p r i n t s  the ca lcu la ted  cur ren ts  and f i e l d s  i n  the  magnets. 

The power supply values are chosen with the constants BFILE, IAGSFG and IENUT. 

Figures 5A-B show t h i s  f i l e  f o r  the "C" l i ne .  

"K" and "L" command descriptions are shown on Figure 3. The **HII, I I D S 1 ,  WE**, 

The "C" command is  used to  change one or  more constants shown i n  Figure 6 

using the  NAMELLST fea ture .  These constants only have numerical values. Those 

t h a t  e f f e c t  the  graphics output are XYRANG, ZRANGE, LFRAME, AND TEKVER. The 

input  beam a t  H 1 3  (FEB) o r  F13 (SEB) i s  described with PBEAM, ABEF13, ABEHl3, 

DPP and H13MOM (FEB only). The beam l i n e  is  chosen with BFLLE, and IAGSFG 

s e l e c t s  i f  the power supply command or  readback is used t o  ca l cu la t e  the  magnet 

cur ren t .  An off - l ine  program, "ENUTQ", can be chosen t o  supply the power sup- 

p ly  values and i s  se lec ted  using constant IENUT. This program, similar to  

"AGAST", r a the r  than t h e  TTY option, should be used fo r  of f - l ine  communication 

s ince  these values can be e a s i l y  t r ans fe r r ed  t o  and from the on-line program 

"AGAST". The constant TEGFG i s  used t o  change t o  a d i f f e ren t  "ENUTQ" f i l e .  

The "G" command i s  used t o  p lo t  beam s i z e s  as on Figures 1, 2 o r  7. An 

"E" w i l l  e x i t  from t h i s  option. During FEB o r  SEB operation the constants are 

i n i t i a l i z e d  so t h a t  a "G" command w i l l  p lo t  the "U" l i n e  or "C" l i n e  beam 

s i zes .  The values of c e r t a i n  parameters are printed on the graph, "QTUNE-DAT", 

and sen t  t o  "AGAST" o r  "ENUTQ". These are shown i n  Figure 8 and defined i n  

Figure 9. 

The "P" and "M" commands w i l l  p r i n t  on "QTUNE-DAT" the  constants of the  

beam l i n e  and magnets as shown i n  Figures 10  and 11. 

The "T" command, shown i n  Figure 1 2 ,  i s  used t o  tune various groups of 

quads t o  meet desired values of w a i s t  parameters described i n  Figure 9. The 

beam s i z e s  a t  the  t a r g e t s  cannot be used t o  tune the quads before the  t a rge t s ,  

but can be var ied  by changing the w a i s t  loca t ions  and s i zes .  I f  tuning i s  

mathematically successful and the program i s  on-line, the quad power supplies 

w i l l  be changed. 

The "W" command ca l cu la t e s  the  values of the FEB o r  SEB parameters without 

p l o t t i n g  the graph. 

Theory and Units 

The beam is  considered a co l l ec t ion  of p a r t i c l e s  t r ave l ing  down a beam 

l i n e  with the  magnetic elements described with a matrix R . i 
0 
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INPUT 
- R  - R  R 

1 2 3 

+ BEAM DIRECTION + 

. 

. OUTPUT 

. 

. 

. 
xO x1 

+ BEAM DIRECTION + 

OUTPUT INPUT 
R 

xO x1 

DET [R] = 1 

The characteristics of the beam particles at the output can be determined 
from the following matrix equation: 

" QTUNE " uses 
2 can be expanded 

a 5x5 order matrix for the magnetic elements, [R]. 
to : 

Equation 
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e .  

I 

e 

e 

- - 

R1l Rl 2 R1 3 R1 4 R1 5 

R21 R22 R2 3 R24 R2 5 

R31 R3 2 R33 R34 R35 

R41 R4 2 R43 R44 R45 

R55 R51 R5 2 R5 3 R54 
- - 

X 

- 

xO 

0 
8 

$0 

0 
6 

- 

(3) 

where standard TRANSPORT definitions apply to the particle characteristics: 
horizontal displacement of input ray, in inches, with respect to 
assumed central trajectory. 
the angle (mr) that this input ray makes in horizontal plane with 
respect to central trajectory. 

trajectory. 
the angle (mr) that this input ray makes in vertical plane with 
respect to central trajectory. 

xo---- 

O0---- 

Yo---- vertical displacement of input ray (inches) with respect to central 

k--- 
8,---- AP/P = fractional momentum deviation (%) of this " assumed central trajectory. 

The units for the [R] matrix are: 

In X 
R13 (E) 

mr X mr X mr X 

(X) (X) R1l In x R12 mr x 

R21 R22 (a) R23 
(222) 

R33 In Y 

mr P 
R43 ( -Ed 

In Y (Z) 

mr Y (G) 
R31 R32 mr X 

R41 R42 mr X 

R51 (A) R52 % 

(LG) 
R14 mr Y 

mr X 
R24 (3) 

( X )  
R34 mr Y 

( G j  

R54 (ZT)  

R44 mr Y 

% 

input ray and the 

In X 
R15 

mr X 
R25 (7) 

In Y 
R35 (7) 

mr Y 
R45 (7) 

R55 (+I 

Figures 4A-B show the individual element matrix and total [R] matrix at 
different points in the "C" line, 

spaces, horizontal and vertical focussing quadrupoles, wedge dipole and pitch- 

ing magnets without edge focusing, and rectangular dipole and pitching magnets 
with edge focussing. 

"QTUNE" calculates matrices for drift 
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0 

The beam i s  considered an array of pa r t i c l e s  tha t  i s  described with a 5th 

order symmetrical sigma el l ipsoid.  For h i s t o r i c a l  reasons the program uses a 

r m s  beam and then converts t h i s  t o  a 99% beam. The symmetric SIGMA matrix a t  

a t  the beam l i n e  input is: 

Jo22 
do33 
Jo44 

31 '41 

42 32 

43 33 

Q 21  

22 

32 

42 

52 

Q 

Q 0 Q 

Q Q Q 

43 O 4 4  CJ Q 

55 
Q 

54 
Q 

53 
Q Q 

(4) 

maximum (half)  width of the beam envelop i n  the X 
(bend) plane a t  the given point (inches). 

maximum (ha l f )  angular divergence of the beam 
envelope i n  the X-bend plane. 

maximd (ha l f )  height of the beam envelope. 

maximum (half)  angular divergence of the beam 
envelope i n  the Y (non-bend) plane. 

half-width (1/2 AP/P) of the momentum in t e rva l  
being transmitted by the system. 

The coupling elements a re  the a i j  elements fo r  i not equal t o  j. 

"QTUm," assumes that  the input beam for  the SEB or  FEB l i n e s  have no in- 

put X-Y coupling or :  

P o l  

- 

0 0 0 

0 0 0 

0 0 Q 

0 0 Q 

0 0 0 Q 

21  Q 

22 Q 

43 

44 

Q 
33 

43 
(5 

55 F _I - 

(5) 
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0 

The input FEB beam is also assumed to have input momentum dispersion or 
the and R25 elements are non-zero at Hl3. 

At any point in the beam line, the SIGMA matrix [al] can be found from the 
input matrix [a,] and the total [R] matrix to this point: 

T where [R ] is the transpose of [R]. 
The graphs of Figures 1 and 2 are obtained by plotting J;r“- and &?-- along 11 33 

the beam line for a 99% beam. 
dispersion parameters, R15 and R25, along the beam line. 

The program also plots the horizontal momentum 

The input SIGMA matrix, [a ] is obtained from the constants ABEF13 or 
0 

ABEH13 and DPP. For no X-Y coupling, the horizontal part of [a,] is: r; 21 22 O2!I a 

= EHBH 11 a 

H E - - -:j (7) 

5 1  D21) 
E = DET( 

O21 O22 

where a ,  6, and E are the rms beam Twiss parameters as specified in ABEF13 or 
ABEH13. These are initialized to the best know values of the emittance at F13 
(from H. Weisberg) or H13 (W. IJeng). 

a - dimensionless 
k3 - kiloinch 
E - epislon = rms emittance (inch-mrad) 

The 99% beam emittance = 9.2103 E 

The 99% beam width plotted = 3.0348 (beam width for rms beam) 
The vertical [a,] elements, 0 

way. 

rms 

a and a44 are obtained in a similar 33’ 43’ 
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If X-Y coupling occurs downstream, the beam ellipsoid is assumed to have 
the same 5th order volume or no losses are assumed. 
vertical emittances may change, 

emittance in that plane is needed at the entrance to the drift space. 
emittance is the projection of the ellipsoid on that plane o r  

THe horizontal and 
e 

To determine the location of a waist, the 
The 

0 33 43) 21) or E = DET (a  
CT CI d 

E = DET (:l 
43 “44 0 V 21 22 H 

where DET is the determinant. 

+ (“22’0 R12R32 + (“33’0 R13R33 + (“43’0 ‘x 

+ (“44’0 R14R34 (“66’0 R16R36 
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Where the (a..) are the input beam components and the R are the total matrix 

elements from the input to the Point 1 in the beam line. The input beam Twiss 

parameters (a, 8,  E )  can be found experimentally by fitting several beam width 

measurements to Equation ( 6 )  or (7) knowing the elements of the [R] matrix at 
the measurement point. 

1 J  0 ij 

mn 

Distribution: Dept. Admin. 
A.D. Physicists 
AGS Div. Engineers 
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(HALF WIDTE(MILS1 0FiVERT. BEAK AT; WAIST ZYEAI1'A' 
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( Z  POS.  OF 'E '  TGT VERT.T?AIST\INCB; 0= 'E'  TGT;- 

(1800 TINES BEAM HORIZ.  EFIITTANCEIIALPHA'AT C0.8 DOT'TNSTREAH (Q TUNE USE1 
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