¢ Brookhaven

National Laboratory
BNL-104773-2014-TECH
AGS/AD/Tech Note No. 357;BNL-104773-2014-IR

DECOUPLED BEAM LINE TUNING

T. Roser

January 1992

Collider Accelerator Department
Brookhaven National Laboratory

U.S. Department of Energy
USDOE Office of Science (SC)

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



Accelerator Division
Alternating Gradient Synchrotron Department
BROOKHAVEN NATIONAL LABORATORY
Upton, N.Y. 11973

Accelerator Division
Technical Note

AGS/AD/Tech. Note No. 357

DECOUPLED BEAM LINE TUNING

T. Roser
January 3, 1992

Accurate matching of the beam ellipse in both horizontal and vertical direction is
important for successful injection of multiple turns into an accelerator. However, unlike
steering corrections the beam ellipse parameters are difficult to measure and therefore
tuning is a lengthy process and often based on trial and error. A two-step method is
presented here that should allow for a faster and more systematic tuning process. The
first step consists of measuring the beam ellipse parameter using either several beam
profile monitors or several beam profiles measured with the same monitor but with
different settings of the beam transport elements. Once an approximate match has been
achieved a tuning procedure based on small changes of the beam line quadrupoles is
required. Changes of one individual quadrupole will affect all beam ellipse parameters
in both horizontal and vertical direction. The goal is then to combine the affect of
changes of several quadrupoles in such a way that for example only the beam
parameters in the horizontal plane are affected and the beam parameters in the vertical
plane remain unchanged. Generally this is a nonlinear problem and typically requires a

least square minimization procedurel. If only small changes of the quadrupoles are
anticipated the problem can be linearized. The coefficients that relate the changes in the
quadrupoles can then be used to define a 'virtual tuning knob' to directly control the
correct combination of quadrupoles. In the case of thin lense approximation for the
quadrupoles simple analytic formulas for these coefficients can be found. It turns out
that in most cases the coefficients obtained by the thin lens approximation already result
in very good decoupling.

A general transport matrix is fully determined by the choice of two sets of three
. independent parameters for the horizontal and vertical plane, respectively. Therefore,
the requirement that the beam parameters in one plane remain unchanged results in
three conditions for the elements of the transport matrix. These conditions can be met
with three quadrupoles. In order to be able to make changes of the beam parameter at
least one more quadrupole is required.



For the following a general beam line layout is assumed consisting of four quadrupoles
separated by drift lengths:

beam-> q4 -14-q3-13-q2 - Iy - q1 - 11 - point of interest

The strength of quadrupole 4 is taken as independent parameter and only small changes
are considered as described above. The changes of the strengths of the remaining three
quadrupoles are then a function of the changes of q4:

dq3 =11 dq4
dqp=1p dqq
dqp =11 dq4

For thin lens approximation of the quadrupoles analytic expressions for the coefficients
f1,f, and f3 can be found :

frim — 14(13+14 +1314q3)
1= T by +13+hl3)

iy 14(I3 +13+14 +1ol3q2 +1214q3 +1714q3 +131493 +1713144293)
- Ihlz

e _ (3+lat13l4g3) I I3+ +olzdn +1oleqr +19l4a3 +131493+11314923)
3 (302 +13+130)

The following table shows the values of these coefficients calculated for section 29 of
the HTB line for a nominal beam line setting. The first set of coefficients changes only
the horizontal beam parameters whereas the second set changes only the vertical beam
parameters.

f1 f2 f3
Change horizontal
beam parameters -1.08 0.71 -0.76
Change vertical
beam parameters -0.95 1.42 -1.35

Figure 1 shows the calculated beam parameters at the point of interest (injection into
Booster) as a function of the percentage change of the strength of quadrupole 4. The
remaining quadrupoles were changed to leave the vertical beam parameters unchanged



(dashed line) or to leave the horizontal beam parameters unchanged (solid line). The
beam transport calculation was done using thick lense matrices for the quadrupoles but
using coefficients f1,fp, and f3 from the table above (thin lens approximation). This

explains the small residual slope for those parameters that should remain unchanged.

The method described above is independent of the parameters of the beam. If the initial
beam parameters are know then coefficients could be calculated that change oy, By,

ay, and By independently using only four quadrupoles. However, this is only useful to
the extend that the initial beam parameters remain constant.
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