¢ Brookhaven

National Laboratory
BNL-105198-2014-TECH

Booster Technical Note No. 154;BNL-105198-2014-1R

TOLERANCE OF BEAM EXTRACTION ELEMENTS FOR THE AGS
BOOSTER

S.Y. Lee

December 1989

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.



TOLERANCE OF BEAM EXTRACTION ELEMENTS

FOR AGS BOOSTER

AD

BOOSTER TECHNICAL NOTE
NO. 154

S. Y. LEE

DECEMBER 15, 1989

ACCELERATOR DEVELOPMENT DEPARTMENT
BROOKHAVEN NATIONAL LABORATORY
UPTON, NEW YORK 11973




Booster Project
Alternating Gradient Synchrotron Department
BROOKHAVEN NATIONAL LABORATORY
Associated Universities, Inc.
Upton, New York 11973

Booster Project
Technical Note

No. 154
TOLERANCE OF BEAM EXTRACTION ELEMENTS FOR AGS BOOSTER

S.Y.Lee

Abstract

We analyzed the sensitivity of the beam extraction for the AGS Booster. We found
that (1) the systematic difference of the slopes of the extraction orbits between heavy ion
and proton should be compensated properly by the septum about = 0.27 mr. (2) the orbit at
the stripper location is sensitive to the focusing quadrupole QF2. Assuming a = 1% error in
the kicker and 0.1% in the septum, we expect yms orbit excursion of 2.8 mm at the stripper
location. Since the orbit error depends on the kicker and septum excitations, orbit
correction will not be useful. Yet + 2.8 mm orbit error should be tolerable. Improvement
on kicker and septum stability would certainly be helpful also.

I. Introduction

The beam extraction from Booster to AGS requires (1) slow local orbit bump excited
by backleg winding of four main dipoles F2, F4, F7 and Al and (2) a fast kicker at F3
straight section fired within 120 ns rise time to kick the beam onto the septum at F6.

The excitation of F2, F4, F7 and A1 dipoles are respectively a®, £¢A®, £, and £,
A® respectively. The corresponding closed orbit at the septum is given by:

Xeo = (67058 + 9.1069 ¢) A® "
X' o = (15973 + 0.9921 ¢) 00
withg, = 1.160 + 0.171 (Qy - 4.83) + [0.240 + 0.855 (Qy - 4.83)] ¢
¢, = -0.238-0.884 (Qy - 4.83) + [1.075- 0.333 (Qy - 4.83)] ¢

figure 1 shows an example of closed orbit at ¢ = 0.6.

When the particle on the closed orbit are kicked at F3, the orbit excursion at the
septum location at F6 can be expressed as



Xsept = Xco - 10.748 6%k

' ' AD )

where 2%k is the kick angle of the fast kicker.

If we assume that the beam fills up the aperture of 4" at the injection, the beam size at
the extraction will be (1.8"H x 0.8"V) for proton and (1.1" H x 0.3" V) for heavy ions.
Normally, the actual beam size should be smaller. The septum with 7.6 mm thickness is
located 2" from the Booster center orbit. To optimize the operation, the thickness of the
septum is distributed onto both side of 2". The resulting available aperture becomes 47 mm
for the Booster unless local orbit bumps at injection is used.

Assuming that beam displacement xgeny = 76.2 mm, i.e. 3 inches, the acceptable
beam size at the extraction will be 1.7"H, wﬁl& is sufficient to contain the beam which fills
up 95% of the aperture of 3.8" at injection.

To minimize the kicker strength, we choose X, = 25.4 mm for proton and x., = 38.1
mm for heavy ions. The actual closed orbit required will depend on the actual beam size.
The kicker strength required can be solved from Eq. (2) as

0.0762-Xgg
10.74813 (3)

Aq)k = -
where Xsept = 3" = (0.0762 mm is used.

Table 1 lists the angular kicks needed for closed orbit for ¢ = 0.6 and kicker strength
needed for 3" beam displacement at the septum location.

Table 1 a® for F2 Dipole and a®y, for Kicker

Xco (mm) A® (mr) 0£d/® (%) A} (mr)
25.4 -1.978 -1.13 -4.726
38.1 -2.967 -1.70 -3.545

The beam slope x * sept of Eq. (2) can be calculated to be
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where Xgent = 76.2 mm is used. Because of different closed orbit x. for protons and
heavy ions, we will expect

06X gept =+ 2.74x 107* rad. (5)
Similarly, assuming = 1% regularity in the kicker strength, we obtain

AXsept = x (.5 mm (6)



2. Error Analysis of the Transfer Line

The particle beam in the presence of the error field, AB, follows the equation of
motion, AB
X" + kK(s)x = Bp (7)

When the particle beam starts at the septum location with (xsept’ X'sept) and
propagates along the extraction line given by the following elements

Sept S1 QD1 S2 D1 S3 QF2A QF2B S4 QD3 S5 T

where Sept is the 2.5 m long septum with total bending angle around 142mr, the lengths of
the drift spaces S1, ... S5 are respectively 2.3 m, 0.5 m, 0.5 m, 0.9444m and 0.4 m.

The 4" quadrupoles Q D1, QF2A, QF2B and QD3 are 0.5 min length. D1isa 0.5 m
dipole. T is the stripper for heavy ion beam.

The possible chance of error in the elements are septum field error of order 103,
quadrupole misalignment error of about = 0.1 mm. Equation (7) can be integrated with
these errors to find the beam displacement at the stripper location as

Adg £B,
Xp = Xgept + 10.698 X'gept * 1.349 —5—+ 0.167 ——
+ 2.627A - 3.325B + 0.820 C (8)
with AD
s
A = Xgept + 5.65375 X'gept * 0.62533 F— + 4,
Adg £d,
B = Xgept * 7.354 X'gept * 0.874 —5—— + 0.0453——
+ 0.983 A + 4,
Adg i
C = Xgept *+ 9.048 X'gept *+ 1.114 —— + 0.107 —5—

+ 1.816A - 1.685B + A,
where A, A, and 4, are the misalignment errors of QD1, QF2, QD3 respectively and

AP /D, D, /P, are the percentage error of the septum magnet and the dipole D1
respectively. Equation (8) can be reduced to the following:

£
S
AXp = = 3.398 AXgept - 19.387 OX'gept ~ 2170 ——
X
+ 0.0412 —— + 0.511A
3, 1

- 4.707 A, + 0.820 4, (9)



The angular divergence of Ax”geny discussed in Section 1 between the proton and
heavy ion operation is a systematic eftect, the effect can be compensated by proper chosen
2£d /. systematically. Once the systematic effect of Eq. (S) is properly compensated, the
expected orbit deviation from the ideal one will be

)2 + ... (10)
2

)2 + (2.17 ¢

o’ & (3.40 ¢
AXgept

Axip + (4.71 0

neg /8 A

where we assume a perfect compensation Ax * sept by Ad¢/® terms.

When 9,2 0.1 mm, 08xgept = 0.5 mm; 0A®¢/®g = 10°% are used, the orbit placement
will be oAx. = 2.8 mm. Thl\ means that the transfer line orbit at the sfrmnpr location is

expected to have + 2.8 mm orbit movement from shot to shot due to the strengths variation
of the kicker at 1% and the septum at 0.1%. Since the orbit dlcnlgc ment is much sensitive
t.

to the quadrupole QF2 in Eq. (9) alignment of QF2 is importan
Similarly, the vertical orbit displacement is given by

7T = Zsept + 10.698 Z'sept + 1.349%¢ + 0.1671 ¥, -2.627A + 3.325B - 0.8203C

(11)
where
A= Zu ¢ +35.654 Z'sent + 0.6253 g + A,
B =Z, pt + 7.354 7.~ sept + 0.8738 ¢ + 0.04545 v, - 0.9832A + 4,
C =Zgepy +9.0482~ sept + L.1149¢ + 0.107 ¥, - 1.816A + 1.685B + a3
¢ and ¥, are angular rotation of dipole from the vertical axis, A, and A, are the

vertical misalignment of quadrupoles QD1, QF2 and QD3 respectlvely The’ effect is
similar to that of Eq. (9) for the horizontal motion.

3. Orbit Correction Scheme

Since there are limited available space between the septum and the stripper location,
there is no steering magnets. Based on our analysis in Section 2, we should have no trouble
in the beam transfer line from the Booster to the stripper location at * 2.8 mm within the
ideal orbit. since the variation depends on the power supply regularity of the kicker and the
septum, orbit correction will not be useful. The orbit information at the stripper location
will be useful to obtain an on line correction scheme for the rest of the BTA line. since the
correction depends specifically on the actual alignment error in the transfer line, the
correction scheme in the downstream could be adjusted accordingly. The analysis of the
BTA from the stripper to the AGS injection septum will be studied in the future.

Since the magnetlc orbit correction can correct only the systematlc error in the
transfer line, we should rely on proper alignment and survey to obtain good beam line
transfer.

in the machine.
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error at the septum is given by

OX = Xpé
sept
p p (12)
AX ’Sept = Xp )
where § = Ap/p is the momentum error and x,, and xp, ~ are dispersion functions evaluated

at the septum location, i.e. Xp = 2.763m, Xp = -0.43%. Substituting Eq. (12) into Eq. (9),
we obtain

AXT = (-3.4xp -19.4 Xp )8 = -0.35xp6 (13)

This means that 1mm radial error is translated into -0.35mm at the stripper location.
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