¢ Brookhaven

National Laboratory
BNL-101600-2014-TECH

RHIC/PG/57;BNL-101600-2013-IR

Aperture Dependence Of RHIC Cells On Multipole Fields In The Dedicated
RHIC Dipoles

G. F. Dell

June 1984

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.



RHIC-PG~57 " -

APERTURE DEPENDENCE: OF RHIC+CELLS=
ON MULIIPOLEﬁFIELDS~INaTHEA

DEDICATEDRHIC- DIPOLES .

G. F. Dell:i

(Received ‘June:1l, 1984)



KHTC - P65 7

A lerdore Mem@ace > Ryrc
CELS ou MUL/J_ Pol £ 752&05

L0 THE DEDIcaTen /5#7‘(
DLPoLE §

G.F Detl
(Keceived Jone 1,490 ) |



5/17/34

APERTURE DEPENDENCE:OF RHIC 'CELLS:ON MULTIPOLE. FIELDS 'IN.THE
DEDICATED RHIC DIPOLES:

G.F. Dell::

" Abstract: Effects of multipoles 'in the .dedicated RHIC:dipoles have been studied-

by tracking particles through a lattice consisting of 81 RHIC cells. The dynamic
aperture with:no magnetic multipoles.is greater than 59 mm:at AP/P=0. Inclusion

of magnet multipoles reduces the dynamic aperture to ~29 mm. When a 30 mm aperture
test 'is used, the beam size in the dipoles is limited to~27 mm.

A lattice consisting. of 81 RHIC cells (~21r bend) has been used to evaluate:
the. effects of systematic multipoles in the."dedicated" RHIC.dipoles. A half cell"
is 14.80 m long and.contains one 10:7 'm dipole:centered between  the:quadrupoles; -
the {ength.of which are 1.9,m§ A chromaticity correcting. sextupole and a multipole.
element (SF and MF or SD and MD) are:-located at the center of each qua@fupole,.

while ‘dipoles haVve-a multipole element MB atieach end: Fig. 1l..

QF/2 - B OD/2:. OD/2. B QF/2

MB:: MB MD - 8D MB. MB - MF~ SF

Fig. 1 RHIC Cell

”~ -

In this:istudy there were no multipole . fields associated with:the quadrupoles.
1 aﬁdrare

The dipole multipole coefficients b) were obtained from Pat:Thompson
listed:in Table I. They-are ideal coefficients based on infinite permeability iron, -
and do not:include: construction errors. The coefficients: b} represent the field.

at 2.50 cm and.are related to the traditional:coefficients bj.by the relation:..

by, = b)/(2:5)% .



n b;(lo_ ) “b_fen™™) b_(m ™)

2 -0.02 . /.=3.20E~07 ~3.20E-03
g -0.01. - -2.56E-08 ~2 .56E+00 ¥ .
Boen 0.00 . 0.00: 0.00

8. 0.04.. 2.62E~09 2.62E+07-..

.10 0.08: -8.39E+10 8 .39E+10% .
12 -0.21 =3.52E~10 ~3.52E+14: -
14 ~0.84 =2 .26E-10 ~2.26E+18

- 16 .15 - 6.44E-12 6 .44E+20
T 0.26: 1.79E-12 1.79E424"

Table I. Systematic multipole ‘coefficients for the RHIC dedicated dipoles..

Tracking runs, with and without multipoles, were:made using: aperture:tests:-
of 1000 mm~(dynamic aperture) -and 30 'mm (physical aperture). The: tests were made
at. every sextupole.and multipole: element--at.the center.of the ‘quadrupoles and:: - -

at both ends- of the dipoles.

The emittances.in the x and y directions were set equal and.were € =€Y"‘= N'éo‘

with" €, =:0.005'and with N being the:particle amplitude’in- PATRICIA units. . For
N=1, Ex'-— Ey £ corresponds to a distance "Ar —(Ax +Ay2 f‘-?‘= (C (ﬁ ﬁy))
52.0. m and

l
/7
Ar.is greatest-at the quadrupole centéers where: ng ﬁy
’BY —_‘ﬁx = .7.35 m. At these positions Ar =

ﬁ;{+, &f‘y') ~'52.7 m and Ar = 0.513 mm. Each unit:change of . the :PATRICIA:

.0:545 mm:..Similarly, at the ends of the.
dipoles (
amplitude N corresponds to a radial change of the particle's-amplitude:of 0.545 mm:
at a-quadrupole and 0.513 mm at either end.of a dipole..

Throughout the following:studies the chromaticity-was set.to:zero:in both::
the x and y planes. The resultant dépendence. of tune upon momentum.is'shown-in..
Fig..2. _

The results of runs made:.with.:the:l000 mm aperture:test and:no multipoles-
arenlisted'ianable;II;(In.Tables»IIato,VII”the”quantityuN(TURNS)-denotes the: ..,
PATRICIA amplitude N and the number of:iturns.:;(TURNS)-the particle.survived at ..
that amplitude,. In addition, two.entries appear in the column A(mm). The entries -

0 and B’ denote the beam size at the center of ‘the quadrupoles -and at the"

4

under
ends :0of the dipoles, respectiVely.)~l?article"trajectoriesawere~'stable well beyond::
the magnet -aperture-of 30 mm, so it-was not:deemed necessary to determine the: -

actual. dynamic faperture .
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Fig : Fig. 2~ Tune vs momentum (no:multipoles)
AP/P (%) © N(TURNS) - A(mm) |
Q- B
0.2 >80(100) « | ~ = >43.6 - T val.0
0.0 - >115(100) - - $>62.6° : >59.0
-0.2 : >80(100)«: | = >43.6 © 241.0
TableII. Dynamic. aperture - no multipoles. é

When the magnet multipoles listed:in Table- I were included, the dfﬂamic
aperture-was reduced. Even .though a'particle-passed the 1000 mm aperture test
at one.multipole element, failure was-associated with amplitudesofalo4 to 1016 mm-
at the next multipole- element only a. few meters away. The results of;th%;;studst

appear:in Table:III. .



&P/P (%)

0.2
0.0 .-
-0.2.

N (TURNS)

52(100) ,54 (4)
56 (100):,58(6)
52 (100),54 (69)

Q

28.3 &/A £ 29047
30.5 & A.£ 31:6°
28:3 LA £ 29.4

B

26.7 £ A £27.7 .
28.7 4 A £29.71
26.7 £ A£27.7 |

role.

coefficient:was .set to zero. The.column headed."without" indicates -which multipole -

Table III. Dynamic aperture with .all multipoles:

An effort was made to identify which,:if any, multipole played a dominant-:-

in the aperture limitation.:A series of runs.was.made for which one;multipole

was removed.. There seems to be little indication of:a."most important” multipole -

term. These: results are listed in Table IV.

Without N (TURNS) A(hm)
0 - B.

b, 54 (100),56 (90).| - 29.4 £.A'£ 30.5.. . 27.7 £ A £28.7

b, 56 (100),58( 6) | 30.5 LA £ 31.6° 2817 £ A £29.7

bg 56 (100) ,58(:7) |~ 30.5 £ A& 31.6 ™ 28.7 £A £29.7

b1g 56(100) ,58( 7)'| 30.5 £ A4 31.6. 28.7 L A £29.7"
b1o © 54(100),56(30) | 29.4 £ A.£30.5- 27.7 £ A £28.7
b1, 56 (100) ,58 (17)°] 30.5 £:A-£31.6" 28:7 LA £29.7 |,
by, 54(100),56 (67) | 29.4 £ A £ 30.5! 27:7 4L A £28.7°
big '54(100) ,56 (23) | 29.4 £.A.Z 30.5: 27:7 £ A £28.7

thus by to byg or bjy to'byg were set equal:-to .zero. These results are listed

Table :IV. Dependence of ‘dynamic aperture:upon:one missing multipole:

Next, runs:were made when. half the multipole coefficients were .removed;:

Table V. It is seen:that,rémoval]of=b2rto byg-has little effect while removal

of by, to'b increased the :dynamic aperture by 11 mm.:

18"

in ..



Without. N (TURNS): : A (mm)

. o .
by -bi, 54(100);56 (-4) .| 29:4 £A £30.5" 27.7 LB £28.7
b1o=by g 76(100) ,78(54) | 41.4-£ A £ 42.5 = 39.0 £.A £ 40.0 |.-

Table V. .Dynamic aperture:at AP/P'=.0 with half ‘the' multipole§ removed.:

Further runs were made for;which:(bléiand-bls}, (byy and bis),‘and-(bié,and byg)
were ‘removed as well as .for which (b12.andubi4),and“(bl4,andnbl6) were removed. .-
These .results are. summarized in Table «VI..With the exception: of the combination.
(bl4tandnb18) which increased the aperture by 4 mm, no other.combination_

produced much of an effect.

f Without - Ni(TURNS). - e A (mm)
Q- B
 bya.big 56 (100) ;58 ( 4) | 30.5:Z A £:31.6" | 1 28.7 £A 229;7;
b, ,P1g 164 (100),66.( 8) 349 ,_é-gA/.36;0 © 32.8 LA £ 33.8°
b grPig . 52(100),54(19) | 28:3. LA £29.4 . 2607 LA £.27.7
by, by, . | ©52(100);54(75) | 28.3'¢ A £29.4 ©26.7 LB £.27:7
byyrbie .54 (1oo-)=-,sé (20).| 29.4 £ A £:30.5" 27.7. £ R £28.7

Table VI. Dependence-of dynamic - aperture at‘AP/P;=~O'upon;removai%of"

o pairs of multipoles.

Finally, runs were.made-using. a 30 mm aperture.test in both the‘quadrupoles;f
and dipoles. The results for four.different conditions: 1). No multipolesy,

2).. A1l multipoles, 3). by to bjg, and 4). by, to byg:- are:-listed in Table . VII.



N(TURNS) - - . o A (mm).
Q B
No Multipoles .- 52(100),54( 1) | +28.3 £ A £29:4- 26.7 £ A £:27.7
All’_Multi;?oles 52(100),54( 1) | 28.3. LA £29.4 . 26.7 £ AL127.7 |
b2 -b1g 52(100),54( 1) | 28.3 £ A £ 29.4" 26.7 24 A £:27.7
b12-byg- : 52 (106)‘,54(.1) 1. 28.3 LA L£29.4 26.7 £ B £L:27.7

Table VII.-Physical aperture. (30 mm test) .at 4p/P:=.0.

At.the100:turn level, the physical aperture is independent.of whether or not -
multipoles are included. However, the dynamic. aperture from Table III is. only
2 mm-larger than. the physical,aperture:listed in Table VII that was determined

by beam: size in-the. quadrupoles.-:

Summary..

The dynamic:aperture without magnet multipoles.wasn't fully determined but. .-

wéS'found;tOrbe'larger than-59 mm in the -dipoles at AP/P =.0.0.. When all!systematic .-

multipoles‘wefe;included,wthe-dynamic aperturerin the-dipoles was reduced:to -

28.7 & A £29.7 mm. Removal. of-individual multipoles had.little effect on.the . -
dynamic . aperture;.removal of bjs to.bjg: increased the:dynamic:aperture by ~11 mm,,
indicating;thatuthe~higher,order;fieldsuplay}a:significantwrole in determining . -

the~aperture:.Removalpof»bl4 S b 8 ,only,; -increased the aperture byas4 mm. ..

1
" Finally, the physical aperture, determined:-by a:30 mm test in the dipoles..

and quadrupoles, was 26.7 &£ A £ 27.7 in the dipoles-both with and without multipoles.

This aperture is determined by beam size in the quadrupoles. Even .so, thercorfespond-u

ing beam size in the .dipoles is within 1 to 2 mm of the dynamic aperture of the ..
dipoles. In the event that multipole,coefficients-for:"real“:dipoies are:larger -
than those in Table I, the dynamic aperture rather :.than the physical aperture'.

could be the:limiting: aperture.-
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