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Abstract

Tracking studies for the standard separated function AGS Booster lattice
with tunes close to the principal diagonal (:L;, Z)y) = (4,820,4.830) show
evidence of strong coupling. In the current study operation at an off-diagonal
tune (4.820,5.830) gives evidence of reduced coupling and consequently reduced
beam size. This impacts Booster parameters such as injection schemes and re-

quired vertical aperture of the vacuum chamber.

Normal operation

Tracking studies on the Booster for tunes near the principal diagonal
give evidence of coupling that produces repeated growth and decay of betatron
amplitudes in both transverse planes. This growth enlarges the beam size
sufficiently that the maximum vertical size of the vacuum chamber (33 mm) is
not sufficient to accomodate a beam having the nominal emittances of é:°x=

é;v = 50T mm mrad;z In the current study the working point has been shifted
from the standard tune of (4.820,4.830) to (4.820,5.830). The pattern of
resonance lines is the same at the two operating pointé - Fig.l, but the dis-
placement moves the working point away from the 2'7/; -2 Z/; = 0 resonance
along the principal diagonal.3

In all studies the particles were tracked for 1000 turns, and multipoles
due to eddy currents at injection were included.4 A comparison of the phase
plots for the two working points is found in Fig.2(a) and Fig.2(b). It is
seen that the radial thickness of the phase plots, a measure of coupling, is

less for the off-diagonal working point.

At any time the emittance should be described by the function:

= 2 'y 2 ith = R
E—(z+<o(zz+/gzzm/@z with z = x or y

pA

[
The ratio ( EZ/ eoz)/z ls a measure of the change of beam size from its
/
initial size, and plots of ( éy/ E °y)/2 versus ( £ < € Ox)y2 give a measure
[

of the particle's behavior in the four dimensiongof transverse phase space.’



Such nlots are shown in Fic 4

y Fig.3 for th
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oints (4.820 R3IN) and
QINLTsS (24.82U c:s0) ana

two working .

p '
(4.820,5.830). The negative slope of the shaded area of Fig.3(a) indicates
coupling, while the range of the shaded area is an indication of the size of

the coupling.

The values of X and & can be printed out at each turn during the
~ Vv
tracking run. Maximum € and minimum £ values ¢f £ and € as well as
A v " X Y
(€ - €& )/ & , and (€ -2 o)/ € , are tabulated in Table 1 for the first

IAS
100 turns of a 1000 turn run. There is a slight indication that £ may be

growing during the 1000 turn run, but such growth is too small to see on the

l
As the beam size varies as (1 + (& -E£ / €o))/-7- , the

data of Table 1 indicate a 33% increase in beam size at (4.820,4.830) com-
pared to a 12% increase of beam size duvue to coupling at (4.820,5.830). Thus

operation at the off-diagonal working point seems preferable to that at the

on-diagonal working point.
v A
A v c o - -
Vy | €x Er | €6 |Ereave. || £, gy C-core.| Gcove.
4.83 53.3 11.8 0.066 -0,.764 90.0 47.0 0.800 -0.060
5.83 61.6 50.6 0.232 0.012 57.9 37.1 0.158 -0.258

Table 1 Relative emittance growth for x and y motion at working points (4.820,4.830) and (4.820,5.830).

v . s
€, &, and €, denote maximum, minimum, and initial emittances, respectively in the x and y planes.

Injection

During proton injection the closed orbit will be displaced inwards (per-

haps as much as 75 mm) in a Q5 guadrupole, and bunches having emittances of

e:x = . = 10T mm mrad will be injected as the closed orbit is moved out-
wards towards its equilibrium position. The first bunch will be injected

onto the closed orbit, but successive bunches will have increasingly larger dis-
placements from the closed orbit. This displacement increases the effective

betatron amplitude and therefore the horizontal emittance of the bunch. Track-

1)
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ng has been done at both tunes (4.820,4.830) and (4

Q20
TLU

f

with fixed vertical emittance E;v = 10T mm mrad and with horizontal emit-
P4

tances corresponding to several positicns of the closed orbit.




The maximum verticaiemittance é;y during the first 100 turns of a 1000
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treen the closed orbit and the injection channel.

The maximum vertical smittance éy during the first 100 turns of a 1000
turn tracking run is plotted in Fig.4 for several values of the distance be-
tween the closed or
a period of ~ 28 turns for emittance transfer back and forth from one plane to
the other.) For the tune (4.820,4.830), the horizontal emittance is coupled
strongly to the vertical emittance and results in the vertical size of the beam
increasing rapidly to the point where it exceeds the height of the vacuum cham-

ber. From Fig.4 it is seen that the vertical emittance grows from 101 mm mrad

to 50T mm mrad when the distance from the injection channel to the closed orbit

. . 2
is 35 mm. With E— = X/ £ and X = 35mm and 8 = 13.5 w, é = 907 mm
x F x I~ x X
Hence with initial emittances of 6_,= 90 mm mrad and é: = 10T mm mrad,
X -~y

the beam becomes round at the (4.820,4.830) working point,

The situation for the tune (4.820,5.830) is much more favorable. 1In this
case the vertical emittance grows slowly as the horizontal emittance is in-
. o od I—
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injection with a 50 mm separation between the closed orbit and the injection

channel ¢ E.x = 200 TT mm mrad), the vertical emittance is less than 1570 mm mrad.

If the beam is ever to become round and the vertical aperture is limited to
T 0 . 2 / r '

- 4 1AnT
hen €., + coy & 100

closed orbit by 75 mm for injection is not necessary. The requirement that

EA T e e O e
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Tm mr nd displacemen
there be a + one inch vertical aperture at three inches from the centerline of
the vacuum chamber could be relaxed. On the otherhand, if the beam maintains
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channel as far as 75 mm from the equilibrium orbit could have:som= advantagdes.
However for this scenario to have value, the vertical beam size would have to

remain small, and again the requirement of a + 1 inch vertical aperture at three

inches from the chamber centerline could be relaxed.
Conclusions
1). Tracking of a round beam having é°x = écy = 507" mm mrad indicates

that operation at the off-diagonal working point (4.820,5.830) produces less
coupling than does operation at (4.820,4.830).



4.

2). Studies for injection with Ecy = 10T mm mrad and 11l.7 mm& X £ 75 mm
(10 W mm mrad & 6°x 4 410T mm mrad) indicate strong coupling that causes
E:y at the on-diagonal working point to increase rapidly to 50T mm mrad when
ELOX = 90T mm mrad. If the Booster beam is to be round, the requirement that
the total emittance Ex + Ey £ 100" mm mrad is imposed by the vertical size
of the vacuum chamber, and displacement of the closed orbit by 75 mm for proton

injection would not be necessary.

3). At both working points a complete period for transferring emittance
from one plane to the other and back again is~ 28 turns. The beam should be
expected to reach its maximum approximately 14 turns after injection, and beam
growth during multi turn injection should be included when determining required

aperture€.,

4). The lower coupling at the (4.820,5.830) working point should result
in improved conditions for injection and should permit injection of a beam
having an elliptical cross section with éx + éy D100 mm mrad. This
scenario would include having the injection channel farther away from the
equilibrium orbit (perhaps as much as 75 mm), but the small vertical emittance
would permit relaxing the requirement that the vacuum chamber have a + 1 inch

vertical aperture at three inches from its centerline,

Acknowledgment

The author expresses his gratitude to S.Y. Lee for helpful discussions
that aided this work.

References

1). G.F. Dell, Booster Note #18.
2). G. Parzen, Booster Note #24.

3). M. Cornacchia, comments made during presentation during review of the
AGS Booster by the Muhlhaupt Committee.

4). G. Morgan and S. Kahn, Booster Note #4.

5). T.L. Collins, FNAL, Informal presentations during SSC Reference Designs
Study (1984) and Snowmass Summer Study, 1984,



4.79

fryvyriry -A-«-q-uuqddqu-.-,‘-,_-u.-wd_u-\-. a-,ﬂ.-.qqﬁuq_u
o~ =

M. & o« Q a =

0 0 v iy 0 v

4.84

gion of the operating point

Resonance lines in the re

Fig.l
(/)

The resonance pattern is identi-

(4.820,5.830).

)
Y

oy
cal to that at (4

K with N,M, and K

V—

N DX+M7/

,4.830).
[

€20
M

L 10.

|

+

integers and [N]



-
. 1e cusy
) IrHita PabentiEns o sasTILLE B [T tos . e e e - e e didessm e
s war
FEUATEON mIUKES + 1e 41w Tettee® SHema I8 T 5 b Farieewt Kiams (MEREY BCYsaTION o b s e BUATAue b TINEEY ¢ I8 3 2aT3eeed BISPA In 3 (v 2aT3eeed SiGas EvRE HVIOTION - o et
f
Pmat bent L bR we BEABOHTIONS R TR
TRV ¢ sen2
i
! :
'
H ‘
oreren ERITI
| s
i :
h s vmoay oy
H i trn Corrvamm v
Tapeet FRITP Ty v et omnon
i T ‘ R A T T T TR
' e e e I L S R
' mo o e ' Y anoon [ TR
' e s s ' o Morrw oy
FEEIINI +nnn oan FRIE ¢ Lsaree s v teroan
! th e o . [T "oy
' s IR TT TN t ’ Troa
i ¢ vt * oy
1 ' [T v
EETTRNIN T o Ty on
i . o momy
' " tren
' PRI ey
5 no o
ETRE o e
[V fanr o T
€x'2! e AN
X I ' Yo vreny
' ' reoae v
HeSeens o . L Yoo
' ' ronn nom
' ' e oy [
' : v URRER]
' ' IR re
PETTATE o e s roar " Ty
' ' "oy R
' ' vy oa gy vy oy
' 1 noyow o vor oy
' 1 L A R R IR TR M
e - e "o U IR
1 ' v rrwwer vy '
v ' R TR A
' 1
' '
s bbeaver ¢ o toaen. o
' '
' 1
' '
' ¢
Ciee. . el
s ' ' ' ' ' 1 ' ' Y, v '
eaisien: - e RRETOR 6 4 R PRI v aste . 1 L e 2 0w PRI P
*
©OPHIRDL GUISIN BLACAN  IAIM 5-0.33VR0S  IAs < 6 TM8N2  Awain) o1 SRKEISETL o o WOPGINIS GISIDE DIMRAA  IREE G iMItecs]  YAGE ¢ W 006Vesw2  KWOIN o 1 SMRIOMTHI v ( vred

Fig.2(a)

vertical emittance.
coupling.

w2200
SeTaTAON anrLituned o

Puast seatE MET 1en

Sa5iener

Phase plots for X and
showing coupling that decreases

THE 16 2e73e0e2 BIER 1N Y b ¢ eTdeesd Niom

wos BEVBLYLINey

The radial
With eddy current multipoles and

EREOsT BEYVIATION 4 4,

Y motion at (7J_, Z7/.)

horizontal e%ittaXce and increases the
thickness of the plots is an indication of

(;Y

the

s1ens ay

PRIEIAL Pakanitiay o5 FRETICLE WE

VEIATOON SnPLUTUBES o TH L1 @ TWY3ennd SINNA (N Y o 0.2a73es7 SRS

PRALE SPACL FLo. FOF 4ee ACVOLUTIONS

NI

(4.820,4.830)

50 mm mrad.

In cuey

Twn [ - e e Ieeeaine e

oeasr potation . o Biena a1 e

Steent +
i )
i I
1 1
) I
e roseer - PP
' 1
t 1
1 1
1 )
PRI i PR
; wnan BRI )
' W T I N n
i 1o v h e b vy
1 it nn \ ann e RIS
03700000« I 1 oot + [ o
i o i | e e
s I e | v v
t ™ ar . o "y
' " w . e
PRI m n deee -+ we's o
g ! " un A na won
I us w 0 ' enve
£y 21 o " £ e e
X h "W g ' R
LTI m " Wi e e
' s wr ) N o
' I n 1 o v o
| s m h BitH Tree
' an e ) e e
RO TE TN s wn Seent ¢ ner yeve
¥ " n 1 ey ey
' s 1 H P "
y o I H "y
' s e : N erer
-e.32%een » 3 Hn T e Il
' o srn ' e e v
' 1na (R ' R P
' oousam 0 ooy H o e
i T !
PR . ceret o
' t
' t
1 '
0 '
0. 18eerel o terwy
] 1
1 [
I '
1 '
e13teeet ¢ o
' ' ' i) ' ' \ ' ' pa ' i
RTew] ETIN - m..-.é‘ Z o 1o [RLTN 3z e iz RN -4 2seem 6 7 0.203000 * Pane
X
O OPRISIE WTBINE BIMMAAR  TIS e-e.2071e001 M1 e @ TEVReeR TWEE e | seRLmEIR + 1.7ee O OPRIEIS UTSIN BIBkex AIR e tZewersI  Tamr s e.1273ee02 KBNS 1 seevisIN s b ade
DU tint 08 et s t2es ware -

Fig.2 (b)

Phase plots of X and Y motion at ( 7]) ,'l}y)

Reduced radial thickness indicates less coupling.

(4.820,5.830).
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Fig. 3(a) Plot of ( £ \m V as a function of
)

(€ \mox Dmn A.t ﬁ ) =( » 820,4.830) with
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of the shaded area indicates coupling.
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Fig. 3(b)
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