SK-L2V2 (4/05/85) LS-20
AUS-26

MODIFIED ALADDIN LATTICE L2V2
S. Kramer and Y. Cho

The N30 lattice discussed in a previous note showed that a nearly
matched lattice could be produced by separating four of the present quadrupole
from their present power supplies and powering them separately. Although having
significantly higher dynamic aperture, less closed orbit distortion and improved
natural emittance compared to the present Aladdin lattice, the proximity of the
Vv, = 5.24 tune was felt to be too close to the v, = 16 (a structure resonance)

X
and the tune should be raised.

In order to demonstrate the tuneability of this modified lattice, Yang

Cho found a new tune (vx =6.27, v, = 6.23), hereafter called L2V2 lattice.

y
This lattice, although not as nicely matched as the N30 lattice, has a 10% lower
natural emittance and considerably more dynamic aperture. The L2V2 lattice has
not been fully optimized, but is sufficient to demonstrate the advantages of

this modified Aladdin lattice,

Linear Lattice Properties

The linear lattice functions for the L2V2 lattice are shown in
Fig., 1(a). A comparison of the linear and first order properties of this
lattice with the present Aladdin (Synch) and N30 lattice is presented in
Table 1. Figure 1(b) shows the phase advance through a single L2V2 period. A
nice feature of this lattice is the 90° phase advance between the center of the
straight section and the short straight after the triplets. This feature would
allow easy injection into the long straight section using only a pair of bump

magnets.,

Figure 2 shows the tune diagram for the L2V2 lattice with a +17%
momentum variation included. Dashed lines indicate the second and third order
resonances while fourth order are indicated with dotted lines. The proximity
to the 2v, + 2vy = 25 should not be a problem, however, the tune could be
reduced closer to v, = 6.20 if desired, with some loss of symmetry between the

beam lines, Figure 3 shows the tune variation with momentum which is well



behaved and doesn't cross the Ve = 6.25 line for 117 momentum error.

Variationsl of B,, B, and n with momentum in the straight section are shown in

Figure 4. The ratio{ of Bx and By for a 17 momentum change is shown in
Figure 5 for the complete cell. This momentum error corresponds to 17 times
the natural momentum error. The horizontal appears well behaved while the
vertical will require special care to avoid beam loss due to the larger beanm

at injection.

Figure 6 shows the RMS orbit displacements as calculated by the
program PATRIS? for this lattice assuming, a bending magnet mispowering of

= 0.1 mradians and quadrupole misplacements of AY ms = B%Xppg = 0.1 mm,

A% s s
The sensitivity to these errors is a factor of two less for the horizontal and
about a factor of three less in the vertical, compared to the present Aladdin
lattice. Compared to the N30 lattice, the horizontal distortions are similar

while the vertical has increased about 307 for the L2V2 lattice.

Aperture Studies

The dynamic aperture was studied for the L2V2 lattice using the
PATRICIA 84.9 program3 and the program PATRISZ which agreed to better than
10%. Particles were tracked for 1000 turns and considered stable if they sur-

vived a 1 meter aperture test at each sextupole, All particles were started

: | I v - : = -—.—-= = -——=.‘
with x' =y 0 and an amplitude x NX/EOBX No  andy Ny/eoBy chy
with e, = the natural emittance in the horizontal with zero coupling.

Although this overestimates the rms physical beam size by Y2 (for full
coupling), this definition has been used frequently in the Aladdin Upgrade

Report., Figure 7 shows the dynamic aperture, the N, vs N limit of stability,

y
for 8p/p = 0, 8§p/p = +0.3% and Sp/p = -0.3%. Although the aperture has
increased significantly compared to the N30 lattice, considerably more
variation of the aperture with momentum is observed. The solid lines indicate

the linear physical acceptance of this lattice,

Figure 8 shows the phase space trajectories for a particle which is
near the dynamic aperture limit. The particle trajectory is observed in the
center of the long straight section, where x = 3.75 mm corresponds to N, = 10
and y = 4,19 mm corresponds to N, = 10. Figure 9 shows the dynamic aperture

y
for &p/p =+ 0.6% which corresponds to 10 times the natural momentum spread



for this machine. Once again, the momentum dependence is observed and has

become somewhat larger,

There is a comfortable margin between the dynamic aperture for
stability and the linear physical aperture for this machine. The physical
limits of the vacuum chamber have been assumed square with 435 mm in the
quadrupoles. However, the broadening of the phase space ellipse seen in
Figure 8 indicates that the real physical aperture for this lattice will be
less than that shown in Figures 7 and 9. By inserting zero strength
sextupoles near the physical aperture limits of the machine (Ql in horizontal
plane and Q2X in the vertical/plane) a test can be made on the particle
position |x| < 35 mm and |y| < 35 mm. In fact, a test at all sextupoles was
made with these same limits and any particle that survived 1000 turns was
considered stable, Of course, no multiple scattering, intrabeam scattering or
quantum fluctuations are included in these tracking rumns, which would tend to
reduce the physical aperture even further. However, the physical aperture
seems quite adequate to provide excellent beam lifetime once the closed orbit
distortions are reduced to 2 mm or less in the ring. From Figure 6, this
requires the positional accuracy or corrections to be at least 0.1 mm. The
influence of a nonzero n at the aperture limits and the distorted particle
trajectory in the horizontal (e.g., Figure 8), yield slightly more horizontal
aperture for 8p/p = 0 and -0.67%. The decreased vertical aperture for
negative é-P--is due to the increased By (= 15% increase at Q2X for
Splp = 0.6;). Figure 11 shows the physical aperture for a §p/p = 0.6%
momentum error which includes synchrotron oscillations as calculated by the
PATRICIA 84.9 program.3 The 1000 turns correspond to a 1.2 synchrotron period
and this aperture agrees to within 107 of the 8p/p = 0 aperture, except for

the points at N = 35 and 40.

References
1 The variation of the Twiss parameters with momentum were calculated using
the CERN program MAD (version 3.06) and agree with the PATICIA
calculations. MAD is the Methodical Accelerator Design program by

F. Christoph Iselin, Reference Manual LEP Division Nov. 1, 1984,

PATRIS is the tracking program by A. Ruggiero private communicationm.

PATRICIA 84.9 is the latest tracking code generated by H., Weideman - SSRL
ACD-Note No. 22, November 1984.



Tooble 7

WMM «% AL o050 S Talla b

Funed on AlLAPPI L/ ALADLLL A LAzRC
Syneh Lathee| M30 La#7.ce] L2V2 Lot++i/ce_
2% 7135 5. 23¢ .2 70
2y 7,095 4.2%/ €.231
$x (Chromaticily) -/0.709 —-7.£ 30 - %.9Y7
;)/ " -/9, 295 /0,456 —/2..77%5
K, (sF) -2.445 -/9¢22 — 2,987 rm”
Ky [ S P) 5. 578 $.320 6,294 m
Hor 2. Doovapineg #/wm2 /3.9 /2.7 /2.7 rms ec
Elnatwrel ) a4 /17 /03 X2
€L/ (natureal) O.057 % 0.059 7, ©0.0577
I (/ong straigh) | —o0.577 o 0.035
X ( 7t 4 ) —/.0%5 %5 o -0, 0228
o<—<7/( 1 " ) —0.032 —0. 00 &
By lmoax ) (Locotzen)| /). 6% (93| 7zss2 (q) > Y67 (1)
By max) (Locoto)| /6.9 71 (Q2)| st0.252 (Q2| 12.9 7 9 (G2X)
& x ( Bend) 2. 182F 0.62%] /.46 9% 0006 /Y29t 2.0/5 m
Sy ( Bend) 2.3907F 0,354 2.205% p0532| 2,1/92Z 0,057 m
€ (manr.) physical | s07.5(02) | s52.2 (@) | 1534 (Q1) x/07%x
éy ( max.) Ph)/s/Ca_I 69.9 ( Bend) j08.5 ( Benai) _9/.% (9zx) X0 6 r
K(QF) 5300977 | -5.59/6950 —5.7¢%827Y
KLQD). L 5.YF0F32. L7946 | 5, 472520 .
K(®&1) —4., 6009F2 -2.,%550727% _=3.254450
K({G2) , 5. 6/9763 4.1/141170 5175632 .
K{Q3)=Kk(§3%) -4 651147 ~2. 0445900 -2.29229/
K( 77() B B -/, %%3/%00 | —/. 6/0238
K ( 2X) — 2.897/79¢0 _ Hq,/134%00 7
K(QFX) — —4.05/6260 | —3. 74776
K(ng) - 4. 8239590 2,657/ 53




ETA-X

BETA-Y, AND

EETA-X,

o YANG CHO'S LZVe LATTICE NLUx=6.27

& T 10 ] 1 | — 01l
< i [T | — ! [ ]
T qxzx C?I
| Vet eal Horizontal
Afer+ar@ Hfmrfure

LO0E<CD

o

QE«Q2

—t

s QOE-QQ

-0

Q.IGE -2 L20E-C2

DISTANCE

Figure 1(a).

L2V2 Lattice Functions



0.5 —+

)5 -

Figure 1(b). Phase Advance for L2V2Z Lattice



[ o e

!
i
'
|
§
H
1

i

— pea e eeeem Aemm peeee

R

1

[P SN

— e e e e e

—
D E

o

| . N ,
/ | ~ \ \ !
\ — . N I/ /4/ / lw
\ . ~ ~ \ \ W
/ | Ny
~ N ;
/ _ “ AN |
. ~ ~ i
/ . . ~ \ \ M
/ i NN
. “ //N,,_
1 1 34 1 3 | B 4 L
3 (9% Q
s o o

BUNY [DOTIJIBA

6. 4

6.2

Horizontal tune

L2V2 Tune Plot

Figure 2.



et R | At i b o V% - it

[ SR T S WO NN VUL WS WO IO |

e O N

>

11

!

I .,v,,_—Y-__, e

i
uL_—VA_L-L—La_\FLh_-nthLhL—\~

|

| S _l

i

1

1

i

I

< m

gV} -

o
o

1.0

-. 8

-1.0

auny [pdbequrtuoy

Delta®) /P in %

Tune vs Momentum

Figure 3.



ta(dp/p)/Eta

C

o
8

Beta(dp/p) /Beta

—
.

1

1.

=

L

X=Betax (dp/p) /Betax (g)
Y=Betay (dp/p) /Betay (g) |

e N E=Eta(dp/p) /Eta (D)

LLLLLLLL[IL[LLLL[LJ_E'XLL'LLI LLIIL[ILLLLi

0

~-. 8 -.B -4 -2 0.0 .2 4 LB .8 1.0

Momentum error dp/o in 7D

Figure 4. Beta and Eta vs Momentum



Vertieoi |

(%7 =3) %7

Beta Function Variation for § =

Figure 5.

,(»/ % ~N\ o -~
\de«*\.U\_

W s :,. :Q\.ms.\u\.\, .m,v\,.w,

Jotuc e
\N\Q\,Q

.Ayo\\.\

S|

RMS Orbit Distortions for L2V2 Lattice.

N

Figure 6.



100.0

0

*

+ g
[ ERVER SRS SRR Y S §

o
o x4 A
O . . (@] * +
o o
I + | :
« b |
O *x 4+
™ ~ ~ ¢
a. a. Q. :
© o o o * + _
* (=] + M
] Q
O * + Lﬂm
P ©
(o) * + #
o - 4
M
(] * * ..*
)
o e 13
=3
o * + p
i
1
o % . 4
o *  + -
o)
Q% + 3
N
o x4 4
8 § i §
o x o+
o *®  + -
o * o+ .
TR S S 0= I L. J00 U A0 SRS RSV SN JUUU SN SR RN SR S e
o =) : o o
o - o) ')
© <t ~

I

(AypwS1g UT BPN3ITAWD [DITIYUB)

1.2V2 Dynamic Aperture

Ntal amplitude in Sigmc(x)

Figure 7.

[

Ho

i



1 .
13,896 ¢
1 Y .
1 Y Y O YYr vYyrvyy
i Y YYYYYY YYY YY Y Y YYYY ¥ ¥
V) 1 YYYYY YY Y Y Yy Y Yy vvy Yy
10,422 + Y Y OYYYYYY Y YYYYY Y YY. Y YY YY YY Y YY YY ¥YY Y Y
: 1 Y YY Y Y YYYYY Y YYYYYY Y Yy yvyy vy Yyy vy
1 Y Y Yy YyYy . Yy Y Yy Y Y vy
d I Y Yvy Y Y YYYYY YY Yy Yy Yyry y YYYYY YYYYYYY
. 1 YyYy vy Y . Yvy YYYY YY Yyry v Yy
be 948 + Y Yy Yy Y Yy Y YYYY ¥ Y Y
1 Yy Y yyy Y . Yy YYYYY Y YYY Y
1 YYy vy Y Y Y Yy Y vy
d 1 YYyy Y Y - Y Yy vyrvyyy
L 1 YYYVYy YYy VYY 4 - YYYY
3474 + YY Yy - N N Y v YYYY
1 Yy Y YYY . I"‘ itia Yy ry
E 1 Y YYyyy . YVY Y Y
i Y Yy ¥y Y eascessecs Yyy Y
1 Yy Yy Y e . e Yyyryy vy
0.000 « . . Y YYY.Y Y Y, . . e 4 e e 4 & ses s o . YYY YY, ..
1 Y YY YYYY .o . e Y Yy v vyy
< 1 YYY YY Yy v seesesess Y Yy Y Y Y
. 1 Yy Yvy Yy Yy . Yy vy vy
-~ 1 Y YY YYYY N 4 Yy y Yry
=Ja474 ¢ Yy Yy Y Y Y . Y Y Yy Y Yy
1 Yy Yvy v Y Y YYYY Y YY ¥
~ 1 YYYY - Yy . Y YYYY Y
> 1 YYY YYY Y Yy YYy Yyr v
1 YYYYYYYY Y ooy . Y Y YY YY Y
~6.948 ¢ Y YTY Ty Ty Yyy' 'y - e o YYY Yy vy
I Yy n Y v nv n Y Y T . Yy Y Yy
1 Y YYY Yy YYY Y oY Y YYYY YYY. YY.
- - ) G YY"WW“““YY“"‘”‘ WYY Yy Y TTINYYYYYY YY Y Y
1 YYYo Y 7 YY Y YY .Y Y YoYeYr . oyrey vy
~10.422 ¢ B : YY _YYYY Y Y Y WY YY_ LUy YY.
N 1 e Y"YYYY"' YTYYYOYT Y YYYYYYYYT Y YOO O Yy -
1 Y YYYYYYYYYYY ¥ YY. YYY LYY oYY
I L XXYY XYY Y. Yy Y.
- R S T - STTYYTTETI T -
~13. 896 » w
! . e - . — .. e — vt e e -~ - -+ it ,."._., - A,‘ -
e - e v b § et eE e fon S L LT =it ST AL LTl LT
1 .
1 .- .
~17.369 + VGY‘"’!C(&I Y N mm
I 1 { 1 I 1
29,602 ~17.761 -5.920 5.920 17,761 29.602
0  POINTS OUTSIDE OIAGRAM ®s% PROGRAM P A T R I C I A 84.9 vse
- REAL=-TINE SO FAR = 279. SEC
Figure 8. Particle Trajectory for NX = N 40
y
INITIAL PARAMETERS UF PaARTICLE 33 XA= Las95mM XPA= 0.00MRAD Yae 16.740n YPAe 0.0 O0NRAD
QR :3ETATRCN AYPLITUUES = 400,00 SIGHA IN X § AND  Jbeewbes SIGMA IN Y ENERGY DEVIATIUN =  G.00 SIGHMA AT 1.00 GEv
PHASE SPACE PLOT FOR 10C) REVOLUTIONS : “b .00
274549 + .
1
l .
i
[ .
22.040
l . -
1
' .
I
16.530 » .
t
W) | :
N i ,‘ .
8 11.02G » \
* - i ' XXXX XXXX X X
ﬁa 1 XX X X XXXXXXX X X XXXX XX XXXXX
1 XXX XXX XXXX XXX X X XXXXXXXX XX XXX X
G 5.510 XX X XXXXXXXXXXXXXXXXXX X XXX X XX XXX
N 1 X X XXX XX X XXXXX XX XX X X XXXX
1 XX ¥ UXXXXXXXXXXXXXXXXX XX X XXXXX XX XXX X
1 x"’zx X XX XXXXXXXeo XX XX XTXXXX X XXX
§ 1 X XXXXX X XXXoXXXXe oo XXXX X X  XXXXXXX
0,000 + . . . e . e e XXXe X XX XXXXXXe e XXoeaXXXXX XXXXXXX{KN. e e . - . .
I XXX XX X XXXXXXXXXXXX XXX XXXXXXX™ XXX
1 XXXX XX XXXXXoXoXXXaXXX XXXXXXXX X T
I XXXX X XXXXXXXXXXXeX X 'xx;xxxg : XX — .
X XXXXX XXX XXXXXX XXX XX XX .
5.510 + <7 XX XXXXX XXX XXXX . XX XXXXXX L nitial X
- 1 XXXXX XXXXX XX XXX . _ .
B S T TOX XXXXX X TXRRXXXRET T
1 X XX X X XXX .iC :
i . XXXXXX - e B
D -11.020 & o
1 N .
i N : .
I -
I
~16.530 ¢ - R R —- —
T
1
1 - e
1 .
=22.040 «
1 .
i
1 . .
rrsee | Hovyizontal X 1nmm
_________ o i I 1
! t - _7l1.u| 7{50\ 27 474 A7.457



1
[

-

ampli

ude in Sigma(y)

]

80.

9y}
&

40.

O -
~ 0 0
< 0 O
1]
0
* * x G
’ *
*
N 0
. C
O . 4 *
4
*
-+
4~
*
.,‘ *
o l- + +
‘i.
G L. 1. L 1 4 1 L RIS A
0.0 20.0 40.0

3%

+

60.0

d P /'/ P =

0
w

dP/P =+0, 8%

dP/P =-0.6%

o
*

*
e

o+

(ST SSN S SR S

IS TSy EU RO SN

80. 0

Horizontal amplitude in Sigma o)

Figure 9. L2V2 Dynamic Aperture

*

4
i

O"



Vertical amplitude in Sigma(y)
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