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Outline

* Does higher super-periodicity of a storage ring
help improving DA of a storage ring?

* DA scaling with sextupole strength
DA scaling with N,

* Examples

— TBA: ALS
— DBA: NSLS-I
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Dynamical system composed of sequence of linear and
nonlinear elements:

Mcell — M(Q:p; S — S+ L)

e—:lee—:sz o .e—:Hn:

Msr = (Mcep) P

In presence of sextupole:
H = Hy + Hyg
= vJ+ ST f(¢)

7“:<HNL> ~ Jl/2g
Hi, /¢

* Assumption: at the DA boundary, rp.x does not relate with S

2
J max 9.¢ ]-/ S E. Forest mentioned DA scales
with sextupole strength (2000)
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TBA - ALS Lattice
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Table mame = TWISS

Dynamic Aperture A =

TBA

Energy: 1.9 GeV

Emit.: 5.5 nmrad
C:190m

N, =12

2 families of sextupoles
(vz, vy) = (14.25, 8.20)
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ALS - Numerical Study

B 5o = (St, Sa)e=o, multiply Sy by factor of A € [0.5, 5]
e Calculate DA for different A

Ay = 0zy/SF
For ALS:
x =0.1226
x =0.0453
Y
107 107 107 107
1/sf2  [m°]
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ALS - Numerical Study

So = (S, Sd)e=o multiply Sy by a factor A € [0.5, 5]
* Observe the motion every SP

i i
40 50 60

* There exists a "barrier" at which particles get lost
* Fixed range of nonlinear tune shift

dv

17 x S% and |Av| fixed — Jax O 1/S2
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Increase of decrease NSP from 12 to other numbers

Vary the ALS Lattice

« Vary N_, of the ring

30

20

Keep phase advance of one SP
Minimize the B function change

10" [m]
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Vary the ALS Lattice

Increase of decrease NSP from 12 to other numbers

« Vary N_, of the ring

* Keep phase advance of one SP Ng from 3 10 50+

* Minimize the B function change

30 T T T ! T T T

s [m]

3 —_—
EOC]./NSP nOC]./NSP S£:OOCNSP
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Varied ALS Lattice — 1 SP Study
Different N, lattices

. g — 0 5‘0 are different for different lattices

10° | |
Linear lattice
deformation for
fewer SPs
T 4
N «,=0.12
=
= x,=0.045
<,:><“1O
A | Ny =2, A5 resul
0Pl 4 3 =012
107 10” 10” 10
1/st*  [m°] o, =0.045

The 1/S%—A relation is the same as fixed lattice case
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N,.=12 tracking, 1 SP observation, £ =0
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Modified ALS Lattice

* Modify the ALS
lattice with arc part
unchanged

B,y m]

=11lm—2.8m

=3m—2.8m

BX,O
* By,O
Y
V

=1.1875—-1.4103
=0.6833—-0.8714

X
y

. NSP from 4 to 50+
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Modified ALS Lattice — 1 SP Study

- New ALS lattice, arc part unchanged, N_, from 4 to 50

103
«x =0.12
10° o<y=0.043
8
E 0" 12 SPs, 0 chromaticity
g 10 .
E result:
< «,=0.12
10° |
x,= 0.045
10; 0_6 i 5215£Oi_5 R 5156_4 i 5125(;_3 i 2515 50_2 For ALSJ the non//near beam
1/sf  [m%] dynamic is mainly determined
by the design in arc part
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DBA Example - NSLS-II

 DBA

e 3GeV
e 52.8 m/SP
. NSP =15

e 2.02 nmrad

o 2 families of chromatic
sextupoles

(sm1, sm2)

e 8 families of harmonic
sextupoles

NSP from 4 to 50+

Courtesy of NSLS-II Staff, BNL

10 15 20 25

10 15 20 25
S - position [m]
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DBA Example - NSLS-II

 DBA

e 3GeV
e 52.8 m/SP
. NSP =15

e 2.02 nmrad

o 2 families of chromatic
sextupoles

(sm1, sm2)

e 8 families of harmonic
sextupoles

10m [m]

NSP from 4 to 50+

Courtesy of NSLS-II Staff, BNL

DFELL, Duke University Hao Hao, PAC

0 5 10 15 20 25
s - position [m]

S — position [m]



DBA Example - NSLS-II

"« Different N_, lattices
« £ =0, S, are different for different lattices

1O4ZIIIIII”IIIIIHII'III'”II'II”I

- o
Ary = Qg y/Sho

For NSLS-I

x =0.0057
x,=0.0098

[mm mrad]
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Summary

cell of the N-cell storage ring — DA of the storage ring
* DA scaling with sextupole strengths:

define & = (01,02, - ,0%) 0| =1
let S = A&
we have (&)

DA = —3

DAfrequency domain — 9(5:/|5:|)

N, could be changed without too much change in nonlinear
dynamics

* For ALS, arc part — nonlinear dynamics
* More work:
— How about the relation with ¢
J(DA)

~ 0o
Hao Hao, PAC 2009, Vancouver, Canada, May, 2009
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Thanks!

Hao Hao, PAC 2009, Vancouver, Canada, May, 2009



ALS - Off- momentum Case

. Igiffereont NSP

Different energy deviation from -15% to 15%

2.5

[mm mrad]
[mm mrad]

X

A
A

For different energy deviation, slopes are different

* Different slope relates with the f(d)
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ALS - Off- momentum Case

Normalized § — A relation for ALS lattice

2.5

85 2015 01 —0.05 0 005 01 0.15 0.2

Az y = f(8)agy/S? with f(0)=1
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X,y versus tune
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