emittance growth

4.5

x RMS emittance growth err 0, 0.01, 0.02, 0.03, scc 0

4.0

3.5 T

3.0

2.5

2.0 1

1.5

1.0 ~

= |attice error 0.00
— |attice error 0.01
— |attice error 0.02
= |attice error 0.03

-----

T T T T T
0 200 400 600 800 1000
turns

Lattice
error

0

0.01
0.02
0.03

RMS
emittance
growth

1.169
1.904
3.126
4.335



emittance growth

x RMS emittance growth errQ, 1M, 2M, 4M, 8M, 16M scc 0

1.175 A

1.150 ~

1.125

1.100 ~

1.075 +

1.050 ~

1.025 ~

1.000 ~

1M particles
2M particles
4M particles
8M particles
16M particles

T
200

T
400

turns

T
600

T
800

T
1000

Macro
particles

1M

2M

4M

8M

16M

Calculates
RMS
emittance
growth

1.169

1.150

1.142

1.137

1.134



x RMS emittance growth err 0.01 scc 0-6

1.8

=
[=9]
L

emittance growth
=
Y
i

1.2

1.0 ~

err 0.01 scc0.0
err 0.01 scc0.4
err 0.01 scc0.8
err 0.01 sccl.2
err 0.01 sccl.6
err 0.01 scc2.0
err 0.01 scc2.4
err 0.01 scc2.8
err 0.01 scc3.2
err 0.01 scc3.6
err 0.01 scc4.0
err 0.01 scc4.4
err 0.01 scc4.8
err 0.01 scc5.2
err 0.01 scch5.6
err 0.01 scc6.0

turns

New runs with 1M
macro particles instead
of 100K (previous
results)



emittance growth

x RMS emittance growth err 0.01 scc 2.4-4.4

err 0.01 scc2.4
err 0.01 scc2.8

1.4 -
— 2T 0.01 5cc3.2
= 2T 0.01 s5cC3.6
— et 0.01 scc4.0
- T 0.01 sccd4.4
1.3 ~
1.2
1.1
—
1.0
T T T T T T
0 200 400 600 800 1000

turns

Best compensation
occurs at scc 4.4
(unlike running with
100K macro particles)

See table at end



x RMS emittance growth err 0.01 scc 3.6-6

1.4

L3

emittance growth
=
[x]
i

LAl

1.0

err 0.01 scc3.6
err 0.01 scc4.0
err 0.01 scc4.4
err 0.01 scc4.8
err 0.01 scch.2
err 0.01 scc5.6
err 0.01 scc6.0

T
200

T
400

turns

T
600

T
800

T
1000




x 99.9% emittance growth err 0.01 scc 0-6

4.5

4.0

W W
=) Ln
1 1

i
Ln
1

NERRRRERERRR RN

emittance growth

2.0 1

1.5

1.0 ~

err 0.01 scc0.0
err 0.01 scc0.4
err 0.01 scc0.8
err 0.01 sccl.2
err 0.01 sccl.6
err 0.01 scc2.0
err 0.01 scc2.4
err 0.01 scc2.8
err 0.01 scc3.2
err 0.01 scc3.6
err 0.01 scc4.0
err 0.01 scc4.4
err 0.01 scc4.8
err 0.01 scc5.2
err 0.01 scc5.6
err 0.01 scc6.0

/

T ——
e

..--""'F-—__-_

T
200

T
400

turns

T
600

T
800




emittance growth

X 99.9% emittance growth err 0.01 scc 2.4-4.4

1.6

1.5

1.4

1.3

1.2

ka b

1.0 ~

NENEE

err 0.01 scc2.4
err 0.01 scc2.8
err 0.01 scc3.2
err 0.01 scc3.6
err 0.01 scc4.0
err 0.01 scc4.4

T
200

T
400

turns

T
600

T
800

T
1000

Best compensation of
99.9% emittance occurs
at scc 3.2, unlike 100K
macro particle running
where it occurred at
around 2.8

See table at end



x 99.9% emittance growth err 0.01 scc 3.2-6

err 0.01 scc3.2

4.5 | = err 0.01 scc3.6
—_— 2T 0.01 scc4.0
— 2t 0.01 sccd. 4
409 —— err0.01 scc4.8
— 2T .01 5c5.2
35 - 2T .01 5cc5.6
’ — err 0.01 scc6.0
£
[=]
o 3.0
1§}
()
=
£ 2.5
£2
1§}
2.0 -
1.5 e —
_H______'_.-—--
1.0 - PR
T T T T T T
0 200 400 600 800 1000

turns




emittance growth

x RMS emittance growth err 0.01 vs. err -0.01

— et 0.01 scc0.0
e 21T -0.01 5c€0.0
g | — err 0.01 sccl.2
’ — err -0.01 sccl.2
— err 0.01 scc2.4
— et -0.01 scc2.4
21T 0.01 scc3.6
1.6 { = err-0.01 scc3.6
1.4
o r : --’ff/
1.0 1
T T T T T T
0 200 400 600 800 1000

turns

RMS emittance
growth is not
affected setting
lattice element +
error or — error when
tunes are adjusted
to remain the same
In both cases.



emittance growth

X 99.9% emittance growth err 0.01 vs. err -0.01

err 0.01 scc0.0

2.2 | e 1T -0.01 SCC0.0
— 2T 0.01 sccl.?
m— T -0.01 sccl.2
20 = err0.01 scc2.4
— T -0.01 sccZ.4
w217 0,01 5CC3.6
184 — err -0.01 scc3.6
1.6 - /
1.4 1
/ "
1.2 S
’-’.-
e
1.0 1
T T T T T T
0 200 400 600 800 1000

turns

99.9% emittance is
not particular affected
by sign of error



x RMS emittance growth err 0.02 scc 0-6

3.0 -

e
Ln
1

NERRRRERERRR RN

emittance growth
g
=]
i

1.5

1.0 ~

err 0.02 scc4.8
err 0.02 sccbh.2
err 0.02 scch.6
err 0.02 scc6.0

err 0.02 scc0.0
err 0.02 scc0.4
err 0.02 scc0.8
err 0.02 sccl.2
err 0.02 sccl.6
err 0.02 scc2.0
err 0.02 scc2.4
err 0.02 scc2.8
err 0.02 scc3.2
err 0.02 scc3.6
err 0.02 scc4.0
err 0.02 scc4.4

turns

T
800

T
1000




emittance growth

x RMS emittance growth err 0.02 scc 2.4-4.4

1.8

1.6~

1.4

1.2

1.0 ~

err 0.02 scc2.4
err 0.02 scc2.8
err 0.02 scc3.2
err 0.02 scc3.6
err 0.02 scc4.0
err 0.02 scc4.4

T
200

T
400

turns

T
600

T
800

T
1000




emittance growth

x RMS emittance growth err 0.02 scc 3.6-6

err 0.02 scc3.6

1.8 - e

— BT 0.02 sccd.0 o

—— err 0.02 scc4.4 P 3
1.7 H = err 0.02 scc4.8 -

—— err 0.02 scc5.2 f,»«"*
L g — err0.02sccs.6 P

e @17 0.02 5CCH.0 /.w-*“’"

f"ﬂ
15
.--*"&f-'/
1.4 - J/
>4
/
1.34 /,f“”
-_,.“
.f'#f
2 231 i
P
1.1- o —
1.0 -
T T T T T T
0 200 400 600 800 1000

turns

For 0.02 lattice error, best
compensation for RMS
emittance at 4.4, same as
error 0.01.

See table at end



emittance growth

NERRRRERERRR RN

x 99.9% emittance growth err 0.02 scc 0-6

err 0.02 scc0.0
err 0.02 scc0.4
err 0.02 scc0.8
err 0.02 sccl.2
err 0.02 sccl.6
err 0.02 scc2.0
err 0.02 scc2.4
err 0.02 scc2.8
err 0.02 scc3.2
err 0.02 scc3.6
err 0.02 scc4.0
err 0.02 scc4.4
err 0.02 scc4.8
err 0.02 scch.2
err 0.02 scch5.6
err 0.02 scc6.0

T
200

T
400

turns

T
600

T
800

T
1000




emittance growth

X 99.9% emittance growth err 0.02 scc 2.4-4.4

1.8

=
h
L

=
o
I

1.2

1.0 ~

err 0.02 scc2.4
err 0.02 scc2.8
err 0.02 scc3.2
err 0.02 scc3.6
err 0.02 scc4.0
err 0.02 scc4.4

T
400

turns

T
600

T
800

T
1000




emittance growth

X 99.9% emittance growth err 0.02 scc 3.2-6

— err 0.02 scc3.2
—— err 0.02 scc3.6
5 - | = err 0.02 scc4.0
— err 0.02 sccd.4
—— err 0.02 scc4.8
— err 0.02 scc5.2
4| e 0.02 scc5.6
1 =—— err0.02 scc6.0
3 -
2 -
l -

T T T T
400 600 800 1000
turns

For lattice error 0.02, best
compensation for 99.9%
emittance growth occurs at
scc 3.2, same as for error
0.01

See table at end.



x RMS emittance growth err 0.03 scc 0-6

45
—— err 0.03 5cc0.0
— err 0.03 scc0.4
4.0 = err 0.03 scc0.8
—— err 0.03 sccl.2
—— err 0.03 sccl.6
3.5 4 = err 0.03 scc2.0
—— err 0.03 scc2.4
= —— err 0.03 scc2.8
% 30| err0.03 scc3.2
= —— err 0.03 scc3.6 —
v —— err 0.03 scc4.0
& 2.5 — e 0.03 scc4.4
E — err 0.03 scc4.8
v —— err 0.03 scc5.2 _
2.04 = err 0.03 scc5.6
—— err 0.03 5cc6.0
1.5 - ' ——
——
1.0
T T T T T T
)] 200 400 600 800 1000

turns




2.2 -

x RMS emittance growth err 0.03 scc 2.4-4.4

2.0

emittance growth
e =
[=9] [s:s]
i i

—
-+
I

1.2

1.0 ~

err 0.03 scc2.4
err 0.03 scc2.8
err 0.03 scc3.2
err 0.03 scc3.6
err 0.03 scc4.0
err 0.03 scc4.4

T T T T
200 400 600 800
turns

T
1000




x RMS emittance growth err 0.03 scc 3.6-6

2.2 1

2.0

1.8

emittance growth
-
[=9]
i

1.4

1.2

1.0 ~

ARREEN

err 0.03 scc3.6
err 0.03 scc4.0
err 0.03 scc4.4

err 0.03 scc4.8 wﬂ.r""

err 0.03 scc5.2 ~
err 0.03 scc5.6 ~
err 0.03 scc6.0 2

T T T T
200 400 600 800
turns

T
1000

For 0.03 lattice error, best
compensation for RMS
emittance at 4.4, same as
error 0.01.

See table at end



emittance growth

x 99.9% emittance growth err 0.03 scc 0-6

EY
1

NERRRRERERRR RN

W
1

err 0.03 scc0.0
err 0.03 scc0.4
err 0.03 scc0.8
err 0.03 sccl.2
err 0.03 sccl.6
err 0.03 scc2.0
err 0.03 scc2.4
err 0.03 scc2.8
err 0.03 scc3.2
err 0.03 scc3.6
err 0.03 scc4.0
err 0.03 scc4.4
err 0.03 scc4.8
err 0.03 scch.2
err 0.03 scch.6
err 0.03 scc6.0

turns

T
1000




X 99.9% emittance growth err 0.03 scc 2.4-4.4

2.2 1

2.0

=
oo
L

emittance growth
=
[=9]
i

=
-+
I

1.2

1.0 ~

err 0.03 scc2.4
err 0.03 scc2.8
err 0.03 scc3.2
err 0.03 scc3.6
err 0.03 scc4.0
err 0.03 scc4.4

T
400

turns

T
600

T
800

T
1000




emittance growth

X 99.9% emittance growth err 0.03 scc 3.2-6

ﬁ .

— err 0.03 scc3.2

—— err 0.03 scc3.6

— err 0.03 scc4.0
5 || e 0.03 scc4.4

1 =—— err0.03 scca.8

— err 0.03 scc5.2

— erT 0.03 5cc5.6

— err 0.03 scc6.0
4- L

-m“vﬂr
3 P s
e
-.1"‘0”#‘
|'}f
e
>
= 5 ’/ _—
.w-*'“"v
l -
T T T T T T
0 200 400 600 200 1000

turns

For lattice error 0.03, best
compensation for 99.9%
emittance growth occurs at
scc 3.2, same as for error
0.01

See table at end.



RMS emittance with lattice error and 1/6 SC compensation summary

0.01 4.4 1.141 1.904

1.237 4.335



99.9% emittance with lattice error and 1/6 SC compensation summary

1.313 2.247

1.522 3.098



Next are results with 1/3 and 1/12 compensation locations.



x RMS emittance growth err 0.01 1/3 scc 0-6

4.5 1

4.0 1

W W
=) Ln
1 1

b
Ln
1

NERRREERERRR RN

emittance growth

L
=)
1

1.5+

1.0 ~

err 0.01 1/3 scc0.0
err 0.01 1/3 scc0.4
err 0.01 1/3 scc0.8
err 0.01 1/3 sccl.2
err 0.01 1/3 sccl.6
err 0.01 1/3 scc2.0
err 0.01 1/3 scc2.4
err 0.01 1/3 scc2.8
err 0.01 1/3 scc3.2
err 0.01 1/3 scc3.6
err 0.01 1/3 scc4.0
err 0.01 1/3 scc4.4
err 0.01 1/3 scc4.8
err 0.01 1/3 scch.2
err 0.01 1/3 scc5.6
err 0.01 1/3 scc6.0

T
200

T
400

turns

T
600

T
800

T
1000




x RMS emittance growth err 0.01 1/3 scc 1.6-3.2

turns

1.25 4 = err 0.01 1/3 sccl.6
— gt 0.01 1/3 5cc2.0
- gt 0.01 1/3 5cc2.4
= err 0.01 1/3 5cc2.8
1.20 4 = err 0.01 1/3 scc3.2
=
£ 115-
o
o
@
(&)
=
[1%]
&=
E 110 -
aQ
1.05 + .
_-""'..'FF__
—
—
1.00 +
T T . ; | |
0 200 400 600 800 1000




x RMS emittance growth err 0.01 1/3 scc 3.2-6

a5 — em0.011/3scc3.2
6 —— err 0.01 1/3 scc3.6
—— err 0.01 1/3 scc4.0
4.0 = err0.011/3 scc4.4
— err 0.01 1/3 scc4.8
— err 0.01 1/3 scc5.2
3.5 1 = err 0.01 1/3 scc5.6
E — err 0.01 1/3 scc6.0
e 30 -
o
1§}
()
=
[15]
£ 2.5
£
1§}
2.0 -
1.5 -
1 ﬂ | - — #
T T T T T T
0 200 400 600 800 1000

turns




emittance growth

X 99.9% emittance growth err 0.01 1/3 scc 0-6

err 0.01 1/3 scc0.0
err 0.01 1/3 scc0.4
err 0.01 1/3 scc0.8
err 0.01 1/3 sccl.2
err 0.01 1/3 sccl.6
err 0.01 1/3 scc2.0
err 0.01 1/3 scc2.4
err 0.01 1/3 scc2.8
err 0.01 1/3 scc3.2
err 0.01 1/3 scc3.6
err 0.01 1/3 scc4.0
err 0.01 1/3 scc4.4
err 0.01 1/3 scc4.8
err 0.01 1/3 scch.2
err 0.01 1/3 scc5.6
err 0.01 1/3 scc6.0

T
200

T
400

turns

T
600

T
800

T
1000




emittance growth

X 99.9% emittance growth err 0.01 1/3 scc 1.6-3.2

1.30 +

1.25

1.20

£

-

Ln
I

1.10 +

1.05 4

1.00 A

err 0.01 1/3 sccl.6
err 0.01 1/3 scc2.0
err 0.01 1/3 scc2.4
err 0.01 1/3 scc2.8
err 0.01 1/3 scc3.2

T
200

T
400

turns

T
600




emittance growth

X 99.9% emittance growth err 0.01 1/3 scc 3.2-6

err 0.01 1/3 scc3.2
err 0.01 1/3 scc3.6
err 0.01 1/3 scc4.0
err 0.01 1/3 scc4.4
err 0.01 1/3 scc4.8
err 0.01 1/3 scch.2
err 0.01 1/3 scc5.6
err 0.01 1/3 scc6.0

T
200

T
400

turns

T
600

T
800

T
1000




1% lattice error, SCC 1/3 locations

Optimal emittance growth
compensation

X RMS 2.8 1.065

emittance

X 99.9% 2.4 1.001

emittance

Uncompensated
emittance growth

1.904

2.247

With compensation at 2/6 space charge kicks (3
times/FODO cell) emittance growth may be almost all

compensated.



x RMS emittance growth err 0.01 1/12 scc 0-6

4.5 1

4.0

W W
=) Ln
1 1

1l
Ln
1

emittance growth

2.0 1

1.5

1.0 ~

err 0.01 1/12 scc0.0
err 0.01 1/12 scc0.4
err 0.01 1/12 scc0.8
err 0.01 1/12 sccl.2
err 0.01 1/12 sccl.6
err 0.01 1/12 scc2.0
err 0.01 1/12 scc2.4
err 0.01 1/12 scc2.8
err 0.01 1/12 scc3.2
err 0.01 1/12 scc3.6
err 0.01 1/12 scc4.0
err 0.01 1/12 scc4.4
err 0.01 1/12 scc4.8
err 0.01 1/12 scc5.2
err 0.01 1/12 scc5.6
err 0.01 1/12 scc6.0

T T T T T
200 400 600 800 1000

turns

Compensation at
1/12 SC locations

1% error



emittance growth

1.8

1.6~

1.4

1.2

1.0 ~

x RMS emittance growth err 0.01 1/12 scc 0-1.6

EamE

err 0.01 1/12 scc0.0
err 0.01 1/12 scc0.4
err 0.01 1/12 scc0.8
err 0.01 1/12 sccl.?
err 0.01 1/12 sccl.6

T
200

T
400

turns

T
600

T
800

T
1000

Optimal compensation
at 0.8 which reduces
emittance growth to
1.861
(uncompensated is
1.904).



emittance growth

x RMS emittance growth err 0.01 1/12 scc 1.6-3.2

2.4 1

2.2 1

2.0 1

1.8

1.6

1.4

1.2

1.0 ~

err 0.01 1/12 sccl.6
err 0.01 1/12 scc2.0
err 0.01 1/12 scc2.4
err 0.01 1/12 scc2.8
err 0.01 1/12 scc3.2

T
200

T
400

turns

T
600

T
800

T
1000




x RMS emittance growth err 0.01 1/12 scc 3.2-6

4.5 1

4.0

W W
=) Ln
1 1

emittance growth
g
[%]
i

2.0 1

1.5

1.0 ~

err 0.01 1/12 scc3.2
err 0.01 1/12 scc3.6
err 0.01 1/12 scc4.0
err 0.01 1/12 scc4.4
err 0.01 1/12 scc4.8
err 0.01 1/12 scc5.2
err 0.01 1/12 scc5.6
err 0.01 1/12 scc6.0

T
200

T
400

turns

T
600

T
800

T
1000




x 99.9% emittance growth err 0.01 1/12 scc 0-6

40 A

8]
o
1

J
=)
1

emittance growth

10

err 0.01 1/12 scc0.0
err 0.01 1/12 scc0.4
err 0.01 1/12 scc0.8
err 0.01 1/12 sccl.2
err 0.01 1/12 sccl.6
err 0.01 1/12 scc2.0
err 0.01 1/12 scc2.4
err 0.01 1/12 scc2.8
err 0.01 1/12 scc3.2
err 0.01 1/12 scc3.6
err 0.01 1/12 scc4.0
err 0.01 1/12 scc4.4
err 0.01 1/12 scc4.8
err 0.01 1/12 scc5.2
err 0.01 1/12 scc5.6
err 0.01 1/12 scc6.0

T
200

T
400

turns

T
600

T
800

T
1000




emittance growth

X 99.9% emittance growth err 0.01 1/12 scc 0-1.6

2.2 1

2.0 1

1.8

1.6

1.4

1.2

1.0 ~

err 0.01 1/12 scc0.0
err 0.01 1/12 scc0.4
err 0.01 1/12 scc0.8
err 0.01 1/12 sccl.2
err 0.01 1/12 sccl.6

T T T T
0 200 400 600 800
turns

T
1000

Optimal compensation for
99.9% emittance is 1.2



x 99.9% emittance growth err 0.01 1/12 scc 1.6-3.2

2.75 7

2.50 +

i Pt

(=} ]

=] (¥
i i

emittance growth
=
L |
wn
i

1.50

1.25

1.00

err 0.01 1/12 sccl.6
err 0.01 1/12 scc2.0
err 0.01 1/12 scc2.4
err 0.01 1/12 scc2.8
err 0.01 1/12 scc3.2

T
200

T
400

turns

T
600

T
800

T
1000




40 A

8]
o
1

emittance growth
J
]
i

10

X 99.9% emittance growth err 0.01 1/12 scc 3.2-6

err 0.01 1/12 scc3.2
err 0.01 1/12 scc3.6
err 0.01 1/12 scc4.0
err 0.01 1/12 scc4.4
err 0.01 1/12 scc4.8
err 0.01 1/12 scc5.2
err 0.01 1/12 scc5.6
err 0.01 1/12 scc6.0

T T T T
200 400 600 800
turns

T
1000




x RMS emittance growth err 0.02 1/12 scc 0-6

5.0

4.5 1

emittance growth
w w
=] %]

i i

e
Ln
1

1.5

1.0 ~

err 0.02 1/12 scc0.0
err 0.02 1/12 scc0.4
err 0.02 1/12 scc0.8
err 0.02 1/12 sccl.2
err 0.02 1/12 sccl.6
err 0.02 1/12 scc2.0
err 0.02 1/12 scc2.4
err 0.02 1/12 scc2.8
err 0.02 1/12 scc3.2
err 0.02 1/12 scc3.6
err 0.02 1/12 scc4.0
err 0.02 1/12 scc4.4
err 0.02 1/12 scc4.8

err 0.02 1/12 scch.2 | =

err 0.02 1/12 scc5.6
err 0.02 1/12 scc6.0

T
200

T
400

turns

T
600

T
800

T
1000




emittance growth

3.0 -

e
Ln
1

e
=)
1

1.5

1.0 ~

x RMS emittance growth err 0.02 1/12 scc 0-1.6

err 0.02 1/12 scc0.0
err 0.02 1/12 scc0.4
err 0.02 1/12 scc0.8
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SC compensation 1/12 locations RMS emittance growth
summary

1.861 1.904

The improvement in emittance growth is not great here



SC compensation 1/12 locations 99.9% emittance growth
summary

2.067 2.247

The improvement in emittance growth is not great here either
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