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STUDY OF THE ULTRASLOW EXTRACTION IN LEAR BY TRACKING

J. Bengtsson

1. INTRODUCTION

We study the wultraslow extraction in LEAR by tracking with DIMAT. Due to
the introduction of sextupoles for chromaticity correction and excitation
of the extraction resonance 3Q, = 7, the motion in the two transverse
planes are no longer independent. ?t is found that this coupling increases
the emittance of the extracted particles and the apparent thickness of the
electrostatic septum and therefore the losses due to limited acceptances in
the vertical plane. It is also found that this coupled motion is mainly due
to the systematic resonance QH + ZQV = 8 which is close to the working
point [QH + ZQV - 8 = -0,25), so that the coupling may be reduced by
compensating this resonance.



2. THE ULTRASLOW EXTRACTION

Due to the 1long spill times (typically 1 hour) in LEAR, one is using
stochastic extraction([1). This method reduces the modulation of the spill
rate due to ripple on the power supplies.

The extraction is done by exciting the resonance 3Q,, = 7. However the
working point is kept around 2.325 for the stack. The pargicles are moved
to the resonance by having nonzero horizontal chromaticity and accelerating
the particles longitudinally with noise so that they make a random walk
towards the resonance.

By tuning correctly the horizontal chromaticity together with amplitude and

phase of the resonance, it is possible to get an alignment of the outgoing
horizontal separatrices for different horizontal emittances([2], [3), [4].

3. TRACKING AT THE EXTRACTION WORKING POINT

The working point at extraction is
QH = 2.325, Qv = 2.725
The chromaticities are tuned to

0.53
0

Horizontal plane E
Vertical plane 3

v

and the extraction resonance BQH = 7 is excited.

The particles are also given a horizontal bump to approach them to the
electromagnetic septum wused for extraction. However this also means that
they are going off center in some of the sextupoles. The particle will then
be more influenced by the nonlinear fields.

We have done tracking with DIMAT[S5], during these conditions. One particle
has been tracked 1024 turns for different horizontal- and wvertical
amplitudes. We have then applied Fourier analysis(8], [7]), [8) to the
horizontal and vertical position to obtain the frequency spectra and tune
shift with amplitude.

The "action J® has been varied by :

Horizontal plane (2J,)] : 1 — 30 mm.mrad
Vertical plane [2Jv] : 0 ~— 30 mm.mrad

The results are shown in Appendix A.
In the frequency spectra we find big amplitudes for the frequencies.

Horizontal motion ZQH, ZQV
Vertical motion O *+ Oy 9y - Gy



The corresponding resonances aref(9], [10])

Observed frequency
Resonance Horizontal plane Vertical plane
30“ = 7 ZQH -
Oy + 20y = 8 2Qy U * Oy
O = 20y = -3 2y % - O

We conclude that the systematic resonance Q. + 2Q, = 8 is excited as is
expected from the arrangement of the sextupoles. The other frequencies are
due to the second order effects by sextupoles.

In appendix B we show the tune shift as a function of horizontal- and

vertical action due to the nonlinear fields. We compare with calculated
values from the HARMON([11], [12], [13) module in MAD[14].

The reason of the bad correspondance is probably the coupling between the
two transverse planes due to the excitation of the resonance Q,, + 2Q,, = 8.
It also seems that HARMON does not recalculate the closed orbig wit the
bump.

However the error in the tune shift as a function of amplitude when
neglecting the bump is expected to be small.

4. SIMULATION OF THE STOCHASTIC EXTRA N

The tracking is in this c¢ase done wunder the same conditions as in
chapter 3. However we now add an increment Ap/p to the particles
longitudinal momenta for each turn. This simulates the longitudinal
acceleration of the particle by noise, so it moves towards the extraction
resonance. It 1is then following the separatrices of the extraction
resonance 3@, = 7 and is assumed to be extracted when it’'s horizontal
position is bigger than the position of the electromagnetic septum.

We have simulated the extraction for 35 particles where the “action” has
been varied in equidistant steps as :

ZJH : 1-10 mm.mrad, S5 steps
ZJV : 0-10 mm.mrad, 7 steps

The result is shown in appendix C.

In the first case without compensation of the resonance (., + ZQV = 8. Due
to the coupling between the horizontal planes, the outgoing separatrices
are not overlapping for different vertical “"actions”.

In the second case with the resonance Q, + 2Q, = 8 compensated by adding
two sextupoles, the coupling is reduced so that we recover the alignment of
the outgoing separatrices.

Finally in appenix D we show tracking of one particle around the machine
just before extraction (QH + ZQV = B not compensated).



5. CONCLUSIONS

We conclude from the tracking that the systematic resonance QH + 2Q, = 8 is
excited in LEAR as expected from the arrangement of the sextupoles ¥ur the
chromaticity correction. This 1leads to coupled motion in the transverse
plane.

This coupling leads to an increase of the emittance of the extracted beam.
The coupling may be reduced by compensation of the resonance with two extra
sextupoles.
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APPENDIX A

Tracking at extraction in LEAR



NOILISOd 40 L4d

N
80 MR 0bB  96'R  2e'h 8% vce  B@ 918 20 896 ye'e  40'q,
m qﬂ 3
A Ha
Ap-" o =
>,
ks
=
F- ™M
g4
~
-
s
suvey.s  pases s
1 I A -
Lase s o E
SkErl’9  6BS9SC I
-y 9
=
341504 40 144
M
RN R S O O XS
" :
=
B
L=
4
-~
[=~3
o
S2
o
=5
ES
xﬁu v
®
90009 | 990800
208k 8 Blise e -
QIEIS'  [BeRN’N L=
CERTE N R 2 e
[} 0
L

. 2- 30K ) .
8r'v or'e k4 ] '8 8t'e 80’0 99°0  8B'O- 91°0- ¥Z'0- IETe-  ep’9-  gre-,
i A i i 4 i A i e i 1 -
~
Fo
®
@
3
o
-~
. «
> -
v 3
~
e d L=
e s ®
e - he
®
Ta
®
=
~
>
3
3I¥dS IS¥Hd WITIA3N
. . . [ . . . . .

S¢' cm._ Sk 8 S8l 00| S6'e 68 Wm.o .m.o mn.c [ 19x'] S9°0
©
©®
™
©
B
~N
~
-

[~
-
g
~
>
Vi, B
M, WL
:._‘...:- \v .
Fhayy " T
_‘Zf._u.....::.\.a._..}:.:v(.i,aétﬁ..ﬂ\ 8
-
&

3I¥dS ISVHA TVINOZIYOH

F=rce patrg FATH 2 1aA

2-3+0YY

2-3+QVY



AN

8@ vhc@  erR  9E'D 2€'e 82 K20 B@ 9l e 0B e we'q
» Y ! g
A lfmd A, M
o) \ (OR e ) -
"og &
L=
s
|
s
®
5
a
8528578 2v(1¥°@
811010 28ice’e ®
96826°0  #iilQ; L
I ERIET 2
by v
-«
Fo
wv
MTLIS0d 40 144
. . . . ,z .
B R MR 9ETR 2T e vge e 918 zie B0t el weeg
/ :
Hpt | =
A
ot 5
3
L=
b
©
E
-«
B
w
00006° )  PI¥ER"0
2UESH 0 BINYE'N
$r1I8°0  SEer0 | =
piEy  pReee 3
0 0
E

NO11IS0d 40 144

2-3+430N1 TNV

2-3¢30N117dNY

. . . . 4-3uH . .
cie 8l 86°9 98 9 LN ] 1] [TX) ch'e-  ye'e-  eie- ge"e-  91°9-  Zi'e-,
L L . : H &
®
-
'
©
8
'
et
@
~N
s
n.«.\ ,._._.f lr
" o *
o o
o o
oY i ©
" » rt%. s
.-..:: sz..f -
o L
L o
o o ®
o o =
f’.q: \.:.....
. W - o ®
x..,..\ .....i.. -
W N ~
v i
it .,.v....... '
£y x.u..(?. | =@
&ﬁ. ZAd b
. w
30vdS ISYHd WITIY3A
2-1%4
szl 8l Sk 1] S84 89| S6°0 68 s8°e (L)) S¢°9 eL'e $9°
o
«
Moo
o
Ie
N
N
|
~
-
'e
N
>»
Y
[~
@
hd
B
34
w
N

o ="

Lz

JO¥dS ISYHd WINOZIYO0H

¢ ﬂutbd

@IALH C|aA

|-3eQvY

2-3=aVY



AN I-3%H

88 '8 pre  9E'R 20 g0 ve  B2@ 81 @ Zi'e B ree e b2 eCh 9 Zid se'l ve’@ W@ re@-  @eTe-  Zi'e-  giTe-  #Ze-  #ZTe-,
¢ s . L 1 L i 3 H >
\ d‘d R d: < n
A Ly
ro- Ve 02 . .
-3 1.9
< »
=3
ad .fu% .
> .nlt‘_-.ai s\; 1M”
\4..& o >
L .i.\.
] - o '
JNM \...\- ..\\ [
m ...‘\... g\.;\ R
v
=% - o =
S L g =3
N s.\ 'l E-3
~ \.sn. \._;.\..
L= :\.\ \.-.-.\- B
s \..\\ \.I‘...- =
vEYSS 8 98S(K’0 o o
(s fha - o .
125pi’8  BLKS2'e ) B B! [
Py q
| = ®
2 E
NOJ4150d 40 144 33¥dS 3SVHd WILLYIA
. , . . AN 2-1sH
AU U U O I (2 I I O e XS sel ey SIH 8l sS04 00" | $6'¢  96°@  SE'0 @80 S8 e §9h
IAW 144\ tev g \ 3 ®
20« .w>cr S ®
2 S
= ®
> N
Hox ©
'mm -
[
a\ g
1 |2 ®
Sm P4
&
ze o -~
s >
L€150°0  €ogvE’e
£1659°9  Eedre’R
2SBAS°9  §reeY’Q L= °
v8L8°8  (582¢°0 & 23
0-i 0
11 Sad
4 Y
N011ISO0d 40 134 30¥dS I5VHd IWINOZINOH

< H

oT="C 707 BCAIH C1AA

I-3vqvy

¢-3eQVy



Ao

NQJ1IS0d 40 L34

AN
g e e e 2R 82 ye'o 88 9@ 21’8 80°0

. . . . . b-3nR .
¥e (I3 ) L1} AN ] 809 ve'e 0000 pee-

" i " " " L

Y

88

si'e

*2'e

Z-3%30N11 74NV

8 ere _zce

1]

gs'e

Ao
Hoy

\mﬂ/.

Aoy +HO

A

GN £€9289°0 LELIE'B
-
gy ekl Hy
A

Na14180d 40 Jdd

3I¥4S ISYHd WITSU3A

2-1%H
[} S 8l se' | ') S6°@ 68 sg'e

a4 4 " " " " n

vee 9

£-3¢30N117dNY

s el e

Br'e

950

3I¥dS I8VHd TWINCZTHON

oeL:pt ¢ 7stpy

88 8-’

100

T

)0 48 206 08B 20°0-
1-30v

[N

8¢

82’8 978 '8 we
¢-3savy

B

288

BEAJH - C1AA



LGOI LG U O 2O AT X O T I X XY
T Y S
A M
©-"0 An -MOT
OOt AgaMy s
s
e
PE
o
=
| =8
Sh
=
21206°'@ Bll68°0
o~m~m.“ m“_nv.
rieza: :.““ L=
ISk BRNS? S
o) 0
]
NaliIs0d 40 134
. - . . >z
LU 0GR T 3 L X R I K I DO S
A T s
ret o7
®
[
-~
K
oz
~O
=
=8
7
d
B
00880° 1L  RINUQ9
8ELPS°@  ZhlGh e
~3:.u ‘.mn“n ad
L) 1N ] =
8- 9
[~
L]

NO111504 40 L34

. . . . [2EN. .
8r@ @@ 26 yze 91§ B’ @0e Be'e- 01°e-  vre- 7ETe-  pre- gr'o

N
zi'e-'

T

8078~

T

pe’p 40 0-
¢-3eqvy

ve'e

L]

28

410

IVdS 3SYHd WITIY3A

L2 (24} 1] 848

F -}
=
828 si'e @6 5Bl

T-38aVy

p
ste 8E® 520

T
[l ]

JOVdS 35VHd TYINOZTYOH

p=rcet or='p FARIH 21 aA



AN

80 YR 810 9Ep  Zee 829 e BI@ Q1@ 200 80 ke 00q
] 4a‘< r M
ALl Mg
Moo 2
|
s
1 &5
— X
o
=
=
®S
Mro'e!
om
Y
19
@
S6850°9  SOLN2T9
9615°8  BEEZK'D -
£028°9 o::““ Mo
LTI B 1131 8
°I’ ﬁ o
Mo
wn
N11350d 40 444
N
L -
- AN
I N I O 2 I SO I N O O XS
bl Hot o
s
53
la
g
=,
— X
e
=
oS
=3
—
@m
~
o
oo
®
2r109°0  BSEEE’0
$6508°0  Tover'd ©
[CCR0°8  BOOYE'S [
SEELYR RIwceyp N
0-| 0
®
Foo
K

NO1LIS0d 40 144

)
200 900

n N

Nc,m-

vo'0-

9979~

33¥dS ISVHd ¥I1L43A

0°0  qor

3IVdS 3ISVHd TYINOZIYOH

0)="DY ¥y

QIABIH - CIAA

sc'e @6 S8 exe sie 8ie sed

or'e

T-300vy



AN i , . . 1-3uH

8¥°0  ¥y'R @r'@ 989 2B 820 k2@ B2@ 918 ZI'a  BEe bR Go'g P20 B8 91TB 2id 80l vp’@  we'e  be'e-  89'v-  zi'e- glte- wz'e-  yi'e-,
T — s v = L . ®
y T _ 3 :
Ao -
G G >0.02G g L&
2 ®
9
| @ "
> ©
-~
=, L&
v3 pt
- N
=
w < ®
b | |
B 3
~
= -]
1“' le
® ~N
28185°@ 868Iv'@
¥2051°'0  9ifv2’0 ©
81€28°0  289/8°0 L Lo
e6Lbt’@ 0I¢S2'0 s @
0-1 0
| & g
4 3
NOILISOd 40 144 3J¥dS ISYHd TYITLU3A
. . . AN -3 . . .
e v~.. c'rv cﬂ”- 2€°9 [ 7 ] ve'e ouwo c.ps N.Ns ge'e vé'o (T3 [ ZaY'] 81" I ) vi'e 2y 0l°9 [1'] [} ve.e ~s.¢ on»o «o.w‘ 1870
—144 N s s - . . L by
= -
< ®
~ B
'y @©
L~ - J
b M.
@ »
< 2
f. [~
Zﬂlm -~
=
5 B
> &
~
~ [
[ oo 4y VAN, [ -
= St Tl e &
156£9°@  6r@2c’e
98(S9°@ yiZec'0 ©
s qzam”. | > ]
601187 (1119 ] 2 3
(] ]
L] »
[ [w
<*0 @
HOILISQd 40 L34 3J¥dS ISYHA TYINOZIH0H

ov:1PZ ‘o1 VDY QZADIH - 21aA

1-3%QvY

¢-3eaVy



¢-3+avd

AN -4
e or'e 9’0 2’0 8’9 (2] (23] LINC) e §0°e va'o 804, 8r'e or's 4%} L) T ] Bo'e Q0'a B88°@- 910~ #Z°0-  ZETG-  #ve-  8h'e-,
; . R , . A . A . . L : . . . . . . R ; : H . ¢ iy
T ¥ v A S =
™
o - o | L&
>0 + ZO S =
= Lo
-~ L
2
| &, 5
L3 3 ©
T -
-
=
@O ©
2 [©
gq— -
~N
= | =
s a
y¥668°0 9Se#al’0
08y(5'8  BISZy'e P ®
25528° 9 “:: L= L=
YeeeL’y S3 ~ =
0-+ 0
B S
- P
H0liIsad 40 L4d4 33¥dS 3ISYHd WITIY3A
AN . I-3n4 . .
T30 LU I 3 T 3 I 10 I I S0 I LN O 10 I L ST 7 N I TS 02°0  BI'0 9)°8 KR ZI'M BI"@ 809 90°0  kO'R  20°0 090 Jo'e- ye'e-
. s R i . . X My . N R ; N . d . . . . . . A - : px
! < pa
H em——————
QN 1“ .\\\\l -l.;-...‘- v”
@ Srag, ®
J.t!!.
|e '-a-_cl. la
s ..l:..: b5
a,,
-3 .....n ]
P N .
S“ -I .ldl -2
5 “, v
| =& N, A S L
S /. a..: N
& ., .
I.,a .m.
s . “a, =
wR .:.1.. o-r.- @
P N
’-o .
$20¢9° 8 2.2““ - o
WSLY'R NS 2 e, 3
S
n - e, -
bed _......-.-:...E....!.:..vx..\...:-!‘ K-
NOTJISOd 40 144 JI¥dS ISVHA TWINOZIYOH

7:"Crortoy |ABCH 2} aA

C-3xQvy



970 hD  er®  9tB 2B 820 ve  0Z@ 910 21T 808 y08  we'q,
T~ L A L 3
Apy oM < Vad
oY A MBS /
H 0" _H
~o-"0 A w-Het B
]
Ao+H o =
s
| =
pr
®
Mo
®
=
&
62LPL@ 1625270
1€915°8  69ECH'0
881260 218/0°9 L=
6BSL°0  BIOYZA s
0-| 0
®
%
N074IS0d 40 Ldd
. . . . AN
LU O I U o X N O S
Y ¢+ t ¢ .; - - -~
s
A
(214 Hoy =
3
@
| =
>
| =
8
| =
3
88105°9  286)°0
6Ll SE2E"B
NI 85800 H
6gety N ] 3
o= ]
~]
E

NO14IS0d 40 144

2-3¢3001T1dNY

2-3+3GN1TdRY

-3

Yeb @28 91'R  Zie 8p# ved  9ee  pee-  gee-  Zlte- 9lte- g2~ y2'e-,
- Y

S

L

®

(=]

=

®

l ©

=

S

S

o

3=

la

=

g

o

:

©

[®

>

3094dS ISVHd W14

. . . —..ux:

@ 8279 k28 8@ 9ih cice gie ka8 @80 yate-  Wee-  zie- gy,
>
hd
s
»
E
B
ﬂa
S
e“-
[ o
N
»
ﬁs
~N
5
>

m.._b.._f ¥y L=
haiivg gt 3
0¥dS ISYHd WINOFTHON
A ¢ ~ H



848 be OPR 9CB ZCR 82D ¥Ze Bz 91@ 210 gee  ve'e  e0q
v ¥ i 1 4 T -
' ro-YOY N\ s
\relre >G._20¢ ~
o
~n
>@+IG
©
Mo
-
L~
53
ks
[
=
St
52
~N
| =
<
266440 :“N:
m".mm.- c.am...”. -
| S
oeld Ml 5
p- p
| =
=
MJIIS0d 40 149
N
&)
~J . . . AN .
LG U I T 0 SO L I T O I G L XS
' ~ * =
ZN.N ©
Mo
b3
=
>
=,
~ R
-0
-
=
Rad=1
W
nom
~
|=
>
00000 | w..g.o
85(05°@  ¢h2oh'0
Sa0P0°0  ESRSE'R B
LT 1A ] S
[N f
«
»
»

NOILIS0d 40 444

. . . [l . .

80 or 4 8 ye e 99 80°9 .s“o 89°9- e_.w' vw.m| i€e- 8r'p-
L o
o
©
=
©®
-~
®
E
L L
@
>

| @
=
R
~
L=
»

3I9dS ISYNd TWITLIY3A
I-3%H

[ 82’0 1224 ] ec'e T ] ci'e 98°0 vo'e 00°6 ¥§'0- §@'e- Zite- gi'e-,
n s i L N N i " i + + - @

oy, : p
S, ®

,.l.l.
RO B
//.. 3
llll.

~, @

~, »
., ®
l.- -

:I;
Y | =
N 3
N,
N

\ N B
©
.r,lil ,If( w

“\, ®
.,.f..... K

l.i.o

", @

RN E
l..l:l-.ll-‘.

| @
s

A4S ISYHd TVINOZIYOH

707 fog Dy

VABEH 1 AA

e-3mavy

-3eQVy



uv“e :ha ew_.w cn”w Nm».w mmno rz'e emws w.po m..rs :..s va'e (LN
r 17 A A E
“
Ab Yo ook o
ro+HS E
L=y
S
o
L=
o
LS
B
S
JB
s
16115°@  5882r'0
BOELL'  cE9Ce'd
PSLIB8  Br200°D =
CEEI T R
b f
=
[
8
HAI1IS0d 40 443
. . . AN
8r°e vy'e LA ) 2t°e 8274 re'e 0z @ 91°8 cle 89’0 ro'e 80°¢,
A * ’ =
@
*_G 7 -5
-
L=
>
-
%
-z
-
b ™M
om
&
L=
3
915070 BE8YE'R
goisig  oise g
2rSh- e §SsIE; L=
6LeLy’ g Rese B
0-| 0
L=
el
@

NOT1ISOd 40 144

I-3%H

r'e [ 1) 90 2Le 80 9 vo'e oo“o v-.mu ca.mu N_,mu o_.m- -N.._? ¥l'e

4 " " L I i

3I¥dS 2SVHd TWIT44I

v9® 200 98B 260- 0 6- 98 D-
1-380v

ge'e

8e’e

<e8 820 vite-  ge'e-  ll'e- 9ie-,
4 L
2
-~
(=
L=
*®
«
[
~
Fad
»>
=
-
L=
...}. ==
.....w
\....v | =
K ¥
s.?.
4
# i
o, d
N s—.....a.s.c:_..o..s_t..ﬁa\ "
4
[w
-4

JI¥dS ISVH WINOZTWOH

oF="pz “0g: Py B 1AREH

CIaA



APPENDIX B

Tune shift as a function of horizontal- and vertical action.



3| o 5 10 15
Iy
0.5 2.3244 | 2.3245 | 2.3245 | 2.3248
% 5 2.3269 | 2.3267 | 2.3272 | 2.3272
10 2.3296 | 2.3290
15 2.3323
3| 0. 5 10 15
Ty
0.5 2.7435 | 2.7463 | 2.7498 | 2.7538
Y 5 2.7443 | 2.7470 | 2.7509 | 2.7553
10 2.7452 | 2.7479
15 2.7463

Where the unit for J is [J] = w.mm.mrad.

The tune shifts due to a given sextupole configuration are
byl11]), [12], [13)

80y =4 - 90000 TH T2 44440 - Ty
80y =2 . 94440 T 990220 ° v
Calculated values from HARMON
_ -5 -4
GOH = 2.118 . 10 . JH + 2.538 . 10 . Jv
= -4 -4
BQV = 2.538 . 10 JH + 1.061 . 10 . Jv
Least square fit of the data gives :
- -5 -4
GQH = 2.81 . 10 . JH + 5.43 . 10 . Jv

50, = 7.13 . 107t . I+ 194107t gy

given
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APPENDIX C

Simulation of the stochastic extraction in LEAR :

1) Without compensation of QH + ZQV = 8

2) QH + ZOV = B compensated
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APPENDIX D

Tracking of the last three turns before extraction
along the machine.
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