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Global Chromaticity Correction

IHALE—DESH N BRI BHET

BO5E—LHAEST-IENYATREINGEERA
[ZASEIIZT B,

E—LSAVERTINEDHIEFT HD T, Global Correction EFEAS,

Local Chromaticity Correction
1. IRILF—DEIFFHIREIRE#]A
TEBYTHESHEEZTITS,

2. EHBDEIZ. EENHDHENEAIC
ENHLEHA BEHRA)ZTEL

3. RRIREMADIRILT—DENILD
WRNDEZ6BERA THIET Do

IRENKEVEHANDIESTHIEZT HDT. Local Correction EFEAL,



Compact

Global & Local Chromaticity Correction

* Large energy acceptance

Horizontal Chromaticity Correction Small beam tail

Vertical Chromaticity Correction (Large L*)
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Relative Luminosity

Global Correction & Local Correction M TEgE D 45l

1.0

=
o

o
(=3

=
=

£a
(]

Simulated energy acceptance
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ATF2 Beam Line

*Same requirement of the magnet alignment and stability to the ILC FF

*Same strength of the chromaticity to the ILC FF
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*Same magnet tolerances to the ILC BDS

*Same beam tuning method to the ILC FF
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Vibration

Jitter position error giving 2% effect on beam size

Strength Error
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Field strength error giving 2% effect on beam size
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Static position error giving 2% effect on beam size
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Magnet tilt error giving 2% effect on beam size
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Collaboration with Univ. of Tokyo
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Design Result Design Result
Correction Method Global Chromaticity Correction Local Chromaticity Correction
Beam Energy 46.6 GeV 1.28 GeV
L* 0.40 m 1.00 m

op/p 0.30 % 0.05 % 0.08 % 0.06%
Bx* X By* 10mm X0.1mm  10mm X 0.1mm  4mm X0.1lmm  40mm X 0.1mm
ex X gy 0.33nm X 33pm  0.33nm X 20pm 2.0nm X 12pm 2.0nm X 20pm

oy* (linear) 57nm 70nm (45nm) 35nm 70nm (45nm)
L*/By* X op/p 12 2 8 6
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Evaluated by K.Kubo (15" ATF2 Project Meeting)

Cavity BPMDIF &
& Ty B —~DFE
_- L w ] oam

1/E_beam (1/GeV) 1/250 1/1.3 1/E_beam (1/GeV) 1/250 1/1.3
Effect of bunch length 037 1 Effect of bunch length 037 1

1/ (mA(-1/2)) 14 11 B, 350,000 63,000

Ve 1//8x10™ 1/41.2x10 Py

> ‘/ (m™(1/2)) 3,000 1,000 Total (Relative to ATF) 0.0087 ? 1
Q-mag.
Total (Relative to ATF) 0.057 ? 1 ILC O Cavity BPM DEZE(FATF2K Y 5L,
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L e = ™
1/E_beam (1/GeV) 1/250 1/1.3 1/E_beam (1/GeV) 1/250 1/1.3
Effect of bunch length 207 1 Effect of bunch length 207 1
1 Je, (MN1/2) 1/\08x10 1/41.2x107% [dsp, (m"2)  8900,000 1,100,000
[ds\[B, (m~(3/2) 89,000 4,000 Total (Relative to ATF) 0847 1
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New IP-BSM Chamber made in LAL, France
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Collaboration with Oxford University
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Results of P2 2> K1 loop (measured)

(April 16 2010)
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T322, T326, T366, T344 knobs
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BB R0z K& 5B E A (BBA)

ChiSquare = 5.25584 Goodness = .26204 ChiSquare = 185.249 Goodness = 5.6E-39
P2 = -7.6E-6 +/- 4.16E-7 P1= 01246 +/- 4.44E-4 PO = -.63086 +/- 6.98E-5 P2 = 1.93E-5 +/- 3.65E-7 P1= 01261 +/- 3.81E-4 PO = -2.9300 +/- 1.45E-4
SF6FF Horizontal BBA(QF9AFF-H) SF6FF Vertical BBA(QDSFF-H)
F T T T T T M T T T T T i
55— ,}77(717‘\_1 -] 40: /
o I,/ i [ /
F e a0 4 =
,5:_ e - r //
- ﬁ E S 7 E
ral [ = o
- 5 AN /.,/ ;
o : 3 E
E £ UZ \1‘\\__ ,/‘/ /
250 . : e
o | PP | PR | | " -10t=. o e st o e | 1 ¢ e i I =
-1000 -500 0 500 1000 -1000 -500 L] 500 1000
Function = (PO+(P1 x)+(P2 (x"2))) Function = (PO+(P1 x)+(P2 (x"2)))
FF sextupoles turned off FF sextupoles turned on with BBA offset

Vertical beam size

Sexts OFF 2.4um
Sexts ON  4.5um
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SF6FF Resistance

—s—Pole1 R[Orm]
—s—Pole2 R[Orm]
—s—Pole3 R[Orm]
—s—Pole4 R[Orm]

1kHz 10kHz ~ 100kHz

Frequency

100Hz

SF6FF Inductance

—s—Pole1 L[uH]
—s—Pole2 L[uH]
—s—Pole3 L[uH]
—s—Pole4 L[uH]

1kHz 10kHz ~ 100kHz

Frequency

100Hz
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SF5FF Resistance

|| —=—Pole3 R[Orm]

I
-

—s—Pole1 R[Orm]
—s—Pole2 R[Orm]

—s—Pole4 R[Orm]

106Hz 1kHz 10kHz 100kHz
Frequency

SF5FF Inductance

—s—Pole1 L[uH]
—s—Pole2 L[uH]
—=—Pole3 L[uH]
—a—Pole4 L[uH]

1kHz 10kHz ~ 100kHz

Frequency

100Hz

R[]

300

200
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100

SD4FF Resistance

| | —=—Pole2 R[Orm]

—s—Pole1 R[Orm]

—=—Pole3 R[Orm]
—s—Poled4 R[Orm]

Response for,

100kHz

10kHz
Frequency

100Hz 1kHz

SD4FF Inductance

—=—Pole1 L[uH]
—s—Pole2 L[uH]
—a—Pole3 L[uH]
—a—Poled L[uH]

1kHz 10kHz ~ 100kHz

Frequency

100Hz




The effect of the small current of poled for SD4FF

When the current of pole5
was smaller than those of others,

-Generate the horizontal kick
-Generate the skew quadrupole field
-Reduce the sextupole field
-Generate the higher multipole fields.

IIVAVADE—LBEKREFEEDHEAETHET,
IPE—LHYAXDE—LIEEKRGFHEICEE?

The effect of the skew quadrupole field of SD4FF

-Generate the vertical dispersion ( can be corrected with Ey knob )
-Generate the <x’y> ( can be corrected with Coup2 knob )

-Converted T122 from SF6FF to the IP vertical beam size
-> generate T322
-> almost same effect to the roll of SF6FF



IP vertical beam size [um]

A VE—S D RAEZHFA-VTalb—Yay

- emitx=2nm, emity=12pm
Linear knob tuning - put K1S=-0.015 at SD4FF
S - rotate the SK4FF by -44.4 deg.

4000

30001

The IP vertical beam was 3.5um

20001

1000F The beam size was smaller

by applying the linear knob tuning
3.5um -> 100nm

Initial
AY -
EY -
COuP2
AY
EY -
Ceur2
AY -
EY -
COUP2
AY -

EY

Coupr2

_ rms beam size core beam size

No errors 55.4nm 51.7nm
With errors, linear knob 111.1nm 101.5nm
¥22=-0.6, Y26=0.0 96.4nm 91.1nm 12/19 setting
Y22=-0.2, Y26=-0.2 71.1nm 67.0nm 12/20 setting

There is a clear difference between the setting of 12/19 and 12/20.

The estimated beam size on 12/20 setting was smaller than that of no correction,
but larger than that for no multipole errors.

by effect of <x’y> and ny* for skew quad of SD4FF.
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1 Ny
Nonlinear knob @ & Jiis
(SD4FF K15)= -0.015, (SK4FF ROLL)= -44 dDEG (SD4FF K15)= -0.015, (SK4FF ROLL)= -44 4dDEG (SD4FF K15)= -0.015, (SK4FF ROLL)= -44 4dDEG
zou Y . rme, bman gioe — zou A B . rur, b gite — zou Y . i = ——
core basn size ’ dore bash sizs “ =
Eso ~ E 0 ko
o i o o
N N k]
“ “ “
£ 100 e —— £ 100 £ 100
o — o o
@ @ @
= = =
k] k] k]
E 50 E 50 E 50
L] L] L]
-1 05 0 0.5 1 -1 05 0 0.5 1 -1 05 0 0.5 1
Y2z knob Y26 knob Y44 knob
[ Y22 Scan 121220_081241 7 I nat 6.38062 /8 [ Y26 Scan 121220_091753 7 I ndt 4.0991813 [ Y44 Scan 121220_085502 i I ndt 8710781
- 0.41552 0.02181 - modulation 0.46918 0.03241 - modulation  2.78386 15.04554)
k] = Center  -0.47142 0.18694 k] 08 Center  -0.23842 0.07479 g E Center 36.54457 183.86164
=z o5 Sigma 0.82277 0.19922 % C Sigma 0.33448 0.07180 £ o6 Sigma 19.4448570.47041)
E 0.a5— E 05— = E
F o oss— ¥
o.al~ L F b
E o.a— L
0.35— - o8
= ol =
c r 0.45— »
0.25— F C
F 0.2 o
- - 04—
02— r E -
0.5 01— % 0-35:—
oabe, | - T VRS N S Lo 1y n:.I...I...I. cly il . ,0_3 ”-nl_zlll-nlll '(:""Oll '012"'0!3"
06 -04 -02 0 0.2 0.4 06 03 02 01 0 01 0z 03 e e vas am
Y22 Amp Y26 Amp p

Simulation
- put K1S=-0.015 at SD4FF
- rotate the SK4FF by -44.4 deg.
- optimize the linear knobs (Ay, Ey, Coup2)
- evaluate the nonlinear knob response
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2012/

FF sextupoles turned off

W 07:24211 finishoed,

Lad

i~ ose

HY %A
ADCraw 5390

Horizontal Deam Size Measurement

e

Fitting Resulls (G

START SCAN | STop | Naversge 1 I =

Gamma 53900

WS
Deteetar

UG memiler

CHIZOR 1.0ESEE«D4
Stage Poak.  27.700 «
Ve Peak. 16,915

A g3+

Open the Window
B0 Mondtar Contral

0.000 mm
w0000 mm M wine Pasition (0-1000mm,

0002 LIAIT OFF__|
T340
e B wrie: Frnn
Read: 175007
Fead from IPMaver
27850
B2 START SCAN | STop | Naverage | Readl Position |
o Sty Position|
Fitting Fesuits (Gauss+Linaar)
CHISOR  A4.1907ED4
Stage Peak. 28635 « 0000 mm
Wire Peak. 22716« 0.000 mm
— Sigma 5590+ oo
T 0
61 045
2051 stap 0000 mem 20,66
SAVL RESULTS -

iﬁﬁ?&ODBBA.‘ﬁE%

11/08 (A AL EZ Fl)

FF sextupoles turned on with BBA offset

S 0722315 finishied,

T | |

i~ ose

HY %A
ADCraw 5700

Horizontal Deam Size Measurement

3493 50

Fitting Resulls (G

START SCAN | STop | Naversge 1

Gamma  570.00
wusm | L
Delectsr

'B(‘i-‘-

CHIZOR 9.5443E.03
Stage Peak  27.020
Wire Peak. 16,934

A 3858+

Open the Window
B0 Mondtar Contral

+  0.000 mm
0,000 mm [l Wi Position (0-1000mm

Fitting Foesulls (Gauss+Lingar)
CHISOR 7IEXE«D4

0.003 [Ciwaror )
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) s21M mern B e 50
Frm wlep OG5 rras Read: 175007
Feead from IPhover
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U380 sTART SCAN | sTop| Naverage | Readl Position |
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Stage Pok 28520+ 0.000 mm
Vare Peok ZETI0 + 0.000 mm
= ) SR qq80 +  oom
R —
2050 stop  0.002men 055
savimsnrs |

2013/02/06 (A A1 & Z %)

FF sextupoles turned off

r 13:27:25 finished,

T Conmection OFF

off| 1se +-

BG Monitor
HY TI6.0V
ADCraw 4460

Horizontal Beam Size Measurement

550220 START 5CAN | sTop| Naverage |
Fillmg Resulls (Gousss Linear )
CHISGR 5300104
Stage Posk  16.083 + 0.000 mm
Wi Poak 9790 +  0.000 mm
Sigma o gag - 0000
306.10 = - ot
1600 1602 1604 1606 1688 1690 1617 16.14 16.16 16.18 1620

Gunma 446.00

035
I‘ BAM
nm«n

BE: moniter

Open U
6, Moniker Contet

Whew Prsition (13-1 00§
[ umimorr |

Wit 16200
Ruaed: 175.007
Read from IPMover
16.200

Rear Position |

16.00 step  0.005mm 16.20
Varticel Desn Sice Measuremenl
1034550 STANT SCAN | 8ToR | Naverage 1
Fitting Results (Gausss Linoar)
CHISGR  A5HZE+D4
Stage Peak 13822 e 0000 mm
Wire Peok. 10,965 « 0,000 mm
Sigma o484 +- oo0m
I - s
1
13.01 step  0.001mm 13.84
SAVE RESULTS -

Go Sy Position

Laser Altenuator &
Gamma shutter have to
be inserted

Vertical beam size

Sexts OFF 2.4um
Sexts ON  4.5um

FF sextupoles turned on with BBA offset

o 14:45:59 finished,

e | | 150 4+~ ase

BG Monitor
HY 6OV

ADCraw 15850

Horizantal Bram Sie Moasuremont

020,10
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Stage Pk 16.083 +
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0002
1362 60

micron

sl dadadaladalala s
1600 1602 1604 1606 1608 1610 1612 1604 16,16 1618 16.20
1600 step  DLO0SMM 1650

Gamma  1585.00
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W-05M
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the Window
DG Monitor Control

Wire Position (D-100mm
[Comarorr ]

Vartical Beam Sire Measurement
10076.00

START SCAN | $Top| Naverage 1

Filting Fesulls {Gasse Linear)

writer: RET
Read: 175.007
Raad from IPMover
13835

Read Position

CHISGR 1.7332E+05
Stage Peak 13023 » 0,000 mm
Ware Peak 10966 e 0000 @m

sigena
136600 e ——
REE 1)

13.81

SAVL RLSULTS -

2296 +  0.000

micron

Go Htay Position

Laser Attenuator &
Gamma shutter have to
be inserted

Vertical beam size

Sexts OFF 2.5um
Sexts On  2.3um
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[ Y22 Scan 121220 081241 7 Indt 63s0s2/8| | Y26 Scan 121220 091753 £ 1 ndt 400018/3] | Y44 Scan 121220 085502 £ I ndt an1078 1
c modulation 0.41557 0.02181 = modulation 0.46918 0.03241 - modulation 2.78386 15. (4554
] = Center  -0.47142 0.18694 s ™ Center  -0.23B42:0.07479 S r Center 36.54457 183. 86164
g Sigma___ 0.82277 0.19822 Zz E Sigma ___ 0.33448:0.07180 g os- sigma 19.4448870.47041
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[ XIS L L L
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0.35— L 05—
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Y22 Amp Y26 Amp Y44 Amp
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[ Y22 Scan e130207_10285 7 Indt 9.az240614| | Y26 Scan e130207_10394] £ I ndt 10038417 | Y44 Scan €130207_10555 1 ndf 3.11058/9
- modulation 0.58855: 0.02900 - modulation 0.58989: 0.02875 - _ modulation 0.51604: 0.02056
8 F Center  0.16600:0.08539 8 r Center  0.09928:0.02864 S b Center  0.15023 0.04801
07— - LB
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3 L B osl T osef
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06— - F
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2012/12/21 2013/02/07
||me"5it}' scan Scan 121221 143?55| £ 1 ndf 75342119 | Intensity(E9) Scan EHﬂZﬂ?_l&ZEﬂ| ¥ I ndt 23.80715 / 18
- modulation 0.46152 0.04316 modulatien 050878 0.10922
8 0.8 Center 0.6715% 1.19721 E = Center 220236 7.12231
g - Sigma 2.90577 1.02293 % C Sigma 9.52627 5.45074
3 " B os— %
= os- = -
o 0.5_—
04— : %
: 0.4_—
0.3_— : %
N 0.3_— %
o2 -
: 0.2_—
P05 | I TN T T N T N T S A N T T M I A O 1 bt b b g b by by g by g by
1 15 2 2.5 3 35 4 1 2 3 4 5 [ 7 B
Intensity scan Intensity(E9)
Typical modulation Typical modulation
0 -
20% at N=1e9 50% at N=1e9
30% at N=3e9 30% at N=8e9

20% at N=4e9
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mover pos. [mm]/BPM reading (orbit subtracted) [um]

Wake D&% (RIEIEERZN O DER)

2012412 A MReference Cavity M Wake D& & 2T
(RTEH#EERZETIH 1 DDBPMTOEEZE L EHE)

ICSPoONsc

1.2

1.0

I Corresponding wakefield of cavity
| 2e9 DR200KV | | mover system:
/ \ 2¢9 DR290kV 0.3-0.4 V/pC/mm
il 3e9_DR200kV Larger value for higher charge?!

| Recall simulation (including
bellows):

1 0.21 V/pC/mm
= RE—FLIMZ TET
NOFROTEEDHY

2036 38 40 42 44 46 48

BPM nr

J.Snuverink, 15" ATF2 Project Meeting



Reference Cavity D E EIPDE—LH A4 X

HI == 4 ~ ] ) .
2013/02/07 DRAIEFRER VD Tracking Simulation
| MREF3FF Scan 130207 00561 | % 1 23.05614 / 14 e Vo0 40V Ci
modulation 0.3725% 0.018981 = y VSV P
B Center -0.11768 0.17246 300
ﬂ.5_—
250}

Modulation

0.4

0.3

02

0.1

™
L=
L=

$ Sigma 2.35871 0.19039

£ 100¢

—i—

H—il—H

—i——
—i— —i—

————
IP vertical beam size [nm]

o @
S =)

-4 -2 0 Z 4

- MREF3FF offset [mm]
AT A U U N A R A AN U U A O NN AN AN AN N AN AR AN AN NN AN N A
e N=469 EEARAT D45 R
N=4e9 V=0.40V/pC/mm /=0 3~0.4V/pC/mm i
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Summary
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HEF10 X 1AF R T, N=0.1e10 DEEBRELZ THESLZIT/PISVE—LIZK D,
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SDAFF W5 h 55 L SFEFFERRHL =& A,
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- Nonlinear knobZ{#hH 74V TH, E— LY A/ XEHENB LS4 o1=,

- E— LEREKRFENTFG o= (BRER),

Reference Cavity®Wake D RS DT, BIEZED - FREETH),
- Wake D 5@ &% Simulation CfE#T 95 £0.21V/pCImm (N FREDAREHEHY)
- E—LDELER|E TIX0.3-0.4V/pC/mm
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WY HLET 2 LD IERIHIS

BS3Xskew = 0 @ KEX =46.7 kV BS3Xskew =0 @ BS3X X =+1.7 mm

BS3Xskew VS dKEX BS3Xskew VS BS3X X
-0024 T T T T T T T 1 -0024 T T T T
p0=-0.03493+-0.0004444 p0=-0.03513+-0.0004623
p1=-1.058e-05+-9.071e-07 p1=2.081e-05+-1.799¢-06
-0.0264; o = -0.989 - 0.026F 1ho = 0.989
RMS=0.000448 1/m
RMS=0.000444 1/m
NDF= 3 NDF= 3
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3 3
S 0031 S 003t
0 0
x x
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-0.036 ‘ ] ) -0.036 : : ‘
800 700  -600  -500  -400  -300  -200  -100 0 0 50 100 150 200 250 300 350 400 450
dKEX/V BS3X X /um

M.Woodley, 15" ATF2 Project Meeting

ATF2E—L S A >DDispersionld, MY H Lt T3 LlIZskewdtBREIE N 5 LERBATE 5,
HEINASkewdiBEHADRS(F, MYBLFYH—DEITEILLT S,
hohb, RYBLETS LIZIEskewbiBRIIS A HAD TIXZ LIV EEZ 5N S,



EEARICMENED S,

COFERF, RYHLFYA—DBRSCEELTWDEZEZHLEEMRTSE D,

Kicker & Septum Orbit Data
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In order to make same EXT orbit, we must set to the following Septum and vertical steering settings

KEX

45000
48000
50000
44000
42000
40000

KEX1 steers vertically?
inferred roll is ~100 mrad (1) ——
... or something else?

BS1X

1545494
1534.20A
1522 69A
1555.20A
1566.694
1577.494

BS3X

2576.02A
2584 62A
2503.62A
2568.42A
2599 42A
2551.92A

FATR b

-0.391A
01814
+0.0994
-0.601A
-0.961A
-1.241A

IN2X

-0.062A
01124
-0.197A
+0.003A
+0.108A
+0.183A

40 45 50

40 45 50
KEX (kV)

BS3X (A)

ZV2X (A)

2600

2580

2560

2540

0.4

0.2

-0.2

-0.4

P4
yed
yed
o
40 45 50
KEX (kV)
@\
O -
Q\
Qf
40 45 50
KEX (kV)
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