ATF2 Small Beam Issues

- Beam size measurement at N=1e9
- Intensity dependence evaluation

- Evaluation of the intensity dependence for ILC
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ATF2 Project

Final focus test with ATF low emittance beam.
ATF2 project was proposed at 1t LCWS (2004 November).
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Beam Optics of ILC & ATF2

Beam optics of ILC final focus system

Sl ILC final Focus System
é—' 200 Vertical
£ - ILC final focus systemand ATF2 beamline
= are both based on
o the Local Chromaticity Correction.
—_— oL
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Same concept of beamline design to ILC !




Tolerances of sextupole field error

ILC

to IP vertical beam size

ATF( 1x1)
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The tolerances of sextupole errors for ATF2 10x1 optics is comparable to ILC.




ILC

to IP vertical beam size

Tolerances of FD multipole field error
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The tolerances of FD multipole errors for ATF2 10x1 optics is comparable to ILC.




Small IP beam size tuning of ATF2

2" order optics correction at ILC & ATF2

Horizontal beam size Vertical beam size
Geometrical . Geometrical o
Aberration Chromaticity Aberration Chromaticity
Sextupole T144 1166 | Sextupole magnets are used for chromaticity correction.
T 2"order | Byt the sextupoles generate other 2" order aberrations.
Dispersion
We use 5 sextupoles to correct 5 aberrations.
lgnored
Skew 1322 1326
1124 T146
Sextupole 1366 1344

The aberrations are generated by the multipole errors of quad.

We use 4 skew sextupoles to correct 4 vertical aberrations.

T. Okugi et al., Physical Review Special Topics - Accelerators and Beams 17(2014) 023501.



Skew sextupole magnets for 2" order correction

J Dipole
l Quadrupole
=::e::§.,:‘ -~ Install at 2011 Autumn
I e SK3FF
- vAvE- —|l||_‘|_‘|1||ij L N |-| -5
PRI S ot SKAFF
774 SK1FF \ |
e T Install at 2012 Summer

Borrowed from KEKB

Modified in 2016 January
160mma¢ [ 60mmao

Too weak for knob optimization Enough strength for knob optimization
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ATF2 beam tuning procedures of IP beam size

FF sextupoles turned OFF

e Orbit tuning
* QFIFF strength optimization (Carbon wire; Horizontal beam size)
* QDOFF strength optimization (Carbon wire; Vertical beam size)

* QDOFF rotation optimization (Carbon wire; Coupling)

* FF normal and sextupole BBA (Magnetic center)

FF sextupoles turned ON

Carbon Wire
AY knob
EY knob
Coup2 knob

4

IP-BSM 8degree
AY knob
EY knob
Coup2 knob

IP-BSM 30degree

AY knob

EY knob
Coup2 knob
Y24 knob
Y46 knob

The ATF2 tuning procedure

is same to ILC final focus beam line.

IP-BSM 174 degree

AY knob

EY knob
Coup2 knob
Y24 knob
Y46 knob
Y22 knob
Y26 knob
Y66 knob
Y44 knob
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IP vertical beam size [nm]
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Beam size tuning results on 2016/02/05

Presented at LINAC2016 by T. Okugi.

(b) Beam size (2016/02/05 11:24-12:20) (b) Beam size (2016/02/05 12:32-12:57)
T T T T T T T T T T T T T T T 100 T T T T T T T
Average =43.2,SD =29 Average = 63.7 , SD =2.4
i ) E 80 - 3 sigma cut line
& °
N - ° ° o
" 3 sigma cut line 7 e 60 _ _ L
© 3 sigma cut line
o—oo 2 % , %o PR Q
I [ ] [ ] Y ® - ] 40 B
Qo
— : =
3 sigma cut line G o Skew sextupoles
B ] o B
43.2 nm = were turned OFF | 63.7 nm
| 1 | | | | | | 1 | | | | | 1 0 1 1 1 | | | 1
12345678 9101112131415 1 2 3 4 5 6 7

* The correction with skew sextupoles worked well ( same scheme of ILC ).

* [P beam sizes were evaluated by assuming the perfect laser fringe contrast.



Normal Sextupole Magnet Setting

Beam size was minimized in simulation for the normal sextupole settings
by applying the normal sextupole errors for 1-by-1 quadrupole.

Normal sextupole settings IP vertical beam size at model
Design setting w/o sextupole errors in quads 35.2nm
Magnet settings after nonlinear knobs 78.7nm

Minimum IP vertical beam size after beam size minimization
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I Candidates of error sources

(K2N/K1) at R=1cm

QF3FF  -0.17756
QD2BFF +0.97074
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Skew Sextupole Magnet Setting

Normal sextupole settings

IP vertical beam size at model

Design setting w/o sextupole errors in quads

35.2nm

Magnet settings after nonlinear knobs

53.7nm

Beam size was minimized in the simulation for the skew sextupole settings
by applying the skew sextupole errors for 1-by-1 quadrupole.

Minimum IP vertical beam size after beam size minimization

Skew Sextupole Field Strength
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Candidates of error sources
(K2S/K1) at R=1cm

QD2BFF -0.27321
QF1FF  -0.00030
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The QF1FF magnet was PEP-Il reused magnet

Actual Magnet ATF2 optics model
Magnetic field is measured only with long-coil. Hard-edge with typical fringe field
( integrated magnetic field ) from long-coil measurement.

—
—
/\

Beta function at ATF2 ED We should evaluate the aberration
is changing along the magnet. E> with local field variation in the magnet.

The CAD data of the magnet was prepared by G. White and sent to CERN.
The slice magnet model is helpful to understand the multipole error.
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Higher order optics correction for small betaY study

The IP vertical beam size at ATF2 low beta optics
is sensitive to the fringe field of final doublet.

The fringe field may be corrected by using octupole magnets.

But, the fringe field of QF1FF is not correct for present ATF2 deck,
which use the hard-edge model with long-coil measurement by SLAC.

S—
J—

Octupole magnets for ATF2

FD fringe fields effect cancellation

FD fringe fields are responsible for the IP beam size growth. Both multipolar components and
fringe fields can be mitigated with the use of the octupole magnets installed in proposed
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presented by M. Patecki et al., 2015 CLIC workshop 13



IP beam size trend of ATF2 beam size

Minimum beam size of 41 nm was measured on 2016/03/10 Minimum beam size

by using FONT orbit jitter correction at N=0.7e9. ( 201 6/ 03/ 1 0)
500 T : - : : .
aso | ATF design beam size is 37 nm. presented by Y. Kano and T. Okugi
'E 400} at ECFA LC workshop 2016.
E :zz | ° (b) Beam size (2016/03/10 19:53-20:42)
n I | 100 . w . w . T T : ‘ :
E 250} 44 nm - Average = 41.1,SD =1.8
C,Ez 2001 at N=0.5e9 43 nm E 80 - 41.1nm |
1wl I ('CH52°14) atN=10es || §
50 - ® o [ N4 E 3 sigma cut line
0 2010 2011 ' 2012 2013 2014 ' 2015 12016 r% 40 ;._'_._'T._._._O_‘
41 nm E . 3 sigma cut line
2014/06 ; 44 nm at N=0.5e9 at N=0.7e9 =
2016/02; 43 nm at N=1.0e9 (with FONT)) b
1 2 3 4 5 6 7 8 9 10

2016/03; 41 nm at N=0.7e9 with FONT The beam jitter was subtracted

with FONT'") feedback
The reason why bunch population was smaller than ILC

(*) i
is its strong intensity dependence. (ILC; N = 2 x 1010 ) Feedback On a Nanosecond Time scale,

developing by Oxford Univ.

The detail of FONT is in “ N. Kraljevic et al., Proc. of IPAC16, THPOR035”
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Intensity dependence evaluation

The small beam size is measured at ATF2 beamline at N=1e9.

The reason why the beam size was measured at small intensity
is their strong intensity dependence.

Therefore, it is important to investigate the source of the intensity dependence.
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Intensity dependence by IP angle jitter via wkefield

drawn by K.Kubo
(n+1/2) 7 Since the most of wakefield sources
are located in FD phase,
Orbit deviation wakefield kicks via IP angle jitter

by beam jitter B . ore .
\ / \ is superposition to same polarity.
\H/ The angle jitter is proportional to

IP

- the IP angle jitter
— — N - the beam intensity.
Wakefield induce the position deviation at IP-phase.
When we changed the betay*, ' Ibe“’f"‘l’"“"o” Idepe”‘fe"ce |
the angle jitter is changed. betay* = 0.05mm ; 16.02 nm/1e9

250 - betay® = 0.10mm ; 11.29 nm/1e9

Simulation conditions betay” = 0.20mm ; 8.05 nm/1e9

200
*

£, =15nm, f;=40mm

g, =9pm, B =01mm 150 F

100 B

50
i}ﬁ"/ 30% of IP angle jitter
0 1 1 | 1 | 1

0 02 04 06 08 1 12 14 16 18 2
Bunch population [x10410] 16

N=7x10°

Vertical beamsize [nm]




Total wake field component in ATF2 beam line

In order to investigate the wakefield effect via IP angle jitter,
we removed many wakefield sources from ATF2 beamline in November 2016.

Then, we measured the intensity dependence for 2 different wakefield conditions.

- 2016 October operation ; original large wakefield beamline.

- 2016 November operation ; small wakefield beamline by removing the wakefield sources.

will not be changed

QD2AFF
MQD2BFF
MQF3FF
MQD4BFF
MQF5BFF
MQF7FF
MQDS8FF
MQF9AFF
MQD10AFF
MREF3FF
MQM11FF
MQM12FF
MQM13FF
MQM14FF
MQM15FF
MQM16FF

MREF2FF
MQDA4AFF
MSDA4FF
MQF5AFF
MSF5FF

MQDG6FF
MQF9BFF
MSF6FF
MQD10BFF

Remove from beamline

Number of elements overall ATF2 beamline

Sensor cavity BPM Un-masked Bellows Flange gap
OLD Chamber 23 11 87
NEW Chamber 15 5 69
Difference 8 6 18

Most of the removed components are in large betay.
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OLD Chamber

=l

Chamber Modifications in November 2016

I

QD4AFF

|

[F

SDAFF

Al

[

QD4BFF

|

[F

Masked Un-masked Un-masked
QDA4AFF QDABFF
NEW Chamber SDAFF
Masked
Number of elements in QD4 section
Sensor cavity BPM Un-masked Bellows Flange gap
OLD Chamber 3 2 8
NEW Chamber 1 0 3
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Simulation evaluation of wakefield effects for 2 beamlines

IP-BSM modulation

Simulation of intensity dependence 09 L (Old Setup) = 13.03 nm/1e9 -
of IP-BSM modulation in 174 degree mode _ os| (New setup)=6.26 nmites 1

The wake field effect is reduced
to be a half by this modufication.

emitX = 1.2 nm
emitY = 12 pm
betaX = 40 mm
0.1 peta¥ = 0.1 mm
1 | 1

Modulation Depth
o
(4]

0 01 02 03 04 05 06 07 08 09 1
Intensity [x10710]

Beamline wakefield compensation by MREF3FF position change

8 T T T T \ T T T T T T
(Old Setup) = 13.22

6 (New setup) = 6.52

The cavity position
with maximum modulation
was evaluated by changing
MREF3FF position.

Reference Cavity Position [mm]
o

MREF3F

b . _8 1 1 1 1 | 1 1 1 1 1 1
-05 -04 -03 -02 -01 0 01 02 03 04 05
Vertical beam orbit at MQD10AFF [mm]

ZVFB1FF

19



Vertical beamsize [nm]

Intensity Dependence Measurement

Simulation
300 T T T T T 300 T \ \ T
(0.00 Jitter) = 1.00 nm/1e9 | (0.00 Jitter) = 0.45 nm/1e9
(0.10 Jitter) = 4.61 nm/1e9 (0.10 Jitter) = 2.06 nm/1e9
250 - (0.20 Jitter) = 8.95 nm/1e9 2016 Octobar __ 250 = (0.20 Jitter) = 4.00 nm/1e9 2016 November
E
000 | (0.40 Jitter) = 18.32 nm/1e9 0.131 nm/1e9/urad = 500 |- (040 Jitter) = 8.19 nm/1e9 0.059 nm/1e9/urad
(0.50 Jitter) = 22.70 nm/1e9 % (0.50 Jitter) = 10.15 nm/1e9
150 E 150 |-
8
100 8 100
hw-
[«}]
>
50 50
0 1 1 1 1 1 x 0 1 | | 1 x
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8
Bunch population [x10710] Bunch population [x10710]
Measurement
50 T T T T
(2016 Oct.) 0.225 +/- 0.009 nm/1e9/ur Summary Table
(2016 Nov.) 0.108 +/- 0.006 hm/1e9/urad
40 - i Simulation Measurement Ratio
a0l | 2016 Oct. 0.131 0.225 1.72
2016 Nov. 0.059 0.108 1.83

no

Intensity dependence [nm/1e9]

0 L |
S
0 L |
—
0 | | | |
0 50 100 150 200

250

IP angle jitter [urad]

The intensity dependence was 1.7-1.8 times

larger than the simulation evaluation.
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Beamline wakefield compensation with a cavity position

The cavity position with maximum modulation 8
was evaluated by changing MREF3FF position.

(Old Setup) = 13.22
(New Setup) = 5.91

@
T

Reference Cavity Position [mm]

_8 1 1 1 1 1 1 1 1 1 1 1
-05 -04 -03 02 -01 0 01 02 03 04 05

Vertical beam orbit at MQD10AFF [mm]

2D scan Peak

— 5 T T T T T T
E 4l (2016 October) 15.1 +/- 1.1
VIREF3EF g 3+ (2016 November) 4.9 +/- 2.2
L | % 2 i
a lr i
mOor ¥ .
'g -1 C _
ZVFB1FF S5l ]
29
L -3 |
LLl
. . . -4 -
Wakefield compensation was consistent =, . . . . . .
. . . . 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
with the simulation evaluation. MQD10AFF Vertical Position [mm]
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MREF3FF Mover System

J.Snuverink, et.al., ATF2 Proj. Meeting Feb. 2015

Not present setup Flange
Bellow |} Rgf‘ B Ref Bellow

Cavity Cavity J:IIII—
Present setup * —l—\f r:—\ I'_ !} o

Masked Masked Tapered Masked
Bellows MREF3FF Bellows Collimator Bellows

Move by mover

MREF3FF is not moved independently.
[7 The wake field of MREF3FF mover system was measured.
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Wake field for Reference cavity
Simulation

Beam Kick Simulation for Reference Cavity

85

0.1528 4

W_y[V]

—0.15321

GdfidL, Wakepotential (by Alexey Lyapin)

0.1

—0.14

4 Waveguide depth = 8.0e—3 /

integral d/dy W(z) dz, (<x>,<y>)=( —95.3556e—18, 997.1240e—6 )[m]
T T T T T T T T T T T T
Resonator diameter = 38.14e—3 \

Resonator length = 10.0e—3 / \\
/
/ \

T T ™

Beam aperture = 16.0e-3

Slot width = 8.0e-3

Slot corner radius = 2.25¢-3
‘Waveguide diameter = 12.0e—3

Mesh step = 250.0e—6

(peak Wake) ]
=-0.15V/pC/mm _

s[m]

Measurement at 2016/12/01

10 T T T T
E sl (Bunch Population) N=7.15e9 i
= (Bunch Length) SigmaZ=7mm
9 61 | (Vertical Kick) = -0.082 urad/mm | ]
cC 4r .
B
8 2r 1
S OFr -
5 2 ]
O a4t .
S
-g -6
> 8r :

-10 ! ' ! I

60 65 70 75 80
s [m]
Orbit difference for MREF3FF position

10 T T T T
‘E gl (Bunch Population) N=7.15e9 i
S
g °f 1
c 4 ]
o
8 2f 1
S OFf -
5 2f ]
2 4t .
S
> 8r :

-10 ' ' ! L

60 65 70 75 80

Kick Angle [urad]

o
o

1

o
a

o

Vertical kick difference for MREF3FF position
(Bunch Population) N=7.15e9
[ (Vertical Kick) = -0.173 +/- 0.004 urad/mm |

Twice larger than pure MREF3FF

- ( Average Wake ) 7
=-0.193V/pC/mm

5 4 3 -2 1 0 1 2 3 4 5
MREF3FF Offset [mm] 23




Summary table of wake field and

intensity dependence measurement

Simulation Measurement
2016 Oct. 2016 Nov. 2016 Oct. 2016 Nov.
D;r;teer?;eitr?ce 0.131 nm/1e9/urad | 0.059 nm/1e9/urad 0.225 n(r1n./712e)9/urad 0.108 n(rlrx.élze)9/urad
Kic\,I;aoljelzleRlcEjF?a 10.082 urad/mm at N=7.15e9 -0.173 urad{;l;nl)at N=7.15e9
et MREFS. 13.22 >-91 (fizlt) (o%é93)

Intensity dependence was reduced by a half to 2016 Oct. setup,
but the absolute values both for Oct/Nov are rough twice as larger than expectation.

The ATF2 entire wakefield w.r.t. MREF3FF were consistent with expectation.

The wakefield of MREF3FF mover system was twice

as large as the pure MREF3FF wake calculation.

The total ATF2 wakefield is twice as large as present evaluation ??
This is the reason why the intensity dependence is larger than expectation ??
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Evaluation of intensity dependence
by wakefield via IP angle jitter
for ILC final focus beamline at ECM=250GeV
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Wakefield for 7.0mm beam (ATF bunch length)

Simulated by A. Lyapin with GdfidL code (running on a cluster at RHUL)

Wafefield [V/pC/mm]

Wafefield [V/pC/mm]

Reference Cavity (sigmaz=7.0mm) Dipole Cavity (sigmaz=7.0mm)
02 T T T T T 02 T T T T T
Bunch Charge Bunch Charge
GdfidL Calculation — GdfidL Calculation
01 - : : N € 01} . . .
For Simulation - /\ £ For Simulation ~
' ke,
O
kS
0.1 : S 01 f .
_02 | | | | | _02 | | | | |
-0.03 -002  -0.01 0 0.01 0.02  0.03 -0.03  -0.02  -0.01 0 0.01 0.02  0.03
Z [m] Z[m]
Bellows (sigmaz=7.0mm) Flange (sigmaz=7.0mm)
02 T T T T T 02 T T T T T
Bunch Charge Bunch Charge
GdfidL Calculation = GdfidL Calculation
0.1 F . . . 01F . . .
For Simulation - £ For Simulation -~
S)
g _
0 — = 0
e
©
kS
01 : = 01f .
_02 | | | | | _02 | | | | |
-0.03 -0.02  -0.01 0 0.01 0.02  0.03 -0.03  -0.02  -0.01 0 0.01 0.02  0.03



Wafefield [V/pC/mm]

Wakefield for 0.3mm beam (ILC bunch length)

A. Lyapin simulated the wakefields for 0.3mm bunch length too.

Wafefield [V/pC/mm]

Reference cavity (sigmaz=0.3mm) Dipole cavity (sigmaz=0.3mm)

05 T T T T T 05 T T T T T

0.4 b Bunch Charge . 0.4 - Bunch Charge 1
0.3 | GdfidL Calculation - T 031 GdfidL Calculation .
0.2  For Simulation . E 0.2 For Simulation 1
0.1 . fq 0.1} ]

ol : ST VAN

ke

-01 2 -0.1 1 \‘__\p
-0.2 - = 0.2 F .
-03 . = st .
-0.4 1 0.4 - ]
_05 | | | | | _05 | | | | |

-0.002 0 0.002 0.004 0.006 0.008  0.01 -0.002 0 0.002 0.004 0.006 0.008  0.01

Z [m] Z [m]
Bellows (sigmaz=0.3mm) Flange (sigmaz=0.3mm)

05 T T T T T 05 T T T T T

04 I-Bunch Charge - 0.4 | Bunch Charge -
0.3 F GdfidL Calculation - — 0.3 |- GdfidL Calculation -

. . E . .

0.2 | For Simulation 4 E o2 L For Simulation 4
01 . S'L 0.1 F ~ .

ol \ > /N I

- —

0.1 F S 01 F 1
02| = 02 .
0.3 = 03t .
04 - . 04 -
05 1 1 1 1 1 05 1 I I I 1

-0.002 0 0.002 0.004 0.006 0.008 0.01 -0.002 0 0.002 0.004 0.006 0.008 0.01

Z [m] Z[m]



IP Vertical Beam Size [nm]

IP Vertical Beam Size [nm]
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Intensity dependences by 30% angle jitter
via wakefields at MREF3FF

5 Reterence Cavities at MREF3FF

(7.0mm BL) = 4.94 nm/1e9
(0.3mm BL) = 2.63 nm/1e9

0 01 02 03 04 05 06 07 08 0.9
Intensity [x10"10]
5 Bellows at MREF3FF
(7.0mm BL) = 3.56 nm/1e9
(0.3mm BL) = 2.30 nm/1e9
0 01 02 03 04 05 06 07 08 0.9

Intensity [x10710]

IP Vertical Beam Size [nm]

IP Vertical Beam Size [nm]
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Intensity dependence difference by bunch length

7.0mm 0.3mm ratio

5 reference cavities 4.94 nm/1e9 | 2.63 nm/1e9 | 0.53
5 dipole cavities 3.57nm/1e9 | 1.34nm/1e9 | 0.38
5 bellows 3.56 nm/1e9 | 2.30 nm/1e9 | 0.65

20 flanges 3.95nm/1e9 | 2.88 nm/1e9 | 0.73

The intensity dependence for short bunch length is smaller than longer one.

The reductions by the bunch length effect are different for each component.

The effect of intensity dependence by other parameters

ATF2 ILC-250GeV  ILC/ATF2
Energy ( 1/E ) 1.3 GeV 125GeV 0.0104
N 1x 10° 2 x 10*° 20
Emittance ( Constant ) 12 pm 0.07 pm 1
Beta Function ( ). 3, ) 58350 m 310584 m 5.32
Total 1.11




Intensity dependence simulation

for ILC collimator and final focus beamlines

There are 107 cavity BPMs in ILC collimator and final focus beamline.

In the simulation, | put the wakefield sources for all BPM locations.

Beam optics for ILC collimator / final focus

—~ 200F
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at BPM in simulation

Component arrangement
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Intensity dependence for ILC BDS via wakefield
(ECM=250GeV)

Intensity dependences by 30% angle jitter

Component arrangement
at BPM in simulation
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The wakefields only by cavity BPMs are not so serious problem for ILC.

But, it is very important to reduce the wakefields of bellows and flanges
by putting wakefield seals etc. .
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Summary

1. IP vertical beam size

- |IP beam size was focused to be 41 nm with FONT FB.

- The beam intensity was less than N=1e9.

- The reason why the intensity was small was strong intensity dependence.

2. Intensity dependence study
- We reduced the wakefield sources in ATF2 beamline.
- Then, the intensity dependence is reduced.

- The intensity dependence was agreed
with the wakefield effect via IP angle jitter within factor 2.

3. Wakefield effect via IP angle jitter for ILC beam

- By reducing the wake field source for ILC FF focus by masking the bellows and flanges,
the intensity dependence for ILC FF beamline at N=2e10
will be negligible even for ECM=250GeV operation.
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Evaluation of the total wakefield in ATF2 beamline
Beam intensity ; N=7e9

Measured Results Simulation Results
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Initial alignment for skew sextupole magnets

Beam tuning simulation to evaluate the requirement of initial alignment of skew sextupoles.

IP beam size tuning simulation by 2nd order knob
120 - BetaX = 40mm =
Beta¥ = 0.1mm

100 - A(K2/K1) = 0.001/m .
after 2 iterations of 2nd order knobs
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In order to apply the 2" order knob effectively,
we must align the magnets within 100um.
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Beam based alignment of skew sextupoles
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Since the magnets don’t have movers,
we did the mechanical position alignment of FF skew magnet
by using the offset information of beam measurement.
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Good training for ILC FF bam size tuning.
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