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Cs2Te	Photocathode	RF	Gun 1.3	GeV	S-band	Electron	LINAC	(~70m)

Damping	Ring	(~140m)	
Low	emittance	beam

ATF2	beam	line	
Nano-meter	beam	R&D	
Final	focus	system	development	
Technologies	to	maintain	the	luminosity	at	ILC

International 
Linear Collider

Advanced	Beam	Instruments	R&D

Accelerator	Test	Facility
Energy: 1.3 GeV, Repetition: 3.12 Hz since 2012 
Intensity: 1x1010 e-/bunch (max. 2x1010),  
   1~20 bunches/pulse 
Emittance: Design, 1 nm(H)/ 10 pm(V),  
  Achieved 4 pm(V), May 2003

Achieved 44nm at the beam intensity of 0.6x109, June 2014
Beam size:Design 37nm at the beam intensity of 1x1010

ATF	at	KEK,	Japan

Final focus 
doublet

IP

Nanometer stabilization at IP position
Achieved from 400nm to 67nm ( limited by the IP-BPM resolution), December 2014



Activities in the fiscal year of 2015 

KEK 
1. Host of the ATF and ATF2 at KEK, e.g. commissioning, tuning the beam 
2. The front-end electronics of the nanometer resolution beam position monitors (IPBPMs) and the 
software to acquire the IPBPM waveforms. 
3. Nanometer stabilization at IP in collaboration with Korea University and Oxford University groups as 
well as LAL ( the piezo mover system for the IPBPMs) and LAPP (the stable support system for the final 
doublet) , first studies on the position resolution of the IPBPM at nanometer level. 

LAL 
1. The measurement of the beam halo profile as a function of vacuum pressure levels in the ATF damping 
ring, where the halo control is essential for reduction of backgrounds in the IP beam size measurement. 
2. The clear identification of cuts in the halo from upstream apertures such as beam pipe 
3. Installation of the collimator system in collaboration with the IFIC-Valencia group in Spain 
4. Two Ph.D’s defended by Shan LIU who was awarded the 2015 FCPPL Best Thesis Prize for 
Outstanding Detector Development Work and Oscar BLANCO (50% on ATF2) . 
A new Ph.D student Renjun YANG whose visit to ATF in February-March 2016 supported by the TYL-
FJPPL Student & Early Stage Researcher Secondment program 
5. Host of the ATF2 project meeting at LAL, 12-15 January 2016 

LAPP 
1. Identification of the vibration source 
2. Commissioning of the GM feedforward system in collaboration with CERN group 
3. The design, fabrication and transport of a new QF1FF Final Focus magnet support 
    - an external vibration source deteriorates the vibration behavior in horizontal direction 



Nanometer	Stabilization	at	ATF2
Stabilize	the	second	and	later	bunches	by	using	the	first	bunch	as	a	
pilot	bunch	for	the	intra-train	fast	feedback	(FONT).

stripline	feedback	IP	kicker	 IP-BPMs	on	the	movers	in	vacuum	chamber

IP kicker 
 

IPBPMs  
 

 

FONT 
digital FB 

IPBPM 
electronics 

 

FONT 
amplifier 

 

e- 

Final doublet 
(QF1,QD0)on 
the stable 

LAPP support

December, 2014



Orbit reconstruction 

Interaction 
Point 



X X X

X X X

Beam position measurement

Convert to 
  residual Residual value

= measured position – predicted position

The results of IPBPM resolution test 
in Dec 2015 at ATF2

Norm. Resolution = Geo. factor x 
RMS of residual

Calibration factor
= 8.1nmMeasured charge

Nominal charge
x

Measured resolution 
= 15.0193nm
Measured beam charge 
= 0.5423x1.6nC
~54% beam charge

Beam position prediction

S.Jang (KU), talk at 19th ATF2 project meeting, LAL, 13-15 Jan.2016

( 1 x 1010/bunch)

( at 0.54 x 1010/bunch)



Horizontal	and	Vertical	Diamond	Scanners	(DSh,	DSv)	1.5	m	after	BDUMP	
magnet.	Installed	+	commissioned	in	Nov-Dec	2014	and	May-June	2015,	
respectively.

DSh

1st		Sensor	for	
horizontal	scan	
(2014)

2nd	Sensor	for	
vertical	scan	
(2015)

(Vertical) Diamond sensor with 4 (horizontal) strips

COMMISSIONING AND FIRST PERFORMANCE STUDIES OF A SINGLE
VERTICAL BEAM HALO COLLIMATION SYSTEM AT ATF2

N. Fuster-Martínez, IFIC (CSIC-UV)ú, Valencia, Spain ;
A. Faus-Golfe, IFIC (CSIC-UV) and LAL, Université Paris-Sud, Orsay, France;

P. Bambade, R. Yang, S. Wallon, LAL, Université Paris-Sud, Orsay, France;
F. Toral, I. Podadera, CIEMAT, Madrid, Spain;

K. Kubo, N. Terunuma, T. Okugi, T. Tauchi, KEK and SOKENDAI, Japan

Abstract

A single vertical beam halo collimation system has been
installed in the ATF2 beamline to reduce the background
that could limit the precision of the diagnostics located in
the post-IP beamline. On this paper the commissioning and
first performance studies of a single vertical beam halo colli-
mation system are reported. Furthermore realistic e�ciency
studies have been done using the simulation code BDSIM
and compared with the first experimental tests.

INTRODUCTION
ATF2 is a Beam Delivery System (BDS) built after the ATF
Damping Ring (DR) providing a scaled-down version of the
Future Linear Collider (FLC) Final Focus System (FFS) [1].
The ATF2 main goal is to achieve a vertical beam spot size at
the virtual IP of 37 nm within a nanometer level stability. The
control of the beam halo that could be intercepted in the beam
pipe producing undesired background is a crucial aspect for
FLC and ATF2. A transverse beam halo collimation system
feasibility and design study for reducing the background in
ATF2 was done and reported in [2, 3]. In March 2016 a
vertical beam halo collimation system has been installed in
ATF2 with the main goal of reducing the background noise
that could limit the performance of key diagnostic devices
around the final focal point (IP), especially the Shintake
Monitor (IPBSM) used for measuring the nanometer level
vertical beam size and the Diamond Sensor (DS) used to
investigate the beam halo distribution [4, 5] (see Fig. 1).
In this paper we present the results of the commissioning
and first performance tests as well as a first comparison of
the these measurements with realistic tracking studies done
using the tracking code BDSIM [7].

Figure 1: ATF2 post-IP scheme

ú Work supported by IDC-20101074, FPA2013-47883-C2-1-P and ANR-
11-IDEX-0003-02

VERTICAL BEAM HALO COLLIMATOR:
INSTALLATION AND COMMISSIONING

Construction and first calibration at LAL

The vertical collimation system has been manufactured and
assembled at LAL. In Fig. 2 (top) the vertical collimation
system is shown and a description of the di�erent compo-
nents can be found in [3]. The main parts of the collimation
system are the two rectangular Copper (Cu) jaws that can
be moved independently. The minimum half aperture of the
collimator is limited to 3 mm by a mechanical switch and
the maximum half aperture is 12 mm. At 12 mm half aper-
ture no collimation and wakefield impact is expected. The
linearity response of the motors and the software to control
de system were tested at LAL and the actuator precision
measured was about 10 µm. The jaws have been aligned
with a 3D machining with respect to external references (the
flanges and back plane to determine a 3D axis) before clos-
ing the vacuum chamber with indium seels. Furthermore a
vacuum test was performed successfully with a vacuum test
system that reaches a vacuum level of 10≠6 Pa.
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Figure 2: Vertical collimation system open at LAL (top) and
installed at ATF2 (bottom)

Vertical 
collimator
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DSh

QD10BFF



Ion Tracking in a High Voltage DC Photo-Gun

R. Yang, P. Bambade, V. Kubytskyi, LAL, Orsay, France

A. Faus-Golfe, N. Fuster-Martinez, IFIC, Valencia, Spain

T. Naito, KEK, Tsukuba, Japan

* ryang@lal.in2p3.fr

Modelling and Experimental Studies

 of Beam Halo at ATF2
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 Beam halo is one of the most important issues in the 

Future Linear Collider (FCL) and the Accelerator Test 

Facility (ATF) at KEK. Beam halo loss at beam pipe will 

cause unwanted background a"ec#ng the diagnos#c of 

the nm scale beam size using laser interferometer 

monitor. The genera#on of beam tail/halo could be the 

stochas#c process such as bremsstrahlung, beam gas 

sca'ering and intrabeam sca'ering in damping ring. To 

inves#gate the beam tail/halo distribu#on and forma#on 

mechanism at ATF2, detailed simula#on and experiment 

studies are performed. The ver#cal beam tail/halo is 

mainly induced by elas#c beam gas sca'ering in damping 

ring while the main source of horizontal beam tail/halo 

might be another one.

Halo Generator
 For the distribu#on in the physical phase space , de+ning 

 normalized variables:                    and                           .The   

 C-S invariant is  

  Assuming ver#cal and horizontal beam tail/halo have the  

same shape in all dimensions of the 4D normalized phase 

space, The distribu#on could be normalized to 

  where                          , -3.5 is from past measurements
Genera#ng procedure is

1. decide the number of core and tail/halo par#cles

2. generate r
j
 for beam core and beam tail/halo 

par#cles respec#vely with a Monte Carlo algorithm

3. assign r
j
 to                    randomly 

4. convert the normalized distribu#on to 4D physical 

phase space
 Independent and realis#c model based 4D phase space    

 distribu#on are obtained!  

Measurement of beam halo
Ver#cal beam tail/halo

– In the EXT Line by YAG:Ce screen

  beam tail/halo measured has same magnitude and shape as predic#on by beam gas 

sca'ering theory

– In the Post-IP by WS

• ver#cal beam core/tail agrees with tracking by MAD-X using generated input halo

• beam tail/halo in Post-IP is mainly determined by the extracted beam from ATF

– In the Post-IP by diamond sensor

• beam tail/halo is higher than the tracking result, however it does follow the 

damping ring vacuum level

• beam size increases as expected with the beam intensity from intrabeam 

sca'ering; but beam tail/halo seems constant

Horizontal beam tail/halo

–  beam pro+le measured by diamond sensor

in the Post-IP line is

–beam tail/halo agrees well with the tracking

result, but it doesn't increase with respect to

the damping ring vacuum

–Horizontal beam halo might not be due to the 

beam gas sca'ering in damping ring!

Discussions
1) ver#cal beam tail/halo at ATF2 is mainly determined by elas#c beam gas sca'ering in 

damping ring

2) horizontal beam tail/halo in the Post-IP line isn't a func#on of damping ring vacuum 

which indicates another dominated beam tail/halo source in damping ring

3) beam tail/halo generated in damping ring should also be well considered for the ILC 

and CLIC 
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Measurements of Beam Halo
1. Vertical direction as a function of DR vacuum pressure and the beam intensity

2. Horizontal direction as a function of DR vacuum pressure
1. Vertical beam halo is mainly determined by 
elastic beam gas scattering in the damping 
ring(DR). The beam size increases with the 
beam intensity as expected from the intra-
beam scattering. 

2. Horizontal beam halo is dominated by the 
other source for less dependence on the 
DR vacuum pressure. 

     
RJ. Yang, Poster for the IPAC 2016, 4 May 2016



  

Beam cut by collimator
 Beam optics: bx10by1

beam intensity: 0.3e10 /pulse
damping ring vacuum: 5.07e-7 Pa

 Collimator setting: open (red line)and closed to 3 mm (blue line)

1) Vertically, symmetric cuts by vertical collimator are observed
2) In vertical plane, less residual halo beyond cut by collimator (fewer secondary particles 
when closing collimator )
3) Horizontally, less residual halo on low energy side when collimating vertically

COMMISSIONING AND FIRST PERFORMANCE STUDIES OF A SINGLE
VERTICAL BEAM HALO COLLIMATION SYSTEM AT ATF2

N. Fuster-Martínez, IFIC (CSIC-UV)ú, Valencia, Spain ;
A. Faus-Golfe, IFIC (CSIC-UV) and LAL, Université Paris-Sud, Orsay, France;

P. Bambade, R. Yang, S. Wallon, LAL, Université Paris-Sud, Orsay, France;
F. Toral, I. Podadera, CIEMAT, Madrid, Spain;

K. Kubo, N. Terunuma, T. Okugi, T. Tauchi, KEK and SOKENDAI, Japan

Abstract

A single vertical beam halo collimation system has been
installed in the ATF2 beamline to reduce the background
that could limit the precision of the diagnostics located in
the post-IP beamline. On this paper the commissioning and
first performance studies of a single vertical beam halo colli-
mation system are reported. Furthermore realistic e�ciency
studies have been done using the simulation code BDSIM
and compared with the first experimental tests.

INTRODUCTION
ATF2 is a Beam Delivery System (BDS) built after the ATF
Damping Ring (DR) providing a scaled-down version of the
Future Linear Collider (FLC) Final Focus System (FFS) [1].
The ATF2 main goal is to achieve a vertical beam spot size at
the virtual IP of 37 nm within a nanometer level stability. The
control of the beam halo that could be intercepted in the beam
pipe producing undesired background is a crucial aspect for
FLC and ATF2. A transverse beam halo collimation system
feasibility and design study for reducing the background in
ATF2 was done and reported in [2, 3]. In March 2016 a
vertical beam halo collimation system has been installed in
ATF2 with the main goal of reducing the background noise
that could limit the performance of key diagnostic devices
around the final focal point (IP), especially the Shintake
Monitor (IPBSM) used for measuring the nanometer level
vertical beam size and the Diamond Sensor (DS) used to
investigate the beam halo distribution [4, 5] (see Fig. 1).
In this paper we present the results of the commissioning
and first performance tests as well as a first comparison of
the these measurements with realistic tracking studies done
using the tracking code BDSIM [7].

Figure 1: ATF2 post-IP scheme

ú Work supported by IDC-20101074, FPA2013-47883-C2-1-P and ANR-
11-IDEX-0003-02

VERTICAL BEAM HALO COLLIMATOR:
INSTALLATION AND COMMISSIONING

Construction and first calibration at LAL

The vertical collimation system has been manufactured and
assembled at LAL. In Fig. 2 (top) the vertical collimation
system is shown and a description of the di�erent compo-
nents can be found in [3]. The main parts of the collimation
system are the two rectangular Copper (Cu) jaws that can
be moved independently. The minimum half aperture of the
collimator is limited to 3 mm by a mechanical switch and
the maximum half aperture is 12 mm. At 12 mm half aper-
ture no collimation and wakefield impact is expected. The
linearity response of the motors and the software to control
de system were tested at LAL and the actuator precision
measured was about 10 µm. The jaws have been aligned
with a 3D machining with respect to external references (the
flanges and back plane to determine a 3D axis) before clos-
ing the vacuum chamber with indium seels. Furthermore a
vacuum test was performed successfully with a vacuum test
system that reaches a vacuum level of 10≠6 Pa.
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Figure 2: Vertical collimation system open at LAL (top) and
installed at ATF2 (bottom)

RJ. Yang, presented at  the ATF operation meeting, 1 April 2016

Vertical Horizontal



Issue	to	be	mitigated	:	The	electromagnetic	Pickup	questions.	

For	example		by	the	Vertical	Diamond	Sensor	(DS).

Test	1.	Ne=4.4e9		 Test	2.	Ne=1.8e9	

Shielding	closed Shielding	open

BEAM
BEAM

beam	intensity beam	intensity



FJPPL	A.Jeremie

14	Guralp	CMG-6T	sensors	all	along	ATF2	
for	GM	studies	and	GM	feedforward

Guralp CMG-6T: 0.5Hz-100Hz, two directions connected (vertical and horizontal can be placed 
parallel or perpendicular to beam direction), mainly in Extraction line, 2 sensors easily relocated

18/05/2016	A_RD_10

QF1FF



FJPPL	A.Jeremie

Vibration	source	identification	and	mitigation

New	QF1FF	magnet	(better	multipole	
behavior)	3	times	heavier	=>	needed	
support	study 
• New	support	design,	fabrication,	

installation	in	2015 
• Comparison	between	initial	and	new	

support

Rel.	Displ.	RMS	@	1Hz	
QF1FF	vs	tabletop

Initial	
support

New	
support

Horizontal 290	nm 52	nm
Vertical 21	nm 6	nm

Initial New
Horizontal: 

290 nm

Vertical: 6 
nm

Horizontal: 
52 nm

Vertical: 
21 nm

18/05/2016	A_RD_10

÷~6

÷~4

Success	in	vibration	mitigation

But	ongoing	work:	identify	origin	of	a	16.5Hz	
vibration	that	appears	sometimes



Ground motion feed-forward
Similar	concept	to	orbit	feedback	but	uses	
seismometers	instead	of	BPMs	to	drive	
the	correction,	also	predicts	the	orbit

ADVANTAGES	
Cheaper	than	active	stabilization	
systems.	
 

Correct	frequencies	out	of	limits	for	
orbit	feedback	systems.

ρ: correlation between fit and measurement => 
usable for feedforward tests, feasibility



Fit to beam position

Douglas BETT 19th ATF2 Project Meeting 13

Sensors
on quads

Data set: ATF2_2015-05-22_14h15m19s.502.mat

𝝆 = 𝟎. 𝟐𝟗

Fit uses 
sensors
1-12

BPM MSD4FF

Fit to beam position

Douglas BETT 19th ATF2 Project Meeting 14

Sensors
on quads

0.2 Hz
high-pass

Data set: ATF2_2015-05-22_14h15m19s.502.mat

Fit uses 
sensors
1-12

BPM MSD4FF

𝝆 = 𝟎. 𝟓𝟖

�f

�i
=

p
1� ⇢2jitter	reduction	➡

Expected	performance	
•	Using	a	0.2	Hz	high-pass	filter	doubles	the	correlation	from	0.29	to	0.58	
•	This	increases	the	expected	reduction	in	jitter	from	~5%	to	~20%	
•	20%	at	the	typical	jitter	levels	of	the	FF	BPMs	corresponds	to	~15	μm	and	thus	
should	be	easily	measurable



15

Performance comparison

Douglas BETT 19th ATF2 Project Meeting 26

MSD4FF

Fit using
sensors
1-5



Publication in fiscal year of 2015 

1) In vacuum diamond sensor scanner for beam halo measurements in the beam line at the KEK 
Accelerator Test Facility, by S. Liu et al.: arXiv:1512.08024, submitted to NIMA (December 2015)  

2) Realistic Beam Halo Model study in the Extraction Line of ATF2 , by N. Fuster-Martinez et al.: 
TUPTY019.PDF, presented at the 6th International Particle Accelerator Conference (IPAC 2015), 
Richmond, Virginia, USA, 3-8 May 2015 

3) Design Study and Construction of a Transverse Beam Halo Collimation System for ATF2 , by N. 
Fuster-Martinez et al.: WEPMN059.PDF, presented at the 6th International Particle Accelerator 
Conference (IPAC 2015), Richmond, Virginia, USA, 3-8 May 2015 

4) Status of ATF2 IP-BPM Project, by O.R. Blanco-Garcia et al.: MOPHA003.PDF, presented at the 6th 
International Particle Accelerator Conference (IPAC 2015), Richmond, Virginia, USA, 3-8 May 2015 

5) Investigation of Beam Halo Using In Vacuum Diamond Sensor at ATF2 , by S. Liu et al.: 
MOPHA008.PDF, presented at the 6th International Particle Accelerator Conference (IPAC 2015), 
Richmond, Virginia, USA, 3-8 May 2015 

6) Measurements around QF1FF support, by A.Jeremie et al, ATF report, ATF‒15‒012015/ 10/ 09



Activity plans in the fiscal year of 2016 

KEK 
1. Host of the ATF2 studies, especially on the nanometer stabilization at IP based on the fast feedback 
(FONT) with the IPBPM system. 

LAL 
1. The investigation and control of beam halo in both horizontal and vertical directions  
2. Mitigation of the electromagnetic pickup to detect backscattered Compton electrons, e.g. to see the 
(non-)linear Compton scattering 
3. Halo measurements with a new horizontal collimator in collaboration with the IFIC Valencia group 
4. Parallel development of the diamond sensors at PHIL at LAL for the LEETECH detector calibration 
facility. 
5. Engineering and technical support for the piezo mover system of the IPBPMs 

LAPP 
1. The detection of the ground motion effect on the beam in collaboration with CERN, LAL, Oxford 
University and KEK 
2. Installation of new acquisition and control hardware with specific software for the GM feedforward 
system 
3. Identification of the vibration sources.  Especially, we will study the best way to monitor vibrations 
more systematically to help identify the source of the 16.5Hz resonance. 
4. Vibration studies around the new LAPP QF1FF support


