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Accelerator facility in the world

Storage ring and free-electron laser x-ray light sources of the world.
Source: APS Science 2014 (https://doi.org/10.2172/1224995)

https://doi.org/10.2172/1224995


Accelerator facility in the world



" For the fourth generation storage ring, it's more precise, 
more accurate, and fast processing beam diagnostic devices are required.

Accelerator facility in the world

PLS-II 포항 방사광 가속기 대비
100배 성능 향상 기대

High brilliance Small beam size

Precise & stable orbit control ( sub μm resolution)

4GSR project of Korea at Ochang



Introduction

• 가속기 연구 개발 또는 빔 진단 장치 연구?

• 방대한 연구 주제 – 광대한 복합 연구 개발 기술이 요구 됨

• 필요한 연구 분야 및 관련성:
– Accelerator physics – particle physics – RF technology – optics –

mechanics – electronics – software engineering – …

• 극한의 연구 환경: 
– Radiation (SEE, radiation ageing, activation)
– Many sources of measurement noise and background

• Place readout close to detector, but -> radiation
– RF heating by the beam
– Accessibility and maintenance
– Sometimes: cryogenic temperatures
– Mostly: must operate in vacuum and be UHV compatible



Introduction

• 가속기 빔 진단 장치의 필요성:
– 빔 운전을 보조하는 시스템이며, 가속기 튜닝 및 운전에 사용되고 전체 시스템의 성능

향상을 위한 장치이다.

• 빔 진단 장치 개발을 위한 고려:
– 선형가속기 및 전송라인: Single pass ↔ 저장링: multi pass
– 전자: almost relativistic (!~1) ↔  양성자/중이온: non-relativistic for Ekin < 1 

GeV/u
– 전체 빔 에너지 (beam particles x particle energy) low ↔ high
– 다양한 주파수 대역
– DC beam or bunched beam additionally fill pattern
– Non-intercepting ↔ Intercepting ↔ Destructive

• 무엇을 배울 것인가? 
– 왜 빔 진단 장치가 필요한가?
– 가속기의 대표적인 5가지 빔 진단 파라미터 및 대응되는 주요 장치
– 빔 위치 모니터 및 일렉트로닉스의 원리
– **Cavity BPM의 개발부터 측정까지



가속기연구의이상과현실사이…?

• 왜가속기는설계한대로동작하지않는가?

• 왜빔진단장치가필요하지?

• 왜가속기가발전함에따라더욱많은빔진단장치가요구되는가?



가속기 연구의 이상과 현실 사이…?

저장링 또는 싱크로트론

전송라인
선형가속기RF gun

일반 적인 가속기의 구성도4GSR 방사광 가속기의 구성도



가속기 연구의 이상과 현실 사이…?

저장링 또는 싱크로트론

전송라인
선형가속기RF gun

일반 적인 가속기의 구성도4GSR 방사광 가속기의 구성도

가속기는 현대 물리학의 결정체!



가속기 연구의 이상과 현실 사이…?

저장링 또는 싱크로트론

전송라인
선형가속기RF gun

일반 적인 가속기의 구성도4GSR 방사광 가속기의 구성도

그런데 왜? 진단 장치가 필요할까요?



가속기연구의이상과현실사이…?

빔진단장치가필요한 6가지대표적인이유!

Component tolerances and related random errors  

Environmental effects

Equipment fault  

Equipment set-up

Performance tuning and preservation

Stupid things (Human error)



Component tolerances 
and related random errors

• Finite precision of survey and alignment

• Finite accuracy of power supplies

• Ripple of power supply

• Finite accuracy of magnet field measurement

• Ripple of RFAmplitude

• RF phase noise

• Drifts (temperature, humidity, aging of component)



Component tolerances 
and related random errors

Dipole Quadrupole Sextupole

purpose beam deflection
&  sometimes focusing

beam focusing chromatic correction

unwanted, but  some
how predictable  side
effects

sextupole component
modifies chromaticity
reduces acceptance

dodecapole component  
(usually negligible)

limits dynamic  
acceptance

effect of excitation  
errors and ripple

generates orbit errors  
and chromaticity  devi
ations

generate tune errors generate chromaticity  
errors

most critical alignment  
issues

roll angle generates  ver
tical orbit excursions  an
d spurious vertical  disp
ersion

transverse shifts  ge
nerate orbit  excursi
ons and  spurious di
spersion

roll angle generates  
x, y coupling

vertical shift destroys  
beam polarisation

vertical displacement  g
enerates x,y coupling

horizonal displacement  
generates tuneshift



Environmental effects

• Subsiding of building(PLSII…)/tunnel foundation

• Mechanical vibrations induced by water flow, vacuum pumps, water pumps, ventilation

• Mechanical vibrations from nearby traffic or construction work

• Earth quake vibrations (KEK, J-PARC in JAPAN)

• Earth magnetic field

• Magnetic fields from electric currents induced on vacuum chamber

• Stray fields from permanent magnets in vacuum pumps and vacuum gauges

• Field distortions from magnetic materials in support structures, building and equipment

• Magnetic stray field from cables



Stupid things (Human error) 

Layout of an early proton synchrotron

Total of 1158 BPMs  
and ≈3000BLMs

plus many special instruments

LHC beam diagnostics

장치 개발 및 건설 기간 총 10년!



Stupid things !

Stupid things (Human error) 



Stupid things (Human error) 

Stupid things !
True or False?
http://blogs.nature.com/news/2009/11_a_tale_of_two_beer_bottles_1.html

http://blogs.nature.com/news/2009/11_a_tale_of_two_beer_bottles_1.html


Stupid things (Human error) 

Stupid things !

Tru
e !!



Beam diagnostics, how much ?

Layout of an early proton synchrotron

beam diagnostics



Beam diagnostics, how much ?

Layout of an early proton synchrotron

Total of 1158 BPM
s  and ≈3000BLMs

plus many special instrument
s

LHC beam diagnostics



Beam diagnostics, how much ?

분 류 측 정
셀별 개수

(1) (2) (3) (4) (5)

1 BPM (BTN, STRL) Beam Position 3* 5* 50 6* 280

2 BPRM (YAG/OTR) 2D Profile, Emit., Energy 5 6 7

3 SX Diag. Hutch Beam Size, Emit. 1

4 VL Diag. Hutch Beam Size, Emit., Bunch 1

5 Compact VL IF Beam Size, Emittance 5 28

6 Turbo ICT (AC) Beam Current 2 1 1

7 NPCT (DC) Beam Current 1 1

8 FPM Filling Pattern Monitor 1

9 Streak Camera Bunch Profile, Pattern 1

10 New XBPM Photon Beam Position 20

11 BLM Beam Loss 1 5 28

12 E Meas. Beam Energy (spin) 1 1

13 Tune Meas. Tune 1 1

셀별 총 진단장치 개수 11 12 63 14 363

(1) LINAC, (2) LTB(Linac To Booster), (3) BOOSTER RING, (4) BTS(Beam Transport System), (5) STORAGE RING
* Single-pass 빔라인은 Button (BTN) Type 대신 Strip-line (STRL) Type BPM을 사용한다.

- 4GSR 방사광 가속기 빔 진단 장치



5가지 대표적인 빔 파라미터 및 대응 빔 진단 장치!

• 빔 위치 (Beam Position) ó 빔 위치 모니터(Beam Position Monitor)
– 궤도, 격자구조 변수들, 튠, 색수차, 빔 궤도 보정,…

• 빔 세기 (Beam Intensity) ó 빔 전류 모니터 (Beam Current Monitor)
– DC & 빔 번치 전류, 빔 번치 라이프타임 , 번치 효율,…

4GSR beam diagnostics

Faraday cup DCCT ACCT

Cavity BPM Cavity BPM
electronics

Button BPM Button BPM
electronics



5가지 대표적인 빔 파라미터 및 대응 빔 진단 장치!

4GSR beam diagnostics

IBSM

VLM

• 빔 분포 (Beam Distribution) ó
빔 분포 모니터 (Beam Profile Monitor)

수직 수평방향 및 길이 방향 빔 분포, 에미턴스,…

• 빔 손실 (Beam loss) ó
빔 전류 모니터 (Beam loss Monitor)

DC & 빔 번치 전류, 빔 번치 라이프타임 , 번치
효율,…

• 빔 에너지 (Beam Energy) ó
빔 에너지 모니터 (Beam Energy Monitor)

선형가속기 및 저장링 빔 에너지 측정,…
Bunch
Length
Monitor



Current and Transmission

VOut

“Cup” electrode

destructive: Faraday cup

low energy particles stopped in material (→ Bethe Bloch) 

very low intensities (down to 1 pA) can be measured

BERGOZ

non destructive: current transformer
beam acts as single turn pimary winding of transformer  

measuring AC component of beam current

Ibeam VOUTR
NIbeam

VOUT

High permeability  
core



Current and Transmission



Transverse Emittance
principle
slit produces vertical slice in transverse phase space  

measure intensity as function of x’

moving of slit  →  scan of phase space  (Nx x Nx‘ measurements)

x’

x
ε

slit

monitor with x’ resolution instead of scan:  

SEM, profile grid,…

→  Nx measurements

M.P.Stockli, Proc. BIW 2006, p.25

2-dimensional extension: Pepper pot
P.Forck, Lecture Notes on Beam  
Instrumentation and Diagnostics,  
JUAS 2006

→ 1 measurement  

Nx x Nx‘ holes



Longitudinal Plane

momentum and momentum spread  dipole magnet spectrometer (small rigidity Bρ)  tran

sformation of momentum (spread)

into position (spread)

spatial resolving detector (screen, SEM,…)

pBLUE < p
0

0REDp > p

Detector

Bend

Δx

x0

→ alternative method: time of flight (TOF)

Δ x = Δ p  
x0 p0

bunch shape and time distribution
bunch shape monitor (BSM)

R.Pardo, RIA Diagnostics Development at Argonne

primary beam hits thin wire (potential -10 keV)  c

onversion of primary hadron beam into low energy  

secondary electrons

RF deflector converts time into space coordinates  

spatial resolving detector



Button & Stripline BPMs

button

button

button
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a few moments later…



Introduction / Cavity BPM

• Principle

Dipole mode ~ q·δx 

Monople mode ~ q

Generates dipole (TM110) and monopole (TM010) modes

Needs monopole mode(TM110)  suppression!

Dipole mode selectable coupler

1. Small thermal noise due to narrow band width (~ MHz).
2. No signal at zero position.
3. Position is calculated with the dipole mode of cavity pickup
4. Normalization from different signal (monopole mode).



• Peter Forck: Lecture on Beam Instrumentation and Diagnostics at the 

Joint University Accelerator School (JUAS), 

– see also the extended Bibliography. http://www-bd.gsi.de/conf/juas/juas.html

• CERN Accelerator Schools (CAS): https://cas.web.cern.ch/previous-schools 

and http://cas.web.cern.ch/cas/CAS_Proceedings.html

– Rhodri Jones and Hermann Schmickler: Introduction to Beam Instrumentation and 

Diagnostics, CERN-2006-002.

– Daniel Brandt (Ed.), 2008 CAS on Beam Diagnostics for Accelerators, Dourdan, 

CERN-2009-005 (2009). 

– Heribert Koziol, Beam Diagnostic for Accelerators, Loutraki, Greece (2000), CERN/PS 

2001-012 (DR), see also extended Bibliography. 

– Jacques Bosser (Ed.), Beam Instrumentation, CERN-PE-ED 001-92, Rev. 1994

– Kay Wittenburg (DESY), Beam diagnostic instruments at 3rd and 4th generation 

light sources, Tuusula, Finland, 2008 CAS.

Resources and References



Summary

• Why do we need beam diagnostics ?

• Beam Parameters and Diagnostics

• Several type of beam diagnostics instrumentation.

• More detailed things about Beam Position Monitor 
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01. INTRODUCTION
OF BEAM POSITION MONITOR



General Idea: Detection of Wall Charges 



Usage of BPMs 



Model for Signal Treatment of 
capacitive BPMs 



Principle of Position 
Determination with BPM 



02. TYPE OF BPM



Shoe-box BPMs 



Shoe-box BPM for Proton or 
Ion Synchrotron



Button BPM for short Bunches



Button BPM for short Bunches



Button BPM for short Bunches



Button BPM at Synchrotron 
Light Sources 



Button BPM at Synchrotron 
Light Sources 



Button BPM at Synchrotron 
Light Sources 



Button BPM at Synchrotron 
Light Sources 



Comparison Shoe-Box and Button BPM 



Stripline BPM: General Idea 



Stripline BPM: General Idea 



Stripline BPM: Transfer Impedance 



Stripline BPM: Finite Bunch Length



2-dim Model for Stripline BPM 

a



A fabricated Stripline BPM 



Comparison: Stripline and Button 
BPM (simplified) 



Cavity BPM



Cavity BPM



Comparison of BPM Types 
(simplified) 



Summary

• General Idea of BPM

• Several type of BPM
– Shoe box
– Button BPM
– Stripline BPM
– Cavity BPM
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01. BPM Electronics



Characteristics for Position 
Measurement 



General: Noise Consideration 

Remark: Additional contribution by non-perfect electronics typically a factor 2
Pick-up by electro-magnetic interference can contribute ⇒ good shielding required 



Comparison: Filtered Signal ↔ 
Single Turn



General Idea: Broadband 
Processing 



General Idea: Logarithmic 
Amplifier Schematics 



General Idea: Narrowband 
Processing 



Narrowband Processing with 
Multiplexing 



Analog versus Digital Signal 
Processing 



Digital Signal Processing 
Realization 



LIBERA Digital BPM Readout: 
Analog Part and Digitalization 



LIBERA Digital BPM Readout: 
Digital Signal Processing 



Amplitude-to-Time Normalizer 
Schematics 



Amplitude-to-Time Normalizer 
Description 



Comparison of BPM Readout 
Electronics (simplified) 



Summary 



Resources and References
• Peter Forck: Lecture on Beam Instrumentation and Diagnostics at the 

Joint University Accelerator School (JUAS), 
see also the extended Bibliography 

http://www-bd.gsi.de/conf/juas/juas.html

• CERN Accelerator Schools (CAS):
http://cas.web.cern.ch/cas/CAS%20Welcome/Previous%20Schools.htm and
http://cas.web.cern.ch/cas/CAS_Proceedings.html

– Rhodri Jones and Hermann Schmickler: Introduction to Beam Instrumentation and 
Diagnostics, CERN-2006-002.

– Daniel Brandt (Ed.), 2008 CAS on Beam Diagnostics for Accelerators, Dourdan, 
CERN-2009-005 (2009).

– Heribert Koziol, Beam Diagnostic for Acclerators, Univ. Jyväskylä, Finland, CERN 94-
01, http://schools.web.cern.ch/Schools/CAS/CAS Proceedings.html (1993).

• Jacques Bosser (Ed.), Beam Instrumentation, CERN-PE-ED 001-92, Rev. 
1994

http://www-bd.gsi.de/conf/juas/juas.html


Thank you for your attention!

경청해 주셔서 감사합니다!

2022 가속기 및 빔 라인 미래인재
양성 교육단 여름학교



How to decide a BPM type?

Button 
or 

Stripline BPM

Cavity BPM

1. LINAC and transport lines vs Synchrotron ?
2. Protons/Ions/electron?
3. Total Beam Energy?
4. Non-destructive or Destructive?
5. How precise, accurate, resolution?
6. Space for installation?
7. Bunch spacing?

1. Beam transport line!
2. Electron!
3. 1.3 GeV!
4. Non-destructive!
5. Nano meter level~! And ns decay time!
6. Inside vacuum chamber!
7. 150ns!

Or



How to decide a BPM type?

1. LINAC and transport lines vs Synchrotron ?
2. Protons/Ions/electron?
3. Total Beam Energy?
4. Non-destructive or Destructive?
5. How precise, accurate, resolution?
6. Space for installation?

1. Beam transport line!
2. Electron!
3. 1.3 GeV
4. Non-destructive!
5. Nano meter level~! And ns decay time!
6. Inside vacuum chamber!

Cavity BPM

Decision



Introduction / Cavity BPM

• Principle

Dipole mode ~ q·δx 

Monople mode ~ q

Generates dipole (TM110) and monopole (TM010) modes

Needs monopole mode(TM110)  suppression!

Dipole mode selectable coupler

1. Small thermal noise due to narrow band width (~ MHz).
2. No signal at zero position.
3. Position is calculated with the dipole mode of cavity pickup
4. Normalization from different signal (monopole mode).



Introduction / Cavity BPM

1.348mV

• Principle of the position measurement

TM(110) field

Detector

Low-Q IP-BPM
Low-Q IP-BPM의
빔 위치 변화에 따른
전압의 변화량
= 0.674mV/nm



Introduction / Cavity BPM 
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Design of Low-Q IP-BPM
• The rectangular design is determined since f0 for TM210 or TM120, which is

mainly determined by cavity size in X and Y direction, a and b. From
simulation and measurements of test cavities, a = 60.88 mm and b = 48.57
mm were determined.

The cavity length L has to be shortened in order to reduce angle sensitivity. However, shorter L
decreases R/Q, which reduces position sensitivity also. To recover position sensitivity, Rp is
required to be small, in order to prevent leakage of the field from the cavity.

Parameters Length[mm]

X direction (= a) 60.88

Y direction (= b) 48.57

Z direction (= L) 5.8

X-beam pipe 12

Y-beam pipe 6

Figure 1: Dimension of cavity 



11cm Low-Q IP-BPM design

• 11cm Low-Q IP-BPM drawings of HFSS

100mm

100mm

Sensor cavity

Wave guide
Antenna

Designed frequency
X-port: 5.712 GHz
Y-port: 6.426 GHz
Full size : 11cmx11cm
(to install IP-Chamber)
Light weight: 
1 kg (Single)
2 kg (Double)



11cm Low-Q IP-BPM sensor cavity design

• Electric field mapping of HFSS simulation 

X-dipole mode
:5.7127 GHz

Y-dipole mode
: 6.4280 GHz

Mono-pole mode
:3.9808 GHz



Results of HFSS simulation 

Port f0 (GHz) β Q0 Qext QL τ (ns)

X-port 5.7127 5.684 4959.29 872.42 741.91 18.72

Y-port 6.4280 5.684 4670.43 821.61 698.70 17.23

11cm AL ver.

Output signal for Y-port (11cm AL ver.)

2nm offset

Paramete
r

Value Unit

q (charge) ~ 1.6 nC

Beam 
energy

1.3 GeV

Bunch 
length

8 mm



Tested Double block IP-BPM

• Made by Aluminum (2kg for double block)

– Precise surface machining within 4um. 



IP-BPM RF measurement

The Average voltage was 6.248uV/2nm that means 3.124uV/nm for 1.6nC! However, we only 
used 1-port signals so that the out voltage correspond to 1.562uV/nm for 1.6nC!



Reference cavity BPM design
• Cavity shape for HFSS simulation 

42.95 mm

X- Ref. cavity

Wave 
guide

Antenna

16 mm

38.65 mm

Y- Ref. cavity

16 mm

Port f0 (GHz) Aim f0 β Q0 Qext QL τ (ns)

X-port 5.7107 5.6978 0.00964 1201.20 124578 1189.73 33.157

Y-port 6.4148 6.4078 0.01528 1228.83 80421.2 1210.34 30.029

- Cavity size : 
42.95mm, 38.65mm
- Beam Pipe radius: 
8 mm (circular pipe)
- Material of BPM:
Stainless steel (SUS304)

Output signal strength
= 22 ~ 5dB (1.6nC ~ 0.32nC)
This output strength too

strong to connect LO input.
So, we add 20dB attenuator.



Reference cavity BPM design

Frequency
tuning parts

Up & down
tuning pin
can control
resonant
frequency



Test scheme @ end of Linac

• Distance between each elements
– In this test, we used two BPMs (Double block).
– Beam test performed during two shift 
– The beam position at Low-Q IP-BPM was estimated by using 

two strip-line BPMs. 

313cm 154cm68cm

B
P
M

2

B
P
M

1

ML2P
Strip-line BPM

ML3P
Strip-line BPM

Linac-Chamber
For linac test

68cm68cm68cm

ZH1P
Steering 
magnet

ZV1P
Steering 
magnet

ZH2P
Steering 
magnet

ZV2P
Steering 
magnet

beam



Results of Nov. beam test
• Calibration Run was made under 40 dB, 30 dB, 20 dB attenuation 

cases. This is to enlarge dynamic range of the electronics, in order 
not to saturate while sweeping the beam.

20dB

20dB 30dB

30dB 40dB

40dB

BPM1
Y-port

BPM2
Y-port



Results of IP-BPM y-port sensitivity
At November beam test

- IP-BPM sensitivity 
(For y-port)

= 2.2558[mV/um]
(one-port measurements of BPM1)

= 2.22996[mV/um]
(one-port measurements of BPM2)

- Designed sensitivity

= 3.005 [mV/um] (BPM1)

= 2.964 [mV/um] (BPM2)

ICT monitor: 0.36~0.38 *10^10 (at LNE)

BPM1

BPM2



IPBPM electronics Specification
Stage Function Gain [dB] NF [dB] P1dB [dBm] Power Part # I [mA]

1 Ring Coupler -3.0 3.0 100000000 -63.0 MS
2 LNA 19.0 1.8 15 -44 HMC902LP3E 80 
3 Ring Coupler -3.0 3.0 100000000 -47 MS
4 DA 19.0 1.8 15 -28 HMC902LP3E 80 
5 Attem / Filter -3.0 3.0 100000000 -31 
6 DA 19.0 1.8 15 -12 HMC902LP3E 80 
7 Hybrid -3.0 3.0 100000000 -15 MS
8 Mixer -7.0 7.0 0 -22 HMC129LC4
9 LPF -1.0 1.0 100000000 -23 SXLP-40+
10 OPAMP 16.0 15.0 100000000 -7 OPA847 40 

Total Gain 53.0 4.88 -7 Toal Current 280 

KNU Electronics

BW of LPF 40MHz

Gain 54dB~ 45dB

Thermal Noise (by calculation) -96dBm

Estimated Resolution
due to thermal noise 1nm

Cascaded NF 1.88dB

Estimated Resolution 
considering NF

1nm
(NF 1.88dB)

Estimated Latency 25ns



Y-port electronics linearity test

• The IPB-Y electronics performance was checked. The linearity test was performed due to 
different RF input power. The linear range for Y-port electronics was checked from -
94.68dBm to -46.85dBm.

• The conversion gain was measured from 53 to 54dBm within RF working range.



Installation of IP-BPM system 
with alignment check

• The IP-BPM system installation



Installation of IP-BPM system

Ref. BPM install

Electronics w/ cable connection
IP-chamber re-align
by using IP-BPMs

IP-mover
control 
program

with
I-Q tuning

ADC system
check

(C009-H)



IP-BPM beam test
Experimental scheme

• Cable connection

Inside tunnelOutside tunnel

Ref.
cavity

b
ea

m

IPBPM Y-port
V.Att to elec.
Ref. Y-port
Splitter to elec.
Splitter to diode
Half inch cables

ADC

IPA

IPB

Ref.
signal
splitter

IPC

Variable
remote

att.

diode

KNU
electronics

45dB

oscillo
scope

10dB
Att.



Bema position resolution measurements 
of Low-Q IP-BPM

• I-Q tuning
I-Q tuning was performed by using 
oscilloscope. When I signal shows the 
maximum position, Q signal was set to 
minimum position by using phase shifter. 

I-signal

Q-signal



Bema position resolution measurements 
of Low-Q IP-BPM

0.674 V/um

IP-BPM

IP-BPM calibration beam test

Base plate

post

mover

KNU
Low-Q 
IPBPM

beam



Calibration run of IPBPM
• We performed calibration run under the 0dB.

– The used optics was 100 x 1000 beta optics, which optics has 1um level jitter.
– The QDOFF was set to IP waist.
– The data was taken at 150619 day shift.
– The used method was integration method from #53 to #63 sample numbers.
– Also I’ and Q’ does normalized by Ref_Y signal with same sample points region.

• The Calibration factor was calculated by (All the signal was integrated),
I’ = ( I*CosX + Q*SinX ) [counts], Q’ = ( Q*CosX - I*SinX ) [counts]
Calibration factor = ( Δ I’ [coounts] )/( Δ Mover position [um])

• All the I and Q signal was not performed a mean subtract calculation. 
Because we installed C-band region band pass filters. 
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Channel
of BPM

Calibration 
factor
[ADC 

counts/um]

Norm.
Calibration 

factor
[/um]

IPA-YIQ 2618.96 0.3198

IPB-YIQ 2489.56 0.3040

IPC-YIQ 1040.60 0.1271

IPA IPB

IPC

Calibration test 
by using Low-Q IP-BPM

Ref. Y [ADC counts]
=8188.65 counts



The method to calculate the 
residual of IP-BPMs

We take an extrapolating method by using geometrical relation between thr
ee IP-BPMs. 

X X X

Beam position measurement and prediction

! IPBPM&A!
(Interpolated!by!!IPBPM&B!and!C)! IPBPM&B!

(Interpolated!by!!IPBPM&A!and!C)! IPBPM&C!
(Interpolated!by!!IPBPM&A!and!B)!

Geometrical!factor! 0.531065' 0.802629' 0.271567'
!



Resolution calculation: 0dB
• We performed resolution run under the 0dB

– The used optics was 100 x 1000 beta optics, which optics has 1um level.
– The QDOFF was set to IP waist.
– The data was taken at 150619 day shift.
– The used method was integration method from #53 to #63 sample numbers.
– Also I’ and Q’ does normalized by Ref_Y signal with same sample points region.
– The beam was set to few um offset position.

• The Calibration factor was calculated by (All the signal was integrated),
I’ = ( I*CosX + Q*SinX ) [counts], Q’ = ( Q*CosX - I*SinX ) [counts]
Calibration factor = ( Δ I’ [counts] )/( Δ Mover position [um])

• All the I and Q signal was not performed a mean subtract calculation. 

• Predicted position(ADC counts) for IPA was calculated as follow equation,
– Predicted position of IPA-YI’ = a1*IPB-YI’+ a2*IPB-YQ’+a3*IPC-YI’+ a4*IPC-YQ’+ a5*Ref-Y
+a6*IPA-XI’+ a7*IPA-XQ’ +a8*IPB-XI’+ a9*IPB-XQ’+a10*IPC-XI’+ a11*IPC-XQ’+ a12*Ref-X+a13

– Residual of IPC-YI’ = Measured IPC-YI’ – Predicted IPC-YI’
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X X X

Beam position prediction

X X
X

Beam position 
measurement

Convert to 
residual Residual value

= measured position – predicted position

The results of IPBPM resolution test 
at June 2015 in ATF2

Norm. Resolution = Geo. factor x 
RMS of residual

Calibration factor
= 7.9nmMeasured charge

Nominal charge
x

Measured resolution 
= 26.8664nm

Measured beam charge 
= 0.2945x1.6nC
~30% beam charge



IPBPM-CIPBPM-B

IPBPM orbit feedback study

Kicker

IPBPM-CIPBPM-B
Kicker

Read Orbit and calculate kick angle

FONT

Feedback ON

1st Bunch

2nd Bunch



IPBPM orbit feedback study 



IPBPM orbit feedback study 

Feedback off beam jitter: 
370nm.
Feedback on beam jitter: 67nm
~82% beam jitter was reduced 
And well focused orbit 
feedback.
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