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L-band Cavity BPM for ILC

e Two types of cryomodule in the main LINAC of ILC

30m radius ). RTML

> Type A (~1,100 in total): 1.3 GHz 9-cell cavities * 9

> Type B (~600 in total, at every 3 modules): 1.3 GHz 9-cell cavities * 8 + a SC
quadrupole package (quadrupole/corrector/BPM)

e BPM resolution requirement: 5 yum (TDR), ©®(100) nm (goal)

Helium tank gas-cooled
(sectioned) sc quadrupole
(not shown)

1.3 GHz c:

L-band re-entrant
cavity BPM

~1.4 km

5 km

1.3 GHz 9-cell cavity (Nb)
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L-band Cavity BPMs at KEK-ATF

e Accelerator Test Facility (ATF) at KEK
» 1.3 GeV electron LINAC of 110 m long
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> ~1070 electrons/bunch (1~20 bunches/train)
- Repetition: 3.125 Hz | S IHL =
d

e At the end of the LINAC, 4 steering magnets, 4 stripline BPMs,
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Resolution Measurements of Cavity BPMs (4

e Calibrations

» Changing the beam orbit by steering magnets
~ Referring stripline BPMs for the calibration

steering points reference position measured FFT amplitudes (=FFT)
(horizontal case) (=Xo) — measured position (=x)

- Mapping FFT to x;: obtaining AFFT/Ax

- V-shape appears since the cavity BPM does not know the absolute position of the beam
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e Resolution measurements

T : _ L BPM-A (X)
> Finding a correlation between all channels and the one of interest
(k-th channel): : ,-,,;.-"v’;:.:{-;.
s P A2
dk — Dk’ -V Eo.os- ;?ﬁ
d,: measured positions of the k-th channel g _ ,:f" )
D, measured positions not of the k-th channel but of the others £ a-i’:sure:f;am‘;%&de [‘;rlbf’ nit]

v: correlation coefficients
- Once we get v, predictions of measurements can be made by:
dllzred' =D,-v
- Singular value decomposition (SVD)
D,=UzV' ->v=(VZlU".4q,
- d, is still in FFT amplitude, so it needs to be translated by the
calibration factors

[
o

AXx,

AFFT
- From the residual (R = d** — d***), the resolutions (o) are obtained
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Resolution Measurements of Cavity BPMs

u=0.00, 0=2.09e-02
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L-band Cavity BPM Readouts

e Signals are merged by hybrid couplers and pass through a downconverter

o o
..... = [ b S ] @ feeend] § ] @ | Rt
N N N S S Cavity

Downconverter

BPM-A 2015 MHz - 1935 MHz = 80 MHz
BPM-B 2050 MHz - 1970 MHz = 80 MHz
BPM-C 2020 MHz - 1940 MHz = 80 MHz

Net gain: ~25 dB

Beam tunnel wall
Trigger signal

3-channel unlocked

local oscillator Oscilloscope Oscilloscope Readout PC Ethernet
R&S RTM3004 R&S RTM3004 EPICS

1935 MHz for BPM-A 2.5 GS/s, 10 bit 2.5 GS/s, 10 bit
1970 MHz for BPM-B
1940 MHz for BPM-C Ethernet

database
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L-band Cavity BPM Readouts (inside the tunnel)
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L-band Cavity BPM Readouts (outside the tunnel)

R&S RTM3000
2.5 GS/s, 10-bit
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Resolution Measurements in the Past

> Very problematic correlations, poorer resolutions compared to the measurement in 2023
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BPM-A (X) 3750 2062 2033 3068
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Problems and Solutions in 2024

e Apparent Problems:

>~ Broken linearity in SVD analysis — Unstable gain of channel(s)
~ Two peaks in the residual distributions — Unlocked LO
>~ Those effects are confirmed with simulations

* (ad-hoc) solutions:

>

>

ombining signals and processing through a common path
ame gain fluctuation, same unlocked LO
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Resolution Measurements in 2025

e Confirmed an instability of an RF channel

LO
» Better RF characteristics found at |IF=45 MHz hybrid
LO for locating

e Combining signals didn't work very well < 2050

 Alternatives: hybrid Ty O >_

> Using IF=45 MHz instead of 80 MHz Need two units

frmo11 = 2020 MHz for Xand Y
» Common LO so different IF's hybrid
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Resolution Measurements in 2025

> |F=45 MHz with 3 different LO’s | Different IF's with a common LO
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Further Developments

* Implementation of a new electronics including:

> Stable gain, phase-locked LO
~ Better horizontal (> 2.5 GSPS) and vertical (>12 bit) resolutions
> Sign detector for absolute position measurements

L-Band BPM Block Diagram
@_, OscillaLtg::a1I (LO1)
1966MHz

714MHz
2046MHz . » X 80 MHz
BPF | M Mixkr | DOWN [T o
RF AMP | I ” Converter1

RFAMP | I g Converter1

» Intensity

Cavity BPM
TMO010 1.59 GHz
TM110 2.04 GHz

TMO020 2.258 GHz

———— X Sign (Digital)

Hybrid —> Sign
+Y AY Detector

Y Sign (Digital)
BPF |I 2258MRz I : Mixer DOWN | 80 MHz
RF AMP Converter2
Y 2Y

Local
N Oscillator 2 (LO2)
2178MHz

714MHz
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Applications for the CEPC

* \We may offer an alternative for IP-BPM of CEPC

» Beam size at IP: Ox~ 10 um, 0'y~40 nm THE DEVELOPMENT OF C-BAND CAVITY BEAM POSITION MONITOR

WITH A POSITION RESOLUTION OF NANO METER

> D u e to th e S pa Ce : it WO u I d be a C_ ba n d (~6 G H Z) CaVity S. Jang*, E-S. Kim, Dept. of Accelerator Science, Korea University, Sejong, South Korea

T. Tauchi, N. Terunuma, KEK, Tsukuba, Ibaraki, Japan
B P M N. Blaskovic Kraljevic, T. Bromwich, P. N. Burrows, JAI, Oxford, United Kingdom
P. Bambade, O. Blanco, S. Wallon, LAL, Orsay, France

» nanometer-scale resolution would be achievable ;’9 nm position S. Jang et al., (2016)
esotutions-demonstrated

The Development of Low-Q Cavity Type Beam Position Monitor with a Position
Resolution of Nanometer for Future Colliders

S. W. Jang,l’E E.-S. Kim,? T. Tauchi (Retired),®> N. Terunuma,® P. N.

] ] " "
’ Burrows,* N. Blaskovic Kraljevic,> P. Bambade,® S. Wallon,® and O. Blanco?
I I l g e a u re S O VI r u a I a g I l O S I CS WO u e ! Accelerator Department, Pohang Accelerator Laboratory, POSTECH, Pohang 37673, Republic of Korea
2 Accelerator Science Department, Korea University Sejeong Campus, Sejong, Republic of Korea
3 High Energy Accelerator Research Organization (KEK), Tsukuba, Japan

. 4 John Adams Institute for Accelerator Science, University of Ozford, United Kingdom
a SO ‘ O I l S I e re ) ®Diamond Light Source, Ozfordshire, UK
® Laboratoire de 1’Accélérateur Linéaire (LAL), Orsay, France
"Synchrotron SOLEIL, L’Orme des Merisiers, Saint-Aubin, France
| ]
>~ Bunch length, arrival time, and so on
) J

(Dated: December 10, 2024)

The nano-meter beam size in future linear colliders requires very high resolution beam position
monitor since higher resolution allows more accurate position measurement in the interaction point.
We developed and tested a low-(QQ C-band beam position monitor with position resolution of nanome-
ter. The C-band BPM was tested for the fast beam feedback system at the interaction point of ATF2
in KEK, in which C-band beam position monitor is called to IPBPM (Interaction Point Beam Posi-
tion Monitor). The average position resolution of the developed IPBPMs was measured to be 10.1
nm at a nominal beam charge of 87% of ATF2. From the measured beam position resolution, we
can expect beam position resolution of around 8.8 nm and 4.4 nm with nominal ATF2 and ILC
beam charge conditions, respectively, in which the position resolution is below the vertical beam
size in ILC. In this paper, we describe the development of the IPBPM and the beam test results at
the nanometer level in beam position resolution.
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Summary
e KU is working on L-band cavity BPM for ILC main LINAC

» Sub-pm position resolution is targeted
» Three L-band cavity BPMs are located at KEK-ATF for tests

* Resolution measurements are in progress

~ Better and better resolutions with small improvements in measurements
>~ Achieving ~300 nm resolution at best

>~ Further improvements would reach much better resolutions

> Also trying to add more features (sign detection, virtual diagnostics, ...)

o \We’d like to offer an alternative for IP-BPM of CEPC

» C-band (~6 GHz) cavity BPM would offer nm-scale resolution
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ILC Main LINAC Parameters

Cavity (nine-cell TESLA elliptical shape) Parameter Value Unit
Average accelerating gradient 31.5 MV /m
Quality factor Qo 1010 Initial beam energy 15 GeV
Effe‘:t"’e length 1.038 8 Final (max.) beam energy 250 GeV
/Q , , 10360 Particles per bunch 2.0 x 1010
Accepted operational gradient spread +20%
Beam current 5.8 mA
Cryomodule Bunch spacing 554 ns
Total slot length 12.652 m Bunch train length 727 S
Type A 9 cavities Number of bunches 1312
Type B 8 cavities 1 SC quad package Pulse repetition rate 5 Hz
ML unit (half FODO cell) 282 (285) units Initial e, 8.4 pm
(Type A - Type B - Type A) Final veg ' 9.4 pm
Initial yey 24 nm
Total component counts Final ’YGyT 30 nm
Cryomodule Type A 564 (570)
O » 0.3 mm
Cryomodule Type B 282 (285) : ' o
Nine-cell cavities 7332 (7410) Final og/E 0.07 /o
SC quadrupole package 282 (285) Bunch phase relative to RF crest 5 degrees ahead
T . .
Total linac length — flat top. 11027 (11141) m at exit of linac
Total linac length — mountain top. 11072 (11188) m
Effective average accelerating gradient 21.3 MV /m
RF requirements (for average gradient) I I_C TD R
Beam current 5.8 mA
beam (peak) power per cavity 190 kW
Matched loaded Q (Qr.) 5.4 x 10°
Cavity fill time 024 s
Beam pulse length 727 s
Total RF pulse length 1650 usS
RF-beam power efficiency 44%
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L-band cavity BPM for ILC

1905
A
et ! Table 3.4 Error with respect to value
Installation alignment errors (rms) of the linac beam- P

SMA connector 34.5 line elements. BPM specifications are also included. Cav!ty o.ffset module 300 pm
Cavity tilt module 300 prad

BPM offset module 300 pm

BPM resolution 5 pm

_____________ - BPM calibration <10 %

Quadrupole offset module 300 pm
________________________________ Quadrupole roll module 300 prad

T Module offset beamline reference 200 pm
94 holes Module tilt beamline reference 20 prad

: © 9
o o o
$3 holes R Bl ] .
A.
&)
N
Q\
g A-A cross section

SMA connector
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Properties of Cavity BPMs at KEK-ATF

Frequency step: 10 kHz, Input power: -10 dBm, IFBW: 10 kHz

_10 -

_20 -

—30 -

_50 -

Transmission [dB]
A
o

_60 -

| BPM1 (X)
BPM1 (Y)
BPM2 (X)
BPM2 (Y)
—— BPM3 (X)
1600 1800 2000 2200 2400
Frequency [MHZz]
TMo1o TMo11 TMo20
fx [MHZ] Qx fx [MHZ] Qx fx [MHZ] Qx
fy [MHZ] Qv fy [MHZ] Qv fy [MHZ] Qv
BPM_-A 1566.59 320 2015.53 170 2213.57 45
1566.60 320 2015.48 187 2220.69 48
— 1603.20 444 2050.34 186 2253.35 48
1603.18 607 2050.26 195 2255.03 50
1569.54 441 2019.32 197
BPM-C 1569.54 445 2021.60 219
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