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SPring-8 Upgrade Project

» SPring-8 Upgrade Project (SPring-8-I1) . LinearOptics
* Beam Energy: 6 GeV 00 B (a9 ), ay 89 | 102
* Lattice: 5-bend achromat (5BA) /A ;

* Natural Emittance: ~100 pm rad = 10 01 5

(with radiation damping of IDs) @ ( o _ B)

« Optical axis stability is quite importantto ~ ° S N o i ‘

ftﬁ)lly utilize briIIian%/X—ﬁays. P _HHEH T leiﬁlzlﬂﬁ%%ﬂﬂ%%ﬁﬂﬂ)l LTI w‘ﬂ;lﬂEEHHHH—)I {r—]

 Source size: ~ 28 x 6 um?2 rms 0 5 10 15 20 25 30

» Divergence: ~ 5 x 17 prad? rms @ 10 keV s[ml

- Beam orbit stability: ~1 um, ~1 prad pynamic Aperture

- BPM stability (COD mode): ~1 um e *

» Single-pass (SP) resolution is also important for beam ~  [hat 2 g o0
commissioning. oL B, =1.86m
* To achieve the first beam storage, the transverse beam = *[ = s <

position must be steered within 100 um rms with b TR
respect to the magnetic center of each quadrupole. 74 n
* Due to narrow dynamic aperture. s 10 s 20
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Overwew of the BPM System

i sPi3 BPM2 BPMT  BPM7 BPVIG BPMS  Brny
3 PM5 BPM4 4 BPM3 i)
BPM7 BPM6 B Cell N+1 Cell N 8PM2 BPM1
Y

Readout Electronics | 1 unit per 2 cells.

* BPM arrangement
« 7 BPMs / cell _ Stainless steel

* 336 BPMs in total (48 cells)
* 24 readout units (1 unit per 2 cells)

» Requirements for the BPM System

* Position resolution
* COD mode: < 1 um rms (100 mA, 1 kHz bandwidth)
* SP mode: < 100 um rms (0.1 nC single-bunch)

* Long-term stability

« COD mode: 5 pm peak-to-peak for 1 month Prototype of BPM electrode
(Kyocera)

P IRV 80 2
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Requirements for the BPM Electronics

 The signal from each BPM electrode should be detected stably and precisely.
« The BPM signal is synchronized to the acceleration RF (508.76 MHz)

Required amplitude stability: 0.1% (0.01 dB) peak-to-peak yop ATV Vs HV
. (=2-5[pm] /7 [mm]) IR AL VAN AN 72
 BPM conversion coefficient (k,,): ~7 mm Vi, +V, — Vs —V,

» Required position stability: 5 um =ky S VT
Required Signal-to-Noise ratio: > 35 (31 dB) 1+ Vot Vst ha
(=0.5:-7[mm] /100 [um])
» Required SP resolution: 100 um rms (0.1 nC single-bunch)
An in-situ gain correction mechanism should be equipped for better stability.
* Pilot tone etc.
High-speed COD BPM data is needed for an abnormal orbit interlock to prevent
any damages of accelerator and beamline components.

* Response time < 1 ms = 10 kHz update rate.
« This data can also be used by a fast orbit feedback.

» The beam position should also be calculated from three electrodes in case of the
trouble of an electrode.

» The data from three electrodes (four combinations) are also useful to evaluate the stability by
comparing the four values.




Overview of the BPM Electronics

Digitizer AMC

BPM RTM

— 10 ch, 16-bit, 370 MSPS ADC
e = {BPF H{Step Att. Step Att.-H >—{BALUN »\\) <8
07— B = [BPF {Step Att. Step At >[BALUN}>——— ] <]
—= = BPF | {Step At >{Step At} >-{BALUN}> <anc]
27— | ~={ BPF [ {Step Att.}-{>{Step Att]-{">{BALUN H///,/’ <anc]
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—] e 2 ch,16-bit, 500 MSPS DAC =
Ext. RF > BALUN|-> =
o2 - <= <bac] ol
gz |z ||z —P(A)—-—>_BALUN 2
z|z(zz >
I : ] —— Digital 1/0 i 9 v
|
My - |
o >
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* MicroTCA.4 high-speed digitizer AMC (advanced mezzanine card)

* 10 ch., 370 MSPS, 16-bit ADCs, Under-sampling scheme
It was developed for the upgrade of the low-level RF system.

* A BPM RF frontend RTM (rear transition module) was newly developed.
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* 508.76 MHz signals are extracted by SAW band-pass filters (~10 MHz BW).
» The signal level is adjusted by step attenuators and amplifiers.
+ Attenuation: 0 — 63 dB, Gain > 40 dB

Pilot tone generators for gain calibrations

* Signal level

*100 mA uniform filling: -6 dBm

0.1 nC single bunch: =53 dBm

ADC full scale: +10 dBm

- SP (single bunch): =20 dB FS (gain > 40 dB)

- COD (100 mA): — 6 dB FS (att: ~40 dB)
6



Signal Processing

DDC Block COD BPM Block

********************************************************************************************

| 363.40 MHz |
w Movin 1/4 CIC Filter - : TbT Data
() Averags Decimator| IR Flter]-t-~{Decimator}—{BPM Calc | = L

: IF 145.36 MHz e Decimator !
| 5tap5 1 I
: 5 [ cos— : CIC Filter | [FIR Filter—{Decimator]-+—~{BPM Calc rastbata,
w 5 taps (1n> _ lz | Decimator 4 q0kHz |
———————————————— 0n) - 5/a\- - 2mk | |
AT : CIC Filter | _| . - , M
\ — : FIR Filter Decimator BPM Calc.
* The 508.76 MHz siEnaI is digitized by an ADC with! | _[Bedmator] === ————— | ol
a 363.40 MHz clock (5/7 of the RF frequency). ' _SPBPMBlOck
. . . sk e
* The in-phase and quadrature (IQ) data is obtained | [Mask 1 |—IQ Ampitude e

by a 5-tap digital down converter (DDC).
« The COD BPM block generates turn-by-turn (TbT,

: SP Data 4,
L Mask 4 —{IQ Ampitude BPM Calc.

|
|
|
|
|
|

208.85 kHz), fast (10 kHz), and slow (10 Hz)data. ' | Srraos o ieeooeooo R

. 10T 1one bloC
* The SP BPM block can select 4 bunches with ( T _ . e

4 masks and calculates the beam positions of | - X Dacimator| LR Filter |—>|Decimator |——===:~

the 4 Punches. | | A s :
* The pilot tone block extracts the pilot tone signal | {g |
with an NCO (numerically controlled oscillator). & 7 : ‘

+ The NCO frequency is changed every 1 second and IF: Intermediate Frequency .

outputs each tone signal one after another. FIR filter: Finite Impulse Response filter

CIC filter: Cascaded Integrator-Comb filter



Beam Position Calculation

« We use 7" order polynomial to obtain the beam position. 06l wnnt Yl
7 7n poizVe= VetV i v B
EZ D"Dm VAV AV 4T & o T
n=0 m= p,=atVe Vel o DDLU
* A Dy Conver5|on coefficients VitV +V3+V, Vs 'V, 7°

-0.6-0.4-0.2 0.0 0.2 04 0.6
Dx

» The error on the position calculation is suppressed to less than 1 um
for the measurement range of |x|, |y| < 6 mm.

» The BPM logic also calculates the beam position from 3 electrodes (4 combinations).

7 7-n
X1 X, X
(¥ ¥ ¥ y)- Z Z ™) (DY DEDY DYDY DRDY) -
1 2 3
n=0m= ol rrriitin,
nh-V —V. v, - V. Vs — V. BELLS
D, = g’ D, = 3 4 D; = #, D, = 3 2 -02
Vl + VZ V3 + V4 V]_ + V4_ VZ + V3 -0.4 - ;
* Cpm» dnm: Conversion coefficients e

~0.8-0.6-0.4-0.20.0 0.2 0.4 0.6 0.8
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Beam Test in the Current SPring-8 Ring

¢

BPM Cross-section

| _.

12 i |1
L‘EI_C ) _ 20 mmpitch

L e T ] |
R B Ater=co

90

Vertical aperture and span of the electrodes are
same as the BPM for SPring-8 upgrade

* Setup
* 16 electrodes (4 BPM sets)
 Span of the electrodes are the same as the design value.
« 2 BPMs were read out by the new electronics.
* The electronics are enclosed in a 19-inch rack with a constant
temperature and humidity controller. (0.04°C and 10%RH peak-to-peak)

» We evaluated the position resolution and long-term stability.
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Single Bunch Waveforms
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ADC 1

Raw IF waveform 363 MHz clock

IF: 145 MHz

—>
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sample
1Q 1 Amplitude
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Single-pass (SP) BPM Resolution
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BPM Resolution: 22 um (H), 27 pm (V)

Horizontal

0.1 mm/div.

il

31 um rms

BPM 1 X [mm]

Bunch charge: 0.13 nC
Pulsed bumper magnet was fired.
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Vertical
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Requirement: < 100 um

» The resolution is 1/+/2 of the rms of the difference, assuming the two BPMs have the same resolution.

We took data with different beam charges and confirmed that the resolution is inversely

proportional to the charge.



COD BPM Resolution (Fast Data)

=g * We intentionally shook the beam
Eo0asiE orbit with a fast magnet (1 Hz).
= P * Stored beam current: 30 mA
UL <Msec [ | | | | « ADC input: —6 dB FS
0 10000 20000 30000 40000 50000
sample
9-281 Horizontal Vertical
0.26 - / —0.060 | -
= V4 E‘ B - 7 ""
~ 0.22 “ o~ o2 ;.:’
& /" 055umrms A = (>1 um rms
©0.20 // - '
0181
7 20 um/div. —0.070 1 5 um/div.
0.20 0.22 0.24 0.26 0.28 ~0.080 ~0.075
BPM 1 X [mm] BPM 1Y [mm]

* COD BPM resolution: 0.39 pm (H), 0.43 um (V) (2 kHz BW).

Requirement: < 1 uym
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Long-term Stability

BPM1 X 20 um/div. BPM1 Y 20 pym/div.
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* The beam orbit was stabilized by the present BPM system.
» The new BPM shows stable position data with 10 um stability for 1 month.
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Ba Ia nce Error Stability can also be evaluated from balance error.

» Beam position can be calculated from three electrodes out of 4. (4 combinations)
« Balance error is defined as the maximum difference among the 4 position values.
Balance Error BPM1 X 10 um/div. Balance Error BPM1 Y 10 um/div.
- - 3 T . .

0.05 0.05

Filling pattern changed ‘
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. { : i 3
0.01 1 ’ ' 0.01 -
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0.05 T ¢ T T ; ; 0.05
i 4 s | .
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5 T ® . ® A s S-Sy % v o® O A s SPCNR- Sy
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Stability for 1 month: < 10 pm
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Summary and Outlook

» We have developed a stable and precise BPM system for SPring-8-11.
« Required position stability: 5 pym peak-to-peak for 1 month (100 mA)
» Required position resolution: 100 um rms (0.1 nC single-bunch)

* We designed a MicroTCA.4-based BPM readout system.
* The same digitizer AMC as the LLRF upgrade. (10 ch., 16-bit, 370 MSPS)
* A new BPM RTM (RF frontend) was developed.

« The COD BPM logic provides the date streams of turn-by-turn (209 kHz),
fast (10 kHz) andslow (10 Hz).

« The SP BPM logic calculates the beam positions of 4 bunches.
* A pilot tone function was also implemented.

* We performed a beam test at the present SPring-8 ring.
* Position resolution: ~30 pm rms (0.13 nC single bunch)
* Long-term stability: < 10 um peak-to-peak for 1 month.

» Next tasks:
» We will implement a gain correction process by using pilot tone data.

« Some more electronics will be installed to the present SPring-8 BPM
system to evaluate the stability and reliability.



