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SuperKEKB and BelleII
• Major upgrade of accelerator and detector for searches 
for physics “beyond the standard model”

• KEKB luminosity NOT limited by ability to squeeze 
beams, but by beam-beam interactions

• Real-time beam diagnostics are vital:
 Nanometer size beams drives x-ray monitoring
 Infrared and optical synchrotron light not able to 

resolve true bunch size 
 Use technique developed for x-ray astronomy
 Flexible operating modes [4x BX all the time, 

through full orbit logging (at ~200 Hz) ]
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e- 2.6 A

e+ 3.6 A

To obtain x40 higher luminosity

Colliding bunches

Damping ring

Low emittance gun

Positron source

New beam pipe
& bellows

Belle II

New IR

TiN-coated beam pipe with 
antechambers

Redesign the lattices of HER & LER 
to squeeze the emittance 

Add / modify RF systems 
for higher beam current

New positron target / 
capture section

New superconducting 
/permanent final focusing 
quads near the IP

Low emittance electrons 
to inject

Low emittance positrons 
to inject

Replace short  dipoles 
with longer ones (LER)

KEKB to SuperKEKB
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40 times higher luminosity
2.1x1034 8x1035 cm-2s-1

KEKB to SuperKEKB
Nano-Beam scheme

extremely small βy
*

low emittance
Beam current X 2

Redesign the lattice to reduce the 
emittance (replace short dipoles 
with longer ones, increase wiggler 
cycles) (all magnets installed 8/2014)

Replace beam pipes with TiN-
coated beam pipes with 
antechambers (installed)

New superconducting final 
focusing magnets near the IP

New e+ Damping Ring
constructed

Upgrade positron capture section

e- 2.6Ae+ 3.6A

Injector Linac upgrade

DR tunnel

Improve monitors and control system

Low emittance
RF electron gun

Reinforce RF systems for
higher beam currents

2015: Basic hardware (except 
final focus) now in place



Design Idea
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Design Idea
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Design Idea
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Readout basis 
IRSX ASIC (PSEC upgrade?)

• Baseline Belle II iTOP ASIC for production
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• High-speed, lower 
power/EMI LVDS outputs for 
fast, asynchronous signals
• Extended dynamic range 
comparator
• Lower-power Gray Code 
Counter and internal DLL 
• High-speed serial readout 
(many ASICs in parallel)

2.6M transistors, 7.7k resistors (DACs)



Interleaved Operation
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The large analog bandwidth recorder and digitizer with ordered readout (LABRADOR) ASIC
G.S. Varner, L.L. Ruckman, (et al.), Nucl.Instrum.Meth. A583 (2007) 447-460.

Demonstrated this back in 
2006, but wasn’t practical 
without ability to trim the 
individual delays (dT’s)

Propose to run IRSX in 
interleave-by-8 mode

10µs orbit / 32,768 samples
~3.3 GSPS
*8 ~ 26 GSPS



2015 Initial Install (2x)
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Fermionics

64 64

20dB

Cascadable:
20, 40 or 60dB
gain

XRM Motherboard

SCROD
Rev B2

(Zynq-045)

BMG server
Linux server

RJ-45 (LVDS):
Clock, Ref Bunch
SSTin

1-Ch IRSX

Artix-7
FPGA

1-Ch IRSX

1-Ch IRSX

…
1-Ch IRSX 16x IRSX

1-Ch IRSX

Artix-7
FPGA

1-Ch IRSX

1-Ch IRSX

…
1-Ch IRSX 16x IRSX

1-Ch IRSX

Artix-7
FPGA

1-Ch IRSX

1-Ch IRSX

…
1-Ch IRSX 16x IRSX

1-Ch IRSX

Artix-7
FPGA

1-Ch IRSX

1-Ch IRSX

…
1-Ch IRSX 16x IRSX

GbE link 
fiber

SuperKEKB
Master 

Gating/Timing 
Module (XTD)

SuperKEKB
Timing Signals:

RF clock (508.9MHz)
Revolution (100kHz)

Clock

FO

4x “Carrier” 
Boards (16 IRSX DC per 
Carrier)



XRM Readout Action Items (besides mechanics)
• Amplifiers [Vihtori, Peter assist]
 Are existing, modular 20dB units adequate (noise, stability)
 Need to verify all channels, or design alternate

• Carrier/IRSX DC  [Bronson, Gary, Luca]
 Basic IRSX initialization, configuration
 Fixed orbit sampling configuration
 Selectable register data select

• SCROD Commissioning [Matt, Luca, James]
 SCROD – Carrier gigabit communication
 Variant of the iTOP boardstack control
 PS data monitoring/distillation 

• Timing control (XTD)  [Khanh, Gary/Peter ]
 From RF 508.8MHz, Revolution, provide timing references
 Configurable to allow flexible offset (use for other detectors)
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Back-up slides
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Calibration and Sources of Timing Error
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Contributions to timing resolution:
• Voltage uncertainties
• Timing uncertainties



Calibration and Sources of Timing Error
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∆u = 2mV
U = 1V
fs = 26 GSPS
f3dB = 1.2GHz

∼ 200 fs
dBs ffU
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Aperture stability is key



Timing Uncertainties and Timing Calibration

• Time interval between delay line stages has intrinsic variation.
• Not accounting for this properly causes significant timing error
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Result:  visually nicer waveforms
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IRS3B/C

IRS3B/C

Difference most evident at the 
extrema of the waveforms

compression

jumps

IRS3D



Time base non-uniformity…
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2.6 GSa/s

10-15% of dT
typical

If can correct, reduces 
processing time 
dramatically, as this is the 
most computationally-
intensive aspect of “fast 
feature extraction”



Revised Full System Overview
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Full
Fermionics

128

BMG server
Linux serverOr SLAC

Full

Multi-
Gbps
Fiber

SuperKEKB
Master 

Gating/Timing 
Module (XTD)

SuperKEKB
Timing Signals:

RF clock (508.9MHz)
Revolution (100kHz)

64

64
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