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Overview

SuperKEKB, Belle II, VXD

Radiation monitoring and beam abort system
— Requirements and simulation

scCVD sensors
— Mechanics, package and cabling
— Characterization with 90Sr source

Electronics



SuperKEKB/Belle 1I/VXD

Belle Il detector

e 7GeV 2.6 A

e 7GeV

et 4GeV 3.6 A
SuperKEKB @ KEK

Belle Il experiment @ SuperKEKB:

— Asymm. e*e” collider Vs=Y(4s)=11 GeV

— designed luminosity: 8x103> cm2s?

— search for the physics beyond the SM .
Detectors and accelerator are being
constructed; 2016 (accelerator
commissioning) 2018 (physics)

VerteX Detector (SVD+PXD)

et 4Ge\

DSSD

Silicon vertex detector

— 2-layer pixels sensors (DEPFET ) 75
um thin 0.2% X,/layer

— 4-layer DSSD sensors 0.58% X,/layer
Radiation Monitoring and Beam

Abort System based on single crystal
diamonds will be integrated in the

system
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Belle 1I-VXD Radiation Monitoring and Beam Abort

Main requirements

— Measurement of instantaneous dose rates & integrated doses
* Sensitivity = 1 mrad/s = 10 uGy/s, sampling rate = 100 KHz

— Beam Abort for excessive beam losses affecting PXD, SVD

* Programmable thresholds, depending on accelerator conditions (filling
injection, stable beams, machine development, ...)

e “Fast” (10 ps = 1 accelerator revolution) Beam Abort trigger

* “slower” Beam Abort triggers, based on digitally filtered signals (averages
over programmable numbers of samplings)

Conceptual design

— Based on experience from Belle, BaBar, CDF, LHC

— scCVD diamond sensors, measurement of currents:

* Reference: typical pCVD sensor (10 x 10 x 0.5) mm3 @ 500V:
1 nA =7 mrad/s = 70 uGy/s

* Noise should be limited to a few pA, in current measurements
— 4 + 4 sensors located near PXD (very limited space)
— 6 + 6 sensors located near SVD
— Background dominated by electrons



scCVD radiation sensors

4 + 4 sensors
PXD-beam pipe

6 + 6 sensors
close to SVD L3

support rings

Shielded

diamond 3+15 m (3+40 m) cables
Voltage sources (150+500 V)

sensors

picoAmmeters
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Expected radiation from simulations

VXD radiation/abort sensors now included in simulation geometry
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Mechanics, cabling

Compact packages:
1) SVD 12 x 20 x 3.1 mm?3

multi-layer package, Rogers laminate ok
for SVD (we already have 28 pc)

2) PXD 12 x 10 x 3.3 mm?

Same material, with perpendicular or
parallel mounting (simulation)

Cabling (~¥20 m)

3 m coaxial thin (HS SM47LSFH) from sensors to
DOCKs

+ 15 m (or more) HSS 04162-B60, double
shield



Location for beam pipe diamonds:
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Modified package for perpendicular

Not plated pads hole.
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First tests of final package



Diamond sensor characterization

Label Provider sc/p CVD Geometry pads Validation
mmA~3 0Sr beta

PD DDL o 4.7x4.7x0.15 2x2 OK

DC1 Cividec o 4.7x4.7x0.50 3x3 OK

DC2 Cividec p 5.0x5.0x0.50 3x3 TBD

DM1* Micron p 5.0x5.0x0.50 1 OK

DM2* Micron sC 4.7x4.7x0.50 1round |[OK

DM3 Micron p 5.0x5.0x0.50 1 Rejected

DM4 Micron SC 4.7x4.7x0.50 1 OK

DM5 Micron SC 4.7x4.7x0.50 1 OK

DM6 Micron p 5.0x5.0x0.50 1 TBD




Diamond sensors

DM1 DC1

PD DM4



Test tools

Static characterization of the samples (I-V and C-V)

Single channel Amptek
chain: A250 preamp.
(2.5 ns risetime) + PX5
digital shaper (semi-
gaussian equivalent time
40 ns — 40 ps).

A pointlike ®°Sr source
(~2 MBq), beta spectrum
hardened by magnetic
field and collimators

Tests repeated at DESY
2-6 GeV electron beam



MIP Characterization of scCVD sensors

Single electrons, 1-2 MeV (MIP): Landau peak vs HV

MPV vs HV



First dosimetry tests with AH501 and
0Sr beta source

Point-like °°Sr beta
source (~“2MBq) on
a movable stage in
front of diamond
sensor.

Full setup with
pico-ammeter and
3+15m cables.

Measured current
from pA to nA.



More dosimetry tests (ok)

Sr90 point-like source, 2 MBq, at different distances,
compared to FLUKA simulations

d [mm)]



Long term stability studies

1 day HV = 50-200 V



HV dependence

I(nA) vs HV (V)

Observe unexpected voltage dependence (no saturation?)
* on both tested sensors

e atall distances

e cross checked also with another picoammeter



VXD Monitoring & Beam Abort electronics

5 modular Boxes, dealing with 4 scCVD sensors each:
— 4 individual HV bias supplies
— Currents digitization with 4 (16-bit) ADCs at 160 MHz, with oversampling
— Data averaging and buffering for

* Continuous Monitoring (averaged data, 1-10 Hz read-out)
* Post-mortem (abort) analysis (full data, frozen circular buffers)

— Running Sums, Programmable Thresholds, Majority logics for Abort signals
— Ethernet interfaces (2) for programming and data read-out

Compatibility with the SuperKEKB Abort System requires:
— Sampling synchronized to SuperKEKB revolution period (10 ps)
— “SuperKEKB status” register, set via EPICS (for the selection of thresholds)
— 2 final output “fast abort” signals, correlated with LER and HER
— 600 ms deep data buffers, read out upon an abort, internal or external

— Synchronization with SuperKEKB aborts: digitization of 2 beam currents, and
“abort confirmation” digital signal from SuperKEKB



VXD Radiation Monitor & Beam Abort

From SuperKEKB
100 kHz clock, global abort confirmation, ...

bt

4 diamond sensors <>
3 Eth t/EPICS

HV and signal <> Box #1 <> ernet/

vV , Abort signals (daisy-chained)
4 diamond sensors <— Box #2
HV and signal <—> OX <—> Ethernet/EPICS

Wi i, Abort

: (5+ 1 boxes)

Wi

Box #6 <> Ethernet/EPICS

2 beam currents
analog signals — >

\L Abort(s) to SuperKEKB



Conclusions

SuperKEKB /Belle2 are under construction at KEK Lab
in Japan. Accelerator commissioning will start in
2016 (physics in 2018 )

Radiation Monitoring System based on single crystal
diamonds will be integrated in the system

Characterization criteria to be finalized (dosimetry)

Decisions on scCVD providers and metallization:
early 2015



