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Abstract: A secondary particle shower acquisition system is under design for the upgrade of CERN's beam wire scanners. The system must be capable of performing bunch- by -bunch
synchronous measurements with an integration time of 25 ns and to cope with signal variations of up to 6 orders of magnitude. The whole dynamic range must be covered by the acquisition
system with a single configuration and should have no tuneable parameters. The secondary particles are sensed by a polycrystalline diamond detector with the signal digitization performed
nearby with a custom front--end system, designed to resist a total ionising radiation dose up to 1 kGy in 10 years. The digital data transmission, front--end synchronization and control are
performed through a bi-directional optical link operating at 4.8 Gbps using CERN's GBT protocol. For the digitalization, two radiation tolerant integrator ASICs (ICECAL and QIE10) are under study.
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(" Motivation:

Beam Wire Scanners Upgrade
New detector used (pCVD)

Stepped Vacuum

X Axis: Optical position sensor
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High dynamic range needed

Low noise measurements
One single system for LHC, SPS, PS & PSB
Avoid the need of tuneable parameters

SYSTEM REQUIREMENTS

Dynamic Range 1.6fC—1.6nC (1e6)
25ns (40Mhz)

Integration Window

Synchronization WrlG, S5, 75, & Gty
4 Bunch by Bunch

Link Distance up to 250m

lonizing Radiation 100Gy/year
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fProposed System Architecture Overview: )

A front-end will be placed near the detector for digitalization to avoid transmission over long coaxial cables and maintain
the pCVD signal dynamics and quality. Once digitalized, the data will be sent through an optical link at 4.8Gbps following
the GBT protocol. The optical link provides data transmission, front-end slow control and systems synchronization. The
Back-End solution envisaged is based on the new VFC board developed by the CERN’s BE-BI group.

The development of a custom radiation-hard and high
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Analogue Front-End tests with an Alpha Source:

To evaluate diamond detectors as beam profile monitors, it is required a
radiation tolerant transimpedance amplifier (TIA) with fast slow rate,
matched to 50 ohm to properly transmit the signal through long coaxial
cables. For this, THS3001 has been chosen as operational amplifier in
transimpedance configuration, using RF= 1K and 50 ohms input and output
impedance. The same configuration used on the operational beam wire
scanners photomultiplier tubes (PMT) pre-amplifiers.

pCVD
Diamond
Detector

PCVD HV =-700V

Vo:45myv I

Detector Curre
Charge: Q~ 90 fC

This amplifier was evaluated
with a diamond detector
and a 2*1AM alpha source as
shown on the pictures.

Custom TIA
(THS3001)
Analogue Front-End

I =Vo*2/RF
detector / g  for Detector Evaluation
\_ pCVD + TIA signal for Alpha particles on 500hm )

~13ns

(pCVD Diamond Detectors as beam profile monitors: \

A pCVD Diamond detector and transimpedance amplifier were placed on the SPS complex, near an
operational linear Beam Wire Scanner, in order to asses the detector performance for secondary
particles detection and beam profile monitor. A nearby operational acquisition system, consisting on a
scintillator attached to a photo-multiplier tube (PMT) and a pre-amplifier, was used for comparison.
The measurements were collected on the surface with a LeCroy Scope at 2.5GSPS. Around 80m of CK50
cables were used for signal transmission.
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Signal produced by
secondary partces coming
from a single bunch

SPS Beam Conditions:
Single bunch on the accelerator ring.
Pilot bunch 1e10 protons.
Revolution period: 23us.
Bunch Length: 4ns.
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Diamond Detector Bunch Charge integrals and Gaussian fit S
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[ Possible causes:

[+ Random distribution of secondaries cone.
Detector area and system location,
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Scintillator + PMT Normalized Charge and Gaussian fit
I~ Taken from database and corresponding to the same scan.
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Wider profile observed (~27%):
04—+ Causes remain unclear, further study needed.
New set-up for verification scheduled
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(Full Acquisition System Prototype for QIE10p5 Evaluation: \

A complete test set-up has been
under laboratory conditions. The back-end
system for prototype is based on an Igloo2

development kit.
ub-Femtoamp

Current Source
The set-up was used for the QIE10 front-end (Keithley 6430)

evaluation. This charge integrator and
digitalization ASIC reach a dynamic range of
1e5 (3.2fC-340pC) encoded with 8 bits by using
a pseudo-logarithmic digitalization scheme. The
charge encoding algorithm contains 16
sensitivity levels divided on 4 ranges. o
The front-end was characterized in terms of
linearity, difference with respect to the nominal
response and sensitivities in each subrange.
Linear sweeps with a Keithley current source
were done. Each point on the following charts
corresponds to the average value detected
during 25us with constant current.
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“GPIB : General-Purpose Instrumentation Bus.
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(Autonomous Front-Ends for QIE10 & ICECAL evaluation: h

The readout system needs to be evaluated with two different integrator ASICs, for this, a modular design is used. Each
readout ASIC candidate is hosted in a custom Radiation-Tolerant mezzanine with a SAMTEC connector that fits on a
motherboard, the Igloo2 UMd board (designed by CMS) that drives the optical link.
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Igloo2 UMd Boare
Acts as the front-end motherboard, equipped with a
flash-based FPGA Igloo2, radiation tolerant
components and a versatile link transceiver (VTRx) to
drive the optical link with the GBT protocol.

QIE10pS Mezzanine:

Equipped with two QIE10 ASICS, each, features one
high dynamic range (1e5) channel. Radiation-tolerant
linear regulators are used as POL regulators.

ICECAL_V3 Mezzanine:

Contains an ICECAL integrator ASIC, with 4 input
channels and 1e3 dynamic range on each. The ASIC
output provides an analog voltage every 25ns, that is
digitalized by an ADC. The mezzanine is powered
\with radiation hard FESTMP modules.

ICECAL_V3 Front-End configuration

QIE10 Front-End configuration

(Summary: )
Diamond detectors have demonstrated to be a promising solution for secondary particle detection to determine the transverse
beam intensity distribution and its width. Further investigations are required to understand the beam profile difference with

respect to the scintillator/PMT system, a second set-up will be installed for more tests. The digital readout electronics systems
have been fully tested under laboratory conditions showing the specified performance. The QIE10 front-end will be installed in

\the SPS tunnel and its performance tested under operational conditions. Y,
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