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The Belle II experiment at the SuperKEKB flavour factory will operate at an unprecedented lu-
2s~!, which is about 40 times larger than its predecessor KEKB. The
VerteX Detector is composed of a two-layer DEPFET PiXel Detector (PXD) and a four-layer

double sided silicon strip detector (SVD). To achieve a precise vertex position determination and

minosity of 8 x 1033cm™

an excellent low-momentum tracking, even under the high background and high trigger rate of
10kHz, the SVD employs several innovative techniques. In order to reduce the occupancy and to
minimise the parasitic capacitance in the signal path, 1748 APV25 ASIC chips, which read-out
signals from 224k strip channels, are directly mounted on the ladders with the novel Origami
concept. The analog signals from APV25 are digitised by an FADC system and sent to the central
DAQ. An online tracking system based on SVD hits provides the Regions Of Interests to PXD
in order to reduce the data size to achieve the required bandwidth and data storage space. In this
talk, we present the design principles and construction status of the Belle II SVD, together with

preliminary results on sensors performances.
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1. Introduction

The Belle II collaboration [1] has a comprehensive program in precision measurements of the
B meson sector, including CP violation in decays, in mixing and in the interference between mixing
and decays. Studies will be also performed in the D meson sector, rare T decays, quarkonium states,
exotic hadrons and dark sector [2].

The experiment will be performed at the SuperKEKB asymmetric eTe™ collider [3] now under
construction at the KEK laboratory (Tsukuba, Ibaraki Prefecture, Japan). SuperKEKB is a major
upgrade of the KEKB collider, aiming to reach an unprecedented instantaneous luminosity of 8 x
10* cm~2s~!, that will be reached reducing the vertical beta function at the interaction point (IP)
by a factor 20 and increasing the beam current to twice that of KEKB, while keeping the same
vertical beam-beam parameter. Within the actual schedule such a high luminosity will be reached
by 2022 and will allow Belle II to collect up to 15 ab~! of data per year, or 50 ab~! of data within
the end of 2024. The SuperKEKB accelerator is based on two separated rings, with 7 GeV energy
for the electron beam and 4 GeV for the positron beam, corresponding to a center of mass energy
of ~ 10.58 GeV, around the Y(4S) resonance. The Y(4S) will thus be produced with a sizeable
relativistic boost in the laboratory frame (¥ = 0.28), although significantly reduced with respect
to KEKB (By = 0.425).

All the Belle II sub-detectors have been redesigned to improve the performances with respect
to Belle and to cope with the expected increase of luminosity. The sub-detector nearest to the IP is
the VerteX Detector (VXD), which is fundamental for the measurement of the impact parameters of
charged tracks and for the reconstruction of primary and secondary B and D mesons decay vertexes.
It consists of two inner layers (1 and 2) of a silicon PiXel Detector (PXD) followed by four layers
(from 3 to 6) of a Silicon Vertex Detector (SVD), which is composed by double sided silicon strips
sensors. The whole VXD is immersed in a 1.5 T magnetic field parallel to the beam axis. The CAD
design of the VXD is shown in Fig. 1.

A description of the SVD will be given, with particular attention to the Origami concept, in
section 2; in section 3 some preliminary results on sensors performance and data reduction system
for PXD will be shown, while in section 4 the status of the production and the next important
milestones will be presented.

Figure 1: Layout of the Belle II VerteX Detector (VXD)
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2. SVD description and the '"Origami'' concept

The Belle II SVD is made by 4 layers of double sided silicon strip detectors (DSSD) organised
in a barrel geometry with a polar angle coverage from 17° in the forward region to 150° in the back-
ward region and with a radius going from 39 mm for the inner layer to 140 mm for the outer layer.
In the forward region slanted trapezoidal sensors are used to optimise the angular coverage and
the particle incidence angle. Only three different kind of sensors, fabricated on 150 silicon wafers
and with n-type substrate of 300 um thickness, are used, two rectangular and one trapezoidal. The
list of strip pitches can be found in Fig. 2. The two rectangular sensors are made by Hamamatsu
Photonics K.K. (Japan) and are both around 120mm long, the larger one being 60 mm wide, the
other one 39 mm wide. The trapezoidal sensors are made by Micron Semiconductor Ltd. (UK) and
are around 120 mm long, with the largest edge around 60 mm wide and the shortest edge around
39 mm wide. More details on the sensors can be found in Ref. [4] [5]. Sensors are longitudinally
organised in ladders, which are made of 2, 3, 4, 5 sensors for layer 3, 4, 5, 6 respectively. In Fig. 2
the longitudinal layout of the SVD is shown. From the inner to the outer layer 7, 10, 12, 16 ladders
will be used to build the barrel shape of every layer.
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Figure 2: Longitudianl structure of SVD. The origin of the reference system represents the nominal inter-
action point.

The peripheral sensors in the forward and backward region of the ladders will be read-out by
front end electronics placed on hybrid circuits located outside of the SVD active region. In order to
reduce the occupancy of the strips and to minimise the capacitive load on the front end electronics,
keeping high the signal-to-noise ratio, it was decided to read-out sensors individually. This means
that the read-out electronics for the inner sensors in layer 4, 5 and 6 must be placed inside the
active area of the SVD. These reasons introduced some constraints for the read-out electronics: it
must have a short shaping time, must be radiation hard and its material budget should be as small
as possible. The chip that fulfils this requirements is the APV25 [6], which is tolerant to high
radiation doses (more than 100 MRad) and the combination of short shaping time (50 ns) and the
online pulse shape processing will keep the occupancies below the 1% level even under the severe
background conditions at the SuperKEKB design luminosity. APV25 chips to be used for the inner
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sensors have been thinned from the original 300 ym thickness down to 100 um and placed on top
of the sensors using the so called "Origami" chip-on-sensor concept [7] [8].

Figure 3: Structure of a layer 6 ladder. From bottom to top: carbon fiber ribs, peripheral sensors with hybrid
board attached and inner sensors, airex sheet, Origami flex circuits with APV25 chips on top.

The Origami is a three layer kapton hybrid circuit on which all APV25 read-out chips of one
sensor are placed and aligned. The Origami is then glued on the top side of the sensor, with a 1 mm
thick layer of Airex in between, to ensure electrical and thermal insulation. The sensor top side
strips will be connected to the APV25 chips through a planar flexible pitch adapter circuit, while
the bottom side strips will be routed to the other side of the sensor, toward the electronics, wrapping
two different pitch adapters around the sensor edge, above the top side wire bondings. Two carbon
fiber ribs are used as a support structure for the ladder. The structure of a layer 6 ladder (the longest
one in the SVD) is shown in Fig. 3. The alignment of APV25 chips on top of the Origami allows
the use of just one cooling channel, that consists of a 1.6 mm diameter pipe with CO, flowing
inside. This ensure efficient read-out electronics cooling keeping low the material budget, that is in
average 0.6% of a radiation length.

Figure 4: Pitch adapter wrapped from bottom to top side of an inner sensor, over the top side wire bondings,
to connect bottom side strips to the read-out electronics.

The analog outputs from the APV25 chips are transmitted to the Flash Analog-to-Digital
Converter (FADC). An FADC board receives up to 48 APV25 analog outputs and performs flash
analog- to-digital conversion with 31.8 MHz clock to obtain the digitised DSSD signals that are
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then decoded and processed on an FPGA, and propagated to a Finesse Transmitter Board (FTB).
The FTB sends the data to the COmmon Pipelined Platform for Electronics Read-out (COPPER),
which is a Belle II DAQ interface through an optical fiber. In the Belle II experiment, 48 FADC
boards and 48 FTBs will be installed. A full description of the read-out electronics can be found in
Ref. [9] [10] [11].

3. SVD performance

In April 2016 the SVD group, together with the PXD group, worked in a beam test at the
DESY facility in Hamburg (Germany) to evaluate the performance of the sensors. In this occasion
for the first time a slice of the VXD that included all layers was assembled and tested with an
electron beam of energy 2 <5 GeV and a solenoid magnetic field up to 1 T. The main tasks of the
beam test were to integrate PXD and SVD systems, to verify the full DAQ chain and to evaluate
sensors efficiency and resolution.

3.1 Sensors efficiency

For the efficiency study, the data sample was taken with electron beam of energy 5 GeV and a
magnetic field of 1 T. Only the four SVD layer data are used to evaluate the efficiency: once that
the layer under study is fixed, the other three layers are used as a reference, requiring one hit per
layer and fitting a track passing through all 3 reference layers. The fitted track is used to estimate
the position of the hit point on the fourth layer, then the number of hits within 300 um from the
estimated hit point is counted. The efficiency € is evaluated as the ratio between the number of
counted hits and the number of fitted tracks. In the following plots the inefficiency 7 is shown:

_ #hits
~ #tracks
Only tracks coming from high momentum particles are selected: 2 < pg; < 4 GeV. In the plots

n=1-¢ 3.1

of Fig. 5 the inefficiencies for a layer 4 sensor on both ¢ and z sides are shown. The efficiency is
above 99.5% in both directions. The same study was performed on the sensors of the other layers
and the efficiencies show similar results for both ¢ and z strip directions.
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Figure 5: Inefficiencies for layer 4 sensor on @-direction (a) and z-direction (b).
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3.2 Sensors resolution

For the resolution evaluation, in addition to the four SVD layers, also the 2 PXD layers and 6
layers of the EUDET telescope, three downstream and three upstream, are used, to avoid a biased
estimation of the resolution. So a total of twelve layers were traversed by particles. The tracks
used to evaluate the resolution are required to have at least 10 hits in the eleven layers used as a
reference. The residuals for the sensor under investigation is calculated as the difference between
the position of the extrapolated track and the hit on the sensor, on both ¢ and z directions. In Fig. 6
the residuals distributions for the layer 4 sensor are shown. The obtained resolution estimation is
compatible with the digital resolution: Ry;, = pitch/ 2V12.
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Figure 6: Resolutions for layer 4 sensor on phi-direction (a) and z-direction (b).

3.3 PXD Regions Of Interest (ROI)

Another important task of the DESY beam test was the verification of the data reduction sys-
tem for the read-out of the PXD. Due to the high instantaneous luminosity of SuperKEKB a very
high rate of events will be produced, that means for the PiXel Detector a huge amount of data to be
handled. A large fraction of data can be rejected by defining a set of Regions Of Interest (ROI) [12]
on the PXD sensors and then recording just the data from the pixels inside the ROIL. The ROlIs are
defined on an event by event basis by extrapolating back onto the PXD the charged tracks detected
in the SVD. The tracks are reconstructed in real time on the High Level Trigger (HLT) and the pixel
detector is then read out based on the ROI information. The beam test has shown that this method
is successful and that can be used as an effective method to reduce PXD data.

4. Conclusions

The Belle II VerteX Detector is now under construction. The assembly procedures, despite all
the challenges, are well defined and all SVD assembly sites have started ladder mass production.
Moreover, performance evaluation of the sensors in a beam test was done with excellent results
on the efficiency, that is higher than 99.5% for all sensors tested, and on the resolution, that is
comparable with the digital one. Given that the SVD assembly requires that two half-shells are
produced separately and then combined together, the assembly of the first shell can start before the
completion of all ladders, so the ladder mount for the first half-shell of the SVD is foreseen to start
in February 2017. The following important milestone will be the SVD commissioning, which is
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foreseen in October 2017. Finally the first physics runs with the full Belle II detector are foreseen
in fall 2018.
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