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A B S T R A C T

The Gigatracker is the NA62 beam tracker. It is made of three 63.1𝑚𝑚 × 29.3𝑚𝑚 stations of 300 μ𝑚 × 300 μ𝑚
hybrid silicon pixel detectors installed in vacuum (∼10−6 𝑚𝑏𝑎𝑟). The beam particles, flowing at 750𝑀𝐻𝑧, are
traced in 4-dimensions by mean of time-stamping pixels with a design resolution of 200 𝑝𝑠. This performance
has to be maintained despite the beam irradiation amounting to a yearly fluence of 2×1014 1MeV neq∕cm2. The
detector material minimization is paramount, as the detector faces the full beam. The station material budget
is reduced to 0.5%𝑋0 by using (HEP world first) micro-channels cooling. We will describe the detector design
and performances during the NA62 runs.

1. Introduction

The NA62 experiment. The NA62 experiment at CERN SPS started to
collect data in 2016 in order to settle the new precision limit of 10%
in the (𝐾+ → 𝜋+𝜈𝜈̄) measurement, pushing forward the experimental
test of the Standard Model (SM) prediction:

(𝐾+ → 𝜋+𝜈𝜈̄) = (8.4 ± 1) × 10−11

The experiment main strategy stands on the use of a decay-in-flight
technique to detect the daughter particles produced by the 𝐾+ decay in
the appointed 60m long decay region starting 102.4m downstream of a
40 cm long Beryllium target. The 400GeV primary beam extracted from
the SPS ring is set up for a more efficient detection and identification of
the Kaon’s decay products. The 75GeV secondary beam emerging from
the fixed target has a nominal rate of 750MHz and only 6% of it are 𝐾+.

∗ Corresponding author.
E-mail address: lfederic@cern.ch (L. Federici).

A detailed description of the NA62 experiment can be found in [1]. See
Fig. 1 for a schematic view of the NA62 experiment.

The detector role and experiment constraints. In the measurement of an
ultra-rare decay the main challenging aspect is to separate the signal
(the 𝐾+ → 𝜋+𝜈𝜈̄) from the backgrounds. In particular the resolution
on the detection of 𝐾+ → 𝜋+𝜋0 squared missing mass leads to strin-
gent conditions in the angular (𝑝𝑥,𝑦∕𝑝𝑧 = 16 μrad) and momentum
(𝛿𝑝∕𝑝 = 0.2%) resolution of the beam particles. The charged particles
beam goes through the three detector’s modules. Therefore the reduc-
tion of the inelastic scattering probability, by limiting the maximum
material budget the detector can expose to the beam, is mandatory. A
limit of 1.5%𝑋0 for the entire detector is required. Moreover, in order
to unambiguously associate a track with outcomes from other detectors,
the detector has to ensure a hit time resolution better than 200 ps. All
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Fig. 1. A schematic of the sub-detectors position in the NA62 experimental area. The Gigatracker is placed between the Cherenkov detector for the Kaon identification (KTAG)
and the detector for the particles produced by the inelastic scattering with the third GTK station (CHANTI), just before the beginning of the Kaon decay fiducial volume.

Fig. 2. A (X,Z) schematic of the three GTK stations installation configuration in the
experimental area. The particle direction is measured by the position detected in
the GTK1 and GTK3. The particle momentum, related to the vertical displacement
undergone in the magnet pairs, is obtained including the position measured on GTK2.

these constraints must be satisfied taking in consideration the expected
average particles rate of 750MHz (with fluctuations up to 1GHz and
a peak rate of 1.5MHz∕mm2 in the center of the detector area) and a
fluence of 2 × 1014 1MeV neq∕cm2 per average data taking period per
year (∼ 100 days). The Gigatracker (GTK) was designed and built to
fulfill this goal.

2. The Gigatracker

The GTK is the hybrid pixel silicon beam spectrometer of the NA62
experiment. It is made of three identical and independent stations
interleaved with two pairs of bending magnets (as shown in Fig. 2)
to measure the momentum of the particles passing through the three
sensitive parts of the detector. An individual GTK station is made of: a
detector module, an high and low voltage power supply, an interlock
module, a set of 10 DAQ boards and 2 DAQ PCs. In the following a
brief description of the detector modules components:

The GTK hybrid. The sensitive part of the detector is a 200 μm thick
(0.2%𝑋0) n-on-p Si sensor with an area of 27.0×60.8mm2. Its thickness
is the result of the trade-off between the requested material budget and
the endurance to radiation damages preserving at the same time the
capability to provide enough signal (15 × 103 e-h pairs) per incoming
75GeV∕c particle. During the data taking the sensor was polarized with
𝑉𝑏𝑖𝑎𝑠 = 100V.

The sensor is read out by 10 12 × 20.37 mm2 custom ASICs, the
TDCPix [2–6], built with the 130 nm IBM technology. Each TDCPix
(Fig. 4) is made of two separated areas: the analog 40×45 pixel matrix
(300 × 300 μm2 pixel size), bump bonded to the sensor (Fig. 3), where
the hit signals are digitized and the End-Of-Column (EOC) where a
time stamp is assigned to those signals before their serialization for the
transmission out of the chip. The signal generated at the pixel level is

Fig. 3. The 200 μm thick sensor is bump bonded to the 10 pixel matrices of the 2×5
TDCPixes configuration by mean of 1800 30 μm SnPb bump bonds to form the GTK
hybrid.

shipped via a dedicated transmission line to the EOC area where a time
stamp, evaluated on the hit signal leading and trailing edges, is assigned
to the hit by two Time to Digital Converters (TDC). The number of
required TDC channels is reduced multiplexing the 45 pixels of one
column into 9 groups of 5 pixels using an asynchronous multiplexer
circuit (hitArbiter) located in the EOC region. The time information is
delivered with a 100 ps binning. The hit pixel address together with its
assigned time stamp are encoded in a 48 bits word ready to be sent out
of the chip via one of the 4 3.2GHz serializers, each one serving a set of
10 pixels matrix columns. The TDCPix will operate in a high radiation
environment therefore a Triple Modular Redundancy (TMR) has been
implemented on the logic controlling the TDC data flow in order to
protect against Single Event Upset (SEU) effects. Before connecting to
the sensor, each TDCPix is thinned down to 100 μm (0.1%𝑋0) to fulfill
the material budget constrain. Since the power consumption per chip is
∼ 4W, mainly due to the EOC, an active cooling system is imperative.
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Fig. 4. The TDCPix is the custom ASIC realized to read out the Si Sensor of the
GTK. It is made of two separated areas: the 1800 pixels matrix (each pixel occupying
an area of 300 × 300 μm2) (13.63 × 12mm2, the top part in the figure) where the hit
signal is digitized and the End-Of-Column area (6.74 × 12mm2, the bottom part in the
figure) where the hit time is measured and the 48 bits output word is built. The TDCPix
contains 1800 front-end circuits including 1800 threshold trim DACs, 40 column DACs,
1800 transmission drivers/receivers/lines, 360 hitArbiters, 720 TDC channels with 20
DLLs, 4 read-out controllers, 4 serializers, 4 parallel output ports.

The GTK assembly. The GTK is the first detector in HEP to employ a
micro-channels (𝜇-channels) cooling plate [7] to control its temperature
while operating in the vacuum. The cooling plate is fabricated directly
in a Si wafer were the 150 200 × 70 μm2 𝜇-channels are etched. The
thickness in the area matching the detector acceptance is reduced to
210 μm (0.2%𝑋0). The cooling plate is glued to the GTK hybrid by mean
of the 3M 9461P100 tape and the liquid coolant 𝐶6𝐹14 flows at 3 g∕s
in the 𝜇-channels keeping the sensor and the front-end electronics at
−10◦𝐶 while fully operational (see the cooling side view of a complete
GTK module in Fig. 8).

Fig. 5. The GTK assembly Carrier PCB placed vertically. The bottom part, delimited by
the horizontal aluminum flange, stands out of the vacuum vessel and holds the power
and optical components while at the top, in vacuum, the countersink holds the GTK
assembly (not present in the picture) wire bonded to the board. The integrity of the
high speed signals (40 × 3.2GHz) on a such long distance is guaranteed by using the
ISOLA FR408 material for the PCB.

The GTK assembly carrier. The GTK assembly carrier is a 14 layers
PCB board fully integrated with a vacuum flange and aluminum frame
forming the only vacuum feedthrough of the module. The high speed
(3.2GHz) signals must be delivered from the TDCPixes, in vacuum, to
the optical links outside the vacuum vessel. In order to ensure their
integrity the PCB board is produced with the ISOLA FR408 epoxy lam-
inate and prepreg [8]. The GTK assembly is housed in the countersink,
a machined area in the vacuum side of the board (see Fig. 5), where
the GTK hybrid can be electrically connected via 1430 wire bonds with
75 μm pitch to the carrier PCB.

Fig. 6. (a) A standalone measurement of the time resolution is obtained comparing the hit time difference among the three stations for the same 𝐾+ event (between the station
1 and 2 in this example). The time resolution values obtained are: 𝛥𝑡𝐺𝑇𝐾1 = 132.0 ps, 𝛥𝑡𝐺𝑇𝐾2 = 127.1 ps, 𝛥𝑡𝐺𝑇𝐾3 = 129.2 ps. (b) The time resolution degrades over time due to the
charged particle fluence (0.26 × 1014 1MeV neq∕cm2 in the shown time period), but it is still better than then nominal specifications. The empty space in the middle of the dataset
represent the annual winter stop period when the installed three modules were stored at −21 ◦C.
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Fig. 7. The trend of the time resolution as function of the bias voltage applied to the
sensor measured at experiment conditions. The top lines are the trends of the individual
station while the bottom line is the time resolution obtained combining the individual
measurement on the three stations.

Fig. 8. A complete GTK module shown on the cooling system side. On the right (blue
caps) the inlet (bottom) and outlet (top) through which the coolant 𝐶6𝐹14 flows. The
coolant reaches the 𝜇-channels via the bent capillaries starting from two manifold and
connected to the cooling plate by four KOVAR connectors. The module is compact
and can be quickly (within one weekly machine development day) replaced when the
performance degradation due to the irradiation is too high (∼ 100 day of data taking
at the nominal intensity).

3. Performances

The standalone computation of the GTK time-stamp resolution, ob-
tained comparing the time-stamp differences among the three stations
for the same 𝐾+ event, leads to a time-resolution of ∼ 130 ns for each
station (Fig. 6(a)). This resolution increases over time reaching a value
lower than 160 ps after an average fluence of 0.26 × 1014 1MeV neq∕cm2

(Fig. 6(b)). In order to investigate the relationship between the time
resolution and the bias voltage applied to the sensor some measure-
ments were made in the range [100, 250]V with 50V step (the results
obtained are shown in Fig. 7).

4. Conclusions

The Gigatracker was designed to be the precise beam tracker of the
NA62 experiment since 2016, the first year of data taking. Its design
characteristics: 0.5%𝑋0 of material budget per module crossed by the
75GeV beam with a particle rate of 750MHz, a ∼ 130 ps pixel time
resolution measured on each of the three stations, a momentum and
angular resolution of respectively 0.2% and 16 μrad, allow the detection
of the first signal candidate in NA62 dataset collected in 2016 (See [9]
for details on the analysis criteria, event selection and reconstruction
strategies). Furthermore, because of the yearly high particle fluence
(2×1014 1MeV neq∕cm2), the detector was designed to be quickly (within
one SPS machine development day) replaceable in time before reaching
an unbearable performance degradation. The analysis of the NA62 data
collected during 2017 and 2018 is ongoing.
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