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The framework

• Low Gain Avalanche Diodes (LGADs) readout by dedicated front-end chips have become a workhorse 
for high resolution silicon timing detectors for charged particles 

• Typical resolution is 50 ps and can be improved with thinner sensors. 
• ALICE3 TOF combines large area, coarse pixel sizes and moderate event rate: perfect case for 

monolithic CMOS sensors with gain…which are not yet “off the shelf”! 
• Approach:  

• Study the timing performance of conventional LGADs with reduced active thickness 
• Develop CMOS sensors with internal gain
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Thinned LGAD: some results
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Abstract This paper presents the measurements on first very thin Ultra-Fast Silicon Detectors (UFSDs) produced by Fondazione
Bruno Kessler; the data have been collected in a beam test setup at the CERN PS, using beam with a momentum of 12 GeV/c.
UFSDs with a nominal thickness of 25 and 35 µm and an area of 1 × 1 mm2 have been considered, together with an additional
HPK 50-µm thick sensor, taken as reference. Their timing performances have been studied as a function of the applied voltage and
gain. A time resolution of about 25 ps and of 22 ps at a voltage of 120 and 240 V has been obtained for the 25 and 35 µm thick
UFSDs, respectively.

1 Introduction

The Ultra-Fast Silicon Detectors (UFSDs) [1] is a silicon detector developed to detect charged particles, based on Low Gain Avalanche
Diode (LGAD) technology [2] and improved to achieve excellent time resolution. The core of these detectors is a controlled gain
layer in addition to a standard n-on-p silicon detector, right below the n-p junction. Thanks to the moderate internal gain (between
10 and 70), the Signal-to-Noise ratio (S/N) is improved: for a 45-µm thick UFSD pixel and a gain of 20–30 a time resolution of
∼30 ps [3] in a beam test setup has been achieved.

Thanks to the excellent time resolution, this technology is already envisioned for the detector upgrades at the HL-LHC (both in
ATLAS [4] and CMS [5]) for 2026. However, new generation of compact experiments will require an even better time resolution
on a single layer, thus asking for improvements of the timing capabilities of such detectors. A thinner UFSD design may match
the requirements [1]. In this paper, UFSDs with a nominal thickness of 25 and 35 µm have been considered; their time resolutions
have been studied in a beam test setup at PS, CERN. Furthermore, a 50 µm thick detector, whose time resolution is known from the
literature, has been tested as well as a reference.

The paper is organized as follows: after a description of the detectors, the test beam setup and electronics in Sect. 2, in Sect. 3
the data analysis and the main results will be described.
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Fig. 8 Measured (full circle) and intrinsic (empty circle) time resolution from the beam test as a function of the a gain and b applied voltage for all the
UFSDs: FBK25, FBK35 and HPK50 for a CFD of 60, 20 and 50%, respectively. The errors for the measured time resolution are estimated to be around 10%
of the value; the error on the gain are estimated to be around the 10% of the value. The lines are to guide the eye

Fig. 9 Measured time resolution
for the chosen CFD as a function
of gain and drift electric field
(Edrift) for FBK25, FBK35 and
HPK50. Each line joins the
measurements of a given sensor;
the colors indicate a give time
resolution interval

Table 2 Time resolution for
FBK25, FBK35 and HPK50 for a
given voltage (or gain) obtained in
a beam test setup at room
temperature

Voltage applied Gain Time resolution

FBK25 120 V 57 ± 4 (25 ± 3) ps

FBK35 240 V 49 ± 5 (22 ± 2) ps

HPK50 245 V 61 ± 3 (34 ± 3) ps

A time resolution of ∼34 ps has been measured for the HPK50, which confirms previous results [3, 8]. As expected, a better
time resolution has been reached with the two thinner UFSDs due to a smaller Landau term. However, the measurements of the
two samples FBK25 and FBK35, although compatible within the uncertainties, have a trend towards better results for FBK35 w.r.t.
FBK25. The behaviour of the FBK25 can be due to several reasons, including a worse S/N ratio (due also to the higher noise RMS,
see Fig. 3) and a bulk doping not optimized for timing measurements. Future production of thin sensors with almost intrinsic doping
of the substrate are foreseen. On the other side, the time resolution for the FBK35 showed results in agreement with the expectation;
the measured time resolution can be compared with the one obtained in [12] of 25.6 ps for the same thickness.

A summary plot of time resolution as a function of both gain and drift electric field is reported in Fig. 9 for the UFSDs tested. As
expected [13], it indicates that to obtain a good time resolution a combination of both gain and drift electric field is necessary.

In Table 2 the best time resolutions reached for the three detectors tested are summarized.
Finally the results have been also compared with simulation. In Fig. 10 the measured time resolution obtained for all the LGADs

is reported as a function of (a) gain and (b) applied voltage and compared with the one obtained from simulation, using WeightField2.
The timing capabilities were evaluated applying the CFD method, using the same threshold adopted for the measured data. The time
resolution of the different LGAD has been calculated by choosing the parameters of the simulation in order to reproduce the signal
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CMOS LGADs: the approach

• Try to exploit available opportunities and optimise resources 
• Add gain layers and process splits to the already funded ARCADIA mask-set 
• Optimise sensor performance by changing only relevant parameters (short loops) 
• Be fully compatible with a (very) standard CMOS process 
• First iterations on already purchased wafers: thicker substrates, not fully optimised for 

timing, but good enough to tune the full machinery

Manuel Rolo [INFN] MAPS detectors technologies  for the FCC-ee vertex detector , July 1st 2024, CERN4

ARCADIA Technology demonstrators
ARCADIA-MD3 Main Demonstrator (512 x 512 pixels) 

MAPS and test structures for PSI (CH) 

MATISSE Low Power (ULP front-end for space instruments) 

pixel and strip test structures down to 10µm pitch 

ASTRA 64-channel mixed signal ASIC for Si-Strip readout 

32-channel monolithic strip and fully-functional readout electronics 

(ER2) HERMES: small-scale demonstrator for fast timing 

(ER3) Small-scale demonstrator of a X-ray multi-photon counter  

(ER3) Wafer splits with timing layer, new R&D towards <<50 ps timing 

performance: test structures and  

(ER3) MADPIX: multi-pixel active demonstrator chip for fast timing

Manuel Rolo [INFN] VERTEX 2023, 16-20 October 2023Recent results from the ARCADIA project16

ARCADIA FD-MAPS: Status and Perspectives

ARCADIA: CMOS sensor design and fabrication platform on LF11is technology 

Sensor R&D and Technology, CMOS IP Design and Chip Integration, Data Acquisition  

MD3: system-grade full-chip FDMAPS for Medical (pCT), Future Leptonic Colliders and Space Instruments 

Scalable FDMAPS architecture with very low-power: 10 mW/cm2 

Fully-depleted monolithic active micro strips with fully-functional embedded readout electronics 

Ongoing R&D for the implementation of monolithic CMOS sensors with gain layer for fast timing 

Custom BSI process allow to develop fully-depleted thick sensors (up to 400μm) for soft X-ray imaging
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CMOS LGADs: the concept

• Addition of a simple gain layer and patterned termination structures 
• The deep-pwell separates the pixels and host the front-end electronics 
• HV on the top: AC coupling to the front-end 
• Both active and passive test structures
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CMOS LGADs: some details
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CMOS LGADs: passive test structures

• Probe station testing 
• External preamp
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We have gain!

• In first short loop gain was 2.5x: gain layer to be optimised 
• So far between 5 and 15, depending on the split  
• Much better matching with simulations 

https://indico.cern.ch/event/1415726/contributions/6144007/attachments/2942716/5170665/
Pancheri_ALICE_UpgradeWeek_8Oct2024_v2.pdf - L. Pancheri

https://indico.cern.ch/event/1415726/contributions/6144007/attachments/2942716/5170665/Pancheri_ALICE_UpgradeWeek_8Oct2024_v2.pdf
https://indico.cern.ch/event/1415726/contributions/6144007/attachments/2942716/5170665/Pancheri_ALICE_UpgradeWeek_8Oct2024_v2.pdf
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We have gain!
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The effect of the top voltage
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CMOS LGADs with front-end: first 
concept
� Cascoded common source ڷ differential buffer ٢1ِ2V٣
� FE AC cȒɖȵǼed with sensor
� Powerז׏ِ׎ يȅWٖch

0DG3L[ EOHFWURQLFV
� Source follower ٢3ِ3V٣
� AC coupled with FE
� Power1ِ65 يmWٖch

S. DXUDQGR

8A/,CE 3 DD\V  -- 8PEHUWR )ROOR - *LXOLD *LRDFKLQ 

,QWURGXFWLRQ DHVLJQ CKLS CKDUDFWHUL]DWLRQ CRQFOXVLRQV

0DG3L[ /D\RXW

3.3V buffer outٮpixel

1.2V FE ƺǼƺcɎȸȒȇǣcɀ ǣȇٮȵǣɴƺǼ

8x8 pixels in one matrix

 m pixel, non optimal forۍm x 100ۍ250
timing ٢Distortion term٣ but crucial in this 
RۭD phase

Bigger pixels can be implemented 
in dedicated run

9A/,CE 3 DD\V  -- 8PEHUWR )ROOR - *LXOLD *LRDFKLQ 

,QWURGXFWLRQ DHVLJQ CKLS CKDUDFWHUL]DWLRQ CRQFOXVLRQV

� Cascoded common source ڷ differential buffer ٢1ِ2V٣
� FE AC cȒɖȵǼed with sensor
� Powerז׏ِ׎ يȅWٖch

0DG3L[ EOHFWURQLFV
� Source follower ٢3ِ3V٣
� AC coupled with FE
� Power1ِ65 يmWٖch

S. DXUDQGR

8A/,CE 3 DD\V  -- 8PEHUWR )ROOR - *LXOLD *LRDFKLQ 

,QWURGXFWLRQ DHVLJQ CKLS CKDUDFWHUL]DWLRQ CRQFOXVLRQV

• Front-end included in the 
pixel 

• Similar to FE for standard 
LGAD 

• Limit on RX coverage to be 
relaxed in dedicated runs
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CMOS LGADs with front-end: ASIC

2024 JINST 19 P07033
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A�������: In this paper we report on a set of characterisations carried out on the first monolithic
LGAD prototype integrated in a customised 110 nm CMOS process having a depleted active volume
thickness of 48 �m. This prototype is formed by a pixel array where each pixel has a total size of
100 �m ⇥ 250 �m and includes a high-speed front-end amplifier. After describing the sensor and
the electronics architecture, both laboratory and in-beam measurements are reported and described.
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2.3 Chip layout

MadPix is 16.4 ⇥ 4.4 mm2 in size and includes two symmetrical adjacent regions: top and bottom.
Each one has four matrices composed by 64 pixels divided in 8 rows and 8 columns and the layout
is shown in figure 3.

Due to size constraint, the chip is designed with only 64 analogue outputs per each region, hence
the Vout (figure 2) of four 3.3 V buffers, one for each matrix, shares the same output pad, i.e. the output
buffers are multiplexed in groups of four. The pixel size is 100 ⇥ 250 �m2, while the 1.2 V front-end
electronics is placed in a 8 ⇥ 250 �m2 deep-p-well implemented in the long side dividing two adjacent
pixels. Moreover, the 3.3 V source follower buffers are placed outside the matrices and inside the
external guard-ring, an important element surrounding each matrix that, polarized to a positive voltage
below 10 V, collects the electrons generated in the chip periphery, thus maintaining a low dark current
in the pixels. The ratio between the collecting electrode area and the total pixel area is around 67%.
For timing measurement this ratio has to be as high as possible in order to minimise the distortion
contribution to the time resolution [15]. However, the density rule of the process did not allow the use of
larger pixels for this specific run. Still, the technology is compatible with bigger collection electrodes.

The four matrices are labeled A1_a, A2_a, A1_b and A2_b. The A1 and A2 labels distinguish
the two layout flavour described in section 2. Instead, the letters a or b represent two different layouts
of the coupling capacitor. Indeed, the library element supplied by the foundry is guaranteed to work
up to 30 V while the top electrode needs to be polarized up to 50 V to achieve the target value of
the gain. Therefore, a full custom capacitor (layout b) was designed with a larger gap between the
plates to avoid breakdown discharge. Only the A1_a and A2_a flavors were characterised because
no breakdown was observed with the standard capacitor up to 50 V.

As for the readout, two different configurations are possible: a single matrix or a quadruplet pixel
readout. The former is active if a matrix Enable signal is high, then all the pixels of a matrix are
linked to the 64 analogue outputs, and the lines can be read in parallel. The latter enters into operation
when all the Enable are low; with this configuration only four adjacent pixels of a matrix are selected
through a shift-register and read out. The remaining pixels are switched off.

Figure 3. Chip layout on the top and dice micrograph on the bottom.

– 5 –
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CMOS LGADs with front-end: results 
from first short loop

2024 JINST 19 P07033
In figure 12(b) the time resolution measured on A1 and A2 structures, both with +top = 45 V, is

compared showing a slightly better performance for the A1 version. This effect could be attributed to
the different sensor layout and the increased multiplication volume in the A1. The best time resolution
extracted with a fixed threshold combined with the time walk correction is 234 ± 6 ps for the A1 and
244 ± 6 ps for the A2, both achieved with a threshold of 6 mV.

The errors at 30 V in figure 12 are evaluated considering the standard deviation of the time
resolution of four different pixels of the same structure. Then the relative uncertainty is employed
to assign an error to the 45 V results.

(a) (b)

Figure 12. Time resolution as a function of the applied threshold for an A2 structure at two different +top
voltages (a). Time resolution at +top = 45 V for the two structures A1 and A2 (b). The +back is set at �30 V.

5 Investigations on gain profiles
To better understand the time resolution performance of MadPix and how it was affected by the gain
of the structure, we carried out further experimental and numerical analyses focusing on the gain
layer. In figure 13, several measurements of the charge collection dynamics, performed with a near-IR
laser setup on test structures with and without (the reference) gain implant, are reported. Dividing the
charge obtained in devices with gain by the one acquired by the reference structure, a multiplication
factor of about 2.5 was obtained. Moreover, this plot shows that the collected charge is just slightly
increasing with the top voltage, thus providing further indication of low gain.

In order to investigate the properties of the gain layer in the ARCADIA third run, we designed a
numerical study based on a 2D TCAD (Technology Computer-Aided Design) framework. Since from
the capacitance variation as a function of the applied bias voltage it is generally possible to extract
useful information about the multiplication implant of an LGAD diode, we proceeded to use the ⇠ (+)
characteristics as a benchmark tool to validate our gain calculations. The first check that has been
performed is the simulation of the lateral capacitance as a function of the top bias in a 250 ⇥ 250 �m2

pitch test-structure with layout A1. Unlike in standard LGADs, we cannot infer any detail about the
gain layer through a ⇠ (+) obtained with a bias scan performed at the bottom. This occurs because the
p+ region on the chip backside extends throughout the whole device, and the evolution of the space
charge region with bias is inadequate for probing the gain layer depletion alone. For such reason, both

– 13 –
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Figure 8. Electronic jitter extracted from circuit simulations (blue) and time resolution from experimental laser
measurements (red), acquired with +back = �30 V and +top = 40 V.

4.1 Setup

The last step to complete the characterisation of MadPix is the measurement of the time resolution.
The test beam campaign was carried out at the Proton Synchrotron at CERN (T10 beamline) in October
2023, where a beam composed by a mixture of proton and pions with a momentum of 10 GeV/c was
provided. The sensors were arranged on moving stages with micrometric precision and the telescope
was placed in a dark box kept at room temperature. The telescope was made of two planes: the
Device-Under-Test (DUT) and a 1 ⇥ 1 mm2 LGAD manufactured by FBK [16] with a thickness of
35 �m, employed as trigger plane. The outputs of three adjacent pixels of MadPix were read out and
acquired together with the LGAD output. In particular, a LeCroy WaveRunner 9404M-MS oscilloscope
with 20 GS/s sampling rate, 4 GHz of analogue bandwidth and 8-bit vertical resolution was used.
Since only four signals could be recorded simultaneously, only the data of three adjacent pixels were
acquired and the last channel of the oscilloscope was used for the reference trigger. Specifically, the
data acquisition was performed triggering on the coincidence of one pixel of MadPix and the LGAD.

4.2 Collected charge

Owing to the sampling of the full analogue waveform, the collected charge distribution could be
extrapolated and the results are reported in figure 9. In these plots, the charge is evaluated as
the maximum amplitude of the analogue signal divided by the electronics gain extracted through
post-layout simulations and the distributions are fitted with a convolution of a Landau and a Gaussian
functions. In figure 9(a) the charge distributions of the A2 structure are plotted for different collection
electrode voltages, i.e. 30 V and 45 V. As can be observed, by increasing the voltage, the MPV of the
distribution increases by a factor ⇠ 2.2, which confirms the activation of the gain, in agreement with
the laser measurements. Figure 9(b) illustrates the comparison between the structures A1 and A2 at
the same bias voltage on the collection electrode, which was set at 45 V. The small difference in the
MPVs could be explained by minor fluctuations in the gain of the electronics, while the mismatch in

– 10 –

MIP

• Gain: 2.5x 
• Estimated jitter for 1 MIP with laser: 130 ps 
• Obtained resolution in beam test with nominal parameters significantly worse: 

sensor-related effect
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CMOS LGADs: matching simulation 
and measurements

6LPXODWLRQ PDWFKLQJ

16A/,C( 3 DD\V  -- 8PEHUWR )ROOR - *LXOLD *LRDFKLQ 

FǣȸɀɎ ȵȸȒƳɖcɎǣȒȇي 
sensor gain דِא ۂ

Tǣȅƺ ȸƺɀȒǼɖɎǣȒȇ 
ȅǣɀȅaɎcǝ Ȓǔ ۏד׏ۃ

Test beam dataي 
TOP ׏ה ڽٮV
BACK ד׏ٮ ڽٮV

Simulationي 
TOP דג ڽٮV

BACK ׎ג ڽٮV

More precise 
comparison after 
neɴt test beam 

with FIB sensors

MȒȇɎƺCaȸǼȒ simulation 
of the sensor

TȸaȇɀǣƺȇɎ ȇȒǣɀƺ 
simulation of the 

electronics

CȒȅȵaȸǣɀȒȇ of 
simulation results and  

eɴperimental data

ȵɀ׎ב׏

,QWURGXFWLRQ DHVLJQ CKLS CKDUDFWHUL]DWLRQ CRQFOXVLRQV

OȇǼɵ ǔȒȸ ǣȇɎƺȸȇaǼ ɖɀƺ OȇǼɵ ǔȒȸ ǣȇɎƺȸȇaǼ ɖɀƺ

• Different set of experimental parameters to match simulated results
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CMOS LGADs: FIB)RFXVHG ,RQ BHDP
FloaɎing gɖaȸd ȸing Ɏo be ɀhoȸɎed

17A/,C( 3 'D\V  -- 8PEHUWR )ROOR - *LXOLD *LRDFKLQ 
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• Backside current reduced by two order of 
magnitudes with FIB 

• FiB done at National Institute for Metrology 
Research (INRiM) in Torino
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CMOS LGADs with front-end: new 
short loop with higher gain

)H55 Ê 1HZ SURGXFWLRQ
FiȸɀɎ eɀɎiȅaɎiȒȇ Ȓf gaiȇ ɖɀiȇg a ȇȒȇ cȒǼǼiȅaɎed ȸadiaɎiȒȇ ɀȒɖȸce Ȓf Feדד

19A/,C( 3 'D\V  -- 8PEHUWR )ROOR - *LXOLD *LRDFKLQ 

PȸeǼiȅiȇaȸɵ ȸeɀɖǼɎɀ
VɎȒȵ V׎ה ڻ
Vback Vדאٮ ڻ

VɎȒȵ V׎ה ڻ
Vback Vדאٮ ڻ

AȅȵǼiɎɖde diɀɎȸibɖɎiȒȇ 
iȇ ȸeɀȵȒȇɀe ɎȒ Feדד

SɖȵeȸȵȒɀiɎiȒȇ Ȓf 𝐾ఈ aȇd 𝐾ஒ

FiɀɎ gaiȇ eɀɎiȅaɎiȒȇ

𝐺𝑎݅݊ ൌ  
𝑃݁𝑎݇ ሾ𝑉/݁ሿ

𝐸݈݁ܿݏܿ݅݊݋ݎݐ௚௔௜௡ሾ𝑉/݁ሿ

FȸȒȅ eǼecɎȸȒȇicɀ 
ɀiȅɖǼaɎiȒȇɀ 
ȅaɎched ɯiɎh daɎa

PȸeǼiȅiȇaȸɵ ȸeɀɖǼɎɀ

,QWURGXFWLRQ 'HVLJQ CKLS CKDUDFWHUL]DWLRQ CRQFOXVLRQV

https://indico.cern.ch/event/1415726/contributions/6144014/attachments/2942873/5170961/
Presentazione_Upgradeweek.pdf  - U. Follo.

https://indico.cern.ch/event/1415726/contributions/6144014/attachments/2942873/5170961/Presentazione_Upgradeweek.pdf
https://indico.cern.ch/event/1415726/contributions/6144014/attachments/2942873/5170961/Presentazione_Upgradeweek.pdf


How much resolution could we get now…

• Beware of border effect!



…and in the next short loops?

• Beware of border effect!
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1. ARCADIA Sensor Design
Fully-Depleted MAPS for Timing

Standard 110 nm CMOS process 
at LFoundry

development of
fully-depleted MAPS

ALICE3 TOF detector:
► high-resolution tracking
► particle ID with low pT ⇒ "t ∼ 20 ps

50-µm-thick

25-µm-thick

15-µm-thick

MC simulation

20 ps

NOT optim
ized sim

ulations

CMOS-LGAD

Add-on p-gain implant (gain 
target: 10 – 30)



Back to May 23…

Introduction Laser Probe Station HERMES Conclusions

Signals - Laser Spot in the Pixel Center

• Vtop = 40 V
• Vback = 160 V
• VNgr = 8 V
• flaser = 100 Hz
• Signal Amplitude = 120 µA

Stefano Durando 7 / 13
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• L. Pancheri, S. Durando

Introduction Laser Probe Station HERMES Conclusions

Signals - Effects of the Top Bias

• Itop

· Vtop = 46 V ! 400 pA
· Vtop = 13 V ! 200 pA

• Vback = 160 V
• Iback = 170 µA
• VNgr = 8 V
• flaser = 31 Hz

Stefano Durando 4 / 13

Introduction Laser Probe Station HERMES Conclusions

Constraints:

• Front-side illumination (backside litography)
• Metal on the PADs area: only edges illumination
• ARCADIA PAD 500 have metal fillers

no Gain = 1 reference ! No Gain Measurements1

First Preliminary results:

• Vtop limited by the early increase of the top pad current
(n+ to nguardring)

· Simulations show the phenomenon increases
with the sensor thickness!
It should be lower for a 50 µm thin structure

• Signals acquired with 1 structure:
Wafer 5 - 250 A1 (W5_250_A1A2_A1)

·Rising time ' 1 ÷ 1.5 ns
·Signal duration ' 6 ns
·Increasing Vtop the signal amplitude increases

• These results match with the simulations

250 A1 - Layout

250 A1 - Gain Layer

"
Laser

HVn+ > 0

HVBackside < 0

Signals - Effects of the Top Bias
Wafer 5 - 250 A1

TCAD
L. Pancheri

190Sr source available, still, limited by the noisy set-up and short time

Stefano Durando 3 / 13

• First delivered structure are the 200 um thick option: worse 
set for timing! 

• 50 um thick structure expected soon



Next steps

• We have CMOS sensors with embedded front-end and gain 
• A very good progress in a relatively short time  
• Test beam (October 24) and simulations activities to match measurements 

and simulations 
• One short loop with thin active area (first or second quarter 2025) to further 

improve the time resolution by using thinner active substrate 
• Full sensor optimisation and ultimate time resolution can not be achieved 

without a full set of dedicated masks 
• This will be the last short loop which makes sense with the ARCADIA mask-

set 
• After that we need to move to dedicated engineering run



Next engineering runs: ER1

• Larger test chips contains all what is needed in the final version (including 
testability:-)) 

• Unit must be uniformly repeatable in view of the final sensor 
• Pixel size defined to optimise timing 
• Keep the matrix as simple as possibile and the periphery versatile 
• Large chips can accommodate a reasonable (2-3) number of different flavours

Matrix

Periphery Periphery

Matrix



Next engineering runs: ER2

• Final, full-reticle sensor design 
• Only one sensor and electronics option 
• Assembled with mostly already silicon proven blocks 
• Pre-production run

Matrix

Periphery



Next engineering runs: ER3

• It might not be needed, but HAS TO BE IN THE BUDGET! 
• Things could be also fixed in “short-loops” 
• Stitching?

Periphery



Stitching?

• 24 cm x 24 cm, 2,7 Trilions transistors, stiched processor for AI in 7 nm… 
• Cost is accordingly…

https://cerebras.ai/product-chip/



Outlook

• We have CMOS LGADs with gain! 
• Development done at very low-cost so far… 
• …but there is a minimum threshold you can not go below! 
• Next imminent steps: beam test, simulation tuning, final short loop 
• In the next months: consolidate design, mechanics/integration, 

read-out teams…i.e. the full project! 
• The less is done, but let’s be optimistic and carry on!


