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Understand nucleon properties like mass and spin emerging from their partonic structure.

Behavior of sea quarks and gluons, and their spins, distributed in space and momentum

inside the nucleon.

Study mechanism through which quark-gluon interactions give rise to nuclear binding.

Investigating saturation point for the density of gluons in nuclei at high energies.
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Detector Aim: Large rapidity (-4 < n < 4) coverage;
and far beyond in far-forward/far-backward detector regions

Fig:Electron Proton lon Collider representation.

Ref: Annu. Rev. Nucl. Part. Sci. 55, no. 1 (2005): 165-228

https://www.bnl.gov/eic/machine.php
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Fig: Large-scale particle accelerator facility under
construction at Brookhaven National Laboratory (BNL),

New York, USA.




Understand nucleon properties like mass and spin emerging from their partonic structure

Behavior of sea quarks and gluons, and their spins, distributed in space and momentum
inside the nucleon

Study mechanism through which quark-gluon interactions give rise to nuclear binding

Investigating saturation point for the density of gluons in nuclei at high energies

Electron = Deep Virtual
ndcap ‘ ‘

Hadron ) =T Electro-n Compton Scattering
(DVCS)

Fig:Electron Proton lon Collider representation.

Detector Aim: Large rapidity (-4 <n <4)
coverage;

and far beyond in far-forward/far-
backward detector regions
Far-Forward: ~37 mrad === D\yCS studies
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New York, USA.




_ential for exclusive processes

Off-Monetum detector Roman Pots
(2 stations)
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AC-LGADs

« Aim is to identify and characterize
exclusive, diffractive, and tagged
, events using detectors integrated with
Roman Pots desigr _ _
details the outgoing hadron beamline, (far-
forward detectors).
» Scattered angle < 5 mrad
« To be placed directly in vacuum around
the hadron beam to detect intact
hadrons with transverse momenta
down to a couple hundred MeVs.
Essential Features:

» Obtain a position resolution of < 50 ym.
« Time resolution ~ 30 ps to account for

head on collision between the electron
and proton beam.
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Fig: (a) Roman pots at far-forward
angles in the beamline, (b) Deep
Virtual Compton Scattering (DVCS)
process.




Design & performance characterization of EICROC2 (32x32) chip intended to
readout large surface pixelated AC-LGAD (Simultaneous time and spatial study)

» Design challenge is to fit all the components within a 0.5x0.5 mm? pad.

« Goal to accommodate for low sensor capacitance (< 1 pF), low electronic noise
(~ 1 mV/channel) and jitter to reach the required timing resolutions (20-30 ps),
sensitivity to small charges (~ 3 fC) per pixel, and to estimate the amplitude of
the central hit pixel for time-walk correction but also of its neighbors (containing
the induced cross-talk and charge sharing).

* Achieve good position resolution (< 50 microns) while ensuring a very low
power dissipation, << 1 m\W/channel.

« Cooling mechanism in vacuum: studies being performed @ IJCLab.

« EICROCO: 1t ASIC prototype has 16 channels
Design Credit for ASIC Development: @ OMEGA withTDC @ CEA/Irfu/DEDIP, ADC @ AGH Krakow.



totype (4x4 pads)

~ Fig.: EICROCO Testboard setup. EICROCO chip
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* An analogical fast Transimpedance (TZ) pre-amplifier and a discriminator taken from ALTIROC ASIC design
(ATLAS/HGTD,).

« 10-bit Time-to-Digital Converter (TDC) measuring the Time-of-Arrival (ToA), designed by CEA/Irfu/DEDIP.

 8-bit (40 MHz) Analogical-to-Digital Converter (ADC), designed and adapted by AGH University of Science and
Technology (Krakow, Poland) from the HGCROC 10 bit ADC.

« Compared to the ALTIROC chip, holding 2 TDCs, one to measure the TOA and the second one associated to the
Time-over-Threshold, an ADC has been preferred to measure the signal amplitude to avoid nonlinear behavior of a
ToT TDC as a function of injected charge.

* |2C communication (firmware + software developments)

1 channel (1 pixel) schematics

+ Digital readout: FIFO depth 8(200ns) Analog Prob Digital Probe
output

output
5 slow control bytes per pixel: I
> 6 bits local threshold pre Ampier TDC_fTime ot Arrval{ToA)
» 6 bits ADC pedestal,

Discriminator
n.... ‘ Yﬂ_
> 16 TDC calibration bits, ' |

» several on/off and probes. ~AC-LGAD
pixelated sensor
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1. Charge injection system, referred as CMD ~0.4fC /1 DACu w0l® =
. 25 — N
Pulse signal (0.7-25 fC). Lo ] *s
2. Digital output data consist of 8 time o ™ 3 20- "
samples; 2 15- .. = %o "'-.'.o'.'-..
[TDC, ADC, Hit bit] / time sample for each of & _| , i h g ¢
the 16 channels. o . . . .
. .. . . 5 s 5 10 15 20
3. Discriminator  threshold  correction is L° Charge (C)
performed by measuring S-curve, ie., o' At231C.0 ~10 ps
efficiency as a function of threshold. DACu
4. TDC calibration performed Fig.: Internal Injected charge calibration. Fig.: Jitter study as a function of charge.
) . . ) ] S-Curves of all channels
5. TDC is characterized by measuring average i/ g :
time and jitter as a function of injected e
80 After =3 HTANN
charge. _ fittin 3 AN
6. Determination of minimum detectable 3 ., oi 9, E NN\
charge (plotting efficiency as a function of ¢ oise Ny 7 \
charge) ;o) level IR
7. ADC waveforms studied with pedestal olgt;ufréed o . -
subtraction. ' ————
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Fig.. ADC waveform studies for

Fig.: Discriminator threshold optimization.
different charge injected.



_ Measurements

Fig.: Beta Source Setup. (a) Source placed on the stand with a hole on top of the sensor as shown in (b)
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Fig.: Different Sensor Boards present @IlJCLab for testing, (a) BNL FlipChip (FC), (b) BNL Wire-Bonded (WB), and (c) HPK WB
@KEK.
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