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v, interacting spectrum, ®xE/GeV (a.u.)

Introduction

The existing collider detectors (e.g. ATLAS) were designed to find strongly interacting heavy particles
SUSY, top, Higgs, ...
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There is a rich and unexplored physics program in the far forward direction!



The FASER Experiment

charged particles (p<7 TeV) o\ ~5 m
e
W\ v
S e (Tino, dark photon > FASER
LHC magnets < > N
(@) < > “

o Large Hadron Collider (LHC): 27 km ring collider, 13.6 TeV proton-proton collisions
o Energetic particles (m, K, D, etc) produced in the far-forward direction of the collisions

« FASER(ForwArd Search ExpeRiment) is a new experiment at the LHC
to search for long-lived BSM particles (dark photon, axion-like-particles (ALPs))
and study TeV neutrinos



FAS E R DeteCtO r arXiv:2207.11427
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preshower (particle ID)


https://arxiv.org/abs/2207.11427

Results from FASER

A. Ariga, Moriond EW 2024

SM

* Neutrino candidates with Run2 data ~70 fb-! collected in 2022-2023
Summer 2021

* 10.1103/PhysRevD.104.L.091101

« Neutrino detection with electronic ——

detectors with 2022 data, Morlond BSM
2023

» Dark photon with 2022 data, [I¥EE
- 10.1103/PhysRevlett.131.031801 & P Moriond 2023 + Updates

. 10.1016/j.physletb.2023.138378

* First v,, v, cross sections with

emulsion detector » Axion-Like-Particles (ALPs) wit
+ 10.48550/arXiv.2403.12520 Az} 2022, 2023 data

* Preliminary result

Conf note: CERN-FASER-CONF-2024-001
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- Ahigh energy deposit in the electromagnetic (EM)

ALP Coupling g

107 = =
: 5 calorimeter (> 1.5 TeV in calorimeter selected)
l = TS o Expecting 0.42 * 0.38 from v CC interactions
U e : in pre-shower station
: ‘ |« Observed 1 event after unblinding
107° ' '
10° :
ALPs coupling to mMevi o Probing new parameter space of the ALPs Model

SU(2)L gauge bosons
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Desired Detection Capabilities

Upgraded
VETO  Decay Volume Tracker pre-shower  Calorimeter
Signal: decays o
into 2 photons  ==---
(0.1-5 TeV)

bbbzl bs b
FASER L,,; = 3 ab~!

y
fine X-Y granularity, Z
high dynamic range
—— FASER L;,; = 90 fb~!

et m | @ Resolve diphoton events by upgraded

---------- E, > 200 GeV - 6., > 300 pum

..... pre-shower calorimeter with high X-Y
R granularity

X

Ideal detector,
— =90 fb-1

- Improve v BG suppression in the
search for ALPs

o The updated detector could also
Realistic efficiencies, 190 b improve the search for dark-photons
el oy 20w (A’ — e*e-) or similar final states

10°
m, [GeV]



New Pre-shower Calorimeter

e 6 detector planes + 2 scintillators

- Each plane: tungsten absorber + monolithic SiGe pixel sensors
e Project approved by CERN: CERN-LHCC-2022-006

o Targeting installation in December 2024
- Data taking during last year of LHC Run 3 and HL-LHC

-
o
o

Detector plane

~
(6)]

(o))
o

Conversion probability [%]

o


https://cds.cern.ch/record/2803084?ln=en

Detector Module

6 planes in total (silicon detector + tungsten plate) 6 ASICs per module, 208x128 pixels each

Wire bond
protection cap

Module flex
Glue interface

Asics

Thermal glue

Aluminum base
plate

Thermal interface
sheet

12 modules per plane, on cooling plate



Simulation: Diphoton Signature
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Simulation: Diphoton Signature
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Simulation: Diphoton Signature
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Simulation: Energy Resolution
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Sensor

 Monolithic active pixel sensor (MAPS)
130 nm SiGe BiCMOS technology (SG13G2 by IHP mlcroelectronlcs)

o ~130 um thick, high-resistivity (220 Q *+ cm) substrate
o Hexagonal pixels integrated as triple wells; 80 fF pixel capacitance

= 2 Discriminator £
i Tmemory  RES
= control ==

o High dynamic range for charge measurement (0.5 - 65 fC)
o Ultra fast readout, local analog memories to store the charge in pixel

Main specifications

pmos nmos

\ l .‘/HBT

Pixel Size 65 um side (hexagonal)
Pixel dynamic range 0.5+65fC

Cluster size O(1000) pixels
Readout time < 200 pus

Power consuption < 150 mW/cm?

Time resolution < 300 ps 15



P re- p rOd U CtiOn AS I C More details: C. Magliocca (TREDI2024)

o Wafers received in June 2022, tested in the laboratory

- 3 super columns (13 SCs on a production chip)

e |-V characteristic o Tests with 109Cd source

measured at a
probe station

- Extract gain and ENC
from S-curves fitted to the
threshold scan results

5o Front-end mismatch in pre-production prototype 100 — Front-end mismatch in production ASIC
= Q=2
50.0 ( 90.0 . ;
| . Pre-production s grgductlon T o
e = N 40.0 I Cadence spectre simulation . e ALENCE.SPECLLE SUMUALION
o w 35.0 “
g £ 60.0
£ 30.0
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pre-production chip - To be improved in the production chip 16

from amplitier response increasing the size of the preamplifier transistors


https://agenda.infn.it/event/39042/contributions/221969/attachments/116338/167645/TREDI2024_Magliocca.pdf

Module assembly tools

Production

First wafer with functional chips Active patch panel testing

Adapter board (A version) FPGA board

&G, UNIVERSITE

gf: DE GENEVE

Loopback testing board Module pigtail

o Received post-processed wafers (final chip) in May 2024

Wire bond
protection cap

e Module assembly procedure is finalized o

Glue interface
Asics

e Detector assembly and surface commissioning is planned
at CERN Experimental Hall North 1 (EHN1)

plate

Thermal interface
sheet




Summary

e FASER is taking data in the very forward region of the LHC from 2022

e New ALPs limits
- Observed 1 eventin 57.7 tb-1, expecting 0.42 = 0.38 from v CC interactions in pre-shower

e Anew pre-shower detector will enable multi-y tagging and resolve very collimated
photon pairs

e Pre-production ASIC extensively tested
o Received post-processed wafers
o Targeting installation in December 2024

18
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September 2022: CERN SPS Test Beam (20-150 GeV e-)
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Stefano Zambito | Université de Geneve



o ogeo FPF White Paper (2022/3)
FO r'wa rd PhySICS FaCI llty (FPF) http://arxiv.org/abs/2203.05090
e FPFis a proposal to create a new facility ~650 m away on the LOS for HL-LHC era
o Atthe moment 5 proposed experiments to be situated in the FPF
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standard tau
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CERN-FASER-CONF-2024-001

Conf note

e Neutrinos produced upstream of FASER
through light/charm hadron decays

Evaluated with MC Simulations and validated in

different detector regions
- Expecting 0.42 * 0.38 from v CC interact
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Event Display of “ALPtrino”
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Physics Letters B 848 (2024) 138378

Dark Photon
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o uwverste \odular Architecture

FACULTE DES SCIENCES

65 um

SCO SC1 SC2 sSC3 SC4 SC5  SC6  SC7 sC8 SC9 SC10 SCii SC12

SUPERPIXEL

Chipsize: 2.2x15cm?with [l b f =
matrix of 208x128 pixels Wi e
(26’624 pixels in total) L

13 Supercolumns (SC) ] b ] o

-«

- P
II

Each Supercolumn has 8 ek o ) pal g pi 8 Pixels 8 Pixels
Superpixels (SP) (16x16 pixels) =4 == § =} = § =} § | ol gA

Digital Line

and 1 Digital Line (40 um)

Periphery (I/O and arbitrary
logic) with dead area

e 720 um on the readout side

e 270 um for the guard ring

Periphery (guard ring
sides + readout area)

==

20.02.2024 Chiara Magliocca | TREDI 2024



unverste— Pixel Circuitry

FACULTE DES SCIENCES

Row 0 right

Charge measured per-pixel, simultaneously for different superpixels

Row 0

m) Hit above threshold generates a signal that is sent to the periphery via fast-OR .,

# A charge proportional to the TOT is stored into the pixel’s analog memory
# After a configurable delay, the readout starts supercolumn after supercolumn

ﬁIXELJ R
o

/PIXEI._O
Bias Analogue to ADC
circuit memory P .
Signal SIGNAL
\\\\\\\\ § COPY 2
detector ‘ ‘ Amp / hit or
. > 3 . , >
signal | ‘ ﬁ )
Ampline - | \ Memory
S 4 / control
” l"‘& 5
Cal pulse V threshold mask SIGNAL
f COPY 1

in pixel i in digital column

out|1
out|3]

out[0]
out[2]
outl5] outld] \, fast-OR-even

out|7 L out[6 L

to TDC to TDC

fast-OR-odd

20.02.2024 Chiara Magliocca | TREDI 2024



UNIVERSITE

ecenive  Charge Calibration Procedure

FACULTE DES SCIENCES

 @Goal of the charge calibration: from the digitized data information, reconstruct the charge the particle deposited in each pixel,
considering the response of each pixel

Pre-processing Data reconstruction

© 0 o © O

ADC vs Reconstruct
injected charge Charge

/

Use inverted f

Fit Invert f

ADC

oet th'e value§ of Flt the ADC vs Inv.ert the Collect the data Insert the ADC value in Project to get the
A.DC bin per pixel for injected charge curve calibration curve for each event the previously saved reconstructed charge
gllfferent values of for gach pixel to and save the verted function value

injected charge retrieve the parameters for each

using the testpulse calibration curve pixel

L | | | | | | | | | | L | L | | | | | | | | | | L | L | | | | |
| | | | | | | L | | | | | _— | | | | | L | | | | | | | | |
| | | | | | | L | | | | | | | | | | | L | | | | | | | |
' d - s o
3 ) 3 / J -
| | | | | | | | L | L | | | | | | | | | | L | | | | | | | |

r

20.02.2024 Chiara Magliocca | TREDI 2024




Monolithic Pixel ASIC: Sensor

7. Digital electronics can be placed in pixel orin a
- separate deep-nwell to improve noise robustness.
Z >95% fill factor.

6. Analogue electronics in
pixel.

1. CMOS die
thinned to 130
LLm

Pixel and electronic deep n-
wells are kept at positive

2. High resistivity substrate as active low voltage.
volume.
Depletion: 50 um

3 !Electronics insice the guar.d-ring, 4. Negative High Voltage applied to the
isolated from substrate using deep n- substrate from front-side contact.

well.

Chiara Magliocca | TREDI 2024




Super-pixel Architecture

ROW_l_rlght | Analog Memory x8 N

4Rowueﬂ‘ o Vemory 8 Lour [ ab  Charge needs to be measured for each pixel: acts as an
38 l imaging device.
T 1| - | | S * Datais stored on the capacitor in each pixel and
Row 2 left > ! column 10giIC ]
» — l converted on the fly with a flash ADC at the output of a
I >D< t:otini:f Co(r:figurati)on 256-t0-1 MUX.
Row3 rigt | ) STt  The capacitor is charged with a constant load current
L] - o v :
Y © during the TOT.
<

\ * The same ADC will poll all pixels in a Super Pixel (SP) and
convert them as needed.

Row 16 right | >
Row 16 left > |

Flash-ADC —»>
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Super-column Architecture

* Super-column (SC) logic: mask the pixels, generates the test-pulse (TP), drives the analog
MUX, handles readout and communication with the periphery.

 SC are read out only if they register a hit.
 SC level frame-based solution for readout logic in the periphery.

_ Fréme-lcfased %solutiion (aéleragfe-)

30 g+

257

207

15 -
Super-pixel 7 <«  Super-pixel6 <«» © @ @

101

Periphery

U
1

o
1

Average number of bits to readout [kb]

0 250 500 750 1000 1250 1500 1750 2000
Active pixels
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ASIC Structure and Readout

* A copy of the signal exit IMMEDIATELY the pixel
through the FASTOR

 Each FASTOR send a signal to the perifery to start
the READOUT

Super-column 1
Super-column 2
Super-column 3
Super-column 4

* To be sure we collected the charge entirely, the
perifery waits a bit before starting the READOUT

SIGNAL | |

FASTOR bus

v

FASTOR bus

v

End of
column
logic

End of
column
logic

End of
column
logic

logic

 Readout time max 200 us

FASTOR bus End of FASTOR bus
CO PY 2 * column +
TDC

* |fin a super-pixel zero FASTOR are active, zero bit
are sent to the periphery (optimization)

From FASTORX

periphery that
starts READOUT

Periphery (I/O and arbitration logic) Bandgap
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