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Abstract. FASER is searching for light, weakly-interacting particles at the Large Hadron Collider. The first
search for Axion-like particles (ALPs) decaying to a photon pair using data collected in 2022 and 2023 was
performed and successfully excluded regions not previously ruled out. To further reduce neutrino background,
a new preshower detector will be installed by the end of 2024. The detector is based on a monolithic active
pixel sensor in 130 nm SiGe BiCMOS, which will allow resolving the photon pairs interacting in the preshower
detector. The final ASICs have been produced in May 2024 and are currently being validated.

1 Introduction

The ForwArd Search ExpeRiment (FASER) [1] is an ex-
periment at the Large Hadron Collider (LHC) designed to
search for light, weakly-interacting particles. Positioned
at 480 m downstream from the ATLAS interaction point
(IP1) on the beam collision axis, the FASER detector stud-
ies long-lived particles (LLPs), which are often highly
boosted and travel several hundred meters before decay-
ing. Most Standard Model (SM) particles either get ab-
sorbed by approximately a hundred meters of rock in front
of the FASER detector or are deflected by the LHC mag-
nets before reaching the FASER detector, making it an
ideal location for LLP searches.

Candidates for LLPs include new particles in a hid-
den sector, weakly interacting with the SM. The beyond-
the-SM (BSM) scenario could explain dark matter (DM),
which highly motivates search for the new particles. In ad-
dition to BSM particle searches, FASER also studies SM
particles generated in the forward direction, such as neu-
trinos and muons.

Figure 1 shows a sketch of the FASER detector. On the
detector upstream side, the right side in the sketch, there is
a neutrino detection part (FASERν). FASERν consists of
a front scintillator veto system, an emulsion detector with
1-ton tungsten target, and the interface tracker (IFT) for
muon charge separation. On the downstream side, the left
side in the sketch, there is a detector part to search for new
particles. The part is composed of the scintillator veto sta-
tion, the decay volume, the timing scintillator station, the
FASER tracking spectrometer, the preshower scintillator
system and the electromagnetic (EM) calorimeter system.
The detector includes three 0.57 T dipole magnets, one
surrounding the decay volume and the other two embed-
ded in the tracking spectrometer.
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Figure 1. A sketch of the FASER detector, showing the different
sub-detector system. The detector coordinate is also shown [2].

A search for dark photons, decaying into electron-
positron pairs, was performed using data collected in
2022 [3]. A search for Axion-like particles (ALPs), decay-
ing into photon pairs, was reported [4]. For the first time,
neutrinos from colliders were directly observed using the
electronic component of FASER in 2022 data [5]. Electron
neutrinos were also directly detected for the first time us-
ing a nuclear emulsion detector, FASERν [6]. The cross-
section for both electron and muon neutrinos were also
measured in the unexplored TeV range with FASERν [7].

2 Search for ALPs with the FASER
detector

ALPs is a general term for pseudoscalar particles, includ-
ing axions. Here, we consider a scenario where ALPs in-
teract with SU(2)L gauge bosons and, after electroweak
symmetry breaking, interact with photons and weak gauge
bosons. The Lagrangian L is expressed as
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wherema anda represent the mass and �eld of the ALP, re-
spectively,gaWW is the coupling constant between the ALP
and weak gauge bosons, andW�� represents the SU(2)L

�eld strength.
Using data collected in 2022 and 2023 (57:7 fb� 1),

FASER searched for ALPs decaying into two photons.
Since ALPs have no electric charge, they leave no sig-
nal in the veto stations and the tracking detectors. High-
energy photon pairs emitted from ALP decays interact in
the preshower and are observed as EM showers in the
calorimeter. Due to the collimated pair of photons, they
cannot be resolved by the FASER detector. Events ob-
served as a single EM shower with the energy of at least
1:5 TeV in the calorimeter are required. The signal region
was de�ned to require the energy deposited in the second
layer of the preshower scintillator exceeded 10 MIPs, and
more than 4.5 times larger than the energy deposited in the
�rst layer.

The primary background events are charged current
interactions of neutrinos in the preshower calorimeter.
Neutrino background events were estimated using Monte
Carlo simulations (MC) and checked with the data, con-
�rming the consistency of the MC estimates. Other back-
ground considerations included ine� ciencies in the veto
detectors, muons, neutral hadrons, cosmic rays, and beam
background arriving at the FASER detector, all of which
were estimated to be negligible. The most signi�cant sys-
tematic uncertainties were the �ux uncertainties of for-
ward hadrons production, followed by uncertainties in the
energy scale calibration of the calorimeter. The neutrino
background events in the signal region are summarized in
Table 1. One event was observed in the signal region af-
ter unblinding, and an exclusion limit was set as shown
in Figure 2, successfully excluding regions not previously
ruled out.

Table 1. Summary of the MC estimate of the neutrino
background in the signal region. Uncertainties on the �ux, as
well as experimental uncertainties, are also given. The MC

events are normalised to 57.7 fb� 1, and MC statistical
uncertainties are given [4].

> 1.5 TeV signal region
Light 0:23+0:01

� 0:11 (�ux) � 0:11 (exp.)� 0:04 (stat.)
Charm 0:19+0:32

� 0:09 (�ux) � 0:06 (exp.)� 0:03 (stat.)
Total 0.42� 0.38 (90.6%)

3 Preshower upgrade

LHC will complete Run 3 in 2025 and continue Run 4,
as part of High Luminosity LHC, after Long Shutdown 3.
The continuation of running FASER in Run 4 has been ap-
proved by the CERN Research Board, which will increase
the dataset in the future analysis. However, given that neu-
trinos are the main background and considering the un-
certainties of the neutrino �ux in the forward direction,
background will be dominant for the future analysis. By
the end of 2024, the preshower detector will be replaced
by a new high X-Y granularity preshower detector. The

Figure 2. Interpretation of the signal region yield as ALP ex-
clusion limits with the assumption of 0.42 neutrino background
events. Systematic and statistical uncertainties described in Ta-
ble 1 are included [4].

detector consists of six detector planes based on mono-
lithic pixel sensors [8] interleaved with tungsten plates.
This upgrade will allow resolving a pair of photons, previ-
ously observed as a single electromagnetic shower. It will
enhance the experiment's sensitivity to the di-photon �-
nal state and signi�cantly reduce the neutrino background.
The expected sensitivity with the capability of the di-
photon separation was studied, as shown in Figure 3. The
new detector will also improve search for dark photons,
that decay into electron-positron pairs, or other similar �-
nal states.

Figure 4 shows the sketch of the new preshower de-
tector. The �rst two tungsten plates are 6 mm thick, and
the last four plates are 2 mm thick. Each detector plane is

Figure 3. Sensitivity reach of the FASER W-Si preshower in the
ALP parameter space. The blue and red lines show the reach
for an ideal detector with 100% photon-pair reconstruction e� -
ciency for the Run 3 (90 fb� 1) and HL-LHC (3 ab� 1 ) expected
integrated luminosities for 14 TeV collision energy. The black
lines show the sensitivity reach for 90 fb� 1 of data including sim-
ulated e� ciencies for photon-pairs withE
 > 200 GeV and var-
ious values of the diphoton separation� 
 . The grey-shaded re-
gions represents the parameter space currently excluded by the
other experiments [8].



composed of 12 modules mounted on a 20 × 20 cm2 alu-
minum plate. Each module consists of 6 monolithic silicon
pixel ASICs, with 208 × 128 pixels.

The detector simulation was implemented with the
Allpix2 software framework [9]. EM showers in the
preshower detector initiated by two high energy photons
were simulated for the optimization of the preshower lay-
out and the study of the shower reconstruction algorithm.
Figure 5 shows a simulation example of pixel charge de-
posit distribution in the third layer for two 1 TeV photons
separated by 500 µm. Thanks to the high granularity and
large dynamic range of the sensor, the new preshower re-
solves the cores of the two EM showers at distances as
small as 200 µm. Energy measurements of the calorimeter
system are also studied with the same software framework.
Figure 6 shows the energy resolution as a function of beam
energy. For energies above 100 GeV, which is our primary
area of interest, FASER maintains good energy resolution
with the preshower correction.
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2. New preshower detector (1/4)
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2.1 Introduction

allow for the removal of some aluminum proÞles (holding the scintillator station). The maximum
envelope has been deÞned to accommodate the size of the bottom baseplate in aluminum along the
transverse axis. The vertical axis is only driven by the LoS, deÞned at 253mm nominally above
the baseplate, so that the FASER Preshower has to be centered with respect to this LoS. Some530

further clearances are needed when moving FASER to accommodate with the ATLAS crossing
angle modiÞcation (maximum lowering by -18 mm while the maximum upward movement is 66
mm up from the nominal LoS, and 60 mm maximum towards the trench wall). The mechanical
design and service integration should take this constraint into account, meaning that the detector
will be able to move accordingly without interfering with neighboring parts. The latter constraint535

led to a decision to have the electrical services placed only on one side (away from the tunnel
wall) for which the available space is larger and accessibility is much better. This will make the
integration and cabling of the active patch panels much easier.

Figure 20: Left: Overview of the FASER detector as of today, with the calorimeter on the left side and the
current preshower detector highlighted in green . Right: Side view of the current preshower detector with at
the right hand side the last tracking station with the service cables connected.

The preshower layout and concept allows for modularity between the absorber plane made of
Tungsten and the instrumented plane with the readout modules. The design is to have 6 successive540

layers, each made of an absorber plane of one radiation length, followed by a readout module plane.
Figures21 show projective and perspective views of the stackup of the proposed FASER

preshower station with a superposition of the magnet opening.
Figure22shows a CAD view of the integrated preshower with plastic scintillators in front and

on the rear side. The latter two counters will allow to feed additional inputs to the trigger logic board545

(TLB) which will provide online the relevant trigger decision to the preshower backend readout (see
section7.4). The space along the beam axis between the di! erent parts is relatively large and it is
used for integration clearance but may allow to have some contingency (! 40 mm) when making
the detailed integration drawings. The data cables will make the interconnection between the active
patch panels on the left hand side (looking from the front of FASER) and the GPIO cards located550
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Current preshower New preshower

¥ Current preshower detector 

! 2 layers of 3 mm-thick tungsten (~1 X0 each) + scintillator counter 

! distinction between photons and DIS of high energy neutrinos 

! though calorimeter segmentation not able to resolve two close-by high energy photons 

¥ Proposal of a new high-granularity preshower detector based on monolithic pixel sensors 

! aim for installation end of 2023, for last two years of Run 3 data-taking before LS3 

! project already approved by CERN (CERN-LHCC-2022-006)
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¥ Baseline layout 

! 6 layers of silicon detector plane + tungsten (1X0) 

! 12 modules per detector layer, each module made of 6 monolithic 
pixel ASICs 

! total of 432 ASICs, or 11.5M pixels
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2.3 Layout
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Figure 21: Left: Front projected CAD view of the preshower detector overlaid with the yellow shade of the
the magnet aperture. Right: Perspective view of the 6 preshower planes and with the conÞguration of one
active patch panel per layer on one side.

in the crate on top of the preshower detector (see Figure22).
The detector integration will be implemented in such a way that the access to some reference

points will be possible to perform a survey with the laser system to be done by the CERN BE-GS
group. The preshower station will have a system to tune its position with respect to the Tracker
stations within a few hundred microns of precision. A crane put in place for the main FASER detector555

installation and situated directly above the FASER detector, can be used to ease the installation of
the Preshower station.
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5 Detector plane

5.1 Module

The readout module will consist of an assembly of six ASICs mounted in an array of two by three.
Given the expected dimensions of an ASIC the module size will be31! 67mm2 . The gap between405

the ASICs will be minimal, leading to an inactive area of the order of the guard-ring width (! 300
! m).

Figure 13: Exploded CAD view of a module assembly. A module is composed by six ASICs glued to an
aluminum base-plate. The module ßex with the electrical interconnection and the SMD components is glued
on the top of the ASICs. The bottom layer is the thermal interface sheet that will be added when integrating
a module to the cooling plate. The size is" 31! 67mm2.

Each module will be supported by a base-plate with thermo-mechanical and electrical insulation
features (See Figure13). The base-plate will be made of aluminum with a high thermal conductivity.
The base-plate will be machined with six threaded holes plus a reference mounting hole and slot. It410

will then receive an electrolytic passivation treatment called hard anodising for surface insulation
and protection of the sensor edge against electrical breakdown. This procedure was already used to
produce the Þrst thermo-mechanical prototype (Figure14).

The electrical interface to the six ASICs for the I/O and powering will be made through a
ßexible printed circuit board (PCB). Each ASIC has" 100 wire bonding pads to be interconnected415

to the ßex PCB. The module ßex will be interconnected to an external patch panel with zero-
insertion force connector for the digital signal, clock and command and with a separate pigtail for
the module powering.

The module will drive four types of power lines, three LV supply and one HV for the six ASICs.
While the sensors will have low current consumption (below 100!" ), the analog, the digital and420

the driver supply lines will consume" 1 A each. The system is designed to handle a module power
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Figure 15: Preshower plane layout with 12 modules mounted on a cooling plate with an overlap along the
longer side of the modules. The cooling plate size is! 20 x 20 cm2 and 5 mm thick.

Table 2: List of parts in an instrumented plane with dimensions and mass. The module consists of
all the parts described on Figure13except the base plate and the thermal interface sheet.

Item Number Section [cm2] Thickness [mm] Weight [g]
Module 12 6.7" 3.1 4 84
Lower mount base plate 6 6.7" 3.1 4 120
Upper mount base plate 6 6.7" 3.1 8 216
Aluminum cooling plate 1 20 " 20 5 500
Tungsten absorber plane 1 20 " 20 3.5 2700

(DMLS) method! allowing to have the design features easily implemented and especially for the
cooling channel and external interfaces. It has the advantage, after a heat post-treatment, of having
an excellent isotropic thermal conductivity of! 180 W/mK and similar mechanical properties as
with a standard aluminum material. The plan is to machine the plates after being built allowing455

to achieve the necessary precision for the reference mounting holes and for the surface roughness.
Each module will be mounted with 6 screws and Þxed against the cooling plate with a thermal
interface material called soft PGS (Pyrolithic Graphite Sheet) from Panasonic. This material has
the advantage of being a dry contact with a much better conductivity than any thermal paste or grease
existing on the market provided that a relatively uniform and high compression force can be applied460

(above 50N/ cm2). The module integration allows a very modular mounting and dismounting
assembly, which facilitates the reworking of a plane in case of necessity.

!The process of compacting and forming a solid mass of material by heat but without reaching the point of liquefaction.
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¥ Baseline layout 

! 6 layers of silicon detector plane + tungsten (1X0) 

! 12 modules per detector layer, each module made of 6 monolithic 
pixel ASICs 

! total of 432 ASICs, or 11.5M pixels
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Figure 21: Left: Front projected CAD view of the preshower detector overlaid with the yellow shade of the
the magnet aperture. Right: Perspective view of the 6 preshower planes and with the conÞguration of one
active patch panel per layer on one side.

in the crate on top of the preshower detector (see Figure22).
The detector integration will be implemented in such a way that the access to some reference

points will be possible to perform a survey with the laser system to be done by the CERN BE-GS
group. The preshower station will have a system to tune its position with respect to the Tracker
stations within a few hundred microns of precision. A crane put in place for the main FASER detector555

installation and situated directly above the FASER detector, can be used to ease the installation of
the Preshower station.
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an excellent isotropic thermal conductivity of! 180 W/mK and similar mechanical properties as
with a standard aluminum material. The plan is to machine the plates after being built allowing455

to achieve the necessary precision for the reference mounting holes and for the surface roughness.
Each module will be mounted with 6 screws and Þxed against the cooling plate with a thermal
interface material called soft PGS (Pyrolithic Graphite Sheet) from Panasonic. This material has
the advantage of being a dry contact with a much better conductivity than any thermal paste or grease
existing on the market provided that a relatively uniform and high compression force can be applied460

(above 50N/ cm2). The module integration allows a very modular mounting and dismounting
assembly, which facilitates the reworking of a plane in case of necessity.

!The process of compacting and forming a solid mass of material by heat but without reaching the point of liquefaction.

Ð 22 Ð

Detector plane (12 modules)

X0

C
on

ve
rs

io
n 

pr
ob

ab
ili

ty
 [%

]

!"#$%&"'()*#"&$+,-*&./"0"&

! " #$%&%'&()#*+,-%.#/#0#.'1-&1++,&().#

! "#$%&'(#)*+&,-)./,*)&#0/120*2&3&41)1(5,%5$&657*&'58*(&/*)/12/&

! 2)(3%'&#,**)(4%$#56#789:;# 789:<=>77< 0?00<??" #

! @,)A%&1-A#1-.&,++,&1(-#1-#B%'%C5%)#0?0D#

! 9#,#&,#:5).&;-25).&(#/,&<*#2&1=&>?@&A-)&B&#);&?>!>?@

C

B%&%'&()#*+,-%

Figure 4. A sketch of the new preshower detector.

Figure 5. Charge distribution in the third layer of the detec-
tor from two electromagnetic showers initiated by 1 TeV photons
with 500 µm separation.

Figure 6. Energy resolution as a function of beam energy. The
preshower detector does not degrade the performance of the en-
ergy measurement of the calorimeter with preshower correction
for the energy above 100 GeV.

4 The SiGe monolithic ASIC

The monolithic active pixel sensor (MAPS) for the
new preshower detector is produced in 130 nm Silicon-
Germanium (SiGe) BiCMOS technology (SG13G2 by
IHP Microelectronics). The SiGe heterojunction bipolar
transistors (HBT), combined with CMOS transistors on
the same die, provides fast signal amplification with low
noise, enabling excellent time resolution. As shown in
Figure 7, the pixels have hexagonal shape (65 µm side)
to suppress high electric field on the edges, and the in-
terpixel pitch is ∼100 µm. The resistivity of the substrate
is 220Ω · cm and its thickness is 130 µm including the epi-
taxial layer and the substrate. A negative bias voltage
is applied to the back side, and the pixel capacitance is
80 fF. The main specifications of the sensor are a large
charge dynamic range from 0.5 fC to 65 fC, a maximum
readout time of 200 µs, a power consumption less than
150 mW/cm2 and a time resolution better than 300 ps.

Prototypes from a pre-production run were received in
June 2022. Tests of the pre-production ASICs show that
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¥ Monolithic active pixel sensor  

! 130 nm SiGe BiCMOS technology (SG13G2 by IHP Microelectronics) 

! Low resistivity (<1 ! .cm) ~230 µm-thick p+-substrate  

! High resistivity (350 ! .cm) 50 µm-thick p-epitaxial layer (full depletion at ~120 V) 

! Hexagonal pixels of 65 µm sides; pixel capacitance 80 fF 

! In-pixel: FE (preamp, driver) and analogue memory to store charge information (ToT) 

! triple-well design, deep n-well  

! SiGe Heterojunction Bipolar Transistors (HBT) for signal amplification !  time resolution < 300 ps

3. Monolithic pixel ASIC (1/5)
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3.1 Sensor 
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¥ Monolithic active pixel sensor  

! 130 nm SiGe BiCMOS technology (SG13G2 by IHP Microelectronics) 

! Low resistivity (<1 ! .cm) ~230 µm-thick p+-substrate  

! High resistivity (350 ! .cm) 50 µm-thick p-epitaxial layer (full depletion at ~120 V) 

! Hexagonal pixels of 65 µm sides; pixel capacitance 80 fF 

! In-pixel: FE (preamp, driver) and analogue memory to store charge information (ToT) 

! triple-well design, deep n-well  

! SiGe Heterojunction Bipolar Transistors (HBT) for signal amplification !  time resolution < 300 ps
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¥ Monolithic active pixel sensor  

! 130 nm SiGe BiCMOS technology (SG13G2 by IHP Microelectronics) 

! Low resistivity (<1 ! .cm) ~230 µm-thick p+-substrate  

! High resistivity (350 ! .cm) 50 µm-thick p-epitaxial layer (full depletion at ~120 V) 

! Hexagonal pixels of 65 µm sides; pixel capacitance 80 fF 

! In-pixel: FE (preamp, driver) and analogue memory to store charge information (ToT) 

! triple-well design, deep n-well  

! SiGe Heterojunction Bipolar Transistors (HBT) for signal amplification !  time resolution < 300 ps
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Sergio Gonzalez (UniGe) 1023rd iWoRiD Conference - 27.06.2022

3.1 Sensor 

!"#$%&'(&%$$)$"(*+%#',#-'
*"(.#%/%01

!"#$%&'()*+%,-##%'�² ./+0'%,+-*,)+%&,)#'1&,!-*-,1-'&,'2&3%+%&,'3- ,3%+%$-'4-+-1+&*35'6%*(%,70)(5'/8/.

�‡ (9:9;<=><?'@<AB;'CB=B?=9DE
�‡ .F8':G' 3<7B6<1(&3

=B?>:9;9HI'@D9J<CBC'KI'%02'
(<?D9B;B?=D9:<?LE'

�‡ 1ML=9G'><H>NDBL<L=<J<=I'O8'�«�P
-2%';PIBDE'0$QN./8'$5'
?9G@;B=B'CB@;B=<9:E'

�‡ 2<AB;L'<:=BHDP=BC'PL'=D<@;BN
RB;;LE'

�‡ !D9:=NB:C'B;B?=D9:<?L'
<:=BHDP=BC'<:'@<AB;Edeep 

n-well

p-stop

p-well

pmos nmos
HBT ! !"#"$%&'%()*+,-%#-!"#$%&'()* +(,-.' /01

! .%/0$-1%203-2*3456$478(3*79:(;2&<=&>% 9(?*&4! "## $% 5%&('6-

! ,'%5-1%203-789-/-:89-(;:

! @6A47&4$4765%*%6B(*9&"-1&"<0&'0-('=<>0

! C7;B4&D49;&B*4?6E;&?%&'-#"-@%>%&=$;0;"<A "# B('%5-&"-
;%#%;%20&'0-@0=@-=<0=-

F$&G*;:**$ 4$&(%45($5A2(8&4$?&4&HIJ&?*;*A;6B

-4($ 98*A(D(A4;(6$9

.%/0$-*%20 C9-D; 1%@0-4'0/=>"#=$6

.%/0$-@A#=;%(<=#>0 E89-FC9-G,

,$H1&0<-1%20 I47EEE6-5%/0$1

J0=@"H&-&%;0-------------------------K-:EE-D1

."?0< ("#1H5&%"# K-79E-;L M(; :

N%;0-<01"$H&%"# K-OEE-51

Monolithic ASIC Specifications

*0$0(&0@&0('#"$">A3-*P7OP:Q-RA-+S.-;%(<"0$0(&<"#%(18

)*+,-@01%>#-%#-("$$=R"<=&%"#R0&?00#
,TJUQ-V#%W0<%1%&A"G-P0#0W=Q-=#@-X+N

Chiara Magliocca | 10th BTTB Workshop 7::O8EC8:E::

/01!"" #$%&'(&)"**+,-'./0'
(.**"&'(+1./"-+&,-' *.12-

/'&'0,"1,2(%2",3#(4,5#0(6#&6'7(
567"%8"/'9-":'1#;/"(-*)%$&$<=">0?+"/9569@A

!! !"  "#$%&'()#)* +#,-!.//0 !1! 234!)56),'7,(8!7695,!:;0!<3!,%#2=>())"

!! !"  "(?7$9>7@!A#?(@)!#>,($'7,(B!7)!,'#A@(!C(@@)D!E0!FG  A#?(@!27A72#,7>2(

                         
                      

!! !"  "#$%!B->73#2!'7>$(!F9'!2%7'$(!3(7)5'(3(>,!.0HIJKI!FL4D!F7),!'(7B95,!9F!37>-!2%7>>(@)

!"#$%&!'()* +,)-&.)-& .)./(0 1,1('2

�‡ 345+6.7,-&8',.18&9:*;&<=#&
>,,-6.?@&:)7:-,&8:A,/&.',.B

�‡ ")./(0&1,1('2 :)&8:A,/B
�‡ C(9+8(9,'&-:7?':1:).*('&D(E*7:-,&

('&:)7:-,&*;,&8:A,/&.',. F
�‡ <,1('2&?()*'(/&?:'?E:*&(E*7:-,&

8:A,/B
�‡ G:7?':1:).*('&(E*8E*&.?*:H.*,7&

*;,&?;.'0:)0&(>&*;,&?.8.?:*('&
I 1,1 B

�‡ ',7,*&.)-&6:.7J-/,&.',&E7,-&*(&
-:7?;.'0,&I 1,1 9;,)&)(&;:*&
(??E'7&.)-&*(&-,./&9:*;&/,.@.0,&
',78,?:H,/2B&

!E/H:(&<.'*:),//: K"#JI&>('&E80'.-,&(>&*;,&8',+7;(9,'&-,*,?*('&>('&*;,&!"#$%&,A8,':1,)*

�9�'�'

�*�1�'

�9�&�&�$

�L�Q�3�U�H�D�P�S �L�Q�'�U�Y

�L�Q�3�U�H�D�P�S

�L�Q�'�U�Y

�%�,�$�6

���+�9

�3�,�;�(�/

�%�,�$�6
�S�U�H�D�P�S

�9�&�&�$

�3�,�;�(�/

�9�'�'

�*�1�'

�&�P�H�P� ���������S�)

�E�L�D�V�'�L�V�F�K�D�U�J�H

�U�H�V�H�W�E�L�D�V�,�G�O�H

�0�(�0�2�5�<���&�2�1�7�5�2�/

�7�R���)�O�D�V�K���$�'�&

�7�K

I 1,1

L', +.18

G:7?':1:).*('&
M&1,1('2&

?()*'(/

Figure 7. A sketch of the SiGe BiCMOS chip for the new
FASER preshower [8].
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