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Strengths

« Group well integrated in the Collaboration. Several senior physicists with long
experience in HEP and strong impact. Several coordination positions,
including leadership of the PPS sub-detector and leading role in several
physics analyses. Leadership in areas of the Phase-2 Upgrades

Weaknesses

 Difficulty in attracting researchers to Portugal. Difficult and lengthy evaluation
process to award fellowships and/or long-term positions to outstanding
candidates in HEP

Opportunities

« Strong participation of Portuguese industry world leader in segments of
microelectronics IP market in the CMS Phase-2 Upgrades for HL-LHC

Threats

» Unclear career prospects for senior physicists of the group with key
responsibilities in the group and in the Collaboration

* Funding not matched to increasing prices
M. Gallinaro - "CMS group" - LIP Advisory committee meeting - April 27, 2023 3
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Report 2022

The Compact Muon Solenoid (CMS) experiment at the LHC is a major scientific endeavour, and the research at the LHC is central
to the quest for the fundamental physics laws of nature. LIP is member of the CMS Collaboration since its creation in 1992.

LIP had a leading role in the design and construction of important components of the CMS detector, namely the data acquisition
system of the ECAL sub-detector used for the measurement of electrons and photons and the trigger system that performs the
online selection of the interesting collisions. Since the LHC start-up in 2010, LIP made major contributions to the CMS physics
program in particular: the discovery and characterization of a Higgs boson; measurements of the top quark properties; the first
observation of the rare Bs to dimuon decay, studies of B and Y mesons in pp and heavy ion collisions; measurement of the J/Psi,
upsilon and chi_c polarizations; searches for a charged Higgs, a top squark, Dark Matter and exclusive processes. A group
member (Jodo Varela) served as Deputy Spokesperson of the CMS Collaboration in 2012-13.

The group contributed to the Phase-I Upgrade of the experiment by building and installing new High-Speed Optical Links (oSLB-
OoRM) that interface the ECAL electronics to the trigger system. The CMS experiment took data in Run 2 (2015-2018) at an energy
of 13 TeV, and it started taking data again in 2023 at an energy of 13.6 TeV after a period of maintenance and upgrades. During

the long-shutdown (LS2), the group has been involved in the preparation of the PPS (Precision Proton Spectrometer) and the
ECAL detectors.

The LIP group is leading the development of the new forward Precision Proton Spectrometer (PPS). PPS demonstrated -for the
first time- the feasibility of operating a near-beam proton spectrometer at high luminosity on a regular basis. A member of the
group (Jonathan Hollar) is presently serving as PPS Project Deputy Coordinator.
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Report 2022 - 1

In the high-luminosity phase of the LHC physics program starting in 2029, the accelerator will provide an additional integrated
luminosity of 3000 fb™! over 10 years of operation. The group participates in the construction of a new timing detector and in the
upgrade of the barrel and endcap calorimeters. The group is responsible for the design and construction of the readout system
of the Barrel Timing Layer (BTL), including a high-performance ASIC for time-of-flight (TOF) measurements (TOF ASIC). In
collaboration with industry, LIP provides a high-performance ADC ASIC for the ECAL front-end electronics resistant to radiation.
The CMS upgrade also includes the complete replacement of the Endcap calorimeters with a new high-granularity sampling
calorimeter. LIP collaborates with industry by supplying a high-current low voltage regulator (LVR) resistant to radiation for the
High-Granularity Calorimeter (HGCAL) front-end system.

The group is actively involved and contributing to the physics analyses in the areas of Top quark, Higgs boson, B mesons, SUSY,
quarkonia, heavy ions, and PPS physics. A member of the LIP group has coordinated the CMS B Physics group in 2014-2016. Two
former members of the group, now with CERN, have also coordinated in 2015-16 the CMS Higgs and Top physics groups.

It is worth noting that in the most recent (July 2019) institutional evaluation performed by an international review panel under the
initiative of FCT, LIP received the highest quality grade (Excellent). The contribution of the CMS group was explicitly recognized in
the panel's report: “The CMS group, while small in size, is really outstanding and world-class”.
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Report 2022 - |l|

6 Articles in international journals
(with direct contribution from
team)

® "Vector Boson Scattering Processes: Status
and Prospects", M. Gallinaro et al., Rev.Phys.
8(2022) 100071

e "Observation of BsO mesons and
measurement of the Bs0/B+ yield ratio in
PbPb collisions at 5.02 TeV", CMS
Collaboration, Phys. Lett. B 829 (2022)
137062

® "Search for nonresonant Higgs boson pair
production in final state with two bottom
quarks and two tau leptons in proton-
proton collisions at 13 TeV", CMS
Collaboration, arXiv:2206.09401

® A portrait of the Higgs boson by the CMS
experiment ten years after the discovery",
CMS collaboration, Nature 607 (2022) 7917,
60-68

® "Search for high-mass exclusive
gammagamma— WW and
gammagamma— ZZ production in proton-
proton collisions at sqrt(s) = 13 TeV", CMS
and TOTEM Collaborations,
arXiv:2211.16320

® "Proton reconstruction with the CMS-
TOTEM Precision Proton Spectrometer”,
CMS and TOTEM Collaborations,
arXiv:2210.05854

5 PhD

Diogo de Bastos: "Search for the
supersymmetric stop quark in the CMS
experiment', 2017-11-19, (ongoing), IST,
Supervisor(s): Pedrame Bargassa, Jodo
Varela

Matteo Pisano: "Search for new physics in
exclusive processes at the Large Hadron
Collider", 2020-07-10, (ongoing), IST,
Supervisor(s): Michele Gallinaro, Jonathan
Hollar

Johan Wulff: "Timing Detectors and
Measurements of Higgs Boson Properties”,
2022-05-15, (ongoing), IST, Supervisor(s):
Michele Gallinaro, Jonathan Hollar

Giacomo Da Molin: "Study of lepton
universality in top quarks pairs events”,
2022-09-01, (ongoing), IST, Supervisor(s):
Michele Gallinaro, Pedro Silva

Giovanni Marozzo: "Search for New Physics
in gauge boson scattering with the CMS
experiment at the Large Hadron
Colliderics in gauge boson scattering with
the CMS experiment at the Large Hadron
Collider", (ongoing), IST, Supervisor(s):
Jonathan Hollar, Michele Gallinaro

2 Master

Henrique Legoinha: "Probing the
properties of the plasma of quarks and
gluons with heavy flavour”, 2021-10-01,
(ongoing), IST, Supervisor(s): Nuno Leonardo

Siméo Costa: "Quark hadronization with B
mesons at the LHC", 2022-09-15, (ongoing),
IST, Supervisor(s): Nuno Leonardo

Theses

Group members have presently the following coordination positions
in the CMS collaboration structure:

- PPS Coordinator (Level-1), since 2021 (J.Hollar)
- ECAL Electronics Coordinator (Level-2), since 2011 (J.C.Silva)

- B-Physics Exotica and Rare Decays (ERD) coordinator (Level-3), since
2021 (A.Boletti)

- MTD/BTL electronics systems coordinator, since 2018 (J.Varela)
- MTD/BTL front-end electronics coordinator, since 2018 (J. C. Silva)

- MTD/BTL front-end ASIC coordinator of the, 2020-2021 (T. Niknejad)

LIP group members participate in the following CMS structures:
- CMS Collaboration Board (M.Gallinaro, J.Varela)

- CMS Finance Board (J.Varela)

- CMS Management and Executive Boards (J.Hollar)

- CMS Publication Board (N.Leonardo, P.Faccioli)

- ECAL Executive Board (J.C.Silva)

- ECAL, MTD and HGCAL Institution Boards (J.Varela)

- PPS Institution Board (M.Gallinaro)

- MTD Steering Committee (J.Varela)
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Report 2022 - |V

3) Experiment operation and maintenance
a) Physics objects development:

LIP members pursued the participation in the activities of POGs
(Physics Object Groups) in the validation of forward proton alignment
and reconstruction efficiency (M. Pisano), and PPS high-level trigger
(M. Aratjo). A member of the LIP/CMS group (J. Hollar) led the
preparation of the reference paper describing key features of the
proton reconstruction procedure, efficiency and reconstruction that
was submitted for publication. Tag-and-probe tools for muon
measurements with CMS open data were contributed (N. Leonardo
with non-LIP CMS members).

b) PPS commissioning and operation:

Under the leadership of a LIP member serving as PPS Project
Manager (J. Varela), PPS collected over 100fb™" of data in Run2. The
group had leading roles in the PPS DAQ system (J. Hollar) and the
Timing detectors (M. Gallinaro). LIP made major contributions to the
timing detector electronics, online software, and detector operations.
Since 2021, a LIP member serves as Project Manager (J.Hollar).
Members of the group are actively involved in physics analyses using
PPS data (M. Pisano, M. Gallinaro, J.Hollar), and had leading roles in
the first PPS physics publication.

) ECAL: Amember of the group (J.C. Silva) maintained the ECAL
trigger and DAQ system.

d) Computing: A member of the group (D. Bastos) served as LIP/CMS
interface with the LIP Tier2 group.

e) General: The group provided central shifts and EPR (Experimental
Physics Responsibilities) work according to the rules of the CMS
collaboration.

HL-LHC Phase-Il Upgrades

In the High-Luminosity phase of the LHC physics program, the
accelerator will provide CMS with an additional integrated luminosity
of 3000 fb-1 over 10 years of operation, starting in 2029. To meet the
experimental challenges of this unprecedented proton-proton
luminosity, the CMS collaboration will undertake the Phase-Il upgrade
program to maintain the excellent performance of the detector.

The LIP participation in the CMS Phase-Il Upgrades is concentrated in
the MIP Timing Detector and in the ECAL and HGCAL Calorimeters
and PPS detector. The generic goals of these upgrades are the
following:

1. MIP Timing Detector: addition of a timing layer in front of the
Calorimeters for precise timing measurement of all charged particles;

2. Electromagnetic Calorimeter: full replacement of the ECAL barrel
electronics;

3. High Granularity Calorimeter: complete replacement of the endcap
calorimeters with a new high-granularity sampling calorimeter;

4. Precision Proton Spectrometer: Participation in the upgrade of the
PPS for the HL-LHC started with the Lol and will continue with the
preparation of the Technical Design Report addressing specific
physics and detector R&D studies. Explore LGAD sensors and
associated electronics for use as timing detectors in the HL-LHC PPS
upgrade.
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Top quarks and tau leptons

JHEP 02 (2020) 191

with SM expectations (PhD student: G. Da Molin)
I, q 359D (3 TeV)
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RKTh/M = 0.973 £0.009 (stat) &= 0.066 (syst)

['(t = tv.b)/Tiota = 0.1050 = 0.0009 (stat) = 0.0071 (syst)
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Double Higgs production

arXiv:1902.00134, Mach.Learn.Sci.Tech. 1(2020)045006, Rev. Phys. 5 (2020) 100045, arXiv:2105.07530, arXiv:2206.09401
Resonant production search

non-resonant production ongoing (PhD student: J. Wulff)
Only SM 'CMS —— 138 flb"'('1:'3|TeV)
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* Not yet at the SM sensitivity
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https://arxiv.org/abs/1902.00134
https://iopscience.iop.org/article/10.1088/2632-2153/ab983a
https://www.sciencedirect.com/science/article/pii/S2405428320300083?via%3Dihub

HH: Advanced Analysis Techniques

arXiv:1902.00134, arXiv:2105.07530, arXiv:2206.09401

1) Select HH events in different categories: ut,bb, et bb, and t,t,bb

2) Train classifier consisting of an ensemble of deep neural networks (DNN) on half
of MC data to classify signal and background events using final-state features

3) Apply classifier to other half of MC data

4) Treat the classifier prediction as a summary statistic of the data and infer the
signal strength via a combined hypothesis test for each decay-channel category
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= Results are better (x2-3) than 2016 results alone after scaling for luminosity
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HL-LHC: Higgs self-coupling

arXiv:1902.00134

ATLAS and CMS HL-LHC prospects 3ab (14 TeV)
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MTD: Particle reconstruction

CERN-CMS-TDR-020
* Improve particle reconstruction/ID
— Increase b-tagging efficiency
— Increase photon and lepton Id, efficiency and isolation
— Improve missing transverse momentum resolution
— Reduce fake jet reconstruction

* 10%-20% gain in S/B in many Higgs decay channels

HH production sensitivity (sigmas) at 3 ab™
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Higgs + Dark Matter

JHEP 03 (2020) 025

Search with full Run2 dataset
* DM search with H(_>ZZ) ongoing (w/Politecnico Bari)
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Exclusive production
JHEP 07(2018)153

« LHC as photon collider Exclusive top/tau pair production search
, _ ongoing (PhD student: M. Pisano)
« EWK processes with small cross sections

« Study yy interactions at high energies in
exclusive processes with leading protons

* High-mass system in central detector,
together with very forward protons in PPS
— momentum balance between central system and

forward protons, provides strong kinematical . 02prrr CMS+TOTEM 2016, L = 9.4 b, s = 13 TeV
constraints £ b CT-PPS left arm E

i {1 No acceptance for any RP .

— central system mass measured by momentum loss of 0.16f e — T E
two leading protons BTI N i M s

* Couplings in SM are small and deviations o2 + Red: w3
. . . 0.1: + % Blue: e’e —:

from predictions may hint for NP 008l " - E

« Sensitive anomalous couplings (yyVV, yytt) N AT E
0.04? ‘.D o - ; - ]

0.025 é?ﬁ *l'-f"'.-:?'i..‘.:-":s‘t."'"; 3= # ?

 Search for new BSM resonances 0602 '6.040.06 008 0.1 012014 0.6 0.18 02
E(RP)

M. Gallinaro - "CMS group" - LIP Advisory committee meeting - April 27, 2023 15



Physics w/ forward protons

JHEP 07(2018)153, arXiv:2210.05854, CMS-TOP-21-007, arXiv:2211.16320
CMS central detector
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https://arxiv.org/abs/2210.05854
https://arxiv.org/abs/2303.04596
https://cds.cern.ch/record/2803843
https://arxiv.org/abs/2211.16320

Vector Boson Scattering

arXiv:2005.09889, arXiv:2106.01393

* VV production via VBS (V=W,Z,y) Ongoing with full Run2 dataset (PhD
— Purely EW process (QCD treated as bkg) student: G.B. Marozzo and U.Perugia)
— V self-interactions precisely predicted

« Small cross section: similar for EWK and QCD processes
« Study same-sign WW production

* Include tau leptons in final state
— 1 leptons could enhance sensitivity to BSM wrt light leptons

ssWW EW signal: 6=27 fb QCD bkg: =26 fb
q’ q” d
wE W
Z Z
q q 4 g
VBS W.Zjj Non-VBS W/Zjj
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JHEP 09(2018)065, arXiv:2301.08096

» Search for stop through 4-body decay Search with full Run2 dataset
— May be lightest squark produced (PhD student: D. Bastos)
— Neutralino (LSP) may be DM candidate

 Probe compressed scenario:
— m(stop)-m(neutralino)<my
e Use ML/MVA CMS preiiminary 138 fb™ (13 TeV) i

+ Results with full Run2 data (to be
published in JHEP)
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/ C os/4 0 0 |
{ | vV, ( 20 7/, ", /,/,, el
l N (l 10:1 L1 /'l' h'T ulf || L o ISR 3 %
300 400 500 600 700 800

Stop mass (GeV)
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https://arxiv.org/abs/2301.08096

B-physics

JHEP 4(2020)188, arXiv:2007.02434
Ongoing (A. Boletti)

» Indirect search for NP of + om "_‘ﬁ"’
— May provide sensitivity beyond collision energy o it o i
— Test Lepton Flavour Universality 3 :
* Precise measurements and rare decays S
— NP through virtual contributions £
* Explore b—spypu transitions ’
— B—up, B—K*up o
« Study decay rates and angular variables 9 s 5[:3;;]5 28 BT 80 80
— Measure BRs and lifetime =
— B—K*(K*m)up _
— B—=J/y(up)dp(KK) A (NPT W WL ™ W

Goldmine in “parked” dataset

Ty \
BO rest frame '

.
H YU~ rest frame

K rest frame

\

M. Gallinaro - "CMS group" - LIP Advisory committee meeting - April 27, 2023 19



Heavy lons

PLB 829(2022)137062

T o N AL
0.85 cigtf:i;Tg-:ga% :
* Explore heavy ion collisions at o 0Tl R Do convaiy 00%
: : £ 06N -PoPEv :
highest energies S 0.5 N\ P LHCD 7 Tev
« CMS has excellent capability to a ;“??:‘ e -
study low p probes in HI 02
0.1 global uncertainty: + 8.0%
« Explore heavy flavour as novel 0 dnestafiadladladododin
P, (GeVl/c)
prObe Of QGP 0.9,‘?st» S Tp§{at1§.o?TT?Y(1.7nb'b
« Detected B mesons in ion collisions 08 0 <0, <s0Gevic |
0.7 ¢+ PbPb ‘ )
* Probe mass and energy gost oot er
© 0.5/-30-90% 0-30% 0-90%
dependence 2at i
w0.3" - += 8
0.2F ¥
Work ongoing (Master students: 0.1 B ————
H. Legoinha, S. Costa) obteafasrtonlnndusel s ia
0 50 100 15<0N200>250 300 350
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4 . .
L Quarkonium production
> M. Araujo, P. Faccioli, C. Lourengo -
L o An ideal probe to study b
'~ ® - hadron formation ﬁ
created~ bound state b
formed

The heavy ¢ and b masses allow us to study the (long-distance) bound state formation

‘\‘ without complications caused by the (short-distance) gqg creation step.

¢ Polarization is the best observable to understand how the bound states are formed.

CMS measurements (with LIP leadership) highlighted and solved long-term puzzles.

] By Y(28) fi ¥(2S) cMs Ir /N ™A

——06<lyl<12

P direct production

LLx—r- C A, (b)=0.04 006 |f Xa

? { XcZ
after — 5" .

s |S!;8|

Ao PR E S (nopuzzle) .o b o Aots) = +0.55 £ 0.23
—6— CMS, 0.6<lyl<1.2 i 1

—5— CMS, 1.2dlyI<1.5 | | nonraco, cwwz : VIJ (without feed-down) 1 / /\g (XCZ) =—0.39 £+ 0.22

10 15 20 25 30 35 40 4BP[G5;?V] 10 20 30 a0 50 > "“‘4 e 'l 8“‘1 5 4"“1 é :3
" p, [GeV] oM p/M
Unpolarized J/, P(2S) and Y(nS) observation is reconciled Meanwhile, x. data agree with
with theory formally, but remains conceptually challenging theory without any fine-tuning

Ongoing (Mariana’s thesis): much improved S-wave polarization measurements using Run 2 data
Will we see deviations from zero and flat? Synergy with Pheno activity: new global data analyses
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Detector Upgrades

The HL-LHC will provide an integrated luminosity of 3000 fb-' over 10 years of operation. It will
present many technological challenges. We are preparing by developing new detectors and by

upgrading the current ones.

LIP Contributes to

Calorimeter Endcap
+ 3D showers and precise timing
+ Si, Scint+SiPM in Pb/W-SS

Tracker Si-Strip and Pixels increased granularity
+ Design for tracking in L1-Trigger
» Extended coverage ton = 3.8

Muon systems

LIP Contributes to
* DT & CSC new FE/BE readout

* RPC back-end electronics
+ New GEM/RPC 1.6 <n<24
+ Extended coverage ton =3

LIP Contributes to

MIP Timing Detector - MTD
« Barrel layer: Crystals + SiPMs
* Endcap layer: Low Gain Avalanche Diodes

Barrel Calorimeters
« ECAL crystal granularity readout at 40

MHz with precise timing for e/y at 30 GeV
+ ECAL and HCAL new Back-End boards

L1-Trigger/HLT/DAQ

« Tracks in L1-Trigger at 40 MHz

» PFlow-like selection 750 kHz output
* HLT output 7.5 kHz

LIP contributes to

Precision Proton Spectrometer
Detector design and physics prospects
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MIP Timing Detector

« Time-tagging tracks with a resolution of ~30-40 ps

— 4D vertex reconstruction
— Track-vertex association

Reduce effective PU to the LHC Run2 level

— Slice beam spot (time spread 180 ps)
Vertices merged in 3D,

/ and separated in 4D

*  Simulated Vertices Collision vertices#fthin a bunch crogéing
0.6 3D Reconstructed Vertices have a sprea MS) of:
| —e—— 4D Reconstruction Vertices . cm in space
. 180 ps in time

A —+— 4D Tracks

t (ns)

time

z (cm)
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MIP Timing Detector

« Barrel Timing Layer (BTL):
— Arrays of LYSO crystal bars with dual-end SiPM readout
— Two meaurements per hit (improves resolution)
— Mounted inside the Tracker Support Tube (independent cooling)

« Endcap Timing Layer (ETL):
— LGAD modules bump-bonded to ASIC
— Two layers (improves resolution and redundancy)

Disks

BTL Module:
1x16 crystals
(32 channels)

Crystal bar
SiPMs

77\\
BTL Read-out Unit:
3x8 modules

(768 channels)

BTL Tray: |, QW4
6 Read-out units | [588 -~

(4608 channels) :
BTL detector N
72 trays: 2(z) x 36(0) ETL: 1.6 <Inl < 3.0,

BTL |n|<1 45’ 332k channels
surface ~14 m?2; ~8.5 M channels

surface ~38 m?; 332k channels
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MTD/BTL electronics

JINST 16(2021)P07023, doi:10.1109/NSS/MIC44867.2021.9875751

» LIP is responsible for the MTD barrel readout
electronics

* Major effort on development of new TOFHIR
(Time Of Flight at High Rate) ASIC with
associated FE boards

— maintain 20ps jitter with 2.5MHz MIP rates and
large dark count rate from irradiated SiPMs

« Completed system tests with prototype
— Results in-line with expectations

— Further refinements implemented (DCR
cancellation, SEU, etc)

» Received final ASIC
— Characterization tests ongoing
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MTD/BTL performance optimization

Extensive performance optimisation * — .
campaign launched in 2022 N R

— recover performance from multiple factors
without major BTL design/cost changes

 LYSO arrays

— Package optimisation: studied modules with
minimal amount of glue between LYSO and

reflector (ESR)
— Studied impact of SiPM optical window 0.7
thickness (FBK vs HPK) and crystals/SiPM a5 |G 30w inmns,
aspect ratio sz lsazonic oy ;.;,':" L
] — 4220TC(ES3) | Lu"ge0e°*, x
« Electronics § 04 [ T .meene: e
. . . . S _H_.':..t. ‘ Lot B W REREE 15um
— TOFHIR2B/X/C: noise reduction by gain tuning, 3 03 ok T
to cope with smaller signals & 02 "....- " Telative PDE +50%
- SIPM arrays 01 atVy, =1V
. . 0
— Cell size optimisation: developed a full response 0 1 ) 3 i 5
model varying SiPM cell electrical V-VB [V]

parameters/size
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Precision Proton Spectrometer

CERN-LHC-2014-021

CERN European Organization for Nuciear Research :t»ugmur;

* Precision Proton Spectrometer (PPS) aims at o B
measuring the surviving scattered protons on both CMS-TOTEM
sides of CMS in standard running conditions -5

* Precise timing and tracking detectors
 PPS data combined with those of central detector
* Collected ~100/fb of data in Run2

G
CMS-TOTEM
PRECISION PROTON SPECTROMETER

CMS+TOTEM
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PPS: Run3 and beyond

arXiv:2103.02752

« Timing and tracking detectors being
improved for Run3
— 2 tracking+2 timing RPs per side
« LIP involvement in timing/DAQ electronics
from the beginning

— HPTDC boards designed by LIP,
contributions to DAQ/readout chain
integration, timing firmware, etc.

« HL-LHC: Expression of interest for new PPS
system approved by CMS
— Expanded physics program
— 4 |locations identified: near 200m (current
location) and 420m (new technology)
— New technologies required for HL-LHC
— Exploring synergies with MTD/ETL upgrade

752v1 [physics.ins-det] 3 Mar 2021

2

arXiv:2103.0

Available on CMS information server CMS NOTE -2020/008

The Compact Muon Solenoid Experiment

. CMS Note @

Mailing address: CMS CERN, CH-1211 GENEVA 23, Switzerland

S

AN/o

26 November 2020 (v3, 09 December 2020)

The CMS Precision Proton Spectrometer at the
HL-LHC — Expression of Interest

The CMS Collaboration

Abstract

M. Gallinaro - "CMS group" - LIP Advisory committee meeting - April 27, 2023
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PPS@HL-LHC: Run4 and beyond

« After Run3 all RPs must be removed to allow for reconfiguration of HL-LHC
« Layout of proposed RP stations

CMS

01 Q2A Q28 Q3 || CP D1 09 Q10 ol
TAXS ~ 2MQXFA MOXFB WOIFB 2MQXFA MBIF J0F MBB |MQOM/C  MBA MBS MQUL/ WMBA MBB MO]| wmBA
" i o , o o )| o\
illRalg s *
=
o
N
v
suitable for standard Roman Pot technology | |- needs cryogenic bypass
in each location 2 units - signal protons between beam pipes
with a few metres lever arm = limited space
(Strack angles) —>new developments needed
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VSS_SUB
AVDDREF
DVSS
DVDD

gx
3 O
2 8
> >

AVSS
AVDD

* Long term LIP responsibility for ECAL
electronics/DAQ

« HL-LHC: full replacement of electronics to wg .
meet new trigger/pileup requirements i —
« Collaboration with Portuguese industry i ;Z e :>§32'::°‘

developing new low-power ADC [P block e
12 bit resolution with sampling rate of 160MS/s o—— ;Ei@i‘:ﬁwsy

» First design provided and integrated in LITE- KR -

DTU chip for evaluation since 2020 08 ] e
sCL oy
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HGCAL: new rad-hard ASIC

CERN contract placed with SiGate in Portugal for the design -

New rad-hard ASIC
developed by
Portuguese industry
performs well

Slide from presentation at
CMS week (April 2021)

v

TID testing at CERN to 1.1Grad, all fine.

and electrical characterization.

*  TSMC 130nm, CRNO1 LDO submission March 2020
* Electrical characterization done at SiGate

* Very detailed characterization report delivered.

* Excellent results shown by Sandro at TWEPP 2020
e Also presented to ESE
* Data Sheet available.

SEE tests planned in May 2021

—_—

« A 20 (slightly modified) design ongoing —

*  CRNO2 design review April 2021 '

*  Prototyping on Omega’s ALTIROC Eng Run (~1000 pieces)
e Full production later this year

*  Could be of interest to other projects.

QFN24 Package

Summary Specifications

¢ Tech : 130nm CMOS — 1 ]
L : 3A 47 uF

® Vineae : 2 W g

* Adjustable V. § femiObn= 1S

& Vo - Vi : 175 MV @ Ipax

* OverTemp,
overl protection

FTST F7F)

Vi Vi

VFB

v

47 uF

T
v

Binning into 2 or 3 types for voltage adjustment using resistors

Dilg}tal adjust : +/- 50 mV control  oited orihe beards

* Digital enable i Bed

* Max dissipation : 500 mW** pepeModdle Desten Lm?)c?flguz
* Small form factor
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M. Aradjo, P. Bargassa, D. Bastos, A. Boletti, R. Bugalho, S.

Costa, G. Da Molin, P. Faccioli, L. Ferramacho, M. Gallinaro, J.
L I P_ M S rO u Hollar, N. Leonardo, H. Legoinha, C. Lourengo, G.B. Marozzo,
T. Niknejad, M. Pisano, J. Seixas, C. Silva, P. Silva, J.C. Silva,

R. Silva, M. Silveira, G. Strong, J. Varela, J. Wulff

cms . 1381 (13 TeV) CMS preiiminary 138 b (13 TeV) " CMS 2018 (u=1)
M e vons = kel ot

Exclusion Limits

e
3
8

Events
w
a
o

=Observed £ 16,

* Physics analyses
— pp (vy) & HI collisions f .

— precision measurements & searches . |
(rare processes, BSM)

95% CL upper limit on cross section (pb)

Stop and LSP mass difference (GeV)

L e 1 ] J
S?O -15-10 -5 0 5 10 15 20

. e L L 5 10 500" . ego 700 BEJ; 107 Zops, timing ™ Zvertex [CM]
— Top, Higgs, B, EWK, SUSY, Dark
. 0.gMs ‘ PP 5,02 Tev (1.7 ntr) CMS-TOTEM preliminary 29.4 fb” (2017, 13 TeV,
matter, Heavy lons, Quarkonia oo ] "' .
07 PbPb: TAMU ¢ Iyl <24 E
D t t L] t & t [ g Iy i:gEB; E@rgevm (Centrality 0-80%)
° elecClor maintenance « operations B mEe
) »

nnnnnnnn

— Precision Proton Spectrometer (PPS), | 7\ | \.|[ 7' HUL%Q___
ECAL, Computing " ‘- $3als

avy lons:
« Upgrades

cccccccc

Levuals | L | 1 | |
5 10 15 20 25 30 35 40 45 50
P, (GeVic) = il 5 ; L
95% CL on o, [Pb]

— PPS, Timing Detector (MTD), ECAL, PPS g ooy — L
HGOAL E
« Training & Outreach SWW 17
— CERN, LIP, IST, Masterclasses, etc. ATASNRITE B I ONC . g
E'i?iil fl:t ondacie CERN/FIS-PAR/0005/2021, CERN/FIS-INS/0029/2021, PTDC/FIS-PAR/1214/2021
Ls P B recnologia MSCA-RISE2020 (aMUSE), INFRA-2022-DEV-01-01 (MuCol)
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https://cds.cern.ch/record/2803419
https://arxiv.org/abs/2007.02434
https://www.sciencedirect.com/science/article/pii/S0370269322001964?via%3Dihub
https://cds.cern.ch/record/2803716
https://cds.cern.ch/record/2803843
https://cds.cern.ch/record/2803842
https://arxiv.org/abs/1805.05784
https://arxiv.org/abs/2104.07786
https://cds.cern.ch/record/2750358

