High Energy Colliders: Probing
the Constituents of Matter
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» 21 Scientific Staff
* 5 Engineers
8 Students
» 5 Technicians

~40 people
30 FTE
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Three main areas

1. Scientific exploitation of
the Compact Muon
Solenoid (CMS)
experiment at LHC

2. High Luminosity-LHC:
towards a new CMS

3. Future Colliders

Long term vision

Coordinated effort for current (LHC),
‘near’ (HL-LHC) and long term

End Run3

Start LS3 sl y

HL-LHC
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DESIGN STUDY L€ PROTOTYPES CONSTRUCTION INSTALLATION & COMM. | PHYSICS

HL-LHC CIVIL ENGINEERING:

\TION  BULDINGS @ comes
FCCee recommendation
to Council
pre-TDR
submission .
ESPPU Construction
approval lun 2028 Starts ~2033 FCCee starts
Eﬁ‘;&’& E AR g:;;:',:::] Final Design / R&D Final Design + Construction & Commissioning FCCee running
COLLIDER
R&D R TDR definition Construction & Commissioning Data Taking

Detectors

Call from Experiments Lol Approval of Experiments

(Future Colliders) physics at colliders o — 2035 2020 205 o
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SClentlﬂc epr0|tat|on of CMS

= Detector maintenance and operation
= Performance studies, calibrations, development of tools and algorithms
= Physics analysis
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Maintenance and operation of the CMS detector

20.0

> 15 years since first LHC collisions

Trigger Coordinator 2022-24

] cMs

17.5

e Continuous support to the CMS operation CMS Lovel 1 o
(participating to central shifts, exceeding +20% of Ej IS Level 1 responsibility)
. L peas uring the maximum pile-up
Experimental Responsibilities) achieved at LHC.
Complicated period of
e Particular investment in the Muon Drift Tube (DT) changing conditions

(levelling, etc).

detector (99% alive channels, negligible deadtime)
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Continued support to the Muon DT Offline
performance monitoring software and to Online SW
(UROS, Twinmux and DT TCDS systems)

2025 (13.6 TeV): <pi> = 60
- 2024 (136 TeV): <p> = 57
2023 (136 TeV): <p> = 52
— 2022 (13.6 TeV): <> = 46
- 2018 (13 TeV): <p> = 37
2017 (13 TeV): <pi> =38

2016 (13 TeV): <p> =27
2015 (13 TeV): <pi> = 14
— 2012 (8 TeV): <p> =21
2011 (7 TeV): <p>=10

0fP(13.6 TeV) = 80.0 mb
0P(13 TeV) = 80.0 mb
oP(8 TeV) = 73.0mb

ofP(7 TeV) = 71.5mb

20
Mean number of interactions per bunch crossing

40 60 80

Devoted team of experts
for reparations and 24
hours expert call

Participated in DT
chamber extraction,
intended for RPC gas
repairs during YETs.
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| C M S I LHC delivered: 485.60 fb™

400 CMS recorded: 446.45 fb™

A large dataset

350

300

e Successful contribution to CMS papers with Run 1,
Run 2 data (with new analysis opportunities)

e Working to maximize the physics output from Run 3
o Run 3 dataset two times larger than Run 2

250 |
200 / /
150 == cMS Recorded: 150.78 fb! [0 CMS recorded: 295.67 b
100 /

50 /
JL/// /]

Total integrated luminosity (fo™)

Several new results currently in approval process oL ,

o Loy Lok

e Three main analysis lines: Bt
o Precision measurements of Standard Model processes,
o Higgs boson physics,
o Searches for Beyond the Standard Model Physics.

e Performance studies, calibration and development of tools and algorithms

CIEMAT-FP Advisory Committee mid2023-mid2025 - March 11t-12t 2026
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Performance studies

Muon triggering in Drift High p,. muon measurements Evaluation of Tau identification

Tubes . . . erformance
Very energetic muon characterization with Run 3 data perf
Trigger efficiencies and Bunch « Trigger efficiency for muons up to p. ~1.5 TeV Prompt analysis of Z—1T
Crossing assignment in Run 3 e High p, muon momentum scale and resolution benchmark channel
DPS Note DP2025-008 08 9.51b" (13.6 TeV) L] State'Of'the'art ML taggerS.
RS sy vz zneaganTen, ;§ 1_ HLT OR High-PT paths E O-G;grng?mmaw Late 2023 Data N %10° CMS Pre/{mina:ly ‘ ‘ 202.4' 1o|9 fbf'i(13.6’ TeV)
. 2 3 048;—."”#%&%:‘::?: Josl DPS Note DP2024-065 8 ‘o B !
x  E oosf L <~ 160f @z-01-x, E
Wit o + 0_21%“ 1) [EOrell-Yan, j — 1,
& C r ’ i + c 140F W + jets
3 oaE « CaloMET sample (2023C) oF b ———— " - $ 120f E0iboson 3
£ wo : = W(uv) samples (2023) 3— —— e 100i @tiand slng!ei =
= 02 o2l + - H l;]g‘(;:)tﬂzlme( ]
e o Bl i i-*d —J— -180°< 0 <-60° i ook ' 4 3
= 11F -0.41 s
........ gV i 30 cp< 0 o | DP-2025-074
w2 ; e 08 —J60°<g<180° 225 77777
St S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 Si2 0'9_.‘...|2 L ”""Ig L —087'271‘57'14)‘560‘5%1‘52‘ a 53
. Sector i 0 [Gevi . n aoo12f
Map of Trigger Primitive Bunch T Muon momentum scale bias as a S A
Crossing misidentification fraction per Trigger efficiency for very function of 5 and ¢ of high-pT 8 o8t »
MB2 DT muon chamber for all 5 wheels energetic r'nuons., comparing muons. in Z—u*u~ events, for 0 20 40 60 80 100 120 140 160 180 200
(n) and 12 sectors (¢) data and simulation muons with p.> 200 GeV Visible mass in Z—17 using s [GeV]
: Coordinator of the Selection . . DeepTau identification algorithm
(O.M. Carretero PhD Thesis) D. Fernandez PhD Thesis .
subgroup of the CMS Muon ( ) (E. Martin PhD Thesis)
.ﬁs PEE P eco.  Cromat %Cﬁ? ———  CIEMAT-FP Advisory Committee mid2023-mid2025 ~ —___ March 11"-12", 2026 7
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https://cds.cern.ch/record/2924488/files/DP2025_008.pdf
https://cds.cern.ch/record/2904701/files/DP2024_065.pdf
https://cds.cern.ch/record/2946446

A&

Developments: Trigger, Monte Carlo Modelling, Analysis
Tools

Triggering and reconstructing

displaced muons

Trigger development for LLP

exploited in Run 3 CMS--EX0-23-016

¥ GOBIERNO
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> 1 T : T T T T
2 09E CMS simulation =
L 08 Hozz, e Run2(2018) -
£ 07 m(H)=125GeV —— Run 3 (2022) .
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Trigger efficiencies of various

displaced-dimuon triggers as a function

of ct for LLP signals

(M.

Sonawane,

M. Alcalde PhD Theses)

MINISTERIO
DE CIENCIA, INNOVACION
Y UNIVERSIDADES

% CIEMAT
fisca departiclas

Leading contributions to Monte Carlo Modelling Analysis Tools

In-depth study of Monte Carlo

generators for the precision frontier

Z — 7€, dressed level

103 = { { { {

iy =
% Data —4— -
£ 107k Sherpa 2.2.15 E|
Z 3 MG5.aMC FxFx (CP5) —— 3
S - MG5.aMC MLM (CP5) ——
Convenership on ?
" ' Physics Modelling =
1072 E (2025'2027) —
E | | | 3
14 E | { { (=
1.3 -
; 1.2
D' 1.1
O 0.1‘; =
= o8
0.7
0.6
0.5

Process simulation using Sherpa generator

improvement with respect to state-of-the-art in CMS

CIEMAT-FP Advisory Committee mid2023-mid2025

Improve the efficiency
and standardization of
the analysis tools and
frameworks

- statistical-interpretation

tools

- analysis frameworks
- use of the most recent

approaches to data
processing to face the
rapidly increasing amount
of data.

Convenership on Data
Processing Tools
(2024-2026)

March 111-12 2026

8


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-016/index.html

Precision measurements of SM processes

Reference group for Vector boson + b/c jets Key contributions for QCD studies in different regimes

W-+charm jets associated production e Fragmentation function of Y(nS) mesons testing
, . , quarkonia production in jets (currently not well
° Sustalqed _effort providing valuable inputs for the understood) ous o
determination of the strange quark content of the I N | 0eev<pt<ssoev ]
proton (8 and 13 TeV). Eur. Phys. J. C 84 (2024) 27 Yoo Rk
A H 400 F — Y(18) signal B
(S. Sanchez PhD Thesis) Fits to the invariant A
Most precise measurement of B(W—cq)/B(W—qq) rr}aj(s gi)stributions sof et
SM 0 n 200
- ) Ceri0e| PLB868(2025) 139754 candidates
3 (J. Védzquez PhD Thesis) SMP-25-005 i
; OPAL _— 0.481 £ 0.053 NeVY for ! 0
3 Vector + jets Standard Moriond 2026 s e
E World average  ———a+—— o49:004| Model Physics Group .
I f;o';‘;egggj;"p e Measurement of ratio of tt+jet to tt cross sections and
S T GAaa el comparison to predictions (M. Gonzalez PhD
0.135I ‘ ‘0?4‘ = ‘0.“15‘ — IO.S‘ = I0‘|55‘ = ‘0!6‘ — ‘0.‘65 TheSIS)
Comparison with s LERS o  Goal: Improved precision on top mass and
measurements, and the world-average value strong coupling a,.

.\!u

BS)w
2
]
§'o
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https://doi.org/10.1140/epjc/s10052-023-12258-4
http://dx.doi.org/10.1016/j.physletb.2025.139754
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-25-005

Higgs Boson physics

Strong participation in SM Higgs boson studies, BSM Higgs searches and HH production

H—-WW cms 138 17 (13 TeV) LFV H— pt, H— et, H— ep
i . szz:: Bestfit 68% CL Phys. Rev. D 108 (2023) 072004
e Precise measurement of Higgs boson EPJC 84 (2024) 779
properties: cross-sections, couplings i e  Search for the lepton-flavor
e Differential Measurements . 008 o e violating decay of the Higgs
e Extensive Anomalous Higgs couplings B boson
+ EFT interpretations (L. Urda PhD Co 001 [0.05,0.0] e Probe of BSM Yukawa
Thesis) L e New ML approaches for Run 3

e Aim to include contributions from Hyy
and HZy at VBF and VH production

o
N
N

0.03 [-0.49, 0.33]

vertices. .
(C. Garcia PhD Thesis) = : 017 Foar. 029
a 0 -06 04 ) -0.2 0 0.2 04 0.6 0.8
Our Run 2 results included in the CMS Parameter value
grand combinations of Higgs Constraints on the SMEFT Higgs basis
(CMS-H'G-21-018) coupling parameters

Convenorship H->WW until 2022, continued leadership in the team
CMS Convenor of the LHC Higgs cross-section and branching ratios Working Group

%ﬁ? SOHNR BRUEER Ciemat %c&’ ——— CIEMAT-FP Advisory Committee mid2023-mid2025

CIEMAT
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search (ID/tagging/sel)
(E. Sanchez PhD Thesis)
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http://dx.doi.org/10.1103/PhysRevD.104.032013
http://dx.doi.org/10.1103/PhysRevD.108.072004
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/
http://dx.doi.org/10.1140/epjc/s10052-024-12925-0
http://dx.doi.org/10.1103/PhysRevD.108.072004

Higgs Boson physics

Strong participation in SM Higgs boson studies, BSM Higgs searches and HH production

CMS 138 fb' (13 TeV,
HH production (E. Martin PhD Thesis) TmEREk=gy=1 s
-.- agz(ieazxe:xpected - ggz: gigggg
e Access to the Higgs self-coupling: fundamental measurement at LHC xﬁ;ﬁ?l;gﬂm) I | i
e Focus on key HH-> bbTtt channel and SM and BSM interpretations bbzZ, 4l B -
e  Optimization through ML e | 1
e ZZ/ZH and resonant searches as bonus I ies
(BZG-25-OO4) Multilepton B 7
Obs. (Exp.): 22 (20)
Phys. Lett. B 842 (2023) 137531 bOMEW o | i
bbyy b
Obs. (Exp.): 8.4 (5.6)
Our Run 2 results (J. Ledn PhD Thesis) are 2 ) I
included in the CMS grand combinations of HH SEPE - -
production (CMS-HIG-20-011) e
S

. . . ign . 95% CLI;n?iton o(pp —>HH)/1?50
PDG review of Higgs boson physics, edition 2025: M.Cepeda, P. Savard, L. Reina Thest

CIEMAT-FP Advisory Committee mid2023-mid2025 — March 111-12%, 2026 11



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-011/
https://pdg.lbl.gov/2025-rev/reviews/contents_sports.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-25-004
http://dx.doi.org/10.1016/j.physletb.2022.137531

Searches for new particles/interactions

Reference group for searches for long-lived particles

Reference group for searches with high p_leptons
and Higgs portal to dark sectors

all along Run 2 and Run 3

Unconventional signatures with displaced p"u" vertex Searches in dilepton final states; charged, neutral
36.6 fb (13.6 TeV)

3 E e Complementary info from 2 perspectives: I+pTrniss (D.
I i - First Run 3 search Fernandez del Val PhD) and I+l- (O.M. Carretero PhD)
¥ f mz)-2006e = atthe LHC, o Resonant/ non-resonant signals
St PEHomI=01 < enabled thanks to o  Precise test of SM: EWK oblique parameters.
%10_35_ - new LLP triggers o  Higgs compositeness

= JHEP 07 (2022) 067 o ENOEShgy B {SSTEY)
6'10_4;_ CMS Convenor @ ~4-Data .zrr»u—ssmw‘.m:s.snev ?
g ; . Of the LHC g .wtmson.uiaoson—ssmw:m:s.STevE

108k  —Observed  WN68%quantle  --.TMS-TMS . i W oo Stat. + Syst E

E ---Expected 95% quantile - -- STA-STA Lon g -lived e
. Muon transverse wE Py
10° 102 10" 1 10 102 10° 10° 1(:%5[0“115)6 Particles WG momentum with
o 2022+2023 data
95% CL upper limits on B(H — Z_Z ) as a
function of ct (Z,) in the HAHM model
(%) New Run 3 result
e New search with x7 larger dataset and possibly expand for Moriond 2026 B e e e
sensitivity to lower masses (< 10 GeV) EX0-24-021 Q FTIF e ‘ ]
e Expand to charged LLPs, where muons do not come Bos ot ]
05007000 1500 2000 2500 3000 3500 4000

from a common vertex (M. Alcalde Martinez PhD) e TooV]

;ﬂé FMNS RERoweon iSmIOl %Cﬁ? —— CIEMAT-FP Advisory Committee mid2023-mid2025 - March 111-12t, 2026 12



https://link.springer.com/article/10.1007/JHEP07(2022)067
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-021
http://dx.doi.org/10.1007/JHEP05(2024)047

Trigger requirements are
driving most of the
electronics upgrades

NEW
MIP Timing detector
precision timing for

pileup mitigation

NEW
Inner Tracker, coverage
up to |n|= 3.8, reduced NEW
material High-granularity
calorimeter
Challenge: cold operation endcap

-> bi-phase CO, cooling at -35° C

High Luminosity LHC

= Muon detector
= Trigger system
= High granularity calorimeter

%ﬁ S g e, %Cﬁ? —  CIEMAT-FP Advisory Committee mid2023-mid2025 - March 11"-12", 2026
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CMS Muon Drift Tubes Upgrade

Drift tube chambers will remain,

Full electronics needs to be replaced

e Chamber Longevity: several years of radiation
campaigns at GIF++ to validate performance at

HL-LHC. (p. Redondo PhD Thesis)

e Electronics needs to be replaced to stand L1
trigger rate, occupancy, radiation -
o  Only digitization on the chamber. DT chambge— [Muon

|_local frame

I Timing and
Se ren |ty detector

Minicrate mechanics

o TDC with <1 ns resolution in radiation and cables uxc 1 usc P
tolerant FPGA (Microsemi Polarfire). " N - : (10 boards)
o  Architectural change to a full streaming of N feeee - )
detector information up to ~50 Gbps/board i ok = | !
to the Counting room Honeycomb Spacei ) Trigger and Readout (42 boards)
T Lr ST R u‘_n_ﬂ_ e Global

Muon
Trigger

Asynchronous
data streaming

Time
digitization

CIEMAT s responsibility:
» On detector board theta view (OBDT-theta)
* Mechanics fabrication and assembly

I
I
|
I
I
I
1
1

rlap

() -

* Trigger and readout backend DT Triggerand  DAQ
UXC Safety DT+RPC readout
system Superprimitives

%ﬁ% L T Ciemat \c&’ ——— CIEMAT-FP Advisory Committee mid2023-mid2025 — March 111-12 2026 14
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New electronics for Drift Tubes: OBDT-theta board

OBDT-theta:
e Versatile and flexible readout
board (FPGA-based),
e large throughput (50 Gbps),
e radiation tolerant.

Production, quality control
and assembly 2025-2026

Excellent
| Radiation performance of
tests the board ‘
performed at | OfBl?lT tir:e r::'c:asurer_nents
' of chamber hits comin
‘ (:1%2 5 ¥ Bogrds pasead burrHn fests (2 - | from LHC collisions ingCMS
( y) = weeks@50°C) to discard infant A {

mortality on components OSSN

hBX_SL1

£ 22000E= Entries 3550303
18000
16000
14000F-
12000
10000
8000~
Y
2000/~ |
o e S Vo e e e b
500 1000 1500 2000 2500 3000 3500

BX TDC hit field

March 111-12 2026 15



Minicrates fabrication and assembly

Minicrates parts and cabling : large production over 2 years. Final assembly and tested on 5 sites, including CIEMAT

. Mechanics Production well
Large collaboration with  fabrication 250 on track
the Spanish industry Minicrates (2 m . N
long) First shipment
& sio-srooe + 800 different expected this
Lontana group

pieces
:

7 LUSER

éi DVALENTMA sLu
CN.C = CAD - CAM

© SCP SINTERSA

Mechanics, cabling
fabrication and
_ assembly.

ARQUIMEZ '
FIBERCO .
T Intensive use
n?t% (= uscrcunrs  of CIEMAT's

General
Workshops.

Quality control
at CIEMAT

gt L AW

%cjﬁ ——— CIEMAT-FP Advisory Committee mid2023-mid2025
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CMS DT upgrade: installation and commissioning

CIEMAT personnel to participate on installation and commissioning efforts

Cabling and integration tests at M,m
3 SXA5 at CERN - 2026 2027
}(5) Dchepk-im' tallati
minicrate Installation
g‘ \IIIIIHH — ﬂﬂlﬂnnl IIH\I\I‘H/ . l :sepéwision
Jul 2028
w 2027 L. 2028
g ||IIIIIIIInn..IIIIIII““I )Iﬂl’l.%.’/, -

Considerable amount of
personnel required for
commissioning and installation.

Installation
exercises at CERN

Slice Test: two
CMS sectors
working in parallel

Quality control with upgrade
at CERN | electronics

%C{:p ——— CIEMAT-FP Advisory Committee mid2023-mid2025 — March 111-12%, 2026 17
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CMS Level 1 Trigger Phase 2 upgrade: HW

e Construction of 3/5 of the 42 ATC-based hardware in e  High performance FPGAs AMD VU13P
Spanish companies (installation & commissioning in e O(100) Firefly optical channels: very high data
2027-2030) throughput (3.8 Tbps)
e  Muon Trigger Primitives (DT plus RPC detectors) plus e Prototype successful, production in 2026 (60%
readout CIEMAT, PCB&assembly from Spanish companies)
e e Responsibles of the BMTL1 algorithm firmware

mam =k @ m
e Muon . o o

LT
Bu'mlwur-l
Btn'clm
25ps —+
OMTF

——_standalone s + all stubs |

March 111-12 2026



CMS Level 1 Trigger Phase 2 upgrade: DT Trigger algorithm

CIEMAT responsible of the BMTL firmware implementation for Trigger Primitive generation

Algorithm accepts all generated DT data at maximum resolution and builds segments.
Excellent latency and resolution, comparable to offline reconstruction algorithms
Validated with proton-proton collisions at the CMS slice test

Precise Firmware-Emulator agreement developed over the years

Further developments ongoing, with focus on displaced and exotic signatures

CMS Preliminary, oT Slice Test, Cosmic Data (2021) CMS, 2016 data 13 Tev

(=]
w
T
Entries/ns

Fractign of TPs/ns
n
T

10°

= Emulator

(A
N

“*=* Firmwiare

w— Phase-2 TP, Q > 4/8

—— Legacy TP (BX x 25 1)

o
-
a

o
o

o
o
a

T

L . P, L
9 -20 -10 0 10 20
Trigger Primitive - Offline Segment Time (ns) Time - Event BX * 25 (ns)

Difference between TP time and the offline
segment time, for Phase-2 and for Legacy trigger

TP time- BX*25ns for firmware and emulator
Input DT hits from 2016 Z->pp events

;ﬁé FMNS RERoweon iSmIOl %Cﬁ? —— CIEMAT-FP Advisory Committee mid2023-mid2025 - March 111-12t, 2026




CMS HGCAL (High Granularity Calorimeter) construction

e HGCAL CMS replaces the Endcap
Calorimeters with new high granularity
calorimetry techniques pioneered by the
CALICE R&D collaboration

e Since October 2022 CIEMAT, among
others, has answered the call from CMS
Upgrade management to help HGCAL
(after Ukraine invasion)

CIEMAT s responsibility:

e constructed all the thermal screen
electronics feedthroughs

e fabricating part of the CE-H stainless-steel
cassette covers

e machining a fraction of the CE-E CuW
module baseplates

Feedthroughls

L SUPPORTS

BACK FLANGE

~1200 PCB of different
types for helping
services to cross the
thermal screen.
Delivered.

Produce a fraction of steel
protection covers of the CE-H
HGCAL cassettes. Pre-
production on going.

Machine ~1000 CuW thermal interface
baseplates for HGCAL Si modules (7%).
Production imminent.

CIEMAT CuW prototype

CIEMAT-FP Advisory Committee mid2023-mid2025
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HL-LHC Physics Oportunities

Huge opportunities for new measurements and searches that build on our Run 3
expertise and will expand our understanding of fundamental physics.

Increased luminosity, improved triggers and upgraded detectors is the
way to squeeze out all the discovery sensitivity from an hadron collider for New
Physics

o  Complex offline algorithms in the online running L1 trigger

o HGCAL gives access to forward jets from VBF processes with excellent

timing

o Larger acceptance of the detectors (tracker + muons)

New phase spaces, new opportunities for high impact research. Eg:

o Rare production and decay modes
o Long lived: Large potential improvement for displaced muons topologies

using new triggers and ML algorithms

— —

1

Wiz W/Z 7
W/Z S wia<"
85 >

CIEMAT-FP Advisory Committee mid2023-mid2025

Precision on Higgs Couplings

s =14 TeV, S2, 3 ab' per experiment

[ ] Total ATLAS+CMS
Statistical Projections ESPPU 2026
—— Experimental
—— Theory Uncertainty [%)]
2 ‘ Tot Stat Exp Th
Ky = 1.8 07 09 13
Kw E— 1.6 0.7 06 1.3
KZ = 16 07 05 1.3
Ke = 2.4 08 0.7 22
L= 34 08 09 32
K= . 36 12 12 32
K =_. 19 08 0.7 15
K= | 3.0 27 09 1.0
Kz B—= \ 6.8 59 1.6 3.0
0 0.02 0.04 0.06 0.08 0.1 0.12

Expected uncertainty

+ A shot at di-Higgs: looking
forward to the first measurement of
the kKA(30% precision): window to
the Higgs potential

March 111-12%, 2026



Future Colliders

» Detector R&D
= Physics Studies

7~ DY \/
CALi(ed @ I Ialg"e DRD
\ i ny P Goreous Detectss Techmsepen
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Overview of activities for Future Colliders

Long-standing contributions to future collider developments through detector R&D and physics studies.

CAU@ R&D on highly segmented calorimgtry e Physis studies related to ILD and
m  Members of CALICE since 2007 CLD for ECCee

Ardcalss  w  Nowfully integrated in DRD6-Calo for FLL |
e ILD (International Large Detector) concept for ILC and ~ ®  Participation in the ECFA Higgs,

FCCee (R&D & physics studies) electroweak, and top factory study
e Participation in DRD7-Electronics CERN Yellow Rep.Monogr. 5
o developments on precise timing capabilities, with 2025))
focus on rad-tolerant FPGAs Co-convener ECFA WG3: Detector R&D
o Trigger-DAQ tools for next gen challenges Co-convener ECFA WG1: Physics (2021/22)

e Participation in DRD1-gas
Q DRD1 ° readout electronic chains

o novel gas detector concepts

Objective to strengthen present R&D and physics activities in the coming years to actively contribute to the

physics and detector definition for the next collider
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https://doi.org/10.23731/CYRM-2025-005
https://doi.org/10.23731/CYRM-2025-005

Calorimetry R&D

From SDHCAL - Semi-Digital Hadronic CALorimeter to t-SDHCAL for 5D-calorimetry (space, energy & timing)

SOHEAL - Semi-Digital Hadronic CALorimeter. Mechanics: Long R&D to reduce module
deformations during assembly.

Stainless steel absorber layers. " Gocronseammelang <
1.5cm thickness (tolerance 50 mm) up to ~3x1 m2 ‘ T

(Surface planarity < 1mm) T || submodites,
£ o '4‘ Llioflomnnnlly s [ ready fo er

. === -
Glass Resistive Plate Chambers (GRPCS) | | _. b [| e
Pads 1x1cm2, - | ‘;‘: A It =0

o mi
Semi-Digital Readout, 2bits - 3 thresholds -

1-SDHEAL (time-SDHCAL): New generation of
SDHCAL including precise timing (~100 ps) for a
5D-calorimetry (space, energy & timing)

Hadron " RAWdata
Shower | ‘ el

Pads with signal above
1% threshald (0.114 pC)
2nd threshpld (5pC)

3" threshold (15 pC )

New detectors: Multi-gap RPCs
Technology proposed for ILD (LC & FCCee) New FE Electronics & DAQ with precise timing capabilities

+ accommodation to FCC-ee requirements (e.g. cooling ...)
CIEMAT-FP Advisory Committee mid2023-mid2025 - March 11t-12%" 2026
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Physics and optimization studies

Detector Design, reconstruction optimization and general Physics Studies

Distribuciones de m, y mj,, reconstruidas
g F ) Training of state-of-the-art
& 700 s MLPF algo done at
Focus on ILD Detector F“l St CIEVAT P oter
Monte Carlo studies of physics channels for: - ﬂ . MLPF
e Optimization of the t-SDHCAL detector L FCC-ee, CLD
. . . 300 { ‘
e Development of reconstruction algorithms and Particle }
dentification (PID) w gl A
. . . . 31 i an i ..+ V6T S
e Optimization of ParticleFlow (Pandora vs ML approaches) | “~ 1 I T

e Physics prospects and analysis strategies

Vs=91 GeV, 5.20 fb™'

Py(cos 6,)

—— Pseudo Data

General physics studies

_Af(l + c0s20;) + 2Accos6,

r, 0,) =
Pr (cos) 1+ cos20, + 2A.Arcosb,

— Fitfor A and A,

Aimed at Higgs precision (HZ), precision in the Z pole (final
states with tau leptons), and searches for long Lived Particle:
(LLP, ALPs) . ~*F FCCee 2025 Note

) - Tau Reconstruction
https://arxiv.org/abs/2601.11383 (O. Arquero PhD Thesis) 3 and Polarization
(H->17 at FCCee) E S

-1 -0.5 0 0.5 1

FCC-ee, CLD First full simulation
study at FCC.
Benchmark for
performance.

RAARIRARANRERRNRARRNRARED
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https://doi.org/10.17181/69a4s-7vw37
https://doi.org/10.17181/69a4s-7vw37
https://doi.org/10.17181/69a4s-7vw37
https://arxiv.org/abs/2601.11383

Responsibilities and Funding
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Major responsibilities in CMS, LHC, CERN

Sustained leadership role in the CMS
experiment, with relevant positions in
operation, trigger, detector performance,
computing, and leading important physics
analyses.

Active participation in panels, boards,
committees, task forces

Presence in international Committees and Advisory

Bodies
Juan Alcaraz Maestre - CERN Scientific Policy

Committee (SPC)

—

CMS Management Board- September 2023

Advisors Spokesperson Engagement Office Collaboration Board
Prev-SP: L. Malgeri > A. Sharma =
Prev-TC: A. Ball L ErReE —— CB Chair
- Advisors: LBauerdick, . Amos-Cali, R. L. Silvestris, W. Adam T s Ga‘(ugepuly)
Cariin, J. Incandela, 1. Melzer-Pell Mo ol
C'eme o 2= 1K ' ZLir A. Charkiewicz . Dasu(secretary)
2 O 2 2 / 2 A. Telesca
Technical Coordination -
W. Zeuner
57 usSA Italy
LEXGLIMOS R. Perruzza —_— R. Erbacher G.Sguazzoni
G. Landsberg —
Germany RDMS
J. Haller V. Matveev
- =
D. Bamney —
UK.
France
=
o Themistocleous
A. Meyer
rr
MB Secretary
Q. Ingram
K. Gill ®
- R. Paramatti D.yu
- M. Mannelli
Ciemalt "'
r
MTD
T.Tabarell  pyotector Systems Coordinations
de Fatis September 2023
D. Stuart
y
-
. . C'emiie
C'emo
March 11-12%" 2026
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Major responsibilities in CMS: DT and L1T

Advisors:
F. Gasparini
H. Reithler

M. Cerrada

DT Organigram 2025

DT Institution Board Chair: Mary-Cruz Fouz Iglesias

S R

INFN CIEM/ OTIKI UAM Oviedo
st RWTH Aachen)  pogna Madrid Padova Torino Debrecen Madrid  University
< |
C.F. Bedoya A. Schmidt L. Guiducci M. I. Josa F. Primavera C. Mariotti Z. Szillasi " D& Troconiz J. Cuevas
(TGO M. Merschmeyer | F. Navarria S. Goy ore =dmagpane N. Beni : |. Gonzélez
D. Fasanella =
= Outreach Project Manager
MCPB Link D. Fasanella, ianni i Resource Manager
B. Kiani, S. Marcellini | | B. Kiani, A. Sharma —Cﬁ‘]n—lmgm Sivia Masell

Run
Coordination
Bilal Kiani
Leonardo Lunerti

Technical a

Coordination

Lisa Borgonovi
D. Dattola.

)
Q
o

Participation in the L1 Trigger Project
since 2017

Major responsibilities in Institutional
Board, Upgrade Technical
Coordination and Performance
Group

MINISTERIO
DE CIENCIA, INNOVACION
Y UNIVERSIDADES

GOBIERNO
DE ESPANA|

Silvia Goy Lopez
Electronic
Coordination

Dmitry Eliseev
Antonio Bergnoli

Upgrade
Coordination

Cristina F. Bedoya M0
Carlo Battilana

Detector Performance
Group Coordination
Giulio Umoret
B. Alvarez Gonzalez, F. R. Cavallo

CMS Drift Tubes

o
)

During the years, CIEMAT has
held very important
responsibilities:

DT Project Manager for over a
decade (2010 to 2021)
Historically, covered all relevant
responsibilities in DT

L1T Organigram 2025

A. Bundock

Deputy Project Managers
J. Berryhill & G. Petrucciani

T. Williams

A. Bundock

Detector

Offline Software
‘ Performance

M. Quinnan
B. Radburn-Smith

Online Software
C. Carrillo

Group
. Aldla
J. Ngadiuba

CIEMAT-FP Advisory Committee mid2023-mid2025
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Major responsibilities related to R&D and Future Colliders

collaborations

ILD technical convenors
e
Technical Coorr nator: Mary-Cruz Fouz
Deputy: | rsten Buesser
— "

Central Design

Karsten Buesser (DESY)
Roman Poescl (lJCLab)
Toshiaki Tauchi (KEK)

& Integration

Trigger &
Data Acquisition

Taikan Suehara (Kyushu)
Jiri Kvasnicka (Prague)

Iron
Instrumentation

Qollaboration since 2010

20 countries, 60 institutes

ILD Technical Coordinator

Auguste Besson (IPHC)
Akimasa Ishikawa (KEK)
Marcel Vos (Valencia)

Since 2021

Paul Colas (IRFU)
Shinya Narita (Iwate)
Ivan Vila (Santander)

Vincent Boudry (LLR)
Imad Laktineh (IP21)
Wataru Ootani (Tokyo)
Felix Sefkow (DESY)

Yan Benhammou (Tel Aviv)

Valeri Saveliev (IAM Moskow)

Members of the ILD (International Large Detector)

~

~

oy,
>

4 relcal
Tl

28 countries, 130 institutes DRDG6 Deputy Spokesperson

Chair: R. Ferrari

R.P., Dep.A. Pleier

Chair: G.
Gaudio

MANAGEMENT:

Chair: W.
Ootani

WORK

)

e C. Fdez Bedoya,

DRD7 Deputy Collaboration Board Chair
e M.C Fouz, Co-coordinator of the Spanish Network for Future Colliders

PACKAGES:
Coord.: L. Masetti Coord.: N. Morange Coord.: M. Miynarikova 04 - ¢. de la Taille
Dep.: A. Irles. | Dep.: M. iucctnu

WORKING

GROUPS:

\_ /

FUTURE
CIRCULAR
COLLIDER

C

e M. Cepeda, Co-convener of the Tau + Selected Electroweak group under the Flavour physics at FCC

MINISTERIO
DE CIENCIA, INNOVACION
Y UNIVERSIDADES
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https://indico.cern.ch/category/5663/

CIEMAT contributions to CMS Offline & Computing

Coordinators

re s o u rce s fo r C M S L. Sexton-Kennedy, P. Srimanobhas
o  MNS5 for offline data simulation and processing Core Software Dynamic Resources Upgrade Project Office
S. Muzaffar, M. Kortelainen D. Kovalskyi, A. Wightman Provisioning D. Spiga, C. Wissing D. Elvira, T. Bose

e L2 coordination in CMS Computing ESPP: Computing as key enabler to HEP research programmes
o Resource Management (J. Flix) ]
o Computing Resources Board (J.M Hernandez) Update 2026: The computing challenges of the next decade are not solved
o  Submission Infrastructure (A. Pérez-Calero . . "
] ( ) CMS Offline Software and Computing CMS '}
e Integration/deployment of new
5
%

campaigns
. . Simulation DMWM Development Facilities and Services Resource Management
o CI EMAT AnalySlS Facil |ty for enhanced su pport \"2 Iéanslchenko, K. Pedro D. Cial!n)gottini, A. Piccinelli S. Lammel, G. Bagliesi D. Lange, J. Flix
arkar, M. Darwish

to last-stage physics analyses

e Contributions to R&D

X Monitoring and Analytics Submission Infrastructure Computing Resources Board
Reconstruction F ; F. Legger, B. K. Jashal A. Pérez-Calero, M. Mascheroni K. Bloom, J. Hernandez
ernandez

S. Sarkar, M. Darwish
. i Analysis Infrastructure and Web Services and Securi CB Sub-Group on Phase-2
o Cache deployments (C Pérez PhD TheSIS) Support S. Belforte, K. Ellis Effort ™* 0. Gutsche, M. Kiute
© AnalySiS FaC“ity deployment and performance Generators * L1 Software ** Offline Release Planning

B. Bilin, L. Viliani E. Palencia Cortezon, A. Loeliger A. Vilela Pereira, M. Nguyen

(C. Morcillo PhD Thesis)

(] C MS Com puti ng MOdel U pg rade for plactine LeamJianu;rte, P. Vischia 2?;1:;%3?2’3::;:::%3’::; * Joint with Physics Coordination
HL-LHC Editorial team for CMS [— Software Areas * Joint with L1 DPG
H H Computing Areas ***  Joint with Collaboration Board
Computing Conceptual Design Report WIS Management Areas

° Evolution of Workload Management Three CIEMAT members in the CMS O&C management board for 10+ years, unique

System (A. Pérez-Calero) leadership contribution amongst Spanish participation to the experiment

GOBIERNO  MINISTERIO
*i‘* DE ESPANA- DE CIENCIA, INNOVACION
Y UNIVERSIDADES
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High Energy Colliders Funding (2014-2025)

Plan de Recuperacion,
Transformacion
W v Resiliencia

Financiado por la Unién Europea
NextGenerationEU

ok ok Kk
* ok k

Yearly fund approximately 800.000 €/year from Spanish National Projects (AEI)

3.000.000 €

2.500.000 €

2.000.000 €

1.500.000 €

1.000.000 €

500.000 €

Dwreccion General de Investigacion
e Innovacion Tecnoldgica

0€
2014-2017

Comunidad | CONSEJERIA DE CIENCIA

de Madrid

T T GOomRNG
ChRLT O BmA
- -

GOBIERNO  MINISTERI
DE ESPANA DE CIENCIA, INN( I
Yur Es

UNIVERSIDADES E INNOVACION

Funding evolution (only Direct costs)

2018-2020

2021-2024

2025-2027

Direct costs only (+ ~21% additional
funds granted)
A significant fraction to cover MOU and
Common Fund contributions

mCMSPhys HOVSUpgrace = Future
CMS-Phys | CMS-Upgrade Future All

2014-2017 1.164.300 595.000 65.000 1.824.300

2018-2020 900.000 1.300.000 2.200.000

2021-2024 944.600 1.019.100 227.000 2.190.700

2025-2027 1.396.900 849.700 196.300 2.442.900
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High Energy Colliders Additional Funding (2020-2025)

2021-2025 - UE H2020-INFRAINNOV-2020-2 (Grant Agreement 101004761) (25 k€)

2021-2023 - Proof of concept (Spanish Research Plan) PDC2021-121715-C21/C22 (88 k€ /2 years)
2023-2025 - TAU-CM (EU - Next Generation Funds + CM) (125 k€/2 years)

2023-2025 - EU - Next generation Funds 1 M€ / 2 years

Plan de Recuperacion,

Transformacion Personnel:
W v Resiliencia

Financiado por la Unién Europea
B 2025-2029 - Ramon y Cajal Fellowship RYC (1 postdoc)
E 2023-2028 - Atraccion de Talento - Comunidad de Madrid (1 postdoc+1 PhD student)
< lmetion Teansogen 24 2023-2028 - Atraccion de Talento - Comunidad de Madrid (1 postdoc+1 PhD student)

CONSEJERIA DE CIENCIA
de Madrid

UNIVERSIDADES E INNOvacion— 2024-2029 - Atraccion de Talento - Comunidad de Madrid (1 postdoc+1 PhD student)

D€ CIENCIA
L N E INNOVADON

kel P 2024-2026 - Consolidacién Investigadora AEI (1 postdoc 2 y)
wisbs  2025-2027 - Consolidacién Investigadora AEI (1 postdoc 2 y)

E T L — 2V 2026-2027 - Ayudante de Investigacion INVESTIGO (1 ayudante 1 y)
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Summary

e Long standing and solid participation in high energy colliders since many
decades, reference center in Spain and internationally.

e Fruitful physics program. Covers the most interesting phase space of physics
at colliders.

e LHC participation spans from physics analysis, operation to strong
contribution to the upgrades.
HL-LHC is really here!

e Involvement in future colliders is consolidated and evolving over several fronts
in parallel.

Completing the LHC and securing the HL-LHC is THE Program fully aligned with the European
priority in particle physics at the European level. strategy and that of CERN
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High Energy Colliders Funding (2020-2025)

Plan de Recuperacion,
Transformacion
W v Resiliencia

Financiado por la Unién Europea
NextGenerationEU

ok ok Kk

Comunidad
de Madrid

Dwreccion General de Investigacion
e Innovacion Tecnologica

CONSEJERIA DE CIENCIA
UNIVERSIDADES E INNOVACION

T GOMIRNG  MNKTEMNO )
"'v DF BSPASA  DE CIENGIA
E INNOVADION
ESTAIN. (€
INVEST

i I GOBERNO  MINSTER!
S J DEEWANA  DE
a a

Yearly fund approximately 800.000 €/year from Spanish National Projects (AEI)

CMS-Upgra
CMS-Phys de Future All
2014-2017 | 1408 803 719 950 65000{ 2128753
2018-2020 | 1089000 1573000 2 662 000
2021-2024 | 1142966| 1233111 274 670 2650747
2025-2027 554 875 868 375 245375 1668 625
2025-2027 953 000 155 000 1108 000

CIEMAT-FP Advisory Committee mid2023-mid2025
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Funding evolution

2014-2017 2018-2020 2021-2024 2025-2027 2025-2027

mCMS-Phys  mCMS-Upgrade m Futu
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PhD Theses since 2023

David Daniel UCM Study and Mitigation of the Radiation Aging of the Drift Tube Chambers of the |  Cristina Fdez. Bedoya & 05/2025
Redondo Ferrero Compact Muon Solenoid at the Large Hadron Collider Ignacio Redondo Fdez.
Julia Vazquez Measurement of the W — cq/W — qq' decay branching fraction ratio with the José Maria Hernandez
UAM CMS detector at the LHC and Uncertainty estimation of machine learning Calama & Miguel Cardenas 12/2024
Escobar models in particle physics Montes
Mangesh : i -Li ' ing i [ [ i
g TU Viena Exploring Long-Lived Particles decaylng into Displaced Dimuons with the Alberto Escq!ante & Robert 10/2024
Sonawane CMS experiment Schéfbeck
Lourdes Urda UCM Anomalous couplings of the Higgs boson in the WW decay channel with the | Maria Cepeda & Dermot 10/2023
Goémez CMS experiment at the LHC Moran
Jaime Leon Search for Higgs boson pair production at the CMS experiment of the LHC oo .
Holgado UCM and studies of a new trigger algorithm for the muon chambers in HL-LHC Silvia Goy Lopez 09/2023
Sergio Sanchez Measurement of the associated production of a W boson and a charm quark | Juan Pablo Fdez Ramos &
N UCM in proton-proton collisions at V' s = 13 TeV with the CMS detector José Maria Hernandez 07/2023
avas at the LHC Calama
Héctor Garcia High granularity calorimetry for future high precision physics in the context of
Cabrera UAM the e+e— International Linear Collider and prospect of the MaryCruz Fouz 03/2023
5‘% SER W oncon xR tfp CIEMAT-FP Advisory Committee mid2023-mid2025 March 11"-12, 2026




Ongoing PhD topics

Olmo Arquero uco Highly segmented Calorimetry for a future Higgs Factory MaBri-rgr:l;igro(ngg;ge

Eva Sanchez UAM Lepton-flavor violating decay of the Higgs boson Run 3 Cristina Martin

Carlos Garcia UCM Higgs couplings to EW vector bosons in the H->WW channel Dermot Moran
Manuel Gonzalez UCM Ratio of tt+jet to tt cross sections, top mass, alphaS Javier Llorente

Search for charged LLPs decaying to displaced dimuons with

Martin Alcalde UAM Alberto Escalante

Run 3 data
Elvira Martin UAM HH->bb tautau Run 3 Maria Cepe’da/S|IV|a
Goy Lopez
Oliver Manzanilla UCM Searches in dilepton final states I+I- Run 3 Juan Alcaraz
i 5 - , i Begorfia de la
miss
Diego Fernandez UAM Searches in dilepton final states |+p, ™ Run 3 Cruz/Oscar Gonzalez
Cecilia Morcillo UCM Computing and analysis in B Physics with Run 3 data Antonio Delgadof

Antonio Pérez-Calero

———— CIEMAT-FP Advisory Committee mid2023-mid2025 - March 11t-12t 2026




Leadership in international initiatives (2023-2025)

JAM - CERN Scientific Policy Comittee (SPC), 2025 -

CFB - CMS L1 Trigger Resource manager (CMS Level 2). Up to 01/06/2025.

MC - Coordinator of the CMS L1 Trigger Detector Performance Group for Phase-2 developments (CMS Level 2), 2023.

JPF - Coordinator of the Standard Model Vector boson + jets physics group (CMS Level 3), Sept. 2023 — Aug. 2024.

CFB - CMS DT Upgrade Coordinator (CMIS Level 3). Sept. 2020 -.

AEV - (CMS) Convenor of the LHC Long-lived Particles Working Group (LHC LLP WG). Sept. 2022 -.

DFV - Coordinator of the Selection subgroup of the CMS Muon Physics object group (CMS Level 3), Sept. 2023 — Aug. 2025.

OGL - Coordinator of the Data Processing Tools subgroup of the CMS Common Analysis Tools group (C\VIS Level 3), Sept. 2024 — Aug.
2026.

° CMP - Coordinator of the CMS L1 Muon Trigger Detector Performance Group for Phase-2 developments (CMS Level 3), Sept. 2024 —
Aug. 2026.

° IRF - CMS L1 Trigger Upgrade Technical Coordinator (CMS Level 2), Sept. 2024 — Aug. 2026.

. IRF - CMS Coordinator of the Detector Safety System Upgrade group for “Warm” detectors (CMVIS Level 3), 2023 —

° AEV - Member of the Task Force Optimization on Time to Publication in CMS, 2023-2024.

®  SGL- Member of the CMS Task Force on Deadtime, Sept. 2024.

° SGL - Deputy DT Project Manager, Sept. 2025 - Aug. 2027.

e  JLIM - Coordinator of the Physics Modelling and Validation group in CMS (CIMS Level 3), Sept. 2025 - Aug. 2027.
° MCF - ILD Technical coordinator, March 2021 - .

° MCF - Convenor WG3 - ECFA initiative towards an e+e- Higgs/top/EWK factory, May 2022 - .

° MCEF - Spanish national contact for the ECFA Detector R&D Roadmap Panel, Dec. 2020 - .

° MCF - Deputy Spokeperson DRD6 collaboration, Sept. 2024 -

° MCF - Member of the DRD1 Collaboration Board Chair Advisory Group, June 2024 -

° CFB - DRD7 Deputy Collaboration Board Chair, 2024-...
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SGL - Coordinator of the Trigger Study Group in charge of the general High Level trigger system (CMS Level 1), Sept. 2022 - Sept. 2024.
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