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Future Circular Collider —e*e™
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The FCC-ee will allow us to probe electroweak, flavor, Higgs, and Top physics with
unrivaled precision.

Targeted Process A AV RVAL R Tl Particularly motivated by the

P TR R PR EEY  need to study the Higgs Boson

Total Integrated Luminosity 150 10 5 1.5 in greater detail

Report of the Snowmass 2021 e *e~-Collider Forum

Possibly 2045-48 start date — Requires targeted R&D to make
the best physics case and achieve

e HL-LHC (14TeV, 3 ab™") optimal physics performance
(13.6TeV, 450 fb™')

FCC-eein 10 slides

2045-48 start detector commissioning

100km tunnel, installation FCC-ee: 90/160/250 GeV 350-365 installation

-150/10/5 ab* Gev 17 FCC hh: 100 TeV = 30 ab™
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* National Lahoratory CERN vision and plans@P5 townhall 2



https://arxiv.org/abs/2209.03472
https://indico.fnal.gov/event/22303/contributions/246832/attachments/157337/205777/FCC-ee_collider_10slides.pptx
https://indico.bnl.gov/event/18372/contributions/73072/attachments/46978/79652/ef-p5-bnl.pdf
https://indico.bnl.gov/event/18372/contributions/75206/attachments/47011/79716/CERN-plans.pdf
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https://arxiv.org/abs/2209.03472
https://arxiv.org/pdf/2209.07510.pdf

Higgs — Invisible
Dominant Higgs production mode at FCCee: ee —» ZH
, H ee-collider advantages for H — invisible
 Z/H production dominant — tag on Z decay
e colliding particles’ 4-momenta known
, * low pileup environment
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Circular and Linear e+e- Colliders: Another Story of Complementarity \'S [G eV]

BR(H - inv) limits at 95% CL: LHC (300 fb~!) | HL-LHC (3000 fb~') | FCCee (5000 fb~?)

0.19% All limits based on ZH

No systematics 7.5% 2.9%
Realistic scenario 17% 6.2%
Conservative scenario 22% 14%

Prospects on the search for invisible Higgs decays in the ZH channel at the LHC and HL-LHC: A Snowmass White Paper
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production alone.
VBF production @ LHC
allows for improved limits

6th FCC Physics Workshop: Higgs to invisible



https://arxiv.org/abs/1912.11871
https://arxiv.org/pdf/1309.7925.pdf
https://indico.cern.ch/event/1176398/timetable/

Higgs — invisible measurement

©

* We can reconstruct the Higgs’ kinematics from its recoil against Z bosons

Pe~ T Det =Pz + Pu
= m} = (2E, — E;)? — P}
= (240 GeV — E,)? — P2

* Consider exclusively events where only Z-bosons
seem to decay

* Look for resonance around Higgs mass in distribution
of recoil masses: missing masses

Brookhaven

National Laboratory

Missing mass distribution from recoil against Z bosons
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https://indico.cern.ch/event/1176398/timetable/

Reconstructed mass distributions
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Events / 0.05 GeV

Detector impact on resolution
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Study the effect of beam energy spread and detector resolution on the search for
Higgs boson decays to invisible particles at a future e++e—— circular collider

G Brookhaven

National Laboratory

ILD-like detector, no beam energy spread

ILD-like detector
CMS-like detector

]' 0.12% CoM energy spread


https://link.springer.com/article/10.1140/epjc/s10052-017-4680-5

FCCee detector concepts
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CLD -- A Detector Concept for the FCC-ee
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* All silicon tracker (pixels+strips)

e Si-W EM calorimeter

* 22X,, 40 longitudinal layers
» Steel-Scintillator hadronic

calorimeter

e SiPM readout
* Solenoid outside calorimeter

National Laboratory
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Pre-shower counters

FCC-ee Detector Designs

MAPS based vertex detector (1% X))
High-precision low-mass drift chamber
with surrounding Si microstrip
pre-shower with MPGD readout
Lead-Fiber dual readout calorimeter

* Scintillating fibers for charged

particles
e Clear fibers for Cherenkov light

MAPS — Monolithic Active Pixel sensors
MPGD — Micro Pattern Gas Detector

Detector Challenges at Future Circular Colliders
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Noble Liquid Gas Calorimeters

Includes a highly granular noble liquid
calorimeter

Possible design being explored are
lead/steel absorbers, stacked
azimuthally inclined at 50° w.r.t. radial
axis with Liquid Argon as the active
medium

Other options under consideration:
Tungsten absorbers and/or
Liquid Krypton



https://indico.bnl.gov/event/18372/contributions/75209/attachments/47012/79717/FCC-P5.pdf
https://indico.cern.ch/event/789349/contributions/3298691/attachments/1805339/2946724/FCCCDR4March-MD.pdf
https://indico.desy.de/event/32537/contributions/114377/attachments/71930/91921/LArTerascale.pdf
https://arxiv.org/abs/1911.12230

H—invisible benchmarking

*  Useinvisible reconstructed mass resolution in H — invisible , Z — qq
as benchmark for calorimeter comparison and optimization

w [
o ' c 012 ee—ZH, Z—jj, H—invisible
. Preliminary Selection: o -
L [
. Exactly two jets, zero muons, zero electrons ** 0'1:
*  Reconstruct Z from jets 0.08|—
*  Getinvisible mass from Z recoil 006:_
«  MET > 10 GeV, 60 GeV < m, < 100 GeV -
0.04—
. Currently using centrally produced FCCee Monte Carlo 0.02—
samples, reconstructed with the IDEA detector -
http://fcc-physics-events.web.cern.ch/fcc-physics-events/ BT | I VTN T
FCCee/winter2023/Delphesevents IDEA.php Missing Mass [GeV]
Invisible mass distribution, based on Higgs—invisible,
with Z — jj and the Idea detector
k? Brookhaven
National Laboratory 9



http://fcc-physics-events.web.cern.ch/fcc-physics-events/FCCee/winter2023/Delphesevents_IDEA.php

Michael Begel

Ongoing efforts

 Prepared Monte Carlo event sample production pipelines for CLD and

. NA48/62

Noble Liquid detectors

Currently evaluating produced samples
 Use these to compare invisible mass resolutions between detectors

* @Going forward, benchmark variations of calorimeter parameters ProtoDUNE
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. Visit our repository at
github.com/BNL-FCCee/BNL-Analyses

. And reach out to us!

First Liquid Argon sampling electromagnetic
(:'\ Brookhaven calorimeter under test beam at the Alternating

National Laboratory Gradient Synchrotron in April 1973 10



https://github.com/BNL-FCCee/BNL-Analyses

The End

Thank you!

I @ Brookhaven
National Laboratory



