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Introduction

FCC= ultimate energy

* | am going to attempt to summarise prospects frontier machine

for BSM searches at FCC.
« This includes:
» Direct searches for new particles.
* Indirect searches through precision SM tests.

* For more detailed overviews of the status of
various FCC physics studies (and their detector
implications) see the slides at the London FCC
week.

Thanks to the numerous collaborators whose slides/schematics have
been used in these slides ©
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There are a lot of FCC
talks at this workshop
(this is a good thing)!

| apologies that there will
be some
overlap/interplay with
other talks (I have tried
to minimize).

=> on some level: the
entire FCC physics
programme
constitutes the most
comprehensive BSM
search we can
perform!




Taken from by
Reminder: Integrated FCC programme M. Benediktat FCC

week.

Comprehensive long-term programme maximises physics
opportunities at the intensity and energy frontier:

1. FCC-ee (Z, W, H, tt) as high-luminosity Higgs, EW + top factory.

2. FCC-hh (~ 100 TeV) to maximise reach at the energy frontier, with pp,
AA and e-h options (FCC-eh).

Injection transfer lines proposed to be
Azimuth =-10.2° installed inside FCC-hh ring tunnel
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https://indico.cern.ch/event/1202105/contributions/5423504/attachments/2659109/4606291/230605_FCC-FS-Status_ap.pdf

Integrated FCC programme

Taken from
s L /IP (cm2s) | Int L/IP/y (ab-') | Comments
e'e ~90Gev  z| 182x10* 22 2-4 experiments
FCC-ee 160 ww 194 2.3 P
240 H 7.3 0.9 Total ~ 15 years of
~365 top 1.33 0.16 operation
pp 100 TeV 5-30 x 1034 2+2 experiments
FCC-hh 30 20-30 Total ~ 25 years of
operation
PbPb Vs = 39TeV 3 x 1029 100 nb-"/run | 1 run =1 month
FCC-hh operation
ep 3.5 TeV 1.5 1034 2 ab-! 60 GeV e- from ERL
Fcc-eh Concurrent operation
with pp for ~ 20 years
e-Pb \Vsey=2.2TeV | 0.5 10% 1 fo-t 60 GeV e- from ERL
Fcc-eh Concurrent operation
o with PbPb
FCC-eh:

by F. Gianotti at FCC week.

FCC-ee:

Ultra-precise measurements
of EW/ Higgs + top sectors
of SM -> indirect sensitivity
to BSM.

Unique flavour opportunities
Direct sensitivity to feebly
interacting particles (LLPs)

FCC-hh:

« Energy-frontier ep collisions provide ultimate super-
microscope to fully resolve hadron structure

and empower physics potential of hadron colliders.
* Very precise measurements of Higgs/top and EW

parameters in synergy with ee and hh.

High-statistics for rare Higgs
decays and 5%
measurement of Higgs self
interaction.

Unprecedented direct
sensitivity to BSM.
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https://indico.cern.ch/event/1202105/contributions/5423451/attachments/2659293/4606138/FCCweek-2023-London.pptx

Synergies in the FCC programme

\4‘«\ g
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Integrated programme combines precision at the intensity frontier (FCC-ee) giving
indirect sensitivity to a multitude of NP as well as unique direct sensitivity to low-
mass and weakly interacting BSM physics, with déscovery potential at the energy
frontier (FCC-hh) that will furtger extend the precision achieved at FCC-ee!
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Synergies in FCC programme

Taken from

Opportunities for FCC-eh...

i
o

pp @ 100 TeV

by J. D"Hondt at FCC week

~5-7% uncertainty
on the o(W,Z,H)
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Taken from updated HE-LHC

E w
05 B+ v uin m n
10 10° 10*
M, [GeV] ~1% uncertainty
on the o(W,Z,H)
: . S S S S S
« Empower FCC-hh with precision input on hadron structure and strong coupling :

(to permille accuracy) during parallel running.

« Complementary measurements of Higgs couplings (CC+NC DIS x-sections, no

pile-up, clean).

* Plus... complementary BSM prospects (LLPs, LFV, not-too-heavy scalars, GeV-

scale bosons)- more on this later ©
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https://indico.cern.ch/event/1202105/contributions/5435643/attachments/2662467/4612844/FCC-JDH-8June2023.pdf
https://cds.cern.ch/record/2706220/files/Agostini_2021_J._Phys._G__Nucl._Part._Phys._48_110501.pdf

FCC-ee and -hh synergies — BSM searches >°¢ A

Salam at FCC week

Direct FCC-ee sensitivity O 1

. HNLS COLLIDER
* Alps
« Exotic Higgs decays

...plus indirect access to
a range of BSM

phenomena through ultra-
precise measurements of

SM parameters...
FCC precision gain
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https://indico.cern.ch/event/1202105/contributions/5423455/attachments/2659121/4607170/fcc-london.pdf

FCC-ee and -hh synergies - BSM searches

More details in FCC TDR and ESU submissions

FCC-hh sensitivity to direct NP

FCC-hh Simulation (Delphes), (s = 100 TeV

I
© 20 fCIC-hIh, \{§=' 100 TeV, 30I ab:‘ — 20 fclc-r'm, \/E - 100 TeV, 3c} ab“1 —————— o
e c 3 = Default layout, <u> = 200 = Q" i
S 18 = = 18 r Alternative layout, <u> = 200 ] 5 o Discovery
= — 1 [ Default layout, <u> = 500 1
E‘) 16 = = 1 65 Alternativi Iaymi, <u> =500 ] A - 2.5ab”
2 14F ER E 30 ab”
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o b b by by T I I S S (T ST S AT S S R SR 0 o
02500 3000 3500 4000 0 800 1000 1200 1400 Zo o [
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Chargino mass [GeV] Chargino mass [GeV] Mass scale [TeV
Cover full mass range for discovery of WIMP dark Substantial discovery reach for
matter candidates heavy resonances

In summary- exciting possibilities to discover/characterize NP that could
be indirectly predicted through precision measurements at FCC-ee
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https://fcc-cdr.web.cern.ch/

FCC-ee BSM snapshot

Taken from FCC Snowmass

Image credit: FCC CDR

1. Indirectly discover new particles '
coupling to the Higgs or EW bosons up Current limitI
to scales of A = 7 and 50 TeV. Current exp.
sensitivity
2. Perform tests of SUSY at the loop level LHC Run 3
in regions not accessible at the LHC.
LHC Run 4
3. Study heavy flavour/tau physics in rare
decays inaccessible at the LHC. FCC-ce/hh
4. Perform searches with best collider 200 [1802/] 1500
sensitivity to dark matter, sterile SO
neutrinos and ALPs up to masses = 90 Projected 20 indirect
GeV. reach from Higgs

couplings on stops.
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https://arxiv.org/pdf/2203.06520.pdf

Physics landscape at FCC-ee

/ Higgs \ / Flavor \ / sl =iz \ feebly inteBrgclrilng particles

factory “boosted” B/D/t factory: most precise SM test
m,, 0, T, CKM matrix Heavy Nf:,t\lrfl) Leptons
self-coupling CPV measurements my, I_z ’ rinv
H— bb, cc, ss, gg Charged LFV
H—inv Lepton Universality sin’6,,,RY R, R
I T properties (lifetime, BRs..) wWeen et Dark Photons Z,,
H—bs, .. A", T pol.
5 B, T Axion Like Particles (ALPs)
Top s Hs AT Qs 5
B,—K'rr —
B K*v v mo T Exotic Higgs decays

AN WA - Y

Broad landscape of physics opportunities which include direct and indirect
sensitivity to new physics.

Unique sensitivity to feebly interacting particles and LLPs means we are in
an exciting position to design detectors with these scenarios in mind.
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FCC-ee case study: LLPs

----- neutral displaced EBSM
= charged HSCP dilepton M lepton
=~ any charge W quark
photon
b 4 W anything
disappearing displaced
track lepton
> A
. “‘,/" :Qy
Lot . ’ : . ’\ Y
N » D VL
A ¥ .
2
: -.\,\ .
displaced A displaced
dijet photon

displaced

vertex

v

i \\\» ‘
v not pictured:

displaced out-of-time decays

conversion

LLPs that are semi-stable or
decay in the sub-detectors are
predicted in a variety of BSM
models:

« Heavy Neutral Leptons
(HNLs)

« RPV SUSY
« ALPs
 Dark sector models

The range of unconventional signatures and rich phenomenology
means that understanding the impact of detector design/performance
on the sensitivity of future experiments is key!
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LLPs @ FCC-ee

- Targeting precision measurements of
EWK/Higgs/top sector of SM.

| g eoncoupting =

d . W \ FWPD
10-3 ==
104 U .

10°°

Up?

DELPHI

[l

- Unique sensitivity to LLPs coupling to Z g0 o
or Higgs. BA LS, -
« No trigger requirements. e :
. Excellent vertex reconstruction and v

impact parameter resolution can
target low LLP lifetimes (this can
drive hardware choices).

- Projections often assume
background-free searches
(should check these assumptions).
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FCC-ee LLP group: past and present

Following a Snowmass LOI, an LLP
white paper was recently published in
Front. Phys. 10:967881 (2022) which
included case studies with the official
FCC analysis tools.

These initial studies motivate further
optimization of experimental
conditions and analysis techniques
for LLP signatures.

Currently a very active community,
with meetings on Thursdays 13:00
CERN time.

UNIVERSITY OF

Searches for long-lived particles
at the future FCC-ee

C. B. Verhaaren®, J. Alimena®*, M. Bauer?, P. Azzi*, R. Ruiz?,

M. Neubert®’, O. Mikulenko®, M. Ovchynnikov®, M. Drewes®,
J. Klaric®, A. Blondel®, C. Rizzi'°, A. Sfyrla®, T. Sharma'°,

S. Kulkarni', A. Thamm?™, A. Blondel®, R. Gonzalez Suarez*
and L. Rygaard*

'Department of Physics and Astronomy, Brigham Young University, Provo, UT, United States,
2Experimental Physics Department, CERN, Geneva, Switzerland, *Department of Physics, Durham
University, Durham, United Kingdom, “INFN, Section of Padova, Padova, Italy, °Institute of Nuclear
Physics, Polish Academy of Sciences, Kracow, Poland, *Johannes Gutenberg University, Mainz,
Germany, “Cornell University, Ithaca, NY, United States, ®Leiden University, Leiden, Netherlands,
°Université Catholique de Louvain, Louvain-la-Neuve, Belgium, **University of Geneva, Geneva,
Switzerland, *University of Graz, Graz, Austria, *The University of Melbourne, Parkville, VIC, Australia,
BLPNHE, Université Paris-Sorbonne, Paris, France, “'Uppsala University, Uppsala, Sweden
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https://snowmass21.org/energy/bsm_general
https://www.frontiersin.org/articles/10.3389/fphy.2022.967881/full

. . Note: this table will soon be updated
Ongoing FCC-ee LLP studies following the mid-term review!

Physics FCC-ee signature Studies for Ongoing work
scenario snowmass
Heavy Displaced vertices Generator validation e Update eevv studies for
neutral and detector-level winter23 samples.
I?—Ipl\tl(lj_ns selection studies for e First look at uuvv channel
( s) eevv. First look at (prompt +LLP)
Dirac vs Majorana e First look at uvjj
(prompt+LLP)
e First look at evjj including

Dirac vs majorana (prompt)
Axion-like Displaced Generator-level No studies ongoing
particles photon/lepton pair validation for a—yy -> Opportunities to get
(ALPs) at Z-pole run. involved :)
Exotic Higgs e.g. , _ Theoretical e Reco-level studies (inc.
decays Z - discussion and vertexing) for h—ss—bbbb

motivation for
studies at ZH-pole
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Nice 0}
FCC-ee LLP studies: recent highlights Juliette Alimena at

Magdalena Vande Voorde, Giulia Ripellino EPS 2023

First simulation and sensitivity studies for Higgs decays to long-lived scalars

b-jet

\ Y. - Extend SM with additional scalar.

o= ,., =™ « Probeh—ss—bbbb in events with
/\ 2 displaced vertices, tagged by Z

FCCAnalyses: FCC-ee Simulation (Delphes)
III|III|III|III|III|III|III|III|III|III

10°E" {5 = 240.0 GeV
C L=5ab"’ ]
= e'e »ZhZ—»1',h—>ss>bbbb 3

F  Before selection

« Look at events with at least one scalar within
acceptance region 4mm<r<2000mm- all P o i 5 buics E
except longest and shortest on RHS. fsdiciouis st il :

E —— mg = 60 GeV, sin 6 =1e-5
—— mg =60 GeV, sin 6 =1e-6

« Aim to develop event selection and perform 10— mg-60GeV. sin 0= 107 1
early sensitivity study. 1 ]

10735 .

For further details see presentation by Magda at R TSN o s i

0 200 400 600 800 1000 1200 1400 1600 1800 2000

topical ECFA WG1-SRCH meeting Generatod decay gt ()

UNIVERSITY OF

Truth particles / 20 mm
=
x

CAMBRIDGE Dr Sarah Williams: ZPW2024- BSM searches at FCC



https://indico.cern.ch/event/1253605/contributions/5349533/attachments/2628864/4546553/LLPsExoticHiggs_ECFAWG1SCHRMeeting.pdf
https://indico.desy.de/event/34916/contributions/147665/attachments/84286/111633/FCCLLP_EPSHEP_23Aug2023.pdf

For a nice review of electron-hadron colliders

(including EIC) see

Novel use of Energy Recovery Linac (ERL) technology that will be

R esolving Proton Structure
T T T

demonstrated with the PERLE ERL demonstrator
FCC-eh (60 GeV electron beams) g L
Eoms = 3.5 TeV, described in CDR of the FCC - Use of ERL technologies ™} #<™™
run ep/pp together: FCC-hh + FCC-eh 3 key s tep towards ‘“”‘gll;aof:kN’:LoERN
inssgrmronery 7 '\~ improving sustainability .| &
=== S whilst maintaining high .} ™ .
— luminosities. L e .

1960 1980 2000 2020 2040
year

Relatively keen environment
associated with e-p collisions
provides a new window to
discover new physics...

dJ. Osborne, W. Bromiley, A. Navascues

Taken from slides by J. D’"Hondt at FCC week
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https://cds.cern.ch/record/2811194
https://indico.cern.ch/event/1202105/contributions/5435643/attachments/2662467/4612844/FCC-JDH-8June2023.pdf

FCC-eh BSM snapshot

a

1. Unique opportunities for leptoquark searches up < | wwsmsiw
to 3 TeV. i | /

102 /

2. Sensitivity to compressed supersymmetric
scenarios that would elude discovery at FCC-hh.

3. Novel charged current interactions for Heavy

Neutral Lepton (HNL) discovery 10°5""500" 1060 1500 2000 2500 3000 3500
M, [GeV]
...................... 102}
40.3
705 Plots taken from
FCC-eh-60 | E ) a vol. 1 of FCC CDR:
1 = =
1ab 12 g ® https://fcc-
n>0 13 < 105k
(o7 = Nywp>10 14 cdr.web.cern.ch/
108 B Niygp > 100 1° o
160 260 360 460 560 10’“16 i JE
m,+ (GeV) M [GeV]
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https://fcc-cdr.web.cern.ch/
https://fcc-cdr.web.cern.ch/

Plots taken from vol. 1 of FCC
FCC-hh BSM snapshot CDR:

1. Direct discovery potential up to ~50 TeV.
2. Precision measurement of Higgs self coupling.
3. Conclusively test the WIMP dark matter paradigm.

Plus: further indirect probes through rarer/higher mass Higgs processes.

I " HLLHCeLEP2 = +FCCee = 4FCCeh = +FCChh ey | A > ww 95% CL Limits
68% prob. uncertainties fit HH — BB [ 14 TeV, 0.3 ab"
[ WW — HH B 14 Tev, 3ab™
L S | | [ 7 _\Ww - BB 5 o Discovery
= | 18 IRk > LLCP I 100 TeV, 3 ab”
5 | % i > LLeP I 100 TeV, 30 ab”
2 HE 1 bt ML T - 50 ev.oha
b 1@ — _0__0
i q9* — qx, X,
| ~—~ =-0,—0
tty tt
0.10} - BT
i 99 — T, 9.,
[ g9 — o, o, | | | |
0.01 0 5 10 15 20 25

GHuy  Gure  GHee G GHob  ghwy  GST, O, Oik 9w OG1z 0K, Az
Mass scale [TeV]
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https://fcc-cdr.web.cern.ch/

Dark matter complementarity...

... between direct/indirect

... between collider, non-collider
detection and collider searches...

searches + astrophysical constraints

E ete \ DHE| |
= 1} colliders .
©
o LSW I
i %
%
%
% FCC-ee
107F
Astrophysics
 Helioscopes
HlTev] 206 Exclusions 10-5F
|0Direct| eDirect-+Indirect | | | Compr.+Direct | oCompr_| e K@ . . . == . .
g0t 0 10t 10 1 103
: m, (GeV)
Full coverage of thermal surface in ALP sensitivity (FCC-ee focussed) shown
MSSM (image credit: arXiv:1606.00947 )

in Rebeca’s slides yesterday.
7z UNIVERSITY OF
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https://arxiv.org/abs/1606.00947
https://indico.cern.ch/event/1341618/contributions/5702326/attachments/2777528/4840987/ZPW2024_RGS.pdf

Significance of Higgs self coupling

Higgs

potential

voatéruum Stable

J KAetastable

Hose L
04 g =g ug, =y, =] | © ONn EWSB A gives 3-higgs and 4-
081 " . = higgs (self-) interaction vertices -
e L accessed through di-Higgs

3 “Feo.lfteryea|  production at the LHC and future

0,4—......llll- l-..

colliders.

0.2

. """ eseessasassse=| ¢ Direct measurement could provide

JLLL L LD L AL LU L L UL L L UL AL L R LD LG LG B :
0 100 100 100 100 10¢ 100 100 100 Key understanding of EWPT and
p(GeV) possible portal to new physics.
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https://www.nature.com/articles/s42254-021-00341-2

Probing EWPT at the FCC

New physics required for a strong first order phase transition (needed
for EWK baryogenesis) either by directly discovering new states (which
can’t be too much heavier than the Higgs) or through O(1) deviations in
the Higgs self-coupling (which will be measured to ~ 10%).

8§ ———

pp = SS - hhhh
100 ¢ 7

1 XU X
[T
— N W

22 S
b
2290 N
s 0.1F o
0 R 100, exents with 3 a0 3
0.01F N0
N N
-2 N
0.001F N
) | | | | | 400 600 800 1000 1200 1400 1600
- 200 400 600 800 1000 M [GeV]

ms [GeV]
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https://arxiv.org/abs/1511.06495

Thoughts for the future

A journey, 7\
3 Sd far \ﬁj

>

2o

We are In the middle of an exciting journey with significant opportunities and challenges.
* How can we better work together to:

« Build/gather consensus?

« Overcome challenges (technical, financial, sociological)

« Balancing current and future projects?

H® CAMBRIDGE  Dr Sarah Wiliams: ZPW2024- BSM searches at FCC 23




Some ideas from this workshop

* MC generators and theory predictions.

* Model building - are we missing topologies?

* Refining benchmarks

+ some you might have?
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What’s in a name? E)?I;rg SII_EAR
COLLIDER

ADJECTIVES STARTING WITH F — POSITIVE ADJECTIVES
THAT START WITH

Fiscal Flaggy Fleshless Flowery Forworn Fraggable

Fishable Flagitious Fleshlike Flowing Forwrought  Fragile S afe r' Sta rti n
Fisheye Flagrant Fleshy Fluctuant Fossiliferous  Fragmental g * Fabulous mioItunate * Fabled * Fecund * Flamboyant
Fishless Flagstoned Flexible Flued Fossilized Fragmentary . ’? « Festive e Familiar o Flavorful
Fishlike Flakey Flexural Flueless Foster Fragmented p O I n t N ﬁ
Fishly Flaky Flexy Fluent Foul Fragrant - * [Mlawless ° rayorge e s Jast \>\ ent
Fishnetted Flamboyant Flickering Fluey Foule Frail * Flexible + Fumy § 1( Fascinated « Feeling é\ * Focused
Fishy Flameless Flighted Fluffy Four-door Funky " .. ep . Q
Fissile Flameproof Flightless Fluid Foureyed Funloving * Jruitful * Forgiving » :Fastest * Ferv% * Formal
Fissionable Flaming Flighty Fluidal Four-eyed Fun-loving e Fresh  Fiery e Factual * Fine * Fond
Fissiparous Flamingo Flimsy Fluidic Four-fifths Funniest . 5 s i s ;
Hstepd Flaminical Flinchless Fluidized Fourfold Funny * JFlowering e Faithul * -Fanatical ¢ Finite = Formative,
Fistic Flammable Flinchy Fluked Four-footed  Fun-sized « Fair « Fastidious ¢ Fit » Foxy
Fist-size Flammant Flinty Flukey Four-handed ~ Fur « Fantastic « Fast-moving « Flashy * Forgivable
Fistular Flammulated Flippant Fluky Four-leaf Furcal
Fistulate Flapless Flippered Focal Four-leaved  Furious \‘ « Fierce * Feathered  Fireproof ¢ Forthright
Fistulous Flappy Flip-up Focusable Four-legged  Furless (\\ e'ndly « Fatherly « Flattered « Fragrant
Fit Flaring Flirtatious Focused Fourpenny Furlong 0
Fitched Flash Flirty Focusless Four-poster  Furlough ] inating s F * Feathery * Firm * Fortuitous
Fitful Flashy Floating Foetal Fourteenth Furrin « Fitting « Fashionable « Fertile e Frank
Fittable Flat Floatless Foetid Fourth Furrowed
Fitted Flatbed Floaty Fogeyish Fourth-class  Furry * Flourishing * Fearless * Favorable * Frisky
Fitter Flat-bottom Floccose Foggy Four-wheel Further . Fmga] « Functional « Fundamental - Fun-loving
Fitting Flat-bottomed  Flocculable Foiled Fouse Furthermost \\i .
Five Flat-chested Floccular Foldable Fousty Furthest B * Full * Full-grown * Future ‘\0 * Futuristic
Fivefold Flatfooted Flocculated Foldameric Fouth Furtive ‘
Fivesome Flat-footed Flocculent Foldaway Fouthy Furzy
Five-star Flat-mouthed Floodable Folded Fouty Fused
Fixable Flat-out Flooded Folded up Foveal Fusible
Fixative Flat-rate Floral Folded-up Foveate Fusiform
Fixed Flattened Florentine Folderless Foveolar Fusile
Fixed-point Flattered Florescent Folderlike Foxy Fussed
Fixed-term Flattering Floricultural Folding Frabjous Fussy L f . AI H 11
Fixtureless Flattish Florid Fold-out Frac Fusty e t . g e n e rate d I m a g e Of fu Zzy
Fizzing Flatulent Floristic Foliaged Fractal Futile . . 1
Fizzy Flatwoven Flory Foliated Fractional Future CI rC u I a r CO | I Id e r (fro m
Flabile Flaunty Flossy Folic Fractious Future-proof
Flaccid Flavored Floury Folkloric Fracturable Futurist
Flagellar Flavorful Flowerful Folksy Fractural Futuristic h ttp S " //q e n C raft CO m /q e n e rate )
Flagging Flavorless Flowering Folky Fractured Fuzzy - -

~ ESLCOM ()
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https://gencraft.com/generate

Conclusion and outlook

?Q

Integrated FCC programme exploits ("2
complementarities and synergies ‘ @ @ @ fa
between ee/ep/pp collisions to

imise BSM sensitivity through:

maxlmlse senSI IVI y roug L Conceptual Design FeaS|blllySludy Project appr by Construction of ::SHC o e - smigephi it
Study (geoko CERN Council RS S RS R
ual Design Report 2 - sta[:ti( o

1. Ultra-precise measurements of

EW/top/higgs parameters in SM. P p ?
®

2_ CO”C'US'Ver : : Histlory of Ellemen}ary P?rticles : : ‘ ‘
probing new states | Bomonts, | Subatomic 3 / / /
required by a strong : | (HL)LHC FCC-ee FCC-eh/hh
1st order EWPT. g ot ot discoveries? discoveries? discoveries?
E‘:: ° __ Mercury _f

3. Unique reach for ¢ ! Sew 1 4. Thorough exploration of energy
less-than weakly - Wé‘t Gcton 1 frontier.

] 1 "?er 1 1 1 lroton 1 1 | )37
Coupled part|C|eS 1000 0 1000 1500 1800 ‘1900 1950 1980 2000 2020

Thank you for listening- any questions?
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Backup
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FCC-ee physics runs ordered by energy

Image credit: Christophe Grojean

— CDR baseline runs (2IPs)

Z WW ZH tt_ Total
30 920 30 12 5 0.2 ] luminosity
| + | I + : +5 (ab-)
[ I ' ' Energy
88 91.2 94 157.5 162.5 240 340 350 365 (GeV)
Z lineshape .
QcD W mass and width i . top EW couplings
iggs couplings . X Phvsi
flavour N, Mtop Higgs VBF production ysICS
rare decays aqco oz (TH and Higgs couplings improved)  highlights
dark sector
0(10%9) 0(109) 0(2x108) 0O(2x108) #(2\1;:;3
Za o
:E é 9_5 T T 1 T EW sector
£5g88
w927
5 3 & g T T 1 T Higgs sector
gcios
525

! I

sensitivity to Higgs self-coupling via quantum effects
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FCC-ee updated operation schedule- 4 IPs

Updated for mid-term review 2023

Working point 7, years 1-2 | Z, later | WW, years 1-2 | WW, later 7ZH tt

Vs (GeV) 88, 91, 94 157, 163 240 340-350 | 365

Lumi/IP (10%* ecm~2s71) 70 140 10 20 5.0 0.75 1.20

Lumi/year (ab~1!) 34 68 4.8 9.6 2.4 0.36 0.58

Run time (year) 2 2 2 0 3 1 4

1.4510° HZ 1.910° tt

Number of events 61012 Z 2.4108 WW + +330k HZ

45k WW — H | +80kWW — H

CEPC Operation mode ZH Z ‘ W+W- ‘ ttbar ‘

©240 | “91.2 | "160 | "360 | Bgsed on upgraded
operation mode with
50MW power, more
comparable with FCC-ee
(more details in slides by

Run time [years] 10 2 1 5 Joao Guimaraes da
L/ IP [x1034 cm-2s1] 8.3 192 27 0.83 Costa in 2022 CEPC
Latest 9
(50MW) [ab-1, 2 IPs] 20 96 7 1 Workshop)_
Event yields [2 IPs] 4x106 4x1012 5x107 5x105
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https://indico.ihep.ac.cn/event/17020/contributions/117889/attachments/64239/74992/20221024-CEPC-Workshop-goodR.pdf

Higgs coupling measurements

Taken from briefing book for 2020
ESU- improvements on Higgs
coupling measurements in
‘kappa” framework:

» Red= linear e+e- collider
colliders.

 Blue= circular e+e- machines.

* Orange= integrated FCC u '
programme. Bruw *

i ()}
(**) Not requiring [xy| < 1 (+) Not measured in HLLHC
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FCC and the Higgs potential

Expand Higgs potential about minimum: Higgs@FC WG September 2019
1 1 1 di-Higgs single-Higgs
V(h) = 5mph? + o 34ymph® + = 2,0* [ e LB
H . HE-LHC HE-LHC
Wh ere 2 3 | 4 S | [10-201% ... . 50% .
. FCC-ee/eh/hh % FCC-ee/eh/hh
2 sz(h) 3L m d2 _ dZV(h) LE-FCC ;;FCC
Th = Tan? gt VT Tz g T Tan ey B . L
N
Higgs cubic self-interaction can be directly accessed FCC-eeus
through di-Higgs production! | | o
ILC ILC
0000 ODDU
10% 36%
Extend SM using EFT where EW symmetry linearly realised o Mg
ILCZSD
[ = [SM _|_C_¢a |¢|26M |¢|2 C6’1h |¢|6 """""""""""""""" 4095;0 """"""
Y A 1 iic "‘é%fé;;;; """""
IR TR (C 3 ) v Tolt e
/1 — W — 6 _ ¢ . _2 36% 49%
Ay 2 A cuc,

All future colliders combined with HL-LHC

FCC can also provide 20 sensitivity to Higgs

quartic coupling Sensitivity at 68% CL to “k3"(k,)
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See article for
Detector concepts for FCC-ee discussion on gains in

sensitivity with additional
instrumentation on the cavern

CLD (“CLIC-like Detector”) IDEA (“Innovative Detector for Noble-liquid ECAL
Electron-positron Accelerator”’) (newest proposal)

Full silicon vertex-detector+ tracker Silicon vertex detector HG noble liquid ECAL.
3D high-granularity calorimeter Short-drift chamber tracker. LAr or LAr+lead
Solenoid outside calorimeter Dual-readout calorimeter absorber

(solenoid inside)

We have exciting prospects to optimize detector design with LLP searches in mind!
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https://link.springer.com/content/pdf/10.1140/epjc/s10052-021-09253-y

Current workflow in FCC-ee LLP studies

Typical workflow

e e P_arame.trlsed detector Analysis toolg
simulation * FCC analysis
® MadGraph5_aMC@NLO for « IDEA DELPHES card Sensitivity to
parton-level ete" studied model

e PYTHIA for parton shower
and hadronisation

Use FCCAnalysis software to analyse centrally generated EDM4HEP
files, though some signal files produced privately.

Dedicated LLP tutorial prepared by Juliette Alimena enables full
workflow.

Current limitations include scalability of code and limited MC statistics
(more on that later).
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https://github.com/jalimena/LLPFCCTutorial/blob/main/README.md

