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Motivations for FCC

o Most new pkjsi,cs models driven b:? the Hierarchv
prc;)btem...

o with new scale i the mulki-TeV'

o What are we looking for?

-> Precision EW + Higgs observables
-> Higs potential recostruction
-» ligght and weakly c:oupted states
-» mulki-TeV new physics states



Motivations for FCC

o Even if we qol the naturaliness arqument all wrong...

"wnu.u.umt‘(;tn .-J:l': )
o FCC would be pushing the frontiers of unexplored
physics!

-> Dark Matter
~> Hinks from flavour and lepton anomalies
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Supersvmmeﬁrj

M.Goodsell

—————— Observed Limit (+10°"

ATLAS 13 TeV, 36.1 fb”' (observed)
B ATLAS 8 TeV, 20.3 o™’ (observed)

{s=13 TeV, 139 fb™
All limits at 95% CLs

Supersymmelry is not dead’ so0f ATLAS Preliminary —~—~ Sewestmieio)

TeV scale reached in some
'simplified’ channels...

Low energy holes Left in

m&M'j realiskic wmodels, 100 200 300 400 500 600 700 800 900 1000
m_. o [GeV]
&, %)

Motivations for mulki-TeV
scale SUSY still hot!



Supersvmme&rj

M.Goodsell

o Supers:jmmaﬁrv s hobt dead! so0 ATLAS Preliminary ~—~ Svecesimt 1o
- 1s=13 TeV, 139 fb” ATLAS 13 TeV, 36.1 nf';r'y(observed)
All limits at 95% CLs BN ATLAS 8 TeV, 20.3 b (observed)
o TeV scale reached in some /\
‘simpu&ed’ channels... g o b,

o Low energy holes Left in
nmany realistic models.

o Motivations for multi-TeV
scale SUSY still hot!

SUSY as an unification driver!

SUSY Provic&es WIMPs!

1d*  10°
Energy [GeV]




M.Groodsell

FCC Projections for SUSY searches

Current limit

Current exp.
sensitivity

LHC Run 3

LHC Run 4

FCC-ee/hh

500

1000
m; [GeV]

1500

HH - WW
HH — BB
WW — HH
WW — BB
Il —» LLCP
|| — LLCP
it - .1 [

95% CL Limits

14 TeV, 0.3 ab
B 14 TeV,3 ab’

5 o Discovery
W 100 TeV, 3 ab’
B 100 TeV, 30 ab™

15 20 25
Mass scale [TeV]

See Physics at a 100 TeV pp collider: beyond the Standard Model phenomena and
FCC Physics Opportunities : Future Circular Collider Conceptual Design Report Volume 1




M.Goodsell

FCC Projections for SUSY searches

» Search strategies for the FCC seem to mimic LHC ones:
monojet, pair production, disappearing tracks

* New searches are being developed for run 3 (displaced vertices,
machine learning) which might also help FCC strategies ...

* ... ldidn’t find much activity on this recently

» Also tools for projections for the FCC are needed! (notably cross-
section calculators exist, key4HEP is a very encouraging
development — need more automation for theorists too!)




246 GeV

Comyusi&emess

AlCornell
LSchwarze

Exye&e_d nmasses:
W, X
Tc::vp

Free fermions lg‘ SPEM“:L Fmr&mars

Bound states

P coloured pNGBs

Usual EWSB 5 EW F‘NGBS

i singlet pPNGBs (ALPs)




Light t‘i‘ompos&e scalars

ACorinell
Rare F*rociut&mn, Le.

BDT could hetpf

XGBoost:

e Consider a produced with a pair of II “
OS leptons (avoid multi jet bg) ) : 8 o

* Signal events expected for 2. 8 : :
subsequent decay to hadronic 7t— - . 3 :

e Sensitivity depends on model p I 4:, S S|

M,|GeV]




Light aompws&e scalars
?k(}&(ﬁ} o] Fk E;iv E;@ & Cacciapaglia

o Three isolaked tha&ov\s

BR(Z — 37y)Lep < 2.2-107°

Discriminating variable:

ma = 10 Gev . .
tavariant wass

my = 60 GeV
m, = 88 GeV
Photown ordering changes

ak v, mass 50 GreV

Bins above %0 GeV
populated bv fokes:

hard ko eskimake!




Light aamgosi&e scalars

LSchwarze

EW-charged scalars

0 duced.
poap 2E s ‘De&:&js to G3s

Case not studied or fermions (ard)

i dekail!

Exclusions
® >95%CL
> 68%CL
® =68%CL
— 95% CL

— 68%CL ‘kasws
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Axion-lilkke F&r%&d&s

JQuevillown

o Generic EFT easy to write, but could be misleading.

o Crucial to define ‘motivated’ benchmark £FTs for
collider studies — ongoing work!

ALP Effective Field Theory

Lsynrp-err = ZLsut Lo+ L osu

Ultra-Violet model
Ex:

Ex: PQWW axion =5 ZC auaf_ e c P .
a— — JVul5 GG, Y 77 A L
KSVZ invisible axion QCD axion ST e AH A

a o~ a o~ a -
+CYZXFIU«ZF + CZZXZ”DZ” + CWWXWFDWF

DFSZ invisible axion
ALP models
C

D>6 ah +
etc. .SZ“_SM D) A2 (dya)(a"a)l-l H+ ...

On going theoretical effort

Which basis for ALP-SM couplings?

On going theoretical effort

Useful for model independent searches

Several independent Wilson coefficients :
Is this always reasonable from a UV
point of view?




Axion-lilkke po\r&d@.s

JQuevillown

o Generic EFT easy to write, but could be misleading.

o Crucial to define ‘motivated’ benchmark £FTs for
collider studies — ongoing work!

Current searches not effective in constraining specific models!

Allows to recast pseudoscalar searches for ZHDM on the DFSZ-like ALP parameter space

vy, = 100 TeV




[PIPNP 120 (2021) 103885]

- X7 0

Attribute Y(4S) pp Z°
All hadron species Mﬁ . K/ v H{ v
High boost v ooV
Enormous production cross-section v
Negligible trigger losses v v
Low backgrounds v v
Initial energy constraint v (V)

Channel  Belle II LHCb Giga-Z Tera-Z  10xTera-Z

R T T T T T T T T T T S ATas |

v Belle i

® LHCb .

|: [ Ism ]

. i

: t—f——c i

~0.5F ii—T—} - _I_ ]

i "'. ¢ S = (;'_ 4=

- 9. :i -
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0 5 10 15

g* [GeV%/c*]

FCC prospecté:

B B 53x10° ~6x103 1.2x10° 1.2x10'! 1.2x 102
B* 56 x 1010 ~6x 1013 1.2x10% 1.2x 10! 1.2 x 1012
Bs, By 57x10% ~2x108 32x107 32x10° 3.2x10"
BF - ~4x 10" 22x10° 22x10% 22x 10°
Ay, Ay - ~2x10% 1.0x107 1.0x10° 1.0x 10"

® High production rates, highly boosted, high reconstruction efficiency, all hadron

species: very promising

® Sensitivity to decays with 7 final states, e.g. b — s77, B — Tv, precise measurement

of LFV decays of b hadrons and more

® High sensitivity to 7 decays, vibrant 7 physics program




Dark Makter?

DButtazzo

We lnow ik exisks, we know iks relic abundance...
we have no indication on ks mass and couplings (besides graviﬁ'j)!

C()upling with the SM
Dark Sector chessboard

Collide: [)Il'\\it\

Direct detection

freeze-out

9 @

& Gravitational-wave physics WIMP
) new forces

non-thermal warm thermal non-thermal

1022 10710 keV MeV GeV TeV Mass
only scalars SIDM,mDM,... (eV)

freeze-in

misalignment

9 9




Dark Makter?

DRuttazzo

We lnow ik exisks, we know iks relic abundance...
we have no indication on iks mass and couplings (besides gro\vi..&v)!

C()upling with the SM

Q Direct detection

Q Gravitational-wave ph‘vsics

non-t ll('l'nl.'ll
1022 10-10

on l‘\" sca lill'S

misalignment

9 9

new forces

warm

keV MeV
SIDM,mDM,...

freeze-in

Dark Sector chessboard

LOST YOL R
KEYS?

- | LOST THEM OVER
TRERE BLT THe

LIGHTS RETTER HERE.




Dark Makter?

Bottaro, DB, Costa, Franceschini, Panci,

» Redigolo, Vittorio 2107.09688, 2205.04486
10 .
\\\)‘\ Hp [ 1s ”HN
1045 ~ & NH'
E. \$ ) * > ,/’/
a + O 5¢ 5s s -~ ’,"’
a0 et M\ -
O 19}\}; \00\
O i §0°
\\l\}l—"’:‘s \j‘:‘/ N
47 ‘ f’ }2£‘(}}\$\9"
10 Ao
2 5 10 20 50 100 200 500
M, [TeV]

Divect

Detection challav\ginz

Po'('wﬁal\j i reach ot
o k:«zlﬂ* werﬂj w“{o‘er}

DButtazzo
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Dark Makter?

DRBubttazzo

Bottaro, DB, Costa, Franceschini, Panci,
Redigolo, Vittorio 2107.09688, 2205.04486
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Monojet

100 TeV, 30 ab~!
S IR~~~ = - - - - - B 100 Tev, 3ab"!
B oitev.3an!
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Significance
)
Significance
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Disappearing Tracks
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‘Pé.rsw.c:ﬁves

A Lot of work needs to be done to identify benchmarks for
FCC studies.

Automatic tools could help theorists to be more engaged.

Complementarity and synergy among signatures must be
exptc:i&ed (Airect pradu&ﬁo»\, precision, distribution tails...)

Taus are a uhique oppor&um&&v for BSM @ FCC
Displaced vertices
More involvement of theorists is needed!

Precision calculabtion (see Fulvio’s tallke on Momdafj)
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The FCC is alread
i the present: A ELljgg SEAR
the project has started! L COLLIDER
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The FCC is already

Uk The Premme

N

P A

the prq}@:& has starkted!
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