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FCC-ee project

Proposed to be built at CERN, operations from 2040s

90.7 km circumference with 4 experimental sites
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FCC-ee run plan

(from FCC final report) NS
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Intensity frontier: increase luminosity to find new physics in e e~ rather than increase energy
in pp collisions
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https://arxiv.org/pdf/2505.00272
https://arxiv.org/abs/2505.00274
https://arxiv.org/abs/2505.00273

Experimental setup

DCH Rout =200 cm CLD ALLEGRO

DLH Rin = 35cm

® IDEA detector concept axiv:2502.21223 ® Two other concepts for FCC-ee:
@ Drift chamber tracker ® CLD, silicon tracker arxiv:1911.12230
@ Following studies with parameterised ® ALLEGRO, noble liquid calorimeter
simulation Nucl. Instrum. Methods Phys. Res.. A 1069 (2024)
169921

E Preshower
)
&

CalRin = 250 cm

Cal Rout= 450 cm

Yoke 100 cm

Magnet z =+ 300 cm
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https://www.arxiv.org/abs/2502.21223
https://arxiv.org/pdf/1911.12230
http://dx.doi.org/10.1016/j.nima.2024.169921
http://dx.doi.org/10.1016/j.nima.2024.169921

Direct searches

Classic benchmarks of feebly interacting particles
(weak interactions with SM patrticles):

g FT e+e- PP
Heavy Neutral Leptons (HNL) &
Axion-Like Particles (ALP)

Scalars from exotic Higgs decay @

We can target the long-lived (decay length > 0.5 mm)
parameter space with dedicated searches LL

M

credit: F. Maltoni
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Single Majorana HNL

® Studies on semi-leptonic and fully leptonic channels
with single mixing

® Prompt and long-lived (within tracker volume,
background-free from simulation), with and without

machine learning
_ _ arxiv:2503.19464
® One study in full-sim CLD doi:10.17181/k3fag-d 112 \ 7
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HNL discovery at FCC-ee for a mass range

FCC-ee LLP Ny = uuv

beyond the reach of specialised detectors and
smaller mixing angles 10-10

FCC-ee LLP N; = ujj

see-saw limit

5 10 50 100
My, [GeV]

10—12
2

&(IT Sofia Giappichini BSM at FCCee — 08/07/2025
;


https://doi.org/10.17181/k3faq-d1f12
https://arxiv.org/pdf/2503.19464

Realistic HNLs models

® Two quasi-degenerate Majorana HNLs ® Two pseudo-Dirac HNLs mixingto
with coupling to all active neutrinos, both muons, lepton flavour violation from NN
mass hierarchies JHEP05(2025)054 oscillations and Dirac vs. Majorana limit

doi:10.17181/hd9nb-zmg24

N1,,-0v at FCC —ee, Vs =91.2 GeV, £=125ab™ !

6 my=20 GeV N-ujj FCC s=91.2 GeV N,=6e12
A O e e e
o™ [ CTu=1.0mm
Vv L
—7 19 ¢1pe=1.5 mm
s 18- H
Precise measurements at 3 ;
) r ]
g FCC-ee test the parameters o ]
. and underlying symmetries : ]
) 15F .
11 U2/U?: U2U? : U2/U?=0.9:0.1:0 14; period = 3.29+0.04 mm;  Byct =3.26 mm é
Event count from displaced selection 0' = ‘II = é = é = )1 = é = é = 7' = é = é = 10
Significance from inclusive selection
0 20 30 40 50 60 70 80 dyer [mm]

My [GeV]
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https://link.springer.com/article/10.1007/JHEP05(2025)054
https://doi.org/10.17181/hd9nb-zmg24

ALPs

® 7 — ay prompt (tri-photon) and long-lived (mono-
photon) JHEP06(2025)239

® Photon fusion production from combination of all
runs PhysRevD.109.055003

. . ) % 10;_ BaBar LEP1and|l CDF
® Preliminary study on a — gg (with CLD fast-sim) £ &
doi:10.17181/2¢j3g-x8h03 S 1L " e
= (r1aa o1y
107
E Beam Dump FCCee Z-pole (11-»-—-1M'
: . 102 (ya—3) ~ FCCpp
FCC-ee can probe ALP-photon couplings in - e
- - = FCCee Z-pole
regions inaccessible to beam-dump 10°8 (1arviee)
. E rtoons FCC-pp Vs =100TeV, L,=30 ab”
experlments 10_4 B FCC-pPb s =63TeV, L =29.0 pb™
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https://link.springer.com/article/10.1007/JHEP06(2025)239
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.055003
https://doi.org/10.17181/2cj3g-x8h03

Exotic Higgs

e Large Higgs sample at FCC-ee, for the first time at lepton
colliders

® Direct searches with up to four orders of sensitivity in
Higgs branching ratios compared to HL-LHC

FCC-ee Simulation
und- itivity [ it
Background-free sensitivity
at Fcc_ee for Scalars _; Final event selection
between 1 mm and 10 m 1 o
decay length ] 2o
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Events

JHEP 06 (2025) 143

60

40

20

FCC-ee Simulation
240 GeV, 10.8 ab™
1 2h, Z— FFF, h—> ss— 4b
- Final event selection
o b4
° ‘76 o
21.0 42.3 .
3.4

Events


https://inspirehep.net/literature/2859405

Indirect searches

e Effective Field Theories connect measurements at FCC-ee shows significant
different scales without knowledge of the UV improvement in the reach of
® The Tera-Z program is well placed to find indicators of precision of electroweak
heavy new physics, complementarity with Higgs run  [lelea e e EERT R[S e 1 1164 S
Tree-level matched scalars
Input: LEP/SLD & HL-LHC+ Theory Settings
70 W Nothing B RGE effects, no Th. Exr.
P FCC-ee 91 No RGE effects, no Th. Err.
FCC-ee 91 + 161 + RGE effects with Th. Err.
60 . FCC-ee 240 « No RGE, with Th. Err
1 P FCC-ce 91 + 161 + 240
50 § W FCC-ce 91 + 161 + 240 + 365 S MEFIT
z \ JHEP 06 (2025) 125
= 40 :\::s
30 §
20 :§
\
10 § | § ‘ § JHEP 09 (2024) 091 & o w4 SMEFIT
N EEA I ‘ :. sl ool Bl s —#— HL-LHC + FCC-ee (91 GeV) —#— HL-LHC + FCC- e (91 + 161 + 240 + 365 GeV)
0 S S 6 = 2 0 0 w w00 T @ ~®— HL-LHC + FCC- ee (91 + 240 GeV)
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https://link.springer.com/article/10.1007/JHEP09(2024)091
https://doi.org/10.1007/JHEP06(2025)125

Conclusions

FCC-ee can directly probe the ©(1-100) GeV mass range of feebly
interacting particles and high-precision SM measurements indirectly probe

BSM in the ©(10-100) TeV range, thanks to a clean environment, high
luminosity, and large acceptance

® Strong interplay of prompt and long-lived signatures
® Tera-Z and Higgs runs are highly beneficial to the BSM program
® There is still work to be done in preparation for the TDR, get in touch!

® More details in the ECC-ee Feasibility study and ECFA report
e All inputs to the 2026 European Strategy for Particle Physics update
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https://arxiv.org/pdf/2505.00272
https://arxiv.org/abs/2506.15390

Backup
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Other direct searches

® Not experimentally explored yet at FCC-ee but interesting:
® Dark photons
e Dark matter (monophoton, ...)
® Exotic Z decays

o/ . Phys. Rev. D 111, 035029 (2025)
arXiv:2405.03396

10-2

1076 —om®™™* = tyy y —LEP =T /Tzsm = 0.1
— ANy —GigaZ e Tg/Tzem = 0.5)
- —Alzsm —Tk/zsm=0 ==-Tx/Tzsm=1
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Figure 1: Constraints in the (i, x) plane arising from excluded shifts in the W mass (red line) and Z-like FIG. 13. Projected sensitivities of all four FCC-ee runs to the L, — L, (L, — L) model. The red, blue and green bands correspond to

width (green lines), as well as Bhabha scattering from LEP Run 1 [29] (blue lines) and a projection the T eey. and mono-y search ch els respectively, and show the range of bounds set on this model by varying A A. for
for a Giga-Z factory (light brown lines). The gray hatched region is unobtainable due to avoided- ppy (Tty), eey, 4 Pe Y, 8 y varying A and A, fo
crossing. each search channel from 0.5 to 10 GeV.

Sofia Giappichini BSM at FCCee — 08/07/2025



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.035029
https://arxiv.org/abs/2405.03396

More on indirect searches (FCC FSR)

B Flavor ®m EW ~ EW (FCCee) m Collider

10
HD Yuk. Hu Dip lq aq

TeV

) - S S S S SR S)
SIS IS) S SIS}

Fig. 16: The reach of FCC-ee precision electroweak observables (hatched) compared to present day flavour, elec-
troweak, and high energy collider constraints, for all operators consistent with U(2)®-symmetric flavour physics at
the new physics matching scale. The bounds are 3 o single-parameter fits, obtained running from a scale of 3 TeV
with full resummation of the logarithmic terms. Taken from Ref. [102].
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More on indirect searches

Tree-level matched fermions

JHEP 06 (2025) 125

Tree-level matched scalars
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1-loop matched models
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Tree-level matched vector bosons

Input dataset: HL-LHC+ Theory Settings

W Nothing B RGE cffects, no Th. Err
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Input dataset: HL-LHC+
W Nothing
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M RGE effects, no Th. Err.
No RGE effects, no Th. Err. | 4
+ RGE effects with Th. Err.
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https://doi.org/10.1007/JHEP06(2025)125

FCC-hh (FCC FSR

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

LA L L B L L L B L L L B

Wino-like (minimal 3plet) Dark Matter:
ary of constraints (solid edge) and reaches (dashed edge)
2 ALl A S i R L C i L iAo A

Lz
Q* i o ,
antiprotons
5 o Discovery
, GC y-line
Zes > N 25ab
4 dwarfs y continuum
30 ab
H -1
Ly — - 100 ab .
14 TeV@ 3 ab

Mono-jet 100Tev @ .

D 3 ab
Gy > W'W -
) Mono-photon

0 10 20 30 40 50

Mass scale [TeV]

VBF .

Disappearing tracks 7

1 1 1 1 1
500 1000 1500 2000 2500 3000 3500 4000
M, [GeV]
Fig. 32: Summary of the 5 o discovery reach, as a function of the resonance mass, for different FCC-hh luminosity

scenarios. From Ref. [186]. Fig. 33: The projected sensitivity of searches for a WIMP triplet DM candidate in final states with disappearing

tracks at FCC-hh [10]. Adapted from Ref. [189].
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ESPP HNLs

Venice-ESPP-2025
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https://agenda.infn.it/event/44943/contributions/263371/attachments/137620/206927/Venice-ESPP-2025-RGS.pdf

HNLs theory

See-saw type 1

Lrsper = % Z N(id— M)N, - == Z Y NULWrrer
i=1

i=1 f=e,u,r

Z 2 N‘U*.Zy”va—gHMii Z NU%v, ,+H.c.
ZCOSQW L) ¥ SR

i=1 l=eu,t i=1 C=eu,t

Decay lenght

1.6 [ M, \°
LN;g;z( > (1= M;IM)?) cm

Pseudo-Dirac limit in agreement with leptogenesis and
oscillation data
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.051801
https://pos.sissa.it/414/608
https://link.springer.com/article/10.1007/JHEP12(2021)182
https://link.springer.com/article/10.1007/JHEP09(2018)124
https://link.springer.com/article/10.1007/JHEP09(2020)178

ESPP ALPs

Venice-ESPP-2025
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https://agenda.infn.it/event/44943/contributions/263371/attachments/137620/206927/Venice-ESPP-2025-RGS.pdf

Patricia Rebello Teles, FCC week 2025

Generic ALPs Production modes: v o
¥ of P
Wide range of masses and coupling * /4 £
strengths => span various energy scales v @
and experimental setups at lepton & f o z Oj/ ’
hadron colliders. 7’ 'l
V4
ES
L% ) Cﬁ%f}'y}'sf + CGG%GWG"” After EWSB - J
7 f VEs o !
+CW%FWI7‘””+ CyZ%FWZ””+ CZZ%ZWZ/‘” - CWW%WWW"” Decay modes: -
Exotic Z Decays -
36 | Can a /4 h ‘f
L£h2% & A‘; (8,a)(8"a) ¢T¢+%(8“a) (¢'iD, ¢ +hec.) pll+ ... - -
7Y
%/ - -» aa

A. Thamm (2019) link; Bauer's UFO Model gz m3
Iy = % Ly=1/T;
T

<LT> = <'YB> L,sinf = <(7ﬁ)T> L, = 64rm (pT) g;'yz m¢;4
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Exotic Higgs

JHEP 06 (2025) 143

This work considers an extension of the SM by a new real scalar field S which interacts
with the SM Higgs boson doublet H. The minimal renormalizable Lagrangian describing
the scalar system is given by

B2ar Asqa K qaipr2 217712 4
Escalar:[:kin+7's _IS _ES |H| + [ |H| _)‘|H| ’ (21)

where a discrete symmetry taking S — —S is assumed. Depending on the choice of
couplings, the two fields may acquire non-zero vacuum expectation values, and the two
scalar states, corresponding to the SM Higgs boson h and the dark scalar s, mix with a
small mixing angle sin . The mixing allows for decays of the SM Higgs boson into pairs
of dark scalars, as well as decays of the dark scalar back into SM states. The decay width
of the dark scalar into SM states is equal to that of the SM Higgs boson with the mass of
the dark scalar, reduced by a factor sin? 8, according to

I'(s = XsmXsm) = sin? 6 - T'(h(m,) = XsmXsm) - (2.2)

The mixing suppression sin? § is common to all partial widths, and therefore does not affect
the branching ratios if s only decays to SM particles. For dark scalar masses above 10 GeV,
the decay into bb is the dominant decay channel, with a branching ratio of 0.9 [1].

ﬂ(IT Sofia Giappichini BSM at FCCee — 08/07/2025



https://inspirehep.net/literature/2859405

Complementarity

Between stages

 The FCC-hh will complement and substantially extend the FCC-ee physics
reach in nearly all possible directions.

* The seven-fold centre-of-mass energy increase with respect to LHC enhances
the potential for observing new particles at mass scales up to 40 TeV.

* Indirectly, it will be sensitive to energies well above its kinematic reach of 100
TeV, for example in the tails of Drell-Yan distributions.

* Should any deviations from SM expectations be observed at FCC-ee, FCC-hh
has the potential to pinpoint its microscopic origin.

Rebeca Gonzalez Suarez (Uppsala University) - FCC week 2025 39
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LLP specialised detectors for FCC-ee

Far detectors:

LAYCAST: LAYered CAvern Surface Tracker at future electron-positron colliders

HECATE: A long-lived particle detector concept for the FCC-ee
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https://www.arxiv.org/abs/1911.06576
https://www.arxiv.org/abs/2201.08960
https://www.arxiv.org/abs/2406.05770
https://www.arxiv.org/abs/2011.01005

