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Cubtloolke

Main effort in France from Aldo Deandrea and
myself (as far as I khow)

 Composite Higgs models offer a natural physics
case for the FCC programme

Case s&u,c(v 1: Axion-Lilkke Particles can be
c&irer’:ﬂj produﬁed

Case s%u,c&v 2: indirect probes via Higqgs and EW
er@tasiom measuremenks

' Case study 3: high energy probes (beyond ere-)



Axwv\-—-Liw@. ?ar&ictes

o ALPs arise from spontaneously broken
global symmetries, not related to QCD.

o Predicked b'j many BSM models.

Existing constraints from JHEP 12 (2017) 044

Y-=y+inv.

Cavealk: bounds and searches

are wnot mociei.-&v\depamdemﬂ

CMS yy - (2019) 134826]
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ije,mt ALY Lagrangian:

m? oHa

1 2 ]
L8 = 2 (0u0)(@a) - "2 a7 4 TS G Cp i
F

a

A

a

A

a

G,le/ é/ﬂ/,A T 92 CYVVVV A

+g§ CGG W[LL}/WMV’A—FQQCBB B/WB'LW,

At low energies:

2¢? a e?

¢ (Il wenad e (L ~
2 1 1 v

- 2 2
BuiCuy A g6 A

where

C}/:CWW_I_ CBB CZ

(G )
y = ey Cyww — SywChp



ijiﬂ&i. ALY Lagrangian:

At tera-Z, the production depends on Cy,

VBF depends on C,, etc




W ALY scenario:

Composite Higgs case:

Cwue o Ul Nrc

Y
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(CW = Cww + OBB)

Cr s Loopwimdutedt

MBauer et al, 170%.0044-3



W ALY scenario:

8“0,

Z IDF CF ’Yu ZDF

WA W’LWA—FQQOBBEB

A

Wealk axion (from B+L)

G.Cacclapaglia, FSannine, JTurher, 261014104

Larger wmass to avold

stellar cooling bounds




Tera~Z For%a& o compas&%emess
(VEQ ALPS) G.Cacciapaglia et al.

Rlo4 11064

‘Pku&owpkobm ‘mempmua

No leading order coupling to WZW interaction to photons
Photons (WZW inkeraction is Zero!!) (Like the piam)
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Combined plot FCC-ee

?km&mphitiﬁ case
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Grey areas :existing
exclusions taken from ATLAS
plot, to be updated with
newest results

Yellow and orange areas are
the two analyses of this talk
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‘Pho&aghabw case

5. Wang, 7.F. Jiang, G.Cacciapaglia, HH. Zhang
REOCI.1771%

& Focus on Lep&c:-ms: muoins and kaus

o ...and missing ev\ergj!
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‘Pho&aghabw case

5. Wang, 7.F. Jiang, G.Cacciapaglia, HH. Zhang
REOCI.1771%

o We set up a XGBoost classifier to distinguish signals from
irreducible backgrounds.

M [GeV] 10 30 50 70 80 88

ol 577 [pb] | 0.0048  0.0035  0.0017  0.0003 6.11x107° 1.2x1075
BR(a — ptp™)| 0.00014 8.4 x107° 7.3x107° 4.9x 107° 3.4x107° 2.4x10~
BR(a— 7tr7)| 0.038  0.024  0.020  0.014  0.0097  0.0068

Pssomint 0.041 0.45 0.80 0.98 1.0 1.0
o 77 [pb] [1.9%x10~° 0.0015 0.0013 0.00029 6.1x10~° 1.16x10~°
eff

TABLE I. Benchmark values of ALP total cross sections, branching ratios, prompt decay probabilities,
and effective cross sections at A = 100 TeV.
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Lep&oni& Limaiks

w— 20 C.L. 25 ab™!
w20 C.L. 150 ab~!

== 25 ab~! 1¢ Error boundary
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o Muons dominate ot Low mass, but Limited bj Llong Lifetime

o Taus dominant above bEhreshold.



Combined Limiks

Prompt Lepton Signal 25 ab™?!
Prompt Lepton Signal 150 ab~?!
Mono-y Signal 25 ab™?!

Mono-y Signal 150 ab~?
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FIG. 11. Combined 95% C.L. exclusion limits on 1/A at 1/s = 91.2 GeV. The dark blue and yellow solid
lines represent the exclusion limits after combining all leptonic decay channels at integrated luminosities
of 25 ab~! and 150 ab~!, respectively. The red and green lines indicate the exclusion limits from the
Mono-v signal at the corresponding luminosities. The dashed lines represent the 1o uncertainty bands,
which coincide with the central values for the leptonic decay channels.




‘Pers[m&&ves o ALPS @ +CC

o Other channels, such as bb, ...

o Can owhe distinguish Fko&cwpmi.w
from mphobia from VBF?




Qaadmap to Higgs Campmsu?:eness
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EW-boson sptashes abk Fubure Colliders

G.Cacclapaglia, A.Deandrea, AJyer, ASingh, SKulkarni
2506,19413

o At suﬂwie‘:mﬂj high energies,
proc&u&&mm of techno-quarks...

o followed by techni-
Minimum Bia k&d\'@hiz&&i(}h«

* Collisions

o Final state consisting on
electroweak bosons (W, Z, H, ...)




EW-boson sptashes abk Fubure Colliders

G.Cacclapaglia, A.Deandrea, AJyer, ASingh, SKulkarni
2506,19413

Muon Collider

— FCC-hh

0.0 0.0

012346506728 9 10 U1 23 45678910
EW-Boson Multiplicity EW-Boson Multiplicity

FIG. 1: Final state EW-boson multiplicity.
Left:Distribution at FCC-hh for /3,,;, = 4 TeV (red)
and v/Smin = 10 TeV (blue). Right: Comparison ;
between the FCC-hh at v/§,,;, = 10 TeV (green) and a sl e tte scales i to a nfew TeV.
muon collider at fixed v/§ = 10 TeV (orange)

Feasible to probe_ dérec&bj







What f FCC-ee discovers Z > ya?

. Caccia Pagléa et al.
2211.00961

o Is ik possible to distinguish the composite scenario,
from an elementary mock-up model?
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