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Introduction

m The Standard Model is a highly successful Theory, which describes with great
success physical phenomena over a huge (unprecedented) range of energies.

However, already in its historical name, we have a clue that is not “complete”...

£SM = L;;auge (Aa’ \Vi) + L‘Higgs ((I)’ Aa’ \Vi)

O Natural [only 3 couplings, all of O(1)] a “Ad hoc” [several couplings, with large
hierarchies]
QO Stable with respect to guantum corr. QO Not stable with respect to quantum corr.
[largely UV in-sensitive] [UV sensitive]
0 Highly symmetric 0 Origin of all the problems of the model...
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Introduction

m Natural to consider the SM Higgs sector, or better the whole SM, as the effective
description of an extended, more stable sector
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@ (short-range)
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Introduction

m Finding clear evidences of non-standard contact interactions is (in my opinion...)
the main objective of particle physics in the coming decades
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Introduction

m Finding clear evidences of non-standard contact interactions is (in my opinion...)
the main objective of particle physics in the coming decades

m A positive result cannot be guaranteed (we entered a true exploration phase: no-loose
theorems), but there are very good reasons to believe this is possible @ FCC-ee.

m If this would happen, it would be a major discovery. By no means, this could be
considered less relevant than what we usually call “direct discoveries”

m To this purpose, it is worth recalling that

Q Essentially the whole SM has been “built” via indirect discoveries.

Q This process was neither smooth nor extremely fast.



Introduction [a few words on FCC-ee]

FCC-ee has been identified by the particle physics community as the next flagship project
for CERN [ intense (bottom-up) debate: Sep. 24 - May 26 ]

In the following I will not discuss the technical details of the project. | will highlight the
unique physics potential of FCC-ee [focusing mainly on Higgs, EW & Flavour physics],
which is the ultimate reason why it has been (clearly) identified as the best option to

address our open guestions.
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Introduction [a few words on FCC-ee]
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The SM as an effective theory
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The SM as an effective theory

m Despite its renormalizability, the SM should be viewed (as probably any QFT...) as
an Effective Field Theory (EFT), or the low energy limit of a more complete theory:

_ 1

0 We identified the long-range properties of ; ““I‘\‘/‘Iass—gag%’é

this EFT s
O The key message following from current m,[174 GeV]

LHC results is that there is a mass-gap m,

above the Fermi scale m,
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The SM as an effective theory

m Despite its renormalizability, the SM should be viewed (as probably any QFT...) as
an Effective Field Theory (EFT), or the low energy limit of a more complete theory:

c.[d]
L‘SM-EFT - L;‘:]auge + [Higgs + d§4 Ad_4oi[d] ((I)’ Aa, \I’i)
What is the value of /A A

(= lowest threshold

for new dynamics)
is the “core question” %
of particle physics
NS /
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The SM as an effective theory

m Despite its renormalizability, the SM should be viewed (as probably any QFT...) as
an Effective Field Theory (EFT), or the low energy limit of a more complete theory:

¢ [d]
)2 Ol (¢, A, wy)

Lomerr= 4 T Liggs T 154 AG47

gauge

O A strong indication of a nearby energy threshold

What is the value of /\ follows from the hierarchy problem:
(= lowest threshold

for new dynamics)
|S the “COI'e questlon” ..................... ‘ ..................... 4+ e @ .............. — mH2
of particle physics m., 2 phys

J "IA AM, 2~ A2

o

Q If the Higgs mass is calculable in terms UV physics, then new degrees of freedom
must show around TeV energies to “screen it” form its sensitivity to high energies.
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The SM as an effective theory

¢,
L‘SM-EFT_ ‘%auge + L‘Higgs + d§4 Ad4 |[d] ((I) Aa1 \I’l)

A closer look to the question of what is the value of /\ reveals many “layers”:

M O What is the mass scale of the new d.o.f. ?

0 New dynamics weakly or strongly coupled ?
SM field
g PSP e
SM field A5

G. Isidori - The discovery potential of FCC-ee
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The SM as an effective theory

[d]

C. | S
. + L O.[d]] |
iggs d§4 Ad-4ol Ri=2 o

Lomerr= 4 4

gauge

A closer look to the question of what is the value of /\|| e ; ’

O What is the mass scale of the new d.o||

i 0 New dynamics weakly or strongly couy s
0 What is the flavor structure? } ‘ i 7 | < j/
- - No flavor symmetry —— 2499 free c\:ouplings | @ d=6 ]
g « Maximal flavor symmetry — 47 free couplings [ @ d=6 ]
flavor ([ A

The SMEFT is a very useful “map” to characterize BSM effects, especially
in precision measurements; “navigating” with the SMEFT without consistent

g assumptions (especially about flavor) can be misleading... y
13




The SM as an effective theory

c.[d]
2

Lsmerr= 4 T Liges T 124 A'd_4Oi[d] (0, Ay W)

gauge

o A useful general info is the functional
dependence of precision observables

(Higgs, EW, or flavor ) from A: The sensitivity on A scales with ~ N/

9 for precision measurements (vs. linear scale

m : .
i — W with Energy for high-ener rocesses
A(I—)f)—:ﬂ\SM|:1+ kx7 :| gy g gy p )
’ Increasing N by 10° implies an increase by

more than a factor of 10 in the (indirect)

energy reach

SM electroweak
amplitude

G. Isidori - The discovery potential of FCC-ee



The SM as an effective theory

L‘SM-EFT: ‘L;gauge + L‘Higgs +

o A useful general info is the functional
dependence of precision observables
(Higgs, EW, or flavor ) from A:

. m,, °
A(Hf>:ASM[1+ kxTW}

*a e
"%
.
.
3
.
‘
" .
.
5
.
.
*
.
‘e
.

~1/(16n)? ~1 ~ (16 1)
A~1TeV —  0.01% 1% 0(1)

no clear sign yet...
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The SM as an effective theory

failures: up to which scale can we extrapolate

.2 } o Currently we have no clear indications of SM
the SM validity?

“No New Physics up to the Planck scale”

Can we agree on that?

NO I

o Current bounds on A do not exceed 1-2 TeV in motivated models (more later)
extrapolating these null results to much higher energies is neither justified nor very
useful (at least in my opinion...)
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The SM as an effective theory

2 With h and s known,
u can solve for 8.

m y Ive f
I — W With 8 known, ‘
A( I —> f ) - AS M [ 1 + k 7 } you can use the equation:

(360°/8) x (s)

. to mea,
circumer, suefhe

ft,l, S

o Current bounds on A do not exceed
1-2 TeV in motivated models...

Colombo would have
never started his
expedition without
an estimate of
earth's radius...

o Embarking into a new high-energy
effort without a clear clue of where
the new energy threshold could be,
IS a high risk...

The best strategy is to plan a significant advancement in precision
measurements to obtain clear clues about the new energy threshold
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Highlights of future prospects on

FCCee

High-energy coll.

B Top-quark

I ices
Electroweak
Flavour
QCD

Higgs, EW, and Flavour

FCCeehh

High-energy coll.
— Top-quark
N Higes

Electroweak

Flavour

QCD
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Future prospects in Higgs, EW, and Flavour

Flavour-changing processes represent the numerically largest domain of possible new
contact interactions. The strong bounds currently derived by various processes imply that
NP is either very heavy or, most likely, has a non-trivial flavour structure (similarly to SM).
In both cases, improving current bounds leads to a unigue & wide-range sensitivity to
physics beyond the SM

~=
1 07 B N Eurppeangiiraaltegg S Z _ 1
W or Particle Physics T S § C — ﬁ
- A
B E s s o2
S I - S
% s R
H . = E" N I = o
1000} g L I — 1
] — =~
C:ViSVSj
10f A?
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Future prospects in Higgs, EW, and Flavour

Y quarks L e T \%
3 9 b— sy B. & B. [b—>8uu] R, (e/p) b—s1rT [b—>svv]
0 4q Ab=cwy | Ry |[b—ocrv] |
(f \\ Yy ‘\
B(B; — uw), h —d b—drr B(B — Kwv),
3,— 1 b— BB - K" uw), " Re(D), B(B — K wv),
q q b—>UMV RT/M D* b_)UTV
Ars(B — K up), L R \ L[ /
5 U J| c>upp R, (e/p) C—Uuvv
2q_>1q C—uy DD C—Suv R (e/p)
| c—duv | Ry(e/p)
N.B.: several observables for each transition
; 2| touy | topdq | toppp | T pee T— pVV
_)
71| t—oey | t1oeqq T—opee | t—oeee T—evy
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Future prospects In

Higgs, EW, and Flavour

33— 2 b—sy

RV

models

&

Y quarks 3 e T \%
— b—s ‘
B, < B, HH
E.g.: Partial fermion compositeness \
12 7 s L L
B, By pRU| |
10 -
. [Glioti et al. ©24] -
FCNCs currentl 10-30) S
ye ° 6 (B lpp |
= TeV-scale constraints in realistic ll 4 NoPyg and C7@Tree lovel |
W0 Prr and CQTree-level
5 M P and CL@1-Loop 1
= Current theory errors 5% - 20% |
— will reach 1-2% \ IIIIIIIIII 12I | J14I | 1116l | .1|8I | 120
/ m, [TeV]




Future prospects in Higgs, EW, and Flavour

Y quarks L e T \%
b 5y B. & B. b—spupu R, (e/n) b—s1tt b—s
R..(e/ln) | b—ocrv
_ b —d R, (e/ b—dr1r b—dvv
b—dy | BB, pLp od (€/1)
R, (e/) | b—>urtv
4 Progress from HL-LHC & Bel_le-ll: C— U VY
_ o reduction by 4 — 10 times
DD (saturating TH errors)
o reduction, but still far from SM
N precision or ultimate NP sensitivity
T—=HY T— un(dqg T— U HH T—UEe T— U
T—€Y T—€(g T— UEE T—€E€e T—F€

G. Isidori - The discovery potential of FCC-ee

22



Future prospects in Higgs, EW, and Flavour

Y quarks L € T \%
b 5y B. & B. b—spupu R, (e/n) b—s1tt b—swv
Rp.(elw) | bocrv
_ b—d R, (e b—drr b—dvv
b—dy | BB, pLp od (€/1)
R, (e/n) b—urtv
4 Progress from HL-LHC & Bel_le-ll: C— UV
_ o reduction by 4 — 10 times
DD Possible Tera-Z impact [ 6 x 10*? Z ]:
Further o reduction by factor of ~ 10
\_ (or more) B
T—=HY T— un(dQg T— HHY T— UEe T—= Vv
T—€Y T—€(g T— UEE T —> 8 EE T—>€EVV
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Future prospects in Higgs, EW, and Flavour
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Future prospects in Higgs, EW, and Flavour

Electroweak precision observables
.. (d=6) __ Ci .
allow us to probe the vast majority (& = Lomt 2 i O )

. /"’i\ L
of the flavour-conserving operators // oo Mo, .
; (@) : uwB
. I’ e J: O, ,
In the SMEFT Fowo® /o " O,y
[many constraints still dominated Jon oo, T . Ouwo,,
S O Ou .-'/'./OWOG A Ouc :
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Future prospects in Higgs, EW, and Flavour

m Unique potential of EW precision measurements @ FCC-ee:
m The jump in precision of FCC-ee is EW physics is unprecedented.:
5x1012 Z-boson pairs ~ 10° LEP statistics

m This level of precision opens the sensitivity to TeV-scale physics, even if the new states
couple to EW probes only via quantum effects:

. T Reaching 0.01% precision
— overcome the (double)
Z T 7 T suppression, loop x (m,,//\)?

G. Isidori - The discovery potential of FCC-ee
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Future prospects in Higgs, EW, and Flavour
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Future prospects in Higgs, EW, and Flavour

EWPO at Tera Z: Best overall sensitivity to operators modifying EW interactions

HEP[}

HL+LCF250 HL+CL|C330

. HL+LCF3250/500 . HL+CLIC3g0/1500

. HL+LCF250/500/1000

HL+FCC-eezmwwi240

HL+FCC-eezwwi240/365

HL+FCC

HL+MuC g Tev

PPGALW WG - June 2025
PRELIMINARY
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Future prospects in Higgs, EW, and Flavour

Higgs
couplings

« Key ingredient: number of Higgs produced in “clean”
environment [ e*e” — ZH ]

Two

distinct

frontiers _ « Key ingredient: run at (at least) two different energies
Higgs « Ultimate precision reached by high-energy colliders

self-coupling

‘ -
’ - ~
’ ’ 1 Y
4 ’ 1 \
/ 1
————— L | ' -
\ ! 1
N ~ o U 1
) M
.
~
~

or via precise
EWPO

Need to go above
HH threshold

or via precise
Higgs measurements

.......
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Future prospects in Higgs, EW, and Flavour

. LHeC . FCC-hh
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. LCF z250/550
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. LCF 2125055011000

HEPJT

CLIC3g0

. CLIC330/1500

. CLIC330/1500/3000
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68% probability sensitivity - All scenarios combined with HL-LHC
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Future prospects in Higgs, EW, and Flavour

68% CL k3 €[0.74,1.29]

15
Combination

bbttT~
bbyy
bbbb
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bbll

10

S ; ; ; ; ;
= ATLAS + CMS projections ESPPU 2026
g >0l Vs =14TeV, 53, 3ab™! per experiment

o All other couplings fixed to SM

|
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.
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Precision single H
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 Future prospects in Higgs, EW, and Flavour

The relative role of
couplings vs. self-couplings
IS a (BSM)-dependent
guestion

As general rule: it is hard

(if not impossible...),

having a large impact on the
self-coupling without
touching the other couplings 153

All couplings: cyv?

AOT-DONRN"

Explicit example in a concrete

(minimal) model: mixing of the

SM Higgs with a scalar singlet " |
(parameter space leading to first- 0.5 1.0 1.5 2.0 2.5
order EWPT) hhh coupling: k)

. e cerntg Ll

FCC-hh v MuC-1Q W
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 Future prospects in Higgs, EW, and Flavour

The relative role of
couplings vs. self-couplings
IS a (BSM)-dependent

guestion

S
As general rule: it is hard G 1072
(if not impossible...), 5
having a large impact on the E;
self-coupling without g

touching the other couplings 153

Explicit example in a concrete
(minimal) model: mixing of the
SM Higgs with a scalar singlet i |
(parameter space leading to first- 0.5 1.0 1.5 2.0 2.5
order EWPT) hhh coupling: kK,

} =
o £

U
i o
~ <

G. Isidori - The discovery potential of FCC-ee



More about future prospects...

o The large number
of SMEFT coupl.
IS not a problem,
but an opportunity
[these couplings are
not independent

model parameters,
rather independent

observables]

High-energy coll.
Top-quark

Higgs
Electroweak

Flavour
QCD

NP effects are likely
to appear in several
observables (in
correlated form)

i )
Eurqeegn Srt‘rategy
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More about future prospects...

o The large number
of SMEFT coupl.
IS not a problem,
but an opportunity
[these couplings are
not independent

model parameters,
rather independent

observables]

High-energy coll.
Top-quark
I Higgs

Electroweak

Flavour
QCD

NP effects are likely
to appear in several
observables (in
correlated form)

: )
European Strategy
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- More about future prospects...

o The large number
of SMEFT coupl.
IS not a problem,
but an opportunity
[these couplings are
not independent

model parameters,
rather independent

observables]

High-energy coll.
Top-quark

Higgs
Electroweak

Flavour
QCD

NP effects are likely
to appear in several
observables (in
correlated form)

European Strateg)
for Particle Physics
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More about future prospects...

o The large number
of SMEFT coupl.
IS not a problem,
but an opportunity

[these couplings are
not independent
model parameters,
rather independent

observables]

High-energy coll.
. Top-quark

Higgs

Electroweak

Flavour
QCD

NP effects are likely
to appear in several
observables (in
correlated form)

( )
E“’RRS?‘“ Strategy
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More about future prospects...

o The large number
of SMEFT coupl.
IS not a problem,
but an opportunity

[these couplings are
not independent
model parameters,
rather independent

observables]

High-energy coll.
Top-quark

Higgs
Electroweak

. Flavour

QCD

NP effects are likely
to appear in several
observables (in
correlated form)
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- More about future prospects...

o The large number
of SMEFT coupl.
IS not a problem,
but an opportunity

[these couplings are
not independent
model parameters,
rather independent

observables]

o NP effects are likely
to appear in several
observables (in
correlated form)

The unique
discovery potential
of FCC-ee lies in
the ability to cover
all these sectors
with precision &
redundancy

High-energy coll.
. Top-quark
I Higgs
" Electroweak
" Flavour

QCD
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More about future prospects...

Quantitative comparison of the
potential of future colliders:

High-energy coll.

R Top-quark

] « 16 sectors [classes of
Electroweak contact interactions]
Flavour
- « 3 layers of observables

In each sector
[characterized by growing
difficulty, need for high E]

« Improvement factors in
log scale [gray scale]:
 HL-LHC defines the initial

benchmark i}

* The best reach of any future
collider defines the maximal

Eurqpeah gtrateg9 Val U e
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More about future prospects...

Quantitative comparison of the

FCCe-e FCCeehh
e s potential of future colliders:
« 16 sectors [classes of
contact interactions]
« 3 layers of observables
In each sector
[characterized by growing
difficulty, need for high E]
FCCee-descoped LEP3
e > " .
— — - « Improvement factors in

Electroweak x4
Flavour ,> H

QCD

Flavour
QCD

log scale [gray scale]:

e HL-LHC defines the initial
benchmark |}

* The best reach of any future
collider defines the maximal

value
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More about future prospects...

Quantitative comparison of the

LCF250 LCF550
— —=l potential of future colliders:
« 16 sectors [classes of
contact interactions]
« 3 layers of observables

In each sector
[characterized by growing
difficulty, need for high E]

CLIC380 CLIC1500

— v S = - Improvement factors in

eeeeeeee Nt g I Electroweak
Flavour
QCD

log scale [gray scale]:

e HL-LHC defines the initial
benchmark |}

* The best reach of any future
collider defines the maximal

value
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Discovery reach In
‘motivated models” of heavy NP

Energy
/\1 L e L|J1
N, + s W,
AH,B i H, @,
/\EW :
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NP reach in “motivated models”

S s
[SM—EFT: L;]auge +i Ly

————————————————————————————————————————————

What do we know so far about the SMEFT and its cut-off?

Forces

* Hierarchy problem — A ~1TeV [at least for Higgs & top]
« EWPO —> A > 1TeV -10TeV

» Flavour-violating [d=6]: » Flavour-violating [d=4]:
[ ~
107+ 5 European gtrate99 S z.
0 s . toog g
5. S < 3 - < - ]
10 < 51 o e X +t< T 3 g
: BN PREs I
1000} SO T c
= -
o v highly non-trivial
flavour structure
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NP reach in “motivated model

o High-energy
searches:

o Also in this case
flavour hypotheses
play an important
role...

Other

Dark Matter

Extra Dimensions

Excited
Fermions

Heavy
Fermions

Laptoquarks

Heavy Gauge Bosons

CMS preliminary
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NP reach in “motivated models”

m If New Physics is there to solve the shortcomings of the Higgs sector, it is natural
to assume that it couples in a flavor non-universal manner, mainly to the third
generation

0 The Yukawa couplings are strongly hierarchal

Q The electroweak hierarchy problem and the Higgs instability problem are both related to the
large top-quark Yukawa coupling (light quarks play no role...)
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NP reach in “motivated models”

m If New Physics is there to solve the shortcomings of the Higgs sector, it is natural
to assume that it couples in a flavor non-universal manner, mainly to the third
generation

0 The Yukawa couplings are strongly hierarchal

Q The electroweak hierarchy problem and the Higgs instability problem are both related to the
large top-quark Yukawa coupling (light quarks play no role...)

Liggs=DO" DO — [ 12470 + 1 (670)2 + Y' w ' w) 9]

U(2),
( 50.003\
<0.01 | uQ),
Y ~ : 0.04
U e
\ L
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NP reach in “motivated models”

m A possible multi-scale completion of the SM:

A SM-EFT
Energy with U(2)°
* flavor symmetry
/\1 T > LIJ]_ DynamiC_:S A NP Coup|ed
responsible few mainly to .
for light-family . TeV ] oy,
N, 4+ s P, masses B
/\ —_— e » H :
H’3 ,LIJS /\EW ...................................
/\EW T

G. Isidori - The discovery potential of FCC-ee 48



NP reach in “motivated models”

m SMEFT for 3 gen. NP m Flavor (down) M Flavor (up) m EW m Collider
O Assume NP 10 (HD Yuk.  Ho .ip. " (g q aq 11 o ledq
couples differently
to the 3" family i
and universally 1st
& 2" [120 ops.] _
O -
4 R
Operators involving | &
only 3" family fields 4L
— collider bounds .. L)
below 1.5 TeV RESw g en s N |
S / 2E L sk f
SHBL L UBHTIE !
oL Y © RN IOR
Allwicher, Cornella, e e

Gl, Stefanek ‘24 o . :
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NP reach in “motivated models”

m SMEFT for 39 gen. NP B Flavor m EW W Collider

a Assume NP 10 (HD Yuk.  Hy Dip. (g qq 17 ledg
couples differently _
to the 3" family sL /7 | N ™~
and universally 1st i m NP can be as low as 1-2 TeV In Cloop = 9i .
& 2" [120 ops.] j motivated models ! (no tuning o 3617(;

6 needed to evade present bounds...) ¢

O Modified bounds S | er, = 0.40
implementing the SR = Interplay (_)f flavor * EW +_d|rect ey = 0.31
dynamical hypothesis 4l \ searches is essential to discover NP.../ L er = 0.15 )

of NP coupled manly
to the 39 generation
[mild suppression
factors for light
families]

Allwicher, Cornella,
Gl, Stefanek ‘24
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NP reach in “motivated models”

m Potential reach of N Flovor B EW & FOCeo B Collider
FCC-ee from o . _
EW and Higgs i P | L e
measurements
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E _

\/ 4L

The natural range for i

N dictated by the
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Examples of interplay in indirect NP searches

Looking at bounds from individual observables misses one of the key the main point of

Indirect NP searches: the interplay of a large number of observables in “decoding” the

underlying theory

o 0.4
To illustrate this point, we need S
to consider an explicit example —p 035
assuming a NP signal
0.3

R(D ™) = B(BE - D%1v) 0.25
e B(B — D™ uv) |

T T
‘ CKM 2025 \

4 HELAV SM Prediction
R(D) = 0.296 + 0.004

" 68% CL tontours

Belle 11
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Examples of interplay in indirect NP searches

Looking at bounds from individual observables misses one of the key the main point of

Indirect NP searches: the interplay of a large number of observables in “decoding” the

underlying theory
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, 1N
S0 VN N 0.3
\
b g ll ‘\ N N b'— VL
L \ / K / ! AN “ \ /
® ! \ AN b 0.25
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Vi T
o(pp —171)

T T
‘ CKM 2025 \

4 HFLAV SM Prediction
R(D) = 0.296 + 0.004

" 68% CL tontours

Belle 11

R(D*) = 0254 + 0.005 R(D) = 0358+ 0,024,
+
4 1-QcD FLAG24 (Nf=2+1 for R(D®) R(D 0)272 2810011,
R(D) =0.2938 £ 0.0054 p=
R(D)O 582 OOOI P(y®) =
I L 1 L 1
0.3 0.5

T (W)
NWC < Z — 11 (VV)
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Examples of interplay in indirect NP searches

Looking at bounds from individual observables misses one of the key the main point of
Indirect NP searches: the interplay of a large number of observables in “decoding” the

underlying theory

04

v 0 T 7 68% CL tontours

R(D*)

q3\./£3
a5 " g, D

0.3
A simple, consistent, description

of the system involves (at least) 025
3 parameters:

Belle 11

4 HFLAV SM Prediction
R(D) = 0.296 + 0.004
R(D*) = 0.254 + 0.005 R(D) =0.358£0.024, .,

R(D*) = 0.281+0.01 1,5,

0.2

'{' L-QCD FLAG24 (Nf=2+1 for R(D*))
R(D) =0.2938 + 0.0054
R(D*) =0.2582 £ 0.0051

1 1 1 1 1

o 2 Wilson coefficients Céé) Céj) 02 [ tr ]

ZVyTdi

a 1 flavour-mixing parameter, € = O(1): q,=b + ¢ |V S, up

&
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Examples of interplay in indirect NP searches

(3)
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Examples of interplay in indirect NP searches

LHCD-II + Belle-II: |

0025

( \
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Examples of interplay in indirect NP searches
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Last but not least...[beyond indirect searches]

m While heavy NP leads to contact interactions among SM fields, other classes of NP
could lead to to new light states with tiny interactions to the SM fields (motivated by
dark matter, neutrino physics, ...)

z o N N\

interactions
(long-range)

New contact Exotic long-range
interactions structure

@ (short-range)
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Last but not least...[beyond indirect searches]

m While heavy NP leads to contact interactions among SM fields, other classes of NP
could lead to to new light states with tiny interactions to the SM fields (motivated by
dark matter, neutrino physics, ...)

m The smallness of such interactions (forced by data) naturally leads to consider the
so-called portals [ = lowest-dim. operators involving the exotic fields |

SMEFT Portals

¢ [ )
L‘NP:'L‘gauge-l_zHiggS + d>4Ad4 f +yNL¢N+8(¢ (I))X‘X+

% Light Newd
Physics i
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Last but not least...[beyond indirect searches]

In this case the NP parameter range is much wider — no hope for complete coverage
with a single set-up. However, the high statistics & clean environment provided by
FCC-ee would allow us to probe large unexplored regions, e.g.:

16+ 101 ¢
s 4 ¥cc-poprb o f |[Uy| = [Ux| = 0]
B 10— =
10_3 E 10_3 ; -z~
104 ........
~ 4 g
I 0
—6
6 10—5 N_g 10 .
= 3 j07
3 :
_6 _8 A
o A0 10
''''' 1092 L
-7
10 N 10_10 E FCC-ee (displ theo full det)
o () % -
10-8 Ry Eurppn ey 1071 E%?RS?W%I?%?Q?
g | S i | LA L1l L1 1111l 1 llllllll | IIIHIII | IlIIlIll l’lllllll 10_12: | | ||1||1| 1 | lllllll ] T .lll:'l y ’ |1|m1| | | Far -
1072 1071 10° 10! 102 10° 10% 10° 101 100 10! 102 10 104
mg [GeV] my [GeV]
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Conclusions

What | have illustrated at the end of this talk are specific examples, but the
conclusions that can be drawn are very general:

m In motivated classes of SM extensions NP can still be around few TeV.
To discover it, the interplay of a large number of observables is a key ingredient,
both to “decode” the underlying theory & to “validate™ possible discoveries

m Precision Higgs, electroweak, and flavour physics are three faces of the same
strategy: their primary objective are indirect discoveries, and in realistic model
with TeV-scale NP, they provide very complementary information

= Natural synergy of the precision frontier with the data-driven searches for
“exotic” NP models with light weakly-coupled new particles [

]

{ In view of all these considerations, the FCC-ee program is very exciting ! ]
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Conclusions

Credits: Christophe Grojean

*mz, 'z, Ny « 0. 5(mz) with per-mil accuracy 9
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self-coupling
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L
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B physics
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