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Physics Preparatory Group Studies
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Physics studies

Flavour Physics

Conveners: G. Isidori, M-H. Schune

Evaluate and compare the physics potential of the different
future collider projects

BSM Physics In this talk: Focus on the large scale projects proposed for
Conveners: F. Maltoni, R. Gonzalez-Suarez the next particle collider at CERN, after the LHC
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Physics Preparatory Group Studies

Very different design to address the search for new physics From K. Jacobs' talk at
= Open Symposium in Venice
(Ler3

Linear Collider Vision
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FCC-hh, Muon Collider (3, 10 TeV) e*e” with improved acceleration technologies
baseline 85 TeV (= 120 TeV) LCF, C3 (=2 1 TeV), CLIC (1.5 TeV), HALHF, ...
+ possibility for HI collisions —> plasma acceleration for higher energies
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Physics Preparatory Group Studies

Very different design to address the search for new physics
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Physics Preparatory Group Studies

Very different design to address the search for new physics

A significant part of the physics
programme at any of the proposed
future colliders will focus on
precision physics

--------------

Improving our current knowledge
of the SM and testing those
aspects that remain unexplored
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Studying different aspects of SM physics...

Electroweak Physics

Strong Interactions
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To find what is Beyond...

Lpsm = — 3 F,, F* + ¢iDy + D,¢pD ¢ — V(P) — (Ejzﬁiqb% + h.c.) + ???-

Electroweak Physics

Flavour Physics

Strong Interactions

BSM Physics
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To find what is Beyond...

Lpsm = — 3 F,, F* + ¢iDy + D,¢pD ¢ — V(P) — (Ejzﬁiqb% + h.c.) + ???-

Electroweak Physics

Neutrino Physics
Dark Sectors

Flavour Physics

Strong Interactions

BSM Physics
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To find what is Beyond...

Understanding EWSB
What triggers EWSB?

Naturalness? Is the Higgs elementary/composite?
Nature of the EWPT « Matter/Anti-Matter Asymmetry?

Is the EW vacuum stable? : :
Neutrino Physics The SM Flavour puzzle

Why 3 copies of fermions?

What explains the hierarchical
Dark Sectors structure of their masses?

What is the nature of Dark Matter? Flavour Physics

Strong Interactions

BSM Physics

Jorge de Blas - U. of Granada 10




The importance of knowing the strong force

Strong Interactions

How well do we know the strong force?
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The importance of knowing the strong force

Example: Higgs physics at the HL-LHC

-1 ? . . . .
............ /s =14TeV, 3 ab_per experiment ® HL-LHC precision on Higgs coupling modifier at the
Total ATLAS+CMS Internal level of:
. StatiSt,ical Projections ESPPU 2025 .
ta' | > 2-4% for dominant decays
( Uncertainty [%)]
Tot Stat Exp Th
K =T 13 07 oo 1 > 3%-7% for rare decays
Kw E—. ® Assumes progress on theory calculations
K- = : . . .
Z = > S2 scenario: TH systematics halved (where feasible)
Kg — |
K. — . . . .
tE 54 0809 82 " Even in this case results limited by TH uncertainties!
Ky B | 36 1.2 1.2 32 o :
g - - > Precision QCD needed for our understanding
— 0.8 0.7 15 .
’ of the Higgs
Ky B 3.0 27 09 1.0
- w > PDF uncertainties also significantly impact
Zy ; 6.8 59 1.6 3.0 . .
------------------------- Higgs observables (also in EVW and BSM searches!)

0O 002 004 006 008 01 0.12
Expected uncertainty
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The importance of knowing the strong force

* Precision QCD (pQCD & non-pQCD) needed to fully exploit the precision Higgs measurements
> Not only at the HL-LHC but at any future Higgs factory

g
o Example: Higgs interactions with gluons
> |ldentifying gluon jets requires significantly improved sy i
gluon fragmentation in Parton showers (NNLL) MCs
> Interpretation of H —gg with a precision of 0.7% (EXP): g

> Requires QCD TH uncertainties in 'y gz to be reduced below |%
(currently, N4LO ~3%)

> Also requires knowledge of as(Mz) with a precision of 0.1% (relevant also for other hadronic channels)

as(Mz) currently know with a precision of ~0.8% !
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The importance of knowing the strong force

Strong Coupling Constant precision summary

O
o

Aas(m%) [%]
o
'

o @

< : .
PDF fits +jets

LHeC & FCC-ee comparable to future Lattice QCD projections
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Z hadronic decays

W hadronic decays
Inclusive DIS + jets
Deuteron + spin-dep. SF
Bjorken sum rule + PDFs

T hadronic decays

Event shapes and jet rates

[ \

European Strategy
for Particle Physics

~0.1%




The importance of knowing the strong force

* Precision QCD also needed future EVV and Top measurements

Mw (key observable in the EW fit) Top mass (key observable in the EW fit):

accessible at ete- from the tt threshold scan
theory

"CC-ee(2) B B experiment
FCC-ee(l).

g
:

C T T T I 1 I 1
"t threshold - m;> 171.5 GeV
[ —QQbar_Threshold NNNLO —FCGC-ee 350 LS only
— —ISR only —FCC-ee 350 LS+ISR

81 km ring circumference

(1) olete " -»WHtW™)
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LEP3(2)- (2) Constrained my fit

LEP3(1)- )
European Strategy

S — N
N A

—

ete-
—ttbar

llllllllllllll

cross section [pb]

O
Qo

&
=

l

HHeCrHL-LRC a——

HL-LHC ——
LHC-

- Amy,, =¥30 MeV

o ©
4~ (@)
IIIIIIIIIIIIIIIIIIIII

©
N

implementation of corrections
based on EPJ C73, 2530 (2013)

llllllllllllll

0 2

a 6
I | | | 1 l 1 | | | I 1
. Siiigy LEe ] 340 345 350
EXP precision expected below 1 MeV [arXiv:2203.06520] s [GeV]

TH requirements: L
EW N<1LO: ﬁ(oﬂ), Mixed EW-QCD: &(c, (XZ), O 0532 a) N3LO QCD theory uncertainty: 35 MeV vs. O(10) MeV stat.
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The importance of knowing the strong force

Electroweak Physics
Precision QCD

PDFs
I Neutrino Physics

The fulfillment of the physics programs (EW/Flavour/BSM/...) at the LHC and
future colliders relies on substantial improvement of our understanding of QCD

Flavour Physics

Strong Interactions Precision QCD: Lattice QCD

BSM Physics
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Understanding the Electroweak Scale and the Higgs boson

Understanding EWSB
What triggers EWSB? Electroweak Physics
Naturalness? Is the Higgs elementary/composite?

Nature of the EWPT « Matter/Anti-Matter Asymmetry?
Is the EW vacuum stable?
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Understanding the Electroweak Scale and the Higgs boson

Understanding EWSB

What triggers EWSB? Electroweak Physics
Naturalness? Is the Higgs elementary/composite?

Nature of the EWPT « Matter/Anti-Matter Asymmetry?

Is the EW vacuum stable?

Most of these questions revolve around the nature of the Higgs and require BSM

= Modification of the properties of the Higgs boson

0 m?
% ~ AW}ZLQ = ¢ = fine tuning
h
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Understanding the Electroweak Scale and the Higgs boson
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Understanding the Electroweak Scale and the Higgs boson

. LHeC . FCC-hh LCFZ/250 CL|C330 FCC—eez/\NW/240 . Muc10TeV

----------------------------------------------------------------- . LCF 212501550 . CLIC330/1500 FCC-eezwwi240365

H +MUC10 T +FCC-hh

’ i . LCF 2250155011000 . CLIC350/1500/3000 . FCC-ee + FCC-hh f \)
Y

\_l[{mﬁt --------------------------------------------------------------- 6 ;% probability sensitivity - All scenarios combined with HL-LHC Eugg%ggge%f;‘;fg
: 2.5¢
1.2_‘ ] [ ]
1.0 -f 200 : 3rd family:
HZZ 308 | | | factor ~10 improvement
factor ~10 improvement 06 wrt LHC
wrt LHC 04
000
0.0
4
H width
Model-independent 3 |
at e+e- O(1%) :: L 2nd quark family (charm):
5 Beyond the LHC reach
H—BSM B (O(1) sensitivity to strange)
BR(H—inv) < 0.08% 0

BR(H—exo0) < 0.7%
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Understanding the Electroweak Scale and the Higgs boson

Testing the Higgs potential: Higgs self-coupling precision

V(o) = —p2|d1” + Ay |0

— V(h) = tm2h? 1) h*

Higgs self-coupling via H production @ e+te-

= <1% precision in single-H + 2 /s

OA3 ~ 17-20 %

Higgs self-coupling via HH production @ ete-

= Run energy above ~500 GeV (= LC)
OAz3~ 10 %

Higgs self-coupling via HH production
@ FCC-hh and Muon Colliders (10 TeV)

OA3=5%

68% probability sensitivity — All scenarios combined with HL-LHC

- | HL-LHC

B LHeC

- |LCFz/250

fl LCFz/250/550/1000

[ CL|C380

@l CLIC3350/1500/3000

' |LEP3

| FCC-eezww /240

| FCC-eezww/240/365

European Strate

- FCC-hh for%article Physicsg) '

'-""”C10 (Lower is better) HEP[TT IS

——
3l 70
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Precision Higgs couplings

Understanding the Electroweak Scale and the Higgs boson
Precision Higgs Physics — BSM: Naturalness

(universal shift)

Fine tuning in Neutral Naturalness

Composite Higgs scenarios

Higgs pNGB of strongly interacting sector with (mass, coup)

10%+ E”?Sr%§2i2|esl§E3§??\y
5%/
HL-LHC—
1%+
O _ 5% L LCF-250——
LIC-1500
MuC-10——
FCC-ee
0.1%
0.5 1 510 o I5IOW1IOO

A= Smlzi/m%]
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m, [TeV]

95% C.L. exclusion
(Ax%=5.99)

@ HL+MuC,,

@ HL+FCC-ee-hh

@ HL+FCC-ee

> HL+FCC-eeyy

@ HL+LEP3

@ HL+CLIC3pqp

@ HL+CLIC 500

@ HL+LCFCs5

@ HL+LCFC,5




Understanding the Electroweak Scale and the Higgs boson
Precision Higgs Physics — BSM: EWPT

The simplest scenario: Singlet extensions

V($,8) = —p2 |o]" + Ay |@|" + b1S — p28? + %81 + 92 |p|" §% + 283 + U |¢|* S

_1 FCC-ee/hh MuC-10
GD 1 O = ? \\‘| | ’ | / | | | E , T : : : : ; , : : :
NC - E\_\\\\‘\CLIC-15OO : mh2=600 GeV -
‘D E-"'.:—'*Q\,- ------------------------------------------------------- E i
1072 :_L“__ ) R L TITiTITiTimi=:
IR S S i e S
-\ P e e e e e e e e e e e e e e e e s ST ST A MuC 10 TeV cy~-
1073 — ! § i | I
- _ ] | /1 ( ) |
I wc 10Tev T So = Mh/ms N\ ||| / E%&%ﬁﬁ?f&ﬁ?&?@)
N\ e~ T Euror?e?n‘%raﬁeg) l A | | E— TR YR TR
-0.3 -0.2 -01 00 01 02/02-03 -0.2 -0.1 0.0 01 0.2 0.3
10'40 A|, é é ' 1|O ' '12 sin@ sin@
- mg [TeV] Strong FOPT S— 77 S — hh
| = - -
Indirect (Higgs) and Direct (S—hh, ZZ) reach - = x,95% K, 95%

Many other possible interesting extensions of the scalar sector:

Complex Singlets, Two Higgs Doublet Models, Georgi-Machacek...
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Understanding the Electroweak Scale and the Higgs boson

Understanding EWSB

What triggers EWSB? Electroweak Physics
Naturalness? Is the Higgs elementary/composite?

Nature of the EWPT « Matter/Anti-Matter Asymmetry?

Is the EW vacuum stable?

Most of these questions revolve around the nature of the Higgs and require BSM

= Modification of the properties of the Higgs boson

0 m?
% ~ AW}ZLQ = ¢ = fine tuning
h
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Understanding the Electroweak Scale and the Higgs boson

Understanding EWSB

What triggers EWSB? Electroweak Physics
Naturalness? Is the Higgs elementary/composite?

Nature of the EWPT « Matter/Anti-Matter Asymmetry?

Is the EW vacuum stable?

Most of these questions revolve around the nature of the Higgs and require BSM
= Modification of the properties of the Higgs boson

But new physics may be hiding in many other places!
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BSM can “change” the SM in many different ways...

?
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BSM can “change” the SM in many d:fferent ways...

- -— -
-—
-—
-

0(1) OB

quqd quqd . O¢ud o .
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BSM can “change” the SM in many different ways...

Higgs “couplings”

EWPO: Z-pole, W obs.

j EW precision/Higgs precision
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BSM can “change” the SM in many different ways...

> Electroweak Precision Observables (Z pole, Mw; ...) provide one of the

strongest tests of consistency of the SM at the quantum level = Future improvements
would increase sensitivity to even smaller NP effects entering via radiative corrections

Today (LEP/SLC: 107 2)

178 68% prob. regions from EW fit
@» Current
< HL-LHC

-Y,Z/W ~ Y’Z/W 176 a HL—LHC+LCF2/250/350
A > HL-LHC+FCC-ee
Direct determination

. Z
LCF (Giga-Z: 10° 2)

% 174 ... ViCMS, 2024 __PDG, 2025 .
o " My ) oy
Z/\W Z/\W — .. HL-LHC . g .
2w E 49| © LCFzasos ST '
FCC-ee FCC-ee (Tera-Z: 1012 Z)

80.33 80.34 80.35 80.36 80.37 80.38 80.39

Strong dependence on precision of theory calculations
(challenging to match future experimental precision)
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BSM can “change” the SM in many different ways...

> The top quark: Connected to BSM in many models. It’s properties are currently
measured to comparatively lower precision than other SM particles

. LHeC LCF 2250 CLIC33g FCC-eezwwi240
|—|T . LCF 212501550 . CLIC350/1500 . FCC-eezwwi240/365
+MUC10+FCC-hh LCF 2250155011000 . CLIC330/150013000 . FCC-ee+FCC-hh

@l v: Single-operator bound 68% probability sensitivity - All scenarios combined with HL-LHC

. MuCgtev

|

European Strateg)

for Particle Physics

Dimension-6 operators modifying EW/Higgs Top interactions

100 —
50F B \ 4 v v
: v 2y \
10 v v v v v

N4 C; [TeV]
(&) |
T

—
IIIII

5 = D 4

~

]

) )
Osa Osa

Vit:
Sensitivity at CC via EWPO

Advantage for LC/MuC thanks to high-E reach

Oty

Yi: Best at FCC-hh
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BSM can “change” the SM in many different ways...

The importance of flavour in new physics searches
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The Flavour of New Physics

Losm = —1Fu P + §iDy + DupDie — V($) — (Vi v + huc. ) +

The SM Flavour puzzle

Why 3 copies of fermions?

What explains the hierarchical
structure of their masses?

/a FlaVOur PhyS|CS
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The Flavour of New Physics

Flavour Physics Opportunities at future colliders

Major progress in many processes at HL-LHC & Belle Il and future Z factories

Flavour Transition type
Transition Y quarks u e
; b—sppl+| | Rys(e/n
3,2 b — B, < B _ >
q q SY[*] \) s[*] b—)CI.lV Rbc(e/u
; b—dipl+] | Ry(e/u
3,—1 b—d B, < B _
q 7 1q Yl¥] | Ba a ] b—uuv R, (e/1L
2 ) c—upl | Ry(e/u
2, — lq c—uy D« D[«] | c—>silv R.(e/uL
1 c—>dpv Rcd(e/U) ]
3 2 |[TouYl] | Topgqlt] | TopaR[] | T peel]
£ 71, T—eY|?] | T—eqql|e] 'L‘—>e[L,u[] T —eée|"]

x| = major progress @ HL-LHC, limited impact of e"e” colliders
0 progress @ HL-LHC & Belle II + sig mﬁcant further

orogress @ FCC-ee

o) ~ S%dﬁ“ sd(e/lu)

151 s—dy K-k S—>uuv R, (e/L1) s—>dvv
1 q _

1 d—upv Rdu(e/lu)

2, — 1, u—ey UN — eN u— eee u—evyv
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The Flavour of New Physics

® Tera Z: 1012 Z bosons = Plenty of bottom, charm and T fermions for clean flavour physics

b-hadrons in detector acceptance

] | ] Opportunities for probing NP in FCNC b—svv

By/By ]

’ e —_ 0 0o
e 1065‘ European gtrateg§ - 5 /_B E O B(B — K \)\))
g for Particle Physics Bs / Bs E 3/ |
[é 105 é_ | Ab/Ab i} |g | .
< S -
g 104 3 ¥
s 1
= ! o
< 107 3 E 101'_
S X
_

n C
§ 10° o
= I 1 Edopean §trategy

10t E GL) N\ Particle Pho
; o o I,. o o ] O B Bellell
LHCb | Belle || LCF LEP3 FCCoee - Belle 11 K+ i Orde_r of
(300 fb ) (50 ab ) (2 107 Z ) (1.4 10+~ Z ) (6 10+~ Z ) > FC magnltUde
() .
/ N = 100 LEP3 Improvement
2030s 2040s 2050s © | V FCCee v
Belle 11 10 ab! Belle 1l 50 ab! LCF 2 10° Z° Q . . .
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/

Additional opportunities from W decays (FCC-ee: 108 W pairs) =CKM
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The Flavour of New Physics

® Tera Z: 1012 Z bosons = Plenty of bottom, charm and T fermions for clean flavour physics

T Lepton Flavour Violation

T Uy T 3U
¢ Bellell ~ STCF LEP3 Ao FCCee 10—6_; ¢ Bellell « STCF LEP3 LCF
LCF | 4® LHCb CMS ATLAS o FCCee
10~ '
4 107
- - | 2
O o .1 ®
X Order of L 107%; o
= t : o
% 10-8 . magnitude | < ®  Order of
: —l —9 | -
) : . Improvement| 5 10 $ magnitude
- f PY iImprovement
- ) o ) *\
European Strategy A ] European Strategy
10_9 . I
E _ A
. . . . 10-11 L— . . .
&) S &) &) &) Q & &)
aY 2y Yy oy Yy oY N aY

Fig. 5.7: Expected upper limits at 90% on A(t — uy) and B(t — LULL).
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TeV

The Flavour of New Physics

® Complementarity Electroweak/Flavour:

EFT bounds: EW vs. Flavour BSM: Vector lepto-quark (3rd gen.)
: : - 5 I c~n? _ . :
New physics in 3rd family (U(2)5 flavour “protection”) Ly D SUp O1Yel Uy +h.c
1 2 J
100 ( Current / 2040s / LCF FCC-ee | f
- Flavour (down) [ | [
i ‘ ) Flavour (up) 1 R 4:.0
50|- Fucpean Strateay) | Beewoveak [ I 2
- High-E(DY, HQ) [ [
: S Flavour
N - Flavour o 2 0.
10 * N |
; § Y N = — W 2.5-
st N N
< -
I I = a 1590 3 f
1 — \ q /]\ T
B § - I \ § 1.0_ = QY :
(1) (3) (1) (3) (1) (3) (1) (3) = O EU29EG§'?S;Iat69) -
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R J—
Complementarity: Best bound depend on operator 0075 4 6 8 10 12
(and flavour assumptions of BSM) my, [TeV]
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Neutrino Physics = New Physics

N

What is the origin of neutrino masses?

Neutrino Physics
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Neutrino Physics = New Physics

N

What is the origin of neutrino masses?

Neutrino Physics

® We know that neutrino have masses = Neutrino Physics is BSM physics
Neutrino oscillation experiments

HVPER » (\ - @
K NEUTRINO EXPERIVENT

B-decay/e-capture experiments

> Their nature &8 &’?JEB\» QTMN
> What generates them!?

PTOLEMY

¢ What we do not know:

> Their ordering and absolute scale

» CP violation
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Neutrino Physics = New Physics

Neutrino mass ordering

normal hierarchy (NH)
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inverted hierarchy (IH)
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Next-gen oscillation experiments = Establish MO & CP (for large fraction of ocp)
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Neutrino Physics = New Physics

® The nature of neutrinos: Majorana? (Testable via OV[3[3 decay exp.) = new physics scale is connected to

neutrino masses: ALE) = (Cj\)if (E16°671) +hee

¢ BSM models for physics at /\? eV keV MeV GeV TeV PeV EeV 1012 1015 1018 GeV
e IS B E e e e e —

__ _ _ T * \, ¢ F modified oscillations
ogNeutrino Portal — ogType—I = —iLY GZH N — , ) ) , . _
B ong-lived vs (‘HNLs”) — decay signatures in near detectors & collider searches
Neutrino Portal = Low scale Type | seesaw B scesaw mechanism, leptogenesis

—— HL-LHC 14 TeV 3 ab1
—=- HL-LHC 14 TeV 3 ab~!
R4 —— LHCb 14 TeV 0.3 ab™!

BSM benchmark:
Heavy neutral leptons (HNL)

ANUBIS 14 TeV 3 ab™!
CODEX-b 14 TeV 0.3 ab~!
FASER2 14 TeV 3 ab~!
FCC-hh PREFACE 13.6 TeV 0.3 ab™!

SHiP, 15y, 6 x 102 PoT
ProtoDUNE@SPS, 5y, 1.8 x 10¥ PoT
SBND, 6.6 x 10 PoT

—— DUNE (ND), 7y, 7.7 x 10?! PoT
—— Hyper-K (ND280), 10y, 10?? PoT

— == FCC-ee Z-pole 200 ab~!, 6 x 102 Z
— = FCC-ee Z-pole 200 ab~1, 6 x 10! Z
——— FCC-ee Z-pole, 200 ab=1 6 x 1012 Z

FCC-ee (prompt) MuC 10 TeV

-= LCF 250 GeV (H decays) 2 ab~!
= LCF 250 GeV 0.9 ab~!
- LCF 500 GeV 1.6 ab™!
LCF 1000 GeV 3.2 ab~!
-= LCF 250 GeV, beam dump, 10y, 4 x 10> EoT

LCF 1000 GeV, beam dump, 10y, 4 x 10?2 EoT

{ \) ----- LCF Z-pole 30 fb~1,10° Z
Y,

W+
FCC-ee (displaced ujj)
FCC-ee (displ theo full det)

S
i %’0/ = i European Strateg —— FCC-hh 85 TeV 30 ab~!
\"/ Exp. leed target CO"lder Exp. or Particle Physics

10—12 | | IIIIII| | | IIIIII| | | i IIIi'| | | | IIIII| | | N I | .
101 109 101 102 103 104
my |GeV]

----- mid-y@FCC-hh 85 TeV 30 ab~!
MuC3TeV1ab!
MuC 10 TeV 10 ab~!
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What lies in the Dark?

Dark Sectors
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What lies in the Dark?

® The evidence for the existence of some form of Dark Matter seems incontrovertible  aoms

4.9% Dark

Energy

= A key task in particle physics is to identify its nature Dak 68.3%
2%6.8%
® Dark Matter/Dark Sectors: many models for DM candidates ToDAY
Ultralight Light Heavy Ultraheavy
eV keV GeV 10 TeV Mass
Eg: ALPs WIMP Benchmark PBH

Dark photon Indirect detection
Higgs portal —

Neutrino (HNL) portal

DM SM
Valuable information at future collider experiments %
Complementary to Direct and Indirect detection DM SM
R
Production at colliders
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DM-nucleon og; [cm?]

What lies in the Dark?

Direct Detection - Collider complementarity (Precision Higgs)

@ ““portal”’ s

Higgs portal scalar DM Higgs portal Majorana DM

—40 _
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From reach of H—invisible

Covers region unexplored by direct detection experiments due to Neutrino “fog”
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What lies in the Dark?

Direct Detection - Collider complementarity (Direct searches & EWPO)

Pure Wino - 20 Sensitivity Reach

Pure Higgsino - 20 Sensitivity Reach

195% CTAO Projection [up to 60 TeV - halo deper

1dent]

195% CTAO Projection [up to 20 Te

190% Direct Detection Projection

NFW Profile

{MuC 10 TeV - Dis. Track

{MuC 3 TeV - Dis. Tracks

{1 FCC-hh 85 TeV

{1 MuC 10 TeV

{MuC 3 TeV
{1 CLIC3000

1 CLIC1500

{1 CLIC380
{1LCF550

{1LOF250

{1 FCC-ee
{LEP3

20, Disappearing Tracks
Kinematic Limit: v's/2
20, Indirect Reach

l \)
European Strategy

for Particle Physics

Thermal

V - halo dependent]

1Indirect Detection

1MuC 10 TeV - Dis. Tracks

{MuC 3 TeV - Dis. Tracks

{1FCC-hh 85 TeV

{1 MuC 10 TeV

{1 MuC 3 TeV

{1 CLIC3000

{CLIC1500

{1 CLIC380

{1LCF550

{LGF250

{FCC-ee

{LEP3

101 109

M, [TeV]

101

Example: Wino and Higgsino scenarios

> Direct detection: Limited sensitivity

for Higgsino

Thermal

20, Disappearing Tracks
Kinematic Limit: v's/2
20, Indirect Reach

l \)
European Strategy

for Particle Physics

101 109

M, [TeV]

101

> Direct searches: WIMP mass range within the FCC-hh & MuC reach

> Indirect searches: Model-dependent bounds from EWPO
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Concluding...

e Disclaimer: Only a subset of the physics studies prepared for the Briefing Book was summarized here,
focused on the physics potential of large scale projects for a future collider at CERN. Not covered:

> QCD: Aspects related to Hot and dense QCD, connections with Astroparticle physics, ...
> Prospects for flavour measurements at low scale experiments

> Cosmic messengers

> Many of the zillion benchmarks prepared by the BSM WG

» And more... = Read the book!

® Most of the proposed future colliders were planned for (and can bring significant progress in terms of)
precision Higgs physics. Progress in other areas is “collider dependent”:

> Circular e*e- colliders: EWPO, Flavour = Access to high energies when followed by a future pp or

MuC options
> Linear e*e- colliders: high-energies (Top, HH, ...)
> ep colliders (LHeC): QCD physics, heavy ions, PDFs (relevant for future pp colliders), ...

® To fully exploit the experimental capabilities of any future collider, significant progress on the theory
side will be needed...
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Concluding...

Understanding EWSB
What triggers EWSB?

Naturalness? Is the Higgs elementary/composite?
Nature of the EWPT « Matter/Anti-Matter Asymmetry?

Is the EW vacuum stable? : :
Neutrino Physics The SM Flavour puzzle

Why 3 copies of fermions?

What explains the hierarchical
Dark Sectors structure of their masses?

What is the nature of Dark Matter? Flavour Physics

Strong Interactions

BSM Physics

Jorge de Blas - U. of Granada 47




Conclusions

Progress in only one of these areas iIs not enough

Interplay between different areas is deep and necessary to maximize our chances of learning about BSM:

Via exploration of BSM space in complementary ways: Direct/Indirect (EW/Higgs/Flavour/Neutrino/...)

Enabling the precision of measurements/reducing uncertainties in the interpretation: Theory precision (e.g. QCD)

In absence of a clear hint of what we are looking for, what matters most in any future experiment is to
have access to the largest possible collection of measurements (at the highest precision possible)
plus a theory program that can match the EXP precision




