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Who am 17

Recently moved from IP2I Lyon to LPTHE.

Particle Model Building (BSm)

Properties of strong dynamics

Collider phenomenology — FCC programme at
CERN

Inflation

Black Hole physics

Models for epidemiology and viral genomics



The Standard Model

o Since 2012, the Standard Model cwf
Particle ‘Ph:jsac:s LS c:cwmpie&e!

The discovery of
the Higgs boson
compi&&&s the Puzzte.

Yel,
ks not the end
of the story’




Bevoomd the Sktandard Model?

Mamv qu@.s&mms skill open:

o What is the nature of the Higqs bosown?

o What gives mass to neubrinos? (Mavb@. Ehe
Higqs Yulkawas — Dirac heulrino masses)

o What is Dark Matter? (Maybe PBHS)

o What caused inflakion? (Maybe the Higgs,
with non-minimal gravity)

o Is it there a strong C¥ probtem? (Mo\:jb@. nok)



The ques%mv\abm naturaliness
of the Higqs boson

@ SF?ELM*O Par%icl,es are specmt: Eheir wass is
nok pro&ec&d bv space-time svmmeﬁries!




The qu@.sﬁomabie nakturaliness
of the Higqs boson

@ SF?ELM*O par&ictes are speciat: Eheir wass is
nok Pro&e&&ed bv space-time svmm&ries!
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This is only possible for massive particles!



The qu@.sﬁomabie nakturaliness
of the Higqs boson

@ SF?ELM*O par&ictes are speciat: Eheir wass is
nok Pro&e&&ed bv space-time svmm&ries!

For massless particles (v = ¢), the two sgivxwtowﬂgs
are independent fields with separate properties.
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The ques%mv\abm naturaliness
of the Higqs boson

@ SF?ELM*O par%icl,es are specmt: Eheir wass is
nok Pro&ec&d bv space-time svmmeﬁries!




Toward naturalness

Supersymmetry ¢ <> Y

Croldskone
Higqgs
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New dAireckions:

Dual Standard Model via Gauge
Dualities

Asymptotic Grand Unification in &
dinensions






Whaot s a c&u&ii&v?

Two different theories that describe the

same. F@hvsics

Share the same qlobal symmetries

Ane mo&j matching
ﬁe&ougtiv\g Limaiks

Q @ @ e



Whaot s a du&ii;&j?

Electric theory (UV)

Scalar-less theory
valid at high enerqgies

Equivai.eh& &he_or:’
valid at low energies

Cown Ehis one be
related to bhe
Skandard Model?




Dual SM

EW svmme&rj conkained in
SUR2); x U(1)y C SU6); X SU(6)r X U(1)y,
Cacclapaglia et al, 2407.172%1

Electric theory (UV)
Fields|SU(3) [SU(6)r SU(6)r U(1)y U(1)ar

Scalar-less &heorv above a
certain energy scale!

SM fermions

Z C yqqPy
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Conkains (mamj) Higqses




Dual SM

Caaaiayagtia et al, 2407.172%1

Magnetic SM

Mazs of S g ‘Pc:ﬂss:,b-te
non-SMm dualik ke
; Gl &UT
garhat&s
TeV 10! GeV Origin of

flavour physics

(.LHC (NEMET’LMO S) ot Plawnclk scale






Tradikional GUTs

o SM gauge couplings expected to be equal at the GUT scale
o supersymmetry helps building “realistic” models

o Frm&wm c&e«mv hard ko avoid!
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asymptotic GUT (aGUT)

o Gauge toupi.mss are never equai., but tend to the
same UV fixed point:

B) Extra tompa&& dimensions
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CGries, PRD 6% (2003)
Morris, JHEP o1 (Roos) co2



aGrUT mwodel bu&id&vxg

Many constraints from the UV behaviour: finite number of
feasible models.

We just completed a full classification of aGUTS!

The wmost ambitious model:

Based on exceptional group E6

Supersymmelry allows to generate fermions as gauge fields
(9auginos)

In £6, the adjoint 7% contains the right states (but in vector-
Lilkke pairs)

See Kobayashi, {Eo\bv, Zhang, Nucl. Phys, B704, 3 (Roos)



The @.x«ttép%mmat case

Cacclapaglia et al, 230211671

Ec — PS X U(1),

The zero modes generate an a\v\omatj
for the U(1) gauge symmetry:

527161 % =Q710_2+14 S 2*9[161

Add e.xacﬂv two generations on the
sg(10) boumd&r:j!




The fixed point

b5=—§(C(G)—ZTi(Ri)>=—3n a* =§

No more than ohe generation
allowed itn Ehe bulle!

Cle =512 = 3
o PS breaking due to a
gauge-scalar

o U(1) breaking by singlet in
27’

_V\

SUSY breaking to be
studied
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aGUT out of the Swampland

A) holographic composite Higgs

o The Dark Dimension cownjecture
relates the Cosmological constant

(ce) ko an wmeV extra dimension.
Dark

Dimension

KK graviton
Dark Matter
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o By warping the DD, we can compute
the €D cc to be:

As=—24k> M3 ~ (100 GeV)>

® Hence, A5 can be reloted to a &th warped extra dimension, with
parameters of the order of the fundamental scale ~ 1010 GeV.

2 —2kF, —2kr, 2 7.2 ~2 712
dsg = e “*" it (6 " |¢|77Wd:c“dac” + rode ) + Todyp Boubteﬂwarpeci extra dimensions.

ms = N 1/ As ~ N TIAT3/573/20 MP2>1/ 5 TeV scale naturally emerging from the cc
And Plancle!




Conclusions

o We still do not know what the Hiqqs boson is: more
experimental efforts needed.

o BSM is sktill welcome!

& New direcltiowns:

1. Dual SM: use gauge duati&vj to define a “new
SM” at high energies

2. aGUT: asymptotic unification in § dimensions

In both cases, the nature of the SM is pro{aumdiv changed
at high scales!



The @.x«atép%mmat case

-» SM Yulkawa Coupuv\gs!

g _
DS, Brg®or O ———(1,1,1)_4 (4,1,2)5 (4,1,2 T | |
520 =18 = ﬁ( )-a ( )3 ( ) -» Crives mass bo unwanked
g

+ 5(6,1,1), (4,1,2) 5 (4,1,2), Chiral states via U(1) breaking

Bulle inkeractions preserve Baryon number!



