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THEORIQUE ET HAUTES ENERGIES




Do we still need New Physics?

While the SM Is complete and extremely successful,
observational and theoretical needs for NPh remain.

Neutrino masses

Dark Matter and Dark Energy
Baryon asymmetry in the Universe
Absence of strong CP violation

How to incorporate Inflation?
Quantum gravity




Models of naturalness
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Whaot s a duai.&&v?

Two different theories that describe the
same physics in the IR:
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Whaot s a c&u&ii&v?

Two different theories that describe the
same physics in the IR:

Share the same qlobal symmetries

Ane mo&j matching
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Seiberq dualiby
Seiberq, hep-th/2411149

Cownsider a supersymmetric SU(N) theory:

IR fixed point exists for
1 2

—Np < N-<—N
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Seiberq dualiby
Seiberq, hep-th/2411149

Cownsider a supersymmetric SU(N) theory:

Anomaly matching requires
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Seiberq dualiby
Seiberq, hep-th/2411149

Cownsider a supersymmetric SU(N) theory:

Griving mass to ohe fLavour, M QlQl :
reduces Np —> Np— 1
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In the dual theory, giving a VEV to (g) ~ (@ # 0
also reduces Np. - N.— 1 and N —> N-—1



A du&i&v withoulk SUSY?

Sannine, 0909.485% 4, 09071364
Majaza, Nardecchia, Pica, Sannino, 11011522

The anomaly matching only tnvolves fermions,
not scalars.

Withoubk SUSY, &at&utab&ti&v s Lost.

The IR cijnamiacs is ot forced to be
conformal, Le. fixed point may be absent!

- Scalars needed only to implement decouplings
in the IR dual theory: emergent SUSY

Antipin, Maojaza, Pica, Sannino, 11011522



A du&i&&v withoulk SUSY?

Maojaza, Nardecchia, Pica, Sanmnine, 11011522

Electric theory (UV)
Fields SU(N) SU(Nf)L SU(Nf)R U(l)v U(l)AF

Scalar-less theory
valid at high enerqgies

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

Cown Ehis one be
related to bhe
Skandard Model?




Towards a dual SM?

(Maekawa, Sato, hep-th/95094-07

Cacclapaglia, Sannino, 2407.172%1 St ketg_&h /9611398)

Consider QCD, with No=3 and N, =6:
this leads to N = 3!

Note that SU(Np) g = SUWN,) X SU(2),k for N, fomilies

Hence, @y contains 9+9 bidoublets — Higqgses

Yukawa couplings are naturally generated in the IR
dual theory

One coupling y ~ O(1), hence flavour embedded in
the Higqgs vVEV pa&&erms!
For NC —3 dmu&:, ov\bj exisks ﬂfm' Ng =34 5

Sanning, 1102.6100



Dual SM

EwW svmme&rj contained in
SUR); x U(1)y € SU6); X SU(6), X U(1)y,

Electric theory (UV) Cac:c&apagtia et al, 407.172%1
Fields|SU(3) |[SU(6)r SU(6)r U(1)y U(1)ar

Scalar-less &heor‘j above a
certain energy scale!

SM fermions

L Dy qi®y +y qdM +§ GoM+

L )\mCI¢5Jr + &R AmquT + h.c.

Conkains (mamj) Higqses



Pual SM cartooin

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



Quark flavour sector

Higqs doublets emerge as aomposi&es
i the maghetic SM:

9+9=1% doubleks

A single composite Yukawa, with flavour
skructures encoded in the scalars:

1)) = (246 GeV)?

We need hierarchical VEVs for the scalars!



Scalar c{@_moaraaj

Hill, Machado, Anders, Turher, 1902,07214

This scenario has been prmposed and skudied i 2019:

1

Benchmark 1

V = My H H+ 5 |yl + H M2 H]

— (H'p2H| + hec.),

One doublets develops a large
VEV, H) = H,> with (Hj) =v

Other Hiqqses inherit the VEV via
(small) mixing kerms p?

Hierachies generated by TeV-scale
scalar masses

Flavour bounds can be avoided!



Origin of flavour in the
electkric Eheorv

The duatiﬁj offers a simple origin of the scalar
masses within the electric theory:

Cabcd
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Mg,

(Q"Q")(QQY

for u~1TeV

(Bonus: the tau couples to the ‘top’ Higgs!)



Phenomenology

Essentially, MSSM w/o EW gauginos and sleptons
1% H/H, -8, pairs (flavoured).

Masses from Planclk-operators (work in prog.),
Higqgsinos ex[oec&ed to be bhe Lightest.

Small mass splitting (absence of EWinos)
may hide the signal (e.9. 1107.556%1)

+ more ‘standard’ squark signatures.




GUT and generations

o N,=3=N=6-3=3, hence Gg,, = SU3), x SU2); x U(l)y
o N,=4=N=8-3=5, hence Gg, = SU(5), X SU2); x U(1)y

e N,=5=Ne=10-3=7, hence Gy, = SUD XSU(2); X U(1),



GUT and generations

° N,=3=N=6-3=3, hence Gy, = SU3), x SUQ2); x U)y
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Grand Unificakion in the electric theory only
possible for N, = 3!

Issue of GUT scalar sector for Yukawa couplings
removed!



Extras



S@.iberg du&i&&v

Seiberq, hep-th/2411149
Exact NSVZ beta function:

g>  Po+ Ngy

= =3N.—N
C gq2
1
Asymptotic freedom: Bo> 0= Ne > =N
Conformal windowsill: y*=— Lu B v at the fixed point.
N NF

3 N, )
Unitarity bound:  DIOQ]=2+7*=3-3"2 > 1= No < TN;
F

Cav\sés&antv oﬁf the {ixed Foim&! Q-———-—/



A du&i&v wikthoulk SUSY?

!’23&&0\/, Sannine, 0711.37486

Improve_d version: Pica, Samnino, 1011332
o Estimated range of validity of the dualiby:

3N <N <9N
5 € R s



GUT and generations

Like for Seiberg duality, the SM duality is only
valid for N, = 345!

Electric theory (UV)
Fields SU(N) SU(Nf)L SU(Nf)R U(l)v

A Adj

o N,=3=N=6-3=3, hence Gg,, = SUB3),. X SU2), x U(l)y
o N,=4=N=8-3=S5, hence Gg,, = SU(5), X SU2), x U(l)y

o N,=5=N=10-3=7, hence Gg,, = SU(7), x SU2), x U(1)y



GUT and generations

o N,=3=N=6-3=3, hence Gg,, = SU3), x SU2); x U(l)y

The UV theory is a Higgsless SM! It can be unified
to SU(8) or SU(10), with only scalars that
breale the gauge group to the SM owne.

The QCD SU(3) gauge symmetry plays an important
role for fermion unification: ie., for SU(S)

10 = (3,2)16 ® (1,1); ® (3,1)_yp3, where 3 = A% (kwo-index anti-sym)

This Progev%‘j does not hold for SU(S),. and SU(7),!



