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The Standard Model

SU(3) x SUL(2) x Uy(I)
Why do we have mass!?

The Higgs was predicted in 1964




On the 4th

The discovery of the Higgs

of July 2012
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The EGH paradigm

H. Gertov, A. Meroni, E. Molinaro, F. Sannino Phys. Rev. D 92, 095003 (2015)
T. Alanne, H. Gertov, F. Sannino, K. Tuominen Phys. Rev. D 91, 095021 (2015)

- A different paradigm where the Higgs sector symmetry is larger.
* The physical Higgs emerges as a pNGB.

» Different paradigm: allows to disentangle the vacuum
expectation of the elementary Higgs sector from the EWV scale.

* Calculable radiative corrections induce the proper breaking of
the EW symmetry and naturally aligns the vacuum in the pNGB
Higgs direction.

* The EWV scale is only radiatively induced and it is order of
magnitudes smaller than the scale of the Higgs sector in
isolation.



The EGH model

The symmetry is enlarged to SU(4)

— Antisymmetric, breaking to Sp(4)

Symmetric, breaking to SO(4)

The scalar sector consists of 12 real fields expressed as
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The most general renormalizable Lagrangian
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+ (%Tr[MTM]Pf(M) + h.c.)

The vacuum, v, is in the o direction with the value

UQ e CMR_m?W
A A= dem — Jeim

in the case where all the couplings are real



Vacuum Allignment

The vacuum used is a superposition of two vacua

Yo = cosb Xp+sinf Xy

Electroweak vacuum
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Spectrum

The spectrum at tree-level for real couplings are
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Electroweak Interactions

The electroweak interactions appear in the kinetic term of the Lagrangian
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where

DM = 0,M—i(G.M+ MG))

G = QWZTi QIBMT}%

which gives the masses
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The Top Mass

The Yukawa interactions in the Lagrangian is

Lin = y:(Qt)LTr[P, M] + h.c.

A

which gives the mass of the top
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To have the correct observed
masses:
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Explicit breaking of SU(4) to Sp(4)

SU(4) is broken minimally to Sp(4) in a way which gives mass to 1l5
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and gives the mass term to II5 and II;
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The One-loop corrections

The 6 couplings are expressed in terms of the masses and the vacuum
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The Coleman-Weinberg potential:
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The Physical Higgs

The physical Higgs is a superposition of ocand Il
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The observed Higgs boson with the mass

= s Gy

is mostly the 11, and hence are the lightest of the two Higgs bosons



Constraints on the Parameter Space

The potential must be minimised with respect to 0
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The top and the electroweak bosons must have the correct masses
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The observable constraints on the self couplings
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One Common Scalar mass

The free parameters in this case:
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The minimum mass:
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Correlation between
Ms and My
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The Dependence of the Higgs Mass

@ The observed Higgs mass
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The Mass of the o Different

The free parameters in this case:

~

v, (97 M )\7

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

700}
600}

500, o= 15.2739TeV

400}
300¢

200}

MS) Ma
1400f =
1200;
1000; a = 1.57
800;
600;
400;
200;
M
0.9917-3r 0.998-2  0.999-Z -

a




5000 5 5000w+,
, %ﬁ-j-
| Mo[GeV] g 3
40007 q 5000. 4000+ 3: o
j 4510. g X
’ 4020. e
; 3000 b 0 0 ; 3000’ '..o.
> f 3540. >
9, 3050. o, ‘o
z S CRER
= 2000 ] 2560. = 2000] G
: 2070. B .
| . .u 7 1 590. [ $ '.?::...:;:: o9 . .. ®
1000 % 5. . 1100. 1000 “sisdgez i, s s
,.-':- L o #'i?‘{‘:;'?l.‘ ~h °, o
[ 613. ARO TSRS R
L o Segd Pl
[ TR L e . R S S W 126- ! :’.\:“'o. .\‘ '?; . L T N . L . 1
00 02 04 06 08 1.0 0.0 020 ol eI R ule 1.0
Sin[6] Sin[6]
5000 -
1
6 4000/
0.100; L. 0.709
Akl 2 0.638 ; e
= Siefas s " — 3000" o ey LY
5 0010 ;&’ 0567 > | : o
< : 0.497 3 7 i
S ¢ 0.426 < , .
£0.001 & 0.355 20000 B3, - .
= f "-“"; D% o2
j 0.284 Pl ISt
: e RS TR -
104, Lizue 1000/ e
0.143 &
0.072 - |
L e 0.001 G
0 1000 2000 3000 4000 5000 0o 2 4 IR [0 D )

M,[GeV]

12.40
11.00
9.70
8.36
7.01
5.67
4.32
2.98
1.64
0.29
-1.05

0.709
0.638
0.567
0.497
0.426
0.355
0.284
0.213
0.143
0.072
0.001




5000 RS
A
4000} : 12.40
11.00
. ] 9.70
> 8.36
S, 7.01
= 2000~ - 5.67
£ 4.32
i 2.98
1000} i ' - '
1.64
g B on BN e 0.29
"o o0 ".! “\:o.. 4
kT R e -1.05
0 1000 2000 3000 4000 5000 6000
My[GeV]
M o = M e
2
4 my
, Mz (log || —1
o
~ () M g~
m2
§ (log [—Mg} — 1)
(02

Linear dependence between
M, and Mg

0 1000 2000 3000 4000 5000
M,[GeV]




Conclusion

* The elementary Higgs sector of the SM is enhanced to an SU(4)
symmetry which breaks spontaneously to Sp(4)

* The embedding of the electroweak gauge sector is parametrised by an
angle

* The observed Higgs emerges as a pNGB with its mass arising via
radiative corrections.

* The preferred EW vacuum alignment point to an energy scale almost 60
times higher than the SM electroweak scale. Due to the perturbative
nature of the theory the new scalars remain in the few TeV energy range.



