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Disclaimer

One of the most important implications of
CHMs is the presence of heavy quarks,
which I will not discuss

Very few studies about CHMs at e-te-
colliders

Though not only, I will discuss mostly my
own work



Motivation for CHMs

we accept that fine-tuning is a problem
(not generally accepted ), then
it requires a solution

CHMs relate unprotected fields (scalars) to
protected ones (fermions) through
compositeness

SUSY
R
CHMs




Two-flavour QCD

Loep = qDg + --- SU(Q)L X SU(Q)R

|

(Gqrqr + h.c.) # 0 SU(Q)L+R

Three NGBs (pions), much lighter than the
characteristic scale f of about GeV

1 ™.
Loione = —Om20m2 “m’
pions — F s T 4.



CHMs

unknown Lagrangian G
(vacuum) = 0 H

At least four NGBs (Higgs), much ligther
than the characteristic scale f of TeV

1 24 2 R,
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Conditions over G — H

1. Custotial symmetry SU(2)xSU(2) in H
2. Higgs is a (2, 2) of SU(2)xSU(2)

3. There are no fractional electric charges

minimal case:
SO(5) — SO(4)

4=(2,2)=21+2_1 = (", ¢"

D=

1l
2



Important results

1. can ensue from a CHM
(actually of the form SO(n+1) — SO(n))

2. The symmetry of the scalar sector can not
be arbitrary

3. For a given number of NGBs, there is a
(the “landscape”)



Landscape of CHMs with at most eight
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Landscape of CHMs with at most eight

NGBs
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Landscape of CHMs with

NGBs
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at most eight
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Landscape of CHMs with

NGBs
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Landscape of CHMs with

NGBs
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Landscape of CHMs with

NGBs
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Landscape of CHMs with
NGBs
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Landscape of CHMs with at most eight

NGBs
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The 8 of Sp(8) not a symmetry 2HDM
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(More or less) robust predictions of CHMs
(about the scalar sector)

1. Effective field theory with many
restrictions, e.g. h — h+c. Reduced Higgs

couplings

h2
1+2\/1—eé—|—(1—2€)—2—|—~- , e<l1
U U
2. . Only one minimal model,

SO(5)—S0O(4), “not UV completable”
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Not all extra scalars equally likely

851 CHMs with at most 13 NGBs

fraction of CHMs
1.0
08}
— singlet
doublet
= triplet
1.2+
ank
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One extra singlet: SO(6)— SO(5)

1. Rare Higgs decays (beyond h—SS). About
O(10°) Zh events at 240 GeV FCC-ee,

ILC, ...
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One extra singlet: SO(6)— SO(5)

1. Rare Higgs decays (beyond h—SS). About
O(10°) Zh events at 240 GeV FCC-ee,

ILC, ...
e s
fmax ~ 10 TeV @% @Y
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One extra singlet: SO(6)— SO(5)

1. Rare Higgs decays (beyond h—SS). About
O(10°) Zh events at 240 GeV FCC-ee,

ILC, ...

Events/(0.5 GeV)

40 T T T Ll T
—— backgrounds —— My =50 GeV
—— m, =15 GeV ¢ data
301 m, =30 GeV
ch/f,=0.05 TeV~?
20+ :
10t '- :
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One extra singlet: SO(6)— SO(5)

2. Rare top decays. About O(10°) ttbar
events at 350 GeV FCC-ee, ILC, ...

e
-
-
e
e
-
e

e

Supressed only by 1/f

Higgs-mediated FCNC forbidden

In principle, S can have large decays into
clean final states (leptons, photons, ...)

22

DO-DO oscillations not fully constraining



One extra singlet: SO(6)— SO(5)

2. Rare top decays. About O(10°) ttbar
events at 350 GeV FCC-ee, ILC, ...

t S 1
W=y 1 ' ' : *
|’§ _2; HL-LHC
1077 Bp;
u/c T
S 10
S/ O - == Ty i
f _4__ ,‘.‘.‘ ........................... A :___l__;__::
t // = S = 10 ———————— 7’3})3 >
. * 1075}
\ 0 L B(S—bb) =1
u/c '

_6 i | L L I -
10750720 60 80 100 120 140
mg [GGV]
fmax ~ 100 TeV 23



One extra singlet: SO(6)— SO(5)

dark matter

\v ./ & J{‘] '
¢/// \\\\ h v --ff*-- 0,""‘ :
Vv ¥
3. Off-shell Higgs portal E.:EJ .

q
o * | E?

24



One extra singlet: SO(6)— SO(5)

3. Ofi-shell Higgs portal

2500 [ Cﬂ% 5 T T T T T
" 2 ;
sza#¢a |H| g, = 4m
2000 f —
pnC 14
i 1500+
1
Cd/Z
C 6
(GeV] 1000} -
500} ——— -LHC
CLIC 1.5 HI-T; ~— EFT
== does not apply |

100 200 500 1000 2000 5000
my [GeV]

Ruhdorfer, Salvioni, Weiler ‘19

0

l,q

£,
R
n* o
e —ﬁ‘
o o
€, j

Naturalness

pC 14 ]

A, ]
— 2 H|?
2¢>| |

200

200 1000
my [GeV]
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One extra triplet: SO(8)— SO(7)

occurs in the mass region 100-

350 GeV

meg |GeV]

z’.’Ij;r.(e;) EWPT
,/,,,f:_- ————————————
4 ) ,-"’,ﬁf
-“‘___._‘_.—r",,/
-

’d’if‘a?

[~ o
) 1 — - :
100 200 300 400 500
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One extra triplet: SO(8)— SO(7)

Rare top decays. Still mediated by effective

interactions. Conserve flavor

t ¢

AN

il
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14—

1.2}
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One extra triplet: SO(8)— SO(7)

Rare top decays. Still mediated by effective
interactions. Conserve flavor

+
t ¢
b \ T . =
:Z -
h L “pp — ¢t (¢+Ib) 1
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Y 100 200 300 400 500
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One extra triplet: SO(8)— SO(7)

Within this region, pair production of
triplets in 3t+b final state (no Z exchange)

Not particularly clean at hadron colliders
b
¢ ,Ab
P4

t

w\(
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One extra triplet: SO(8)— SO(7)

Within this region, pair production of
triplets in 3t+b final state (no Z exchange)

Not particularly clean at hadron colliders
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One extra triplet: SO(8)— SO(7)

Within this region, pair production of
triplets in 3t+b final state (no Z exchange)

Not particularly clean at hadron colliders

L
qu y E final rec|signal background|s/v/s+ b

g $(185) | 0.39 25.6 4.2
®(235) | 0.78 33.5 7B

\ / <b€ $(285) | 0.41 26.5 4.3
1 $(335) | 0.22 19.0 5.7
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Other possibilities

Precise measurements of custodial symmetry

violation )
mz
p=—5"5 =1
Cw My

SU(2)xSU(2) symmetry guarantees this
relation at tree level 1n renormalisable

theories.

Generally, non-minimal CHMs  (
) violate this

32



Other possibilities

New B-meson decays, in CHMs with several
extra singlets, e.g. SO(7)/SO(6)

@l

,

fl%, 5 (mf — m:i) mp Mo
b= 1 4 (g sbd 12) . 4 K 9
b6mrmy, —mp- mp MB
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Other possibilities

New B-meson decays, in CHMs with several
extra singlets, e.g. SO(7)/SO(6)

Not vyet searched for. Smaller efficiency,
compensated by larger cross section

B.in ~ 1071 @QILC-250
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Other possibilities

Radiative corrections to pair-production of
new scalars

Fixed by coset structure. Sheds light on
spontaneous-symmetry breaking

35



Other possibilities

Variety of (probably off-shell) Z decays

Z — vy
D 912
gAt

Btht‘. ~ 10—3

BP g9 1079

[PLB 412 (1997) 201-209]

Theoretical estimates hold for A = 1 TeV and O(1) couplings; I
assume Z width is dominated by Standard Model

Naive estimate, based on 5 x 102 Z bosons, requiring about 10
observed events and efficiency or order 0.2:

(0.85 exp. ref.)

B™P ~ 1071 (A ~ 100 TeV)

ECFA HTE meeting on Z pole physics;

September 2022
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Other possibilities

Scalars related to neutrino masses
SO(10)/SO(9), 9 NGBs: H,k** h* o

Smallness of neutrino masses explained from
their radiative origin

...-,-...
- Sy

]? j# | H\ h
f Fo TN T Ry
/ I \
/ ] \

Ly, 0 Lr
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Conclusions

The sharpest prediction of CHMs in the scalar
sector is modified (reduced) Higgs-gauge-boson
couplings

It seems
(singlets and triplets specially)

Plenty of different signals: rare top and Higgs (and
Z and B meson) decays, untested production of new
scalars, ...

Competitive with LHC? Definitely in some channels

(involving hadronic activity) N



Thank you!
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