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At this seminar | will touch upon...

Dissatisfaction with the Standard Model: why aren’t we happy with it?
High-scale confinement: a possible QCD analog?

Gauged linear o-model and vector-like T-quark sectors

One-doublet VLTC construction: “up-bottom” approach

EW constraints on vector-like UV completion

An odd vs even SU(N) confinement: DM constraints vector-like couplings
Composite Higgs doublets and SO(2) family symmetry of the 2HDM
Hybrid color-TC reps: a plenty of opportunities for phenomenology!
Lightest Higgs, T-pion and T-sigma phenomenology

Discussion and conclusions



Issues of the Standard Model

v Dramatically stable under most stringent experimental verification

The SM is proven to work unimaginably well up to a few TeV energy scale
and passes all existing and ongoing collider tests

-~ = ~ = -~ -
no traces in EW

12 no direct exotics signals!
complete!® g observables!?
all the particles predicted minimal SUSY isn’t around here!? Higgs boson
by the SM are discovered!  no new particles around 100 GeV!? is standard!?
v Dramatically incomplete at the same time
Internal (conceptual) issues External issues

I.  Origin and properties of the SM Higgs sector/

vacuum stability/EW symmetry breaking/ . Absence of a suitable WIMP DM

naturalness candidate in the SM
[I. The unique status of neutrino in the SM II. Dark Energy problem... etc

[ll.  Unknown origin/properties of quark/lepton
generations (mass/mixing spectra)

It is extremely difficult to imagine a SM extension consistent with all the
constraints and resolves, at least, one of the issues at a time...




Dynamical EWSB

Many attractive features....

v EWSB is triggered by a new strongly-coupled dynamics
(more than one confinement scale in Nature?)

v No fundamental scalars
(composite Higgs?)

v No hierarchy problem, no fine-tuning
(best alternative to SUSY?)

v A plenty of new hadron-like objects, difficult to find/treat though
(composite Dark Matter? LHC phenomenology?)

Evolutions of DEWSB ideas/realizations....
Technicolor
Extended TC
Walking TC
Bosonic TC
Composite Higgs...

?7?7?
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| No reliable UV completion consistent with EW precision tests yet.... |




High-scale confinement: QCD-like or not?

CWHY NOT??2 D

The full power of low energy hadron physics!

a simple
working
hypothesis:

(01 G C10) = (365 20 .\1ev)4 ~ (2.\Q(..))4 |
(Oliau]0) = (0]dd|0) = —1,(0]" G GH]0) = —(235 £ 15 MeV )’

QCD
."\Q(fl) ~ 200 NeV,

my >~ 140 MeV m, =~ 500 MeV Mg >~ 300 MeV

8-

(012 E, 7 [0) ~ (2A1c)"
(0[UU0) = (0|DDI|0) ~ _[TC(ZATC)
mz 2 140GeV,  M; 2 500GeV, My 2 300 GeV :

“techni-QCD”
"‘\TC Z '~ 2()0 C;O\f




Gauged linear o-model in hadron physics

v One of the most successful implementation of the gauged
Nambu-Jona-Lasinio concept in hadron physics (phenomenological model)

B.W. Lee and II.'T. Nieh. Phys. Rev. 166. 1507 (1968).

S. Gasiorowicz and D. Geffen, Rev. Nod. Phyvs. 41. 531 (1969):

P. Ko and S. Rudaz. Phys. Rev. D 50, 6877 (1994):

AL Urban. M. Buballa, and J. Wambach. Nucl. Phvs. AGO7, 338 (2002).
B.D. Scrot and J.D. Walecka, Acta Phys. Pol. B 21, 655 (1992).

v One of the possible effective ways to incorporate non-perturbative effects,
the chiral symmetry breaking describing constituent quark-meson interactions
T. Eguchi. Phys. Rev. D 14, 2755 (1976):
K. Kikkawa. Prog. Theor. Phys. 56, 947 (1976):
M. K. Volkov, Sov. J. Part. Nucl. 17, 136 (1936)

: N P rTie vector-like
g—gl'ocal chiral grou [ St (-2)| X Sl (-))R — S (-))l.-H{ ] local subgroup
via interaction of sigma - 7~

ith <qq> :
with <qqg> condensate: _scalar - vector-meson masses
sigma vev . itti
. pseudo-Goldstone pion mass ‘ g mass splitting between rho/a1

+ constituent light quark masses




Vector-like weak interactions of confined T-fermions

SM extended by an extra v e Jp— s
QCD-like confined group SU(N1c)tc @ SU((3), @ SU2)w @ U(1)y

< = <L b
RP et al, arXiv: acts ONLY on new ONLY “left” SM fermions
1304.2081 Tquark sector! participate in weak
interactions!
How to introduce weak SM-type (chiral) weak interactions
Interactions into Tquark sector? badly fail EW precision tests!

Local chiral symmetry breaking

in the confined Tquark sector SU((2), @ SU(2)r _>[s[ (2)v L+R]
Is broken by Tsigma vev

L

. . i ?
Two scenarios are possible: What can it be used for

SU(2)y = SU(2)w . smp vector-like weak interactions of Tquarks!
Scenarioll:  SU(2)y # SU(2)w . myzoyw > 100 GeV

[ No chiral anomalies!]




The VLTC model: lightest Thadrons + one-doublet SM

SUNte)re @ SURw @ U(l)y  (

oo !

U the simplest possible Tquark sector
= 1) with just one generation!

Yukawa (QCD-like)part: £ = —gpcQ(S + iv57, ) Q
< b

< > _
scalar T-sigma pseudoscalar T-pions
N . @, P, /7. i (singlet rep.) (adjoint rep.)
’ _ collective excitation of Tquark
Lightest Tglueball condensate
1

1 -
Kinetic terms: L, = 3(')1,.‘)' MS + 31),, P, D'P, +iQDQ

- 1Y i : .
DQ = ~* (i’u ~ =2 g'B, — 5 gW ,‘,'T“> Q, DyPo = 0, Fa + geareW, P

Potential part:

Lu et = 5#3(S* + P?) + pigH? — 2hre(S? + P?)? = AaH' +QH? (57 +E

S

_ , OV 2 — =020 | 9st - mixes Higgs and
cL".SOllrce = —grc S <(2(2> P = Zu FolPo = 7m0 + 2777 new TC sectérs




The VLTC model: EW and chiral symmetries breaking

[Tsigma vev breaks the chiral symmetry, Higgs vev breaks EW symmetry ]

) | \/E}(,‘)— . , | () - .
H = NG ( Hiod ) H=uv+hcy—0dsg. (H)= VAT [ Basic assumption:
2Mw I ) u~ Nre~0.1—=1TeV
v = W A26GeV. S=u + hsg+0cyg. (S)=uZ2 v,
4
Solutions of vacuum stability equations: ,(:)0>
. . . . . 9 grce\WY
2 _ ,\,](./,}3{ + /\(/1§ + m?2) T-pion mass: IH,; = +
1\1('/\[1 — /\2 = -
;9 9 9 <(t)(2) < U grc -~ 0
2 Au(ps + mz) + Apg
U = .
AtcAg — A? Can be as light as W!
Positively-defined scalar mass form: h-sigma mixing angle:
y Jd d ang
AL, = _3["'2(25’5_ + 7°7%) + MZ6* + Mih?] . 4 \uv
tan ..).” — 9 9 . 9 ) 9
Py PN 9 o _/\T(-H“ -~ IH; — _/\][I"
mz = Arcu” — Av” — ug
”,: ~ 5 2Arcu® )\n' \/( 2 ¢ u? | m* 2Au0% )¢ + 16A*up? Hi_‘_"ll(h‘g) _ Hig]]( \.)IH .))
- i 2 \“l © - \/9";
.\l(-? l) ‘.’,\|(-112 | m"—? i 2,\“!'2 ~ V/('_’,\“~ll"' Fmt = 2Au1?)? + 16220 e?




The VLTC model: Tquark mass spectrum

At the fundamental level, the simplest possible TC Lagrangian

] ] YL e 1 P I)’ / I ra_a ' ya \a 2
Lrc = =7GuG" +iQ (a,, . 2‘9 o'B, — 5gWit* + Sg1cGy )Q — mOQ
< _

Current Tquark
@t allowed forch) - mass term is allowed
SM fermions! by symmetry!

The coincidence SU(2)y = SU(2)w at the fundamental level
provides arbitrary but exactly equal current Tquark masses, i.e.
mypg = mp

< -
This degeneracy is lifted only at the Tbaryon level by
(1) EW radiative corrections (after EWSB!),
(2) Non-perturbative UD-coupling effect

(cf. di-quark in hadron physics due to exchanges
of collective pion-like excitations)

\ ) 10




Physical VLTC Lagrangian: some relevant parts...

l 7 . l [ 'S 4 y—
b DN
Z Z f‘"(tf—([f Sw )f+( Z qffa"l“_»,‘“f
o f=tp f=U.D
LQQ’! T L QQs + LQQ' = —4gdtC (('g(} + sgh) - (UU + DD)

—I\/_(]I( w [ ;5[)—1\,/—(['1‘ T ’ ;5 I(“(n (( U [)“,5[))

Lizy = igWHT. (frufr; - fr"frfL) + igWH— . (fr+fr3‘ - frofrz)
-4 l'_l_]((’u.'Zp + sw'.ﬂ"p) . f?—ﬁz — 7:'+;_;)
+ g° H’:H"‘— (AR +FATR)+ 62 (ew Z, + .scur:'l,,)2 ¥ A
.. my
Lip, + Lz = —glcgh — sgo
frn + Ljgs g(coh — sga) - N frf
-0-~0 L ME —m? -0-0 .
L),,};r = (/\1(" Sp — Av (g)h('o' T 42T ) = —T grc \0’1(7’ T+ 2T )
2 1 1/2 1
Lwww + Lizz = gMwcg hW S WH™ + o ((I +g3)*Mzeo hZ, Z" .
M2 — m? -,
Lszz = —(Arcucg + A\vsg) o (n“no + 27t w~ ) = _“;\T (]T((gd(u 70+ 27T 7T)
- Q

R 2.1/ .
Lisww + Lszz = —gMwsga W, WH™ — 3(_(12 + 1) P MysecZ, 2" . + more ...



The mVLTC model: conformal limit of “techni-QCD”

[What is the physical interpretation of the u and v vacua?]

the (techni)QCD Lagrangian obeys

In the chiral limit ’”’1 — 0 the conformal invariance

It is meaningful to assume naively that if <L -

forbids mu-terms in]

My.d << My - [s < 'D - [the LoM Lagrangian

< b < L
Tsigma vev in low-energy hadron physics protects the current Tquark
has quantum-topological nature mass from becoming extremely large!

In VLTC approach

muy.p < Mz - [/15 << mz M <K mfr]

All resulting vacua are given by <QQ> condensate:

A /3 EA 1/2 A 1/3 S
. ( !I) i 1) O G = grel(QQ)] > 0
0 Al 0

| We recover the dynamical chiral/EWSB! } 12




The mVLTC model: parameter space
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1.0 50:P
mz = 150, 250, 350 GeV 10

05| o ~ e 30 ¢ e

|
\
|
|
|
|
]
=}

'g‘ !
;

M- . GeV

|
=
J
|
| |
I |
'
|
—
c
TrrrrireTrrry

e M; — \/-TSIN{T. —20F
Ag ) T . .
12, “no he-mixing” scenario

1.0~ - iy : -

- 3 ==z

0.8 - . ST

0.6 ] -

04 - =T b= . e S e R M-, GeV
4 PP [ 500 600 700 SO0

02 R e — N

500 600 700 |00 =

/v Only gauge interactions of u, GeV
3.0 T-pion/T-sigmal! 400

o (]
= A
- S—
‘2
S
(=
vyo-

|
: “-\ - _ _\_ "\\
1 \ \ ~T - e - -\ - —
1.0}, o / ~. .7
! ~ - e ———— lOO" - - - — - —— e -
§ - - . - -
0.5 " et - - - v e
b e S [ —
T . 13
|

M P S S M, GeV | — M, GeV
500 600 700 X00 S00 GO0 700 X00



Oblique corrections: definitions

Y 2y — 1iNP/ 2 SM/ ¢
Slxy(¢*) = Iy (¢°) — XY (¢°)
Linear order in g*2:

@ o _ Olzz(M2) = 0ll45(0) by — st

— W AW ST, (0) — 6TT,(0).

‘-LS%V ('%‘; ‘ B .'\ [ g CWSwW
o7 — Oww (0)  0llzz(0)
J‘ [ “2" .“ [ % .
a_ OMMyww (M) = 6Tlww (0) 2 Mz z(MZ) — 61l54(0)
4s2, M, " M?

— syl (0) = 2y sy 0117, (0) .

Beyond the linear order in q*2:
Ol[zz(‘\]é) - (ﬂlzz(())

oV = I, (M3) —

Ve
- ‘ 5 VW ." 2 - ’ W ( |
Al = ()H;t”(*\[‘zi) B (Hu W ( [“\?[2 (HH W ( )) -
W
: oIz, (MZ)
aX = —SWCW [( Z7(2 Z) - ()lltzﬁ(())] N
M2 '

14



Oblique corrections in the VLTC model

7 - = \ N N
/ \71’“. 7Ti
0 : '

W W N s W

Modified
SM + Tsigma!

new (42) = TIE,(¢2) + M9y (¢2) + My (¢2) N (¢%) = Ty (%)

. 0.11 r 0.11 7 3
PDG: S=0.00Z515. T =0.02T515. U =0.08x£0.11 15



Oblique corrections: T-pion/T-quark contributions

Total VLTC

~ ) ﬁ ‘ ‘ ‘2
correction oTlxy(q°) : HXY( .M ) T H\Y( "‘[Q)
. J

Tpion/Tquark loops

S

can be large in
the T-parameter only!

'
give small contributions
to all oblique corrections
for any VLTC parameters!

9 D ar
¥ 2 2 9 .- 2 2 ) 9-Ne ‘
Hf{\,(q LMs) = 5172 Kxy Fz(q°.m3), H(\? ( \12) - Y= 1\\\ rxy Fg ( \[é))
{ nll 2 L “’ L 5 L ”
Fz(0,m2) =0  Fg(0,M3) = — [T‘r =T9 = 0]
K. TG 77 - 7
1\._\’\’ 1 (%. .s'.‘z‘ CWSW
KXY - )Q =0 1 1 1
. : ,f T 0.4 ,. T 0.2
KXY . )Q — 1‘.’3 1 1 -+ -"'“"I 0("‘- 10’/0 1 — .\'“-’.' 9(“
a S7+Q e o L B (-a. — S ,
Consider for illustration =55 = [(M7.mz. ‘Vé ‘ ’T)s - " CWSw — -*‘f)r =0
Asiy ey ! CWSwW
.° — (l('i+Q . ¢ ¢ « r ¢ $
)Q 0 ' — = f(MZ.m2, M2) - [1 -y — sy — 2(-‘“"»3‘“".] =1(.16
45“, Q -




Oblique corrections: Yo=1/6, parameter scans

S
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[The oblique corrections are weakly dependent on Tquark hypercharge!] 17




Oblique corrections: Yo=1/6, parameter scans

\.’
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T-parameter: constraint on ch-mixing and c-mass

T Higher-order hadron corrections
0.30 + accounted via T-baryon loops
R N suppress the T-parameter!
0.25 L N (mesons can be important too!)
= ™~
3 - N
- ~ ™~
0.20 + ~ N
- ~ \‘\_\_~ .
- "~ >~ M; = 400,600, 800 GeV
O l) - ~ ~ N
I T~ -~ - \\\\
d ~ - ~ \\\
O. IO‘ -~ - ~ \\
: T~ L TN
- - ~ \\
0.05 ™ - ~ : \‘ e
b - S~ \\\\
el e e e e — e — - Q R COS:!H
0.2 0.4 0.6 0.8 1.0

H_J

Small-ish mixing angle and/or small-ish
o-mass are preferable!

Given by scalar contribution ONLY
y 8-

(SH;F\-(_(IQ) = H\\ q \[ )—+—H ((/ \[h) Hi‘l_!"'((/z..\[;f)

_ \0“%\“\( 2 M2) — WUS\lh( 2. M3). 19



Extra FCNCs are always small!

One-loop SM part New effect
1 A\ P
I// (I, (I} \'J (l,
MO — MO I I 'h, G
mixing . - O -
; d; d)
T wy, )l : .\ l
tll‘. . 1]/" Ly
M — i ( Z @
rare leptonic . . y,
decay I d d /
‘[/ - d ll/,. iy (/,
J
Loop-induced | - ' I
hé - w5l ~ sinf < 1

I
I
vertex I | ,
I | h. o

" New TC contributions to FCNC’s are strongly suppressed: )

* Two-loop FCNC effects
* heavy o0 —mass in denominators
G

double suppression by a small o-Higgs mixing Y




Fermionic T-baryons: an odd confinement group
SU(2), @ SU(2)r = SU(2)v=L+r

I. An odd confinement group SU (21 + 1)pe.n = 2

2.3,...
Yo=1/6 Yn=1/2 SU(3)rc <gcn-|ike t@y

v _ P T-proton P = (UUD) vector-like weak interactions
TN T-neutron N = (DDU) the same as for T-quarks!
L\\/,“ = ()” 92 “” [ ” T +(5” J2 N~ “P ” N
Gauge Tbaryon V2 V2
interactions *(52 g2 7 Z —qys “ )f
=P,N

[. ‘5\1’,2 =1, SU(2)y = SU(2)w via a small
II (SH’Z << 1 . S('( 2)\ S'l '(2)\\’ - Z-Z’ and W-W’

mixing only!

Yukawa Liwr+ Livs+ L= —01c (coo + sgh) - (PP + NN)
interactions —1\/_111( + Py N _,\/—ql( ‘ 7._-,1“—/(/,( O(PysP — Ny V)



T-baryon mass splitting: T-neutron Dark Matter?

/H '/H
AMy = ——s — + e - - e . -
The P-N splitting is minimal for scenario I: My < Mp
. T2AVE: (g — Mg, )dq a(Mp.,. )Mz
Mg, > m; AMEY = = // G 5 s
B : ' Z By S 11")(112 — ‘I})l‘l 4 1,]2 — '”I-h-, — 5 >0
—
extra T-rho and/or Z’ induced radiative Lower bound on P-N
corrections can only increase it! - mass difference
-
T-baryon number conservation - T-neutron Dark Matter?
hypothesis (e.g. ADM, SI-DM)
The spin-independent (Z-mediated) T-neqtronlnucleon scattering: |
n..'\.\i_” =1.5x 107" em? x (53 ( K ) : (Tg\l-‘” =25 x 107® em? x d; ( £ )
] : My N i nmy,
XENON100 oyl . T e 5w 10-3
_log ( SL_ ):44.( -434  mp [«> <2x10 ]
bound: U810 \ " om? , Z ~

) - . RP et al, arXiv: -,
[ Vector-like Tquarks with an odd TC group are excluded!~ ] 1308.6625




Scalar T-baryons: an even confinement group

Il. An even confinementgroup ST/ (27) ¢ In fact, the simplest
option!

)'Q =0 Yy=0

Complex adjoint (spin-0) reps
v

G,={UU, DD, UD}, Br =+l } Ba = Vg““'*’ﬁ”

F,={0U, DD, UD}, 1 B'= B, = — (G, — iF,) £ B,

V2
Physical T-baryons - _ —
B | (By = iBy) Gauge T-baryon interactions
TR e— 1159 . : —
oo ckin = D,B,D'B,

attractive DM candidate! | D, B, = 9,8, + geu, W, B*,

Real adjoint (spin-0) reps of SU(

Under T-baryon number conservation hypothesis, the scalar potential is trivially extended

l 9 9 ) \ / \
AL = 3/1‘,’;[_))1)) + gps(S°+ P°)(BB) + _l/m](]]fll W(WBB)+ gpp(BP)(BP)+ gu(BB)(BD)

previous mass formulae do not change!

v a non-perturbative effect of UD-coupling

ala (ud) di-quark in QCD (lightest Bo) Vector-like weak (scenario I)
interactions in the SU(2)TC are

allowed by DM/EW constraints! } 3

v no vector Bo-Bo-Z coupling

v T-baryon terms improve T-parameter



Composite Higgs doublets from VLTC

VLTC ...plus extra SU(2)-singlet Tquarks with opposite hypercharge
i ra , Uue, Yy, =+1/2, t}, =0
Qa:(['q) )Q:() | ) .l,
D* ) | s r=w D;, Yp,=-1/2, tp =0

Among bound states, one finds two composite Higgs doublets -

[ UU. UD, T _ \
=\ pu H2={ pp Bir =0
@Ctive 2HDM °/ L+R=W $ / L+R=W

Ynl = +1/’2 )'[12 = -—1/2
ryT B T
EW-singlet scalars  \ {®y, P} ={U.U,,D.D,} By = D
SU(@)-singlet ¥ (U.D..D.0) Bl — 0
charged scalars
...and a plenty of extra scalar Tbaryons B"#£0

A probe for compositeness —
two Higgs bosons production in VBF!? under development...

[How to ensure the existence of only one lightest SM-like Higgs boson???] 2




Global family symmetry of the SM: SO(2)

...one of the possibilities to address on the same footing: [EXfenSion of SM by flavor ]

: : _ _ S0¢(2) symmetry
. one lightest Higgs boson only? too wide Higgs boson?
. the quark-lepton generations problem (new symmetry?)

. the quark mixing problem

. very small neutrino masses
“familon” symmetry is spontaneously broken
u ¢ t 0 12 174 .
‘/:(,/ s /,) k(n 0,118 1.:}) Ge Vue Vus Vi cosf sinf 0
Vi Ve V| = | —sinf cosf 0
0 0 1

/ Ve Vu Vr _ {0 0 0 GoV Via Vie Vi
e pn 7)) \0 0106 178) “¢

Quark/lepton SO(2) representations:

See a discussion e.g. by Kim’86, Fukugita’89,
Danko’01, Chang’02, Burdyuzha’08, Vereshkov’11

Vector: qL,» UR,, dRr,, €Ly €Rys VR, {—1 9
Scalar: ql-:]‘ “R:]‘ d”:l’ {l-a' “R:I‘ "/R:}' - .
) New real scalar field
Two-doublet Higgs sector: (EW singlet, SO(2) vector):
Fundamental (EW) H] = e399*39%% (I, cosw + Ha sinw), «[):l = &y cosw + Py sincw.

AND vector 30(2) H-_Ig = 49194392007 (—H,sinw + Hs cosw), ‘(’-3 = —Py sinw + P2 cosw,

CPHy= HT. CPd,= &4 2



Spontaneous family symmetry breaking

usual EW scale: new “familon” scale:
(Vvae) ~ 245 GeV T
one lightest scalar + | D
(composite?) Higgs boson @ H™ H, 4, 5
massless Goldstone @ ..are far away from experimentally
weakly interacting (composite?) familon accessible energy scales!

Experimental constraints on familon decays of fermions:

(e f)/T(r~ —wevi) <15 x 1072 \ - )
)72 ‘ [u > 10° — 10” Ge\f]
U —=ef)/T(p—=eviv)<3x1074

Non-perturbative interactions with the TQuark-TGluon condensate
excitations (T-pions/T-sigma) may give a large mass to the familon

NOTE: massless “familon mode” D(h® — bb) L/ mem 2 - 2
dominates the Higgs decay - ( b "”) s < h? ) ~ 10~2

(provides a constraint on mf!) DO — ff) 2\ 26?2 1,5 TsB

[ Possibly light familon Dark Matter component? | ~ under developmerit...




Hybrid color-TC representations and VLTC

| v@we Uy ¢ =" Y, = 1/6. B, =0
SUB).RSURL\wU((l)y ¢ = i y |
SM (3)c & (2w U(l)y ¢ d , Bua=+1/3. £, = £1/2
R R - - (-” ).(') — “ L}II.I) — '12
VLTC SU2)re @ SU2Qw @ U(1)y Q° = )a h |
/ Lir=w) Bup =0, t,=%1/2

} Yo =1/6, BL = +1/2,
Hybrid C-TC  SU7(3). @ SU(2)re @ U(1)y o
_y ( ) ( ) I'C ( )\ ]?(._' — "“l',:‘/:;. fZ' — ()

A plenty of extra heavy exotic states appear immediately!

Scalar quarks Scalar gluons “Superbaryons” “Superleptons”
( vui(?” o
~hi : = . , (-"“(Juﬁi
(:ub(ml.'(2h 0k ( /\’I )l A e ’h_j (__JI.'IFftl;('vclk-(-cl;l(ll i~
( (2,,([,‘
(_,Il"l(__(l’)( 'ul.'( 1hl

| Rich New Physics phenomenology! under developmegf..




Important example: partial neutrino compositeness

Can we get small neutrino masses in the VLTC?

One of the states predicted [ vre = C"(Uud; + D, )]
by VLTC + hybrid C-TC

J=1/2. B=0.B"=0,.4q=0.t=0

...can be very heavy ‘\[”T(“ > 100GeV ., me > e

Both chiral components (¥tc)r . (¥1c)i, ave the same ‘ Standard “see-saw”
quantum numbers as right-nanded neutrinos! mechanism at work!

h avy

Physical neutrino states after EWSB Vg = = —bv+alvpe)y, ) [ posy ~ M

m~1MeV. M ~ 1TeV _— m2
ioh
Vy © = ar /N ll ht 7
L *, g
A m YL \[
a= bh =

/ 9 IN1/O ° ) 9 9 9
(M? + m2)1/2 (M2 + m?)1/2 partially composite neutrino!
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containing C-Tquark! heavy composites!

under developmerzrgt...




Higgs signal strength in the VLTC: Born channels

Can be sensitive \‘1[" E pmed(q)dg
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[Weakly deviates from unity for a small mixing] 29




Higgs signal strength: loop-induced yy

Signal strength in the resonance:
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Heavy composites in
loops are not included!

VLTC contributions + modified SM terms:
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[The sums of gauge/fermion loops and Tpion loops are separately finite!]




Higgs—>yy decay width in the VLTC

a? M,
1673

[mod(h — ~~) = | Fw + Fiop + F5 + FQI2

where individual contributions:
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Higgs yy-signal strength in the mVLTC: the Yqo=1/6

Hyy Hyy consistent with
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[The deviations in the Higgs couplings can be regulated in a desired way] 32




(x> W) (GeV)

. T-pion decay: the Yqo=1/6 case

only!
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Dominate for light Tpions!
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M0 <> ax "y 1Ge')

T-sigma decay widths
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[ T-sigma width is of the order of its mass due to T-pion channels!] y




One T-pion VBF: the YQ-1/6 case
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[Higgs VBF and T-pion yy yields may be comparable for light Tpions!]




T-pion pair production in the VLTC: contributions

Dominates!
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boson signatures! 36




T-pion pair production: VBF mechanism

| T-pion pair production cross section  dd->dd —— T-pion pair production cross section  dd->dd ——
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Discussions

 The VLTC with light T-pions and T-sigma has been studied. As a possible
source of dynamical EWSB, it effectively preserves the standard Higgs
mechanism of the SM and evades EW precision tests

The model is consistent with SM-like Higgs observations but can explain
small deviations in Higgs couplings if confirmed by experiment

The model provides rich TC phenomenology at the LHC by means of
T-pions/T-sigma and possibly T-baryons production and decays

*  Scalar vector-like T-baryons may play an important role in astrophysics as
components of the Dark Matter evading the most stringent Sl scattering data
unlike fermionic T-neutron of QCD type if T-baryon number is conserved. This
determines the choice of SU(2)TC confinement group

. Trivial extension of the minimal VLTC by means of weak-singlet Tquarks
and hybrid color-TC reps enables to construct composite 2HDM with one
lightest Higgs boson and gives rise to partial lepton compositeness and
dynamical “see-saw” mechanism for neutrino mass generation.

38
. VLTC is simple but will require a large effort to be found/ruled out



