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o1l  Introduction



Let us consider scenarios that

Some strong dynamics generate

Composite particles, vectors, 0T
Pseudo-scalars, 7T

Scalars (composite Higgs boson)

m===) |s there still a room for “composite” ?

Yes

But, the situation 1s NOT so nice for these scenarios...



July, 4, 2012 CERN experiments have observed particle
consistent with long-sought Higgs boson!

ThIS news was widely broadcasted on TV, newspapers, etc.
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Mass of the new particle

Mh — 125 GeV

If this is the SM Higgs boson and the SM were ultimate,

New -+ - elementary scalar

New =« fundamental interactions

Yukawa int. and Higgs quartic coupling

But, the Yukawa int. don’t look like fundamental for me,

li N inciple...
So complicated and No principle DM U



This mass as the SM Higgs
perfectly agrees with
the indirect bound
from the precision measurements...

Remember success for the top quark mass...
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In the framework of the SM,

ipling A(p)

m; = 1732 GeV
asz(Mz) =0.1184

allowing meta-stable vacuum
the perturbation works up to —
very high energy scale..
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my, = 126 GeV
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m; =173.2 GeV
a3;(Mz)=0.1184

iggs quartic coupling A(u)

my = 171.4 GeV
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Constraints for the contact interactions (compositeness):

p+p —jet+ X (CMS, arXiv: 1301.5023)

27 _
L= A—z{qLTF‘qL}{qu}/qu), { = +1 or —1 (destructive or
constructive)

/\ > 99 Te\/ for (=41
N> 143 TeV for (= -1

@95% CL
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Figure 5: The data compared with model spectra for different values of A for models with
destructive interference (left). The ratio of these spectra to the NLO QCD jet pr spectrum
(right).
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Figure 6: The data compared to model spectra for different values of A for models with con-
structive interference (left). The ratio of these spectra to the NLO QCD jet pr spectrum (right).



gg— € (ATLAS, arXiv
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A~ > 12.1 TeV (A" > 9.5 TeV) in the dielectron channel
A7 >129 TeV (AT >9.6 TeV) in the dimuon channel

for constructive (destructive) interference



Events
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FIG. 2 (color online). Dielectron (top panel) and dimuon
(bottom panel) invariant mass distributions for data (points)
and Monte Carlo simulation (filled histograms). The open histo-
grams correspond to the distributions expected in the presence of
contact interactions or large extra dimensions for several model
parameters. The bin width is constant in log(m)-



The constraints for the contact interactions of
the Lepton pair are also roughly

(te— — ¢~

AN>10 TeV

(PDG2012)



But,

some strong dynamics might be hidden
in the Higgs sector and/or the top sector...

) 3



02  Typical scenarios with
composite Higgs bosons



Models with the composite Higgs bosons

Technicolor (TC)
walking TC

Topcolor models

Composite Higgs as Pseudo-Nambu-Goldstone Boson
- Moretti



In the SM Higgs sector, the global symmetry breaks down,
SU(2) 1, x SU(2)eust = SU(2)

Three NG bosons supply the weak boson masses,

T 7TO 2 MW1 MZ
Fr=wv



This dynamically occurs in the low-energy QCD !

SU(Q)L X SU(Q)R — SU(Q)V

NGB: 71—, 7TO

It 1s triggered by <(_7LQR> = —/\%OD # O
Aocp ~ 300 MeV

The EWSB might be just 1000 times scaled up.

S. Weinberg, PRD13,974(1976) ; PRD19,1277 (1979) ;

Technicolor (TC) 1. susskindg, prD20,2619(1979)



Scalar particles in OCD (Higags boson in the EW theory)

(PDG)
IV. The I = 0 States: The I = 0.J7¢ = 0t sector is

the most complex one, both experimentally and theoretically.

£0(600), fo(980), fo(1370)

phase shift in nr scatt.

=} = T7e.
o 100 F _’ii ;
Z 1 ;}::’}%‘_F
oo r =T =
© ﬁﬂ_— /:;}!*

[ —~ i
ﬂ":ﬁ‘;..'.'fl/.“.....ll......

l 1 I I | 1 i 1 1 1 1 -
400 600
800 Loag 1500 -
Moo (Me¥) (a) m__ {ME“*')

P
800

1000

Fig. 1. 7w scattering phase shift. The fitting
by the conventional interpretation with
fo(980) and f(1300) is also shown.

Amsler & Torngvist, Phys.Rep.389(2004)61.
(Ishida, et. al.) g ys-Rep.389(2004)



Naive QCD-like TC has been faced by several difficulties:

QCD-like TC (1 Family type = 4 weak doublets)
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Holdom Yamawaki, Bando, Matsumoto

Walking Technicolor

Appelquist, Karabali, Wijewardhana Akiba, Yanagida

It resolves three problems in QCD-like TC;
(1) strange quark mass, (2) FCNC in K-system, (3) too light NGB.

In QCD-like TC, _
3
<TT >~ —v
With anomalous dimension, generally, "Y1 : anomalous dim.

— /\:TC Tm
(TT>ETCN—( . ) v

INQCD Ym ~ O .but, ¥Ym ~ 1 inwalkingTC

= T 2
—<TT>prc . v2 M2~ —<IT>Fre 2

- 2 ™~ N ~ U
/ NETc NETC P FENgTc

Nprc ~ 1000 TeV is now OK.



running effects in OQCD

July 2009
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Schematic running
behavior in WTC

Ym ~ 1



How large S in walking TC?
The S-parameter constraint in QCD-like TC is NOT applicable to WTC.

Lattice simulation will give a definite answer...
a8 =4e 2[ H‘EH{ 0)— H%Q (0 ]] , Peskin and Takeuchi, PRD46(°92)381.

— =3Il +11 ), =311y

— S =—47[I1},(0)—1IT', ,(0)] f2

Assuming p dominance, M 2

fp ~ UV > Mp > few TeV forS<0.1



Estimate of the mass of the composite Higgs boson in Walking TC

Simple formula M.H, PLB441(*98)389.

/\ jZS ~ \/§m (m: dynamical mass of the techni-fermions)

More complicated calculation gives

YA (m?) : Mz: Mg M3 = 1 : 24 :17.0 : 185

Harada, et al., PRD68(°03)076001.

) Mg~ \/21'—:]\/[‘/ = 0.38My,
MV ~ few TeV “ MS = 125 GeV



Can the mass of the composite Higgs boson
in walking TC be 125 GeV?

(On the other hand, the techni-rho mass should
be larger than few TeV.)

® If we identify the dilaton to the Higgs boson
In question and this techni-dilaton decay
constant iIs much larger than the weak scale,

a light Higgs is possible. m2
Mrp = ——

Frp
@® Multiple scalars and their mixings might
be helpful to get a light scalar.

@® others...



Topcolor models | ¢ 7.Hil, PLB266('91)419; PLB345('95)483.

Why is only the top quark so heavy?

— The top quark has a strong topcolor charge.

The top mass 1s dynamically generated
and causes the EWSB. Thus it is so heavy.

) tr ty ly

Topcolor exchange NJL int.



RGE Approach Bardeen, Hill, Lindner, PRD41(*90)1647.

NJL model is equivalent to a linear sigma model with
the compositeness conditions:

Miransky, Tanabashi, Yamawaki,
PLB221(‘89)177;MPLA4(‘89)1043.

Y.Nambu,EFI89-08,’89
L = qriDqp, +tgiDtg + Ge(qrtr) (T RIL)
U at /\ (composite scale)
= Zg|ouHol* + qrtrHo + M?|Ho|* + A|Ho|*,
— |OuH|” + yeqrtrH + Mg |H|* + Ay |H|?

ﬁeff

Compositeness conditions at u
1 Zir(A) = 0 . H . H
@ = == L
(N -
A (A) HQH | Ot
H A(A 0 te q
vy (\) )



RG flow

vukawa

1672 0Yt = 93
aln u 2
ik (:EB _+- :2 _+- __Zi :)
s} ‘J % / 93 92 129Y Yt
A (Gev) | 108 104 10° ... 1015 101°
m; (GeV) | 600—700 500 400 -.- 230 220

The simplest 4D top-condensate model predicts
Too large top-quark mass!

===) We can modify this in several ways.



§3 Isospin symmetric Higgs model

M.H, Miransky, PRD80, 013004 (2009): PRD81, 055014 (2010): PRD86, 095018 (2012).

To resolve quark mass hierarchy, we proposed the following scenario:

% The dynamics triggering the strong isospin
violation in 3" and 2"d families in quark sector
may be different from the EWSB dynamics.

* We assume that the dynamics responsible for
the EWSB Is almost isospin symmetric and
the down-type quark mass Is correct.

% The heavy top-Higgs boson provides the top mass
with a strong isospin violation. (Topcolor model)

% Horizontal flavor-changing-neutral int. equally between
t and c, and b and s produce correct masses.




|sospin symmetric Higgs (h)

mey — mg?’)

h
my = mg:)’) /

m$) ~ 0(1Gev)

Me — mg2)

Mme = mgz) m{?) ~ O(100MeV)
My = mgl) mél) ~ O(1MeV)

_ (1)
mqg — mgy Down-type quarks masses are correct!



% Model contains (by hand)

Isospin symmetric Higgs boson |  my, = 125 GeV

h ~ TT ( composite scalar ? elementary scalar ?)

< h>~wv EWSB

V=V 102 Isospin sym.

Mass of the top-Higgs~1 TeV
hy ~ tt
< h/t >~ 50 GeV = /11,
yht ™~ 3 Strong !



©charm and strange mass hierarchy === mt/mb and loop factor

A(23) A(23)
Cr,. U ® tp CR SL by, . br SR
M = mgQ) _I_ 77(23)77% Mg = mgz) _|_ 77(23)mb
(23) _ Crgss N} o1

7 472 (A(23))2 7 100

A(23) o several hundred TeV



Yukawa structure In the TeV scale
_LY — Z&E)Ygdg)q)h T Z&(Lf)ygugi’])(ﬁi)h
L] L, ]

T yh, L tR(I)h,f

T . e ¥ . En
(I)h = ”-2(1);1_ 4(1;1!,1r = ”-2(1);“,
I w:r w™"
4D — —
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YDE—MD, YUE—MU;
Uy Uy
(1) (1)
my, flzmo E13my
_ 1) 2) 2)
Mp = 521;%?1{() m{(} + 6 - my, _523;?1{(}
(1) (2) (3)
&1y &l m,
(1) (1) (1)
AR MN12/M, 1131,
1) 2) 2)
My = 7?21”15 m{(} + 0 - m, n23mg
(1) (2) (3)
n31fﬂn ngzﬁlﬂ HIU
5 (1\2 (1)
/ ] — €107 [ g £ My
2 ng ) 121;1'1{2J
(1) I”IJ
~ _¢ex My _ &l [m
Verm $12 I o e
0 0
.*H“J .*}"I (2)
P T 0 %
\ (&1 512523)@ 523 ] m

M)
i
&3 é\

2 (2)
) Exy 0
= (3)

H’Iﬂ

1

/

mé ~ 1 GeV
m® ~ 100 MeV

m ~ 1 MeV

5~ 1/100
Eipmij ~ O(1)

We can get
easily
PDG values!




Is this a sighal of NEW PHYSICS beyond the SM?
CMS PAS-HIG-12-045

2012/11/16

—

js=7TeV,L= 5.1f5' (s=8TeV,L=12.2fb"

ATLAS CONF-2012-162
2012/11/14

| | | | | | | T, —
ATLAS Preliminary | m, = 126 GeV CMS Preliminary m,=125.8 GeV
W,ZH — bb

V5=7TeV: | Ldt= 4.7 0" .

{5=8TeV:|Ldt= 13" !
: ______ h

H— 1t H— bb

V5=7TeV:|Ldt= 460"

Vs=8TeV:|Lat= 131"

)
H—WW" = viv 5
\s=8 Te\-’:_| Ldt =13 b _i_._ H — TT +

H— vy
Vs=7TeV:|Ldt-4.8 0" D —
Vs=8TeV:|Lat-591" i

i A e —
H— zZ" = 4l i H— vy

V5=7TeV:|Ldt=48f0" S P
{5=8TeV:|Ldt=58f0" :

Combined u=13+0.3 i H— WW et
fs=7Tev: |Ldt= 46- 481" i—o
{s=8TeV:|Ldt=55- 131" i

-1 0 +1 H— ZZ —.l—
Signal Strength (Ll') L1 1 1 | I S | | L1 1 1 | 1 1 1 1 | L1 1 1

0 0.5 1 1.5 2 25
Best fit G/GSM




H — vy  inthe SM

o 2
\/5(;}'1:(.1-2 m.SH .9

fll (Tuf) — —8.32

(—8.32)2
(—8.3243:(5)2-1.38)2

1.6 (our model)



To enhance the Higgs production via the gluon fusion,
we may introduce colored scalars.

| I A A
LD L= E(D‘”‘SF — E’”ﬁ,ssz — TSS‘:L — ;5 S2oT,

)\hS > (O gives an amplitude with the same sign
as the fermion one.

Typically, )\hS Y O(l)



o(gg— h) I'(h — gg)

~ T¢ = 1?32;/(4M?)
ocM(gg— H) TI'M(H — gg) e

v _my
B Calps ﬁﬂn(?‘s) 2 S
Al_(Tr) J

S:adjointrep. C, =3

The same production rate as the SM requires
2

M?
Ao ~2.5-27 X S
vV,

Typically,

A= 1.8 Mg=200 GeV v, =50 GeV v, =240 GeV

2 __ .2 2
v —vh+v,



comment

myp = 125 GeV suggests perturbative nature in the SM
In this case, AhS ~ O( 1 ) allows strong dynamics...




§4. Summary

® I briefly reviewed typical composite Higgs
scenarios.

% | also introduced our recent work,
isospin symmetric Higgs model.



Predictions by IS Higgs model

B —ww?) _ Ih— 227 _ (vh)z ~0.96
PMH — ww*)  TPM(H — ZZ77) '

['S(h— Zy)

~ 1.07
I"M(H — Zy)

Isospin symmetric top and bottom yukawa couplings

y, =y, ~ 1077

If lucky, the top-Higgs might be discovered at the LHC.



