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Participants in the Standard Model
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My question
‘Why is the top quark heavy ?

Leptons
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Mass : all SM participants

H.S.Fukano(KMI)

Top and Higgs

FERMIONS*®

First Second
Generation Generation

Third

BOSONS
Generation ‘

Top quark
9
J
w
Bottom quark

P

Charm quark

2

—
S

Down quark

J
') Up quark

Electron

—
o

—
<

)
-’
o
>
L]
o
o
-
-
Q
@
b
L]
)
o0
o0
—
w
wn
1Y)
=

10

\/\/\/\ MASSLESS

— BOSONS
)

Tau-
neutrino

Muon-
neutrino

y

Photon

3 Gluon

Electron-
neutrino

)

Gordon Kane,Scientific American 2003.

07.08.2013




Mass : all SM participants
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Mass (t,Z,W,h)

mt — 173 07 Gev PDG,central value

(Direct mesurements)

O(100GeV)

My — 91.1876 GeV

PDG,central value

my = 80.385 GeV

PDG,central value

Leptons

mp = 125.5 GeV ATLAS-CONF-2013-014.central value
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My Question

Leptons

Why do they have

the almost same orvder masses ?
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The Standard Model (Lagrangian)
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Origin of mass in the SM
In the SM,

Origin of mass Is the Higgs mechanism
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t.W,Z,H masses In the SM

)bi \3\)% A+ \\.C
W.Z boson mas-: (¢) Higgs boson mass

Top quark mass
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My Question

New physics is hidden
behind the Higgs mechanism ?
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New physics In the market

¢ Representative scenarios in New physics market

¥ Supersymmetry

¥ Extra dimension

¥ Dynamical electroweak symmetry breaking
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Technicolor (for W,Z boson)
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Weinberg(1976); Susskind (1979)
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technlcolor — GG i@y D,LQ

New interaction : G, New fermion : Q
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Technicolor (for top quark mass)
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Technicolor (for Higgs boson)

L=t 90
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Technicolor (large top quark mass 7)
¢ Top quark mass V.S. EW precision tests

SM result @ tree satisfies

Experimental results

2
P = MW — 1 @o.s—

3
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Cluchlnl et.al.
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Extended technicolor implies

mg —m} Not realistic !!
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Top quark mass in technicolor

From viewpoint of my question ....

Large top quark mass
CAN NOT be realized
in standard technicolor scenario

even if Walking technicolor

1
technicolor w/

light Higgs boson (dilaton)
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Top quark condensation
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Miransky et.al. (1989) tOpC

Nambu (1989)
Bardeen et.al. (1989)
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Top quark condensation

The top quark mass can be heavy
IN @ manner consistent with
the EW precision tests.

However

The top quark mass iIs too large...
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Top quark seesaw model
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X = topC
new top-like quark obrescu etal; Chivukula ctal. 1988
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Top quark seesaw

Higgs boson Is generated as
a top quark-top partner pair composite
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Top quark seesaw V.S. EWPT and LHC
Higgs boson can be parametrically light

INn the top quark seesaw mode|
w/ keeplng my 174G6V
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Top quark mass in top quark seesaw

From viewpoint of my question ....

Large top quark mass CAN be realized
AND

Light Higgs boson CAN be realized
w/o conflicting with the EWPT & LIHC
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Question about Higgs in the TSS

In general, TSS Higgs boson satisfies my ~ 2my

Why T8S Higgs boson can be l[ighter

than the top quark mass ?

Ongoing ...

7SS Higgs boson might be PNG3B...
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Summary

2k Q : Why is the top quark heavy ?
3k A1l: Technicolor can not explain it
X A2 : Top seesaw model is good (at least for me)

2k Higgs boson = composite state

H ~ XRrtlr

Lightness = PNGB ?

%@m ey ok
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