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Introduction

Higgs boson has not been discovered yet

Models without Higgs boson
*Technicolor
*Higgsless model
e.... and maybe many others

Some of them may have similar low energy phenomenology.
Any efficient way to treat them at a time?

Low energy effective theory

eBottom up approach
ePhenomenology of many models can be treated at a time




Non-linear sigma field and NG boson

How to construct an effective theory?

*Specify symmetry breaking pattern
*Use non-linear sigma field to treat (would-be) NG bosons

T
U, = exp (z : )
fi

If symmmetry is “gauge” symmetry, they are eaten by gauge
bosons

We can construct models without physical scalar particles




An example

How about SU(2) x U(1) — U(1) case?

3 would-be NG bosons as non-linear fields

2 .Taﬂ_a

”Ztr (DU (D"U) U = exp (z )

U

efermion sector is the same as SM with heavy Higgs boson
(One of the UV completions is SM)

i, ] - generation indices




Perturbative unitarity

Longitudinal gauge bosons scattering

al ~c r

B —~
Lo S

IMWEW? - Wewd) = j,fj + \;WU"V\g + crossed x O(E?)
b j‘ld l; Z(d

*Perturbative unitarity is broken at around 1TeV

*New patricles should be below 1TeV
(otherwise model becomes non-perturtbative...)

*(In SM case, Higgs boson cancels the bad energy behavior)




Extra gauge bosons

How to keep perturbative unitarity without Higgs boson?

=m==)  Extra gauge bosons C.Csaki et.al PRL92 (2004) 101802
Nomura JHEP11 (2003) 050
Barbieri et.al PLB591(2004) 141

L JJ( GS x a&

IMWEW? — WEWE) = Lr‘ J + ;\N‘\N\; + Afm{ . +crossed. (’)(EO)

N

g L &> U

Infinite numer of particles — Extra dimension

... but we do not need to start from extra dimension
e[t is enough to a few extra gauge bosons to study low
energy phenomenology
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2. 3site Model




= R.S.Chivukula et.al Phys.Rev.D74:075011 (2006
3site Model M.Bando et.al Nucl.Phys. B259 (1985) 493
R.Casalbuoni et.al Phys.Lett.B155(1985) 95

The simplest Higgsless model

eSymmetry breaking pattern is
SU(2)p x SU2)1 x U(1)2 = U(L)em

(3 extra gauge bosons are added)

e\Ve need 6 would be NG bosons

Ty T 11 1

eSchematically this can be written as follows (moose notation)

U1 U2 ~o-7




= R.S.Chivukula et.al Phys.Rev.D74:075011 (2006
3site Model M.Bando et.al Nucl.Phys. B259 (1985) 493
R.Casalbuoni et.al Phys.Lett.B155(1985) 95

Fermion sector

(quark case)

Yro
Y1, Yri

L u
YRr2 = ( d;iz )

—(@10) UL (m1) (qr1)’ — (@p0) M (g ) — (@11)Us ( / ) .' ) b

I, ] - generation indices



= R.S.Chivukula et.al Phys.Rev.D74:075011 (2006
3site Model M.Bando et.al Nucl.Phys. B259 (1985) 493
R.Casalbuoni et.al Phys.Lett.B155(1985) 95

SU(2)g x SU((2)1 x U(1)y — U(1)em

VR1 tR27 bro2

@ O
U1 UQ\’

Y10 Y11
matter contents

SM particles Extra particles
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3. Flavor structure in 3site Model




FCNC and 3site Model

Dimension 4 operator
1 (B0 (1 (DU U] | (t10)7

i, ] - generation indices

This operator
econtributes to S parameter
ecan make FCNC

Origins of this operator
* by integrating out heavy fermions (appriximately w1 and Wr1)
* l[oop corrections

n = (miM Y (mi M 1" + (loop corrections)




Diagonal components of n

Dimension 4 operator

o _ ; |
" (Y ro) [VM(ZD“Ul)Ul} (Yro)’ i, j : generation indices
To avoid a large contribution to S parameter

Phys.Rev.D74:075011 (2006)

M 400GeV R.S.Chivukula et.al
W = 0.28( € )

di deal
nzagzezLea _\/5

~ My My

How about off-diagonal conponents of n?

—0 —0 —0
> eoAF =2 processes K'-K , Bg-By, BJ-B,
*LFV processes




Bound on off-diagonal component of n

Experimental bound on off-diagonal component of n
(preliminary result...)

< 0.006 1 < 0.202

400(;6\/)2 1 < 0.006 < 0.0285
< 0.0285 < 0.202 1

! <0.00013 < 0.034
| 400GeV ) 2
jlepton & (eideal)? <—e> <000013 1 <0.036
' <0034 <0.036 1

Almost proportional to identity

15
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4. Summary




Summary

® Ve focused on low energy effective theory without
Higgs bosons

® 3site model is the simplest Higgsless model

® There are three parameter making flavor structure,
m+1, M and may 4

® n can make FCNC

® \We found current experimental bound of off-
diagonal component of n

Thank you for your attention!




BACK-UP SLIDES




Electroweak Precision
Test




W’ mass from WWZ coupling

e constraint from WWZ coupling (LEP)

K.Hagiwara, R.D.Peccei, D.Zeppenfeld, and K.Hikasa,
w w Nucl.Phys. B282,253(1987)
Z

E — _ZgWZZ (1—|—A/{Z) W—I_W ZMV
_ZgWZZ (1 + Agl ) (W/j_VWI/ R W/L_I/WI;F)ZV

3site S M 1_|_ 1 M‘%V 4.
dwwz — 9wwz 92 MV2V/

= Arkyz = Ag? < 0.028

> ( My > 380GeV )




S. T parameter

3site Higgsless model

aS — —482 MW gw'ff _ « ]\[1,1,*/ gw’ff ]\[‘21/ _ « ]\[‘21/ « A2

1 1 1
Vo gwer 247 Mw guwyp - ME 24r ©MZ 127 MZ,.,
o _Y2Gr (M, ’ M? _8a . Mi 3a o A
6472 \ Mp ( Mw )4 [1 My gW/ff]Q 32mc? " M., 32mc2 M.,
ﬂ[”v/ Mw gw ff

From these we make constraint for

» KK fermion mass
» W't coupling

B




Lower bound for KK fermion mass

T.A, S.Matsuzaki, M.Tanabashi Phys.Rev.D78:055020,2008
KK fermion mass vs KK gauge boson mass
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W’ff coupling

Important for f
¢ \W' decay to fermions W’
® DY process —

f

mmm) Strongly restricted by EWPM

Mw gw iy

aS = —4s5°=—
My gw iy

+ (1 loop)

*[HS is 1-loop order
eq1st term in RHS comes from tree level contribution

=) .|n qualiteativly gwr s ~ O
*In quantitatively 1loop calculation is needed




W’ff coupling
_ T.A, S.Matsuzaki, M.Tanabashi Phys.Rev.D78:055020,2008
*1 loop level analysis
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Flavor structure




T.A, S Matsuzaki, M. Tanabashi,

Yukawa and mass terms Phys.Rev.D78:055020,2008.

_@Lo)iUl(ml)ij(QRl)j - (qm)iMU(QRl)j - @Ll)iU2 ( (mZOU)w (mzd)ij ) he

Assumption in original 3site paper

my o« Y, M* o 6%

—> e¢Dangerous FCNC does not occur at tree level
eFlavor violation is carried by may and mag

This assumption is unstable under the loop corrections

1 m3
_8q? — Zg2 31
I gS 692 f12

9 1 3mi  m3,

g2 _ 2212 %




Yukawa and mass terms

_@Lo)iUl(mlyj(QRl)j - @Ll)iMij(QRl)j - (aLl)iU2 ( (m2()U)w (mzd)ij

Mass param. can be diagonalized by biunitary transformation

di
Moy = Loymy ng

my = LimY Rl M = Lyy M¥IR!

S’ dmdngT

After redefinition of fermion field

_ ia _ i _ LY Loum&®s 0
_qLOUlmf Iar1 _qu(LgdLMMd gijRl)qu — G, U ( 2d 20 diag ) ( g ) + h.c.

So generally we can teke m1 and mz4 (or mzy) as diagonal




Left-handed FCNC

Constraint (UT fit collaboration) ™ B°zzgtpa:,-s[;’;fg;g‘;'z'ggg;a“°"1

—9.6 x 10713 GeV ™2 < R(CL) < 9.6 x 10713 GeV ™2
—44x 107 GeV 2 < F(Ck) <28 x 10715 GeV ™2
ICE.| <23 %1071 GeV™?
ICE| <1.1x107°GeV 2.

3site model case

Almost proportional to identity

1 < 0.006 < 0.0285
. 400GeV
nquasz(egde“l)?( © ) ( < 0.006 1 < 0.202 )

My <0.0285 < 0.202 1




Left-handed FCNC

Lepton sector

BR(jn — 3e) L 72 AN b —12
oLz (] o 1.0 % 10
BR( — cvyze) 2 [ 5 5 + sin < X

B 1 ? 2.3 %1078
R(T—>6,LL,L_L) _mas (C1 ey _ 3x 10 _
BR(T — ev, 1) 2 2 BR(T — ev, 1)

B ? . -8
R(T—>/J66_2> _ [ Me2s —l—l—sin29 - 2.7 x 10 _
BR(T — ev;1,) 2 2 BR(T — ev,1,)

Almost proportional to identity

1 <0.00013 < 0.034
. 400GeV \ 2
plevton (ezizeaz)2< o ) < 0.00013 1 < 0.036
wr <0034  <0.036 1
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