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Little Technicolor

SU(N)/H symmetry breaking

I

QCD with N flavors

Scaled-up QCD: SU(N,) confining gauge theory with

Ny vector pairs of fermions.



QCD Dynamics

Ordinarily: 1 = N¢ ¢ = N

(pap©) - SU(Ny¢)L x SU(Nf)g — SU(Ny)y

Is SU(N) — H contained in QCD?

Original Technicolor: SU(2)gw — ()

Little Technicolor:

Technicolor with Uneaten Goldstones (Little Higgs)



UV Completing Little Higgs

SU(N)/H + QCD with N flavors

SU(5)/SO(5) < QCD with Ny =5
(SU(3)/SU(2))* < 2x QCD with N; =3
(or 1 x QCD with N = 3)
SU(6)/Sp(6) « QCD with Ny = 6

Little Higgs theories from ordinary L x R — V

symmetry breaking!



Two Views of Little Technicolor

SU(N)/H «—— QCD with N flavors

1. Deconstructing AdS/CFT

CFT with G/H — ‘\\‘

—>©>Q—>QCD

2. Pedagogical CCWZ (Hidden Local Symmetry)

O——O — NLXZM



Phenomenological AdS/CFT

Duality (with IR brane): Same spectrum/S-matrix

F G H
Large N CFT
G global symmetry = Bulk =
— A o>
F C G gauged - :
G — H at AQCD
Au(+,+) oy’ Massless gauge bosons g
Au(+,—) ‘W’  Gauge bosons, mass from SSB my = gf
Au(—,+) ‘p’  Spin-1 resonances of CFT mp, = j—%f
A,LL(_v _)

= As(+,+) ‘r’  Uneaten goldstone bosons f



Deconstructing AdS/CFT

Same low energy degrees of freedom:

F Q! H

G G I G G
!

G /H symmetry breaking (F' C G gauged)




Key Realization

G/H G G

(F gauged) @ ) @

H is just the “gauge symmetry” for the spin-1 p.

If we only care about low energy degrees of freedom,

there is no way to distinguish:

‘0’ meson vs. ‘W’ boson



Towards a UV Completion

If G = SU(N)...

SUN)/H (F Cc SU(N) gauged)
!
SU(N) SU(N)

() ()

...then there is a simple UV completion of the link field!




Little Technicolor

SU(N) SU(N) o)
§ YY) =¢§
SU(N)L SU(N)R
Y P°
SU(Nc)

SU(N)/H «—— QCD with N flavors



Littlest Higgs in QCD

Based on SU(5)/S0O(5). Can arise from strong SO(N,)

dynamics with 5 Weyl fermions, or...

SU(5)L SU(5)R
(02 P°

SU(Nc)

F=S8U(2), x SU2), x Uy  H=SO(5)

...QCD with five flavors! (Plus anomalies, standard

model fermions, etc...)



Pedogogical CCWZ

G |
G/H  «—— ¢ =etm/f

O ()

1
L= —5E b H?, + f2tr|DE° D& = 0,8 —icH,
H

Go to unitary gauge and integrate out H,,:

L=fe(p'pl)  pu= 0.8

CCWZ Lagrangian for G/H nonlinear sigma model!



What Happened?

We want an SU(N)/H’s worth of Goldstone bosons.

Chiral symmetry breaking in QCD yields an SU(N)’s
worth of Goldstones

An H’s worth of the Goldstones are eaten by H,,,
leaving an SU(N)/H’s worth of Goldstones.

Symmetries guarantee that Lagrangian below mass of
H,, must look like SU(N)/H CCWZ Lagrangian.



Analogy with Standard Model

Linear Sigma (1979 Nobel)

(®): G/H
(F C G gauged)

Holographic Abbott-Farhi

H (G F

Holographic Technicolor
F (G H

F = SU(2)sw

Original Technicolor

G =SUQ2)sw H=10

Pre-LEP: all possibilities equally plausible.



Summary

SU(N)/H «—— QCD with N flavors

Allows novel UV completions of Little Higgs theories.

Inspires flexibility in model building:

G/H G/F G x G/G
<—> <

(F gauged) (H gauged) (F' x H gauged)

“M-theory” for BTSM Physics?
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T \ - Littlest Higgs

HLS . . Arkani-Hamed, Cohen, Katz, Nelson
> Little Technicolor

Bando, Fujiwara, Harada, Kugo J
Tanabashi, Uehara, Yamawaki, Yanagida, et. al. JKT \
T / T Littlest Higgs in AdS

CCWZ JKT, Yavin
Holographic Higgs

Callan, Coleman, Wess, Zumino
/ Agashe, Contino, Nomura, Pomarol

&
Phenomen010gical AdS / CFT Maldacena; Gubser, Klebanov, Polyakov; Witten

Randall, Sundrum; Arkani-Hamed, Porrati, Randall; Rattazzi, Zaffaroni

Gross, Politzer, Wilczek

Composite Littlest Higgs

Katz, Lee, Nelson, Walker

'

LH and p Mesons

Piai, Pierce, Wacker




“M-theory” for BTSM Physics?

Every* non-SUSY BTSM proposal is a moose!

Technicolor )

Top See-Saw .
UED O——0

or
Higgsless
\ () \
Little Higgs > Q A Q

or

Composite Higgs ~ ~
Holographic Higgs O > S A Q
Twin Higgs )

Great for collider phenomenology!

Continuous Simple Group < Minimal Moose

Deformation: — Original Holographic Higgs



