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Introduction

® Discovery of a Higgs boson at 126 GeV is
monumental step in high energy physics. It has
important implications for different possible
mechanisms of electroweak symmetry breaking.

p Technicolor w/o a light scalar is ruled out.

p SUSY prefers a light Higgs, but 126 GeV is a bit
uncomfortably heavy for MSSM.

- Heavy stops, but more fine-tuned.

- Extensions to enhance the quartic coupling.



Introduction

® An alternative is a composite Higgs. To make it
light, there should be some symmetry to protect
its mass, i.e., Higgs as a pseudo-Nambu-Goldstone
boson (PNGB) (Kaplan & Georgi '84).

- Little Higgs theories
- Models motivated from AdS/CFT
- Gauge-Higgs unification

® Higgs boson mass is model-dependent, e.g.,
whether there is a tree-level quartic coupling.



Composite Higgs

® Jop quark mass is a challenge for composite
Higgs models.

- Partial compositeness (Kaplan '91): Elementary
top quarks mix with composite operators, t.0,
= heavy top-like resonances.
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Composite Higgs

- lop condensation (Nambu 89, Miransky et al '89):
Higgs is a bound state of tt.

p m: ~ 600 GeV (y: ~3-4), mp~ 2m; (in leading N
approximation)

p m: mp may be reduced by raising the
compositeness scale at the expenses of fine
tuning, but still too heavy. (Bardeen, Hill, Linder "90)



Top Seesaw Model

® An attractive solution to the top mass problem is
to invoke the seesaw mechanism (Dobrescu & Hill

'98): introducing vector-like singlet quarks X, Xr
to mix with top quark.

Y T Ty LR
L= <tL,xL>(mxt mxx)(xR)“'C'

my, + mj, ~ (600 GeV)?,

but a light eigenstate ~ |73 GeV can be obtained
which is identified as the top quark.



Top Seesaw with a Light Higgs

® A light Higgs boson arises naturally if the
underlying strong dynamics preserves a U(3)

symmetry among (L, bi, X1).

p Higgs field is PNGB of U(3) = U(2)



Scalar Potential

Assuming the underlying (non-confining) strong
dynamics is approximately U(3)L X U(2)r
symmetric for (t,, by, Xt) and (tr, Xr), they form
composite scalars, ¢ = (9, P, )

_ H, o % _ _Hx> o<
= (qb) ' <><L>’ xS ( by )N
YUI(awa INt: 'CYukawa — _'S (ZEL,XL) o <tR> + H.c.

Scalar potential:
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Scalar Potential

® Symmetry breaking terms
U(2) breaking: Vi, = 6M2 ®[®, + M2 &1 d, + (M20! D, + H.c.)

U(3) breaking: singlet fermion mass terms,
Emass — _:uxtXLtR — :uxxxLXR + H.c.
They map into scalar tadpole terms,
‘/:cadpole — _(07 07 Oxt)q)t T (07 07 OXX)(I)X + H.c.
Oy %AQ O~ %AQ.
We can use U(2) rotation to set Cy, = 0.



Scalar Potential

® TJotal effective scalar potential:

AL+ A
Vialar = = [(@]@0)° + (BL2,)*] + M |B[®, [ + Ao(@] @) (2] )

+ MO0, + M2 D, + (M2,dId, + Heoc.)
—(0,0,2C,¢)Re ®, — (0,0,2C,, )Re ®,

Assuming M: < 0 < M, minimize the potential:
(H) =0, (¢r) = ur = usiny = u sy,

(Hy) =v, (@y) = Uy =UCOSY = UC~,

A A2
Mz = M: + 21u232 + o (u2 + v )
A
2 _
\/§CXt = U Sy MIQ_]:I: MXt R 9 —u’ SvCy 5
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Top Quark Mass

® Charge-2/3 fermion mass matrix:

t
Lisht eiscenvalue: "~ —=vS8, = S+ x =& — ~ —.
8 8 t NG Y Y £

Heavy t’ fermion: my =



Light Higgs Mass
® CP-even scalar mass matrix: (h¢, by, @¢, Oy )

A A A
(M%[i—l—lQ 1 1

5 0 —?uv@ —?uv%
0 (A1 + Ag)v? AUV S (A1 + A2)uve,
c? A
—%uvc7 AQUUS~ M+ [M(l—%) + )\2] u? ( 21 + )\2> U SyCy
>\1 )\1 82
K — 5 uvsy (A1 + Ao)uve, ( : + )\2) U5, Cry [)\1(1—§> + >\2(3f2y] u’ )

Lightest eigenvalue:
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Light Higgs Mass
Effective Higgs quartic coupling:

\r A A Ml%li 2
"\ 2e2 ) \ 2L+ auz2)

In the limit &— o0 or m:—0, siny—0 and Cy;—0,
there is no explicit U(3) breaking, Higgs becomes
an exact NGB.

A
(IR fixed point) 0.4 < 2—512 < 1 (fermion loop approx.)

y; ~0.6 @ 10TeV

= myp < 185 GeV



Electroweak Interactions

® Explicit U(3) breaking electroweak interaction can
further decreases the Higgs boson mass.
995 +3g7 M; M,

2 2
~ —0.16
6472 w2 v (5u)?

AN (1ass) = (mass splitting)

9g5 + 3g% M A1 'S > M
2 2 1 2 P 2 p
Amy (quartic) = 12 A1v° In L 0.16v (252 36 In .

(quartic splitting)

where M is the cutoff the EVV gauge loop.

* myh=126 GeV corresponds to Ap=0.14 @ 10 TeV.



Numerical Results
*Light Higgs boson mass:
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Numerical Results

® Constraint on T-parameter (assuming no cancellation)
requires f (Ru)z 6 TeV — some fine tuning is needed

to get v<{. It also implies other scalars and fermions
are heavy, close to the decoupling limit.




Conclusions

® A light Higgs boson arises naturally in a composite
Higgs model where the top and a new vector-like
quarks participate in the strong dynamics which
preserve a U(3) global symmetry. It is compatible
with the 126 GeV Higgs boson discovered.

® The strongest constraint comes from the T
parameter due to lack of the custodial SU(2)
symmetry. The U(3) breaking = 6 TeV pushes the

model to the decoupling limit.

® Probing heavy scalar and fermion states probably
needs future generation colliders.



