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J Peccei-Quinn Mechanism and PQWW axion

Peccei and Quinn, PRL 38, 1440 (1977), PRD 16, 1791 (1977);
Weinberg, PRL 40, 223 (1978); Wilczerk, PRL 40, 279 (1978)

- original PQWW axion model was ruled out
BR(K* — m* + nothing) < 3.8x10-® Y. Asano et al, PLB 107, 159 (1981)

1 introduce a SU(2)xU(1) singlet heavy scalar @ with
Fa = <D> >> Vow (KSVZ, DFSZ) Kim ‘79, Shifman, Vainshtein, Zakharov
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axion: very light, very weakly coupled (invisible axion)

However domain wall problem
Sikivie, PRL48, 1156 (1982)
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Introduction
J strong CP problem

from neutron EDM exp 0 < O(107?) Why so small?
Harris et al. PRL 82, 904 (1999)

J Peccei-Quinn Mechanism and PQWW axion

Peccei and Quinn, PRL 38, 1440 (1977), PRD 16, 1791 (1977);
Weinberg, PRL 40, 223 (1978); Wilczerk, PRL 40, 279 (1978)

- original PQWW axion model was ruled out
BR(K* — m* + nothing) < 3.8x10-® Y. Asano et al, PLB 107, 159 (1981)

1 introduce a SU(2)xU(1) singlet heavy scalar @ with

_ Kim ‘79, Shifman, Vainshtein, Zakharov
Fa = <> >> Vew (KSVZ' DFSZ) ‘80; Dine, Fischler, Srednicki ‘81

Zhitnitsky ‘80

How to avoid DW problem?
1) low inflation scale, 2) explicit PQ symm breaking, 3) # of DW = 1

4]..



variant axion models

Peccei, Wu, Yanagida PLB 172, 435 (1986),
Krauss, Wilczek PLB 173, 189 (1986)

1 a two Higgs doublets + one singlet scalar (heavy)
(cbl ’ CDZ) (O-)

1 @ couples to only u or c or t quark
(carries PQ charge)
Now =1

NO domain wall problem !!

1 couple to top quark (model T)
PQ charge assignment:

D, other gs

O O




variant axion models
Jd model T

potential
2

2
v
V(Py,Pe,0) = N (\@1’2 — —21>

+a |®,)2]0)? + b |®s)2]0|? + (m Ol Dyo +h.c.)
+d |1 ®s|* + € |17 [ o]
Yukawa

_LYukawa — yfjd)Qqu)lde =+ ygu)QLi(i)luR + in)QLi(i)lcR
‘|—y§t)QLi(i)2 tR

VAM avoids DW problem

Yukawa couplings are different
can have signal of VAM at LHC??




variant axion models
Jd model T

Higgs bosons

COS (v SIN o
—SIno COS &

sin o — () H ~ hy,h ~ hs

couplings to SM particles

tanP = va/v larger/smaller than 1
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variant axion models

d model T
Higgs bosons

COS (v SIN o
—SIno COS &

sino — O Hwhl,hwhg
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variant axion models
J model T -- light Higgs couplings

to gauge bosons
hVV : sin(f — «) gg’l‘\fiv SM like

. tanf large, sino=0
sino ..

cos (3 IsM> suppressed

sina [ if |sina] < cotP

g
COS,B SM >

" sin BQSM'

1 model U: t --> u huu SM like
J model U: t --> ¢C hce SM like

8

to quarks

hce :

hbb :

htt SM like




Higgs search
decay BRs in SM
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decay BRs in SM
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IF h--> bb is significantly reduced, h-->yy can be
enhanced!!




production in SM

Higgs search s oo

] L] Al

6(pp—H+X) [pb
Vs = 14 TeV

M, = 175 GeV
CTEQ6M




model U, tanp = 5, sina =0
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model C, tanf = 5, sina. ~ 0
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model T, tanp =5, sina~ 0
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Higgs search
production cross sections
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GGF (model T; sina = -0.05)
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q
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Higgs search
VBE h—yy CMS TDR
o SML

impacts

Vh, h—=Yy

3
o

Significance
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impacts

model T

same production

Xsection

@
larger BR(h—YY)

Discovery Significance (No)
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Summary

In variant axion models, which avoids the domain
wall problem,

1 branching ratio of light Higgs boson to two
photons can be significantly enhanced.

1 gluon-gluon fusion can be suppressed (U, C)
or enhanced (T), VBF and VH are similar to SM.

J VBF, VH + h—=YY can be more important at LHC.

1 in model T (PQ Higgs couples to top only),
LHC w/ 7 TeV may have evidence of the
existence of light Higgs boson.
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