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Strong CP_problem:
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Experimental bound (from neutron EDM) reads
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Why is § so small??



The Peccei-Quinn mQChanism: Peccei and Quinn, 77

We introduce a global chiral U(1)pq symmetry,
which has a QCD anomaly.
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If U(l)eq is spontaneously broken by (®) = f, # 0,
there appears the associated NG boson, a, the axion.
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Astrophysical /cosmological constraints

invisible

. fa 5 Vet Axion may play an important
axion

role in cosmology.

o Star cooling/supernovae: [, = 10° GeV

@ Dark matter abundance: £, < 10'? GeV
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Moreover,
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@ if U(l)pq is spontaneously broken during inflation:
DM isocurvature fluc. w/ non-Gaussianity
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o if U(1)rq is restored during/after inflation: W
axionic strings/walls. This talk

.




If the U(l)pq symmetry is restored during/
after inflation, the axionic strings and domain
walls may be produced.




If the U(l)pq symmetry is restored during/
after inflation, the axionic strings and domain
walls may be produced.







Moreover, domain walls may be formed,
if there are multiple degenerate vacua.

Sikvie, 82




Moreover, domain walls may be formed,

if there are multiple degenerate vacua.
Sikvie, 82
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Moreover, domain walls may be formed,
if there are multiple degenerate vacua.

Sikvie, 82

Cosmological domain wall problem!
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Solutions to the domain wall problem

1. Add explicit breaking of U(1)pq
2. Low inflation/reheating
3. Npw =1

Dine-Fischler-Srednicki-Zhitnitsky (DFSZ) axion
model has Npw = 3.

(This is because there are three generations of quarks
which carry PQ charges)

Kim-Shifman-Vainshtein-Zakharov axion model has
Now = 1, if there is only one heavy quark with a PQ
charge.

Variant axion models have Npw = 1.



Variant Axion Models

[Peccei, Wu, Yanagida 86 Krauss, Wilczek “86]

Two Higgs doublets: &, ®5 (+ PQ singlet:0)

In DFSZ model, ®; is coupled to the down-type quarks
and ®, is to the up-type quarks. ::> Npw = 3

If we couple ®, to only the t (or u or ¢) quark,
we can avoid the domain wall problem!



PQ charge assignment [Model T}

PQ charge O -1 1 |

U2 2 ’02 2
V(®1,P3,0) i= A (@1’2—71) + A2 (|<I>2’2—52) +>\<|a\2__




Light and heavy Higgs, h and H:
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H cosa  sina hq U2
== tan SN
( h ) (—sina COS@)(hg)’ 6 V1

1.Where is the light higgs?

SIN (¢ In extreme cases, h;
2. The couplings to gauge bosons?

tan O

(tan 5 = 1) or tanfi 5 1



Couplings to gauge bosons:

V=WorZ
> SM like
Couplings to fermions: (Model T)
sina pe
39%1:

oD , Suppressed,
_smeopgy | If |sina| < cot

cos [3 IsMy | ‘ | i

sin 3 7SM- “ > SM like




The SM Higgs boson decay branching ratios
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A. Djouadi / Physics Reports 457 (2008) 1-216

If h—bb (and h—gq) is suppressed, h—2y can be enhanced.




sina = —0.05

model T, tanp =5, sina~ 0
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model U, tanfi = 5, sina =0

_LITI'IYIII]TIIIITIIIIIITI[TI I‘IIIIITIII TYI]I1TT1IIIIITIT.IIIII.TIIIIIIIIITIIT

- - -
- —_

-
—

- W'W

— W'W, Z2Z

Ll L llll

ey
P

o

| lllllll

T T TTTT]
'I
1 lllllll
1

|
1

1
T T T rormg T lllly

1 lllllll
| lllllll

J
1

excluded by LEP '\ excluded by LEP
()’()()l _lllllllllllllllllllllll[ll '11111\'11111—1- lllllllllllllllll'Lllll:'Jllllllllllll

00 100 110 120 130 140 150 160 170 90 100 110 120 130 140 150 160 170
M, (GeV) M, (GeV)

model U, tanp = 5, sina = -0.05
I_-LIIIIIIUIII1IIIIIIIIIITI[IT i ]T_‘_‘]'I_T]i_l. i IIIIIITIIITIIITTTvTIIIYE1111’IIIIITII
: _ W'W
= bb

1IIII

=

Ll L Lllll

— bb, tT, gg, cC

— W

— W'W, 27

|

|
1 lllllll

LABLBULA
™
lllllll

sina = —0.05

1
|

l‘\‘P\‘

'l'll' ‘

el pat llll
llllll
1

| P I FLRAE |

TT
cC

— 99 ,.
()’()()l "Tllllllllllllllllllllllllll Lllll‘;“‘.l'l () llllllllllllllllll‘lllllr' llllllllll

33
90 100 110 120 130 140 150 160 170 90 100 110 120 130 140 150 160 170
M, (GeV) M, (GeV)

1

I
]
1




model C, tanp = 5, sina ~0
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Production processes

Model T:
gluon-gluon fusion (GGF)

+ the sub-dominant
processes below.

Models U and C: .
Vector boson fusion (VBF) Acsociated production (VH)




Prospect for discovery of the light Higgs
through the two-photon decay

SM Higgs search at LHC:

@ Will be discovered through p — ~~ at ATLAS/
CMS with 30fb™ and 14TeV c.m. energy for M <
130GeV in the inclusive search.

@ Estimated significance for A — v~ in VBF and VH
is 2.2 sigma with 30fb! at CMS.



In the case of VAM:

- Model T
vEnhanced by 4(3) at M, = 120GeV for sina = 0(—0.05)
vWill be discovered with 3fb-!(4fb-!).

vProduction c.s. will be reduced by a factor of (3-4)

with 7TeV compared fo 14TeV. The significance will be
about 2 sigma with 1 fb.

- Models U and C

ve.g., BR(h — vv) is enhanced by 8(5) in the model C with
My, = 120GeV, for sina = 0(—0.05)

vWill be discovered only with 3fb-! (10fb!).



Conclusions

@ The PQ mechanism predicts the presence of a light
particle, axion.

o If the PQ symmetry is restored during/after inflation,
domain walls may be produced. One way-out is the
variant axion model.

@ The special Yukawa structure of the VAM may lead to
the enhancement of h—2y.
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