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What can be there beyond SM?
New CP? Axions? SUSY? String?

1. The weak CP violation, and the
strong CP conservation

2. AXions

3. Dark matter
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1. The weak CP violation, and the
strong CP conservation

The P violation in weak interactions is ultimately given at low
energy perspective by the Glashow-Salam-Weinberg chiral
model of weak interactions: the standard model.




Dark matter in the universe is the most looked-for particle(s)

In cosmology and at LHC, and also at low temperature labs.
The 100 GeV scale DM and the10-1000 micro eV axion are

the most promising candidates.
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The charge conjugation C and parity P have been known as
exact symmetries in atomic physics, i.e. in electromagnetic
Interactions.

1924: Atomic wave functions are either
symmetric or antisymmetric:
Laporte rule

1927: Nature is parity symmetric, Wigner:
— Laporte rule = parity symmetric

'?, 1902-1995




Quantum mechanics was developed after the atomic rule

SYMMETRY PRINCIPLE !l

In QM, these symmetry operations are represented by unitary
operators. For continuous symmetries, we represent them by

generators

U . eiH-F

where F is a set of generators.

For discrete symmetries, we use U directly like
P, C, CP, etc.




CP violation observed in the neutral K-meson
system (and now from B-meson system) needed to

introduce a CP violation in the SM. It was given by the
Kobayashi-Maskawa model.




The CKM matrix has been written by many since the
KM paper,

Kobayashi-Maskawa, Prog. Theor. Phys. 49 (1973) 652
using N. Cabibbo, PRL10 (1963) 531

Maiani, PLB 62 (1976) 183
Chau-Keung, PRL 53 (1984) 1802

- Approximate form

Wolfenstein, PRL 51 (1983) 1945 : Approximate form
011) 194

Qin-Ma, PLB 695 (20

Recently, Seo and | wrote an exact CKM matrix
replacing the Wolfenstein form. Another complification in lit.?
or reaching to the end of the road of writing the CKM matrix?
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CP violation books contain basics:

G. C. Branco, L. Lavoura and J. P. Silva,
CP Violation, Int. Ser. Monogr. Phys 103 (1999).

l. I. Bigi and A. |. Sanda, CP violation, Cambridge
Monographs on Particle Phys. and Cosmology (2009)

Still, | would like to repeat the (probably) knowns about
the CKM matrix V(CKM):
1. Det. V(CKM) is better to be real !

. 3x3 V(CKM) is complex to describe CP violation

. If any among 9 elements is zero, then there is no
weak CP violation.
A\ Is a good expansion parameter (Wolfenstein) .

. (31)(22)-(13) is the barometer of weak CP violation.

. Eventually, V(CKM) is derivable from the Yukawa
texture.




1. Det. V(CKM) is better to be real !
ot, the ‘ci-‘v‘ ot zero. Usually, we remove
this to define a good quark basis. The PQ symmetry?
Or calculable models?
KM model has a phase. MCK do not have a phase.

If it has a phase, then

L = L(quark - gauge int.) + L(Higgs boson)

The neutron EDM has the problem. Fine-tuning. So,
the CKM matrix having Det=0 is a good choice.
But it is not absolutely necessary.




4. \ is a good expansion parameter (Wolfenstein) .

1—A2/2, A, AN p=n))
.‘IIEI"iL",_,]_ f — _ —\h . ]. — :\EII,I"IIE.., L"l.ll .:Illl‘-{
a AT =p —n), ) —AN=, 1

O,

We expand in terms of 0, since 8, and 6, are of order 6,2.
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Satisfying all the requirements, we write an exact CKM matrix,

51C3
283 -+ c1c203
— Ca89 +"l"""" qE 18

f1 = 13.0305° £+ 0.0123" = 0.227426
By = 2.42338" £+ 0.1705" = 0.04

f; = 1.54295" + 0.1327" = 0.02

d = 89.0° 4 4.4°,

—e'°8%s,8,C,C,C, — 5.S55;

(31)(22)(13) is
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The elements of Det. V(CKM

r r r 2 E -3 j j 1 .
Vi1 VaaVag = clcsc3 + eissss + 2c1e2c35253 cos 8
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All elements have the same imaginary part, due to our
good choice of Det. being real. But, the individual part
describes CP violating processes.
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The approximate form is

Xy (144

2 (h:.l;. — HtE_id)

o . .
— ’% (Qh:ie_“s + Kp)

—idj

— 1z (fhb —I—h — B ke id)
a p 4
— A (kp — h:;f:m:l 1 — '}‘—l’hf + hb Qkpkiie™)

4 el w -
— % (2kp + Kee®) A0 (2[k2 4 kY] — Kerpe®) /

A = 0.22527 1+ 0.00092,
ke = 0.7349 £ 0.0141, kp = 0.3833 £ 0.0388,
d = 89.0" +£4.4°

Ky, OF K, Or O being zero washes out the CP violation,
In the exact or in the approximate form.
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The Jarlskog triangles are

J = —Im V1 V5 Va Vg,

1 2 " -
s = €1CpC3575253 51N O

5182C2Cs—T

NS = P = Va3 Vi
o

15153

FIG. 1. The unitarity triangle for ':1'_1151'3\'5:'31'

These can be read directly from V(CKM).

Weak and Strong CP, Axions and DM USA 2011




@
iy

¥

‘¢

ey

o
a
2 )
.,

Weak and Strong CP, Axions and DM USA 2011

(K
o




With our exact V(CKM), R=1 and R=L give

ul’, 0, 0
ﬂ}{uj — —C'AS-; C‘.Hf)\G

4 id LAY 2A%
36“1}' —€ (1 h'ﬁ 7 — He g )

( dAH(1+ A7), 0, 0 \
M = 0, SAZ(1 4+ 2 4[24 S, syt A1 4 307)
0,

h:b—}\ k1+T+[E+ﬁ,§])\4]~ (l_hgh‘f_ EATD)

.:'){llfl—l— l)& )
_htt’zﬁ)\ﬂ(l—k%)ﬂ.z:] Foy zr_‘l\ {1___|_[hb"

IiC-I—H‘t?.}\))‘-G, —(e+ HE]IJ\'S,

reAI(1 4 207
—(c+ KZ)A®, eAY (1 — 2A%),

—r AT+ AT 4+ O(X)
kAP (14 1A2), —r A2+ 200 L O(NB), 1 — k24— 24
dXY(1 4 222), 0, 0
M = 0, A2 (hp + )N 4 (S5 + ZE)AS, ke (<A + (s — DAY + O(X°)
0, h:,be_i‘ﬁl:—.r\j—I—[s—%]ﬁJ‘)—I-G{)iG]I, 1 — A 4 k(s — %);\G

Useful textures to find symmetries behind Yukawa couplings
at the fundamental scale. BUT




problem.

Consider, for example, there is no axion and Det
V is not real. But, there is no dangerous NEDM
diagram. Since Det V is not real, try that it has

a phase 3¢

(W]

e e T e e Y e 0t T T

he hd
Cabd LIEBD LB CABD

o

Can ¢ appear as a physical one? Seems not.
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appear inthe determinan twith phase e*?.
" 3 The (11) element makes it real, so the

V13V32V21
overall phase does not appear. But ® =0

Is simple enoughto see the essence.




The CP violation is an intereferance
phenomenon

Here the 4 couplings are related. The CKM
matrix and the Jarlskog determinant encode

these.
What is the origin of weak CP?
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The CP origin is from scalar interactions

1. Complex Yukawa couplings. The KM idea.
2. Higgs interactions. T. D. Lee and S. Weinberg

In any case, we must use the mass eigenstate quarks.
Then, Case 1 gives the CKM matrix. That’s all for KM.

But Case 2 can have additional CP violating interactions
through Higgs exchange.

v.) J E Kim Weak and Strong CP, Axions and DM USA 2011 23 /75




The existence of instanton solution in nonabelian gauge
theories needs 0 vacuum [CDG, JR]. It introduces the

FHEe = §{FF ]

v

weak

=arg.DetM,

Here theta-bar is the final value taking into
account the electroweak CP violation. For QCD
to become a correct theory describing the CP
conserving strong interaction phenomena, this
CP violation must be sufficiently suppressed.
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* The neutron mass term

The mass term and the NMDM
term have the same chiral
transformation property. So,

(b)s are simultaneously removed.

(a) So, d(proton)= - d(neutron).
is the NEDM contribution.

In our study, the VEV of pi-zero
determine the size of NEDM.




It is an order of magnitude larger than
Crewther et al bound.
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We used C A Baker et al, PRL 97, 131801 (06), to

Why is this so small? : Strong CP problem.
1. Calculable 6, 2. Massless up quark (X)

3. Axion

Massless up quark
Suppose that we chiral-transform a quark,

If m=0, it is equivalent
to changing 8 — 0 -2a.
I Thus, there exists a
¢ shift symmetry 6 — 6 -2a.

Here, O is not physical, and there is no strong CP
problem. The problem is, “Is massless up quark
phenomenologically viable?”




The famous up/down quark mass ratio from chiral pert.

~ ~ /() A

- - - ~ N - -

m, =2.5+1MeV,

m, =5.1+1.5MeV
(Manohar-Sachrajda)

—
L
-
i}
=
=
17 51
u
o
=
=

Excluding the lattice A E S
cal., this is convincing u mass (MeV)
that m,=0 is not a

solution now. Particle Data (2010)

"Axions and cosmological constant” SNU CTP, 8 April 2010




So, we need to consider axions and calculable
models only.

For calculable models, CP violation is absent in the
Lagrangian —> That’s the definition of calculable models.
Even if CP violation occurs through scalar interactions, the
complex Higgs couplings do not belong to calculable
models. So, calculable models start with

REAL COUPLINGS.
Namely, Lagrangian conserves CP, and theta=0 is chosen
as the symmetry point.

Then, CP violation must be spontaneous by generating
complex VEVs. And we must build models forbidding
theta term up to two loop level.
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arosi, arXiv:0807.
Rev. Mod. Phys. 82, 511 (2010))

Historically, Peccei-Quinn tried to mimick the symmetry 6 — 0 -2q, by
the full electroweak theory. They found such a symmetry if H, is
coupled to up-type quarks and H, couples to down-type quarks,

Eq. B=a
achieves
the same
thing as the
m=0 case.
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The Lagrangian is invariant under changing 6 — 0 -2a.
Thus, it seems that 0 is not physical, since it is a phase of
the PQ transformation. But, 0 is physical. At the
Lagrangian level, there seems to be no strong CP
problem. But <H > and <H > breaks the PQ global
symmetry and there results a Goldstone boson, axion a
[Weinberg,Wilczek]. Since 6 is made field, the original
cosBO dependence becomes the potential of the axion a.

If its potential is of the cosB form, always 6=a/F_ can be
chosen at 0 [Instanton physics,PQ,Vafa-Witten]. So the

PQ solution of the strong CP problem is that the vacuum

chooses

.
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story
ends here, the axion is exactly massless.
But,....
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History: The Peccei-Quinn-Weinber-Wilczek axion is
ruled out early in one year [Peccei, 1978]. The PQ
symmetry can be incorporated by heavy quarks, using
a singlet Higgs field [KSVZ axion]

6LQRS _V(S’Hu’Hd)+”’

Here, Higgs doublets are neutral under PQ. If they are
not neutral, then it is not necessary to introduce heavy
quarks [DFSZ]. In any case, the axion is the phase of

the SM singlet S, if the VEV of Sis much above the
electroweak scale.

Now the couplings of S determines the axion interaction.
Because it is a Goldstone boson, the couplings are of the
derivative form except the anomaly term.

v J E Kim Weak and Strong CP, Axions and DM USA 2011 34 /75
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Namely, the parameter theta-bar is made dynamical, i.e.

| =1F,0,00" + Q-
2 327 F,

There is no potential for the field a, but at very low
energy below the QCD chiral symmetry breaking scale,
the potential consistent with the symmetry of the anomaly
term is generated,




In most studies, a specific example is
discussed. Here, we consider an effective

theory just above the QCD scale. All heavy
fields are integrated out.

In axion physics, heavy fermions carrying
color charges are special. So consider the

following Lagrangian
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L

integrated
out

rlpj[u.(.l‘r"].

J- J- L4 y — . "
— ?]L {)“H(_,}HH — Itgi}j(ul}i} ({F}_’{HB}L n (jR;DjRJ

+ c1(0.0)q " vsq — (er I qu-"w'ﬁ + 11,{-,)

0 \
_l_ 3 — C ale {/ rL'LI,r.H-f ({ 8 £+:1et-J
L3 .'l.

[y

F?' .F‘?"[w =+ ﬁleptmnrjﬁ

..3 '} e, (L™ eI

—1eca

I‘LTD“ (‘-’IRUL ) + h.c.

AT . A , , | } _ . AQ .. 4 . i . ‘ A
Aﬁ[.} )i 1, co,c3,m, Agep] = Ciprlalx), Aﬂ[.} Jie1 — a,e9 — 20, ¢3 + 20, m, Agep).

The axion mass depends only on the combination of
(c2+c3).
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inui‘at'(}r—\' (6, + Hn”) + mdf"g('(n—: (—6, + H'r;”) + — I& (na( (rQ + rg +c 3)9)
2;\‘! xg;h

+ 11y —— 7 Cos ( Or 40, — (5 + r'g' + f'3)ﬁ') + mg—— 7 Cos (H + 0 — (c5 + r'g + r';g)ﬁ')

(Tg[g'x.;l}x _J!'f \.3

inst

]F —W[\'l —I—;J*La

inst

|/f'F
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—m_v3/fF (movd +2uAd )/ f?
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F2(1+ Z)2 | mi, f2
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It is very flat if the axion decay constant is large,

\CPCOnSeerg point /

In the evolving universe, at some temperature, say T4, a
starts to roll down to end at the CP conserving point
sufficiently closely. This analysis constrains the axion decay
constant (upper bound) and the initial VEV of gat T,.
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Over Closure

4.%x 1012

6.% 10"

8. x 10"

2.%x 10"
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Inclusion of these
showed the region,
prev. figure
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The Primakoff term is always present, but the electron term

Is present only when the Higgs coupling to leptons carry the
PQ charge.

In a full theory, one must look into all the PQ charges of
fermions.
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Above the electroweak scale, we integrate out heavy
fields. If colored quarks are integrated out, its effect is
appearing as the coefficient of the gluon anomaly. If only

bosons are integrated out, there is no anomaly term.
Thus, we have

: ¢1=0, c2=0, c3=nonzero

: ¢1=0, c2=nonzero, c3=0

: similar to DFSZ
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White dwarf bound
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g,.=00
1.12x10-13
2.24x1013

Isern,
7h PATRAS
2011

Harris+'06
Krzesinski+'09

2.24x10" - F, =0.5x10" GeV for N, :%

Bae, Huh, JEK, Kyae, Viollier, NPB 817, 58 (2009)
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Searching for SUSY at the LHC

SUSY = superpartners of each SM particle = ~0
X 9 —=..+Xx = missing E;

If R-parity is conserved, 4
sparticles are pair-produced. P P

-

= - ¢
Lots of unknowns: mass hierarchy, couplings - EL_ Xg - - .
- lifetimes, decays chains Typical” SUSY decay h £
chain at the LHC q \q £
* Have to search for SUSY in many different final states

* If R-parity is conserved: Lightest SUSY Particle (LSP) is stable
— Dark Matter candidate

— will produce MET (Missing Transverse Energy)
Jets + MET (+ lepton)
Di-leptons /Multi-leptons + MET
B-jets + MET (+lepton)

e+mu resonance and slow meta-stable particle search

B. M. Demirkoez (ATLAS), 7" PATRAS, Mykonos, 1 July 2011




Squark-gluino-neutralino model (massless ;EE')

Hiruni || LB re |m|ﬂary
0 lepton 2011 combined
s Observed 85% C.L. imit
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==== CL Madian expected imit Squark to JetS, or
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- LEP23 gluinos to jets
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This gives the above LHC bound for the R-parity
conserving CMSSM.

If the R-parity conserved, also the axino or

gravitino LSP models are not free from this LHC problem.
For F_.=10"" GeV and 1 TeV squark mass, the vertex is
shifted by a few mm order, which is swamped by decays

to NLSPs.

q
f----—— o




The lepton modes are not accurate enough to compete
with this (MET) + jets.




)

1. Complementarity with the

assumption pypnp/P,
2. ldentification of dark matter
3. Interplay with astrophysics —>

Indirect detection

Axion detection

Weak and Strong CP, Axions and DM USA 2011




XENON100 Dark Matter Limit (90% CL)

arxiv:1104.2549

IH% vp = 220 km/s ! E. Aprlle
— Vege = 544755 km/s = 1 July 2011
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WIMP Mass [GeV/c’]
Blue bands are | and 2 sigma expectations (PL) based on zero signal

Minimum at 7 x 10 ® ecm? @ 50 GeV

Weak and Strong CP, Axions and DM USA 2011



10 15
Galactocentric Eadius [ kpe ]

The flat rotation curve hints the existence of DM in our

Weak and Strong CP, Axions and DM USA 2011 97175



axion WIMP sterile v
m 10°eV 100GeV 10keV

vel.disper. N 118, CEr* 105G 10°c

coh. length E:i 10cm  10°cm 10~'cm

mov

The axion and WIMP both behave as CDM at the time of
forming galaxies. They differ in spin and coherence lengths.
Sikivie and Yang pointed out that for axions there is a
possibility of BEC. [PRL 103 (2009) 111301]

Sikivie comments that axion is better in explaining the

inner caustics and angluar momentum of galaxies.

Weak and Strong CP, Axions and DM USA 2011 58 75




Not irrotational:
net overall rotation

=

Net overall rotation is obtained because, in the lowest energy state,

all axions fall with the same angular momentum. Two distinctive behaviors
before the dark matter falls into galactic halos. WIMPs have an irrotational
velocity field whereas axions fall in with net overall rotation. Axions do this
because they go to the lowest energy state for given angular momentum
BEFORE FORMING GALAXIES. That state has net overall rotation.

v) . J E Kim Weak and Strong CP, Axions and DM USA 2011




Why BEC ¢ by yielding their energy to the non-condensed
particles, the total entropy is increased.

Pre BEC

Tosame p and same E

Weak and Strong CP, Axions and DM USA 2011




Tidal torque theory
' with ordinary CDM

neighboring
protogalaxy

the velocity field remains irrotational

Weak and Strong CP, Axions and DM USA 2011 61/75




Sikivie: the caustics are different in the two cases:

Caustic rings for axions and "tent-like' caustics for WIMPs.

The evidence my collaborators and | found for caustic
rings is only consistent with axions.

So the bulk of dark matter must be axions.

Weak and Strong CP, Axions and DM USA 2011 62 /75




SUSY confronts data

Squark-gluino-neutralino model (massless 251')
TEYTRTT TR T T ATLAS Preliminary

0 lepton 2011 combined
memm Observed 95% C.L. imit

N2
Qo

T
CME prediminary Vo ="7 ToV [Ldt=1.11'h' i

T
CME prediminary T =7 TelW [Ldt=1.1 w'

-
~J
%]
o

mmms Madan expected Emit
m— CL, Observed 95% C.L lims
==== CL, Median expected bmit ]

2010 data PCL 95% C.L. limit - o eiher P lnptane 3 - e P leplane
B LEP 25 et E et (data)
| ]l Tevatron, Run | } MSUGRA

| DATA | DATA

Events = mias)

T k) oty

squark mass [GeV]
o
Q
o
Events =mij’yr}

n
w0
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[— E'E-FP-;“ I i CMSSM

L™ - 185 pb " \5-7 TeV

1 1 13‘-| 1
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miu’p) [GeV] miee) [GeV]

Figum 3 Cumulative distribution of invarant mass spectrum of g~ (left) and ee (right)
events. The points with error bars represent the data, and the filled histogram represents the
expectations from SM processes,

ll]llIIIIIIIIIIII|II[I|IIII]IIIIIIIII

750 1000 1250 1500 1750 2000

gluino mass [GeV] CMS on Z,
ATLAS on SUSY

The squark and gluinos are excluded roughly below 1 TeV,
and extra Z’ below 1.6 TeV (1.9 TeV without SUSY).
Regarding this | comment my recent works.

Weak and Strong CP, Axions and DM USA 2011 63 /75



This GUT contains the previous . S0, if we succed
In unification with , then the needed flavor symmetry
will result. In F-theory, we succeeded.

Y J E Kim Weak and Strong CP, Axions and DM USA 2011
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For diagonal subgroups of Eg, any U(1) generator can be

a linear combination of Cartan subgroup of Eg. S0, we
prove in terms of the Cartan subgroup of SU(6)xSU(2).

Fi, Fg, T3, Y, Yg, X5

Leptons and Higgs doublets do not carry the baryon
number.

B=aY +bY, +cX,+dR

+ (Rys —1)d=0

| 11 1
(1. e): — —a b+ -+ (R=—1)d=10 .
s € 52t 6 + 9 g / No solution.
1 1 1

d: —zfl-l-ﬁb—ﬁr:-l-ﬁgr_f:ﬂ

JEK+S. Shin,
1104.5500

=1

2
T —a + ;E? 1+ H15 d=10
s ]

Weak and Strong CP, Axions and DM USA 2011




For leptophobic Z°, we may try

) 1 ,_ o
e a— -b + (fas —1)d =10

o 1 1 1 .
(v,e): — Ef_l + 'E_h -+ Er:—l— (Rg—1)d=10

H, carries a nonvanishing Y’. So, N has a novanishing Y’
and singlet neutrino mass scale is the Z' mass scale.

So, we consider Z’ coupling both to B and L.

For Z6 hexality, we consider SU(6)xSU(2).

Weak and Strong CP, Axions and DM USA 2011




StlII we studled the Z Z’ mass in the SU(6)xSU(2) model

In this study, we assume of
course the lepton coupling
to Z’. Then, the LEP2
precision experiment
bound on the rho

n::r::mai'nr ic cru |r~|a| N
P 1CUITNT INVU LU [ W ] Gl L\

constrain the model.

tang

f (a) Z" and (b) the lightest '[ ‘P even Hl

211 A ‘n
s:—r_nrnt-—d by the dens 1t of points
increment of ten for each step.

Weak and Strong CP, Axions and DM USA 2011




Effectlve SUSY

The first two family sfermions are heavy, but the third family
sfermions are at TeV.

To obtain this kind, we assign different quantum
numbers to the third family members. The mediation

mechanism is Z’ meditation. Langacker et al., PRL 100, 041802 (2008);
Mohapatra+Nandi, PRL 79, 181 (1997)

It is different from the
E6 GUT.

Jeong+JEK+Seo,
1107.5613

Weak and Strong CP, Axions and DM USA 2011 68 /75




Z’ mediation to effSUSY

N essenoer

Hidden Sector

Weak and Strong CP, Axions and DM USA 2011
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Three quark families appear as

¢ =W It is in contrast to the other
At low energy, we must cases such as in SU(5) or SO(10).
have nine 3%, to cancel SU(3),, Now, the H, and H, coupling must
anomaly. come from 3*,, 3%, 3*,y coupling.

d X*

3HU/\ 3 /ep+3 Hoy AN

D HY H* e- Vv
(H") (H°)
There remain three pairs of 3*,,(H*) and 3*,,(H") plus
three families of 3,,(quark) and 3*,(lepton)

Weak and Strong CP, Axions and DM USA 2011 11775




Thus, there appears the Levi-Civita symbol and two epsilons are
appearing, in SU(3),, space, a, b, ¢ and in flavor space, |, J, ...

Therefore, in the flavor space the H -H,; mass matrix is antisymmetric and
hence its determinant is zero.

Introduction of flavor in the Higgs sector:
Lee-Weinberg SU(3)-weak gives

3*-3*-3* SU(3)-weak singlet = antisymmetric gives
antisymmetric bosonic flavor symmetry (SUSY)!
and one pair of Higgs doublets is massiess.

Weak and Strong CP, Axions and DM USA 2011 12175




The hierarchy of SUSY partner masses are

q1.2: 11,2 aslis q12. 02

FIG. 4 The first two family slermion(§iz.01,2) mass dia-
gramns. The SUSY breaking from dprimino sector is shown
EER

.
,m,

l’j";{. |f;{. ||I.Ir“_r.' l’_f;{. |r;:;. .Ir-url_-_r_n f;';{ . |'i;{. .Irlrh-_,-l'

FIa, & 'I'he mas= diagram= for the third Tamily
sfermion(ga. f2) and Higes bosons. The SUSY breaking from
the SM gauginos are shown as .

Weak and Strong CP, Axions and DM USA 2011 13175



1. In fact, this kind of model is already present in

string compactification. [JEK, plb 656, 207 (2007)
[arXiv:0707.3292]]

2. One Higgs doublet pair.

3. Quantum numbers of extra U(1)’ charges as needed
in the U(1)" mediation.

vﬂa J E Kim Weak and Strong CP, Axions and DM USA 2011




Conclusion

Here, | talked a few topics beyond the SM paying attention
to my recent papers.

1. A useful suggestion for the CKM matrix.
2. Weak CP and strong CP, and axions.

3. Thereis no Z’ below 10 TeV from EB6, otherwise our
wisdom to the standard model is in trouble.

4. U(1)" mediation possible consistent with the recent LHC
data. For example, in flavor unification models, not

in E6 GUT.

Weak and Strong CP, Axions and DM USA 2011 15175




