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1. Introduction

@ Motivation

Top forward asymmetry(Ars) at Tevatron

acwaré t
back d,/97

A ~ N(t;cost) >0) — N(t;cos0 <0)
p§7"_i§p "B N(t;cos0 > 0) + N(t;cos < 0)

forward
¢ :

0.42 £0.158 (CDF, dilepton channel)

0.158 £0.074 (CDF, lepton+jets channel)
App =
0.19 + 0.065 (DO, lepton+jets channel)

Arp = 0.058 4 0.009




1. Introduction

@ Motivation

Top forward asymmetry(Ars) at Tevatron

t
backward / N (t;cos6 >0) — N(t;cos < 0)
(9 AFB — X771 - AN AT . A A

p§7"_i§p N(t;cos > 0) + N(t;cosf < 0)
7 forward

{ 0.158 £0.074 (CDF, lepton+jets channel)
App =

0.42 £0.158 (CDF, dilepton channel)
0.19 + 0.065 (DO, lepton+jets channel)

New particle?

Arp = 0.058 4 0.009




Candidates for ArB

@ colored spin-1 (axigluon, coloron, Kaluza-Klein
gluon, etc.) exchange in the s-channel

@ color ftriplet or sextet in the u-channel
@ light Z' exchange or W' in the f-channel

@ color-singlet scalar exchange in the t-channel
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Z' for ArB

@ Z' with large (u,t) gauge coupling

Jung, Murayama, Pierce, Wells’ model PRD81,015004 (2010)

& How ge'l' the Z'? —Gauged U(1)" Flavor Symmetry
@ Are Yukawa couplings realistic? —Require extensions !

@ Same-sign top at LHC excludes the Z'!



QOur models

@ Flavor-dependent U(1) charge assignment for
the t-channel “\,/t

e 0
@ Extra Higgs doublets required for realistic
fermion mass matrices [ o

@ Z' scenario is revived by Gauge + Yukawa !



Our models
@ Flavor-dependent U(1) charge assignment for

the t-channel RS

e ) el
@ Extra Higgs doublets required for realistic
fermion mass matrices [Ui =T

@ Z' scenario is revived by Gauge + Yukawa !

o Wjj signal (CDF reported)

@ Anomaly free, adding extra chiral fermion
—CDM candidates



2. Chiral U(1) flavor models

@ SM gauge symmetries X U(1)" models

@ Z' will be light and coupling g" will be not small

@ U(1)' charges are flavor-dependent and
assigned fo only quarks, which can avoid LEP
bound, Drell-Yang, efc.

SU(8Ys |@Bl2)r & LT wer (il )’
Qi 3 2 1/6 qLi
Dpg; 3 1 —1/3 d;
UR@' 3 1 2/3 U,
L; 1 2 —1/2 0
Er; 1 1 —1 0
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gauge couplings in the mass base

Interaction

e i OO [ Uiy UE + q; Diy* DY + ;U Uk + diD}}ﬂ“DiR}

mass base: g'Z* [(g}f)z](]’zfyuﬁi (92)i; Dsv, DY + (9%)isUs7, UL + (g )Z]D}QWHDJ}

tree-level contributions to FCNC
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(1,2) element ~0.22*(qL1-qL2)



gauge couplings in the mass base

Interaction

e 97, [ Uiy UE + q; Diy* DY + ;U Uk + diD}}ﬂ“DiR}

mass base: g’ Z* [(g}f)wﬁzfyuﬁi (g )ZJD}J%LD‘}J Sy ’ iUy, UL + (g )ZJD}%%LDJ}

tree-level coéribu’rions

D° — DO K" — KO K — KO
ArB BY — BoO Arp BY — Bo
BS_B_S BS_B_S

CKM matrix requires sizable mixing
(1,2) element ~0.22*(qL1-qL2)

In order to avoid the strong constraints from FCNC,
only right-handed up-type quarks are charged.



Examples

SU®). [ SU@s [ UMy | U@
Q. 3 2 1/6 0
L. 3 1 1A
UR@' 3 1 2/3 U,

@ We can consider many cases.

@ (ul,u2,u3)=(0,0,1)

@ (ul,u2,u3)=(-1,0,1)

(2HDM)

(3HDM)

@ Right-handed mixing of up quarks must be controlled,

Dy = (R")i; Dy,

depend on Yukawa

u

(IR

)is = (Ru)ixun(Ry)},  SMall (u,c) for DO

large (u,t) for Ars



Yukawa Couplings

@ Flavor-dependent chiral U(1) requires
extension of Higgs sector for realistic mass

matrices and renormalizability.

y%@ﬁURj
U(1)’ charge: 00 uy

—

U(1)" symmetry forbids
the Yukawa couplings

@ Add extra Higgs charged under U(1)".
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Yukawa Couplings

@ Flavor-dependent chiral U(1) requires
extension of Higgs sector for realistic mass
matrices and renormalizability.

Yi; Qi1 Ur; U(1)’ symmetry forbids
U(1)’ charge: 00 u; w=ap| the Yukawa couplings

@ Add extra Higgs charged under U(1)".

@ (ul,u2,u3)=(0,0,1)
v QiHUR1 + y%Q:HUgs + y?ﬁ@fm
U(1)" charge: 000 000 ity L |
@ (ul,u2,u3)=(-1,0,1)

yé‘@@Um + Y3 QiHUgs + y;,%RS

U(1)" charge: (0 T s 000 o



@ (ul,u2,u3)=(0,0,1)
y;ﬁ@ﬁURl -+ yf’z@ﬁUm + yi4Q:H3URrs

SUB). | SU2)L | UQ)y | UQ)
H 1 2 1/2 0
H, 1 2 1/2 1
o 1 1 0 1

3 neutral scalar
+
1 pseudo-scalar
+
1 charged Higgs pair
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@ (ul,u2,u3)=(0,0,1)
y;ﬁ@ﬁUm + y;’uz@ﬁURQ + yi4Q:H3URrs

SUB). | SU@2)r | Uy | UQ)
H 1 2 T 0
H; 1 2 1/2 1
o 1 1 0 1

3 neutral scalar
+
1 pseudo-scalar
+
1 charged Higgs pair

Flavor changing through Yukawa interaction
@ (ul,u2,u3)=(-1,0,1)

vt Qi;H1Ur1 + ysQ; HURs + yi5Q; H3Ugs

SU@B). | SUR2)e | O LU (1)
;[ 2 TpRe )
PR | > T e
il > 1/ 1
() 1 1 0 1

4 neutral scalar
+
2 pseudo-scalar
+
2 charged Higgs pair

Flavor changing through Yukawa interaction




Yukawa couplings in the mass base

@ (ul,u2,u3)=(0,0,1) — ™ s
YL QiHUR) + y%Q:HUgy + Y15 Qi HsUgs

Y4ULiUgih — Y4~ DUk~ — iY2“Ur;Ugja

A N
- Y L N e - )
m; u : 2/ 2m¥ m;
: gp)iisin(a — B) cos . L (L uy _ L wy. .
US].HQB( R) J ( ) ¢ 'USiHZB (gR)l] USlIlQﬁ (gR) J
\_ J . s \_ W

large (t,u) are possible in the both gauge and Yukawa




assumption (gauge coupling)

0 —et(01-03) gipn 20
0 0
cos 26

my sin 20e~*(81 =93>

vSin ABo WoT,

W




3. Phenomenology

@ Ars in our models:

@ Z' and neutral scalar light (around top mass.)

@ pseudo scalar and charge Higgs are heavier

@ Yukawa and gauge couplings have large (tu) elements

® related constraints from collider:

& 11 cross section
@ same-sign top

@ dijet search

o top decay

@ single top



3. Phenomenology

@ Top forward-backward asymmetry (Ars)

0.158 £0.074 (CDF, lepton+jets channel) ~1.320
Abn =< 042+0.158 (CDF, dilepton channel)  ~2.70
0.19 +£0.065 (DO, lepton+jets channel) ~2.2¢

o mtf

At (my; < 450GeV) = —0.116 +0.153  0.040 £ 0.006

A" (mz > 450GeV) = 0.475 £0.114  0.088 £0.013 ~3.40

@ tt cross section
o(tf) = (7.5 & 0.48)pb




@ tt in our models

Z' exchanging + neutral (pseudo) scalar

Z/

U

mass matrix for up sector

ULz' ijURj

f assumptfion § e §

(tu) elements
in Z" and (pseudo) scalar.

element (d,t)
in charged Higgs.




@ same-sign top @CMS

CMS, 1106.2142

CMS L,,=35pb ' Ns=7TeV

The upper bound on the same-sign top

o(tt) < 17pb

consistent with A__, Berger et al.

consistent with A_,, Berger et al.

200 400 o600 800 1000 1200 1400 1600 1800 2000
m,. (GeV)

@ In our models,
U

4 h,a

U t u

Interference can evade the strong bound!



@ Dij €'|' bOUﬂd Fan, Krohn ,Langacker, Yavin, 1106.1682

an extra resonance couples fo the quarks: bound from DD — ]

Tevatron Dijet Limits

2000
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20

200 300 400 500
Mz(GeV)

assumption in our models

Mz < 200GeV



@ Top decay

decay into W+b in SM : Br(t—=Wb)~100%.

assume Br(t #Z'u)<5% and Mmyp > My .

11l 7= 145 or 160 GeV and 711}, =180 GeV.

Heavy higgs is excluded by LHC.

From Korytov and Cranmer’s talks, EPS-HEP 2011

The bounds are weaker because new decay channels are open.

h—tu

h — ® — anything



@ Single top production

DO DO, 1105.2788 In the SM,
O‘(pﬁ = tbq) = 2.90 £ 0.59pb o(pp — tbq)sy = 2.26 = 0.12pb
CMS  cwms, 1106.3052




@ Z' dominant case ((t,u) gauge coupling vs Z' mass)

guark decay

B asymmetry
same sign top
total cross section

= Jung, Murayama, Pierce, Wells’ model PRD81,015004 (2010)

Many models are excluded by the same-sign top!



@ lightest scalar (h) dominant case ((tu) Yukawa vs h mass)

CMS+ATLAS

op quark decay

FB asymmetry

same sign top

('l',U) elem en+ total cross section

of Yukawa

= Babu, Frank, Rai’s model 1104.4782

Many models are excluded by the same-sign top!



@ lightest scalar (h) and pseudo-scalar (a) dominant

CMS+ATLAS

(t,u) element m =300 GeV

f Yukawa
2 Y =1.1

m, =300 GeV
Yy, =11

top quark decay
FB asymmetry
same sign top
total cross section

The same-sign top could be
relaxed by pseudo-scalar!



(% Z,-I-h case ((tu)of gauge vs (tu) of Yukawa) @mz'=145GeV

m, =145 GeV

top quark decay —
FB asymmetry m, 180 GeV

(tu) element same sign top
of Yukawa

\ total cross section

Interference can relax the strong bound!



(% Z,-I-h-l-d casSe ((tu)of gauge vs (tu) of Yukawa) @mz'=145GeV

m, =145 GeV

top quark decay
FB asymmet m, =180 GeV
same sign top

('l',U) elemen+ total cross section m = 300 GeV

allowed region
of Yukawa
Y =1.1

A, =0.084 ~0.12

allowed region
(Yiu, ag) ~ (1, 0.01)  emz-145Gev



(% Z,-I-h-l-d case ((tu)of gauge vs (tu) of Yukawa) @mz'=160GeV

m, =160 GeV

FB asymmetry
same sign top m, =180 GeV
total cross section =

('l',U) element allowed region m_ =300 GeV
of Yukawa /

Ye=1.1

A, =0.084 ~0.12

allowed region
(Yiu, az) ~ (1, 0.012)  @mz=160Gev



2008 Yy =11
a,=0.01, =1,
0=0.012, Yy

tu=1 1




WJJ signal

@ CDF reported Wjj excess.

o)
o
(=)

2indLs 78. 1
 windgg 78.2281 e T -

—— QGaussian 2.3%
Bl WW+WZ 4.2%
N W+Jets 72.1%
E51 Top 13.3%
B Z+jets 2.7%
[-1QCD 5.1%

(8 GeVic?)

)
o
o 1
Events/(8 GeV/c?)

Events/

L
o
]
]
i
|
]
]
i
|
A

M, [GeV/c?] M, [GeV/c?]

4.1 sigma deviation with 7.3 fb-1.

assume an additional Gaussian peak.
o(pp > WX) x Br(X — jj) ~4 pbwith mx ~ 145 GeV.

no evidence for anomalous, resonant production of dijets at DO.



WJJ signal
In our U(1)’ Flavor Models,

left-handed
§—">—" W

Z' h

right-handed

L=—g'mwsin2Bh™W~"Z +hc. (2HDM)

m, =145 GeV
m., = 270 GeV

o(W37) < O(10)pb x sin® 23



4. Cold Dark Matters

@ Leptophobic U(1) symmetry is usually anomalous

® We have to add extra chiral fields: extra
generation (for U(1)’ sum=0), two SM vector-like

pairs ((for U(1)y U(1)"?)

SU(3) U(l)y U(1)’
Q 3 1/6 | —(q1+ g2+ g3)
D% 5 —1/3 | —(dy +da + ds)
U}{ 3 2/3 —(u1 ol —|—’LL3)
i 1 —1/2 0
E 1 | 0

This set gives
U(1) = SU(3)AU(1) = T erasis—1
but

U(1)yU(1)? £ 0



4. Cold Dark Matters

@ Leptophobic U(1) symmetry is usually anomalous

® We have to add extra chiral fields: extra
generation (for U(1)" sum=0), two SM vec’ror like

pairs {(for U(1)y U(1)"?)

A 4 UG, [SU0). [ UMy [T

SU(3 Ty Ty o ] 2 S O

Q' 3 1/6° | ~(n + giiags) lR1 1 2 D OR
l;}z 3 —1//3 —((dl +d2—|—d3)) e 1 9 S

: 3 2/3 —(uy + us + us i G
Il 1/ 0 i : - Bl n
E’ It T, | 0 Or

This set gives SUB). [ 8U@), [ UMy | Uy
o 2 11 2 / qri 3 1 i QL
U1y = SUGB)2U1) = U1)2U(1) =0 p | o
but PR T 1 &0,
U(1)yU(1)"” £ 0 qr2 3 1 —1/3 | —Qr




4. Cold Dark Matters

SU(2) doublet case

SUB). | SU@2)L | UQ)y | UL
e 1 2 =12 [
b 1 2 1/2 [ O
e 1 2 R )
i 1 2 L g

2 neutral + 2 charged pairs

Uiy (g 4=

U(1)" forbids the mixing

with SM fileds

stable charged and neufral

radiative correction make

charged heavier and
neutral becomes CDM

or

SU(3) triplet case

SUG). [ SU@L [Ty | 00y
qr1 3 1 —1/3 QL
qR1 3 1 by Al 0
qr.2 3 1 —1/3 —Q
qR2 3 1 L S )




4. Cold Dark Matters

SU(2) doublet case

SUB) | SUQ2)r | ULy | U
T 1 2 =R e
Im 1 2 L1/2 | On
e 1 2 Z T O
i 1 2 SRDR

Uiy (g 4=

2 neutral + 2 charged pairs

U(1)" forbids the mixing
with SM fileds

stable charged and neufral

radiative correction make
charged heavier and
neutral becomes CDM

or

SU(3) triplet case

SUG). [ SU@L [Ty | 00y
qr1 3 1 —1/3 QL
qR1 3 1 by Al 0
qr.2 3 1 —1/3 —Q
qR2 3 1 L S )

U(1)" forbids the mixing
with SM fileds

stable colored particles

adding U(1)’ charged scalar, X

N X "Driqr1 + X\iXDriqrs

X is CDM




5. Summary and Comments

@ Construct complete U(1)’ models
where RH up-type quarks are charged.

@ require extra Higgs charged under U(1) for
realistic mass matrices and renormalizability.

@ Interference between Z’, h, and a contribute Ars
and evade strong bounds from top physics.

@ W] Is achieved by charged Higgs

@ require chiral fermions for anomaly free —CDM



5. Summary and Comments

® How about theoretical motivations?

@ Our flavor symmetry may be used to explain SM Yukawa textures, such
as Froggatt-Nielsen(FN). But we have to consider very specific textures
((u) element is large) to avoid FCNC bounds and realize large Ars. It
may not be easily compatible with the solution of the hierarchy ......

® Ofther constraints

@ EWPT: Z and Z' mix each other. It will strongly constrain Z' coupling,
mass and tan (.

o explicit FCNC constraints from B; — By, B, — B,, Ko — Ko, Dy — Dy.

@ against the Higgs bound from LHC



