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Top AFB at Tevatron

• AFB in top pair production : one of the most interesting quantities.

h t h CP ti i d- charge asymmetry when CP conservation is assumed.

backwardbackward

• Symmetric under charge conjugation at LO in the SM.

forward

Symmetric under charge conjugation at LO in the SM.

• At NLO, the interference of processes that differ under charge 
conjugation leads a small forward-backward asymmetry.

(MCFM)
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Top AFB at CDF
CDF, 1101.0034

• CDF(2011) : lepton+jets channel (5.3 fb-1)

~ 1.32σ

• SMCDF SMCDF

•

~ 3.4σ
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 3.4σ

(See the talk by H.Kim and S.Choi.)



Top AFB at CDF

• CDF (2011) : dilepton channel

From Hyunsoo Kim’s talk,Tev2011
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Top AFB at D0 From Regina Demina’s talk,EPS-HEP 2011

• Using 5.4 fb-1 of data in the lepton+jets channel 

Generator Level

~ 2.2σ

• consistent with CDF in the generator level. 
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g

• no convincing evidence for the dependence on       .ttm



SM prediction at NLO+NNLL Ahrens,Ferroglia,Neubert,Pecjak,Yang,PRD84

NLO

FB
ttA FB ( 450 GeV)tt

ttA M  FB ( 450 GeV)tt
ttA M 

0.67
0 547.14 0.4

0 45.3 1.0
0 610.4

(In units of %)

NLO
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dependencett
TP

D0 di ith MC@NLO• D0 disagrees with MC@NLO.

• changes sign at ~ 20 GeV. 

• the asymmetry would be 
enhanced if the data are lost 
t hi h T

• disagreement between MC 

at high pT.
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generators.



EW contributions Kühn, Rodrigo, 1109.6830

• reanalyze electromagnetic as well as weak corrections.y g

- enhancement of AFB by about a factor 1.1.
• restrict the      system to a transverse momentum < 20 GeV.tt

- enhancement of AFB by factors between 1.3 and 1.5.

FB
ttA FB ( 450 GeV)tt

ttA M  FB ( 450 GeV)tt
ttA M (In units of %)

SM

MCFM
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MCFM

CDF
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New models

• flavor dependent.

, ,Z W  

• challenging to 
construct a realistic 

d lmodel.
- anomaly free, 

renormalizable, 
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realistic Yukawa 
couplings. 



Wjj excess at CDF From Punzi’s talk, Blois 2011

• 4.1 sigma deviation with 7.3 fb-1.

• ~4 pb with GeV

• assume an additional Gaussian peak.

145Xm 
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4 pb with               GeV.X

(See the talks by Eichten, Song, H.Kim.)



Wjj at D0
D0, 1106.1921

• no evidence for anomalous, resonant production of dijets.

• upper limits for the dijet production : 1 9 pb for mjj = 145 GeV (95% C L )upper limits for the dijet production : 1.9 pb for mjj  145 GeV (95% C.L.).

• reject the hypothesis of a cross section of 4 pb at the level of 4.3 s.d. 
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Wjj at ATLAS
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s-channel resonance? Fan, Krohn ,Langacker, Yavin, 1106.1682

• a broad excess in the region around Mlνjj ~ 270 GeV?

• difficult to derive any conclusion on an s-channel resonance.
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Flavor dependent U(1)′Model

• many studies for a relatively light Z′ gauge boson with mass ~ 150 GeV.

• the Z′ is associated with some U(1)′ gauge symmetry.

• better be leptophobic to avoid the LEP II and Drell-Yan bounds.p p

• approximately lighter than 200 GeV from the dijet production in the UA2 
experimentsexperiments. 

• difficult to assign flavor-dependent charges to down-type quarks due to 
f C C

• Yukawa interactions : additional Higgs fields.

the strong constraints from FCNC experiments. (See the talk by Ligeti.)

• a flavor-dependent leptophobic U(1)′ : anomalous. 
- introduce additional fermions to cancel the gauge anomalies. 

gg
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• Both Z′ and Higgs fields affect the top AFB and Wjj production.



Flavor dependent U(1)′Model

• Charge assignment : SM fermions

Left-handed quarks and right-
handed down-type quarks have 
universal couplings.

Flavor-dependent
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Higgs



Flavor dependent U(1)′Model

• Charge assignment : Higgs fields

• introduce three Higgs doublets charged under U(1)′ in addition to H 
uncharged under U(1)′.
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• The U(1)′ is spontaneously broken by U(1)′ charged complex scalar Φ.



Flavor dependent U(1)′Model

• Anomaly cancelation requires extra fermions I: SU(2) doublets

one extra 
generationg

SU(2)L2∙U(1)£

t likvector-like 
pairs

U(1)′ 2 U(1)
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U(1) 2∙U(1)

a candidate for CDM (See the talk by Omura.)



Flavor dependent U(1)′Model

• 2 Higgs doublet model : 1 2 3( , , ) (0,0,1)u u u 

∝ the fermion mass
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∝ the fermion mass



Flavor dependent U(1)′Model

• 3 Higgs doublet model: 1 2 3( , , ) ( ,0, )u u u q q 
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Flavor dependent U(1)′Model

• Gauge coupling in the mass base

Z′ i t t l ith th i ht h d d t k- Z′ interacts only with the right-handed up-type quarks

- The 3 X 3 coupling matrix       is defined by  
biunitary matrix diagonalizing
th t k t ithe up-type quark mass matrix
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Flavor dependent U(1)′Model

• Yukawa coupling in the mass base (2HDM)

- lightest Higgs h:lightest Higgs h:

- lightest charged Higgs h+:

lightest pseudoscalar Higgs a:- lightest pseudoscalar Higgs a:
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Top-antitop-quark pair production at Tevatron

1. Z′ dominant scenario

cf Jung Murayama Pierce Wells PRD81(2010) Z h a

2 Higgs dominant scenario

cf. Jung, Murayama, Pierce, Wells, PRD81(2010) , ,Z h a

2. Higgs dominant scenario

cf. Babu, Frank, Rai, 1104.4782

2( ) , ,
4

u
aRut

X tu tu
g g Y Y






3. Mixed scenario

Z 
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Top quark decay

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

• If the top quark decays to          or         , Br(t→Wb) might significantly 
be changed.   

Z u  h u

• assume Br(t →Z′u)<5% and             . h tm m
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• = 145 or 160 GeV and      =180 GeV. 'Z
m hm



Same sign top quark pair production at LHC
CMS, 1106.2142

Top FCNC

Interference between Z′ and scalar and pseudoscalar Higgs bosons

Can avoid this constraint?
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• Interference between Z′ and scalar and pseudoscalar Higgs bosons.



Favored region
Z′ dominant case

26
= Jung, Murayama, Pierce, Wells’ model PRD81,015004 (2010)



Favored region
Scalar Higgs (h) dominant case

27
= Babu, Frank, Rai’s model 1104.4782



Favored region
scalar (h) + pseudoscalar (a) Higgs case

300 GeVam 

1.1a
tuY tu
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Favored region
Z′+h case

145 GeVZm  

180 GeVhm 

300 GeVam 

1.1a
tuY tu
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Favored region
Z′+h+a case

145 GeVZm  

180 GeVhm 

300 GeVam 

1.1a
tuY tu

FB 0.084 ~ 0.12A 
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AFB versus σtt

145 GeVm 145 GeVZm  

180 GeV< 1 TeVhm 

180 GeV< 1 TeVam 

0.005< 0.025X 

0.5<Y 1.5tu 

0 5<Y 1 5a 0.5<Y 1.5tu 
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AFB versus σtt

145 GeVm 145 GeVZm  

180 GeV< 1 TeVhm 

180 GeV< 1 TeVam 

0.005< 0.025X 

0.5<Y 1.5tu 

0 5<Y 1 5a 0.5<Y 1.5tu 
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Same sign top pair production at ATLAS

From Blekman’s talk, TOP2011
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AFB versus σtt
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AFB with SM NLO contribution

• In the SM,

LO,F NLO,F LO,B NLO,BSM LO NLO
FB

LO NLO LO NLO

~ 8.7%.A
     

   
     

 
 

• In our calculation, 

New LO NEW LO NEW
FB

LO NEW LO NEW

( ) ~ 12%.
( )

KA
K
   
   

     
 

 LO NEW LO NEW( )   

• Consider both contributions of NLO and New physics,

SM New
FB FB FB / ~ 18%.A A A K 
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AFB versus σtt
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W+jj anomaly and flavor dependent U(1)′ model

• Since the Z′ boson and Higgs boson dominantly couples to the right-
handed top quark, their contributions to the W+jj production are small. 

left-handed

~small~small

• Charged Higgs boson may contribute to the W+jj anomaly?

right-handed

< 0.15 pb
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W+jj anomaly and flavor dependent U(1)′ model

145 GeVZm  

270 GeV
h

m  
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More general case
140 GeV <  < 1.5 TeVZm 
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More general case
140 GeV <  < 1.5 TeVZm 
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More general case
140 GeV <  < 1.5 TeVZm 
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Conclusions

• construct a compete U(1)′ model where the right-handed up-type quarks 
in the standard model are charged.   

• require extra Higgs charged under U(1)′ for a realistic model.

• requires extra chiral fermions for anomaly cancellation → CDM.

• Interferences between Z′, h, and a reduce the rate for the same sign top 
pair production

• The CDF W+jj excess may be resolved by the WZ′ production through a 

pair production.

jj y y p g
charged Higgs mediation.

42Thank you.



Backup slides
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Single top quark production

, ,Z h a

• D0 D0, 1105.2788 In the SM,

( ) 2.90 0.59 pbpp tbq    ( ) 2.26 0.12 pbpp tbq   

• CMS CMS, 1106.3052

( ) 83.6 29.8 3.3 pbpp tbq     2.1 1.5
0 7 1 7( ) 64.3  pbpp tbq  
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( ) ppp q 0.7 1.7( ) ppp q  



Forward-backward asymmetry
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Flavor dependent U(1)′Model

• Anomaly cancelation requires extra fermions II: SU(3)c triplets

• introduce the singlet scalar X to the SM in order to allow the decay of 
the extra colored particles.

did t f CDM
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a candidate for CDM



AFB versus σtt

145 GeVm 
am , , a

h tu tum Y Y X

145 GeVZm  

180 GeV< 1 TeVhm 

180 GeV< 1 TeVam 

0.005< 0.025X 

0.5<Y 1.5tu 

0 5<Y 1 5a 0.5<Y 1.5tu 

47



Favored region
Z′+h+a case

160 GeVZm  

180 GeVhm 

300 GeVam 

1.1a
tuY tu

FB 0.084 ~ 0.12A 
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New models From Saavedra’s talk, TOP2011
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Dilepton production at ATLAS
ATLAS, 1108.1582
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• excludes the Sequential SM Z' lighter than 1.83 TeV.



Higgs search at LHC From Korytov and Cranmer’s talks, EPS-HEP 2011

• =180 GeV : conflict with Higgs mass bounds at CMS and ATLAS? hm

Th b d k b d h l
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• The bounds are weaker because new decay channels are open. 
, anythingh tu h 



Same sign top quark pair production at LHC

Berger et al, 1101.5626
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Top AFB at Tevatron

C=-1

interference

C=+1

interference
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Top AFB at Tevatron
CDF, 1101.0034
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Flavor-changing neutral currents

• FCNCs are suppressed in the SM (GIM mechanism).

• FCNCs between down-type quarks and up-charm quarks

• probe of new physics. 

• FCNCs between down-type quarks and up-charm quarks.

0 0 0 0 0 0, , ,s sK K B B B B D D    mixing.

• top quark : no bound state.

s s

• Which processes are proper for the test of the top FCNC? 

55top decay same sign top pair production



Top AFB at CDF
From Hyunsoo Kim’s talk,Tev2011
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Wjj excess at CDF

• with data of 4.3 fb-1.
CDF, PRL104, 101801 (2011)

• diboson channel.

• background of the Higgs boson search.

• no significant excess for WW or WZ.

confirmed by D0- confirmed by D0.

• increase the jet ET threshold from 20 GeV to 30 GeV.T

- interest in a higher mass range.
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Prediction for LHC charge asymmetry

From Saavedra’s talk, TOP2011
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Dijet production
Fan, Krohn ,Langacker, Yavin, 1106.1682

• an extra resonance couples to the quarks : bound from              .pp jj

59

• assume                 GeV and                  GeV. ' 200Zm  270
H

m  


