
Ian-Woo Kim
University of Michigan 

with  Kathryn Zurek and  Moira Gresham

 PRD84, 034025 (arXiv:1102.0018)
PRD83,114027 (arXiv:1103.3501) 
PRD85, 104022 (arXiv:1107.4364) 

& 
See the next talk by Sean Tulin (arXiv:1203.1320) 

 

PHENO 2012
May 7, 2012

Tevatron Top        .          
vs

LHC Top Physics

AFB

Tuesday, May 8, 2012



Bye-Bye, Tevatron !

Tevatron : History of Top physics 

Tevatron is rest in peace in 2011

Top quark discovery (1995)

Show must go on with LHC!

Single Top (2008)
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incoming proton

forwardbackward

(# forward tops) - (# backward tops)

total # of tops
=

outgoing top

outgoing anti-top

incoming anti-proton
d̄

ūu
u
d

At
FB

ū

σLHC = O(100) pb

σTEV = 7.5 pb

Top FB Asymmetry
We already produced O(10^5) top pairs.

Top flavor physics is relatively unconstrained.

Top physics may be a window to the origin of EWSB.

Att̄ =
N(∆y > 0)−N(∆y < 0)
N(∆y > 0) + N(∆y < 0)

 (    CM frame)tt̄

Att̄(mtt̄,i) =
N(∆y > 0, mtt̄,i)−N(∆y < 0, mtt̄,i)
N(∆y > 0, mtt̄,i) + N(∆y < 0, mtt̄,i)

Mass-dependent “differential” asymmetry: 
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−0.116± 0.146± 0.047 0.475± 0.101± 0.049

mtt̄ < 450 GeV mtt̄ > 450 GeV

CDF unfolded parton-level  At
FB

3.4σ level discrepancy from SM

SM has FB asymmetry at NLO

0.040± 0.006 0.088± 0.013

mtt̄ < 450 GeV mtt̄ > 450 GeV

New physics effects easily come in at Tree Level. 

2011 Result Summary
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The Mtt̄ dependent asymmetry is compared to the NLO prediction in Fig. 7 and Table V. These are bins of

50 GeV/c
2

below 600 GeV/c
2
, then a 100 GeV/c

2
bin, then an overflow bin. The data and prediction are again

approximately linear, and we find the best fit line as before. The data is described by a line with χ2
pdf = 0.25 and

a slope αMtt̄
= (8.9 ± 2.3) × 10−4 compared to a prediction of 2.2 × 10−4. Figure 8 and Table VI show the same

data and fit in the four bin choice that will later be used in deriving our parton level results.

CDF Run II Preliminary L = 8.7 fb
−1

Data NLO (QCD+EW) tt̄ + Bkg.

Mtt̄ AFB (± stat.) AFB

< 400GeV/c
2

-0.006 ± 0.031 0.012

400− 450GeV/c
2

0.065 ± 0.040 0.023

450− 500GeV/c
2

0.118 ± 0.051 0.022

500− 550GeV/c
2

0.159 ± 0.069 0.041

550− 600GeV/c
2

0.118 ± 0.088 0.066

600− 700GeV/c
2

0.273 ± 0.103 0.065

≥ 700GeV/c
2

0.306 ± 0.136 0.107

Data NLO (QCD+EW) tt̄ + Bkg.

Slope αMtt̄
of Best-Fit Line (8.9± 2.3)× 10

−4
2.2× 10

−4

TABLE V: Measured and expected asymmetries as a function of Mtt̄.
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FIG. 8: Alternative binning of AFB as a function of Mtt̄ (left) and the same distribution with a best-fit line superimposed

(right).

CDF Run II Preliminary L = 8.7 fb
−1

Data NLO (QCD+EW) tt̄ + Bkg.

Mtt̄ AFB (± stat.) AFB

< 450GeV/c
2

0.021 ± 0.025 0.017

450− 550GeV/c
2

0.133 ± 0.041 0.029

550− 650GeV/c
2

0.161 ± 0.072 0.063

≥ 650GeV/c
2

0.308 ± 0.108 0.096

Data NLO (QCD+EW) tt̄ + Bkg.

Slope αMtt̄
of Best-Fit Line (8.9± 2.6)× 10

−4
2.4× 10

−4

TABLE VI: Measured and expected asymmetries as a function of Mtt̄ with alternative binning.
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FIG. 6: AFB as a function of |∆y| (left) and the same distribution with a best-fit line superimposed (right).

CDF Run II Preliminary L = 8.7 fb
−1

Data NLO (QCD+EW) tt̄ + Bkg.

|∆y| AFB (± stat.) AFB

0.0 - 0.5 0.021 ± 0.029 0.007

0.5 - 1.0 0.047 ± 0.036 0.028

1.0 - 1.5 0.208 ± 0.051 0.057

≥ 1.5 0.216 ± 0.087 0.089
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Slope α∆y of Linear Fit (15.0 ± 4.5)× 10
−2

5.1× 10
−2

TABLE IV: Measured and expected asymmetries as a function of |∆y|.
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FIG. 7: AFB as a function of Mtt̄ (left) and the same distribution with a best-fit line superimposed (right).

AFB(Mtt̄) =
NF (Mtt̄)−NB(Mtt̄)
NF (Mtt̄) + NB(Mtt̄)

(3)
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The Mtt̄ dependent asymmetry is compared to the NLO prediction in Fig. 7 and Table V. These are bins of

50 GeV/c
2

below 600 GeV/c
2
, then a 100 GeV/c

2
bin, then an overflow bin. The data and prediction are again

approximately linear, and we find the best fit line as before. The data is described by a line with χ2
pdf = 0.25 and

a slope αMtt̄
= (8.9 ± 2.3) × 10−4 compared to a prediction of 2.2 × 10−4. Figure 8 and Table VI show the same

data and fit in the four bin choice that will later be used in deriving our parton level results.
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TABLE V: Measured and expected asymmetries as a function of Mtt̄.
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FIG. 8: Alternative binning of AFB as a function of Mtt̄ (left) and the same distribution with a best-fit line superimposed

(right).

CDF Run II Preliminary L = 8.7 fb
−1

Data NLO (QCD+EW) tt̄ + Bkg.

Mtt̄ AFB (± stat.) AFB

< 450GeV/c
2

0.021 ± 0.025 0.017

450− 550GeV/c
2

0.133 ± 0.041 0.029

550− 650GeV/c
2

0.161 ± 0.072 0.063

≥ 650GeV/c
2

0.308 ± 0.108 0.096

Data NLO (QCD+EW) tt̄ + Bkg.

Slope αMtt̄
of Best-Fit Line (8.9± 2.6)× 10

−4
2.4× 10

−4

TABLE VI: Measured and expected asymmetries as a function of Mtt̄ with alternative binning.

Significantly lowered AFB

New Result from CDF CDF Note 10807
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On the LHC side...

Not a significant deviation from standard model at ~ 1 fb^-1
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How to Generate AFB

You can refer to...
Sehgal, Wanninger(1988), Bagger, Schmidt, King (1988), Ferrario, Rodrigo (2009), Frampton, Shu, 
Wang (2009), Chivukula, Simmons, Yuan (2010), Djouadi, Moreau, Richard, Singh (2010), Bauer, 
Goertz, Haisch, Pfoh, Westhoff (2010), Alvarez, Da Rold, Szynkman (2010), Chen, Cvetic, Kim 
(2010) Bai, Hewett, Kaplan, Rizzo (2011), Foot (2011),  1103.1266, 1103.1940, Zerwekh 
(2011) , Shu, Wang, Zhu (2011), Alvarez, Da Rold, Vietto, Szynkman (2011), 1103.0956,  Tavarez, 
Schmaltz (2011), Aguilar-Saavedra (2011), Jung, Murayama, Pierce, Wells (2009), Cheung, Keung, 
Yuan (2009) Shu, Tait, Wang (2010), Arhrib, Benbrik, Chen (2010), Dorsner, Fajfer, Kamenik, 
Kosnik (2009), Barger, Keung, Yu (2010), Xiao, Wang, Zhu (2010), Cheung, Yuan (2010), Shelton, 
Zurek (2011), Berger, Cao, Chen Li, Zhang (2011), Grinstein, Kagan, Trott, Zupan (2011), Patal, 
Sharma (2011),  Craig, Kilic, Strassler (2011), Ligeti, Tavares, Schmaltz (2011),  Jung, Pierce, Wells 
(2011),  Nelson, Okui, Roy (2011), Duraisamy, Rashed, Datta (2011), Gabrielli, Raidal (2011), 
Jung, Ko, Lee, Nam (2009), Cao, Heng, Wu, Yang (2010), Cao, McKeen, Rosner, Shaughnessy, 
Wagner (2010), Jung, Ko, Lee (2010), Choudhury, Godbole, Rindani, Saha(2010), Jung, Ko, Lee, 
Nam (2010),  Delaunay, Gedalia, Hochberg, Perez, Sereq (2011), Gresham, IWK, Zurek (2011), 
Grinstein, Kagan, Zupan, Trott (2011) ... 
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How to Generate AFB

• s-channel exchange

• t-channel exchange

• top decay/production mode change

• effective operator

• ...
Jung, Ko, Lee (2010)

Jung, Murayama, Pierce, Wells (2009), Cheung, Keung, Yuan (2009), 
Shu, Tait, Wang (2010),  Barger, Keung, Yu (2011),  Ko, Omura, Yu (2011), ...

Axigluon :  Sehgal, Wanninger(1988), Bagger, Schmidt, King (1988), Ferrario, Rodrigo (2009), Frampton, Shu, Wang (2009), 
                               Chivukula, Simmons, Yuan (2010) ....

Tuesday, May 8, 2012
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nonzero axial couplings

M

t

t̄q̄

q

S-channel Models

• color octet vector (with maximally axial couplings to 
light quarks and to top quarks) aka an axigluon

large mass due to dijet 
resonance/contact interaction 

asymmetry from quantum interference

Model structure is rather fixed.

for simple model

Sehgal, Wanninger(1988), Bagger, Schmidt, King (1988), Ferrario, Rodrigo (2009), Frampton, Shu, Wang (2009), 
                               Chivukula, Simmons, Yuan (2010) ....

q

q̄

G

t

t̄

� 2.5 TeV
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q

q̄

M

t

t̄

T-channel Models

Top flavor-carrying particle
• spin : vector or scalar?
• color : 1,3,6 or 8 ?
• “isospin”?
• Flavor dependence?

small mass to generate large AFB

Asymmetry from kinematics

Rutherford scattering

Relatively unconstrained in top flavor violation

Jung, Murayama, Pierce, Wells (2009), Cheung, Keung, Yuan (2009), 
Shu, Tait, Wang (2010), Barger, Keung, Yu (2011) ....

Possible hints of flavor structure in NP ? 
                    Flavor dependent U(1) : Ko, Omura, Yu (2011)
                    MFV : Grinstein, Kagan, Trott,Zupan (2011)    

See work on Ko,Omura,Yu (2011)
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Jun 9, 2011 Ian-Woo Kim

Caveat :  Interpretation of Parton-level AFB

⇔ Gresham, IWK, Zurek (1103.3501)

η t
o
p

mtt̄

|ηt| < 1Model Dependent Acceptance from Event Selection Cut

Tuesday, May 8, 2012
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Model Survey (High Mass Case)

Model Spin Color SU(2)Y Flavor s-, t-, u-? Comments and References

C1S 0 1 21/2 1 t Only very moderate asymme-

tries achievableO(� 10%). Low

mass (mM � mt) states do

slightly better.

C3S 0 3 14/3 1 u a.k.a. triplet diquark. q = 4/3.
C1V 1 1 10 1 t a.k.a. Z � or W �.
C8V 1 8 10 1 t

F8C1V 1 1 10 8 t, s Flavor breaking only through

up Yukawa.

schanC8V(A,R) 1 8 10 1 s a.k.a. axigluon or coloron. For

2mt < mM � 2TeV, very broad

width required to avoid tt̄ reso-
nance searches.

schanC8V Γ 1 8 10 1 s ∼ 400 GeV broad resonance

via additional scalars. Univer-

sal quark couplings.

Choose promising models from previous study and add more

Gresham, IWK, Zurek (1107.4364)

MFV models (F8C1V) also considered (see Grinstein, Kagan, Trott, Zupan (2011) )
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Pipeline

Model
constructor

Event
Generator

Detector
Simulator

Analysis
Program

8 classes of models, ~700 scan points, 20 benchmark, 
~ O(30) figures for each benchmark

Quite a Big Engineering Problem!
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(b) Detail of client configuration and interaction

FIG. 25: Cluster job queue system setup and interaction.

For inter-process communication, we choose a standard web service interface, since HTTP

protocols are not blocked in the usual firewall setup of a cluster. By standardizing the job speci-

fication interface and each computer configuration, one can achieve flexibility and extensibility in

routine high energy physics jobs. The job queue server retains information for each task for future

documentation, and also effectively dispatches jobs. The web service choice has been superior in

making a good user interface and utilizing common available tools.

Fig. (25) shows our pipeline setup. We develop the system in haskell using Glasgow Haskell

Compiler (ghc) 7.0. The job queue server is supposed to be always on and waiting for new jobs

or new job requests from the client, which can run either in a cluster or on common desktops. If it

runs on a cluster, a bootstrap script called clusteregg automatically installs a ready-made setup

for a job client with MadGraph and the rest of the needed software. Since each job client sends

its configuration when it requests a new job, the job queue server dispatches a new job for which

the client is adequate (for example, if the job client does not have Mathematica, then Mathematica

jobs are not assigned). A client also rechecks whether a job is doable with its current setup, and

finally both parties handshake on the job assignment. After the negotiation, the job client proceeds

with the job according to the job specification from the server, and the job specification and high

energy physics tools are interfaced with pipeline. After the job is finished, a job client sends

its results to the storage server and wipes out the temporary files. Every step of the job status

is reported to the job queue server for monitoring purposes. We will announce details of the

pipeline and jobqueue systems elsewhere soon.
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Pipeline :  Full Automation of Model / Data Comparasion with parallel processing
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FIG. 25: Cluster job queue system setup and interaction.

For inter-process communication, we choose a standard web service interface, since HTTP

protocols are not blocked in the usual firewall setup of a cluster. By standardizing the job speci-

fication interface and each computer configuration, one can achieve flexibility and extensibility in

routine high energy physics jobs. The job queue server retains information for each task for future

documentation, and also effectively dispatches jobs. The web service choice has been superior in

making a good user interface and utilizing common available tools.

Fig. (25) shows our pipeline setup. We develop the system in haskell using Glasgow Haskell

Compiler (ghc) 7.0. The job queue server is supposed to be always on and waiting for new jobs

or new job requests from the client, which can run either in a cluster or on common desktops. If it

runs on a cluster, a bootstrap script called clusteregg automatically installs a ready-made setup

for a job client with MadGraph and the rest of the needed software. Since each job client sends

its configuration when it requests a new job, the job queue server dispatches a new job for which

the client is adequate (for example, if the job client does not have Mathematica, then Mathematica

jobs are not assigned). A client also rechecks whether a job is doable with its current setup, and

finally both parties handshake on the job assignment. After the negotiation, the job client proceeds

with the job according to the job specification from the server, and the job specification and high

energy physics tools are interfaced with pipeline. After the job is finished, a job client sends

its results to the storage server and wipes out the temporary files. Every step of the job status

is reported to the job queue server for monitoring purposes. We will announce details of the

pipeline and jobqueue systems elsewhere soon.

45

Tuesday, May 8, 2012



Χ2�d.o.f � 1
Σ�8.178 pb

Χ2�d.o.f � 1
Σ�8.996 pb

Χ2�d.o.f � 1
Σ�9.405 pb

Χ2�d.o.f � 1
Σ�7.115 pb

1800.��1., 4.�
8.1

1800.��1., 3.�
8.3

2000.��1., 5�
8.5

2000.��1., 5�
8.5

2000.��1., 3�
8.2

2200.��2.8, 2.8�
8.3

2200.��2, 2�
8.2

2400.��3.6, 3.6�
8.5

2400.��3, 3�
8.3

420�0.4, 5�
8.2

420�0.3, 5�
8.3

420�0.6, 7�
8.9

420�0.5, 6�
8.5

440�0.3, 5�
8.3

420.�0.43, 10�
8.4

420.�0.45, 14�
8.2420.�0.48, 19�

8.3

420.�0.45, 18�
8.3

440.�0.45, 13�
8.2

700��0.05, 4.5�
8.1

850��0.08, 6�
8.4

700��0.05, 4.5�
8.1

700��0.05, 3.5�
8.2

440.�0.2, 4�
8.

2400.��0.3, 1.�
8.

420.�0.35, 8�
8.1

420.�0.65, 20�
8.4

420.�0.45, 9�
8.5

1800.��0.3, 3.�
8.3

700.��0.05, 6.�
8.3

2200.��0.3, 2.�
8.

400.�0.6, 7�
9.

1800.��1., 5.�
8.1

1600.��0.3, 3.�
8.1

2400.��0.3, 2.�
7.9

440.�0.45, 9�
8.5

m�gRq ,gRt �
Σ�pb� schanC8VA

m�ga, �
m
����

Σ�pb� schanC8V�

m�gRq ,gRt �
Σ�pb� schanC8VR

Χ2�d.o.f � 2
Σ�8.178 pb Χ2�d.o.f � 3

Σ�8.178 pb

SM

�0.10 �0.05 0.00 0.05 0.10 0.15
�0.1

0.0

0.1

0.2

0.3

0.4
signal level AFB at Tevatron, Σ � ΣLHC�Acceptance

�3Σ

5.725 pb

0Σ

8.178 pb

�3Σ

10.631 pb

Χ2�d.o.f � 1
Σ�0.252 pb

Χ2�d.o.f � 1
Σ�0.289 pb

Χ2�d.o.f � 1
Σ�0.308 pb

Χ2�d.o.f � 1
Σ�0.202 pb

1800.��1., 4.�
0.257

1800.��1., 3.�
0.257

2000.��1., 5�
0.252

2000.��1., 5�
0.252

2000.��1., 3�
0.246

2200.��2.8, 2.8�
0.254

2200.��2, 2�
0.253

2400.��3.6, 3.6�
0.254

2400.��3, 3�
0.264

420�0.4, 5�
0.293

420�0.3, 5�
0.262

420�0.6, 7�
0.41

420�0.5, 6�
0.343

440�0.3, 5�
0.26

420.�0.43, 10�
0.279

420.�0.45, 14�
0.272420.�0.48, 19�

0.261

420.�0.45, 18�
0.266

440.�0.45, 13�
0.267

700��0.05, 4.5�
0.267

850��0.08, 6�
0.258

700��0.05, 4.5�
0.267

700��0.05, 3.5�
0.273

440.�0.2, 4�
0.251

2400.��0.3, 1.�
0.239

420.�0.35, 8�
0.263

420.�0.65, 20�
0.306

420.�0.45, 9�
0.284

1800.��0.3, 3.�
0.25

700.��0.05, 6.�
0.276

2200.��0.3, 2.�
0.248

400.�0.6, 7�
0.399

1800.��1., 5.�
0.26

1600.��0.3, 3.�
0.247

2400.��0.3, 2.�
0.245

440.�0.45, 9�
0.295

m�gRq ,gRt �
Σ�pb� schanC8VA

m�ga, �
m
����

Σ�pb� schanC8V�

m�gRq ,gRt �
Σ�pb� schanC8VR

Χ2�d.o.f � 2
Σ�0.252 pb Χ2�d.o.f � 3

Σ�0.252 pb

SM

�0.10 �0.05 0.00 0.05 0.10 0.15
�0.1

0.0

0.1

0.2

0.3

0.4
signal level AFB at Tevatron, Σ � ΣTev�Acceptance

�3Σ

0.138 pb

0Σ

0.252 pb

�3Σ

0.365 pb

S-channel Models

LHC cross sectionTevatron cross section

+30%-30%+45%-45%

Gresham, IWK, Zurek (1107.4364)

Tuesday, May 8, 2012



T-channel scalar models
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T-channel vector models
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LHC discovery through top-jet resonance
Gresham, IWK, Zurek (arXiv:1102.0018)
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All benchmark t-channel models can be reached with current data in this strategy. 
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CDF Result of Top-Jet Resonances

No deviation from SM yet! Start to constrain NP models
LHC result will come out soon.

CDF Note 10776
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One way out : Light t-channel mediator

Jung, Pierce, Wells (1108.1802)

Hidden from ttbar event

Blum, Hochberg, Nir (1107.4350)

It seems that this class of models are safe as long as M-q-q 
coupling is much suppressed compared with M-q-t. 

Can Low Energy Observables constrain this model?

M
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Conclusion

- Tevatron poses an intriguing question in top physics. 

- Vector mediator t-channel model is preferred to explain 
AFB without interfering ttbar cross section at Tevatron.  

- Low mass t-channel models have a big constraint from 
low energy parity violation experiments. 

- However,  from good agreement of SM ttbar production at LHC, 
t-channel models with high mass mediator are endangered. 

See Sean’s talk!

Top physics model builders are now being challenged. Does 
Nature demand a better imagination from us?
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Thank You!
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