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LHC’s rediscovery and new particle

What’s 
next?

After years of 
work pay off ...
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S/B%Weighted%Mass%Distribution%
!  Sum%of%mass%distributions%for%each%event%class,%weighted%by%S/B%

!  B%is%integral%of%background%model%over%a%constant%signal%fraction%interval%
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Most recent electroweak and top cross-section measurements 

Inner error: statistical 
Outer error: total 

  Important on their own and as foundation for Higgs searches 
  Most of these processes are reducible or irreducible backgrounds to Higgs 
  Reconstruction and measurement of challenging processes (e.g. fully hadronic tt,  
     single top, ..) are good training for some complex Higgs final states 
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Coloron Models: Gauge Sector

SU(3)1 x SU(3)2  color sector with

  unbroken subgroup: SU(3)1+2 = SU(3)QCD
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Coloron Models: Quark Charges
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Depending on how quarks transform under SU(3)1 x SU(3)2
the presence of colorons may impact
•  LHC dijet mass distribution (or angular distribution)
•  kinematic distributions of tt or bb final states
•  asymmetry in top-quark production: AtFB

•  FCNC processes:                         mixing,
•  precision EW observables: delta-rho, Rb

KK̄,DD̄,BB̄ b ! s�



Patterns of Quark Charges

SU(3)1 SU(3)2 model pheno.

  (t,b)L   qL   tR,bR   qR coloron dijet

                   qR   (t,b)L   qL   tR,bR   

        tR,bR     (t,b)L   qL              qR

  qL    (t,b)L         tR,bR    qR  

  qL   tR,bR     (t,b)L                    qR new axigluon dijet, AtFB

  qL              qR   (t,b)L         tR,bR   topgluon dijet, tt, bb, 
FCNC, Rb

        tR,bR    qR   (t,b)L   qL  classic axigluon dijet, AtFB

  qL   tR,bR   qR   (t,b)L  

q = u,d,c,s



A Toy Topgluon Model 

particlesparticles SU(3)1 SU(3)2 SU(2)W

3rd generation 
quarks

(t,b)L 3 1 23rd generation 
quarks tR,bR 3 1 1

light quarks
(u,d)L     (c,s)L 1 3 2

light quarks
uR,dR     cR,sR 1 3 1

vector quarks QL,QR 3 1 2

light scalar " #     𝞿 1 1 2

heavy scalar Φ 3 3* 1

R.S. Chivukula, EHS, N. Vignaroli (2012) in preparation
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LHC Limits on Colorons

• LHC searches for colorons in dijet constrain MC > 3.5 TeV

• But these calculations have treated the colorons only at LO 
and QCD to NLO (or beyond) ... we can do better!

8 5 Limits

Figure 6: The observed 95% CL upper limits from the high-mass analysis on s ⇥ B ⇥ A for
quark-quark, quark-gluon, and gluon-gluon dijet resonances (points) are compared to the ex-
pected limits (dot-dash) and their variation at the 1s and 2s levels (shaded bands). Predicted
cross sections of various resonances are also shown.
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(a) Excited-quark model.
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(b) Colour scalar octet model.

Figure 4. The 95% CL upper limits on σ ×A as a function of particle mass (black filled circles)
using mjj . The black dotted curve shows the 95% CL upper limit expected in the absence of
any resonance signal, and the green and yellow bands represent the 68% and 95% contours of the
expected limit, respectively. Theoretical predictions of σ×A are shown (dashed) in (a) for excited
quarks, and in (b) for colour octet scalars. For a given NP model, the observed (expected) limit
occurs at the crossing of the dashed σ×A curve with the observed (expected) 95% CL upper limit
curve.

The expected lower mass limit at 95% CL for q∗ is 2.94 TeV, and the observed limit is

2.83 TeV. For comparison, this limit has also been determined using Pythia 6 samples with

the default q∗ settings, leading to narrower mass peaks. The expected limit determined

from these MC samples is 0.1 TeV higher than the limit based on the corrected samples.

This shift is an approximate indicator of the fractional correction that is expected when

comparing the current ATLAS results to all previous analyses that found q∗ mass limits

using Pythia 6 and pT-ordered final state radiation without corrections, including all

previous ATLAS results.

The limits for colour octet scalars are shown in figure 4(b). The expected mass limit

at 95% CL is 1.97 TeV, and the observed limit is 1.86 TeV. For this model the acceptance

values vary between 34% and 48% for masses between 1.3 TeV and 4.0 TeV.

The limits for heavy charged gauge bosons, W ′, are shown in figure 5(a). For this

model, only final states with dijets have been simulated. The branching ratio, BR, to the

studied qq̄′ final state varies little with mass and is 0.75 for mW ′ values of 1.1 TeV to

3.6 TeV, and the acceptance ranges from 29% to 36%. The expected mass limit at 95% CL

is 1.74 TeV, and the observed limit is 1.68 TeV. This is the first time that an ATLAS limit

on W ′ production is set using the dijet mass distribution. Searches for leptonic decays of

the W ′ are however expected to be more sensitive.

The W ′ hypothesis used in the current study assumes SM couplings to quarks. If a

similar model were to predict stronger couplings, for example, figure 5(a) could be used

– 15 –
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virtual corrections

+ +
real corrections

Colorons at NLO

R.S.Chivukula, A.Farzinnia, R.Foadi, EHS  arXiv:1111.7261  



Impact of NLO Corrections 

RSC, Farzinnia, Foadi, EHS  arXiv:1111.7261  
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• K-factor:  

• 30% of produced colorons have pT > 200 GeV!

�NLO/�LO ⇠ 30%
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Impact of NLO Corrections 

RSC, Farzinnia, Foadi, EHS  arXiv:1111.7261  
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Impact of NLO Corrections 

RSC, Farzinnia, Foadi, EHS  arXiv:1111.7261  
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New Mode: W+Ca probes Chiral Couplings
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FIG. 2: Representative Feynman diagrams for associated production of a W,Z gauge boson with a
color-octet resonance, C. Both s and t channel diagrams along with leptonic decays of the associated

gauge boson are shown.

We present the the monte-carlo simulation details in Sec.IIIA and in Sec.III B and Sec.IIIC
we study the modes of associated production with a W and a Z boson respectively.

The color-octet states (C) are produced and decay to two jets via the process

pp
C−→ j j. (8)

They can also be produced in association with a gauge boson via the process

pp
C−→ j j W±, (9)

pp
C−→ j j Z, (10)

where j = u, d, s, c, b. We will refer to the process in Eq.(9) and Eq.(10) as the CW and CZ
channels respectively. The diagrams of interest for the associated production which include
s and t channel diagrams with the emission of the gauge bosons in either the initial or final
state are shown in Fig. 2. The final state channels of our current interest are

pp → !±E/T 2j, !+!− 2j, (11)

coming from W±(→ !±ν) or Z(→ !+!−), respectively and ! = e, µ. Although the inclusion
of the τ lepton in the final state could increase signal statistics, for simplicity we ignore this
experimentally more challenging channel.

The relevant backgrounds to the signal processes in Eq.(11) are

• W+ jets, Z+ jets with W, Z leptonic decays;

• top pair production with fully leptonic, semi-leptonic and hadronic decays;

• single top production leading to W±b q;

• W+W−, W±Z and ZZ with W, Z leptonic decays;

Next, we present some details about the monte-carlo simulation.
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FIG. 1: A cartoon illustration of the constraints on chiral couplings from the di-jet channel (dashed
black line with red band), the channel with associated production of a W boson (solid black line

with green band) and the channel with associated production of a Z boson (dotted black line with
blue band).

with the di-jet measurement is shown in Fig. 1. Notice that there remains an ambiguity in
extracting the sign of the couplings. This method of using the associated production of the
gauge boson was studied earlier in the context of the measurement of Z ′ couplings [27, 28].

In this article we study the sensitivity of the LHC with c.m. energy of 14 TeV to probe the
chiral structure of the couplings for colored resonances with 10fb−1 and 100fb−1 integrated
luminosity by the method proposed above. We study colored resonances with masses in
the range 2.5 TeV to 4.5 TeV and various couplings and widths. The rest of the paper
is organized as follows. In Sec.II we present a simple parameterization for the colored
resonances and our notation. In Sec.III we discuss the signal and associated backgrounds,
the monte-carlo simulation details in Sec.IIIA and the channels with charged and neutral
gauge bosons in Sec. III B and Sec.IIIC respectively. We present a discussion of our results
in Sec.IV and conclusions in Sec.V.

II. GENERAL PARAMETERIZATION

The color-octet resonance of interest to our study may be motivated in many BSM sce-
narios as explained in the introduction. Hence we explore a phenomenological model of
color-octet resonances independent of the underlying theory. The interaction of the color-
octet resonance with the SM quarks has the form

L = igsq̄iC
µγµ

(

gi
V + gi

Aγ5

)

qi = igsq̄iC
µγµ

(

gi
LPL + gi

RPR

)

qi, (1)

where Cµ = Ca
µta with ta an SU(3) generator, gi

V and gi
A (or gi

L and gi
R) denote coupling

strengths relative to the QCD coupling gs, PL,R = (1∓γ5)/2 and i = u, c, d, s, b, t. We denote

3

 

pp ! Ca +W [Z] ! jj`⌫[``]

Different production modes 
probe several combinations of 

the coloron’s couplings to 
RH and LH fermions:

A. Atre, R.S.Chivukula, P. Ittisamai, 
EHS  arXiv:1206.1661  



W+Ca: Heat Map of Significance
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FIG. 6: Same as Fig. 5 but for mC = 3.5 TeV.

spectra and the most stringent constraints come from the LHC as expected. This data places
stronger constraints on low mass resonances and there is essentially no constraint on color-
octets with masses above 3 TeV. Where such constraints exist we have shown them as the
green solid curve and the region outside this curve is excluded which we show as faded grey
regions. However there is a caveat here. The analyses of the LHC dijet searches make the
assumption of a resonance with a narrow width of order 10%. The authors of Ref. [29, 38]
argue that in the case where the resonance is not narrow (> 10%) the constraints from
dijet data can be relaxed. For eg. in Fig. 5(a) the dijet constraint would be valid for
narrow resonances (up to the curve labeled ΓC/mC = 0.10) and would not be applicable
to the regions outside this curve. As the LHC accumulates more data, the simple dijet
analyses would be sensitive to the region inside the ΓC/mC = 0.10 curve and not sensitive
to couplings leading to larger widths. Of course a different analysis of dijet data without
the narrow width assumption would be sensitive to the whole region. For the case that the
current dijet data is not applicable to larger widths, note that the faded grey region has
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W+Ca: Heat Map and Afb range
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Other Phenomenology



Precision EW Tests

• Coloron exchange does impact          at one-loop 

 but since    

                                                                    

the size of the effect is small

• Likewise, coloron exchange across the          vertex 
yields effects proportional to        which are negligible

�⇢c ⇠
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R.S. Chivukula, EHS, N. Vignaroli (2012) in preparation

FCNC Limits on Our Toy Model
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Conclusions



Conclusions

Physics beyond the SM may lurk in the strong interactions

 LHC can discover and study colorons, 
• incorporate NLO results for the coloron K-factor and  
pT distribution into dijet searches
• use associated W+ Ca production to probe the  
coloron’s couplings.

 Additional coloron effects?
• FCNC: yes, if couplings are flavor non-universal 
• precision EW: negligible in       , 
• top-quark asymmetry: for some coupling values

�⇢ Zbb̄
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The July 4th discovery 
prompts  

QUESTIONS: 



Unofficial Combination of Higgs Search 
Data from July 4th 

Is this the 
Higgs Boson? 

No Higgs here! No Higgs here! 



Quantifying H→bb Excess:

•Calculating local p-value distribution for background-only hypothesis.

•Local p-value=3.3σ at 135GeV gives global p-value=3.1σ with LEE factor 2.

FNAL	  sees	  	  
evidence	  of	  	  
Higgs	  in	  bb;	  	  

	  	  
ATLAS	  sees	  a	  bit	  less	  	  

than	  expected	  
	  in	  Vbb	  

Is H->bb 
SM-like?  
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Statistical results

ll + lh + 
hh

ll only

TThe largst deviation of observed from expected limit is in thehe largst deviation of observed from expected limit is in the

2lep2lep channel channel

The best fitted signal strength @ 125 GeV: The best fitted signal strength @ 125 GeV: μμ = 0.7  = 0.7 ±± 0.7 0.7

Why is the excess isolated to 2lep VBF – fluctuation ?
The lower combined H→ττ rate is consistent with CMS

34

Updated ATLAS Higgs signal strengths (2)

Combined fitted strangth is
μ = 1.3 ± 0.3

The signal strengths are
not commensurate among

different channels

Projected Signal Strength Precision 

November 14, 2012 Talk presented at Tsinghua by Ren-Yuan Zhu, Caltech 38 

Results 
ro ll ing 
in  …  

what w ill 
further 

precision 
reveal? 
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Fitted signal strength:
ICHEP(4.7fb-1+5.8fb-1) : μ = 1.3 ± 0.5
2012 13fb-1: μ = 1.5 ± 0.6

H→WW→2l2ν

Higgs production: single vs. double vs. triple

NNLO+NNNLL QCD + NLO EW
Ahrens, Becher, Neubert, LLY: 0808.3008, 0809.4283, 1008.3162

Dawson, Dittmaier, Spira: hep-ph/9805244
NLO QCD

Main production mechanism similar: gluon fusion

LO only
Plehn, Rauch: hep-ph/0507321

coupling without having information on the trilinear cou-
pling and the top Yukawa coupling [17]. Moreover, it is
fairly obvious that the LHC even including a major lumi-
nosity upgrade will not be able to supply enough three-
Higgs events. Instead, we ask the question what a future
200 TeV very large hadron collider (VLHC) [18] could do,
keeping in mind that even future high-energy linear col-
liders like Compact Linear Collider (CLIC) will not be
able to measure this coupling [10,19]. In other words, we
are trying to determine if any future high-energy collider
will be able to completely measure the parameters of the
Higgs potential (1).

Three-Higgs production.—The one-loop diagrams con-
tributing to the process gg! HHH are leading order, i.e.
they are finite for any value of the Higgs self-couplings. We
compute the total and differential cross sections using the
HADCALC program [20]. The Feynman diagrams are con-
structed using FEYNARTS [21], the matrix elements are
calculated by FORMCALC [22], and the loop integrals are
numerically evaluated using LOOPTOOLS [23], where we
have added the scalar five-point function [24] and modified
the general four-point function [25]. For the top mass we
use the on-shell value (mt ! 178 GeV), because it has
been shown to lead to perturbatively stable cross section
predictions for the single-Higgs production through a one-
loop amplitude [26]. The bottom loops are included in our
numerical analysis, but their effect is below one percent.

We show the total cross section for the production of
three standard model Higgs bosons at a 200 TeV VLHC in
Fig. 2. The cross sections are quoted without branching
fractions, acceptance cuts, or efficiencies. In Fig. 3 we
show the dependence of the LHC and the 200 TeV
VLHC cross sections on the trilinear (!3) and quartic
(!4) Higgs self-couplings. The central values at the LHC
and at the VLHC are 6:25" 10#2 fb and 9.45 fb (standard
model couplings). The fact that !3 contributes to many
more topologies than !4 (with its single diagram) is re-
flected in the much steeper behavior of the total cross
sections as a function of !3 than as a function of !4:
each of the three topologies (triangle, box, pentagon) alone
would yield a rate of $0:46; 8:20; 17:07% " 10#2 fb at the
LHC. If we compute only the propagator-suppressed tri-
angle contribution and keep either !3 ! 0 or !4 ! 0, we
are left with 0:17" 10#2 fb from the trilinear self-
coupling and with 0:08" 10#2 fb from the quartic self-
coupling, with a constructive interference. This means that
the contribution from the quartic self-coupling is sup-
pressed by almost 2 orders of magnitude.

The interference between the continuum and the box is
indeed destructive (as we would expect from Ref. [9]),
which is the primary reason for the steep decline with !3
shown in Fig. 3. The interference between the continuum
and the triangle diagrams is constructive, but because of
the more similar kinematic configuration the destructive
interference between the box diagrams and the triangle
diagrams leads to the slight decrease of the cross section
with growing !4. If we switch off the box contributions
(!3 ! 0) the constructive interference between continuum
and triangle topologies switches around the behavior of the
total cross section as a function of !4. This behavior can be
understood analytically in the limit mt & mH, using the
low-energy theorem for the leading form factors in
mH=mt$ŝ'm2

H% [27].2 These leading form factors for an
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FIG. 2. Total cross section for the production process gg!
HHH at the 200 TeV VLHC in the standard model.

(a) (b)

(d)

(c)

FIG. 1. Examples of Feynman diagrams contributing to the process gg! HHH.

2We use the conventions as in Ref. [7]. The form factor is
basically the matrix element squared without couplings or addi-
tional s-channel propagators. The top Yukawa coupling and the
top mass in the propagators are both denoted as mt.
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�hh(14 TeV) ⇡ 34 fb

�h(7 TeV) = 15.43+0.44+1.23
�0.12�1.18 pb

�hhh(14 TeV) ⇡ 0.05 fb

mh = 125 GeV

Extremely difficult @ LHC. Linear collider? VLHC?
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FIG. 1: Sample Feynman graphs contributing to pp → hh+X. Graphs of type (a) yield vanishing contributions due to color
conservation.

cal configuration†, which is characterized by a large di-
higgs invariant mass, but with a potentially smaller Higgs
s-channel suppression than encountered in the back-to-
back configuration of gg → hh.
The goal of this paper is to provide a comparative

study of the prospects of the measurement of the trilinear
Higgs coupling applying contemporary simulation and
analysis techniques. In the light of recent LHC measure-
ments, we focus our eventual analyses on mh = 125 GeV.
However, we also put this particular mass into the con-
text of a complete discussion of the sensitivity towards
the trilinear Higgs coupling over the entire Higgs mass
range mh

<∼ 1 TeV. As we will see, mh # 125 GeV is a
rather special case. Since Higgs self-coupling measure-
ments involve end-of-lifetime luminosities we base our
analyses on a center-of-mass energy of 14 TeV.
We begin with a discussion of some general aspects

of double Higgs production, before we review inclusive
searches for mh = 125 GeV in the pp → hh+X channel
in Sec. II C. We discuss boosted Higgs final states in pp →
hh+X in Sec. II D before we discuss pp → hh+j+X with
the Higgses recoiling against a hard jet in Sec. III. Doing
so we investigate the potential sensitivity at the parton-
and signal-level to define an analysis strategy before we
apply it to the fully showered and hadronized final state.
We give our conclusions in Sec. IV.

II. HIGGS PAIR PRODUCTION AT THE LHC

A. General Remarks

Inclusive Higgs pair production has already been stud-
ied in Refs. [14–17] so we limit ourselves to the details
that are relevant for our analysis.
Higgs pairs are produced at hadron colliders such as

the LHC via a range of partonic subprocesses, the most
dominant of which are depicted in Fig. 1. An approxima-
tion which is often employed in phenomenological studies
is the heavy top quark limit, which gives rise to effective

†The phenomenology of such configurations can also be treated sep-
arately from radiative correction contributions to pp → hh+X.

ggh and gghh interactions [20]

Leff =
1

4

αs

3π
Ga

µνG
aµν log(1 + h/v) , (2)

which upon expansion leads to

L ⊃ +
1

4

αs

3πv
Ga

µνG
aµνh−

1

4

αs

6πv2
Ga

µνG
aµνh2 . (3)

Studying these operators in the hh+X final state should
in principle allow the Higgs self-coupling to be con-
strained via the relative contribution of trilinear and
quartic interactions to the integrated cross section. Note
that the operators in Eq. (3) have different signs which
indicates important interference between the (nested)
three- and four point contributions to pp → hh + X al-
ready at the effective theory level.
On the other hand, it is known that the effective theory

of Eq. (3) insufficiently reproduces all kinematical prop-
erties of the full theory if the interactions are probed
at momentum transfers Q2 >∼ m2

t [11] and the massive
quark loops are resolved. Since our analysis partly re-
lies on boosted final states, we need to take into account
the full one-loop contribution to dihiggs production to
realistically model the phenomenology.

B. Parton-level considerations

In order to properly take into account the full dynam-
ics of Higgs pair production in the SM we have imple-
mented the matrix element that follows from Fig. 1 in
the Vbfnlo framework [21] with the help of the Fey-

nArts/FormCalc/LoopTools packages [22], with
modifications such to include a non-SM trilinear Higgs
coupling‡. Our setup allows us to obtain event files ac-
cording to the Les Houches standard [23], which can be
straightforwardly interfaced to parton showers. Decay
correlations are trivially incorporated due to the spin-0
nature of the SM Higgs boson.

‡The signal Monte Carlo code underlying this study is planned to
become part of the next update of Vbfnlo and is available upon
request until then.



	  
	  
	  
	  
	  
	  

Is the New Boson 
THE HIGGS Boson?

Symmetry Magazine, 
Oct 30, 2012
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• Now�that�both�Higgs�boson�mass�and�
spontaneous�CPV�arise�from�spontaneous�
symmetry�breaking,�is�there�any�connection�
between� spontaneous�CPV�and�the�Higgs�
boson�mass?

CMSSM/mSUGRA 
GMSB, AMSB, · · ·  

SUSY 

SUSY models on market: 
5/43 

At tree level, MA ! mZ , Mh ! MH : nondecoupling
With radiative corrections:
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Summary for SUSY

T. Han 3

๏ Higgs connection
- natural SUSY: light gauginos and Higgsinos 

๏ DM connection
- neutralinos: DM candidate

๏ Colored superparticle might be very heavy
- no indication from current LHC search: msq, mgluino > 1 TeV

- EW sector (+stop/sbottoms) might be the only particles 

accessible at the LHC 

๏ Neutralinos and Charginos
- suffer from small electroweak production
- current search mostly focused on slepton assisted channels
- current reach of neutralino/chargino w/o slepton: limited

๏ Connection to Lepton Collider

Exploring LHC reach for the electroweak sector of MSSM 

gauginos, Higgsinos with the help of the Higgs boson

Monday, November 12, 2012

SUSY?  



	  
	  
	  
	  
	  
	  

Linear Scalar Link Fields: ϕ1 & ϕ2

Leads to two-Higgs particles: h, H

pR1

He, Chen, Abe: arxiv 1207.4103

Linear 3-Site Model

Monday, November 12, 12

More 
phenomena 
to find? 

7th Workshop on TeV Physics–In honor of Prof Yu-Ping Kuang
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Light scalar from SC dynamics ?

• Various near conformal type models

• Top seesaw type models
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Introduction
Basic Idea

The Large Volume Scenario in Type IIB String Theory
Multi-Complex Structure Moduli

Summary

New Picture

CC = 0 

Before After Stabilization: 

[Bousso, Polchinski, 00] [Sumitomo, Tye] 

Yoske Sumitomo and Henry Tye How to get a Very Small ⇤ 30/31

46

Summary for Exotics

Puzzles in SM Why Higgs? New Unitarity Mechanism Why 3 Families? Summary

LHC Higss Production with 4th Family

! Comparison of 4G Higgs Productions via gg → h0:
One-Higgs-doublet vs Two-Higgs-doublets (type-I and type-II)
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Chen and He, arXiv:1202.3072
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WW Unitarization

H,h
γ,Z,Z’

+

Unitarize jointly by scalar and vector exchange!
Leads to sum rule:

See next talk...
Monday, November 12, 12
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Future Higgs Factories?  



Top still holds mysteries: 



PLB	  705	  ,	  313	  (2011)	   

10	  

Single	  Top	  
Quark	  Cross	  
Sec?on	  

Sensi?vity	  to	  
new	  physics! 

PRD	  84,	  112001	  (2011)	   

    The contributions at NNLO can be divided into three classes: 

"  SM top decay                                   any partons in the final state �

•  Extend  pt subtraction  to jet threshold subtraction in the NNLO QCD 
calculations, and present the complete calculations of top quark decay 
width at NNLO, including NLO electroweak corrections as well as finite 
bottom quark mass and W boson width effects.  

•  Especially we also show the first results of the fully differential decay 
rates for top-quark semileptonic decay t → W (l+ ν)+b at NNLO in QCD. 
�

Top Decay at NNLO in QCD �

Top Quark Charge Asymmetry at Tevatron

CDF ’11 CDF ’12 SM Prediction
At

FB 0.150±0.055 0.058±0.004
Att̄ 0.158±0.075 0.162±0.047 0.088±0.006

Att̄(|�y | 1) 0.026±0.118 0.088±0.047 0.061+0.004
�0.003

Att̄(|�y |> 1) 0.611±0.256 0.433±0.109 0.206+0.011
�0.010

Att̄(Mtt̄  450 GeV) �0.116±0.153 0.078±0.054 0.062+0.004
�0.003

Att̄(Mtt̄ > 450 GeV) 0.475±0.114 0.296±0.067 0.129+0.008
�0.006

Bernrether, Si’ 12

D0 ’11 for Att̄ : 0.196±0.065

The deviation between data and SM predictions < 3s.

NNLO calculations are still necessary

Zong-Guo SI Top Quark Physics at Tevatron and LHC

Qing-Hong Cao                        7th TeV Scale Physics Workshop                                                         / 23 
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p
s=7 TeV Mtt̄ � 2mt Mtt̄ � 0.5TeV Mtt̄ � 1TeV

A�|y |
C QCD (%): 1.07(4) 1.27(4) 2.06(5)

QCD+EW (%): 1.23(5) 1.48(4) 2.40(6)
CMS ’12(%): 0.4±1.0±1.2
ATLAS ’12(%): �1.8±2.8±2.3

A�|h|
C QCD (%): 1.36(6) 1.39(5) 2.15(5)

QCD+EW (%): 1.56(7) 1.64(6) 2.52(5)
CMS ’12(%) �1.7±3.2+2.5

�3.6

within the large experimental error, SM predictions agree
with data

Zong-Guo SI Top Quark Physics at Tevatron and LHC



DM data exhibits tension 



Xenon100	  	  
vs	  

DAMA,	  CoGeNT,	  	  
CRESST,	  CDMS	  

If DAMA, 
CoGeNT, 
CRESST, 
CDMS 

agree…on 
what?  



CDEX physics goals
PandaX	  

Will 
d irect 

detection 
eliminate 

all 
WIMPS?  



	  
	  
	  
	  
	  
	  

If so, 
what do 

they 
imply?  

Real?  



	  
	  
	  
	  
	  
	  



Y.P.$Kuang’s$contribu2on$to$BES:$$
heavy$quarkonium$transi2ons$and$decays:$$
$(1)$$Hadronic$transi2on$–$QCD$mul2pole$expansion$$
$(2)$$Coupled$channel$effect$$
$(3)$$2SM1D$mixing$for$ψ(3770)$–nonMDDbar$decays$$
$(4)$$improved$poten2al$model$for$charmonium$decays$$

•  In#fact,#Prof.#Kuang#is#the#main#player#in#early#
days#of#BES#for#charmonium#physics#

•  Theore=cal#support#for#the#study#at#BES#on#
charmonium#transi=ons##

•  BESIII#yellow#book#on#hadronic#transi=ons#of#
charmonium##

•  Proposed#the#study#of#χc1!ηcππ#at#BESIII#
•  Many#other#sugges=ons#to#BESIII…#

• C.-P.  Yuan met Prof. Kuang at CCAST 
Workshop, Beijing in 1993.

• E. Simmons invited by Prof. Kuang to speak 
at ITP in Beijing in 1995.

• NSF USA-China International Program, 
Qing Wang and Yi Liao visited MSU, Carl 
Schmidt visited Tsinghua U, 1997-99.

• Hong-Jian He was a postdoc at MSU, 
1997-2000.

• Chivukula, Dicus, & He on unitarity, 2001.

• Kuang et. al., LHC signature paper 2007...

MSU, Tsinghua, and Prof. Kuang
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7th Workshop on TeV Physics–In honor of Prof Yu-Ping Kuang

Calculation of the chiral Lagrangian coefficients from the underlying theory of QCD:
A simple approach

Hua Yang,2,4 Qing Wang,1,2,3 Yu-Ping Kuang,1,2,3 and Qin Lu2
1CCAST (World Laboratory), P.O. Box 8730, Beijing 100080, China
2Department of Physics, Tsinghua University, Beijing 100084, China*

3Institute of Theoretical Physics, Academia Sinica, Beijing 100080, China
4Institute of Electronic Technology, Information Engineering University, Zhengzhou 450004, Henan, China

!Received 6 March 2002; published 31 July 2002"

We calculate the coefficients in the chiral Lagrangian approximately from QCD based on a previous study
of deriving the chiral Lagrangian from the first principles of QCD in which the chiral Lagrangian coefficients
are defined in terms of certain Green’s functions in QCD. We first show that, in the large-Nc limit, the anomaly
part contributions to the coefficients are exactly cancelled by certain terms in the normal part contributions, and
the final results of the coefficients only concern the remaining normal part contributions depending on QCD
interactions. We then do the calculation in a simple approach with the approximations of taking the large-Nc
limit, the leading order in dynamical perturbation theory, and the improved ladder approximation; thereby the
relevant Green’s functions are expressed in terms of the quark self-energy #(p2). By solving the Schwinger-
Dyson equation for #(p2), we obtain the approximate QCD predicted coefficients and quark condensate which
are consistent with the experimental values.

DOI: 10.1103/PhysRevD.66.014019 PACS number!s": 12.39.Fe, 11.30.Rd, 12.38.Aw, 12.38.Lg

PHYSICAL REVIEW D 66, 014019 !2002"

e calculate the coefficients in the chiral Lagrangian approximately from QCD b

Fermion determinant: Q.Lu, H.Yang, Q.Wang, Commun. Theor. Phys. 38, 185(2002)

Phenomenological gauge invariant,nonlocal, dynamical quark model: H.Yang, Q.Wang, Q.Lu, Phys.Lett. B532, 240 (2002)
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Derivation of the effective chiral Lagrangian for pseudoscalar mesons from QCD

Qing Wang,1,2 Yu-Ping Kuang,2,1 Xue-Lei Wang,1,3 and Ming Xiao1
1Department of Physics, Tsinghua University, Beijing 100084, China*

2China Center of Advanced Science and Technology (World Laboratory), P.O. Box 8730, Beijing 100080, China
3Department of Physics, Henan Normal University, Xinxiang 453002, China

!Received 1 March 1999; published 9 February 2000"

We formally derive the chiral Lagrangian for low lying pseudoscalar mesons from the first principles of
QCD considering the contributions from the normal part of the theory without taking an approximation. The
derivation is based on the standard generating functional of QCD in the path integral formalism. The gluon-
field integration is formally carried out by expressing the result in terms of the physical Green’s functions of
the gluon. To integrate over the quark field, we introduce a bilocal auxiliary field #(x ,y) representing the
mesons. We then develop a consistent way of extracting the local pseudoscalar degree of freedom U(x) in
#(x ,y) and integrating out the rest degrees of freedom such that the complete pseudoscalar degree of freedom
resides in U(x). With certain techniques, we work out the explicit U(x) dependence of the effective action up
to the p4 terms in the momentum expansion, which leads to the desired chiral Lagrangian in which all the
coefficients contributed from the normal part of the theory are expressed in terms of certain quark Green’s
functions in QCD. Together with the exsisting QCD formulas for the anomaly contributions, the present results
lead to the complete effective chiral Lagrangian for pseudoscalar mesons. The final result can be regarded as
the fundamental QCD definition of the coefficients in the chiral Lagrangian. The relation between the present
QCD definition of the p2-order coefficient F0

2 and the well-known appoximate result given by Pagels and
Stokar is discussed.

PHYSICAL REVIEW D, VOLUME 61, 054011

We formally derive the chiral Lagrangian for low lying pseudoscalar mesons from the first principles of
QCD considering the contributions from the normal part of the theory without taking an approximation. TheQCD considering the contributions from the normal part of the theory without taking an approximation. The

Vectors: X.L.Wang and Q.Wang, Commun. Theor. Phys. 34 ,519(2000)˗̠̠
Nonet Pseudo Scalars: X.L.Wangˈ̍̍Z.M.Wang and Q.Wangˈ̍̍ Commun. Theor. Phys. 34 ,683(2000)˗̠̠
General Technicolor: Z.M.Wang and Q.Wang, Commun. Theor. Phys. 36 ,417(2001)
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Prof.	  Kuang	  is	  co-‐author	  of	  the	  ILC	  TDRs	  
	  

Not in 
question: 

Prof. 
Kuang’s 
impact 

Sensitivity to measure the anomalous gauge 
couplings of the Higgs boson via W+W+ scattering at 

the CERN LHC 
Inspired by Prof. Kuang (邝宇平院士) 



2006	  	  Yunjin	  Temple	  



I am very proud of being a 
student of Prof. Kuang ! 
 
     Happy Birthday ! 

Happy 80th Birthday to Prof. Kuang!
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Happy Birthday, Professor Kuang!

生日快�!

Monday, November 12, 12

This workshop’s 
questions are a 
birthday present 

for you! 
Congratulation to Prof. Yu-Ping Kuang, the old times friend

W. Wetzel , Universität Heidelberg

November 12, 2012
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Figure 1: Ithaca 1980, Niagara Falls

1

Happy	  birthday,	  
Prof.	  Kuang.	  

I	  learned	  a	  lot	  from	  
you	  since	  1986.	  

Thanks 
Puzzles in SM Why Higgs? New Unitarity Mechanism Why 3 Families? Summary

Gift: One of my most favorable Symbolism Paintings

! Is this flower you imagined & expected ? or Something New ?!

! Happy 80th birthday to Prof. Yu-Ping Kuang !

Hong-Jian He EWSB Signals at LHC




