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• Higgs and SUSY search; What is Natural SUSY?  

• “Composite way” ; Composite Higgs, top partner 

• “QCD wins”;  Why LHC was successful 

• Model independent Model; “Simplified” & “effective“

• Leptons and Photons in future 
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• symmetry to exchange  boson and fermion. 

• new particle predictions sfermions(0), gaugino(1/2), higgsinos(1/2)

• No new dimensionless coupling and  no quadratic divergence 

• Higgs 4 point coupling ～gauge coupling. (no negative 4 point 

coupling)+ radiative correction b

• gauge coupling unification 

• R parity in MSSM . New stable particle→ DM candidate. 

Classic Solution:Supersymmetry 

Higgs vs SUSY  

Answering big question 

but flavor and CP problem -> SUSY breaking models 
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gauge coupling/soft parameter unification 
mass spectrum (mSUGRA/CMSSM)  

and little something 

strongly interacting 

EW interacting   

Higgs mass 
wo higgsino mass

YUKAWA correction  
Reduction due to 

stop and higgs mass in RGE 

unification 

scalar mass unification 
important for FCNC

 

mass 

scale 
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gauge coupling/soft parameter unification 
mass spectrum (mSUGRA/CMSSM)  

and little something 

strongly interacting 

EW interacting   

Higgsino  mass
(little hierarchy) 

m, M1/2, 
A, B, μ

tanβ=v1/v2,mZ

solving constraint of correct symmetry 
breaking 

mSUGRA/CMSSMparameters are 
m, M1/2, A, tanβ

unification 

mass 

scale 
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What is natural,anyway? 

4 ILC Stories

In this section, we will illustrate the above statements with selected examples.

4.1 Coming to terms with electroweak naturalness

Supersymmetric theories provide an elegant solution to the gauge hierarchy problem. However, a lack of
SUSY signals at LHC8 combined with the rather large value of mh ∼ 125 GeV seemingly exacerbates what
has come to be known as the Little Hierarchy problem (LHP): why is there such a discrepancy between the
electroweak scale, typified by mZ = 91.2 GeV and mh = 125.5 GeV, and the superpartner scale, which in
the case of gluinos and squarks, seems to be at the TeV-or-beyond scale. Phrased differently, one might
wonder why: if superpartners are at the > 1 TeV scale, how can it be that mZ is just 91.2 GeV instead of
also at the > 1 TeV scale?

An answer can be extracted from the electroweak scalar potential minimization condition which relates
m2

Z to the SUSY breaking parameters and the superpotential higgsino mass µ:

m2
Z

2
=

m2
Hd

+ Σd
d − (m2

Hu
+ Σu

u) tan2 β

tan2 β − 1
− µ2 , (1)

where Σu
u and Σd

d include a variety of radiative corrections[29, 30]. To naturally obtain a Z mass of 91.2
GeV, then one expects each contribution to the right-hand-side of Eq. 1 to also be ∼ m2

Z/2: i.e. there are
no large uncorrelated contributions to the Z-mass.

To allow for electroweak naturalness, e.g. requiring no worse than cancellations at the ∼ 3% level, then it
is necessary that 1. |µ| ∼ 100−300 GeV, 2. m2

Hu
is driven to only small negative values under RG evolution

and 3. the top squarks t̃1 and t̃2 are highly mixed with masses mt̃1 ∼ 1 − 2 TeV and mt̃2 ∼ 2 − 4 TeV. The
large mixing softens the top squark radiative corrections while at the same time lifting mh up to ∼ 125 GeV.

When these conditions are met, then one may allow for a natural Little Hierarchy characterized by

• m(higgsino) ∼ mZ ∼ mh

• top squarks which enter Eq. 1 at one-loop level and gluinos should live in the 1 − 5 TeV regime and

• first/second generation squarks and sleptons which enter Eq. 1 at two-loop level can exist at the 10−20
TeV regime, which allows for at least a partial solution to the SUSY flavor and CP problems.

The main implication of this picture– dubbed radiatively-driven natural supersymmetry (RNS) because
the soft term m2

Hu
is radiatively driven to small negative values at the electroweak scale[29, 30]– is that there

should exist four light physical higgsinos χ̃0
1, χ̃0

2 and χ̃±
1 with mass ∼ 100− 300 GeV (the lighter the better)

where χ̃0
1 is the LSP which is dominantly higgsino-like (albeit with a non-negligible gaugino component).

Due to the compressed spectrum amongst the various higgsino states (typically a 10-20 GeV mass gap in
models with gaugino mass unification), their three-body decays yield only tiny visible energy release, making
them very difficult to detect at LHC. On the other hand, the light higgsinos should be easily detected at an
ILC provided that

√
s > 2|µ|.

The situation can be illustrated within the µ vs. m1/2 plane in the RNS model[31], where we also take
GUT scale matter scalar masses m0 = 5 TeV, tan β = 15, A0 = −1.6m0 and mA = 1 TeV. From the left
panel of figure 1, it can be seen that LHC8 has explored m1/2 ! 0.4 TeV via the search for g̃g̃ production.
The calculated LHC14 reach with 300−1 fb for g̃g̃ production[32] and for same-sign diboson production[33]
extends to m1/2 ∼ 0.7−0.8 TeV (corresponding to a reach in mg̃ ∼ 1.8−2.1 TeV). The naturalness contours
of ∆EW = 30 (i.e. ∆−1

EW ∼ 3% fine-tuning) extend well beyond LHC14 reach all the way to m1/2 ∼ 1.2 TeV.
However, ILC600 can probe the entire parameter space with ∆EW < 30, thus either discovering higgsinos
or ruling out SUSY electroweak naturalness.

At the ILC, pair production of charged higgsinos and mixed production of the two neutral higgsinos will
be accessible nearly up to the kinematic limit independently of the size of their mass splitting. The clean
environment allows to resolve and measure mass differences even in the sub-GeV regime. Beam polarization

6

Weak scale based (Baer et al)  

GUT scale based ( Barbieri et al -> )   

.... Why should we mind?

64 R. Barbieri, G,F. Giudice / Supersymmetric particle masses 

scale, if one is not willing to introduce increasingly precise tunings among parame- 
ters. In turn, the implementation of this "naturalness" criterion*, gives rise to a 
physical upper bound on superparticle masses in the TeV range [2]. 

This paper deals with a quantitative analysis of these general arguments in the 
context of low energy supergravity models**. Notice that these models are precisely 
designed to incorporate the above ideas, so as to overcome the difficulties previously 
met in the early attempts to extend the standard model in a supersymmetric 
manner. 

Our strategy is quite straightforward. In the context of supergravity models (to be 
defined in sect. 2), we consider the electroweak symmetry breaking scale, or the 
Z°-boson mass, as a function of the most general parameters a~ of the theory: 

M 2= M2(a,; Yt). (1.1) 

To describe the electroweak symmetry breaking, which is induced by radiative 
corrections [4, 5], and to get a sensible approximation, this function must include all 
one-loop renormalization group improved effects. In (1.1) we have made explicit the 
dependence on the top quark Yukawa coupling, Yt, since it plays a crucial role in 
determining the appropriate gauge symmetry breaking. The parameters ai, as well 
as Yt, also control the masses of the various supersymmetric partners of the 
standard particles. By explicit calculation, eq. (1.1) exhibits the already mentioned 
feature that a consistent range of parameters allows arbitrarily heavy superpartners, 
still keeping M z fixed. In fact, in this limit, the theory under consideration can be 
thought of as a physically regularized version (with respect to quadratic divergences) 
of the standard model lagrangian. On the other hand, not surprisingly, this is 
achieved only at the price of an unnatural tuning among the physical parameters of 
the theory. We avoid this tuning by imposing**, for every a~: 

l a, aM (a,; Y')I (1.2) 
so that a percentage variation of any of the parameters a i does not correspond to a 
percentage variation of Mz 2 more than A-times larger. For example,/t = 10 amounts 
to tolerate in (1.1) cancellations among parameters of at most one order of 
magnitude. In turn, for every top quark Yukawa coupling, the inequalities (1.2) can 
be converted into upper bounds on all dimensional parameters of the theory and 
therefore on all superparticle masses. These bounds are shown in fig. 2 for Zi = 10, 

* The unnaturalness of light scalars has been underlined in ref. [1]. The relevance of supersymmetry to 
this issue has been pointed out in ref. [2]. 

* *  For  a review, see ref. [3] and references therein. 
* * *  Similar conditions were imposed on a particular supergravity model in ref. [6]. 

fine tuning is the response of Z mass to the 
fundamental parameters “a”   

Now what is  the “a” ? This idea has been 
criticized since it was proposed in ’88

use parameter  at weak scale: typically 1/10 less fine 
tuned compared with GUT based analysis  

use GUT scale parameters:  m, M1/2,  Δ is order of 1000
The level of tuning also changes #parameters at GUT scale   

only wave function 
renormalization 

relatively stable prediction 

13年6月25日火曜日



Higgs mass vs SUSY

Figure 5: Maximal Higgs mass in the constrained MSSM scenarios mSUGRA, mAMSB and mGMSB,
an a function of the scale MS when the top quark mass is varied in the range mt = 170–176 GeV.

have been adopted). The outcome is shown in Fig. 6 where the maximal h mass value obtained
by scanning the basic input parameters of the model over the appropriate ranges. In the left–
hand side, Mmax

h is displayed as a function of tan� and in the right–hand side as a function
of MS. As the lower bound Mmax

h � 123 GeV is the same as in our previous analysis, the
mASMB, mGMSB and some variants of the mSUGRA model such as the constrained NMSSM
(cNMSSM), the no-scale model and the very constrained MSSM (VCMSSM) scenarios are still
disfavoured. However, for mSUGRA and the non–universal Higgs mass model (NUHM), all
values of tan � >⇠ 3 and 1 TeV <⇠ MS <⇠ 3 TeV lead to an appropriate value of Mh when
including the uncertainty band.

Figure 6: The maximal hmass value Mmax

h as functions of tan� (left) andMS (right) in the mASMB,
mGMSB as well as in mSUGRA and some of its variants. The basic parameters of the models are
varied within the ranges given in Ref. [4]; the top quark mass is fixed to mt = 173 GeV.
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3.5.4 Impact of the LHC data

Now, it is interesting to perform a first assessment of the compatibility of the LHC and Tevatron
data with the MSSM and analyse the region of parameter favoured by the observed boson mass
and rate pattern (see also [5, 62]). Despite the preliminary character of the results reported
by the LHC collaborations and the limited statistical accuracy of these first results, the study
is a template for future analyses. In this analysis, we computing the �2 probability on the
observable of Table 1 for each accepted pMSSM points. For the bb̄ and ⌧+⌧� channels, in which
no evidence has been obtained at the LHC, we add the channel contribution to the total �2 only
when their respective µ value exceeded 1.5 and the pMSSM point becomes increasingly less
consistent to the limits reported by CMS. In order to investigate the sensitivity to the inputs,
we also compare the results by including or not the bb̄, for which a tension exists between
the CMS limit and Tevatron results, and the ⌧+⌧� rate. Figure 12 shows the region of the
[Xt,m˜t1 ], [Xb,m˜b1

] and [MA, tan �] parameter space where pMSSM points are compatible with
the input h boson mass and observed yields. In particular, we observe an almost complete
suppression for low values of the sbottom mixing parameter Xb.

Figure 12: Distributions of the pMSSM points in the [Xt,m˜t1
] (left), [Xb,m˜b1

] (centre) and [MA,
tan�] (right) parameter space. The black dots show the selected pMSSM points, those in light (dark)
grey the same points compatible at 68% (90%) C.L. with the the Higgs constraints of Table 1.

The distributions for some individual parameters which manifest a sensitivity are pre-
sented in Figure 13, where each pMSSM point enters with a weight equal to its �2 probability.
Points having a probability below 0.15 are not included. The probability weighted distri-
butions obtained from this analysis are compared to the normalised frequency distribution
for the same observables obtained for accepted points within the allowed mass region 122.5
< MH <127.5 GeV. We observe that some variables are significantly a↵ected by the constraints
applied. Not surprisingly, the observable which exhibits the largest e↵ect is the product µ tan �,
for which the data favours large positive values, where the �� branching fraction increases and
the bb̄ decreases as discussed above. On the contrary, it appears di�cult to reconcile an en-
hancement of both µ�� and µb¯b, as would be suggested by the central large value of µb¯b =
1.97±0.72 recently reported by the Tevatron experiments [3]. Such an enhancement is not
observed by the CMS collaboration and the issue is awaiting the first significant evidence of a
boson signal in the bb̄ final state at the LHC and the subsequent rate determination. The tan �
distribution is also shifted towards larger value as an e↵ect of the Higgs mass and rate values.
We also observe a significant suppression of pMSSM points with the pseudo-scalar A boson
mass below ⇠450 GeV. This is due to the combined e↵ect of the A ! ⌧+⌧� direct searches
and Bs ! µ+µ� rate, which constrain the [MA � tan �] plane to low tan � value for light A
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with the SUSY–breaking scale or common squark mass MS; the trilinear coupling in the stop
sector At plays also an important role. The leading part of these corrections reads [12]

✏ =
3 m̄4

t

2⇡2v2 sin2 �


log

M2

S

m̄2

t

+
X2

t

2M2

S

✓
1� X2

t

6M2

S

◆�
. (1)

We have defined the SUSY–breaking scale MS to be the geometric average of the two stop
masses (that we take <⇠ 3 TeV not to introduce excessive fine-tuning)

MS =
p
m

˜t1m˜t2 (2)

and introduced the mixing parameter Xt in the stop sector (that we assume <⇠ 3MS),

Xt = At � µ cot �. (3)

The radiative corrections have a much larger impact and maximise the h boson mass in the
so–called “maximal mixing” scenario, where the trilinear stop coupling in the DR scheme is

maximal mixing scenario : Xt =
p
6MS. (4)

In turn, the radiative corrections are much smaller for small values of Xt, i.e. in the

no mixing scenario : Xt = 0. (5)

An intermediate scenario is when Xt is of the same order as MS which is sometimes called the

typical mixing scenario : Xt = MS. (6)

These mixing scenarios have been very often used as benchmarks for the analysis of MSSM
Higgs phenomenology [13]. The maximal mixing scenario has been particularly privileged since
it gives a reasonable estimate of the upper bound on the h boson mass, Mmax

h . We will discuss
these scenarios but, compared to the work of Ref. [13], we choose here to vary the scale MS.
Together with the requirements on Xt in eqs. (4–6), we adopt the following values for the
parameters entering the pMSSM Higgs sector,

At = Ab , M
2

' 2M
1

= |µ| = 1

5
MS , M

3

= 0.8MS , (7)

and vary the basic inputs tan � and MA. For the values tan � = 60 and MA = MS = 3 TeV
and a top quark pole of mass of mt = 173 GeV, we would obtain a maximal Higgs mass value
Mmax

h ⇡ 135 GeV for maximal mixing once the full set of known radiative corrections up to
two loops is implemented [14]. In the no–mixing and typical mixing scenarios, one obtains
much smaller values, Mmax

h ⇡ 120 GeV and Mmax

h ⇡ 125 GeV, respectively. Scanning over the
soft SUSY–breaking parameters, one may increase these Mmax

h values by up to a few GeV.
It is important to note that the dominant two–loop corrections have been calculated in

the DR scheme [15] and implemented in the codes Suspect [16] and SOFTSUSY [17] that we
will use here for the MSSM spectrum, but also in the on–shell scheme [18] as implemented in
FeynHiggs [19]. In general, the results for Mh in the two scheme di↵er by at most 2 GeV,
which we take as a measure of the missing higher order e↵ects. Quite recently, the dominant
three–loop contribution to Mh has been calculated and found to be below 1 GeV [20]. Thus,
the mass of the lightest h boson can be predicted with an accuracy of �Mh ⇠ 3 GeV and this
is the theoretical uncertainty on Mh that we assume.

4
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large stop 
mixing 

max value of higgs mass 
for given stop mass 

}
top mass uncertainty

ala  Djouadi et al 
AMSB -> large squark mass 

is natural

GM in trouble but 
need additional matter?

Theorists  are  considering  
high scale /non-minimal 

SUSY more seriously 
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degenerate 
SUSY 

Mind of SUSY theorists 

Higgs mass
and MSSM  

current SUSY search 

NMSSM 

extra 
matter 

FCNC 

R parity 
violation 

little hierarchy problem 

muon g-2 

Heavy Supersymmery Light Supersymmetry 

Lot’s of Model building here..  

Higgs Br
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SUSY spectrum on market
MSUGRA

classic 
heavy scalar

AM  

sq/gl 
gluino 

wino LSP 

gaugino 

higgsino 
higgsino 

stop1 
stop2 

stop1 

stop2 

light higgsino or stop 
for naturalness  

very hard to 
access →ILC?  

Small cross section 
top background 

degenerate 

KKLT
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Composite ways 
• Technicolor model... Scale up of chiral symmetry breaking 

in QCD. Higgs as pion  ( bound state of some strong 
interaction)    conflicts with EW precision data

• The Little Higgs model→Composite Higgs model 

• Higgs as the pNGB of some global symmetry breaking. 
Typically SO(5)/SO(4), either elementary or composite

• The theory still needs “top partners”, because top must 
be in a representation of the global  symmetry 

• UV completion ⇄ RS model Holography
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• Randall Sundrum model ⇄ Composit Higgs model 

gauge�

higgs�

The���������	
��
������������������  far���������	
��
������������������  
side 

matters 
in the bulk 

Higgs���������	
��
������������������  at���������	
��
������������������  
the���������	
��
������������������  IR���������	
��
������������������  brane���������	
��
������������������  ���������	
��
������������������  

IR brane: breaking of Conformal invariance  
    

anomalous dimension to 
generate Yukawa coupling 

In   Holography(ADS/CFT) expectation/imagination 
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Physics 
• Top partners from  SU(2)Lx SU(2)R symmetry 

• TL TR mixed with tL tR in standard model sector 
then decay into bW, tZ, tH. 

• q(Q=5/3), q(2/3), q(-1/3) 

• RS model --gluon KK (production: coupling to the 1st 
generation quark, dominantly decays into ttbar) 

• Radiative correction to Higgs decay 

• Being now constrained by LHC

Agashe, Contino Pomarol  
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Collider searches 
“QCD wins” 
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dark matter and collider signature

• “SUSY signature”                         

•  “Models with new colored particles 
decaying into a stable neutral particle--
LSP”

• Some of “New physics” are migrated into 
SUSY category. 

• Signal:                                                           
High PT jets hiph PT leptons and ETmiss 

t̃, b̃

Lepton partners 

Dark matter 
LSP, LKK, LOT

colored partner 
squark, gluino, 

g1, q1, extra quarks

gauge partners 

assume mass difference is large

if there are R parity violation, we have 
additional jets and leptons instead of ETmiss

Production of W, Z, and top with additional jets 
would be significant background 
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Parton shower
resum soft and collinear component 

 

Hard ISR cannot be accounted 
by PS approximation 

but “overlap” near boundary  
“Matching” remove the overlap  

background estimation powered by “Matching” 

The inclusion of additional emission to the 
SM process  is  important when 
we rely on the cut on PT3, PT4

and inclusive quantity like HT, Meff...  

Hard Process 

CKKW 2001
MLM

proton 
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reproducing multijet distribution 

HT is systematically 
low yet 
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Figure 2. (a) Measured cross section for Z (! ``) + jets as a function of the inclusive jet multiplicity,
Njet, and (b) ratio of cross sections for successive inclusive jet multiplicities. The data are compared
to NLO pQCD predictions from BlackHat+SHERPA corrected to the particle level, and the
ALPGEN, SHERPA and MC@NLO event generators (see legend for details). The error bars indicate
the statistical uncertainty on the data, and the hatched (shaded) bands the statistical and systematic
uncertainties on data (prediction) added in quadrature.

Figure 3(b) presents the exclusive jet multiplicity ratio for events where the leading
jet has a transverse momentum in excess of 150 GeV. The observed ratio R

(n+1)/n

is now
steeply increasing towards low jet multiplicities, a pattern described by the central values of
the BlackHat+SHERPA calculations, by the generator ALPGEN and approximately also
by SHERPA. The observed cross-section ratios have been fitted with a pattern expected
from a Poisson-distributed jet multiplicity with the expectation value n̄, R

(n+1)/n

=

n̄

n

. The
Poisson scaling provides a good overall description of the jet multiplicity observed in data
for the selected kinematic regime, with n̄ = 1.02 ± 0.04, where the uncertainty includes
statistical and systematic components.

The scaling pattern is also investigated for a preselection typically employed in the
selection of particles produced via vector boson fusion (VBF). Figure 4 presents the absolute
cross section as a function of the exclusive jet multiplicity and R

(n+1)/n

after requiring two
jets with mjj > 350 GeV and |�yjj | > 3.0, in the following referred to as ‘VBF preselection’.
The data are consistent with the BlackHat+SHERPA prediction. SHERPA describes the
multiplicity well whereas ALPGEN overestimates R

3/2

.

– 15 –

NLO prediction 

ATLAS 1304.7098

Tree

Tree 

NLO 
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good background prediction
= exclusion up to kinematical limit 
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Figure 5: Background fit results for the SRtN1 shape fit. In this fit, the t  t and W+jets backgrounds are
normalized in the W+jets control region (WCR) and the t  t control region (indicated by 60-90 in this
figure) for each of the three Emiss

T slices simultaneously. The uncertainties (statistical and systematic)
estimated in the control regions are fully extrapolated to the mT > 90 GeV bins and displayed as a
shaded area on the sum of the backgrounds. One selected signal model is shown for comparison. The fit
shown in this plot is only for illustration purposes, since the fit used for the limits uses all 15 signal and
control bins simultaneously, which allows to constrain the uncertainties in the signal bins.
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exclude up to the region 
where mstop~mLSP+mt +30GeV  

stop 350GeV and LSP 150GeV 
There are no region with 

S/N>0.1 in this plot!
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I am not sure if I take this as face value but it is still nice to 
have such efforts from experimental side 
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Jet substructure 
Technology to find boosted heavy object in a jet  

November 12, 2012 E. Thompson - Chicago Workshop on LHC Physics 3

Entering the boosted regime

At high-pT, hadronic decay products (t → Wb → qq' b) 

collimate into a single large-radius jet

Rule of thumb: opening angle of decay products of    
a boosted object has a 1/pT dependence

→ eg: top with pT > 350 GeV or so will have decay 

products within a separation dR ~ 1 

R = 1.0
mj = 197 GeV

ET = 356 GeV

dR~
2m

pT

The boosted t, W, Z maybe 
identified as a single jet

but there are structures inside 
=mass drop 

November 12, 2012 E. Thompson - Chicago Workshop on LHC Physics 3

Entering the boosted regime

At high-pT, hadronic decay products (t → Wb → qq' b) 

collimate into a single large-radius jet

Rule of thumb: opening angle of decay products of    
a boosted object has a 1/pT dependence

→ eg: top with pT > 350 GeV or so will have decay 

products within a separation dR ~ 1 

R = 1.0
mj = 197 GeV

ET = 356 GeV

dR~
2m

pTO(10)GeV 

170GeV

O(10)GeV 

 For heavier  particle search we expect
high PT top, W, Z    
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Jet substructure
reduce QCD background   

single parton would not create 
sub-substructure   

November 12, 2012 E. Thompson - Chicago Workshop on LHC Physics 14

HEPTopTagger

Example of how substructure/grooming techniques may be used to 
optimize the selection of hadronicly-decaying tops

Utilizes a recursive “mass drop”/filtering approach

● Was optimized for H→bb search using C/A jets

Start with large-R (R=1.5, 1.8) Cambridge/Aachen jets, pT>200 GeV

Undo the last stage of C/A clustering to create two subjets

Identify relatively symmetric subjets, each with significantly smaller 
mass than their sum

...continue undoing last steps of C/A until all subjets have m<50 GeV

arXiv:1006.2833
Plehn et al 

arxiv.org:0802.2470 (BDRS) 

150GeV

120GeV 100GeV 

→Mass Drop(identify hard object) 

→Trimming(ignore soft activities)  
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Degenerate SUSY in Simplified model

• Simplified model: Specify mass and decay pattern instead using full model prediction  

• Production cross section →mostly QCD 

• Pick up representative decay patterns and mass difference 

• Important especially when theorists (roughly) interpret LHC result to their own context. 
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Figure 7: Exclusion limits for direct production of (case a – top left) gluino pairs with decoupled squarks,
(case b – top right) light-flavour squarks and gluinos and (case c – bottom) light-flavour squark pairs with
decoupled gluinos. Gluinos (light-flavour squarks) are required to decay to two jets (one jet) and a neu-
tralino LSP. Exclusion limits are obtained by using the signal region with the best expected sensitivity
at each point. The blue dashed lines show the expected limits at 95% CL, with the light (yellow) bands
indicating the 1� excursions due to experimental and background-theory uncertainties. Observed limits
are indicated by medium (maroon) curves, where the solid contour represents the nominal limit, and the
dotted lines are obtained by varying the signal cross-section by the theoretical scale and PDF uncertain-
ties. Previous results from ATLAS [17] are represented by the shaded (light blue) areas and light blue
dotted lines. The black stars indicate the benchmark models used in Figs. 1–4.

properties to R-parity conserving SUSY is also presented in Fig. 10(right). This scenario is the minimal
extension of the SM with one additional spatial dimension. The properties of the model are fully deter-
mined by three parameters: the compactification radius of the extra dimension R, the cut-o↵ scale ⇤ and
the Higgs boson mass mh. In this analysis the Higgs boson mass is fixed to 125 GeV while R and ⇤ are
treated as free parameters. 1/R sets the mass scale of the new Kaluza-Klein (KK) particles predicted by
the model while ⇤ · R is related to the degree of compression of the KK-particle mass spectrum: mod-
els with small values of ⇤ · R possess small mass splittings between KK-particle states and vice versa.
Exclusion limits are set in the 1/R versus ⇤ · R plane.

In the CMSSM/MSUGRA case, the limit on m1/2 is greater than 340 GeV for m0 < 6 TeV and
reaches 800 GeV for low values of m0. Equal mass light-flavour squarks and gluinos are excluded below
1800 GeV in this scenario. A limit of 1700 GeV for equal mass light-flavour squarks and gluinos is found
for the simplified MSSM scenario with a massless lightest neutralino shown in Fig. 6. In the simplified
model cases of Fig. 7 (a) and (c), when the lightest neutralino is massless the limit on the gluino mass
(case (a)) is 1350 GeV, and that on the light-flavour squark mass (case (c)) is 780 GeV.
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gluino decay into 2j + LSP 

search in the degenerate region 
by using ISR 

pp→ gluino gluino + jets using 
PS-Matrix element matching 

How light the SUSY particle could be 
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Effective dark matter interactions 
• For the dark matter, we may also consider a model 

independent approach--namely, the coupling between dark 
matter and matter is expressed by effective coupling         
χΓχ qΓq

• Especially for spin dependent interaction LHC give very 
strong limit, especially for light DM(mχ＜10GeV) 

spin independent interactions spin dependent 

13年6月25日火曜日



Leptons and 
photons in Future 
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Figure 1: Distributions of Emiss,rel
T (left) and mT2 (right) in the e+e� (top), µ+µ� (middle) and e±µ⌥

(bottom) event samples satisfying the event selection of Section 4, as well as Emiss,rel
T > 40 GeV, and

the Z veto. The expected distributions from the WW, tt̄ and ZV processes are corrected with data-
driven scale factors obtained in Section 6. The hashed regions represent the total uncertainties on the
background estimates. The right-most bin of each plot includes overflow. Illustrative SUSY benchmark
models are super-imposed.

7

EW SUSY and dark matter

Mass difference 50 GeV  required due to the 
overlap with W and Z’s 

LHC seems not to sensitive about tau channel 

(ILC is more sensitive to those.)  

Reach up to 350 GeV! 

Note however 
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Object(s) Trigger Estimated Rate
no L1Track with L1Track

e EM20 200 kHz 40 kHz
g EM40 20 kHz 10 kHz⇤

µ MU20 > 40 kHz 10 kHz
t TAU50 50 kHz 20 kHz
ee 2EM10 40 kHz < 1 kHz
gg 2EM10 as above ⇠5 kHz⇤

eµ EM10_MU6 30 kHz < 1 kHz
µµ 2MU10 4 kHz < 1 kHz
tt 2TAU15I 40 kHz 2 kHz
Other JET + MET ⇠ 100 kHz ⇠ 100 kHz
Total ⇠ 500 kHz ⇠ 200 kHz

Table 2.3: The expected Level-1 trigger rates at 7⇥ 1034 cm�2 s�1 for the baseline split L0/L1 Phase-II
trigger. The EM triggers all assume the hadronic energy veto (VH) is used. ⇤For the photon and di-photon
triggers it is assumed that the full granularity in the Level-1 calorimeter trigger will bring an additional factor
3 in background rejection power. The tt trigger rate assumes a factor 2 reduction in the tau fake rate from
the eFeX. The exclusive rates for et and µt are not included as these will depend strongly on the exact
trigger menu and trigger thresholds used.

cept. It might be sufficient to transfer the data only from a region around the RoIs identified
by the Phase-I calorimeter trigger. The additional processing time available within the total
latency of 20 µs would allow further refinement of the EM, tau, jet and energy sum triggers.
For example the positions of the electrons would be determined more precisely which would
improve the matching with track segments. Furthermore, the fine-grained calorimeter infor-
mation would improve the quality of the standalone EM triggers, which will be essential in
order to maintain reasonable thresholds for photons.

• Level-1 Muon Trigger: A L1Muon system will introduce the monitored-drift-tubes (MDTs)
of the ATLAS muon spectrometer in the Muon trigger, at Level-0 or Level-1. This enables
track momentum reconstruction to be performed for muons in the MDT acceptance, provid-
ing further background rejection against relatively low momentum muons.

• Level-1 Central Trigger: The new Level-1 central trigger would form the final Level-1
accept based on the results of the L1Calo, L1Muon and L1Track trigger RoIs.

2.3 Calorimeter Trigger

In the Phase-II upgrade, the entire calorimeter front-end and back-end electronics will be replaced,
as described in sections 3.1 and 4.1. The new front-end electronics will digitise all channels
every bunch crossing and transmit the data off the detector on high speed links to new calorimeter
backend electronics in USA15. The fibres would be laid in a low-latency route using the holes in
the shielding freed by removing the previous analogue trigger cables. The back-end electronics
will process these data every bunch crossing to extract the ET and timing of each pulse.

– 11 –

EW SUSY at HL-LHC
extension at HL-LHC (up to 

3000fb-1) because lepton trigger 
rate will be kept 
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Figure 10: (a) The missing transverse momentum distribution in three-lepton events for the background
and two signal scenarios. (b) The 95% CL exclusion limits (dashed lines) and 5� discovery reach
(solid lines) for charginos and neutralinos undergoing �̃±1 �̃

0
2 ! W (⇤) �̃0

1Z(⇤) �̃0
1. The case of 300 fb�1

and 3000 fb�1 are reported.
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current
limit 

LHC will be sensitive to Lepton channel ! 
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300fb-1-3000fb-1での予想感度 
 

24th May, 2013 研究会 @名古屋 10 

Γγ/Γz ~2% error from HL-LHC phase2 

⊕
 ILC error of H width 
0.44% at 500GeV,

⇓
O(1%) Br for γγ, and gg, loop physics 
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Figure 3: Left: Predictions for the ratio R

h

in the minimal RS model with bulk matter
fields and an IR-localized Higgs sector. The red, green, and blue density bands cor-
respond to ymax = 3, 1.5, and 0.5, respectively. The overlaid solid lines are obtained
using the approximate parameterizations given in (73) and (74) for the same values of
ymax. Right: Contour plot for the ratio R

h

obtained using the latter parameterizations.

contour plot displayed on the right in the figure gives a two-dimensional representation for the
cross section as a function of M

g

(1) and ymax, obtained by employing again (73) and (74).
We observe from Figure 3 that R

h

is strictly below 1 and decreases (increases) with in-
creasing ymax (KK scale). In other words, the minimal RS model with a brane-localized Higgs
sector predicts a depletion of �(gg ! h) relative to the SM. In the region where v ymax/MKK

is a suitable expansion parameter, we obtain the approximate result

R

h

⇡ 1 � v

2

2M2
KK

�
14.2 y

2
max + 3.5

�
, (76)

where the constant term in parenthesis is due to the e↵ect of 

v

. For not too small Yukawa
couplings this observable is dominated by the e↵ects of KK quark loops. Given the strong
dependence of the ratio R

h

on ymax, we find that for M

(1)
g

⇡ 3 TeV and Yukawa couplings close
to the perturbativity bound ymax ⇡ 3 [18], the new-physics contributions to the Higgs-boson
production cross section in gluon-gluon fusion can become so large that they completely can-
cel the SM contribution. In fact, the sensitivity of R

h

to the overall size of the 5D Yukawa
couplings is even more pronounced than the one arising in the case of dipole-operator tran-
sitions such as B ! X

s

� [38]. While the latter contributions also scale with y

2
max, unlike R

h

they are (at the one-loop level) insensitive to the multiplicity of states in the fermionic sector
of the RS model under consideration. This feature underscores our assertion (made in the
introduction) that precision measurements of the Higgs-boson properties furnish a superb tool
for illuminating the quantum structure of electroweak interactions in RS scenarios.

23

correction to gg→ h production  
Carena et al JHEP 1208(2012)156

HL-LHC and Higgs Boson 

H->γγ is more sensitive 

Yu
ka

w
a 

of
 K

K
 

mass of gluon KK 
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conclusion 
• Existing BSM starts being constrained.  Extended models are 

not so simple-- if they are correct answer, why? 

• The success of LHC is based on QCD/MC  technology  

• after 13TeV run, there will be HL-LHC run. Low threshold 
allows us to study EW sector of new physics strongly. 

• ILC, if can be build will allow us to study it further. 
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