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Physics of ILC 

• Top physics 

• Higgs Physics (Synergy)

• SUSY(dark matter) physics 

Is this outstanding project?
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top mass 

and higgs sector  

• Discovery and excitement 

• Unstable vacua but perturbative up to Planck scale important 
to determine top mass (which we need ILC) 

• Nothing excluded yet (but we fix our mind to future plan) 

• facing challenge (especially SUSY) 

• Higgs mass too small to exclude SUGRA 

• some SUSY models has gone? GM, 
but thoese models can be extended. 

• fine turning is not absolute measure 

MSSM with 126GeV Higgs

25 May, 2013 テラ物理研究会@名古屋大

26

mhmaxシナリオではtanが大きくなると126GeVを超える。
-> 126GeVは認めて、他の部分は最大限許すシナリオの提案

まずシナリオ提案について

in a single measurement; a statistical accuracy of ∆αs = 0.0004 is for instance quoted in
Ref. [49]. This can be done either in e+e− → qq̄ events on the Z-resonance (the so-called
GigaZ option) or at high energies [43] or in a combined fit with the top quark mass and
total width in a scan around the tt̄ threshold [48].

Assuming for instance that accuracies of about ∆mt ≈ 200 MeV and ∆αs ≈ 0.0004 can
be achieved at the ILC, a (quadratically) combined uncertainty of less than ∆MH ≈ 0.5
GeV on the Higgs mass bound eq. (1) could be reached. This would be of the same order
as the experimental uncertainty, ∆MH

<∼ 100 MeV, that is expected on the Higgs mass.
At this stage we will be then mostly limited by the theoretical uncertainty in the

determination of the stability bound eq. (1) which is about ±1 GeV. The major part of
this uncertainty originates from the the QCD threshold corrections to the coupling λ which
are known at the two-loop accuracy [6, 7]. It is conceivable that, by the time the ILC will
be operating, the theoretical uncertainty will decrease provided more refined calculations
of these threshold corrections beyond NNLO are performed.

The situation is illustrated in Fig. 1 where the areas for absolute stability, metastability8

and instability of the electroweak vacuum are displayed in the [MH , m
pole
t ] plane at the 95%

confidence level. The boundaries are taken from Ref. [6] but we do not include additional
lines to account for the theoretical uncertainty of ∆MH = ±1 GeV (which could be reduced
in the future) and ignore for simplicity the additional error from the αs coupling.
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Figure 1: The 2σ ellipses in the [MH ,m
pole
t ] plane that one obtains from the current top quark

and Higgs mass measurements at the Tevatron and LHC and which can be expected in future
measurements at the LHC and at the ILC, when confronted with the areas in which the SM
vacuum is absolutely stable, metastable and unstable up to the Planck scale.

As can be seen, the 2σ blue–dashed ellipse for the present situation with the current
Higgs and top quark masses of MH = 126 ± 2 GeV and mpole

t = 173.3 ± 2.8 GeV, and in

8This situation occurs when the true minimum of the scalar potential is deeper than the standard
electroweak minimum but the latter has a lifetime that is larger than the age of the universe [5]. The
boundary for this region is also taken from Ref. [6].
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2.8. Conclusion
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Figure 2.20. Estimate of the sensitivity of the ILC experiments to Higgs boson couplings in a model-independent
analysis. The plot shows the 1 ‡ confidence intervals as they emerge from the fit described in the text. Deviation
of the central values from zero indicates a bias, which can be corrected for. The upper limit on the W W and ZZ
couplings arises from the constraints (2.31). The bar for the invisible channel gives the 1 ‡ upper limit on the
branching ratio. The four sets of errors for each Higgs coupling represent the results for LHC (300 fb≠1, 1 detector),
the threshold ILC Higgs program at 250 GeV, the full ILC program up to 500 GeV, and the extension of the ILC
program to 1 TeV. The methodology leading to this figure is explained in [65].

2.8 Conclusion

The landscape of elementary particle physics has been altered by the discovery by the ATLAS and
CMS experiments of a new boson that decays to ““, ZZ, and WW final states [2, 3]. The question
of the identity of this bosons and its connection to the Standard Model of particle physics has become
the number one question for our field. In this section, we have presented the capabilities of the ILC
to study this particle in detail. The ILC can access the new boson through the reactions e+e≠ æ Zh

and through the WW fusion reaction e+e≠ æ ‹‹h. Though our current knowledge of this particle is
still limited, we already know that these reactions are available at rates close to those predicted for
the Higgs boson in the Standard Model. The ILC is ideally situated to give us a full understanding of
this particle, whatever its nature.

The leading hypothesis for the identity of the new particle is that it is the Higgs boson of the
Standard Model, or a similar particle responsible for electroweak symmetry breaking in a model that
includes new physics at the TeV energy scale. We have argued that, if this identification proves correct,
the requirements for experiments on the nature of this boson are extremely challenging. Though there
are new physics models that predict large deviations of the boson couplings from the Standard Model
predictions, the typical expectation in new physics models is that the largest deviations from the
Standard Model are at the 5–10% level. Depending on the model, these deviations can occur in any
of the boson’s couplings. Thus, a comprehensive program of measurements is needed, one capable of
being interpreted in a model-independent way. Our estimate of the eventual LHC capabilities, given

Physics ILC Technical Design Report: Volume 2 43
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HL-LHC (1000->3000 fb-1 )

• 2018年 14TeV L~2x1034 cm-2s-1 25ns (Phse 1) 

• 2022年　    　 L~5x1034 cm-2s-1 (Phase II)

• strong intention to keep trigger as low as possible for Higgs physics  

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 –

Figure 2.4 shows a functional block diagram for the Phase-II Level-0 calorimeter trigger. The
digital signals from the calorimeters are duplicated optically and organised into overlapping de-
tector regions for processing by the electron and jet feature extractors (FEX s). In both cases, the
HCAL data are divided into regions of 0.1⇥0.1 in h ,f . The data from the four layers of the LAr
ECAL (pre-sampler and three sampling layers of the ECAL) are delivered on optical links in the 1-
4-4-1 arrangement, where the first two layers of the ECAL proper are segmented into 0.025⇥0.1
in h ⇥ f . For input into the jFEX, these signals are summed in the DPS into a single 0.1⇥ 0.1
trigger tower. The total number of 10 Gb/s links into the L0Calo would be 4064, comprising 3200
fibres carrying the fine granularity EM layers and 432 fibres carrying the lower granularity data
from both the EM and hadronic layers.

         Electron!
  Feature Extractor  !
         (eFEX)!

 LAr (DPS)!

ECAL!

to Topological!
   Processor!

Electrons!

Calorimeters! L0Calo!

             Jet!
  Feature Extractor  !
         (jFEX)!

Jets & Σ ET!

    Optical!
     Plant!

TileCal!

HCAL!

ECAL! HCAL!

Taus!

   ~1Mbit!
@40 MHz!

Figure 2.4: Functional block diagram for Phase-II Level-0 calorimeter trigger.

2.3.1 Level-0 Calorimeter Feature Extractor

The L0Calo trigger processing will continue to use the Feature Extractor components developed for
Phase-I [2], but with modified firmware. The additional information provides further background
rejection. An example that has been shown to give a 3�4 times reduction in the trigger rate is to
calculate the ratio of the energy in the second layer of the LAr ECAL which occurs in 3⇥2 region
of h �f centred on the local maximum of ET to that deposited in the corresponding 7⇥2 region
of h �f as illustrated in Figure 2.5, centre.

�

�
0.1 � 0.1 0.025 � 0.1 0.025 � 0.025

Current L0Calo L1Calo
Figure 2.5: The EM granularity available in the current, Phase-II Level-0 and Phase-II Level-1 EM triggers.

2.3.2 Level-1 Calorimeter Trigger

The Level-1 calorimeter trigger will be asynchronous, processing Level-0 accepts as they arrive at
an average rate of up to 500 kHz and a peak rate possibly up to 20 MHz. The calorimeter data for

– 12 –
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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 Z coupling

0.44% at 250GeV,

⇓
O(1%) loop physics 
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New physics scale and Higgs production and decay 
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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

max correction to  h->γγ coupling for  
higgs radion mixing scenario  

HL-LHC& ILC?

Kubota & Nojiri in progress  
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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 

 access to the higher mass  at HL-LHC

provided low lepton threshold　 

LHC seems not to sensitive about tau channel 

ILC is more sensitive to those.  

13年5月31日金曜日



• High Luminosity LHC must be supported. given success of 
LHC 7-8TeV 

• Success....Understanding of QCD and Standard model   
(multijet amplitude, higher order QCD correction)  

• Next target is a virtual higgs sector and dark matter sector.. 

• US theory role - Future particle physics need new ideas (in 
the past,  new models are from US, gauge mediation, 
anomaly mediation, extra dimension... ) 

My view 

13年5月31日金曜日


