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コライダー物理に 
関する招待講演 
3/10 = 30%
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コライダー物理に 
関する招待講演 
1/11 = 9%
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コライダー物理に 
関する招待講演 
1/13 = 8%
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コライダー物理に 
関する招待講演 
2/12 = 17%
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コライダー物理に 
関する招待講演 
2/13 = 15%
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コライダー物理に 
関する招待講演 
2/16 = 13%
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コライダー物理に 
関する招待講演 
0/11 = 0%
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一般講演: 馬渡健太郎  (大阪大)                           H-COUPで新物理を探る

PPP2019

TH
EXP
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コライダー物理に 
関する招待講演 
0/12 = 0%
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一般講演: 馬渡健太郎     (大阪大)                        Another Higgs production at ILC250

PPP2018

TH
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コライダー物理に 
関する招待講演 
3/13 = 23%
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一般講演: 馬渡健太郎   (大阪大)              Seeking dark matter at the interface of collider physics,  
                                                         astrophysics and cosmology

PPP2017
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Hadron interactions from lattice QCD

Desert and the Naturalness（砂漠と自然性）

Rethinking Naturalness

IceCube実験による高エネルギーニュートリノ観測の最新成果と 
宇宙線起源への示唆

宇宙線およびガンマ線観測からの暗黒粒子に対する制限

CMB観測を用いた観測的宇宙論の現状

Boosted Top and Higgs at the LHC
LHC Non-SUSY BSM探索の現状と展望
弦理論とその応用
Higgs-likeからHiggsへ
Higgs characterisation framework
The View Ahead

加速器・衝突器と素粒子物理の進展
LHC実験による8TeVでのSUSY探索および14TeVでの展望

コライダー物理に 
関する招待講演 
6/14 = 43%
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TH
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PPP2013 オープニングトーク (2013/8/5) 
「加速器・衝突器と素粒子物理学の進展」 
by 山口嘉夫さん 
(講演スライド 1,2ページ目) 
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History of elementary particle discovery
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History of elementary particle discovery
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History of elementary particle discovery 
at colliders
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q̃

ℓ̃

χ̃

SUSY見つかってたら 
どうなってたんでしょうね。。。

History of elementary particle discovery 
at colliders
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LEP (e+e-) LHC (pp) HL-LHC (pp)

Tevatron (pp~)

HERA (ep)
(1992-2007)

(1988-2000) (2009-2025) (2030-2041)

(1987-2011)

History of elementary particle discovery 
at colliders
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Figure 2: Center of mass energy reach of particle colliders vs their actual or proposed start
of operation. Solid and dashed lines indicate a ten-fold increase per decade for hadron
(circles), lepton (triangles) and lepton-hadron (half filled circles) colliders (adapted from
[Shiltsev and Zimmermann, 2021]).

5

17

History of particle colliders

Shiltsev, Zimmermann  
[2003.09084, 2309.15960]

15 years latertoday
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History of elementary particle discovery 
at colliders

my history

LHC前
Higgs 
発見!

Higgs 
発見後

ILC (e+e-) 欲しい！



before the LHC 
(-- 2010)

Model dependent studies 
supersymmetry 
extra dimension 
composite higgs 

little higgs 
...

19

BSM粒子（特にSUSY粒子）の 
発見を心待ちに。。。

[2006 CERN summer school]
CMS detector (before installation)



PPP2025@YITP - 2025.Sep.1                              K. Mawatari (Iwate U.)20



PPP2025@YITP - 2025.Sep.1                              K. Mawatari (Iwate U.)21



PPP2025@YITP - 2025.Sep.1                              K. Mawatari (Iwate U.)22

[hep-ph/0612301, EPJC]
S. Choi, K. Hagiwara, H. Martyn, K. Mawatari, P. Zerwas
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Inclusive Searches

→MET

→MET
→jets

→jets Generic features in Supersymmtry
‣ gluino/squark production dominates

‣ cascade decays to lighter sparticles

‣ stable LSPs (R-parity conservation)
 

➔ Multi-jets + MET + X topology

General strategy in ATLAS
‣ Select a few parameter points consistent 

with DM constraints

‣ Identify signatures with different topologies

‣ Perform full simulation studies on each 
signature

‣ Scan parameter space with fast simulation
 

‣ Perform separate full sim. studies on “exotic” 
signatures (not covered in this talk) :

- Long-lived states, R-hadron, etc.

24

PPP2008 by 寺師さん (ATLAS)
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Working Models

Most ATLAS studies performed in the framework of 
MSSM with R-parity conservation
 

SUSY breaking scenarios considered :

‣mSUGRA - minimal SuperGravity (most studied)

‣GMSB - Gauge Mediated SUSY Breaking

‣AMSB - Anomaly Mediated SUSY Breaking

mSUGRA Benchmark Points

m0

(GeV)
m1/2

(GeV)
A0

(GeV)
tanβ

σNLO

(pb)
mg / mq

(GeV)

SU1 70 350 0 10 10.9 830 / 750

SU2 3550 300 0 10 7.2 860 / 3550

SU3 100 300 -300 6 27.7 720 / 620

SU4 200 160 -400 10 402.2 420 / 420

SU6 320 375 0 50 6.1 900 / 870

25

PPP2008 by 寺師さん (ATLAS)
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ATLAS

SM and SUSY Events

‣ Common cuts
‣ no lepton
‣ ∆ϕ(jet, ET

miss) > 0.2

‣ Common cuts
‣ Exactly one lepton (pT>20 GeV)
‣ Transverse Mass > 100 GeV

1 lepton0 lepton

Meff  ≡  ∑ PT 
i + ∑ PT j + ETmiss

i = leptons j = jets

Common cuts :

- ≥4(1) jets with pT>50(100) GeV

- ET
miss > max(100 GeV, 0.2Meff)

- Transverse Sphericity > 0.2 → 2 lepton case separately analyzed
28

PPP2008 by 寺師さん (ATLAS)
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SUSY粒子発見に備えて 
SUSY pair productionへの輻射補正計算の自動化

26
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Figure 7: Total cross section for pp ! ũR �̃0

1 including the scale uncertainty. The band corresponds to a variation µ0/2 <
µR,F < 2µ0. We assume our benchmark parameter choice for all masses except for mũR and show results for

p
S = 7 TeV and

14 TeV.

of the renormalization and the factorization scales varied independently. We show the cross section profile, both at
leading order and at next-to-leading order, moving along a contour in the µR-µF plane. The contour is defined in
the left panel of Fig. 6. Individually changing one of the two scales we expect a monotonous behavior, while in the
diagonal a distinct maximum appears for some processes. Again, we only show the dominant ũR�̃0

1
channel for the

modified SPS1a benchmark point with a heavy gluino.
The stabilization becomes apparent in a considerable smoothing of the �(µ) slope in the entire µR-µF plane. This

graphical representation also indicates that the simultaneous variation of both scales would have lead to a similar
uncertainty estimate, but this feature is clearly process and parameter dependent. Associated production cross
sections have the feature that they are proportional to one power of ↵s at leading order, which means that unlike
Drell-Yan-type channels the renormalization scale dependence is visible at leading order. In contrast to QCD pair
production the renormalization scale does not completely dominate the combined scale dependence, though. The
NLO uncertainty band from the scale variation ranges around (��)/� <⇠ 20%, down from up to 70% at leading order.

Finally, in Fig.7 we show LO and NLO cross section predictions including the scale dependence. We see that the
two bands are close to overlapping for µ0/2 < µR,F < 2µ0, i.e. our NLO result is within the LO error estimate; on
the other hand, we also see that a conservative scale variation should not be chosen any smaller. Comparing the two
LHC energies we see that for 14 TeV the same number of signal events corresponds to an increase in the squark mass
by at least 200 GeV.

E. MSSM parameter space

In Tab. II we survey the predictions for squark–LSP production for all SPS points. We define an inclusive q̃�̃0
1

cross section by including the first-generation squarks, q̃ = ũL, ũR, d̃L, d̃R, but without any approximation about the
individual squark masses. As we have shown, the contributions from the second generation can be safely neglected.
While the set of SPS benchmark points is by no means a thorough coverage of the MSSM parameter space, this
brief scan is a useful starting point and will help us understand e↵ects from the MSSM parameter space. The whole
idea of the implementation of NLO corrections in the soon-to-be public MadGolem package is of course to allow for
parameter scans by any user.

First, we see that the K factors are largely insensitive to the specific SPS point. This follows from the dominance
of genuine QCD e↵ects, namely the gluon-mediated u-u-g vertex corrections and the real gluon emission. Changes in
the squark and gluino masses do not leave a recognizable fingerprint in the relative size of the NLO corrections, which
typically ranges around 40%. The only exception are huge corrections for ũL in SPS6 and ũR, d̃R in SPS9, which are
due to essentially vanishing LO rates. To next-to-leading order rate does not factorize with the LO couplings and

8

p
S [TeV] �LO [fb] �NLO [fb] K K[ũL] K[ũR] K[d̃L] K[d̃R] mũ md̃ mg̃ m�̃0

1

SPS1a1000
7 35.27 50.44 1.43 1.52 1.42 1.46 1.47 ũL : 561 d̃L : 568

1000 97
14 215.02 301.27 1.40 1.49 1.39 1.42 1.43 ũR : 549 d̃R : 545

SPS1b
7 2.77 3.99 1.45 1.57 1.43 1.62 1.52 ũL : 872 d̃L : 878

938 162
14 27.21 37.46 1.38 1.48 1.36 1.52 1.43 ũR : 850 d̃R : 843

SPS2
7 0.04 0.07 1.52 1.81 1.49 1.69 1.65 ũL : 1554 d̃L : 1559

782 123
14 1.21 1.64 1.36 1.45 1.34 1.46 1.45 ũR : 1554 d̃R : 1552

SPS3
7 3.15 4.55 1.44 1.56 1.42 1.59 1.52 ũL : 854 d̃L : 860

935 161
14 30.20 41.59 1.38 1.49 1.36 1.50 1.43 ũR : 832 d̃R : 824

SPS4
7 6.44 9.04 1.40 1.52 1.38 1.53 1.49 ũL : 760 d̃L : 766

733 120
14 52.87 71.40 1.35 1.46 1.33 1.45 1.41 ũR : 748 d̃R : 743

SPS5
7 13.26 18.11 1.37 1.52 1.40 1.54 1.48 ũL : 675 d̃L : 678

722 120
14 95.81 132.29 1.38 1.50 1.37 1.49 1.43 ũR : 657 d̃R : 652

SPS6
7 9.84 14.06 1.43 O(100) 1.41 1.46 1.49 ũL : 670 d̃L : 676

720 190
14 77.08 107.03 1.39 O(100) 1.37 1.40 1.44 ũR : 660 d̃R : 650

SPS7
7 2.19 3.17 1.45 1.71 1.43 1.56 1.53 ũL : 896 d̃L : 904

950 163
14 22.36 30.80 1.38 1.61 1.36 1.46 1.43 ũR : 875 d̃R : 870

SPS8
7 0.65 0.95 1.45 1.66 1.43 1.62 1.57 ũL : 1113 d̃L : 1122

839 139
14 8.73 11.79 1.35 1.43 1.34 1.44 1.42 ũR : 1077 d̃R : 1072

SPS9
7 0.39 0.58 1.49 1.46 O(1000) 1.51 O(1000) ũL : 1276 d̃L : 1279

1872 187
14 7.65 10.42 1.36 1.34 O(1000) 1.38 O(1000) ũR : 1282 d̃R : 1289

Table II: Summed cross section and corresponding K factors for all four first-generation squark processes pp ! q̃�̃0

1 in di↵erent
SPS benchmark scenarios. The scales are chosen at µ0

R,F . All masses are given in GeV.

is instead based on additional conjugate couplings. Second, we see that the total cross sections do show a strong
correlation with the SPS points; the reason is twofold: on the one hand there is kinematics, i.e. the cross sections
strongly depend on the final state masses in phase space; in addition, we see dynamics e↵ects, where the strength
of the �̃0

1
qq̃ coupling changes substantially from one scenario to another. For relative light spectra in the range

mq̃ ⇠ 500�700GeV and m�̃
0
1
⇠ 100GeV, as is the case for SPS1a1000, SPS5, and SPS6, the NLO cross sections range

around tens (hundreds) of femtobarns at
p
S = 7 (14)TeV. For TeV-scale squark masses, as in SPS2, SPS8 or SPS9,

the cross sections stay below the femtobarn level. The K factors remain around +40%. This simple pattern hardly
depends on the gluino mass, since the SUSY-QCD corrections are sub-leading.

III. COMPARISON WITH MULTI-JET MERGING

While experimental analyses based on NLO cross section incorporate significant improvements of the central values
and the theory uncertainties, we need to ensure that this picture also includes the main distributions. From earlier
studies we know that the transverse momentum and rapidity distributions of the heavy particles are relatively stable
with respect to higher-order corrections [9, 18]. Moreover, at least for the production of heavy particles QCD jet
radiation should be well described by the parton shower, because the collinear approximation includes sizeable pT,j

relative to the masses in the final state [12]. Nevertheless, we can check quantitatively how well the NLO distributions
from our fixed-order MadGolem computation agree with multi-jet merging [13, 14]. As a comparison and to estimate
the associated theory uncertainties we use the Mlm scheme with up to two hard jets, as implemented in Madgraph.
Any additional jets are well described by the parton shower [12].

An important detail when using Catani-Seymour dipoles to compute distributions is the assignment of the uninte-
grated and integrated dipole contributions to phase space points. In the original paper, Ref. [27], it is spelled out that
the unintegrated dipole contribution should not be counted towards their (n + 1)-particle or in our case 3-particle
phase space point, but towards the reduced 2-particle phase space. This ensures that for example the ↵ dependence
of the integrated and unintegrated dipoles exactly cancels not only for the total rate but also for all distributions.
On the other hand, this implies that the pT,j distribution remains unmodified from leading order and diverges at
small transverse momenta. To turn this distribution into a useful prediction we need to consistently include a parton
shower [36]. Obviously, neither the leading jet distributions nor the recoiling heavy system’s distributions should be
used from the fixed order computation.

[1108.1250, PRD]
Automized Squark-Neutralino Production to Next-to-Leading Order
T. Binoth, D. Goncalves Netto, D. Lopez-Val, K. Mawatari, T. Plehn, I. Wigmore
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SM Higgs productions at the LHC 
and the decays

27

＊ SMでMHだけが未知のパラメーター



LHC started ! 
(2009)
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ࡀࡢࡿࡍࢢࣥࢽࣙࢩࢵ࣑ 11 ᭶ 16 ᪥ࡢணᐃࡾ࡞࡜㸪ࢆࢀࡑ

3.5TeV ࡟᭦ࡣ࡟࠺⾜࡛ࡲ 1 ࣧ᭶⛬ᗘᚲせ࡛ࢃࡀ࡜ࡇࡿ࠶
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1.18TeVࡽ࡞⬟ྍࡋࡶ㸪࡜ᐇ㦂✺⾪ࡢ࡛ ඃࢆᐇ㦂✺⾪ࡢ࡛

ඛࡋ࡜࡜ࡇࡿࡏࡉ㸪ࢳ࢚ࣥࢡಖㆤࢽࣙࢩࢵ࣑ࢥࡢ࣒ࢸࢫࢩ
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ࡀࡾ࡞࡟ࡕẼᣢ࠸ᬯࡤࢀࡍࡶ࡜㸪࡜ࡀࢀ㐜ࡢ࣮ࣝࣗࢪࢣࢫ

㸪11᭶ࢁࡇ࡜ࡓࡗࡔࡕ 20᪥࣒࣮ࣅࡢ࿘ᅇࡽ࠿ጞ࣮ࣅࡓࡗࡲ

ᕼᮃ࡞ࡁ㸪኱ࡋᤲ୍ࢆẼศ࠺࠸࠺ࡑࡣࢢࣥࢽࣙࢩࢵ࣑ࢥ࣒

ࡢ๓ᖺࠋࡿ࠶࡛ࡢࡓ࠼ኚ࡜࡬ 9 ᭶ 10 ᪥ྠ࡜ᵝ࡟ LHC ᅄᐇ

㦂ࡣ splash event ᅗ)ࡓ࠼ࡽ࡜࡟ᐇ☜ࢆ ࡢࡑ࡚ࡋࡑࠋ(8 3

᪥ᚋࡣ࡟㸪㔜ᚰ⣔࢚࣮ࢠࣝࢿ 900GeV ᡂ࡟✺⾪࣒࣮ࣅࡢ࡛

ຌࡿ࠶࡛ࡢࡓࡋ(ᅗ  ࠋ(9
   

 
ᅗ 㸪splash eventࢀࡉ෌㛤ࡀ㐠㌿࣒࣮ࣅ 8 ࡧ㸪႐ࡋᡂຌ࡟グ㘓ࡢ

ࡃࢃ࡟ ATLAS 2009)࣒࣮࣮ࣝࣝࣟࢺࣥࢥ ᖺ 11 ᭶ 20 ᪥)   

 
ᅗ 9 ATLAS ᐇ㦂࡛グ㘓ࡓࢀࡉ LHC ࢺࣥ࣋࢖✺⾪࣒࣮ࣅࡢึ᭱

ࡣ࣮ࢠࣝࢿ㔜ᚰ⣔࢚)ࡘ୍ࡢ 900GeV )    
11 ᭶ 26 ᪥ࠕ࡟LHC, week 1 ࡀ࣮ࢼ࣑ࢭࡓࡋ㢟ࠖ࡜ CERN

࡛㛤ࢀ࠿㸪LHC ຍ㏿ჾ࡜ 4 ࡢࡘ LHC ᐇ㦂ࡢሗ࿌ࡓࡗ࠶ࡀ

ࡓࡋⓏቭ࡟ึ᭱ࠋ[11] LHC operation ㈐௵⪅ࡢ Steve Myers

Ặ(CERN's Director for Accelerators and Technology)ࡢ
 ,LHC is back! From the dark days after September 19ࠕ
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11 ᭶ 26 ᪥ࠕ࡟LHC, week 1 ࡀ࣮ࢼ࣑ࢭࡓࡋ㢟ࠖ࡜ CERN

࡛㛤ࢀ࠿㸪LHC ຍ㏿ჾ࡜ 4 ࡢࡘ LHC ᐇ㦂ࡢሗ࿌ࡓࡗ࠶ࡀ

ࡓࡋⓏቭ࡟ึ᭱ࠋ[11] LHC operation ㈐௵⪅ࡢ Steve Myers

Ặ(CERN's Director for Accelerators and Technology)ࡢ
 ,LHC is back! From the dark days after September 19ࠕ

小林富雄「LHC実験始動」
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No new particles... only exclusion limits...

ATLAS webpage

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/ATLAS_SUSY_Summary/history.html
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毎日新聞2012年7月5日

Higgs discovery? (2012) 
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Higgs-like to Higgs
and Prospects

大阪大学　花垣和則
For the ATLAS collaboration

PPP2012 by 浅井さん (ATLAS)

PPP2013 by 花垣さん (ATLAS)
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Kentarou Mawatari (Vrije U. Brussel)                                                          　                                          Aug. 7, 2013, YITP workshop                                    

BEH characterisation framework

Kentarou Mawatari (馬渡 健太郎)

(Vrije Universiteit Brussel and International Solvay Institutes)  

Brout-Englert-Higgs

1
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[arXiv: 1207.7214]

[arXiv: 1207.7235]

3
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After one year...

4
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Kentarou Mawatari (Vrije U. Brussel)                                                          　                                          Aug. 7, 2013, YITP workshop                                    

L1

L2

BW resonance?1

2 Graviton-like?

no

- or mixed?

no

no

1 or 2?
no

-

mixed

yes excluded

no
yes

no HD or 2- HD

-

1- 

more resonances 
close to 126?

yes

no

coupling strength?

yes

Spin 0?

yes

+ Parity?

Only resonance?

SM couplings strength?

SMS!
yes

yes

L0

Strategy of the Higgs characterisation

We provide a complete framework, based
on an effective field theory description, that 
allows to perform characterisation studies 
of the newly discovered boson in all relevant 
channels in a consistent, systematic and 
accurate way.

6
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Kentarou Mawatari (Vrije U. Brussel)                                                          　                                          Aug. 7, 2013, YITP workshop                                    

Effective Lagrangian -- spin0

35

κ(kappa) framework 
= SM coupling からのズレをパラメトライズ
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Mass and angular distributions -- spin0

./bin/mg5
>import model HiggsCharac
>generate p p > x0, x0 > mu- mu+ e- e+
>output
>launch

36

[1306.6464, JHEP]
P. Artoisenet, P. de Aquino, F. Demartin, R. Frederix, S. Frixione, F. Maltoni, 
M. Mandal, P. Mathews, K. Mawatari, V. Ravindran, S. Seth, P. Torrielli, M. Zaro
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"for the theoretical discovery of a mechanism that 
contributes to our understanding of the origin of mass of 
subatomic particles, and which recently was confirmed 

through the discovery of the predicted fundamental 
particle, by the ATLAS and CMS experiments at CERN's 

Large Hadron Collider" [http://www.nobelprize.org]

38

http://www


After Higgs discovery
BSM: full SUSY spectra ̶> simplified spectra, compressed spectra, 
                                         RPV (R parity violation),  
                                         LLP (Long-lived particle), 
                                         simplified DM models,  
                                         … 
Higgs: kappa framework ̶> SMEFT (SM Effective Field Theory)

39
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Full SUSY spectra to simplified spectra

40
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Figure 1: The decay topologies of (a, b) squark-pair production, (c, d) gluino-pair production and (e) squark–gluino
production in simplified models with (a, c, e) direct decays of squarks and gluinos or (b, d) one-step decays of squarks
and gluinos.

with next-to-leading-order (NLO) cross-sections and the NNPDF3.0NNLO PDF set. Matrix elements are
calculated for up to two partons at NLO and three or four additional partons at leading order (LO) using the
C���� [48] and O��� L���� [49] matrix-element generators, and merged with the S����� parton shower
[50] using the ME+PS@NLO prescription [51].

For all SM background samples the response of the detector to particles was modelled with the full ATLAS
detector simulation [66] based on G����4 [67]. Signal samples were prepared using a fast simulation
based on a parameterisation of showers in the ATLAS electromagnetic and hadronic calorimeters [68]
coupled to G����4 simulations of particle interactions elsewhere. The EvtGen v1.2.0 program [69] was
used to describe the properties of the 1- and 2-hadron decays in the signal samples, and the background
samples except those produced with S����� [52].

All simulated events were overlaid with multiple ?? collisions simulated with P����� 8.186 using the A3
tune [36] and the NNPDF2.3LO parton distribution functions [37]. The MC samples were generated with
a variable number of additional ?? interactions (pile-up), and were reweighted to match the distribution of
the mean number of interactions observed in data in 2015–2018.

4 Object reconstruction and identification

The reconstructed primary vertex of the event is required to be consistent with the luminous region and to
have at least two associated tracks with ?T > 500 MeV. When more than one such vertex is found, the
vertex with the largest
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Figure 1: The decay topologies of (a, b) squark-pair production, (c, d) gluino-pair production and (e) squark–gluino
production in simplified models with (a, c, e) direct decays of squarks and gluinos or (b, d) one-step decays of squarks
and gluinos.

with next-to-leading-order (NLO) cross-sections and the NNPDF3.0NNLO PDF set. Matrix elements are
calculated for up to two partons at NLO and three or four additional partons at leading order (LO) using the
C���� [48] and O��� L���� [49] matrix-element generators, and merged with the S����� parton shower
[50] using the ME+PS@NLO prescription [51].

For all SM background samples the response of the detector to particles was modelled with the full ATLAS
detector simulation [66] based on G����4 [67]. Signal samples were prepared using a fast simulation
based on a parameterisation of showers in the ATLAS electromagnetic and hadronic calorimeters [68]
coupled to G����4 simulations of particle interactions elsewhere. The EvtGen v1.2.0 program [69] was
used to describe the properties of the 1- and 2-hadron decays in the signal samples, and the background
samples except those produced with S����� [52].

All simulated events were overlaid with multiple ?? collisions simulated with P����� 8.186 using the A3
tune [36] and the NNPDF2.3LO parton distribution functions [37]. The MC samples were generated with
a variable number of additional ?? interactions (pile-up), and were reweighted to match the distribution of
the mean number of interactions observed in data in 2015–2018.

4 Object reconstruction and identification

The reconstructed primary vertex of the event is required to be consistent with the luminous region and to
have at least two associated tracks with ?T > 500 MeV. When more than one such vertex is found, the
vertex with the largest
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T of the associated tracks is chosen.

5



PPP2025@YITP - 2025.Sep.1                              K. Mawatari (Iwate U.)41

Model Signature
∫
L dt [fb−1] Mass limit Reference

In
cl

u
si

ve
S

e
a

rc
h

e
s

3
rd

g
e
n
.

sq
u
a
rk

s
d
ir

e
ct

p
ro

d
u
ct

io
n

E
W

d
ir

e
ct

L
o

n
g

-l
iv

e
d

p
a

rt
ic

le
s

R
P

V

q̃q̃, q̃→qχ̃
0
1

0 e, µ 2-6 jets Emiss
T 140 m(χ̃

0
1)<400 GeV 2010.142931.85q̃ [1×, 8× Degen.] 1.0q̃ [1×, 8× Degen.]

mono-jet 1-3 jets Emiss
T 140 m(q̃)-m(χ̃

0
1)=5 GeV 2102.108740.9q̃ [8× Degen.]

g̃g̃, g̃→qq̄χ̃
0
1

0 e, µ 2-6 jets Emiss
T 140 m(χ̃

0
1)=0 GeV 2010.142932.3g̃

m(χ̃
0
1)=1000 GeV 2010.142931.15-1.95g̃̃g Forbidden

g̃g̃, g̃→qq̄Wχ̃
0
1

1 e, µ 2-6 jets 140 m(χ̃
0
1)<600 GeV 2101.016292.2g̃
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*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
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125GeV SM Higgs productions 
at the LHC and the decays
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Higgs precision 
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M. Cacciari, G. Hamel de Monchenault / C. R. Physique 16 (2015) 368–378 371

Fig. 2. (Color online.) Summary of inclusive cross section measurements at ATLAS.

very small signals in the context of large backgrounds, the LHC experiments often exploit the power of multivariate analyses 
(MVA) to improve background to signal discrimination.

The luminosity L is the integral of the instantaneous luminosity delivered by the LHC over the considered running period 
and is expressed in inverse-femtobarns fb−1. During the Run-1 of the LHC, ATLAS [28] and CMS [29] have each recorded 
5 fb−1 of data at a center of mass energy of 7 TeV in 2011 and 20 fb−1 at 8 TeV in 2012, and LHCb [30] has recorded 1
and 2 fb−1 at 7 and 8 TeV, respectively. The profile of instantaneous luminosity has changed a lot in the course of Run-1, 
from 3 to 8·1033 cm−2·s−1 in 2012. This translates into varying conditions of pile-up, from 10 to 25 hard proton–proton 
interactions in average per bunch crossing. The pile-up mitigation is one of the experimental challenges at the LHC, which 
has in particular motivated the development of particle flow techniques in ATLAS and CMS.

Many inclusive production cross-section have been measured at the LHC and compared to the SM predictions. Very 
nice agreement between measurements and predictions is observed, over a wide range of values, from the total inelastic 
proton–proton cross-section in the tens of mb range, the W and Z boson production in the tens of nb range, and the 
multi boson production in the tens of pb range. The smallest measured cross-sections are in the range of a tenth of a pb. 
In effect LHC measurements probe inclusive cross-sections over 12 orders of magnitude. This is illustrated for ATLAS [31]
in Fig. 2 and similar agreement with predictions on inclusive cross-sections is reached at CMS [32]. This extended set of 
measurements in agreement with the predictions demonstrates the excellent understanding of both underlying SM physics 
and detectors.

2.1. Vector boson production

There is a strong interest for the physics of electroweak vector bosons at the LHC. Measurements of single W and Z
boson productions is a way to test the left/right couplings of light quarks, to probe the quark and gluon contents of the 
proton (parton densities, or PDFs), to test higher-order QCD calculations in the associated production with jets.

The main W -boson signature is one prompt, energetic, isolated charged lepton (e, µ) plus a neutrino giving rise to 
missing transverse momentum Emiss

T . The lepton momentum and the Emiss
T are combined to form the so-called transverse 

mass MT, which is an observable with a characteristic Jacobian distribution (Fig. 3, left) from which the mass of the W boson 
can in principle be measured. The isolation criterion is necessary to discriminate against fake leptons and leptons produced 
in heavy-flavor hadron decays, which are most likely produced close to jet activity. The main Z -boson signature is a pair of 
same-flavor oppositely-charged prompt, energetic, isolated leptons originating from the same reconstructed proton–proton 
collision vertex and with an invariant mass around 91 GeV (Fig. 3-right). The leptons are reconstructed within the tracker, 
calorimeter and/or muon system acceptance, typically for |η| < 2.5 in ATLAS and CMS, and with pT thresholds that are 
largely determined by trigger requirements, typically 30 GeV for single electron triggers, and 20 GeV for single muon 
triggers.4

4 pT denotes the component of a particle’s momentum that is transverse to the beam axis, while pz is the component parallel to the beams. We define 
the rapidity y ≡ 1

2 ln (E + pz)/(E − pz), where the energy E satisfies E2 = m2 + p2
T + p2

z and m is the particle’s mass. We also define the pseudo-rapidity 
η ≡ − ln tan θ/2, where θ is the angle of the momentum with respect to the beams. Pseudo-rapidity and rapidity coincide in the ultra-relativistic limit, 
E # m.

2014
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Figure 1: Schematic of the structure of a pp ! tt event, as modelled by PYTHIA. To
keep the layout relatively clean, a few minor simplifications have been made: 1) shower
branchings and final-state hadrons are slightly less numerous than in real PYTHIA events,
2) recoil effects are not depicted accurately, 3) weak decays of light-flavour hadrons are
not included (thus, e.g. a K0

S meson would be depicted as stable in this figure), and 4)
incoming momenta are depicted as crossed (p! �p). The latter means that the beam
remnants and the pre- and post-branching incoming lines for ISR branchings should be
interpreted with “reversed” momentum, directed outwards towards the periphery of the
figure; this avoids beam remnants and outgoing ISR emissions having to criss-cross the
central part of the diagram.
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Precise measurements 
➡︎ Indirectly predict new particle masses 

via quantum loop effects

47
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LEP:  W, Z precision ➡︎ predict top/Higgs masses  

                              ➡︎ Discovery @Tevatron/LHC!

https://arxiv.org/abs/1803.01853
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Precise measurements 
➡︎ Indirectly predict new particle masses 

via quantum loop effects
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additional Higgs mass

Kanemura, Sakurai, Kikuchi, Yagyu
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ILC:  Higgs precision ➡︎ predict NP masses  

                               ➡︎ Discovery @100TeV collider? 

https://arxiv.org/abs/1903.01629
https://arxiv.org/abs/1705.05399
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ILC250 = Higgs factory
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100TeVコライダー実現のためにも、まずはヒッグスファクリーが必要！

Deviations from the SM 
predictions in various BSM

Aiko, Kanemura, Mawatari [2109.02884, EPJC]



A new particle 
at the LHC in 2025?
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Toponium ( )!ηt

51

7

Figure 1: Observed (points with statistical error bars) and predicted (stacked colored his-
tograms) mtt distribution in three out of nine (chel, chan) bins. In the upper panels, the tt
histogram shows the FO pQCD prediction after the fit to the data that includes the η t sig-
nal model (whose contribution is not drawn), and the shown event rates are divided by the bin
width. The lower panels display the ratio of the data to the FO pQCD + background predic-
tion, with η t signal overlaid at its best fit η t cross section (red line). The gray band indicates the
postfit uncertainty. The first and last mtt bins include all events with reconstructed mtt below
360 and above 1300 GeV, respectively, and the drawn bin width is used for the normalization
in these bins.

of µR have no effect. The uncertainty in mt is considered by varying its value in simulation by
±1 GeV, and is treated as fully correlated with the mt variation in the FO pQCD tt prediction.
Other theoretical uncertainties in the η t and χt simulations, such as the PDF variations, are
found to be small compared to the already considered effects and are thus neglected.

The µR, µF, ISR, and FSR scale uncertainties are also independently considered for the Z/ε→ and
tX processes. Normalization uncertainties for the non-tt background processes are assigned
based on the precision of relevant cross section measurements [108–113], resulting in larger
uncertainties than those of the corresponding theoretical computations.

3 Results

We observe an excess of events in the data with respect to the FO pQCD prediction. This
excess occurs mainly at low mtt , and its strength depends on chel and chan. We analyze the
mtt distribution in 3↑3 equal-sized chel and chan bins, and show three of these bins in Fig. 1:
the bin (↓1 < chel < ↓1/3, ↓1 < chan < ↓1/3) where the η t contribution is expected to
be small (left), the intermediate bin (↓1/3 < chel < 1/3, ↓1/3 < chan < 1/3) (middle),
and the bin (1/3 < chel < 1, 1/3 < chan < 1) where the η t contribution is expected to be
enhanced (right). In Fig. 2 (left), the chel distribution is shown for mtt < 360 GeV and integrated
over chan. The data show a steeper slope than the FO pQCD prediction, as expected from
an additional pseudoscalar contribution. As can be seen in both figures, the η t model can
accommodate the excess.

We measure an η t production cross section of

ϱ(η t) = 8.8 ± 0.5 (stat) +1.1
↓1.3 (syst) pb = 8.8 +1.2

↓1.4 pb.

Hagiwara, Sumino, Yokoya [0804.1014, PLB]
Sumino, Yokoya [1007.0075, JHEP]
Fuks, Hagiwara,Ma, Zheng [2102.11281, PRD]
Fuks, Hagiwara,Ma, Zheng [2411.18962, EPJC]
Fuks, Hagiwara,Ma, Munoz-Aillaud, Zheng [2509.03596]

CMS [2503.22382]
ATLAS [CONF-2025-008]

教訓：明らかなBSMシグナルは見えそうにないが、
まだまだ SM background に埋もれている可能性！

理論家・実験家双方の
努力・協力が必要不可欠！
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History of elementary particle discovery 
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ILC (e+e-) 欲しい！
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発見の可能性？
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Iwate Collider Schools (ICS2022-25) 
@Appi ski resort
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Lecturers:
　Celine Degrande (Louvain, Belgium)
　Rikkert Frederix (Lund, Sweden)
　Fabio Maltoni (Louvain, Belgium)
　Olivier Mattelaer (Louvain, Belgium)
　Marco Zaro (Milan, Italy) etc.

Organizers:
　Kaoru Hagiwara (KEK)
　Daniel Jeans (KEK)
　Fabio Maltoni (UC Louvain / Bologna)
　Kentarou Mawatari (Chair, Iwate U.)
　Shinya Narita (Iwate U.) 
　Yajuan Zheng (Iwate U.)

26 February - 2 March, 202426 February - 2 March, 2024

Registration fee
FREE and local expenses will be supported.
(No support for travel fees.)

Eligibility
Mainly for graduate students and postdoc fellows
(Max. 25 participants in person )

Venue
ANA Crowne Plaza Resort Appi Kogen

Application submission deadline
8 December, 2023

Website
https://ics.sgk.iwate-u.ac.jp/

Contact
 ics2024@iwate-u.ac.jp

Overview
Students will learn a variety of 
topics in collider physics via 
lectures and tutorials. Long lunch 
break for skiing and discussions
are planned.

Appi highland, Iwate, Japan 

supported by IINAS-NX (KEK) , Iwate Univ. , Iwate Prefectural Univ. and Iwate Prefecture ILC Promotion Council

2024

 

Iwate Collider School 
2024

 

Iwate Collider School 

https://ics.sgk.iwate-u.ac.jp/

ぜひ一緒にコライダー物理やりましょう！


