
WHY BSM? 

MIHOKO NOJIRI


(KEK, THEORY) 

• As typical Japanese, start from apologizing something 


• “Particle Physics has been  answering  big questions and 
has been allowed to exist because it can answer remaining 
big questions (my talk in PASCOS 2016)


• it is good idea to outspoke your best BSM time to time 


(such as origin of symmetry breaking, charge, gauge interaction, dark matter)”         

@CERN

I really 

tried to cover 


everything 



Caterina Vernieri  ・ LCWS 2024 ・ Tokyo

Where is new physics?

• signature-based generic searches
• model-driven targeted searches

We don’t know  

Exploring the unknown 

New technique to explore new ground 
2

If you have completely forgotten 

here  is a partial list from talk of Catarinna Vernieri  

Hitoshi? 



PROGRAM 
BSM AND GLOBAL INTERPRETATION

16:00

Tue 09/07

09:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

Caterina VernieriStatus of BSM searches at ATLAS including some future prospects at HL-LHC

Fukutake Hall 09:00 - 09:25

!

Mikael Berggren"Here be SUSY" - Prospects for SUSY searches at future colliders

Fukutake Hall 09:25 - 09:45

!

Sven HeinemeyerConsistent excesses in SUSY searches at the LHC: Physics case for a Linear Collider

Fukutake Hall 09:45 - 10:05

!

Mikael BerggrenStau searches at future e+e- colliders

Fukutake Hall 10:05 - 10:25

!

coffee

Ito international research center and Koshiba hall 10:30 - 11:00

Lunch

12:30 - 14:00

Emanuela MusumeciInvestigating hidden sectors at future e+e- colliders through two-particle angular correlations

Fukutake Hall 14:00 - 14:20

!

Marten BergerSearches for BSM physics at a gamma-gamma collider with Energy < 12 GeV based on European XFEL

Fukutake Hall 14:20 - 14:40

!

Arindam DasProbing BSM neutral gauge boson in high and low energy experiments

Fukutake Hall 14:40 - 15:00

!

Dr Nilanjana Kumar
Unconventional Searches of Exotic particles at Future Lin…!

coffee

Foyer, Ito Intl. Conf. Center 15:15 - 15:45

International Workshop on Future Linear Colliders, LCWS... https://agenda.linearcollider.org/event/10134/timetable/#a...

2 / 7 2024/07/10 22:47

16:00

Tue 09/07

09:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

Caterina VernieriStatus of BSM searches at ATLAS including some future prospects at HL-LHC

Fukutake Hall 09:00 - 09:25

!

Mikael Berggren"Here be SUSY" - Prospects for SUSY searches at future colliders

Fukutake Hall 09:25 - 09:45

!

Sven HeinemeyerConsistent excesses in SUSY searches at the LHC: Physics case for a Linear Collider

Fukutake Hall 09:45 - 10:05

!

Mikael BerggrenStau searches at future e+e- colliders

Fukutake Hall 10:05 - 10:25

!

coffee

Ito international research center and Koshiba hall 10:30 - 11:00

Lunch

12:30 - 14:00

Emanuela MusumeciInvestigating hidden sectors at future e+e- colliders through two-particle angular correlations

Fukutake Hall 14:00 - 14:20

!

Marten BergerSearches for BSM physics at a gamma-gamma collider with Energy < 12 GeV based on European XFEL

Fukutake Hall 14:20 - 14:40

!

Arindam DasProbing BSM neutral gauge boson in high and low energy experiments

Fukutake Hall 14:40 - 15:00

!

Dr Nilanjana Kumar
Unconventional Searches of Exotic particles at Future Lin…!

coffee

Foyer, Ito Intl. Conf. Center 15:15 - 15:45

International Workshop on Future Linear Colliders, LCWS... https://agenda.linearcollider.org/event/10134/timetable/#a...

2 / 7 2024/07/10 22:47

ATLAS 

SUSY 

Second day 
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Long lived Particles 

Heavy neutral lepton

Light Scalers 

EFT

Third day 

CMS 



ATLAS TALK: TRIGGER IDEAS AND REDUCED THRESHOLD 

Caterina Vernieri  ・ LCWS 2024 ・ Tokyo

Lower Z’ mass searches arXiv:2402.15212

8

Caterina Vernieri  ・ LCWS 2024 ・ Tokyo

Lower Z’ mass searches arXiv:2402.15212

8

Caterina Vernieri  ・ LCWS 2024 ・ Tokyo

Light dijet resonances: Z’+ISR

• ISR γ allows to lower jet pT threshold 
• The search is performed in the 250–

650 GeV dijet mass range

arXiv:2403.08547

15



ATLAS TALK

Caterina Vernieri  ・ LCWS 2024 ・ Tokyo

X→HH

H(bb̄)H(bb̄) most sensitive channel 
for mX > 400/500 GeV
H(γγ)H(bb̄) complement in the low 
mass

H(γγ)H(bb̄) 

H(bb̄)H(bb̄) 

Phys. Rev. Lett. 132 (2024) 231801

17
ML helps to reduce background



DARK SECTOR SEARCH AT LHC AND HL-LHC

• \

Dark Sector Report map

30JeongEun Lee (SNU), 10 July 2024                      Recent updates of BSM searches at CMS and future prospects at HL-LHC     30       

Nice CMS Review article of     
Dark sector (2405.13778) 

Hidden Valley model

Highlighting 

HL-prospect



New Resonance Search in Merged γγ pair

6JeongEun Lee (SNU), 10 July 2024                      Recent updates of BSM searches at CMS and future prospects at HL-LHC

Run 3 @ 13.6 TeV
2022-2025
~70 fb-1 recorded

    6       

arxiv:2405.00834

𝛤

𝛤

● Search for X, 𝜙 scalars in the extended Higgs Sector 
○ X →𝜙𝜙 kinematically allowed for m(𝜙) < 2m(bb/cc)
○ Highly boosted 𝜙 for m(X) >> m(𝜙) ⇒ merged diphoton 𝛤(= γγ)

● Analysis strategy:
○ Exploiting CNN to classify events with two 𝛤 clusters
○ Data binned in slices of αreco = m(𝛤)/M(𝛤𝛤)  = [0.5% ~ 2.5%].
○ Search for excess in data M(𝛤𝛤)

(=
 α

re
co

)

● Background estimation
○ parametrized fit of falling 

M(𝛤𝛤) in data

● Result
Largest excess at m(X) = 720 GeV,        
α = 0.7% (m(𝜙) ~ 5 GeV) 
⇒  local (global) significance of 
       3.57σ ( 1.07σ )

First time!
Unconventional signature

Two 
overlapping 

γγ

Merged

Merged

0.03 - 
1.06 fb

𝛤

𝛤

Largest excess
3.57σ local



Dark Shower : Emerging Jets

9JeongEun Lee (SNU), 10 July 2024                      Recent updates of BSM searches at CMS and future prospects at HL-LHC     9       

Muon detector                     HCAL   ECAL       Tracker           

JHEP05(2015)059 

● Unique DM-targeted signatures → Probing dark 
QCD within HV model →  Dark showers

● Tracks start near the edge of the tracker, in the 
ECAL and HCAL, and even in the muon stations.

long-lived ? → Emerging jet
Prompt decay → SUEPs
stable? → Semi-visible jets

Emerging Jets summary plots in Run-2

12JeongEun Lee (SNU), 10 July 2024                      Recent updates of BSM searches at CMS and future prospects at HL-LHC     12       

Emerging_Jet_Summary_Plot 

● The most stringent limits to date & first limit on the flavor-aligned scenario.
● Unflavored model  :  m(ɸ = Xdark) excluded at 1950 GeV at cτ(πdark) ~ 10 mm.
● Flavor-aligned model :  m(ɸ = Xdark) excluded at 1850 GeV at cτ(πdark) ~ 500 mm.

arxiv:2403.01556
arxiv:2402.01898

Flavor-aligned modelUnflavored model

m(πdark) = 10 
GeV

m(πdark) = 10 GeV

New model

Track-based

Muon Detector 
Shower-based

New

arxiv:2402.01898

dark 
QCD

dark 
QCD

Emerging Jets in Muon detector

11JeongEun Lee (SNU), 10 July 2024                      Recent updates of BSM searches at CMS and future prospects at HL-LHC     11       

● Complementary to track-based search
● Experiment Signature: Muon detector shower (MDS)

○ Large cluster of hits (>130 hits) in the muon system with no jets or tracks
● Excellent background suppression from shielding material

⇒ Unique signature due to the presence of steel in the CMS muon system
● Upper limits on the BR, cross-section  were set for various LLP M and  cτ

Nhit : Main discriminator 

Ψ

● The expected upper limits for resonant HH production for the HL-LHC scenario 
○ Range from about 50 fb at a resonance mass of 300 GeV to nearly 0.01 fb for M > 3 TeV.

 

● The exclusions in terms of tan β in the hMSSM and M125 h,EFT scenarios for HL-LHC scenario
○  Expanded by almost a factor of 2 compared to the Run 2 data (138/fb) set.

● More projections can be found in CMS review ( 2403.16926 : Heavy resonances with h)

Projection for X →HH search at HL-LHC

24JeongEun Lee (SNU), 10 July 2024                      Recent updates of BSM searches at CMS and future prospects at HL-LHC     24       

Projection in  Benchmark: hMSSM 

Systematic Scenarios:
con. S1 : same sys. as Run-2
opt .S2 : theo. uncert are halved
                   expr. uncert from YR18 

Discovery potential for X →HH

improved by up to x10 
compared to  full Run2

expanded by x2

● The expected upper limits for resonant HH production for the HL-LHC scenario 
○ Range from about 50 fb at a resonance mass of 300 GeV to nearly 0.01 fb for M > 3 TeV.

 

● The exclusions in terms of tan β in the hMSSM and M125 h,EFT scenarios for HL-LHC scenario
○  Expanded by almost a factor of 2 compared to the Run 2 data (138/fb) set.

● More projections can be found in CMS review ( 2403.16926 : Heavy resonances with h)

Projection for X →HH search at HL-LHC
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Projection in  Benchmark: hMSSM 

Systematic Scenarios:
con. S1 : same sys. as Run-2
opt .S2 : theo. uncert are halved
                   expr. uncert from YR18 

Discovery potential for X →HH

improved by up to x10 
compared to  full Run2

expanded by x2

HL-LHC projection 



LLP AT ILC 

        10 July 2024 Jan Klamka, LLP searches with the ILD experiment 7      

f

f

a

Z

e+

e
−

e
+

f

f

Z

Z

H

A

H
e
+

e
−

Framework and signatures
As a challenging case (small boost, low-pT 0nal state) we considered:

 → heavy scalar LLP (A) and DM (H) pair-production with small mass splitting,

Long-lived, with

Long-lived, 

The opposite extreme case, (large boost, high-pT 0nal state)

 → light pseudoscalar LLP

Very simple vertex %nding (inside the TPC) based on a distance between track pairs

        10 July 2024 Jan Klamka, LLP searches with the ILD experiment 9      

Overlay events background
At linear e+e– colliders beams are strongly focused and radiate photons, so γγ interactions also occur in detector. 

On average, in each bunch-crossing (BXs) at ILC, produced are:

● 1.55 γγ  low-p→ T hadrons events 

● O(105) incoherent e+e– pairs, only a small fraction enters detector

These events are soft, usually important because they overlay on ”hard” events

...but can also look like signal on their own

        10 July 2024 Jan Klamka, LLP searches with the ILD experiment 14      

Cross section limits

Heavy scalars Light pseudoscalar

● Tight selection: dashed line, standard selection: solid line

● A wide range of models with heavy scalars with small mass splittings, or light pseudo scalar 

particles, can be excluded down to 0.1 fb

Comparison  of ILD TPC and all Silicon  ILD  

talk by Klamka



DARK QCD 

14

ANALYSIS AT DETECTOR LEVEL

Emanuela Musumeci |
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SIGNAL 
e+e− → γ*/Z0 → DV D̄V → hadrons i)  production with ISR

ii) WW —> 4q

qq̄

s = 250 GeV
SIGNAL VS BACKGROUND

Emanuela Musumeci |
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No polarised beam

BACKGROUND

Emanuela Musumeci Idea on low energy gamma gamma collider 

Light-by-light sca�ering

• Has been done for a long �me [Lifshitz, De Tollis, Karplus, Neuman] 

• So far observed by ATLAS
• most recent results from 2020

• Possibility to observe BSM contribu�ons

6
[ATLAS Collabora�on `20]

Gamma-gamma collider

13

[V. Telnov `20]
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ATLAS 

SUSY 

SUSY 



Summary

Hot off the press: ATLAS-CONF-2023-055:
pMSSM-19 (-7) scan in MLSP vs. M�̃±

1

Only this one is actually excluded !

Mikael Berggren (DESY) Here be SUSY LCWS24 21 / 29

Conclusions

Here be SUSY !

ATLAS Eur Phys J C 78,995 (2018), Phys Rev D 101,052002 (2020), arXix:2106.01676;

ATLAS HL-LHC ATL-PHYS-PUB-2018-048; ILC arXiv:2002.01239; LEP LEP LEPSUSYWG/02-04.1

Mikael Berggren (DESY) Here be SUSY LCWS24 26 / 29

Conclusions

That is ⇠ here

Mikael Berggren (DESY) Here be SUSY LCWS24 24 / 29

Conclusions

Yes - there actually were dragons there !

Mikael Berggren (DESY) Here be SUSY LCWS24 24 / 29

Conclusions

Maybe we start to see the breath of the dragon (latest
LHC results...)

Mikael Berggren (DESY) Here be SUSY LCWS24 28 / 29

??
Talk By Berggren

Also new ILD

study on

ILD full simulation analysis

ILD full simulation analysis: Results

Current
model-independent
limits for �M > ⌧ mass
come from LEP
Final result of our study
arXiv:2105.08616
At ILC discovery and
exclusion are almost
the same.
Extra treat:
Extrapolations to 250
GeV and 1 TeV

0 50 100 150 200 250 300 350 400 450 500
 [GeV]1τ

∼M 

1

10

210

M
 [G

eV
]

Δ

ILC500

ILC250 (extr.) ILC1000 (extr.)

95% CL exclusion

 discoveryσ5

LEP (pre.)
(LEPSUSYWG/04.01-1)

CMS - long-lived
(arXiv:1305.0491 [hep-ex])

LEP (pre.) - long-lived

ATLAS - simulation preliminary
HL-LHC - only Rτ

∼  : 95% CL exclusion
(ATL-PHYS-PUB-2018-048)

ATLAS - -1 = 13 TeV, 139 fbs

Rτ
∼  : 95% CL exclusion

(ATL-CONF-2023-029)

LSP tachyonic

Mikael Berggren (DESY) ⌧̃ searches LCWS24 14 / 20



DONEC QUIS NUNC

                                                             J. R. Reuter,  DESY                                                           LCWS 2024, U. of Tokyo, 10.7.2024

/  17 8Searches for Heavy Neutral Leptons

Meson decays 
Non-collider exp.

Real W/Z/H  
decays 

LHC & Z/ZH

Virtual W/Z/N exchange   
Future Colliders

\

                                                             J. R. Reuter,  DESY                                                           LCWS 2024, U. of Tokyo, 10.7.2024

/  17 12Signatures at lepton colliders

   At lepton colliders, single production work much better than at LHC:  

   Associated production:    ℓ+ℓ− → νN

Equivalent to LHC (NC/CC)  
Drell-Yan production: for  

heavy HNL propagator-suppressed

absent at LHC! 
By far dominant process 

for heavy HNL!

   Enhancement due to W-electron fusion 

   Vector boson fusion:         (less important) ℓ+ℓ− → ν̄νN + ℓ+ℓ−N

   At lepton colliders:  optimal single channel is   

   HNL mass reconstructable as resonance peak 

   Major backgrounds:  , ,  ,  ,    

   QED-ISR/beamstrahlung:   CLIC-3  vs. MuC-3 

   Off-shell processes extend sensitivity beyond collider energy!

ℓ+ℓ− → Nν → ℓ±jjν

ℓ+ℓ− → jjℓ±ν ℓℓℓ′ ℓ′ {jj, jjjj}ℓℓ jjℓ+νℓ−ν̄

Enomoto , Das

Mȩkała



Heavy Neutral Lepton Search in Run-2

16JeongEun Lee (SNU), 10 July 2024                      Recent updates of BSM searches at CMS and future prospects at HL-LHC     16       

Prompt lepton +
displaced vertices/jets Same-sign lepton/jet pair

displaced dilepton

New
B-parking dataset

(1010 bb events)
displaced vertices 

+ π meson

      New
Prompt 3 leptons 

ββ0ν process with VBF 
same-sign lepton pair
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HNL in the Type-I seesaw model
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Higgs as probe of BSM
● No signs of BSM yet (except neutrino mass)
● Higgs boson one of the least understood SM particles

● Might be connected to BSM, e.g., a dark sector

Standard model
Dark sector

Higgs

● Precision measurements of 
Higgs could lead to 
discoveries

Dark sector 
particle

Dirac vs. Majorana – results
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https://www.hep.ucl.ac.uk/~pbolton/#

Are there any discriminant variables?

Lepton emission angle in the N rest frame:
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BSM signal
● Exotic Higgs decay: H→νNd

● Only e, μ channels

● Focus on hadronic decay mode

● Signal characteristics:

– 4 jets

– 1 isolated lepton

– Missing 4-momentum

● Free parameters: dark neutrino mass, BR(H→νNd)BR(Nd→lW)

  36

Exclusion

● Convert branching ratio to 
mixing angle between SM 
neutrino and HNL

● Exclusion improved by factor 
of 10 compared to current 
constraints (possibly more)

  14

Dominant background
● Same final state as signal

● Also includes a W boson

– Problem for invariant 
mass reconstruction

● W* can be used for filtering 
this background by Thor 

Enomoto:  connection to 

scalar production in radiative 


see-saw model 

MODEL DISCREMINATION 



HIGGS AND BSM　(MANY BSM HAS EXTENED HIGGS SECTOR Possible models Higgs factories Phenomenological studies Conclusions

2HDM parameter space for fixed cos (� � ↵)

[F. Kling, S. Su, W. Su, JHEP 06 (2020) 163] [from thdmtools, thanks to K. Radchenko]

Tania Robens Light Scalar Bosons LCWS 2024, 10.7.24

Robens 
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Figure 1: S2HDM parameter points passing the applied constraints in the (mh1 , µ��) plane for the type II (blue)
and the type IV (orange). The expected and observed cross section limits obtained by CMS are indicated by the
black dashed and solid lines, respectively, and the 1� and 2� uncertainty intervals are indicated by the green and
yellow bands, respectively. Overlaid in red are the expected and observed limits from ATLAS [14]. The values of
µ
ATLAS
�� , µCMS

�� and µ
ATLAS+CMS
�� and their respective uncertainties are indicated by the red, black (left plot) and

cyan (right plot) error bars at 95.4 GeV.

bands, respectively [13]. Overlaid are the expected
and observed 95% confidence-level limits on the sig-
nal strengths observed by ATLAS [14] as dashed
and solid red lines, respectively. We obtained these
limits by normalizing the expected and observed
cross-section limits reported by ATLAS with the
cross sections predicted for a SM Higgs boson at
the same mass [29] using HiggsTools [44]. The val-
ues of µ

ATLAS
�� , µ

CMS
�� and µ

ATLAS+CMS
�� and their

respective uncertainties are indicated by the red,
black (left plot) and cyan (right plot) error bars
at 95.4 GeV. One can see that both types of the
S2HDM considered here can accommodate the com-
bined observed excess. Type II can give rise to
larger predicted values of µ�� due to a suppression
of the h95 ! ⌧

+
⌧
� decay mode, see the discussion

in Ref. [26].

3.2 Di-photon vs. bb̄ vs. ⌧+⌧�
excesses

In the previous subsection we demonstrated that
both the Yukawa types II and IV can describe the
excess in the di-photon channel observed by ATLAS
and CMS. Now we turn to the question whether ad-
ditionally also the bb̄ excess observed at LEP and/or
the ⌧

+
⌧
� excess at CMS can be accommodated.

Starting with the bb̄ excess, we show in the top
row of Fig. 2 the parameter points passing the ap-
plied constraints in the (µ�� , µbb) plane. The pa-
rameter points of type II and type IV are shown in
the left and the right plot, respectively. The colors
of the points indicate the value of ��

2
125, quantify-

ing the degree of compatibility with the LHC rate
measurements of h125. The black dashed lines indi-
cate the region in which the excesses are described
at a level of 1� or better, i.e. �2

�� + �
2
bb

 2.3 (see
Eq. (5)). The corresponding gray dot-dashed lines
indicate the previous result based solely on the CMS
Run 2 data regarding the di-photon excess.

One can observe that there are points inside the
1� preferred region in the upper left and right
plots. Thus, both type II and type IV are able to
describe the increased sensitivity in the di-photon
channel, now reaching 3.1�, and the bb̄ excess si-
multaneously. At the same time the properties of
the second-lightest scalar h125 are such that the
LHC rate measurements can be accommodated at
the same �

2 level as in the SM, i.e. ��
2
125 ⇡ 0, or

better. Such points are found inside the 1� pre-
ferred region for µbb values below the central value.
At the current level of experimental precision, the
description of both excesses is therefore possible in

5

LHC: CMS + ATLAS excess in !! channel at 95 GeV, 
interpretation in 2HDM + singlet (S2HDM)

3

CMS

ATLAS

CMS + ATLAS excess in !! channel at 95 GeV:
[T. Biekötter,                   
S. Heinemeyer,                
G. W. ’23]

Example 
interpretation: 
S2HDM,          
type II and IV

Good description 
in extended Higgs 
sectors with an 
additional doublet 
and a singlet

⇒

Renewed interests  on light scalers. 
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Low-mass Higgs searches at LEP, e+e− → Zh, h → bb

2

Introduction

[LEP Higgs Combination ’06]
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Figure 10: The 95% confidence level upper bound on the ratio ξ2 = (gHZZ/gSMHZZ)
2 (see text). The dark

and light shaded bands around the median expected line correspond to the 68% and 95% probability
bands. The horizontal lines correspond to the Standard Model coupling. (a): For Higgs boson decays
predicted by the Standard Model; (b): for the Higgs boson decaying exclusively into bb̄ and (c): into
τ+τ− pairs.
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~2 σ excess

honestly I  do not remember  this one…  

 The 115 GeV Higgs Odyssey

https://arxiv.org/abs/hep-ex/0011086 

at that time we were planning to  start LHC at  2005, but 
took more than 10 years  and John is responsible(^^) 

CERN financial crisis , termination of small experiments and 
R&D,  It takes longer than planned always 

but I remember this one 
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Figure 2: combined limits at 95% CL, 500 fb≠1 @ 250 GeV
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LEP, Φ➞bb, observed limit

ILC, recoil method

ILC, Φ➞bb

HL-LHC: indirect sensitivity

m!/GeV 

HL-LHC

ILC

HL-LHC/ILC: indirect sensit.

Higgs factory: discovery potential for a low-mass Higgs; 
Sensitivity at 250 GeV with 500 fb-1 

7

[P. Drechsel, G. Moortgat-Pick, G. W. ’20]

Higgs factory at 250 GeV will explore a large untested region!⇒

Indirect HL-LHC 
sensitivity from 
measurements 
of the Higgs at 
125 GeV

Excluded 
from

LEP 
searches

Higgs factory sensitivity:

h ⟶ bb search

Higgs factory 
sensitivity:

Recoil method

✓
ghZZ

gHSMZZ

◆2

Mh/GeV

Could 
probe the 
excesses 
from LEP 
and CMS 
at about 
95 GeV



KEEP GOING ON 
SUMMARY OF BSM SCALAR CANDIDATES

F. Richard  IJCLab July 2024 3

A Georgi Machacek interpretation
• This copious list of candidates does not fit within MSSM nor even NMSSM
• H++->W+W-/H+->ZW predicted by GM and W+W-/ZZ unitarity sum rules would constitute 

the strongest case for GM 
• GM is a minimal model which can be extended in many ways 2111.14195
• E.g. H(650) requires adding a second doublet 2211.11723

• All boxes among the 9 e-GM predicted scalars have a candidate indicated by LHC data
• Predicts that X(151) seen in  gg +tags is CP=-1  
• There is a candidate H+->A(420)W+ -> ttW+ 2001.04770
• Physical states differ substantially from the GM Isospin states as expected 2111.14195

F. Richard  IJCLab July 2024 4

;G
GM

Isosinglet h95 h125

Isotriplet A151->gg H+130->bc

Isofiveplet H320->hh H+375->ZW+  H++450->W+W+

GM +1 isodoublet A420->ZH320 H650 H+->ttW ?

Historical progress of H(650)

F. Richard  IJCLab July 2024 24

H(650) for 

example

prediction of H++ and H+ in context of Georgi Machachek model  

Richard 

Report from ECFA ILC study  Zarnecki 

S ! ⌧+⌧�

Results

Cross section limits for �(e+e� ! Z S) · BR(S ! ⌧⌧)
for di↵erent event categories and combined analysis

Semi-leptonic sample most sensitive to
new scalar production

Significant improvement when
including loose-selection categories

A.F.Żarnecki (University of Warsaw) Light scalars at Higgs factory LCWS2024 July 10, 2024 17 / 23
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 C: Current•
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ILD

Fig. 4 Statistical discrimination power between the GHU mod-
els described in the text and in [27, 29, 31] and the SM. Different
running scenarios of ILC are compared: ILC250⌥(no pol.) (hy-
pothetical case with no beam polarization and 2000 fb�1 of in-
tegrated luminosity), ILC250 (2000 fb�1), ILC500 (4000 fb�1),
and ILC1000* (8000 fb�1, not using full simulation studies but
extrapolations of uncertainties from ILC500). Three different as-
sumptions for the Z-fermion couplings uncertainties are consid-
ered [64]: C for current knowledge; R for expected knowledge
after the full ILC250 program and the study of Z-fermion cou-
plings from radiative return events, and Z for expected knowledge
after a full ILCGigaZ program.

magnitude higher precision than at LEP/SLC by study-
ing the radiative return to the Z-pole.

The impact of assuming improved precision on these
couplings, according to the scenarios explained above, is
shown in Fig. 4 in the different columns C, R, and Z. It
shows that at ILC250, the precision on the Z couplings
from a study of radiative return events allows one to
approach the five standard deviations (�) level for the
discrimination of A models vs SM and get almost 3�

for the B
±
1 . With ILCGigaZ precision, the discrimina-

tion power would be enhanced, allowing full discrimina-
tion of the A models. When including the higher energy
stages of ILC, the difference between the two possible
scenarios for improved Z coupling precisions becomes
less critical due to the larger size of the new resonance
contributions.

5.2 Importance of beam polarization and high energy
reach

The ILC offers high-energy beams with a high degree
of longitudinal polarization. This provides direct access
to the different helicity amplitudes at different energies.
This is particularly important for models predicting

deviations in the right-handed electroweak couplings,
which are less constrained by existing measurements.
The comparison between the first columns of Fig. 4,
shows that the high degree of electron and positron
beam-polarization at ILC250 offers a gain comparable
to a factor two in integrated luminosity with respect to
ILC250⌥(no pol.). Fig. 1 shows that most of the sen-
sitivity at ILC250 comes from the configuration with
right-handed electron beam and left-handed positron
polarization. An increase of statistics of this run from
900 fb�1 to ⇠ 2.5 ⇥ 900 fb�1 would provide 5� dis-
crimination power for the A1, A2 and the B

±
1 GHU

models (predicting mKK = 8.81, 10.3 and 13 TeV re-
spectively).

The production of an intense electron beam with a
high degree of polarization is expected to be technically
possible, while the positron source poses some techno-
logical challenges. To face these challenges, two options
are being considered [64, 66]. The baseline undulator-
based positron source allows the production of polarized
positron beams, while the other electron-driven con-
cept would provide un-polarized positron beams. The
baseline option provides 30% positron beam polariza-
tion at ILC250 and ILC500 and 20% at ILC1000. An
upgrade could increase the polarization to 60%. We
perform the exercise of comparing several scenarios for
the positron beam polarization. The result is shown in
Fig. 5 where we compare the discrimination power as-
suming three positron beam polarization scenarios: 0%,
30% and 60%¶, all of them using extrapolated uncer-
tainties from the R scenario for Z-fermion couplings.
This figure shows that having electron-beam polariza-
tion alone already makes a sizable improvement in sen-
sitivity compared with no polarization at all (compari-
son of the ILC250⌥(no pol.) case and the first column
of ILC250 in the plot). Adding positron-beam polar-
ization enhances the sensitivity at low energies. How-
ever, at high energies, the positron-beam polarization
becomes less critical. As observed in Fig. 1, the sensi-
tivity depends on the polarization and increases with
the

p
s. Including the ILC500 program in the ILC250

expectations allows the inspection of all studied GHU
models up to the B

±
2 models, which predict mKK = 19

TeV. Adding also the estimate for ILC1000, the dis-
crimination of B±

3 (mKK = 25 TeV) will also be within
reach.

¶For simplicity we use 30% positron beam polarization also
for the middle column for the ILC 1 TeV case. However, it is
not the baseline configuration, which foresees 20% positron beam
polarization.

gauge Higgs unification from e+e- 

forward backward asymmetry 


(Adrian Irles )

double tagged sample 
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Jet charge

►We start from a very pure & background-free 
double tagged sample

►We are required to measure the jet charge

● Using K-ID and/or full Vtx charge measurement

● K-ID is better suited for the C-quark (Vtx is better 
suited for b-quark)

►K-ID: via TPC (dEdx or dNdx)

►We use the double charge measurements

● To control / reduce the systematic uncertainties 

E.Vryonidou LCWS2024

445 data points from: Higgs, top, diboson (LHC) & 
EWPO (LEP). 
Inclusive and differential: mostly parton level
Experimental uncertainties and their correlations 
as provided by experiments

Accurate predictions for the SM and the EFT
SM: (N)NLO QCD + NLO EW 
EFT: NLO QCD, linear and quadratics, with 
SMEFT@NLO NNPDF4.0 no top 

5

Global fit Setup
Theory Experimental data

Fit reports with bounds on coefficients, posterior 
distributions, PCA, Fisher information
Constraints on New Physics scale
Fit results can be used to bound specific UV 
complete models

Nested Sampling for quadratic fits
Analytic solution for linear fits
Faithful uncertainty estimate
Avoid under- and over-fitting, validated on 
pseudo-data (closure test)

Methodology Output

Giani, Magni, Rojo arXiv:2302.06660

E.Vryonidou LCWS2024 14

FCC-ee: Energy Runs & CEPC

Very similar results for CEPCSignificant impact of 240 GeV run, 365 GeV run also helps

Global EFT fits for future Lepton collider  (Elini Vryonidou ) 



SMEFT AND DEVELOPMENT IN MC 

 

• FD gauge propagator 

• Weak bosons are 5-components W±M=(W±µ,π±), unlike in Rξ gauge, EOM mixes W±µ and π± 

• Helicity ±1 states don’t mix with the Goldstone boson. Helicity 0 state is a mixture of 

and the Goldstone boson.

• Because the Goldstone bosons are parts of the physical weak boson, all Goldstone boson 
vertices contribute to the scattering amplitudes in the FD gauge

Feynman-Diagram (FD) gauge

[1] Kaoru Hagiwara, Junichi Kanzaki and Kentarou Mawatari, ‘QED and QCD helicity amplitudes in Parton-shower gauge.’ Eur.Phys.J.C 80(2020) 6, 584
[2] Junmou Chen, Kaoru Hagiwara, Junichi Kanzaki and Kentarou Mawatari, ‘Helicity amplitudes without gauge cancellation for electroweak processes’Eur.Phys.J.C 83 (2023).
[3] Junmou Chen, Kaoru Hagiwara, Junichi Kanzaki, Kentarou Mawatari and Ya-Juan Zheng, ‘Helicity amplitudes in light-cone and Feynman-diagram gauges’Eur.Phys.J.Plus 139 (2024).

FD gauge
• In this process, e.g.

contributes as  

and dominates the total cross section 
because of its dim-6 property.

Automatic generation of FD gauge is available in Madgraph by command ‘set gauge FD’.

γ/

Direct measurement of a CP violating top-Higgs Yukawa Lagrangian at 
LHC and e-e+ collider

Top pair +Higgs, pp → ttH 
X.G.He, G.N.Li, YJZ. 
Int.J.Mod.Phys.A30(2015) 
25,1550156.

Top pair +Higgs, ee →ttH 
K. Hagiwara, H.Yokoya, YJZ. 
JHEP02(2018)180 

Single top +Higgs,pp → tHj 
V.Barger, K. Hagiwara, 
YJZ.Phys.Rev.D99(2019)3,0
31701, JHEP09(2020)101. 

-π π

A gauge invariant top Yukawa sector:

Additional ttHH and ttHHH coupling 

Dimension-6 operator

SMEFT → bad behavior of  amplitude

New FD gauge helps to reduce computational time 

and improve neumerical stability  

Ya-Juan Znhen’s talk



Thank you very much for everybody 
who had a single nice summary slide 
with a plot and all important things 


