WHY BSMz?

MIHOKO NOJIRI
(KEK, THEORY)

e As typical Japanese, start from apologizing something

e “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)”




It you have completely forgotten
here is a pa rtial Iist from talk Of Catarinna Vernieri

Where Is new physics?

SUPERSTRING \ g ¥rand Suts)

Unification

We donl krow

Explloning Uhe untkrown

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

Hitoshi?

New tectinique to explone new ghound
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Fukutake Hall 14:00 - 14:20

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

Fukutake Hall 14:20 - 14:40
Probing BSM neutral gauge boson in high and low energy experiments Arindam Das
Fukutake Hall 14:40 - 15:00

Unconventional Searches of Exotic particles at Future Lin
Dr Nilanjana Kumar
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Third day

14:00
Sanjo hall: power socket instructions Daniel Jeans
Sanjo Hall 09:15-09:16
Recent updates of BSM searches at CMS and futui C M S it HL-LHC Jeongeun Lee
Sanjo Hall 09:16 - 09:41
Long-lived particle searches with the ILD experiment Jan Klamka
; [ ] ® . ) . 1
Sanjo Hall LOng Ilved Pa rtlcles 09:41 - 10:01 5:00
Searches for Long-Lived Particies at the Future FCC-ee Nicola De Filippis
Sanjo Hall 10:01 - 10:26
coffee
Koshiba hall & Sanjo Hall 10:30 - 11:00
Heavy Neutral Leptons (HNL) at e+e- colliders - theory Jirgen Reuter 16:00
Sanjo Hall 11:00 - 11:20
HNL at e+e- colliders Krzysztof Mekala
Sanjo Hall 11:20 - 11:40
Searching for heavy neutral Ieptolw_sltﬁég\{ MOQ ﬁglgu:‘iggjs Jt%th:o n Simon Thor
Sanjo Hall 11:40 - 12:00 17-00

Collider phenomenology of the TeV-scale model with a common origin of neutrino mass, dark matter and baryon asym..
Kazuki Enomoto

Overview on low mass scalars at e+e- facilities - theory Tania Natalie Robens
Sanjo Hall 14:00 - 14
The 95 GeV Higgs at $e*+e”-$ colliders Georg Ralf Weiglein et al.
Sanjo Hall 14:20 - 14
A BSM world with doubly charged scalars. Consequences for e+e- projects. Dr Francois Richard
Sanjo Hall . 14:40 - 15
Prospects for light exotic scaljrllrgh;tmsgﬁlle&s- Higgs factory. Aleksander Filip Zarnecki
Sanjo Hall 15:00 - 15:

Feasibility study on the search for an...

ClREERRE s coffee EAJADE: by invitation

Steinar Stapnes, Thomas Schoerner-
Sadenius

Koshiba Hall & Sanjo Hall 15:30 - 16:00

Probing GHU models at the ILC with
Adrian Irles
1017, Science building n.115:30 - 16:

Global EFT fits for future colliders Eleni Vryonidou
Sanjo Hall EFT 16:30 - 16
CP-violating top-Higgs coupling in SMEFT Ya-Juan Zheng
Sanjo Hall 16:55 - 17

Probing SMEFT operators using polarizations and spin correlations at current and future colliders Amir Sut




Light dijet resonances: Z'+ISR
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- ISR vy allows to lower jet pt threshold

- The search is performed in the 250— 45

650 GeV dijet mass range
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ATLAS TALK: TRIGGER IDEAS AND REDUCED THRESHOLD
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ATLAS TALK

Phys. Rev. Lett. 132 (2024) 231801
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Compact Muon Solenoid

Dark Sector Report map

DARK SECTOR SEARCH AT LHC AND HL-LHC
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NewR Search in Merged ir {8
— New Resonance Search in Merged yy pair {#
/“AA 7
: : sect ¢ arxiv:2405.00834
e Searchfor X, ¢ scalars in the extended Higgs Sector Firsttime:
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o X->¢¢ kinematically allowed for m(¢) <2m(bb/cc) IK/Ierged
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X
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HL-LHC projection
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LLP AT ILC

ILD Simulation Vs =250 GeV, /Edt —2ab~!
As a challenging case (small boost, low-pT final state) we considered: Vs = 250 GeV 106 - i

—4— map—my=1.0 GeV
ma=—mpg= 2.0 GeV

— heavy scalar LLP (A) and DM (H) pair-production with small mass splitting, Z* — uu 105-: \ ma —my = 3.0 GeV
5 —F— ma—my=5.0 GeV
f
] jﬁ< Long-lived, with ¢ = 1m )
6 —
i ma = 75GeV .
Z*/,,y* ///,// j mA — mH p— 1’ 2’ 37 5 Gev :f
. 3

Long-lived, ¢ =10 - m, [mm]

6 ; a <
m, = 0.3, 1, 3. 10 GeV / f
e

The opposite extreme case, (large boost, high-pT final state) 10° 10° 104 103 108 107
CT [mm]

Heavy scalars

Comparison of ILD TPC and all Silicon ILD

— light pseudoscalar LLP a — uu

At linear ete™ colliders beams are strongly focused and radiate photons, so yy interactions also occur in detector.
On average, in each bunch-crossing (BXs) at ILC, produced are:

+ — .
e ¢ Pairs

. cern
e 1.55 ¥1 - low-pr hadrons events @m@
LN

e O(10°) incoherent ete pairs, only a small fraction enters detector

7 q talk by Klamka

Beamstrahlung

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




DARK QCD

Emanuela Musumeci

BACKGROUND
1) gg production with ISR
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ldea on low energy gamma gamma collider

Light-by-light scattering
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<
* So far observed by ATLAS Y JJ\ Y
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* most recent results from 2020 )
* Possibility to observe BSM contributions
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) =
v Y
CMS yy - yy [PLB 797 (2019) 134826]
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s | Collision rate kHz 13.5
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Parameters x and §2 0.65, 0.05
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Laser pulse duration ps 2
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Lee,geom 11 1 e 1.45
Lz > 052m) 1075 cim- 257 0.19
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Hot off the press: ATLAS-CONF-2023-055:
PMSSM-19 (-7) scan in M, gp vs. M+

Only this one is actually excluded !
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Searches for Heavy Neutral Leptons

| /'
1024 Meson decays Real W/Z/H {| Virtual W/Z/N exchange
Non-collider exp.,} decays | Future Colliders
T \‘\-‘ — = =TT
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Enomoto , Das

absent at LHC!
By far dominant process
for heavy HNL!

Equivalent to LHC (NC/CC)
Drell-Yan production: for
heavy HNL propagator-suppressed

10-12 4 Alimena et al 2203.08039 tyn  sa Fule
N,y :e . ,
Bose et al 2209.13128 >aw |
' Y T T ™ T vl ™7 "‘ T T T ™ TrT T T vﬁ T T T ™ T T .
10! 10° 101 107 103 104

M [GeV]
J. R. Reuter, DESY

8 /1

LCWS 2024, U. of Tokyo, 10.7.2024




%g H N .
~—~  Heavy Neutral Lepton Search in Run-
2405.17605 : Review of searches for vector-like quarks, vector-like leptons, and heavy neutral leptons at the CMS experiment

HNL in the Type-l seesaw model
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Lepton emission angle in the N rest frame: IODEL DISCREMINATION Dark sector
particle ‘ -
i v,
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Dark sector
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generator vs. detector

CLIC 3 TeV

Dirac vs. Majorana — results
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Introduction

Low-mass Higgs searches at LEP, ete- = Zh, h = bb
[LEP Higgs Combination ‘06
T T T ‘ T T

S 1 LEP

! - (b) Vs = 91-210 GeV

an - H—bb

==

@\

N

=

SN |

=10

k=

-

o

N

uwn

@10-2
100 120
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m

2

honestly | do not remember this one...

but | 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(AA)

CERN financial crisis , termination of small experiments and

R&D, It takes longer than planned always

Renewed interests on light scalers.

LHC: CMS + ATLAS excess in yy channel at 95 GeV,

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

: [T. Biekétter,
f obs. 95% CL e Typell S. Heinemeyer
10 g === cxXp. 95% CL ® Type IV E G. W :23]
T F 20 exp === ATLAS exp.
L loexp —— ATLAS obs.
; ] Example
—~ 08 N .. - . .
T o~ é Interpretation:
T S2HDM,
? 0.6 f type Il and
> C
= :
< 0.4 ]
1 = Good description
1 in extended Higgs
0.2 e SE =N cartare with an
JATLAS+CMS Higgs factory: discovery potential for a low-mass Higgs;
Yy Lt '
e SR L 1 Sengitivity at 2 V with flo-
T W Sensitivity at 250 Ge 500 fb

2
mp, (M) :
A 95 GeV Higgs boso \gmusmzz ) |

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

Excluded | __—>

from |
LEP 0.100f ——  LEP, ®—bb, observed limit
searches | HL-LHCT R

1 | measurements
of the Higgs at

] A Indirect HL-LH
1 | sensitivity from
11 125 Gev

—— ILC, ®—bb
——  HL-LHC/ILC: indirect sensit.

Could 0.010} el
probe the |
excesses |
from LEP |
and CMS
at abodt'|

I

+—___ Higgs factory sensitivity:
h — bb search

95 GeV 20 40 60 80 180 120 140
m¢/GeV

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

A 95 GeV Higgs boson at e+e colliders, Georg Weiglein, LCWS2024, Tokyo, 07 / 2024

160
Mh/GeV
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Richard

ZW+ VBF->2Z/WW ggF->22 W+W+

He(375) >R He+(450)

GM: H+(130)A(151) GM: H+(130)H+(130)

z
tt CH(125)H(125
El D
GM:-A(15])A(151)

H(125)

be ¥y + Z +A(151)

) e
H+(130)

22/WW YY Tt

Results

KEEP GOING ON

Report from ECFA ILC study Zarnecki

Cross section limits for o(ete™ — ZS) - BR(S — 77)
for different event categories and combined analysis

95% C.L. limit on 0 BR(S - tT1)/0Ospm
S

combined,tight
combined, tight & loose

- hadronic, tight
- semi-leptonic, tight

leptonic, tight

H (65 O) fo r Steps | Mode Origin Local sd | Remark Globa
0 77->4% ATLAS+CMS | 3.8 ATLAS+CMS 113.5fb-1 | 2.8
I from [7] Defines mass & width
exam P e 1 ZZ->4% From ATLAS | 3.5 From histogram 3.5
2 WW->8vev From CMS 3.8 Official statement 5
3 h(95)h(125)->bbyy | From CMS 3.8 Official statement 6.1
Isosinglet h95 h125
GM
Isotriplet A151->yy H+130->bc
Isofiveplet H320->hh H+375->ZW+ H++450->W+W+
GM +1 isodoublet A420->ZH320 H650 H+->ttW ?

40 60

A.F.Zarnecki (University of Warsaw)

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

M5 [GeV]

Light scalars at Higgs factory

Semi-leptonic sample most sensiti
new scalar production

Significant improvement when
including loose-selection categorie

LCWS2024 July 10, 2024




gauge Higgs unification from e+e-

forward backward asymmetry
(Adrian Irles)

double tagged sample
GHU vs SM discrimination power (c-level) I L D

0.1 0.4 05(0.1 0.7 0.8(0.5 1.3 1.3]|1.6 2.5 2.5 g

] couplings
¥ 0.1 0.4 05|03 0.9 0.9(09 2.7 2.7|3.3 LNAK:] e C: Current

precision
=M 02 0.7 0.8](0.3 09 22 231]3.0 e R: ILC250
(Rad. Ret.)
=802 0.7 07|05 6.3 >10 >10 « 7 Giga-Z

03 16 1.7[0.7

65 70

W05 14 1409 kel 9.6 9.9 >10 >10 >10 W40

A, W) 3 3.6 >10 >10 >10 >10 >10

55 563 >10 >10 >10 >10 >10
¢c R 2z C R Z C€C R Z C R <Z

| [ | | |

ILC250* ILC250 ILC250 ILC250

(no pol.) +600  +500
+10007

Fioco A Qtatictical dAiceriminatinn nawrar hotwrooan the (AHTT mnd_

P We are required to measure the jet charge

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

e K-ID is better suited for the C-quark (Vtx is better

suited for b-quark)

p K-ID: via TPC (dEdx or dNdXx)

Global EFT fits for future Lepton collider (Elini Vryonidou )

Global fit Setup

AR

Theory

Accurate predictions for the SM and the EFT
. SM: (N)NLO QCD + NLO EW

'EFT: NLO QCD, linear and quadratics, with
[_SMEFT@NLQ NNPDF4.0 no top

Experimental data
445 data points from: Higgs, top, diboson (LHC) &
EWPO (LEP). 3.

]
| Inclusive and differential: mostly parton level

Experimental uncertainties and their correlations
' as provided by experiments ;

N §MEFiT/

//gan, Magni, Rojo arXiv:2302.06N

Methodology

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

Output
Fit reports with bounds on coefficients, posterior

distributions. PCA. Fisher information
. Con

com Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A_Q) , Marginalised
Bosoimiiis

E.Vryonidou

LCWS202:

S MEFIT

== HL-LHC + FCC-ee (91 GeV)
=@— HL-LHC + FCC-ee (91 + 240 GeV)

—d— HL-LHC + FCC-ee (91 + 161 + 240 + 365 GeV)



SMEFT AND DEVELOPMENT IN MC

Feynman-Diagram (FD) gauge SMEFT — bad behavior of amplitude

* Weak bosons are 5-components Ww=(W?*,,m*), unlike in R¢ gauge, EOM mixes W*,and m*

HtH — —ng(COSf + 'Z’)’5 sin g)t}

- FD gauge propagator n(q)’P‘,D — (Sgn(qo), —j’/|(ﬂ)
i - Gulty + Mgy M .”#
Gun(g) = P —mE+ie _imr;ly 1 nl e M,N = O to 4,

n-q

- Helicity +1 states don't mix with the Goldstone boson. Helicity O state is a mixture of

Qnt L _
—n.q—e“(q,h—O) 0’ Q =1/l

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 FD gauge
joo OB P v tH) fo]inUgauge o o(uTp* - v UttH) [fb]in FD gauge - In this process, e.g.
i —02om 1 i al —0.2m | .
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 [ .,.’ : ,ﬂz’ ] [ — IIM| s=02m 3 Jang — gelé i
2] Junmou Chen, Kaoru Hagiwara, Junichi Kanzaki and Kentarou Mawatari, ‘Helicity amplitudes without gauge cancellation for electroweak processes’Eur.Phys.J.C 83 (202 1%°F 3 1 B E SM 5 T Ht ;tr +h.c.
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.Plu i o v

contributes as

101§—

Vo t H Tt Vu
1

1; WWF
10 % .- I EMklz

== [Myrwwl?

100§ 100?

Ya-Juan Znhen's talk

107" 10

1072E 1072

all
—_ L|M?
k

B WWF T B
1073} . )k:Mk|2"§ 103

- |MnHH|2 ]

and dominates the total cross section
@se of its dim-6 property.
| L L L 10—47 L I |

109 107 102 109 107 102

104

New FD gauge helps to reduce computational time o o

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

and improve neumerical stability




Thank you very much for everybody
who had a single nice summary slide

with a plot and all important things




