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X-Y view of Compact Muon Solenoid

• Level 1 muon trigger uses muon stations only (RPC, DT, CSC).  

• High Level Trigger combines tracker and muon station information 

19/11/2023 pre-approval talk 319/11/2023 pre-approval talk 319/11/2023 33/10/2026 dimuons 33



Accumulated luminosity (CMS)
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CERN, June 2012. 
Higgs boson discovery
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h125 is the first discovered
SUSY particle

In 2012 SUSY people were happy to say:
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A lot of SUSY (and BSM) analyses in Higgs sector
are still going on these days in ATLAS and CMS 

CMS



Summary of coupling strength modifiers for h125

Bi – probability to decay to invisible mode (h125 →DM DM)
Bu – probability to decay to yet undetected BSM modes

h125→  hh,… + unknown/undetectable

Nature 607, 52-59, (2022)

Room for New Physics with non SM 
decays of h125:

Bu < 0.12 (expected 0.21)
Binv < 0.13 (expected 0.08)

at 95 % CL 
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https://www.nature.com/articles/s41586-022-04893-w.pdf
https://www.nature.com/articles/s41586-022-04893-w.pdf
https://www.nature.com/articles/s41586-022-04893-w.pdf
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BSM physics with Higgs bosons

• find non SM decays of h(125)

• find an additional Higgs bosons

• precise measurement of h(125) using “SM channels” 
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Search for Dark Matter 
in non-SM h(125) decays:

h125→invisible  
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Connection between   
LHC H->inv. and direct DM searches” 

DM-nucleon scattering
 (LUX-ZEPLIN, PandaX-4T, …)

H->invisible decay at LHC

where fN – Higgs-nucleon coupling

A. Djouadi et. al.   arXiv:1112.3299
11

https://arxiv.org/abs/1112.3299


DM (WIMP) detection on Earth with XENON experiment  

Start data taking in 2007 at Gran Sasso in Italy. Current XENON100 – 165 L xenon. Plan for 1000 L
12



most sensitive mode 
qq’→qq’h (VBF h)

ET
miss

J1
J2Eur. Phys. J. C 83 (2023) 933

Expect to reach ≈ 4 % at HL-LHC with 3 ab-1 (FTR-19-001)
13

https://link.springer.com/article/10.1140/epjc/s10052-023-11952-7
https://link.springer.com/article/10.1140/epjc/s10052-023-11952-7


How it is compared with MSSM and NMSSM 
predictions
• seems not interesting for pMSSM

with new limits from LZ experiment
• interesting in NMSSM

BR h→invisible can reach ≈10-15 % due to  
destructive interferences among processes 

mediated by the CP-even scalars. 

Cyril Hugonie, private communication

U. Ellwanger et al, arXiv:2403.16884

Scenarios with light neutralino 1
30 ≤ m1≤ 60 GeV

14latest update in R. Godbole at al. arXiv:2402.07991 ,  BR(h→  ) < 0.1 %

A. Djouadi et al, arXiv:1211.4004

https://arxiv.org/pdf/2403.16884
https://arxiv.org/abs/2402.07991
https://arxiv.org/abs/1211.4004


Additional Higgs bosons
in MSSM 

h,H,A,H± (mh < mH) 
most probably h (not H) is discovered h125

At tree level Higgs sector of MSSM is determined 
                          by only two parameters:

                                             MA and tan()

                    1 <  tan() = v2/v1 = (v sin()) / (v cos()) < 60
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From 2010 to 2024 in MSSM Higgs searches  

H/A-> still to be done
(even in hMSSM:arXiv:2311.04033) 

from h125 measurements and 
assuming h==h125 


CMS PAS HIG-10-002

arXiv:2403.16926
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No interference with 
non resonant hh was 
taken into account
in a signal model

https://arxiv.org/abs/2311.04033
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-10-002&tp=an&id=431&ancode=HIG-10-002
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-10-002&tp=an&id=431&ancode=HIG-10-002
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-10-002&tp=an&id=431&ancode=HIG-10-002
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-10-002&tp=an&id=431&ancode=HIG-10-002
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-10-002&tp=an&id=431&ancode=HIG-10-002
https://arxiv.org/abs/2403.16926


Additional Higgs bosons
in 2HDM 

h,H,A,H± (mh < mH), h or H is discovered
Free parameters of 2HDM:

mh, mH, mA, mH+, , tan, m12 (soft Z2 symmetry (1->1, 2->-2) breaking 
parameter)

 m12 is often taken as in MSSM: mA
2=m12

2/(sincos)-5v2 with 5=0 as in MSSM
m12 != 0 to have a new mass scale. This allows the model to have a decoupling limit. When m12 goes to infinity 
we recover the SM

wrong sign Yukawa coupling (CD≈-1, CV=CU ≈ 1) scenario, sin(+)≈1, can be excluded or confirmed with h→ at HL-LHC,3 ab-117

arXiv:2402.05742

https://arxiv.org/abs/2402.05742
https://arxiv.org/abs/2402.05742


Anaysis which does not make a sence in MSSM 
but does in 2HDM: A→ZH, h=h125
• contrary to MSSM 

• A-boson can have a small mass
• mA !≈ mH at large masses

• A→ZH decay (mA > mH) is the signature of a strongly first order 
electroweak phase transition (EWPT) in 2HDMs, as needed for 
Electroweak Baryogenesis  G. C. Dorsch, S. Huber, K. Mimasu and J. M. No, 
arXiv:1405.5537

See also:
Strong First Order Electroweak 
Phase Transition in the CP-
Conserving 2HDM Revisited, 
M. Meuhlleitner at al,
arXiv:1612.04086

2HDM Type I
Promising fast
sim. result for
llbb final state, 
mA=400 GeV
mH=180 GeV. 
=5 at L=40fb-1

at 14 TeV LHC
18

https://arxiv.org/pdf/1405.5537.pdf
https://arxiv.org/pdf/1405.5537.pdf
https://arxiv.org/pdf/1612.04086.pdf


A.D. Sakharov, ZhETF Pis’ma 5 (1967) 32 (JETP Letters 5 (1967) 24)

19

M. Quiros, Helv. Phys. Acta 67 (1994) 451.

G.D. Moore, Phys. Rev. D 59 (1999) 014503. 

create bubbles in early Universe with <>ǂ0 and get
system jumping from false to truth vev minimim 

In SM mH should be less
than 125 GeV in order to
get barion asymmetry in 
universe due to EWPT of 
the first order.

https://twiki.cern.ch/twiki/pub/CMS/HiggsExoticsTheory/Sakharov.pdf
https://twiki.cern.ch/twiki/pub/CMS/HiggsExoticsTheory/Sakharov.pdf
https://twiki.cern.ch/twiki/pub/CMS/HiggsExoticsTheory/Sakharov.pdf
https://twiki.cern.ch/twiki/pub/CMS/HiggsExoticsTheory/Sakharov.pdf


Condition for EWPT to be of strong first-order:

20



A→ZH→l+l- tt analyses 
and interpretation

21

arXiv:2309.17431

fully hadronic tt
CMS-PAS-B2G-23-006

semileptonic tt→lbjjb
ATLAS:arXiv:2311.04033

The largest excess over the  SM background prediction, 
amounting to a local significance of 2.85 𝜎, is observed in
the ℓ+ℓ−𝑡𝑡 channel, for the  signal hypothesis corresponding 
to (𝑚𝐴, 𝑚𝐻) = (650, 450) GeV. 

m(lltt)-m(tt)
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https://arxiv.org/abs/2309.17431
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=B2G-23-006&tp=an&id=2712&ancode=B2G-23-006
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=B2G-23-006&tp=an&id=2712&ancode=B2G-23-006
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=B2G-23-006&tp=an&id=2712&ancode=B2G-23-006
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=B2G-23-006&tp=an&id=2712&ancode=B2G-23-006
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=B2G-23-006&tp=an&id=2712&ancode=B2G-23-006
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=B2G-23-006&tp=an&id=2712&ancode=B2G-23-006
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=B2G-23-006&tp=an&id=2712&ancode=B2G-23-006
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=B2G-23-006&tp=an&id=2712&ancode=B2G-23-006
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=B2G-23-006&tp=an&id=2712&ancode=B2G-23-006
https://arxiv.org/abs/2311.04033


Searches for the light scalars
from h125 →aa→xx yy decays

NMSSM, 2HDM+S, …

10/03/2026 Extended Scalar Workshop in CERN, 21-25 October, 2024 222222



CMS and ATLAS searches 
for h125→ss→xxyy on one plot

M. Carena et al arXIv:2203.08206
see also M. Cepeda at el arXiv:2111.12751 

R. Aggleton at al, arXiv:1609.06089 Br’s in NMSSM

M. Carena et al arXIv:2203.08206
Br’s in h125+singlet model

23Extended Scalar Workshop in CERN, 21-25 October, 2024

• Recent ATLAS analyses of 2024
• h125→aa→4

• h125→Za→ll
23

https://arxiv.org/abs/2203.08206v1
https://arxiv.org/abs/2111.12751
https://arxiv.org/abs/1609.06089
https://arxiv.org/abs/2203.08206v1
https://link.springer.com/article/10.1140/epjc/s10052-024-12979-0
https://link.springer.com/article/10.1140/epjc/s10052-024-12979-0
https://link.springer.com/article/10.1140/epjc/s10052-024-12979-0
https://link.springer.com/article/10.1140/epjc/s10052-024-12979-0
https://link.springer.com/article/10.1140/epjc/s10052-024-12979-0
https://link.springer.com/article/10.1140/epjc/s10052-024-12979-0
https://link.springer.com/article/10.1140/epjc/s10052-024-12979-0
https://link.springer.com/article/10.1140/epjc/s10052-024-12979-0
https://www.sciencedirect.com/science/article/pii/S0370269324000947
https://www.sciencedirect.com/science/article/pii/S0370269324000947
https://www.sciencedirect.com/science/article/pii/S0370269324000947
https://www.sciencedirect.com/science/article/pii/S0370269324000947
https://www.sciencedirect.com/science/article/pii/S0370269324000947
https://www.sciencedirect.com/science/article/pii/S0370269324000947
https://www.sciencedirect.com/science/article/pii/S0370269324000947
https://www.sciencedirect.com/science/article/pii/S0370269324000947
https://www.sciencedirect.com/science/article/pii/S0370269324000947


Searches for h125 decay to aa(hh) vs models (I)

this plot need to be updated for 

13 TeV (Run II) analyses.  CMS:
• bb: arXiv:2402.13358 – ma range is 20-60 GeV
• bb: arXIv:2402.13358 – ma range is 15-60 GeV
• : arXiv:2005.08694 – ma range is 3.6-21 GeV
•   arXiv:1907.07235   – ma range is 4.0-15 GeV
• : arXiv:1812.00380 – ma range is 0.25-8.5 GeV
• bbbb:  arXiv:2403.10341 – ma range is 15-60 GeV

already sensitive to NMSSM 

h125+singlet model
Already sensitive to parameter
regions for strong 1st order 
EWPT 

M. Carena et al arXiv:2203.08206R. Aggleton at al, arXiv:1609.06089
arXiv:2402.13358 

mass range, ma≈10-15 GeV
was not accessible. ()bb 
could do it using a «fat jet», 
with two b-quarks inside.

24

arXiv:2407.01335
ATLAS, DeXTer method

Extended Scalar Workshop in CERN, 21-25 October, 2024 24

https://arxiv.org/abs/2402.13358
https://arxiv.org/abs/2402.13358
https://arxiv.org/abs/2402.13358
http://arxiv.org/abs/2005.08694
http://arxiv.org/abs/1907.07235
https://arxiv.org/abs/1812.00380
https://arxiv.org/abs/2403.10341
https://arxiv.org/abs/2203.08206v1
https://arxiv.org/abs/1609.06089
https://arxiv.org/abs/2402.13358
https://arxiv.org/abs/2402.13358
https://arxiv.org/abs/2407.01335
https://arxiv.org/abs/2407.01335
https://arxiv.org/abs/2407.01335
https://cds.cern.ch/record/2825434


Search for FCNC

25



FCNC in Higgs sector: h125→, e

26

ATLAS
JHEP07(2023)166

B(H → µτ) −B(H → eτ) 
measured is  (0.25 ±0.10)%, 
compatible with zero within 
2.5σ

CMS
PHYSICAL REVIEW D 104, 032013 (2021)

https://link.springer.com/article/10.1007/JHEP07(2023)166
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.032013


Lepton Number Violation in B-decays (LHCb)

27

Eur. Phys. J. Spec. Top. 233, 225–240 (2024) 

https://link.springer.com/article/10.1140/epjs/s11734-023-01010-4
https://link.springer.com/article/10.1140/epjs/s11734-023-01010-4
https://link.springer.com/article/10.1140/epjs/s11734-023-01010-4


Testing lepton universality ratios

28

Eur. Phys. J. Spec. Top. 233, 225–240 (2024) 

The combined average is 
3.3 tension with the 
Standard Mode

https://link.springer.com/article/10.1140/epjs/s11734-023-01010-4
https://link.springer.com/article/10.1140/epjs/s11734-023-01010-4
https://link.springer.com/article/10.1140/epjs/s11734-023-01010-4


Search for SUSY

29



30

Exclusion reached:
• ≤ 2 TeV for gluino
• ≤ 1 TeV for stop

ATL-PHYS-PUB-2024-014

http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978


QCD

31



Inclusive jet production cross-section measurement

32

• good agreement with data over 11th order of magnitute !

arXiv:2111.10431

https://www.arxiv.org/pdf/2111.10431


Simultaneous fit of S and PDF 
using Run II inclusive jet production data

33

arXiv:2412.16665

https://arxiv.org/abs/2412.16665


Excitement at the end:
event excess observed in CMS 
in Run 1 with significance 4.8

34



Observation of event excess at 8 TeV in 2014

• due to good luck: selection

pT
1,2>25 GeV instead of 25,10 GeV

was applied due to typo in code  

for Search Region 1 (SR1)

• once bump was observed in SR1 

Higgs PAG conveners

wanted to be convinced by finding

the same bump in different event

category (SR2). It was done.

• combined significance is 4.8  

Extended Scalar Workshop in CERN, 21-25 October, 2024 35

s=2.9

s=4.2

35



analysis is on the way with full Run II data
and re-optimized muon sélections using
13 TeV 2016 data.  

3/10/2026 36Extended Scalar Workshop in CERN, 21-25 October, 2024 36



Conclusions

• very reach program for BSM physics at LHC (and HL-LHC)

• we hope for BSM discovery with Run II+III data and at HL-LHC

37



THE END
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Z/W+jets production cross-section measurement

39
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https://arxiv.org/pdf/1909.04133
https://arxiv.org/pdf/1707.05979
https://arxiv.org/pdf/2112.09659


Summary

40

ATL-PHYS-PUB-2024-014

http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978
http://cds.cern.ch/record/2904978


Motivation of +-+b analysis

• M.M. Almarashi and S. Moretti, 

   ”Low mass Higgs signals at the LHC in NMSSM” , 

Eur. Phys. J. C71 (2011) 1618

• J. Bernon, J. F. Gunion, Y. Jiang, and S. Kraml, 

   “Light Higgs bosons in two-Higgs-doublet models”, 

    Phys. Rev. D 91 (2015) 075019

Selections

JHEP 11 (2017) 010

19/11/2023 4119/11/2023 4119/11/2023 41

JHEP 10 (2014) 160 zoom at low mass  

3/10/2026 41Extended Scalar Workshop in CERN, 21-25 October, 2024 41

https://arxiv.org/abs/1011.6547
https://arxiv.org/abs/1412.3385
https://arxiv.org/abs/1707.07283
https://arxiv.org/abs/1408.3316


Search for A/H→tt in CMS (arXiv:2507.05119)
arXiv:2104.01927

• toponium (arXiv:2104.01927) or pseudoscalar Higgs boson 
observation at ≈2mt mass near threshold ?

42

for t only fit (t)= 7.1 pb (11 % error) agrees with th=6.43 pb
for single  only fit the best significance (> 5) for A with mA=365 GeV, A=2 %
for single  only fit with t included as bkg. with floating (t) no excess is found

https://arxiv.org/pdf/2507.05119
https://www.arxiv.org/abs/2104.01927


Search for Dark Matter in the framework of 
Inert Doublet Model using +-(e+e-)+pT

miss topology

• scalar H is Dark Matter particle
• free parameters of iDM: 

mA,mH+,mH,345

mass of di-lepton pair must be less 
than mZ to suppress large DY bkg. 

First analysis at LHC (CADI NPS-25-002). Approved in December 2025. In CWR status.

arXiv:1508.01671

43

https://arxiv.org/abs/1508.01671


Mijorana neutrino.
searches for NR and WR in L-R SM

44

Eur. Phys. J. C 83 (2023) 1164

https://link.springer.com/article/10.1140/epjc/s10052-023-12021-9
https://link.springer.com/article/10.1140/epjc/s10052-023-12021-9


45

Once paper of 8 TeV analysis was ready to be out in 2016 we were 
requested to add 13 TeV 2016 data with the same selection. We 
published analysis (JHEP 11 (2018) 161 ) 2 years later in 2018.

19/11/2023 4519/11/2023 4519/11/2023 453/10/2026 45

M. Mangano: no observation at 13 TeV  might be explained 
by the increase of tt background by a factor of 3.3

Extended Scalar Workshop in CERN, 21-25 October, 2024
45

https://arxiv.org/abs/1808.01890


Searches for processes with
Lepton Number Violation

FCNC forbidden in SM imposing Z2 symmetry
Sheldon L. Glashow and Steven Weinberg Phys. Rev. D 15, 1958

46

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.15.1958
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.15.1958
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.15.1958


B*+ B*0

47

First full reconstruction oF B* mesons

The 3 vector B meson states have never been reconstructed previously (only 

indirect previous measurements exist)

Main challenge: very low-pt γ emitted in B*→ Bγ decays

In this work, the 3 states reconstructed fully exclusively for the 1st time!
Using conversion photons for soft γ detection allows to go as low as pT(γ)~300 MeV
Precision of mass measurements – order of magnitude better than PDG (current world-averages)

Publication: 
CMS Physics Briefing: cms.cern/news/b-mesons-are-excited-finally-show  
Presentations: 

• LHCP2025 (Taiwan): S. Polikarpov, Recent results in heavy flavour physics from CMS
• Lomonosov 2025 (Moscow): S. Polikarpov, Spectroscopy of charm and beauty at CMS
• Presented by others at: LHCC 162, QFTHEP 2025, EPS-HEP2025, ICNFP 2025

Bs
*0 

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-011/index.html
https://arxiv.org/abs/2508.05820
cms.cern/news/b-mesons-are-excited-finally-show
cms.cern/news/b-mesons-are-excited-finally-show
cms.cern/news/b-mesons-are-excited-finally-show
cms.cern/news/b-mesons-are-excited-finally-show
cms.cern/news/b-mesons-are-excited-finally-show
cms.cern/news/b-mesons-are-excited-finally-show
cms.cern/news/b-mesons-are-excited-finally-show
cms.cern/news/b-mesons-are-excited-finally-show
cms.cern/news/b-mesons-are-excited-finally-show
cms.cern/news/b-mesons-are-excited-finally-show
cms.cern/news/b-mesons-are-excited-finally-show
cms.cern/news/b-mesons-are-excited-finally-show


h95 GeV

48

Phys. Lett. B 565 (2003) 61–75 

arXiv:2405.18149

arXiv:2405.18149 arXiv:2407.07546

CMS: event classification according
to di-photon BDT score 
(Class 0, 1, 2) + VBF in 2017, 2018
Class 0 has a largest sensitivity

can be explained in S2HDM, arXiv:2306.03889
can be explained in 2HDM, JHEP11(2023)017
can be explained in NMSSM, arXiv:2403.16884

https://www.sciencedirect.com/science/article/pii/S0370269303006142
https://www.sciencedirect.com/science/article/pii/S0370269303006142
https://www.sciencedirect.com/science/article/pii/S0370269303006142
https://arxiv.org/abs/2405.18149
https://arxiv.org/abs/2405.18149
https://arxiv.org/abs/2407.07546
https://arxiv.org/abs/2306.03889
https://link.springer.com/article/10.1007/JHEP11(2023)017
https://arxiv.org/pdf/2403.16884


Two Higgs Doublet Model (I)

parameters  6,7=0 as result of Z2 symmetry imposed to avoid FCNC (1->1, 2->-2)

Soft Z2 symmetry breaking:  m12 != 0 

Higgs potential

m12 != 0 to have a new mass scale. This allows the model to have a decoupling limit. 
when m12 goes to infinity we recover the SM

49



Two Higgs Doublet Model (II)
Yukawa interaction with fermions

Four possible Z2 charge assignments that forbid 
tree-level Higgs-mediated FCNC effects in the 2HDM

same as in MSSM

50



Searches for h125 decay to aa(hh) vs models (II)

Regions 3-5, 9-11 GeV are covered with calculations taking into account effect of mixing of 
pseudoscalar and c, b states (h->bc->aa, ba->aa, …). U. Haisch et al. arXiv:1802.02156
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https://arxiv.org/abs/1802.02156


Prospects for A→ZH→l+l- tt at HL-LHC
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JCAP 03(2023) 031

https://iopscience.iop.org/article/10.1088/1475-7516/2023/03/031


search for H(A)→h125h(a)S→bb decay
• 240 < mH(A) < 3000 GeV, 60 < mhS < 2800 GeV

eh, h, hh plus at least two
jets (at least one b-tagged) final 
states are used

arXiv:2106.10361
already sensitive to NMSSM 

for mH<400 GeV B physics kills most of the benchmark 
points (Ulrich Ellwanger, private communication) 

Range for HL-LHC
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https://arxiv.org/abs/2106.10361


Do not show H→h125h125 CMS and ATLAS results since
signal model taken in the analyses does not take into
account interference with non resonant hh production

• Importance of taking into account non-resonance production
• S. Heinemeier at al. arXiv:2403.14776

• T. Robens at al. arXiv:2409.06651
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Two BP in 2HDM Type I were claimed to be excluded using resonance model
only and neglecting non-resonance contributions



qq→Z*→A+h/H→4 (CMS-PAS-SUS-23-007)

• motivated by the Type III 2HDM at large tanβ as an 

   explanation of the muon g-2 anomaly (arXiv:2104.10175)
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Four possible Z2 charge assignments that forbid 

tree-level Higgs-mediated FCNC effects in the 2HDM

4.2  deviation from SM, 
in 2HDM 0 , A, H± contribute to loop

SM contribution to magnetic
momentum of muon

In Type III 2HDM couplings of A to up and down quarks are suppressed by 1/tan

and couplings of A and 0 to leptons are enlarged by tan

Couplings of Higgs particles to quarks and leptons

https://cds.cern.ch/record/2883026
https://cds.cern.ch/record/2883026
https://cds.cern.ch/record/2883026
https://cds.cern.ch/record/2883026
https://cds.cern.ch/record/2883026
https://cds.cern.ch/record/2883026
https://cds.cern.ch/record/2883026
https://cds.cern.ch/record/2883026
https://cds.cern.ch/record/2883026
https://arxiv.org/abs/2104.10175


• search excludes the allowed region for the g-2 anomaly with a Type III 2HDM

• a complete exclusion of the type III 2HDM for many of the mass points scanned.
56

t
A = -b

A = 1/tan AZ≈ 1, 
A = 

 = tan

 



limits on the anomalous electromagnetic 
moments of the τ lepton (Rep. Prog. Phys. 87 (2024) 107801)

57

photon-lepton coupling, ie

the gyromagnetic ratio gℓ is a constant term 
that relates the magnetic moment of the lepton 
to its spin, and dℓ is the lepton anomalous 
electric dipole moment.

aτ = 1.17721 ± 0.00005 × 10−3

in the SM (arXiv:hep-ph/0701260)
dτ = −7.3 × 10−38 e cm in SM (arXiv:2003.08195)

https://arxiv.org/abs/2406.03975
https://www.arxiv.org/abs/hep-ph/0701260
https://www.arxiv.org/abs/hep-ph/0701260
https://www.arxiv.org/abs/hep-ph/0701260
https://www.arxiv.org/abs/hep-ph/0701260
https://www.arxiv.org/abs/2003.08195


Lepton Universality in W decays

58



59



searches for 
H(A)→h125h(a)S decays

60



search for H(A)→h125h(a)S→bb

Range for HL-LHC

arXiv:2310.01643

already sensitive to NMSSM 

Combination assuming SM BR 
h125→  bb arXIv:2403.16926
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https://arxiv.org/abs/2310.01643
https://arxiv.org/abs/2403.16926

	Slide 1: Physics (BSM) at LHC ATLAS, CMS, LHCb 
	Slide 2
	Slide 3: X-Y view of Compact Muon Solenoid
	Slide 4: Accumulated luminosity (CMS)
	Slide 5: CERN, June 2012.  Higgs boson discovery 
	Slide 6: h125 is the first discovered SUSY particle
	Slide 7: Summary of coupling strength modifiers for h125
	Slide 8
	Slide 9: BSM physics with Higgs bosons
	Slide 10: Search for Dark Matter  in non-SM h(125) decays: h125goes toinvisible  
	Slide 11: Connection between    LHC H->inv. and direct DM searches” 
	Slide 12: DM (WIMP) detection on Earth with XENON experiment  
	Slide 13: most sensitive mode qq’goes toqq’h (VBF h)
	Slide 14: How it is compared with MSSM and NMSSM predictions
	Slide 15: Additional Higgs bosons
	Slide 16: From 2010 to 2024 in MSSM Higgs searches  
	Slide 17: Additional Higgs bosons
	Slide 18: Anaysis which does not make a sence in MSSM but does in 2HDM: A→ZH, h=h125
	Slide 19
	Slide 20
	Slide 21: A→ZH→l+l- tt analyses  and interpretation 
	Slide 22: Searches for the light scalars from h125 →aa→xx yy decays
	Slide 23: CMS and ATLAS searches  for h125→ss→xxyy on one plot
	Slide 24: Searches for h125 decay to aa(hh) vs models (I)
	Slide 25: Search for FCNC
	Slide 26: FCNC in Higgs sector: h125→mt, et
	Slide 27: Lepton Number Violation in B-decays (LHCb)
	Slide 28: Testing lepton universality ratios
	Slide 29: Search for SUSY
	Slide 30
	Slide 31: QCD
	Slide 32: Inclusive jet production cross-section measurement
	Slide 33: Simultaneous fit of aS and PDF  using Run II inclusive jet production data
	Slide 34: Excitement at the end: event excess observed in CMS  in Run 1 with significance 4.8
	Slide 35: Observation of event excess at 8 TeV in 2014
	Slide 36: analysis is on the way with full Run II data and re-optimized muon sélections using  13 TeV 2016 data.  
	Slide 37: Conclusions
	Slide 38: THE END
	Slide 39: Z/W+jets production cross-section measurement
	Slide 40: Summary
	Slide 41: Motivation of m+m-+b analysis
	Slide 42: Search for A/H→tt in CMS (arXiv:2507.05119)
	Slide 43: Search for Dark Matter in the framework of  Inert Doublet Model using m+m-(e+e-)+pTmiss topology
	Slide 44: Mijorana neutrino. searches for NR and WR in L-R SM
	Slide 45:                                
	Slide 46: Searches for processes with Lepton Number Violation
	Slide 47: First full reconstruction oF B* mesons
	Slide 48: h95 GeV
	Slide 49: Two Higgs Doublet Model (I)
	Slide 50: Two Higgs Doublet Model (II)
	Slide 51: Searches for h125 decay to aa(hh) vs models (II)
	Slide 52: Prospects for A→ZH→l+l- tt at HL-LHC 
	Slide 53: search for H(A)→h125h(a)S→ttbb decay
	Slide 54: Do not show H→h125h125  CMS and ATLAS results since signal model taken in the analyses does not take into account interference with non resonant hh production
	Slide 55: qq→Z*→A+h/H→4t  (CMS-PAS-SUS-23-007)
	Slide 56
	Slide 57: limits on the anomalous electromagnetic moments of the τ lepton (Rep. Prog. Phys. 87 (2024) 107801)
	Slide 58: Lepton Universality in W decays
	Slide 59
	Slide 60: searches for  H(A)→h125h(a)S decays
	Slide 61: search for H(A)→h125h(a)S→ggbb 

