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Standard Model  

2 

ÇThe SM describes the fundamental constituents of matter and their interactions 

ÇThe SM of particle physics is the theory describing 3 of the 4 known fundamental forces (electromagnetic, 

weak and strong interactions ð excluding gravity) in the universe and classifying all known elementary particles 

× Quantum chromodynamics sector 

× Electroweak sector 

× Higgs sector 

× Yukawa sector 
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Ç Unknown nature of Dark Matter  

Ç Very small cosmological constant and very weak gravity interaction 

Ç CP violation CabibboïKobayashiïMaskawa (CKM) phase (small effect) 

Ç Particleïantiparticle asymmetry in the Universe 

Ç Problem of neutrino masses, mixing, oscillations 

Ç Muon (g-2) ɛ anomaly (3.5ůŸ4.2ů BNL):  

      CMD-3 ů(Ὡ+Ὡ -Ÿ“+“ -) Ÿ new theoretical calculation! 

Ç B-anomalies (4.5ů): semi-leptonic B-decays 

Ç CDF W-mass anomaly (7ů): new ATLAS result! 

 
ü What is a generation? Why there are only 3 generations? 

ü What is a nature of quark-lepton analogy? 

ü Are there additional gauge symmetries? 

ü What is responsible for a formation of the Higgs potential? 

ü Why gravity is so weak comparing to other interactions?  

ü What is responsible for gauge symmetries, why charges are quantize? 

ü To which accuracy the Charge, Parity &  Time reversal symmetry (CPT) is exact? 

Standard Model Problems: an incomplete theory  

4.2 ů 

01.10.2025 Yuri Kulchitsky, JINR & IP NASB 



ü ATLAS Collaboration, Measurement of the WW-boson mass in pp collisions 

at ãs =7 TeV with the ATLAS detector, EPJ C 78, 110 (2018), EPJ C 78, 898 

(2018), arXiv:1701.07240;   A measurement of the mass of the W boson is 

presented based on protonïproton collision data recorded in 2011 at a 7 TeV with 

the ATLAS  detector at the LHC, and corresponding to 4.6 fb-1 of integrated 

luminosity. The selected data sample consists of 7.8Ĭ106 candidates in the 

WŸÕɜ channel and 5.9Ĭ106 candidates in the WŸeɜ channel.  

01.10.2025 

measurement of the W boson mass : 7ů from SM prediction  

CDF II Collaboration, High-precision measurement of the W 

boson mass with the CDF detector, PoS ICHEP2022 (2022) 898 

Ç CDF II  measure the W boson mass, MW, using data corresponding to 8.8 fb-1 

collected in proton-antiproton collisions at a 1.96 TeV with the CDF II detector at 

the Fermilab Tevatron collider. A sample of approximately 4x106 W boson is used 

to obtain MW=80433.5Ñ6.4(stat) Ñ6.9(syst) =80433.5Ñ9.4 MeV. The 

W bosons are identified using their decays to eɜ & Õɜ and the mass is measured by 

fitting template distributions of transverse momentum and mass: 

Ç A comparison with the SM expectation of MW=80357Ñ6 MeV, treating the 

quoted uncertainties as independent, yields a difference with a significance of 7ů. 

The suggests are:  

ü the improvements to the SM calculation or  

ü of extensions to the SM 

Ç SM result includes the published estimates of the uncertainty (4 MeV) due to 

missing higher-order quantum corrections and the uncertainty (4 MeV) from other 

global measurements used as input to the calculation 

PoS ICHEP2022 (2022) 898 

EPJ C 78, 110 (2018) 

arXiv: 1701.07240 

ANA-STDM-2019-24 

7ů 

ATLAS/CMS: Run-2 at 13 TeV is 139/137 fb-1 
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The ATLAS Collaboration has reported a measurement   

MW=80370Ñ7 (stat)Ñ11(syst)Ñ1(mod. syst)=80370Ñ19 MeV 

MW=80356Ñ5 (stat)Ñ15(syst)                      =80356Ñ16 MeV  ANA-STDM-2019-24 
Yuri Kulchitsky, JINR & IP NASB 
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 SM Production Cross Section Measurements vs. Theory predictions  
ATL -PHYS-PUB-2024-011 
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    SM  Cross  Section  Measurements  

ATLAS : Summary of SM and fiducial production cross-section measurements in pp interactions at ãs=5, 

7, 8, 13 TeV, corrected for branching fractions, compared to the corresponding theoretical expectations 

ATL -PHYS-PUB-2024-011 

Probing SM 

  Motivation: 
Ç Probing different aspects of Standard Model 
Ç Sensitivity to New Physics  

ATLAS/CMS Results 

1. Higgs boson discovery 

2. Systematic study of  pp-

processes at 0.9 ï 13.6 TeV & 

comparison with SM 

predictions 

3. There was no discovery of 

the MSSM particles at 10 

TeV region 

4. There was no discovery of 

exotic models particles  

Conclusion: 

No BSM physics at 10 TeV region  

H production  

Review of Particle Physics, 

Phys.Rev.D 110 (2024) 3, 030001 

Part 9: QCD;  Figure 9.1 

The inclusive Higgs boson production rate 

relative to the SM prediction is measured to be  

6 
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Single boson ɔ, W, Z 

production  

Di-boson 

production  

Tri -boson 

production  

Vector Boson Fusion (VBF) & 

Vector Boson Scattering (VBS) 

Yuri Kulchitsky, JINR & IP NASB 
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×ILC (Japan): 
ü Linear collider with high-

gradient superconducting 

acceleration 

ü Ultimate: 0.5-1(?) TeV 

ü To secure funding: reduce cost 

by starting at 250 GeV (H 

factory) 

 

×CLIC (CERN): 
ü Linear collider with high 

gradient normal-conducting 

acceleration 

ü Ultimate: multi-TeV (3) e+eï  

collisions 

ü Use technology to overcome 

challenges 

ü Stages, for physics and funding 

×FCC-ee/FCC-hh (CERN): 
ü Protons to extend energy frontier 

ü 90 km ring with 16T magnets 

ü Use FCC-hh tunnel for e+eï 

collider 

ü Technology for ee: standard 

 

×CEPC/SppC 
ü Essentially an FCC-ee, then hh 

with  

a. more conservative 

luminosity estimates   

b. in China 

 

×Outliers:  
ü ñLow-fieldò (7T) magnets   

       @FCC (?) 

ü Muon Collider (?) 

Future  colliders  

01.10.2025 
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FCC-ee FCC-hh 

Ç Stage 1: FCC-ee (Z, W, H, ttӶ) as Higgs factory, electroweak & top factory at highest luminosities 

Ç Stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA collisions; e-h option 

Ç Common civil engineering and technical infrastructures, building on and reusing CERNôs existing infrastructure 

Ç FCC allows the start of a new, major facility at CERN within few years of the end of HL -LHC exploitation 

2020 - 2045 2046 - 2065       2070 - 2100  

FCC  integrated  program  

FCC integrated program is fully documented in the  three volumes of the Feasibility Study Report. Vol.1: Physics, 

Experiments & Detectors; Vol.2: Accelerators, Technical Infrastructures, Safety Concepts; Vol.3: Civil Engineering, 

Implementation & Sustainability. Update posted at https://indico.cern.ch/event/1534205/  

8 
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Hadron collider 
16 T Ý 100 TeV for 100 km 
20 T Ý 100 TeV for 80 km 

FCC  Infrastructure  &  Operation  
Future Circulated Collider (FCC) performance 

üCenter of mass energy: 100 TeV 

üPeak luminosity ultimate: Ò 30x1034 

üBunch Crossing <5 ns 

ü Integrated luminosity ultimate ~1000 fb-1 

(average per year) 

ü25 years operation, leading to ~20 ab-1 

Consequence on detectors 
üBoosted objects Ÿ up to |ɖ|=6 coverage 

üHigh pileup and fast Bunch-Crossing (BC) Ÿ  

     very fast and granular detectors 

üMomentum resolution å15% at pT=10 TeV 

ü~1 ns sharp Bunch-Crossing Identification (BCID) 

üParticle flow capability for calorimeters with high 

granularity 25 mrad2 

üFine timing against pileup Ÿ < 100 ps 

Unit  Symbol cm2 

femtobarn fb 10ī39 

attobarn ab 10ī42 01.10.2025 Yuri Kulchitsky, JINR & IP NASB 
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Schematic Layout of the FCC ee  

Underground Structures 

Ç90.7 km main tunnel with an  internal diameter of 5.5 m. 

ÇDepth varies between 50 m and 560 m. 

Ç12 shafts up to 400 m deep and 18 m in diameter. 

Ç2 larger experiment caverns (35 m span). 

Ç2 smaller experiment caverns (span 25 m). 

Ç>70 small caverns. 

Ç5 km transfer tunnel from the surface. 

Ç3 km of klystron gallery tunnels. 

ÇTechnical buildings on 8 surface sites 

Ç Injector FCC-ee: high-energy linac at CERN Prevessin site 

CE Construction carbon footprint  estimate (A1 ï A5):  

Total CE: 530 000  - 1 184 000 tCO2(eq) 

Assessed according to European Norms, (EN 17472, EN15804+A2) 

Key  Features  of  the  Civil  Engineering  

Next  

picture 

01.10.2025 
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Twenty Year from First Collisions  

Yuri Kulchitsky, JINR & IP NASB 
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FCC  integrated  program  -  timeline  
FCC Conceptual Design Study started in 2014 leading to Conceptual Design Report in 2018 

01.10.2025 
Yuri Kulchitsky, JINR & IP NASB 
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parameter Z WW H (ZH) ÔÔӶ 

Collision energy ãs  [GeV] 88, 91, 94 157, 163 240 340-350 365 

synchrotron radiation/beam [MW] 50 50 50 50 50 

beam current [mA] 1294 135 26.8 6.0 5.1 

number bunches / beam 11200 1852 300 70 64 

total RF voltage 400 / 800 MHz [GV] 0.08 / 0 1.0 / 0 2.1 / 0 2.1 / 7.4 2.1 / 9.2 

luminosity / IP [1034 cm-2s-1] 144 20 7.5 1.8 1.4 

luminosity / year [ab-1] 68 9.6 3.6 0.83 0.67 

run time (including lumi ramp-up) [years] 4 2 3 1 4 

total integrated luminosity [ab-1] 205 19.2 0.9 0.4 2.7 

total number of events 6 1012 Z 

2.4 108 WW 

(incl. WW at 

higher ãs) 

2.2 106 ZH 

65k WW Ÿ H 

2 106 ÔÔӶ  +  370k ZH 

+  92k WW Ÿ H 

FCC-ee  main parameters and operation plan  

13 
Yuri Kulchitsky, JINR & IP NASB 
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FCC-ee    Programme  

ÇHiggs physics at FCC (mostly FCC-ee) 

ÇElectroweak physics and indirect sensitivity to new physics 

ÇOpportunities beyond the baseline plan (ãs below Z, 125 GeV, 217 GeV; larger integrated lumi) 

ÇOpportunities to exploit FCC facility differently (to be studied more carefully): 

üusing the electrons from the injectors for beam-dump experiments, 

üextracting electron beams from the booster, 

ü reusing the synchrotron radiation photons. 29.09.2025 
01.10.2025 



×The CEPC was proposed by the Chinese HEP community in 2012 

×The CEPC aims to start operation in 2035, as a Higgs/Z/W/top factory 

×The CEPC to produce Higgs/Z/W/top for high precision Higgs, EW 

measurements, studies of flavor physics & QCD, probes of BSM physics 

Circulated electron -positron collider (CEPC)  

15 Yuri Kulchitsky, JINR & IP NASB 01.10.2025 
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CEPC  Higgs  Factory  and  SppC  Layout  

01.10.2025 Yuri Kulchitsky, JINR & IP NASB 



01.10.2025 17 

CEPC  Planning  and  Schedule  
ÇCEPC plans to submit the 

proposal to the central 

government National 

Development and Reform 

commission (NDRC) within 

the ñ15th five year planò (FY)  

ÇFor this purpose, the Chinese 

Academy of Sciences (CAS) 

organized studies and reviews  

ÇCEPC was ranked by CAS as  

× the ̄ 1 for HEP & NP ,  

× the ˉ 2 for Basic Science  

ÇWe are waiting for the 2nd 

review by CAS later this year  

ÇWaiting for the ñcall for 

proposalsò by NDRC by the 

end of this year 

Start of construction  

(~2027) 

TDR (2023) 

Engineering Design Report  

(EDR) 2027 

Yuri Kulchitsky, JINR & IP NASB 

CEPC will be an 

international project 

Reference  Detector  TDR 

October 2025 



ÇCEPC will be an international project , following the HEP tradition  

Ç Internationalization will distinguish  CEPC from other proposals to National Development 

and Reform commission (NDRC), enhance the successful chance 

Ç IHEP  successfully organized large projects such as BESIII, Daya Bay, & JUNO with ~50% 

non-Chinese members & international in -kind contributions of ~5%, ~30%, & ~15%  
ü BESIII has >600 members from 84 institutions in 17 countries and regions 

ü Daya Bay had >250 members from 40 institutions in 6 countries and regions 

ü JUNO has >700 members from 72 institutions in 17 countries and regions 

ÇBased on the experience from above experiments, the plan for CEPC is the following:  

üGoal: international contributions at the level of ~10-30% 
× Although the management system is yet to be settled, most likely IHEP will be the host lab 

× A concept of the management structure has been endorsed by  International Advisory Committee (IAC)  
× Once CEPC is approved in China (CD0 in DOE), international collaboration can be formally started 
V Discussion with partners about the management 

V Form various committees 

V Call for detector proposals, and select proposals 

V Form international collaborations, deliver TDRs, sign MoUs, build detectors, é 

Ç Civil construction and most of the accelerator construction can start after the CD3 approval by NDRC, 

internationalized construction of detectors and other accelerator equipment may come a few years later  18 

CEPC Planning and Schedule  CEPC  Planning  &  Schedule  

Yuri Kulchitsky, JINR & IP NASB 
01.10.2025 

01.10.2025 



19 

     Comparison of Higgs factories: Circular vs Linear  

CEPC versus FCC-ee 
ü Earlier data: collisions expected in 2035 (vs. ~2045) 

ü Large tunnel cross section (ee & pp coexistence) 

ü Lower construction cost 
 

CEPC versus Linear Colliders 
ü Higher luminosity /precision for Higgs & Z 

ü Potential upgrade for pp collider 

Statistic in 106 events  

o The synchrotron radiation (SR) power of 30 MW  per beam it can achieve a 

luminosity of 5e34 /cm2/s (integrated luminosity of 13/ab for 2 interaction 

points over a decade) producing 2.6 million  Higgs bosons.  

o Increasing the SR power to 50 MW  per beam expands the CEPC's 

capability to generate 4.3 million  Higgs bosons, 

01.10.2025 Yuri Kulchitsky, JINR & IP NASB 19 



Yuri Kulchitsky, JINR & IP NASB 
Cross sections for major SM physics 

processes at the electron positron collider  
20 

Physics  Goals  of  Circulated  electron -positron  collider  
&  Super  proton -proton collider  

Circular Electron -Positron Collider (CEPC) 

Ç 91 (Z), 160 (WW), 240 (ZH), 360 (tt ) GeV 

Ç Higgs Factory (>106 Higgs bosons):  

ü Precision study of Higgs (mH, main quantum 

numbers JPC, couplings),   

ü Complementary to Linear colliders,  

ü Looking for hints of BSM physics:   
× Dark Matter,  

× ElectroWeak phase transition (EWPT),  

× Long-Lived Particles (LLP),  

× é  

Ç Z & W factory >1010 Z0):  

ü Precision test of SM,  

ü Rare decays, é 

Ç Flavor factory: b, c, t and QCD studies 

Super proton-proton Collider (SppC)  

Ç 100 ï 125 TeV 

Ç Complementary to CEPC;  

Ç SPPC/FCC-hh has much stronger access to new physics at 

high-energy range. 

Ç Precision test of SM  

CEPC-SppC was proposed by Chinese scientists in Sept. 2012  

after H-Boson was discovered at CERN  

Complementarity 

between Circular and 

Linear colliders  
01.10.2025 
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Physics   @   CEPC 
The Higgs boson has a special role in the quest to answer some of the most profound questions 

×These questions include the  

ünature of the EW phase transition that governed the evolution of the early Universe 

üwhy the gravitational force is so weak compared with other forces in nature. 

üThe Higgs boson in e+e- collisions is practically free of systematic uncertainties that 

limit the measurements at the HL -LHC  

üPrecise measurements of the Higgs boson properties, along with those of the 

mediators of the weak interaction will  provide critical tests of the underlying fundamental 

physics principles of the SM  and are vital in the exploration of new physics BSM  

ÇThe CEPC will  measure the Higgs boson properties in greater detail and in a model-

independent way, than  at HL-LHC.  

ÇThe CEPC will  also reach a new level of precision for the measurements of the W, Z bosons 

properties 

ÇThe clean collision environment of the CEPC will  allow the search for potential unknown 

decay modes, than at HL-LHC 

ÇThe CEPC could uncover deviations from the SM predictions and reveal the existence of new 

particles that are beyond the reaches of direct searches at the current experiments.  
01.10.2025 Yuri Kulchitsky, JINR & IP NASB 



Physics white papers: Higgs physics, arxiv:1810.09037, Chin.Phys.C 43(2019) 043002,  Flavor physics, arXiv: 2412.19743,  

New Physics Search: arXiv.2505.24810, Electroweak physics, to be published, QCD, to be published 
22 

CEPC  Operation  Plan  and  Goals  

01.10.2025 Yuri Kulchitsky, JINR & IP NASB 22 



Production cross sections of e+eīŸZH 

and e+eīŸɜɜľH as functions of energy 

23 

Precision  Higgs  Physics  at  the  CEPC  

A simulated e+eīŸZHŸ 

qqľbbľ event reconstructed 

with the Arbor algorithm 

Feynman diagrams of the Higgs boson production processes: 

e+eīŸZH (ZH associate production or Higgsstrahlung) and VBF 

e+eīŸɜɜľH (WW fusion),  e+eīŸe+eīH (ZZ fusion) 

Ç In contrast to hadron collisions, e+eī collisions are unaffected by underlying events and pile-up effects.  

Ç Theoretical calculations are less dependent on higher order QCD radiative corrections.  

Ç More precise tests of theoretical predictions can be performed at the CEPC and will provide sensitive probes to BSM. 
01.10.2025 Yuri Kulchitsky, JINR & IP NASB 23 



Some of the measurements are limited by SM parametric uncertainties 

(e.g. mb).  Results show precision without/with these uncertainties 

Higgs Programme achieved in a period of 8 years of 

operation 24 

Higgs @ FCC-ee  
Ç Sub-percent precision for most interesting couplings, often with 

order of magnitude improvement on HL-LHC expectation. 

Ç Asses, for the first  time, second generation quarks (HŸcļ &  

HŸsġ) thanks to clean environment and efficient flavour tagging 

algorithms. 

Ç Higgs width measured O(1%) (model independent!) Ÿ absolute 

normalisation of the couplings. 

Ç Mass measured to O(4) MeV (vs. 20 MeV at HL-LHC). 

Ç Possibility to get close to SM expectation for HŸe+e- (unique to 

FCC-ee) 

10.8 ab-1 @ 240GeV 

2.2x106 HZ evts 

 65k WWŸH evts 

3.12 ab-1 @ 365 GeV 

370k HZ evts 

 92k WWŸH evts 

01.10.2025 
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   Higgs @ FCC-ee  
Ç 3 years at ãs = 240 GeV Ÿ 10.8 abī1    

× ᵼ 2.2M ZH events & 65k VBF events 

Ç 5 years at ãs=340ï365 GeVŸ3.12 abī1  

× ᵼ 370k ZH events & 92k VBF events 

üProjected precision on Higgs measurements as 

obtained from FCC-ee simulations at ãs=240 and 

365 GeV. Experimental systematics include background 

normalisation uncertainties. Efficiencies and luminosity 

systematics are expected to be negligible.  

üThe entries preceded by a Ñ sign are relative 

uncertainties (in %) on ůZHĬB and ůWWŸHĬB 

(where WWŸH includes the interference with 

Z(ɜeɜľe)H), while the entries preceded by ñ<ò sign 

represent 95% CL upper limit on B.  

üThe projected precision on ůZH /WWŸHĬB(H Ÿ jj ) 

for the hadronic Higgs decay modes (jj  = bb, cľc, 

gg, and sľs) is obtained from a  fit where the 

signal strengths of these processes extracted 

simultaneously.  
üA ( )z indicates that the values are rescaled from the FCC 

CDR to the baseline integrated luminosity.  

Prospects in Electroweak, Higgs and Top physics at FCC, Contribution to the 

European Strategy for Particle Physics Update 2025-2026 

Per-mil sensitivity on Higgs 

coupling measurement 

01.10.2025 
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Evaluation of Uncertainties  
ÇEvaluation of Systematic Uncertainties 

üCross-section uncertainties are statistically dominated 

üSensitivity to detector performance: tracking, vertexing, resolution, particle ID, etc. 

ÇSystematic uncertainties considered 

×Background normalization 

×Applied to dominant backgrounds (WW, ZZ, Z/ɔ) 

×1% uncertainty, implemented as log-normal terms in the likelihood fit  

×Conservative assumption ð expected to improve with real data and theory advancements 

×Can be constrained in situ using control or sideband regions 

ÇExperimental uncertainties are expected to be negligible w.r.t. the statistical precision 

o Object calibration (efficiencies, flavour tagging calibration, jet energy corrections) 

expected to be calibrated within required precision, thanks to control samples available: 

ÁZ/ɔ radiative return events at 240/365 GeV 

Á Intermittent runs at Z pole (e.g. one day Ÿ ~10  clean Z events) 

o Absolute luminosity measurement determined using low-angle Bhabha scattering and 

e+eïŸ‎‎, well within the required precision  

FCC note (J. Eysermans et al) 

01.10.2025 



Statistical (stat+syst) uncertainty on the Higgs mass (MeV) for various fit configurations. The values in brackets 

represent the statistical+systematic uncertainties. Values are normalized to an integrated luminosity of 10.8 abī1. 27 

  Higgs   Mass  

Systematic 

uncertainty of ãs, 

conservatively 

taken to be 2 MeV 

ÇTight selection of Z(ll )H events (l=e,Õ) 

ÇRecoil mass in Z(ll )H events (without H decaying) 

ÇSensitivity driven by ãs=240 GeV, no sensitivity at 

ãs=365 GeV due to broadening of recoil distribution 

ÇThorough study of detector design impact 

üLarger variations from track resolution 

üHigh field & lighter tracker beneficial 

Robust prospects 

to reach and even 

go below the 

natural 4.1 MeV 

limit set by the SM 

Higgs width 

FCC note (J. Eysermans et al) 

01.10.2025 



Ç Performed detailed analyses 

ü Leptonic final state 

ü Selected lepton pair originates from associated Z with high 

efficiency 

ü Tight selection to suppress backgrounds 

ü Hadronic final state 

ü More challenging due to overlapping multi-jet final Higgs decays 

and poor hadronic resolution w.r.t. leptonic 

ü Profits of large BR: 70% vs ~ 7% for leptonic 

ü Combination ï orthogonality ensured between the different 

channels 

Ç Model-dependence of the results evaluated using bias tests 

ü Improvements of results possible by relaxing assumptions on bias 

tests (see later)  
28 

Total  ZH  cross -section  
ÇTotal ZH cross section is the flagship analysis of every e+eï collider 

üIt gives direct access to gHZZ  in a model-independent way 

üExploits the full statistics of all Higgs bosons produced 

üOnce determined, normalizes all other couplings measured to absolute scale 

FCC note (J. Eysermans et al) 

01.10.2025 



The inclusive recoil mass spectra 

of e+eīŸZX candidates for 

ZŸÕ+Õī and ZŸe+eī. No 

attempt to identify X is made. The 

markers and their uncertainties (too 

small to be visible) represent 

expectations from a CEPC dataset 

of 5.6 abī1, whereas the solid blue 

curves are the fit  results. The 

dashed curves are the signal and 

background components. 

Apart from the Higgs boson production, other SM processes include e+eīŸe+eī (Bhabha scattering), e+eīŸZɔ 

(initial-state radiation return),  e+eīŸWW/ZZ (diboson) as well as the single boson production of e+eīŸe+eīZ & 

e+eīŸe+ɜWī/eīɜľW+. 

29 

Higgs  Physics:  Background  processes  

Cross sections of main SM 

processes of e+eī collisions 

as functions of center-of-

mass energy.  

The calculations include 

initial-state radiation (ISR).  

The W &Z fusion processes 

refer to  e+eīŸɜɜľH, 

e+eīŸe+eīH production, 

respectively.  

Many of these processes 

can lead to identical final  

states and thus can 

interfere. e+eīŸe+ɜWīŸ 

e+ɜee
īɜeľ &  e+eīŸe+eīZ Ÿ 

e+eī ɜeɜeľ have the same 

final state after the decays 

of the W or Z bosons.  

Higgsstrahlung event where the Z boson decays to a pair of 

visible fermions (ff ), the mass of the system recoiling against the 

Z boson, commonly known as the recoil mass, can be calculated 

assuming the event has a total energy  and zero total momentum: 

Here, Eff, pff and mff   are the total energy, momentum and invariant 

mass of the fermion pair. The Mrecoil distribution should show a 

peak at the Higgs boson mass mH for e+eīŸZH and e+eīŸe+eīH 

processes, and is expected to be smooth without a resonance 

structure for other processes in the mass region around 125 GeV. 

01.10.2025 Yuri Kulchitsky, JINR & IP NASB 
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ÇExpected relative precision on ů(ZH)ĬBR for the HŸbbľ/ccľ/ gg decays from a CEPC dataset of 5.6 abī1.  

Ç Combining all Z boson decay modes studied, a relative statistical precision for ů(ZH)ĬBR of 0.3%, 3.3% 

and 1.3% can be achieved for the HŸbbľ/ccľ/ gg decays, respectively  30 

Higgs Physics : ZH production with HŸbbľ/cc ľ/ gg  

ZH production with HŸbbľ/ccľ/gg: the recoil mass 

distributions of ZŸe+eī &  ZŸÕ+Õī; the dijet mass 

distributions of Higgs boson candidates for ZŸqqľ &  ZŸ 

ɜɜľ. The markers and their uncertainties represent 

expectations from a CEPC dataset of 5.6 abī1 whereas the 

solid blue curves are the fit  results. The dashed curves are the 

signal and background components. Contributions from other 

decays of the Higgs boson are included in the background. 

01.10.2025 Yuri Kulchitsky, JINR & IP NASB 
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Higgs Physics : ZH production with ZŸɜɜľ &  HŸWWz qOqqľqľ:  

ZH production with  ZŸɜɜľ and HŸWW Ÿzqqqľqľ: distributions 

of the visible mass and  the missing mass of selected events. The 

markers and their uncertainties represent the expected number of 

events in a CEPC dataset of 5.6 abī1, whereas the solid blue curves 

are the fit  results. The dashed curves are the signal and background 

components. Contributions from other decays of the Higgs boson are 

included in the background. 

Expected relative precision on the 

ů(ZH)ĬBR(HŸWWz) measurement from a 

CEPC dataset of 5.6 abī1 

ÇThe combination of these decay final states leads 

to a precision of 0.9%.  

ü This is likely a conservative estimate as many of 

the final states of the H ŸWW  zdecay remain 

to be explored. Including these missing final 

states will  no doubt improve the precision. 01.10.2025 Yuri Kulchitsky, JINR & IP NASB 
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Ç The combination of these final  states 

results in a precision of about 4.9%.  

ü The sensitivity can be significantly improved 

considering that many final states are not 

included in the current study. In particular, 

the final state of ZŸqqľ, HŸZZzŸqqqľqľ 

which accounts for a third of all ZHŸZZZ z

decay is not studied. Moreover, there are 

further potential improvements by using 

multivariate techniques. The combination of 

these decay final states leads to a precision of 

0.9%.  32 

Higgs Physics : ZH production with H ŸZZ  z

ZH production with  HŸZZ :z the recoil mass distribution of the Õ+Õī 

system for ZŸÕ+Õī; HŸZZzŸɜɜqľqľ; the invariant mass distribution 

of the Õ+Õīqqľ system for ZŸɜɜ; HŸZZzŸÕ+Õīqqľ.  The markers and 

their uncertainties represent the expected number of events in a CEPC 

dataset of 5.6 abī1, whereas the solid blue curves are the fit  results. The 

dashed curves are the signal and background components. Contributions 

from other decays of the Higgs boson are included in the background. 

Expected relative precision on the 

ů(ZH)ĬBR(HŸZZz) measurement from a 

CEPC dataset of 5.6 abī1 

01.10.2025 Yuri Kulchitsky, JINR & IP NASB 
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The distribution of the mass difference æM (Mqqľɔ ī M qqľ  & Mɜɜľɔ 

īMɜɜľ ) of the selected e+eīŸZHŸZZɔŸɜɜľqqľɔ candidates 

expected in a dataset with an integrated luminosity of 5.6 abī1. The 

signal distribution shown is for the correct pairings of the Higgs 

boson decays.  

ü Similar to the HŸɔɔ decay, the HŸZɔ decay in the SM is 

mediated by W-boson and top-quark loops and has a branching 

ratio of 0.154% . 33 

Higgs Physics : ZH production with H Ÿɔɔ 

ZH production with  HŸɔɔ: the diphoton invariant 

mass distribution for the ZŸɜɜľ decay. The markers and 

their uncertainties represent the expected number of 

events in a CEPC dataset of 5.6 abī1, whereas the solid 

blue curves are the fit  results. The dashed curves are the 

signal and background components. A relative precision 

of 6.2% on ů(ZH)ĬBR(HŸɔɔ) can be achieved. 
01.10.2025 Yuri Kulchitsky, JINR & IP NASB 
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 A lepton collider allows much better exclusive measurement of Higgs boson decay channels. 
34 

Physics  at  CEPC:  Higgs  boson  
There is not a complete understanding of the nature of the EW phase transition.  
Ç The discovery of a spin zero Higgs boson, the first elementary particle of its kind, has only sharpened these 

questions, and their resolution will  necessarily involve new physics BSM.  

ü The precision measurement of Higgs boson properties will  be a critical component of any road map for high 

energy physics in the coming decades.  

× BSM physics can lead to observable deviations in Higgs couplings relative to SM expectations  

v and MNP are the vacuum expectation value of the H field & the typical mass scale of new physics. Need to probe 

new physics significantly beyond the LHCôs reach requires measuring H couplings with sub-percent-level accuracy 

Higgs coupling extraction in the k-framework 

L=5.6 ab-1 ~106  H 

Projection for the precision of the Z-pole measurements 

üThe CEPC has strong 

capability in detecting 

invisible decays of the H 
 

ü For L=5.6 ab-1, it can 

improve the accuracy of 

the measurement of the  H 

invisible branching ratio to 

0.3% , more than 10 times 

better than the precision for 

HL-LHC. 

1012 Z, 107 W  

CEPC improve the precision by ~10 

01.10.2025 Yuri Kulchitsky, JINR & IP NASB 
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Higgs  boson  as  a  portal  to  BSM  physics  

ü The 95% CL upper limit  on selected Higgs exotic 

decay branching fractions at HL-LHC and CEPC.  

ü The red bars correspond to the results using only 

leptonic decays of the spectator Z-boson.  

ü The yellow bars further include extrapolation with 

the inclusion of the hadronic decays of the 

spectator Z. 
01.10.2025 

Ç The Higgs boson can be an important portal to BSM physics.  

Such new physics could manifest itself through the exotic decays of 

the Higgs boson if some of the degrees of freedom are light.  

Ç The Higgs boson BSM decays have a rich variety of possibilities. 

Two-particle decays of the Higgs boson into BSM particles, 

HŸX1X2, are considered, where the BSM particles X i can 

subsequently decay. 

ü These processes are well-motivated by BSM models such as singlet 

extensions of the SM, two-Higgs-doublet models, SUSY 

models, Higgs portals, gauge extensions of the SM, é 
Ç For the Higgs boson decaying into long-lived particles, novel 

search strategies have to be developed in the future. 

Ç Selected results for channels, which are hard to constrain at the 

LHC presented in Figure.  In comparison with the HL -LHC , the 

improvement on the Higgs boson exotic decay branching ratios is 

significant, varying from one to four orders of magnitude for 

the channels considered.  

Ç For the Higgs boson exotic decays into hadronic final states plus 

missing energy, bb+MET, jj+ME T and Ű+Ű-+MET, the CEPC 

improves the HL-LHC sensitivity by three to four orders of 

magnitude.  Yuri Kulchitsky, JINR & IP NASB 
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Direct  and  indirect  probe  to  new  physics  up to  10 TeV 

ÇPotential coverage of composite-type global symmetry models in terms of resonance mass 

MɟL and coupling parameter gɟL  ; 

ÇMixing parameter ɝ ſ v2/f2 via direct searches at the LHC  (blue & green shaded regions) and 

precision Higgs measurement constraints (red lines). 01.10.2025 Yuri Kulchitsky, JINR & IP NASB 
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ÇTheoretical support: 

üDevelopment of physics program 

üCalculation of radiative corrections 

üCreation of advanced Monte Carlo tools 

ÇContributions to the Physics Program 

×Higgs (using BSM models:  singlet extensions of the SM, two-Higgs-doublet models, SUSY models, Higgs 

portals, gauge extensions of the SM) 

×EW Physics 
Vprecision EW at the Z peak and WW threshold 

VHigh energy EW: diboson, difermion 

Vprecision theoretical calculations  

VMonte-Carlo generators and fitting formulae 

ÇFlavour physics:  
×heavy quarks 

× tau lepton 

ÇTop quark (includes the precision theory calculations, MC generators, fitting formulae) 

JINR  contribution  to  the  physics  program  

01.10.2025 Yuri Kulchitsky, JINR & IP NASB 37 
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ÇThe Higgs boson physics is the main task of the experiments at CEPC for the first 10 years   

×The Higgs boson can be an important portal to BSM physics.  

üHiggs boson production at ãsḐ240ī250 GeV: e+eīŸZH, e+eīŸɜɜ←H, and e+eīŸe+eīH  

üHiggs boson decays, identified by their unique signatures, will be studied in the following 

modes: HŸbb←/cc←/gg, HŸWW*, HŸZZ*, HŸZɔ, HŸŰ+Ű-, HŸɛ+ɛ-, H Ÿ inv  

üValues of H-boson characteristics are to be obtained with accuracy an order of magnitude better 

than at HL -LHC  

üThe Higgs boson BSM decays have a rich variety of possibilities. Decays of the H-boson into 

BSM particles, HŸX1X2, are considered, where the BSM particles Xi  can subsequently decay. 

üThese processes are well-motivated by BSM models such as singlet extensions of the SM, 

two-Higgs-doublet models, SUSY models, Higgs portals, gauge extensions of the SM.  

üFor the H-boson decaying into long-lived particles, novel search strategies have to be 

developed in the future, using also the latest advances in detector development.  

üFor the Higgs boson exotic decays into hadronic final states plus missing energy, bb+MET, 

jj+MET  and Ű+Ű-+MET,  the CEPC improves the HL-LHC sensitivity by three to four orders 

of magnitude.  
01.10.2025 Yuri Kulchitsky, JINR & IP NASB 
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ÁDevelopment of Micromegas prototypes at JINR for pixelated TPC 

ÁParticipation in development of the full drift length prototype 

ÁGas parameters study: Drift velocity, Attachment coefficient, T/L Diffusion, etc. 

ÁDevelopment of calibration methods for ECAL 

ÁParticipation on R&D on crystal units: joint efforts on crystal, SiPM  

Áʉrystal-SiPM non-linearity effects: measurements and validation of MC model 

ÁParticipation in full-scale crystal calorimeter prototype creation and beam tests 

ÁIrradiation studies on crystals and SiPM 

ÁDevelopment of calibration methods for GS-HCAL jointly with ECAL & separately  

ÁParticipation in  optimizing GS-SiPM coupling and performance  

ÁParticipation in creation of full-size GS-HCAL prototype and in beam tests  

ÁStudy strips up to 5m long, increase the light yield and light collection 

ÁParticipation in multiple modules creation for system testing 

ÁCarry out the long term stability and radiation hardness testing 

ÁSimulation of track reconstruction and low momentum measurement 

ECAL:  

GS-HCAL:  

Muon:  

TPC: 

Yuri Kulchitsky, JINR & IP NASB 01.10.2025 39 

JINR's  contribution  to the development of detectors  



Vital matter of JINR teams in China projects 
40 

ÇJINR in Computing for the China HEP projects 
V Tier-1 Center for JUNO Distributed Computing (realization MoU 

since 2022) 

V BES-III and JUNO grid development (DIRAC, grid monitoring 

system, etc) 
ÇChina-JINR Workshop on Software and Computing for 

Future HEP Experiment (15ï19 Sept 2024, Baikal lake)  
V issues of cooperation between IHEP and JINR in the field of 

computing and software BESIII, JUNO experiments, planned 

experiments at CEPC and NICA colliders 

V R&D of new computational technologies in particle physics 

ÇCEPC Computing (JINR Side) in 2026-2027 
V refining (fitting) the CEPC computing model 

o data model, data processing model 

o requested resources and sites are involved in 

o workload, job submission 

V JINR obligations in CEPC Computing (to be discussed and 

elaborated) 

o responsibility of JINR site, incl. pledges (CPU/disks/tapes)  

o site participation/part of CEPC distributed infrastructure (MoU?) 

o participation in development of interware and applied (physics) 

SW (reco algorithms, collaboration tools, etc) 

ÇOrganizing a high-speed links between JINR and 

China centers are being studied 
V negotiations with network operators in RF 

Vʩcommitment of JUNO/BESIII/NICA/Baikal-GVD/? 

V actual interest of China scientific centers 

Strategic long-term plan  

01.10.2025 Yuri Kulchitsky, JINR & IP NASB 

CEPC  Computing  vs  JINR Çhina  IT  collaboration  
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Key  Scientific  Issues  and  Technological  Route  

01.10.2025 Yuri Kulchitsky, JINR & IP NASB 41 


