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5. CKM Matrix 𝑽𝒕𝒔

Plot from DOI 10.17181/224fq-qtf30

1. Higgs mass
2. ZH Cross-section
3. Higgs Width

4. Top mass/threshold scan
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Higgs: Introduction Main Higgs Production 
Mechanisms at FCC-ee:

240 GeV 365 GeV

Ø ZH production 
    “Higgs-strahlung”

Ø Vector Boson Fusion
    WW dominant

Luminosity at 240 GeV is expected to be improved by 50%
Because of new proposed optics  
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Include 365 GeV
Gain ~23% ZH events



v Current best from LHC 𝜹𝒎𝑯 ∼ 𝟏𝟎𝟎	𝐌𝐞𝐕
v At FCC-ee, Higgs mass will reach MeV level accuracy, (𝚪𝑯 ∼ 𝟒. 𝟏	𝐌𝐞𝐕)
v Electron and Muons final states: 𝑒"𝑒# → 𝑍𝐻 → 𝑙"𝑙# + 𝑋𝑋, (𝑍 → 𝜇"𝜇#, 𝑒"𝑒#)
v 𝑴𝒓𝒆𝒄𝒐𝒊𝒍 from the Z production without measuring the Higgs production final state 
    𝑚*+,-./
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Higgs mass
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FCCAnalyses: FCC-ee Simulation (Delphes)

 = 240.0 GeVs
-1L = 7.2 ab

 + X-µ+µ → ZH → -e+e
Baseline

𝑆 𝑚!!!"

𝑚"#$%&'

Uncertainty Stat-Only, and w/ systematics:
Ø Higgs mass:     3.1 MeV à 4.0 MeV

𝑚()*+,! 
distribution 
for fit

124.99 124.995 125 125.005 125.01
 (GeV)hm

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

N
LL

∆
-2

) = 4.88 MeV
h

(mδ, categorized −µ+µ

) = 5.85 MeV
h

(mδ, categorized −e+e
) = 4.01 MeV

h
(mδ, categorized −e+ + e−µ+µ

1− = 240 GeV, 7.2 absSimulation FCC-ee

Dominant Syst. Unc. :
Centre-of-mass with ~ 2 MeV
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Higgs mass, Fit with analytic shape
Ø Signal Shape: 2 Crystal-Ball with Gaussian core
Ø Backgrounds modelled as polynomial (3rd order)
Ø Signal and background injected in Combine, 𝑚- as POI
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𝒔 = 𝟐𝟒𝟎	𝐆𝐞𝐕
𝑳 = 𝟕. 𝟐𝒂𝒃.𝟏

Stat-Only w/syst.
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Higgs mass
𝒔 = 𝟐𝟒𝟎	𝐆𝐞𝐕
𝑳 = 𝟕. 𝟐𝒂𝒃.𝟏
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Some extended studies performed regarding detector effects 

Ø Nominal 2 T magnetic field → 3 T
( stronger field → better tracking ) 

Ø IDEA drift chamber → CLD silicon tracker

Ø Assuming “perfect” (generator-level) 
momentum resolution

Feedbacks to the Detector 
Design from Analysis

Combined
Nominal 4.01
Ideal resolution 3.33
Magnetic Field 3T 3.54
CLD 2T (silicon tracker) 4.66
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Higgs mass at 365 GeV
𝒔 = 𝟑𝟔𝟓	𝐆𝐞𝐕
𝑳 = 𝟐. 𝟑	𝒂𝒃.𝟏

v At 𝒔 = 𝟑𝟔𝟓	𝐆𝐞𝐕
Ø Reduced statistics
Ø Broadened recoil distribution
Ø 365 GeV only: 24 MeV uncertainty on 

Higgs mass
Ø Combined with 240 GeV brings it down 

from 3.13 MeV to 2.92 MeV (Stat-Only) 
~7% improvement

Preliminary
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Total ZH production cross-section
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FCCAnalyses: FCC-ee Simulation (Delphes)
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Measure the ZH cross-section in a Model-Independent way
Ø Unique to electron-positron colliders because of known initial state
Ø Challenge to ensure model-independent
Ø Once know, determine couplings to 𝐻 → 𝑋𝑋 in a model independent way

At FCC-ee ZH cross-section is expected to ~0.5 % accuracy
Ø 𝑒0𝑒. → 𝑍𝐻 → 𝑙0𝑙. + 𝑋𝑋, (𝑍 → 𝜇0𝜇., 𝑒0𝑒.)

𝜎1-×𝐵𝑟 𝐻 → 𝑋 A𝑋 ∝
𝑔-112 ×𝑔-332

Γ-

ØRemove Decay-Mode dependent 
event selection à cos 𝜃EFGG

Ø Introduce BDT approach to keep 
decay-mode independency

ØFit BDT distribution
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 0.1 %±avg. 

BDT response
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Decay-
mode-
dependent

Decay-mode- 
independent

Remove 
cos 𝜃4,55 cut 
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Total ZH production cross-section
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𝜹𝝈𝒁𝑯/𝝈𝒁𝑯
𝑠 = 240	GeV, 
7.2	𝑎𝑏NO 0.69%

𝑠 = 365	GeV, 
2.3	𝑎𝑏NO 

1.10% 
(preliminary)

240 GeV 365 GeV

365 GeV has
Ø Worse resolution
Ø But Negligible WW background 

240 GeV 365 GeV
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Measuring the individual 𝑯 → 𝑿𝑿 decay modes gives access to Higgs width (𝚪𝑯)
Ø At 240 GeV, measuring 𝐻 → 𝑍𝑍 (ZH)
Ø At 240+365 GeV, measuring 𝐻 → 𝑏A𝑏 (VBF)
Ø Expected precision Γ3~1% 

𝒁𝑯 → 𝒁𝒁𝒁⋆ at 240 GeV:

Higgs width

Γ3 ∝
𝜎 𝑒"𝑒# → 𝑍𝐻 0

𝜎 𝑒"𝑒# → 𝑍𝐻,𝐻 → 𝑍𝑍

Inclusive ZH cross-section

Ø 𝒍�̅�𝝂%𝝂𝒒𝒒, 
o 3 categories, 
o BDT for classification, 
o  4.6% precision on ΓP

Ø 𝒍�̅�𝒒𝒒𝒒𝒒, 
o particles from the decay of (low 

energy) Z and Z* are mixed in the 
theta/phi plane

o 12.4% precision on ΓP

Ø 𝒒𝒒𝒒𝒒𝒒𝒒, 
o BDT to classify the events
o Signal significance is 5.01
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L = 5 𝑎𝑏.6
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Top mass/threshold scan
NNNLO variations
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Ø Relative large uncertainty on top mass (+/- 
0.5 GeV from HL-LHC)

Ø Baseline Run plan:
o 1 year threshold scan 340–350 GeV in 5 GeV 

window: total ~ 1.4 ab-1
o 4 years at 365 GeV: total ~ 2.3 ab-1



Top mass/threshold scan

BDT to separate Signal and background
BDT cut > 0.5

Ø Extremely pure 𝒆S𝒆N → 𝑾𝒃𝑾𝒃 sample can be obtained
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2 Categories
Ø Lepton + jets
Ø Full Hadronic ~80% of total branching ratio

Signal 
𝑒H𝑒I → 𝑊𝑏𝑊𝑏

Background 
𝑒H𝑒I → 𝑊𝑊

Ankita Mehta, 
Matteo Defranchis



CKM matrix 𝑽𝒕𝒔

𝑠
Ø From PDG, 	𝑽𝒕𝒔 = 𝟒𝟏. 𝟓 ± 	𝟎. 𝟗 ×	𝟏𝟎N𝟑

Measured from 𝐵G mixing
Dominated by theoretical uncertainties

Ø Model independent at FCC-ee
Ø With 𝟏. 𝟗×𝟏𝟎𝟔 𝒕�̅� events

1.9×10U×2× 	𝑉VG W ∼ 𝟔𝟒𝟎𝟎 𝑡 → 𝑊𝑠 events
Assuming good s-tagging efficiency and 
correct reconstruction of W, still need b 
rejection below 0.1%
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v Higgs physics
ü Higgs studies mainly at 𝑆 = 240	GeV, 365 GeV as a complementary point
ü Higgs mass uncertainty reach 4 MeV (at 240 GeV), ~24 MeV (at 365 GeV)
ü ZH cross-section reach ~0.69% (at 240 GeV), ~1.10% (at 365 GeV)
ü Higgs with has been done in different channels, Combining more channels
q More and more analysis start looking at 365 GeV opportunities

v Top
üTop mass/threshold scan, BDT has very good background rejection
üCKM matrix 𝑉VG measurement has started

Summary
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Backup

Ang Li 14



FCC-ee
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Detectors
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Top mass/threshold scan
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Higgs Width
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