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ℎ → 𝜇+𝜇− Work: General Status

• DBD-paper: today’s topic

• LCWS2019: plan to go

• IDR note: PUBLISHED! (ILD-PHYS-PUB-2019-002, see at 
https://confluence.desy.de/display/ILD/ILD+notes)

• IDR (ℎ → 𝜇+𝜇− part only): made comments long time ago
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https://confluence.desy.de/display/ILD/ILD+notes


Introduction: ℎ → 𝜇+𝜇−

• Can be used for testing
• 𝑦𝑓 ∝ 𝑚𝑓

• mass generation mechanism between 2nd/3rd fermions and 2nd 
lepton/quark

• Very challenging analysis: small branching ratio (BRሺ
ሻ

ℎ →
𝜇+𝜇− = 2.2*10-4)

• Previous studies: most of them performed at 1 TeV or higher

• This study: 250 GeV & 500 GeV, 𝑞ത𝑞ℎ and 𝜈 ҧ𝜈ℎ final states, L/R 
beam pol.; 2*2*2 = 8 channels
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ℎ → 𝜇+𝜇− Events at the ILC
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in total ~200 events at ILC

cf: O(104) at HL-LHC



Summary of Analysis Procedure

• Select ℎ → 𝜇+𝜇− candidate

• Channel-specific reconstruction and preselection

• TMVA (BDTG) analysis

• Toy MC
• Crystal Ball + Gaussian for signal modeling, 1st order polynomial 

for background modeling

• 50000 times pseudo-experiments

• optimization performed by changing BDTG score cut
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Example of Modeling (qqh250-L)
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Example of Pseudo-Experiment and 
Extracting Precision (qqh250-L)
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Results
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ILC250: 23.5%

ILC250+500: 16.7%



Discussion 1

• Factor 2.4 far from theory (100% sig. eff., no bkg, no det. eff.)
• ILC250(ILC250+500) theory = 10.4%(7.1%) 

• 2 major reasons: signal selection efficiency and “irreducible” 
background

• 𝑞ത𝑞𝜇+𝜇− for 𝑞ത𝑞ℎ, 𝜈 ҧ𝜈𝜇+𝜇− for 𝜈 ҧ𝜈ℎ

• Worse than HL-LHC prospects (10-13%)
• ~200 events vs O(104) events

• possible improvement by adding 1 TeV data; ~11%

• can extract absolute couplings under EFT framework at ILC
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Impact of Transverse Momentum Resolution

•𝑀𝜇+𝜇− is most important ---> measuring muon track has a 

crucial role ---> can be discussed with transverse momentum 
resolution 𝜎1/𝑃𝑡

• study performed by smearing
• assume constant number of 𝜎1/𝑃𝑡 (from 10-3 to 10-6) with a 

Gaussian random number, apply smearing to MC truth momentum 
of ℎ → 𝜇+𝜇− candidate

• found a mistake in previous analysis code (technical details in 
backup), causes some overestimation especially at 500 GeV
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New Plot (ILC250+500)
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New Plot (ILC250+500)
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since the peak of 𝑀𝜇+𝜇− gets too sharp,

it is difficult to perform fitting with CB + Gaussian

completely failure or large reduced-𝜒2

※In 2 channels, signal model fitting were completely failed and couldn’t get numbers.

In the plot, some interpretation has been made at 5*10-6. (see backup)



New Plot (ILC250 only)
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※In 2 channels, signal model fitting were completely failed and couldn’t get numbers.

In the plot, some interpretation has been made at 5*10-6. (see backup)



New Plot (ILC500 only)
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Discussion 2

• CB + Gaussian signal modeling works perfectly until certain 
resolution but will not work in extremely good resolution cases, 
because the shape of 𝑀𝜇+𝜇− gets like Breit-Wigner function (+ 
FSR tail).

• It is important archive ILD goal for transverse momentum 
resolution for this analysis.

• Developing ultimate precision detector system and more 
proper modeling function will not improve the results. It will 
reach to the limit (dotted-lines).

• Possible limiting factor for this analysis is listed up (next page).
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Limiting Factor For This Analysis
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Limiting Factor Reason How To Improve

small # signal events - physics

- analysis

- more luminosity and more money

- keep high signal efficiency

remaining background

𝑞ത𝑞𝜇+𝜇− for 𝑞ത𝑞ℎ
𝜈 ҧ𝜈𝜇+𝜇− for 𝜈 ҧ𝜈ℎ

- physics

- analysis

- develop more advanced technique

- keep high background rejection rate

momentum resolution 𝜎1/𝑝𝑇 - detector (hardware)

- algorithm (software)

- more developments

(only be the problem when 𝜎1/𝑝𝑇 is very bad)

FSR - physics

- analysis

- develop more sophisticated technique

(only be the problem when 𝜎1/𝑝𝑇 is very good)



Discussion 3
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Almost same conclusion with CLIC physics (1.4 TeV)



CLIC Conclusion

• Even a large improvement of the muon momentum resolution 
would result in only a moderate improvement of the statistical 
uncertainty of the measured product of the Higgs production 
cross-section and the branching ratio for the 𝐻 → 𝜇+𝜇− decay. 
(EPJC (2015) 75:515)
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DBD-Paper Full Draft: How It Looks Like
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Summary

• DBD-analysis is done.
• Obtained expected performance for precision on 𝜎 × BR ℎ → 𝜇+𝜇−

• Studied the impact of transverse momentum resolution 𝜎1/𝑝𝑇
• Almost same conclusion with CLIC 1.4 TeV analysis
• Identified possible limiting factors and rooms for improvement

• DBD-paper: full draft will available in soon, and will start 
discussion with supervisors/referees

• Additional work: proceedings of EPS-HEP 2019 (deadline 
Oct./15, LCC Higgs Physics Talk)
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BACKUP
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Before Smearing
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master formula

𝜎𝑝𝑇 = 𝜎1/𝑝𝑇 × 𝑝𝑇
2

𝜎1/𝑝𝑇 is just a constant

𝑝𝑇

𝑝𝑥

𝑝𝑦

(from ℎ → 𝜇𝜇 candidate)

𝜇 MC-truth 4-momentum

𝑝𝑥, 𝑝𝑦, 𝑝𝑧, 𝐸

𝜙



Previous (1)
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master formula

𝜎𝑝𝑇 = 𝜎1/𝑝𝑇 × 𝑝𝑇
2

𝜎1/𝑝𝑇 is just a constant

𝑝𝑇

𝑝𝑥

𝑝𝑦

(from ℎ → 𝜇𝜇 candidate)

𝜇 MC-truth 4-momentum

𝑝𝑥, 𝑝𝑦, 𝑝𝑧, 𝐸

𝜙

I interpreted as:

𝜎𝑝𝑥 = 𝜎𝑝𝑇 , 𝜎𝑝𝑦 = 𝜎𝑝𝑇
and simulate each with

gRandom->Gaus(0, 𝜎𝑝𝑇).

Obtain 𝜎𝑝𝑥 sim and 𝜎𝑝𝑦 sim .

Smearing vector is:

𝜎𝑝𝑥 sim , 𝜎𝑝𝑦 sim , 0, 0

𝜎𝑝𝑥

𝜎𝑝𝑦



Previous (2)
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master formula

𝜎𝑝𝑇 = 𝜎1/𝑝𝑇 × 𝑝𝑇
2

𝜎1/𝑝𝑇 is just a constant

𝑝𝑇

𝑝𝑥

𝑝𝑦

(from ℎ → 𝜇𝜇 candidate)

𝜇 MC-truth 4-momentum

𝑝𝑥, 𝑝𝑦, 𝑝𝑧, 𝐸

𝜙

However:

(1) 𝜎𝑝𝑇-vector will not parallel to 𝑝𝑇-vector

(2) simulating not correct variable

-> can overestimate 𝜎𝑝𝑇 sim up to factor 2

-> more terrible in 500 GeV because higher 𝑝𝑇
𝜎𝑝𝑥

𝜎𝑝𝑦
𝜎𝑝𝑇



Now (1)
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master formula

𝜎𝑝𝑇 = 𝜎1/𝑝𝑇 × 𝑝𝑇
2

𝜎1/𝑝𝑇 is just a constant

𝑝𝑇

𝑝𝑥

𝑝𝑦

(from ℎ → 𝜇𝜇 candidate)

𝜇 MC-truth 4-momentum

𝑝𝑥, 𝑝𝑦, 𝑝𝑧, 𝐸

𝜙

simulate 𝜎𝑝𝑇 directly with

gRandom->Gaus(0, 𝜎𝑝𝑇),

obtain 𝜎𝑝𝑇 sim .

Then the smearing vector is:

𝜎𝑝𝑥 sim = 𝜎𝑝𝑇 sim × cos𝜙

𝜎𝑝𝑦 sim = 𝜎𝑝𝑇 sim × sin𝜙

𝜎𝑝𝑇



Now (2)
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master formula

𝜎𝑝𝑇 = 𝜎1/𝑝𝑇 × 𝑝𝑇
2

𝜎1/𝑝𝑇 is just a constant

𝑝𝑇

𝑝𝑥

𝑝𝑦

(from ℎ → 𝜇𝜇 candidate)

𝜇 MC-truth 4-momentum

𝑝𝑥, 𝑝𝑦, 𝑝𝑧, 𝐸

𝜙

(1) keep parallel 𝑝𝑇 ∥ 𝜎𝑝𝑇
(2) no overestimating anymore𝜎𝑝𝑇

𝜎𝑝𝑥

𝜎𝑝𝑦



Individual Channel Plot (qqh250-L/R)
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Individual Channel Plot (nnh250-L/R)
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interpreted points because fitting failed completely



Individual Channel Plot (qqh500-L/R)
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Individual Channel Plot (nnh500-L/R)
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