
Feasibility Study on Higgs Pair Production in 
Muon Collider

Kenny Jia 

June 17th, 2021



• Signal: 𝜇+ + 𝜇− → 𝑣𝜇 + ҧ𝑣𝜇 + 𝐻 + 𝐻

• Background:
• 𝜇+ + 𝜇− → 𝑣𝜇 + ҧ𝑣𝜇 + 𝑏 + ത𝑏 + 𝑍

• 𝜇+ + 𝜇− → 𝑣𝜇 + ҧ𝑣𝜇 + 𝑏 + ത𝑏 + 𝐻

• 𝜇+ + 𝜇− → 𝑣𝜇 + ҧ𝑣𝜇 + 𝑏 + ത𝑏 + 𝑏 + ത𝑏



Resolution Study



𝑃𝑇 resolution vs. 𝜃
of jets

blue: 𝜎𝑃𝑇 > 20%

red: all
green: 𝜎𝑃𝑇 < 20%



𝑝𝑜𝑜𝑟 𝑗𝑒𝑡𝑠

𝑎𝑙𝑙 𝑗𝑒𝑡𝑠
× 100%

distribution on 𝜃
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Appendix: data card for run anti-𝑘𝑡 jet algo



Appendix: Dual jets pair optimize

• Anti-𝑘𝑡 Jets:

1. Arbitrarily pick two from all jets

2. Choosing one pair that is closest to 125GeV from the rest to be the respective sub-leading 

jets pair.

3. Stored all info in a 2d array. Finally choosing the choice with smallest sum of distance from 

125GeV



Appendix: For exactly for 4 jets in one event
1. 𝐶2

4 different choices for picking the “leading” jets 

pair, then the remain two just forms the “sub-

leading” jets pair.

2. Store the invariant masses and entry info into a 2d 

array AKTjetspair[𝐶2
4] [6].

3. Final decision is the one that minimize the sum of 

the distance from 125GeV



Appendix: For at least 4 jets (nJet = n) in one 
event
1. 𝐶2

𝑛 choices for the “leading” jets pair.

2. Loop through remain C2
n−2 choice for “sub-leading” 

jets pair choosing the one which closest to 125GeV

3. Store the invariant masses and entry info into a 2d 

array AKTjetspair[C2
n] [6].

4. Final decision is the one that minimize the sum of 

the distance from 125GeV



Appendix: Double gaussian fit with exponential 
background

• Fit to curve:

• 𝑓 𝑥 = 𝐴1exp[−
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• Tight bound on almost all parameters



Resolution of the first jets pair

2 gaus Fit with expo bkg
peak            101.18±0.60
1st Std Dev   22.95±0.74
2nd Std Dev   22.95±1.79

2 gaus Fit with expo bkg
peak        120.54±0.26
1st Std Dev   7.58±0.59
2nd Std Dev   25.79±0.80



Resolution of the second jets pair

2 gaus Fit with expo bkg
peak            101.18±0.60
1st Std Dev   22.95±0.74
2nd Std Dev   22.95±1.79

2 gaus Fit with expo bkg
peak        120.54±0.26
1st Std Dev   7.58±0.59
2nd Std Dev   25.79±0.80



∆𝑅 distribution for 
poorly constructed jets 
(𝜎𝑃𝑇 > 10%) 
comparing to all jets



𝑃𝑇 resolution vs. ∆𝑅
of poorly constructed jets
(𝜎𝑃𝑇 > 10%)



Kinematic fitting

• Coming in future…


