
Status of 𝐻 → 𝜇$𝜇%

Zhenwei Cui (PKU), 
Haifeng Li, Boqun Liu (SDU)

Kaili Zhang, Zhaoru Zhang (IHEP)

June 27th, 2018

1



Outline

• Motivation
• Overview of the analysis for 3.5T
• 𝒁𝝁𝝁𝑯𝝁𝝁 for 240GeV @ 3T
• Next step

2



Motivation

• Measurement of the rare H → μ +μ − decay 
• Very low branching ratio of order of 10-4 predicted by the SM. 
• Requires excellent muon identification efficiency and 

momentum resolution as well as a comprehensive background 
suppression.
• CEPC can use Recoil mass for Higgs measurement, which is not 

rely on model and Higgs decay channel
• Lepton collider has clearer background

3



Detector Signal Lumi(fb-1) Energy 
(TeV) results

ATLAS VBF+VH 4.5&20.3 7&8 Signal strength =−𝟎. 𝟔%𝟑.𝟔$𝟑.𝟔

upper limit =7

CMS GF+VBF+VH 5&19.7 7&8 Signal strength =−𝟎. 𝟗%𝟑.𝟓$𝟑.𝟔

upper limit=7.4

HL-ATLAS ggH+VBF+
VH+ttH 3000 14

Uncertainty of Higgs μ
coupling =21%

Significance =7σ

HL-CMS 0/1-jets(µµ)
VBF(jj+µµ) 3000 14 uncertainty=[20,24]%

ILC

ννH 500 1 uncertainty=31%  Significance
=2.75σ

qqH 250 0.25 Significance =1.1σ
ννH 250 0.25 Significance =1.8σ

qqH，ννH 2000 0.25 uncertainty=20.5%
qqH，ννH 4000 0.25 uncertainty=17.5%

Results from other experiments

From Zhenwei 4



𝒁𝒒𝒒1𝑯𝝁𝝁
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Signal number=79.6(71.6)± 12.4
significance=8.12𝜎
uncertainty= [-16,17]%

Main Bkg：ZZ → 𝜇𝜇𝑞𝑞

From Zhenwei and Kaili
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𝒁𝒒𝒒1𝑯𝝁𝝁 for 240 GeV @ 3T

From Boqun and Haifeng
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Cut-based:
Signal number=10.9(14.0)± 6.2
Significance=1.91𝜎
uncertainty= [-34,38]%

𝒁𝝂𝝂1𝑯𝝁𝝁

Signal number=11.0(12.3)± 5.1
significance=2.63𝜎
uncertainty= [-30,32]%

TMVA
cos𝜃FG±,cosθG±,MET,MEZ

From Zhenwei and Kaili
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𝒁𝒆𝒆𝑯𝝁𝝁

𝑀GMGN ,𝑀OPQRST
GMGN ,𝐸GMGN ,

𝑀PMPN  	,𝑀OPQRST
PMPN 		, 𝑐𝑜𝑠𝜃GMGN 

𝑐𝑜𝑠𝜃G±  𝑃[\M\N𝑃F\M\N

Cut-based 
significance=0.74𝜎

TMVA
significance=1.5𝜎

T𝑟𝑎𝑖𝑛𝑖𝑛𝑔	𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠：

From Zhenwei and Kaili



𝒁𝝁𝝁𝑯𝝁𝝁
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𝑀GMGN 𝐻 	,𝑀OPQRST
GMGN 𝐻 	

	, 𝐸GMGN 𝐻 ,𝑀GMGN 𝑍 	,	
𝑀OPQRST
GMGN 𝑍 		, 𝑐𝑜𝑠𝜃GMGN 

Cut-based
Significance=1.2𝜎

TMVA
significance=1.5𝜎

T𝑟𝑎𝑖𝑛𝑖𝑛𝑔	𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠：

From Zhenwei and Kaili



• Signal: 𝑒$𝑒% → 𝑍(𝜇$𝜇%)𝐻(𝜇$𝜇%)
• 3T with 240 GeV with total events of 100k
• /home/bes/lig/higgs/data/SimReco/wo_BS/CEPC_v4/higgs/smart_final_states/E240.Pllh_

e2e2.e0.p0.whizard195/

• Dominant Bkg: ZZ to 4mu
• 3.5T with 250 GeV with total events of 100k
• /cefs/data/RecData/CEPC250/CEPC_v1/4fermions/E250.Pzz_l.e0.p0.whizard195/04mu/

• Framework: 
• Using FSClasserProcessor, require 4 muons in the final status

• combination to minimize Δ𝑍 = 2.25, Δ𝐻 = 0.0625
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𝒁𝝁𝝁𝑯𝝁𝝁 for 240 GeV @ 3T



𝑀GMGN
ijklmn 𝐻

𝑀GMGN
ijklmn 𝑍M𝜇$𝜇% 𝑍

𝑃𝑡𝜇$𝜇% 𝐻

Signal and Bkg comparison (after 120 < M𝜇$𝜇% 𝐻 < 130	𝐺𝑒𝑉 )

M𝜇$𝜇% 𝐻
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𝑝GM,GN
u 𝑝GM,GN

F



𝑐𝑜𝑠𝜃GMGN 𝑍

Signal and Bkg comparison (after 120 < M𝜇$𝜇% 𝐻 < 130	𝐺𝑒𝑉 )

E𝜇$𝜇% 𝑍

E𝜇$𝜇% 𝐻

𝑐𝑜𝑠𝜃GMGN 𝐻

𝑐𝑜𝑠𝜃GM 𝐻

𝑐𝑜𝑠𝜃GN 𝐻
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2D cut for eH and eZ
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eH

eH
eZ

eZ

eH

eZ

ZZ
184

eH

eZ

Signal
28342 eZ < -0.8*eH+215.6

Signal
28332

ZZ
91

Bkg reduced 50%

120 < M𝜇$𝜇% 𝐻 < 130	𝐺𝑒𝑉
80 < M𝜇$𝜇% 𝑍 < 100	𝐺𝑒𝑉
100 < 𝐸𝜇$𝜇% 𝐻 < 150	𝐺𝑒𝑉
95 < 𝐸𝜇$𝜇% 𝑍 < 110	𝐺𝑒𝑉



Cut Flow
Selection Signal ZZ

Pre-selection 6.60 23175

120 < M𝜇$𝜇% 𝐻 < 130	𝐺𝑒𝑉 5.41 2219

80 < M𝜇$𝜇% 𝑍 < 100	𝐺𝑒𝑉 5.02 649

100 < 𝐸𝜇$𝜇% 𝐻 < 150	𝐺𝑒𝑉 5.02 462

95 < 𝐸𝜇$𝜇% 𝑍 < 110	𝐺𝑒𝑉 5.01 184

𝐸𝜇$𝜇% 𝑍 < −0.8𝐸𝜇$𝜇% 𝐻 + 215.6 5.01 91

𝑃𝑇𝜇$𝜇% 𝐻 < 55	𝐺𝑒𝑉 4.92 75

𝑝GM,GN
u > 35	𝐺𝑒𝑉
𝑝GM,GN
F > 15	𝐺𝑒𝑉 4.91 70

𝑐𝑜𝑠𝜃GMGN 𝐻 < −0.65
𝑐𝑜𝑠𝜃GMGN 𝑍 < −0.4

4.86 47

120 < 𝑀GMGN
ijklmn 𝑍 < 130	𝐺𝑒𝑉

80 < 𝑀GMGN
ijklmn 𝐻 < 105𝐺𝑒𝑉

4.23 5

Efficiency 64.09% 14

Compare with 3.5T results

Significance 	≈ {
{$|

= 1.39𝜎



Next step

• Understand the physics meaning of selections
• Optimize the events selection, try more variables to lower the bkg
• Generate other bkg to check the contribution after selection
• Generating the background for 𝑒$𝑒% → 𝑍(𝑒$𝑒%)𝐻(𝜇$𝜇%)

channel
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