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Motivation: Why H→bb̅?

• With a mass of 125 GeV, the standard 
model Higgs boson decays to bb̅ about 
58% of the time.

• The H→bb̅ decay provides an  
important opportunity to observe 
another coupling of Higgs to 
fermions[1] and measure its coupling to 
bottom quarks.

3
[1] H→𝜏+𝜏-, arxiv.org/abs/1708.00373

https://arxiv.org/abs/1708.00373


Motivation: Why VH→bb̅?
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Motivation: Why VH→bb̅?

Best sensitivity to H→bb̅ among associated production searches.
5

V+Jets 

tt̅ Single Top

VH 

W*/Z*

W/Z

H

b

b̅

W/Z

b

b̅

b

b̅

W+

W  ̅

b̅

b

W+



Unlike the H→𝛾𝛾 and H→𝜏+𝜏− decays, H→bb̅ has not been observed yet.

Motivation: Why VH→bb̅?
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Significance Expected Significance Observed

CDF + D0 [1] 1.9 2.8

ATLAS, Run 1 [2] 2.6 1.4
CMS, Run 1 [3] 2.1 2.1

ATLAS + CMS, Run 1 [4] 3.7 2.6

ATLAS, Run 2 [5] 3.0 3.5

[1] dx.doi.org/10.1103/PhysRevLett.109.071804 
[2] dx.doi.org/10.1007/JHEP01(2015)069 
[3] dx.doi.org/10.1103/PhysRevD.89.012003 
[4] dx.doi.org/10.1007/JHEP08(2016)045 
[5] arxiv.org/abs/1708.03299

http://dx.doi.org/10.1103/PhysRevLett.109.071804
http://dx.doi.org/10.1007/JHEP01(2015)069
http://dx.doi.org/10.1103/PhysRevD.89.012003
http://dx.doi.org/10.1007/JHEP08(2016)045
http://www.arxiv.org/abs/1708.03299


Strategy: Signal Region ⇢ Control Regions ⇢ BDT ⇢ Combined Fit
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• Enriched in specific background processes.

• Validate agreement between simulation and data.

• Distinguished by their CMVAmin distribution.
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Strategy: Signal Region ⇢ Control Regions ⇢ BDT ⇢ Combined Fit



• Boosted decision trees (BDT)  used to 
classify events as signal or background.

• Channel-specific,  trained  using  their 
most discriminating features.
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Strategy: Signal Region ⇢ Control Regions ⇢ BDT ⇢ Combined Fit
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Maximum likelihood fit performed over all channels, using as input
• The BDT discriminants of the signal regions for enhanced separation of signal 

from background.
• The CMVAmin distributions of the control regions to normalize background 

yields.
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Observed significance of 3.3𝜎 for Run 2 alone, 3.8𝜎 when combined with Run 1! [1] 

Results
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µBest fit 
1− 0 1 2 3

 0.6± = 1.8 µ

  2 lept.

 0.6± =  1.9 µ

1 lept.

 0.5± = 0.0 µ

  0 lept.

 0.7± =  1.7 µ

WH(bb)

 0.5± =  0.9 µ

  ZH(bb)

 (13 TeV)-135.9 fb

 0.4 ± = 1.2 µ Combined

CMS
 b b→ VH; H →pp 

† 5.1 fb-1 (7 TeV) + 18.9 fb-1 (8 TeV) 
‡ 35.9 fb-1 (13 TeV) 

†
‡

[1] arxiv.org/abs/1709.07497

https://arxiv.org/abs/1709.07497


Conclusions

• CMS has found evidence for H→bb̅ in VH processes.
• Still more to pursue!

‣ As data continues to pour in, look for ≥ 5𝜎 evidence for VH→bb̅.

‣ Eventually leading to a precise measurement of the Higgs coupling 
to bottom quarks.
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Backup Slides
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BDT Training Features

Iteratively chosen from a pool of discriminative kinematical features.

14



Effects of Systematics
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