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Overview
Higgs boson discovered with mass close to 125 GeV

✦ for mH=125 GeV many decay channels experimentally accessible

✦ measurement of its properties critical to understand SM compatibility 

CMS run1 legacy public results on Higgs decaying to fermions


✦ Most sensitive channels 

✦ H ⟶ ττ (ggH and VBF)

✦ VH, H ⟶ bb


✦ Combining these channels: evidence of Higgs coupling to fermion
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µ = �/�SM bb̄ ⌧⌧ µµ/ee

ggH no public result µ = 0.85+0.42
�0.38 set limit on � ·BR

VBF µ = 2.8+1.6
�1.4 µ = 0.95+0.43

�0.38 set limit on � ·BR
VH µ = 0.98+0.47

�0.44 µ = 0.87+1.0
�0.88 no public result

ttH µ = 1.2+1.6
�1.5 µ = 1.33+6.1

�3.6 no public result



H ⟶ ττ
✦ includes the main 4 production modes


✦ event categorised in


✦  τ decay modes ( e, μ, τh )


✦ number of jets


✦ boost of the Higgs candidate


✦ Signal extraction


✦ simultaneous fit of the Higgs mass of all categories


✦ Results


✦ Evidence of H ⟶ ττ with 3.2 σ 

✦ Signal strength and couplings compatible with SM
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VH, H ⟶ bb
✦ categorise in pT(V): isolate signal enriched phase space


✦ signal extraction:


✦ BDT to classify signal events using kinematic and 

experimental variables - specific per channel


✦ simultaneous likelihood fit of BDT output 

Updated new results including ggZH process in signal

✦ ggZH gives sizeable contribution in high pT regions

✦ updated results (CERN-PH-EP-2014-288):


✦ best-fit μ = 0.89 ± 0.43

✦ σ/σSM < 1.68 (0.85 expected)

✦ significance: 2.08σ (2.52σ expected)
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Fermion combination
Evidence of the Higgs couplings to down-type fermions 

✦ combine only VH ⟶ bb and H ⟶ ττ 


✦ VH ⟶ bb does not include ggZH  

✦ significance driven by the H ⟶ ττ evidence


✦ combined best-fit μ = 0.83 ± 0.24 compatible with SM
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H ⟶ μμ/ee
✦ High mass resolution 1.6 - 2.5 GeV FWHM @ 125 GeV

✦ Analysis divided in categories based on 


✦ Higgs mass resolution

✦ Production mechanism (ggH & VBF)


✦ Signal extraction

✦ parametric fit of the muon/electron invariant mass 

Results @ 125 GeV - Limits @ 95% CL:

✦ σ x BR (H ⟶ μμ) < 3.4*10-2pb

✦ σ/σSM  < 7.4 ( 6.9 expected )


✦ σ x BR (H ⟶ ee) < 3.8*10-2pb

✦ assuming SM production

✦ BR(H ⟶ μμ) < 0.0016 

✦ BR(H ⟶ ee) < 0.0019
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ttH, H ⟶ bb - Matrix Element Method
✦ Selecting events with at least one lepton and 4 jets 

✦ Events are categorised in number of jets number of 

leptons and b-tagged jets to isolate high S/B region


✦ main irreducible background tt+bb 

✦ large theory uncertainty


✦ Matrix Element Method for signal classification 

✦ uses theory information on kinematics of signal 

and background (tt+bb) 

✦ suits well large combinatorics on Higgs candidate

7

Jet multiplicity
4 5 6 7 8 9 10 

Ev
en

ts

1

10

210

310

410

510

610 SL
Data
Bkg. unc.

H (125) x 50tt

 + lftt
c + ctt

 + btt
b + btt

EWK
Single t

 + W,Ztt
VV

 (8 TeV)-119.5 fb

CMS

D
at

a/
B

kg

0.5

1

1.5

Multiplicity of b-tagged jets (CSVM)
2 3 4 5 

Ev
en

ts

1

10

210

310

410

510

610 SL
Data
Bkg. unc.

H (125) x 50tt

 + lftt
c + ctt

 + btt
b + btt

EWK
Single t

 + W,Ztt
VV

 (8 TeV)-119.5 fb

CMS

D
at

a/
B

kg

0.5

1

1.5

Eu
r. 

Ph
ys

. J
. C

 7
5 

(2
01

5)
 2

51
 - 

CE
RN

-P
H-

EP
-2

01
5-

01
6



ttH, H ⟶ bb - Matrix Element Method
✦ signal extraction from fit of likelihood ratio using 

templates from signal and background


✦ MEM shows improvement compared to previous 

result using BDT instead of MEM 

✦ σ/σSM < 4.2 (expected 3.3) @95% CL


✦ best-fit μ = 1.2 ± 1.6 
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VBF/ggH, H ⟶ bb
Fully hadronic search 
✦ Challenging trigger - two different strategies


✦ b-tagging used at trigger level

✦ VBF tag: rapidity separation and invariant mass


✦ b-tagging and rapidity of the jets used to reduce 

combinatorics on Higgs candidate

✦ analysis strategy


✦ MVA to tag the Higgs jets 
✦ b-jet energy regression - as in VHbb

✦ quark-gluon discriminator reduce background


✦ extraction of the Z ⟶ bb peak signal 
✦ signal significance: 3.6σ (3.3σ expected) 
✦ best-fit μZ = 1.10 +0.44-0.33
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VBF/ggH, H ⟶ bb
✦ use of BDT to classify signal and background 

✦ only use of experimental variables (not kinematic)

✦ signal extraction: fit of the higgs-jets invariant mass

✦ results:


✦ σ/σSM  < 5.5 (2.5 expected).

✦ signal significance: 2.2σ (0.8σ expected).

✦ best-fit μ = 2.8 ± 1.6
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H ⟶ bb combination - VH/ttH/VBF
✦ VBF, VH, and ttH with H ⟶ bb have been combined


✦ VH updated with ggZH  inclusion in the signal model 

✦ ggZH not negligible in high pT region


✦ signal strength reduced to 0.89 ± 0.43 compared to old result


✦ ttH using the BDT analysis results
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Conclusion
✦ legacy from LHC run1:


✦ evidence of Higgs couplings to fermions 

✦ all suggests Higgs properties compatible with SM


✦ introduction and validation of new techniques (regression, MEM, etc)


✦ expectation from phase 1 (300fb-1)


✦ evidence of H ⟶ bb


✦ reduce uncertainty on kb to ~15%


✦ reduce uncertainty on kτ to ~8%


✦ evidence of H ⟶ μμ
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Backup
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H ⟶ ττ
✦ main production mechanisms: ggH, VBF, VH


✦ event categorised in


✦  τ decay modes ( e, μ, τh )


✦ number of jets


✦ boost on the Higgs candidate


✦ Higgs candidate mass reconstruction


✦ neutrinos in the τ decay degrade Higgs candidate 

invariant mass resolution


✦ numerical likelihood integration (SVFit) improves 

mass resolution: final mass resolution is 10-20%

14
 [GeV]ττm

0 50 100 150 200 250
 [1

/G
eV

]
ττ

1/
dm

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16
 = 125 GeVH mττ →H 

ττ →Z 

 = 8 TeVsCMS Simulation h
τµ

mass of only visible 
decay products

fully  
reconstructed  
mττ 



H ⟶ ττ
Higgs candidate mass distribution for different categories


✦ simulation describes very well data


✦ different categories have different background composition
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H ⟶ ττ
✦ Signal extraction


✦ simultaneous fit of the Higgs candidate mass of 

all categories


✦ low purity categories help to constrain main 

backgrounds ( Z ⟶ ττ, tt+jets )


✦ Results


✦ Evidence of H ⟶ ττ with 3.2 σ


✦ Signal strength: 0.78 ± 0.27 compatible with SM
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H ⟶ ττ event categorisation
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VH, H ⟶ bb

✦ most sensitive channel in H ⟶ bb land


✦ 5 channels according to vector boson decay


✦ high pT of the vector boson improves S/B


✦ b-jet energy regression improves H mass resolution


✦ final Higgs candidate mass resolution 10%

18

m(jj) [GeV]
60 80 100 120 140 160 180 200

Ev
en

ts
 / 

2 
G

eV

0

0.2

0.4

0.6

0.8

1

1.2 Nominal 
: 15.8 GeV (13.2%)σ

 Regression
: 12.4 GeV (10.0%)σ

CMS Simulation
 = 8 TeVs

 > 100 GeVZ
T

), pb)H(b+l-Z(l

m(jj) [GeV]
0 50 100 150 200 250

S/
(S

+B
) w

ei
gh

te
d 

en
tri

es
0

20

40

60

80 Data

VH
VV
Sub. MC uncert.
VH + VV MC uncert.

CMS
-1 =  7TeV, L = 5.0 fbs

-1 =  8TeV, L = 18.9 fbs
b b→ VH; H →pp 



VHbb Additional plots
Weighed invariant mass distribution of the VHbb analysis

19

0 50 100 150 200 250

S/
(S

+B
) w

ei
gh

te
d 

en
tri

es

0

100

200

300

400

500
Data
VH
VV

bZ + b
Z+udscg

bW + b

W+udscg

tt
Single top
VH
VV
MC uncert. (stat.)

CMS
-1 =  7TeV, L = 5.0 fbs

-1 =  8TeV, L = 18.9 fbs

m(jj) [GeV]
0 50 100 150 200 250

D
at

a/
M

C

0.5
1

1.5
2 MC uncert. (stat.) = 0.22dof/ 

2χ
0

-4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0

En
tri

es
 / 

0.
25

-110
1

10

210

310

410

510

610

710 Data
VH
Background

) 125 GeVbVH(b
Background uncert.

CMS
-1 =  7TeV, L = 5.0 fbs

-1 =  8TeV, L = 18.9 fbs
b b→ VH; H →pp 

log(S/B)
-4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0

M
C

(S
+B

)
D

at
a

0.5

1

1.5
 = 0.64dof/ 

2χ-4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0

M
C

(B
)

D
at

a

0.5

1

1.5
 = 0.98dof/ 

2χ



Additional material
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Expected results from phase1
After 300 fb-1 we expect to 

✦ have evidence of H ⟶ bb coupling

✦ measure the H ⟶ bb signal strength with an uncertainty smaller than 15%

✦ measure the H ⟶ ττ signal straight with an uncertainty smaller than 15%

✦ being sensitive to the H ⟶ μμ signal
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tHq, H ⟶ bb 
New results from CMS 

✦ SingleTop Higgs can probe sign of Yukawa top coupling


✦ ttH only sensitive to the square of yt

✦ Analysis done with yt=-1 (~10 larger σ than yt=1)

✦ Analysis strategy


✦ 4 categories : 4 (5) jets with 3(4) btag ⊕ electrons and muons

✦ MVA for jet-quark assignement

✦ MVA for signal/background classification


✦ 95% CL upper limit 7.57 (5.14 expected) 

✦ significance is 1.1 σ


✦ main systematics from Q2 scale for ttbar production 
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