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Low mass Higgs at LHC 
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Philipp Schieferdecker (KIT)

Boosted (Z/W)H Topology
• pT(H)/pT(V)~200GeV, !"(V,H)~#

• Two central energetic ~collimated
b-jets back-to-back with two central 
energetic collimated leptons/neutrinos

• Subjet/Filter Jet Reconstruction:
three possible representations
for pT(H) & m(H)
! 1 fatjet capturing entire Hbb system
! 2 subjets resolving 2 b-quarks
! 3 filterjets resolvinging 2 b-quarks 

plus gluon radiation (best choice)

• Main backgrounds:
! (Zbb)V (resonant)
! V+Jets
! ttbar

4CMS Hbb Meeting
November 11th 2010

l l 
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Higher level object 

 
• ZToLL 

• 2 OS iso leptons 
• 75 < M(ll) < 105 

• ZToNuNu 
• MET > 160 GeV/c 
• METsig > 5 
• Lepton veto 

 
• 1 iso leptons + MET 
• MET > 40 GeV/c 
• METsig > 2 

 
 
 
 

Higgs candidate 

2	
  most	
  	
  
B-­‐Tagged	
  jets	
  

Max	
  Pt(jj)	
  

W candidate 
Z candidate 
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Mass resolution 
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7.3 Optimization of selection criteria 15

Figure 4: Distributions of WH simulated signal and background events for M(jj)(top left),

pT(W)(top right), CSV output (middle left), ∆φ(V, H)(middle right), and Naj(bottom).

Discriminating variables 
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Analysis strategy 
Cut	
  and	
  Count	
   Boost	
  decision	
  tree	
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Control samples 
Three	
  different	
  control	
  samples	
  

V	
  +	
  LIGHT	
  FLAVOUR	
  
!"#$%"&'()*+&,-.'/0&123$''''''

!"#$%&'()*+&,*-."&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&/0&&&&&&&&&&&&&&&&&&&&&&&&&1&23-3+4&56//

TTBAR	
  
V	
  +	
  HEAVY	
  FLAVOUR	
  !"#$%"&'()*+&,-'.'$$/)%''''''

!"#$%&'()*+&,*-."&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&/0&&&&&&&&&&&&&&&&&&&&&&&&&1&23-3+4&56//

!"#$%"&'()*+&,-'./0,)12

!"#$%&'()*+&,*-."&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&//&&&&&&&&&&&&&&&&&&&&&&&&&0&12-2+3&/455

ZNuNu	
  CASE	
  
•  remove	
  muons	
  from	
  ZMuMu	
  data	
  and	
  re-­‐reconstruct	
  the	
  event	
  

•  reweighted	
  for	
  branching	
  raXo	
  and	
  acceptance	
  
•  Z+HF	
  

•  Veto	
  higgs	
  mass	
  100-­‐140	
  
•  Ttbar	
  

•  require	
  btag	
  
•  W+jets	
  

•  veto	
  bjets	
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Control samples 
V	
  +	
  LIGHT	
  FLAVOUR	
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Control samples 
TTBAR	
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Control samples 
V	
  +	
  HEAVY	
  FLAVOUR	
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Main Systematics 
•  Luminosity	
  :	
  4.5%	
  
•  Backgorund	
  esXmate	
  :	
  

•  VHbb	
  20%	
  
•  singleTop,	
  VV	
  30%	
  

•  Btagging	
  :	
  10%	
  /	
  jet	
  
•  Two	
  btagged	
  jet	
  :	
  20	
  %	
  total	
  

•  MET	
  +	
  Jets	
  trigger	
  :	
  5%	
  
•  Jet	
  energy	
  resoluXon	
  :	
  10%	
  
•  Signal	
  QCD	
  correcXons:	
  10%	
  
•  Higgs	
  Pt	
  shape	
  :	
  10%	
  

TOTAL:	
  
•  signal	
  :	
  27%	
  
•  background	
  :	
  20%	
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Figure 31: Distributions of dijet invariant mass after all cut-and-count selection criteria have

been applied in (clockwise from top left to bottom right: W(µν)H, W(eν)H, Z(µµ)H, Z(ee)H,

Z(νν)H. No events survive the selection in the WH channels.
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Figure 32: Distributions of BDT output for W(µν)H(left) and W(eν)H(right) for data (points

with errors) and all backgrounds.
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Colour connection 

•  Dominant	
  background	
  ZHbb	
  channel	
  is	
  Zgbb	
  
•  Signal	
  ZHbb:	
  
– Higgs	
  colour	
  singlet	
  object	
  
– Γ(H)	
  <<	
  Γ(QCD)	
  
•  The	
  bs	
  of	
  the	
  Higgs	
  can	
  “talk”	
  	
  
ONLY	
  between	
  each	
  other	
  
	
  

•  Background	
  Zgbb:	
  
– Gluon	
  coloured	
  object	
  
•  The	
  bs	
  of	
  the	
  gluons	
  “talk”	
  	
  
with	
  all	
  the	
  event	
  (	
  beams	
  )	
  

beam	
  

beam	
  

beam	
  

beam	
  

b	
  

b	
  

Gallicchio,	
  Schwartz	
  PRL	
  105,	
  
	
  022001	
  (2010)	
  

Gallicchio,	
  Schwartz	
  PRL	
  105,	
  
	
  022001	
  (2010)	
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Conclusion 

•  Low	
  Higgs	
  search	
  at	
  LHC	
  is	
  feasible…	
  actually	
  done!	
  
•  Good	
  control	
  on	
  backgrounds	
  for	
  all	
  channels	
  with	
  CS	
  
•  Very	
  conservaXve	
  approach	
  on	
  systemaXcs	
  
•  No	
  significant	
  excess	
  found	
  (yet…)	
  

•  Add	
  more	
  discriminaXng	
  variables:	
  
•  Colour	
  flow	
  
•  Good	
  Ideas…?	
  

IMPROVEMENTS	
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Control samples 
ZNuNu	
  case	
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Figure 26: Distribution of dijet invariant mass for the tt (left) and W+jets (right) control regions

in Z(νν)H.

Table 22: Z(νν)H Control Region: observed yield in data, and the predicted yield for each

background as predicted by Spring11 Monte Carlo samples and scaled to the appropriate

data luminosity (see Table 1. Results are shown for a samples selected as tt and W + jets.

Process Z + udscg Zbb tt W + jets

W + udscg 0 0 3.77 1033.47

Wbb 0 0 18.4 106.65

Z + udscg 482.7 0.92 0 0

Zbb 25.0 2.15 0 0

tt 14.6 1.51 148.3 19.65

Single Top 0 0 14.1 6.9

VV 0 0 1.0 24.7

QCD 0 0 0 0

Purity 93% 44% 89.9% 86.4%

Total MC 522.3 4.58 185.90 1195.42

Total Data 517 6 172 1135

Data/MC 0.99 ± 0.02 1.2 ± 0.3 0.92 ± 0.07 0.95 ± 0.04

Table 23: Z(νν)H Control Region: observed yield in data, and the predicted yield for each

background as predicted by Spring11 Monte Carlo samples and scaled to the appropriate

data luminosity (see Table 1. Results are shown for a samples selected as tt and W + jets.

Sample A B C D

Data 349 7 989 15

All MC 300 ± 3 9.3 ± 0.2 986 ± 1 16.4 ± 0.1

QCD MC 253 ± 2 7.5 ± 1.6 47.1 ± 0.8 0
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Figure 26: Distribution of dijet invariant mass for the tt (left) and W+jets (right) control regions

in Z(νν)H.

Table 22: Z(νν)H Control Region: observed yield in data, and the predicted yield for each

background as predicted by Spring11 Monte Carlo samples and scaled to the appropriate

data luminosity (see Table 1. Results are shown for a samples selected as tt and W + jets.

Process Z + udscg Zbb tt W + jets

W + udscg 0 0 3.77 1033.47

Wbb 0 0 18.4 106.65

Z + udscg 482.7 0.92 0 0

Zbb 25.0 2.15 0 0

tt 14.6 1.51 148.3 19.65

Single Top 0 0 14.1 6.9

VV 0 0 1.0 24.7

QCD 0 0 0 0

Purity 93% 44% 89.9% 86.4%

Total MC 522.3 4.58 185.90 1195.42

Total Data 517 6 172 1135

Data/MC 0.99 ± 0.02 1.2 ± 0.3 0.92 ± 0.07 0.95 ± 0.04

Table 23: Z(νν)H Control Region: observed yield in data, and the predicted yield for each

background as predicted by Spring11 Monte Carlo samples and scaled to the appropriate

data luminosity (see Table 1. Results are shown for a samples selected as tt and W + jets.

Sample A B C D

Data 349 7 989 15

All MC 300 ± 3 9.3 ± 0.2 986 ± 1 16.4 ± 0.1

QCD MC 253 ± 2 7.5 ± 1.6 47.1 ± 0.8 0
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Lower level objects 

• PV and PU treatment 
• DA algo used for PV 
• PFnoPU (CHS) 
• Fastjet subtraction 

• Electrons 
• Isolated 
• Zee: 

• WP95 
• Pt > 20 GeV/c 

• Wenu 
• WP80 
• Pt > 30 GeV/c 

• |η| < 2.5 (gap regions excluded) 

• Muons 
• Isolated 
• Pt > 20 GeV/c 
• |η| < 2.4 

Full particle flow analysis 

• Jets 
• AK5 clustering algo  
• ZLL 

• Pt > 20 GeV/c 

• WLNu / ZNuNu 
• Pt > 30 GeV/c 

• |η| < 2.5 
• B-Tagging 

• Combined secondary vertex 
tagger (IP+SV info) 

• CSVT : 0.898 
• CSVM : 0.679 
• CSVL : 0.244 

• MET 
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50 12 Results

Table 25: Predicted background and signal yields, and the observed number of events for each

mass point in the W(eν)H cut-and-count analysis.

Process 110 GeV 115 GeV 120 GeV 125 GeV 130 GeV 135 GeV

W + udscg 0.068 0.030 0.032 0.014 0.012 0.038

Wbb 0.507 0.403 0.367 0.361 0.312 0.259

Z+jets 0.192 0.191 0 0 0 0

tt 1.015 0.744 0.802 0.884 1.030 0.843

Single Top 0.125 0.088 0.106 0.150 0.186 0.273

VV 0.145 0.069 0.049 0.043 0.045 0.041

Bexp 2.052 1.525 1.355 1.451 1.585 1.453

S 0.297 0.329 0.231 0.216 0.158 0.140

Nobs 4 4 1 1 0 0

Table 26: Predicted background and signal yields, and the observed number of events for each

mass point in the Z(µµ)H cut-and-count analysis.

Process 110 GeV 115 GeV 120 GeV 125 GeV 130 GeV 135 GeV

Z + udscg 0.08 0.09 0.08 0.08 0.08 0.08

Zbb 2.51 2.55 2.71 2.61 2.51 2.61

tt + ST 0.06 0.12 0.16 0.16 0.22 0.21

VV 0.27 0.17 0.08 0.04 0.02 0.01

Bexp 2.93 2.93 3.05 2.89 2.84 2.92

S 0.26 0.23 0.19 0.16 0.13 0.09

Nobs 3 3 3 3 2 3

Table 27: Predicted background and signal yields, and the observed number of events for each

mass point in the Z(ee)H cut-and-count analysis.

Process 110 GeV 115 GeV 120 GeV 125 GeV 130 GeV 135 GeV

Z + udscg 0.08 0.17 0.08 0.17 0.17 0.25

Zbb 1.92 2.03 1.92 2.14 2.03 1.58

tt +ST 0.28 0.23 0.23 0.22 0.17 0.17

VV 0.22 0.16 0.09 0.06 0.04 0.02

Bexp 2.50 2.59 2.33 2.59 2.40 1.74

S 0.22 0.19 0.15 0.13 0.10 0.08

Nobs 1 2 2 2 3 4

WENu	
  

ZMuMu	
  

BDT	
  

50 12 Results

Table 25: Predicted background and signal yields, and the observed number of events for each

mass point in the W(eν)H cut-and-count analysis.

Process 110 GeV 115 GeV 120 GeV 125 GeV 130 GeV 135 GeV

W + udscg 0.068 0.030 0.032 0.014 0.012 0.038

Wbb 0.507 0.403 0.367 0.361 0.312 0.259

Z+jets 0.192 0.191 0 0 0 0

tt 1.015 0.744 0.802 0.884 1.030 0.843

Single Top 0.125 0.088 0.106 0.150 0.186 0.273

VV 0.145 0.069 0.049 0.043 0.045 0.041

Bexp 2.052 1.525 1.355 1.451 1.585 1.453

S 0.297 0.329 0.231 0.216 0.158 0.140

Nobs 4 4 1 1 0 0

Table 26: Predicted background and signal yields, and the observed number of events for each

mass point in the Z(µµ)H cut-and-count analysis.

Process 110 GeV 115 GeV 120 GeV 125 GeV 130 GeV 135 GeV

Z + udscg 0.08 0.09 0.08 0.08 0.08 0.08

Zbb 2.51 2.55 2.71 2.61 2.51 2.61

tt + ST 0.06 0.12 0.16 0.16 0.22 0.21

VV 0.27 0.17 0.08 0.04 0.02 0.01

Bexp 2.93 2.93 3.05 2.89 2.84 2.92

S 0.26 0.23 0.19 0.16 0.13 0.09

Nobs 3 3 3 3 2 3

Table 27: Predicted background and signal yields, and the observed number of events for each

mass point in the Z(ee)H cut-and-count analysis.

Process 110 GeV 115 GeV 120 GeV 125 GeV 130 GeV 135 GeV

Z + udscg 0.08 0.17 0.08 0.17 0.17 0.25

Zbb 1.92 2.03 1.92 2.14 2.03 1.58

tt +ST 0.28 0.23 0.23 0.22 0.17 0.17

VV 0.22 0.16 0.09 0.06 0.04 0.02

Bexp 2.50 2.59 2.33 2.59 2.40 1.74

S 0.22 0.19 0.15 0.13 0.10 0.08

Nobs 1 2 2 2 3 4

ZEE	
  

Combining	
  all	
  	
  
the	
  channels	
  

52 13 Conclusions

Table 28: Predicted background and signal yields, and the observed number of events for each
mass point in the Z(νν)H cut-and-count analysis.

Process 110 GeV 115 GeV 120 GeV 125 GeV 130 GeV 135 GeV
W + udscg 0.02 0.02 0.02 0.02 0.01 0.01

Wbb+ tt 1.99 1.37 2.15 2.41 2.48 2.23
Z + udscg 0.15 0.17 0.14 0.13 0.12 0.12

Zbb 1.88 1.99 1.70 1.71 1.70 1.73
Single Top 0.51 0.47 0.52 0.42 0.58 0.42

VV 1.31 1.20 0.22 0.12 0.08 0.07
Bexp 6.15 6.05 4.75 4.80 4.87 4.61

S 0.70 0.53 0.51 0.44 0.35 0.26
Nobs 6 6 5 5 6 5

for improvement at the masses other than 115 GeV.692

12.2 Upper limits693

Preliminary 95% C.L. upper limits are calculated for approximately 1 fb−1 of data using stan-694

dard tools [25, 26]. The results of the five BDT analyses (Table 29) are combined to produce695

limits on Higgs production in the bb channel for assumed masses from 110 to 135 GeV. The696

package LandS is used to compute the one- and two-sigma bands, while the central expec-697

tation is computed with a frequentist method using RooStats. Signal (25%) and background698

(40%) uncertainties are included as nuisance parameters in the calculation. Table 30 summa-699

rizes expected and observed upper limits for each of the mass points. The plot including one-700

and two-sigma bands is currently under construction.701

13 Conclusions702

This note reported the first upper limits in CMS for standard model Higgs production in asso-703

ciation with vector bosons and decaying bb pairs. A data sample of approximately 1 fb−1 has704

been analyzed in all five primary modes: W(µν)H, W(eν)H, Z(µµ)H, Z(ee)H, Z(νν)H, and705

95% C.L. upper limits derived for six mass points from 110 to 135 GeV. The observed limit at706

115 GeV is approximately 8.0 times the standard model expectation. This result is significantly707

lower than the ATLAS exclusion result [15].708
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