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The ATLAS bHbb analysis is a search for BSM Higgs and H(125) production in association with 
one or two b-jets (called tag b-jets) followed by H  .  QCD background is suppressed by requiring 
the dete

→ bb

1 2

ction of one or two tag b-jets in addition to the two b-jets from the Higgs decay.  A signal event 

consists of Higgs decay b-jets 1 & 2 with , ,  and one or two tag b-jets with 
2
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In the 5 flavor scheme (5FS)  the following processes lead to   fusion  production of Higgs in association
with one or two  b-jets

min( , ).

:

T Tp

bb

p

3 b-jet final state if →h bb

4 b-jet final state if →h bb
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Run 1 Analysis 

Signal MC Samples 
MadgraphPythia_AUET2B_CTEQ6L1 

PhD thesis of Katie Malone with help from Giacinto P. , Su Dong, and T.B. 
   ATL-COM-PHYS-2014-089 



5 5 

Run 1 Analysis 

Background MC Sample 
189907.Sherpa_CT10_bb_MassiveCB_2Bjets 

3 jets,  with 2 b-tagged

4 jets,  with 2 b-tagged

bbM  (GeV)
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Run 1 Analysis 

Trigger:   EF_2b35_loose_j145_j35_a4tchad

HM  (GeV):

HM  (GeV):

(MC bug)

(MC bug)

Signal Trigger Efficiency, no offline selection
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Run 1 Analysis 

Event Selection:

(Tight 60% for signal;  loose or anti-tag for bkgnd)
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Run 1 Analysis 
Mass Resolution and Rotated bb Mass Variable 'bbM

                                        
Rotate to Major Axis of M  - pT1 - pT2 Tensor

⇒

bb
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Run 1 Analysis 
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*

Run 1 Analysis 

*except

sigPDF
bkgPDF

*
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 GeV   bbb category600AM =

Run 1 Analysis 
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Run 1 Analysis 
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Run 1 Analysis 



14 14 

,

40%

gg bbA A τ τ+ −→ →
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  was generated with 4FS  MG5_aMC@NLO+PYTHIA8  
( but with 5FS pdf NNPDF23LO )  &  0  t
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/

bg bA gg bbA A bb→ + → →

In order to avoid negative weights and to include  a nonzero total Higgs width we have explored
using Sherpa 2.2 to produce  jet,  &    

We have compared 4FS 5FS production with Sher

0 / 1 ,bg bA gg bbA A bb→ + → →

pa 2.2 and CT104F/CT10 pdf , and found 
little difference in b jet and Higgs pT distributions .   

We choose the 5FS Sherpa 2.2 production of   jet,  &    
with the 5FS pdf NNPDF30NNLO
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 MC production choose  total width based on the following MSSM model:  tan 20    800 GeV 
     =1000 GeV   =2000 GeV   =800 GeV   =1600 GeV 
For Run 

DSID ( ) ( ) (

2

SU t

A

SY

A A
M

A
M A M

total total BR A b

M

b

β µ

Γ Γ

−

→

= =

0 0 0) ( ) ( ) ( ) * ( )
( ) ( ) Run 1 ( ) ( ) ( )

344046 200 2.4 0.94 0.06 0.00 3228.8 77912.1
344047 250 2.9 1.7 0.94 0.06 0.00 1601.4 34296.8
344048 300 3.3 2.5 0.93 0.07 0.00 1117.3 16786.1
344049 350 3.8 3.2 0.93

BR A BR A t t bbh bbA

GeV GeV GeV fb fb

τ τ σ σ+ −→ →

0.07 0.00 902.3 8771.1
344050 400 4.2 3.9 0.92 0.07 0.01 786.1 4811.6
344051 450 4.7 4.7 0.91 0.07 0.02 715.4 2791.6
344052 500 5.1 5.6 0.91 0.07 0.02 668.8 1693.6
344053 550 5.5 6.8 0.91 0.07 0.02 636.3 1066.4
344054 600 5.9 8.1 0.91 0.07 0.02 612.6 693.0
344055 650 6.3 9.3 0.91 0.07 0.02 594.8 462.9
344056 700 6.7 10.4 0.91 0.07 0.02 581.0 316.8
344057 750 7.1 0.90 0.07 0.02 570.1 221.5
344058 800 7.5 12.5 0.90 0.08 0.02 561.3 157.9
344059 850 7.9 0.90 0.08 0.02 554.2 114.6
344060 900 8.3 0.90 0.08 0.02 548.2 84.5
344061 1000 9.1 0.90 0.08 0.02 539.0 47.9
344062 1100 9.8 0.90 0.08 0.02 532.3 28.5
344063 1200 10.7 0.89 0.08 0.02 527.2 17.7
344064 1300 11.6 0.87 0.08 0.02 523.3 11.5
344065 1400 12.5 0.86 0.08 0.02 520

  

.2 7.6

                                                                                                                                * ( ) 500 SM bbh fbσ =
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For Run 2 Monte Carlo Production choose  total width based on the following MSSM model:  tan 20    800 GeV 
     =1000 GeV   =2000 GeV   =800 GeV   =160

( )DSID

0 

( )

GeV SU t

A

SY

A

A
M

BR h bbM total
B

M

R

A M
β µ=

→
Γ

= −

0

( )
( )( ) ( ) * ( )

( )( ) ( )
( )

( ) ( ) ( ) ( )
344046 200 2.4 1.54 0.24 6.42 3228.8 77912.1
344047 250 2.9 1.40 0.44 3.27 1601.4 34296.8
344048 300 3.3 1.30 0.58

SM

SMSM

SM

BR h bb
BR h bbBR h ZZ bbh bbA

BR h ZZh bb BR h ZZ
BR h ZZ

GeV GeV fb fb

σ σ

 →
 →→  

→→  →
 → 

2.24 1117.3 16786.1
344049 350 3.8 1.23 0.68 1.81 902.3 8771.1
344050 400 4.2 1.18 0.75 1.57 786.1 4811.6
344051 450 4.7 1.14 0.80 1.43 715.4 2791.6
344052 500 5.1 1.12 0.84 1.33 668.8 1693.6
344053 550 5.5 1.10 0.86 1.28 636.3 1066.4
344054 600 5.9 1.08 0.89 1.21 612.6 693.0
344055 650 6.3 1.07 0.90 1.19 594.8 462.9
344056 700 6.7 1.06 0.92 1.15 581.0 316.8
344057 750 7.1 1.06 0.93 1.14 570.1 221.5
344058 800 7.5 1.05 0.94 1.12 561.3 157.9
344059 850 7.9 1.04 0.94 1.11 554.2 114.6
344060 900 8.3 1.04 0.95 1.09 548.2 84.5
344061 1000 9.1 1.03 0.96 1.07 539.0 47.9
344062 1100 9.8 1.03 0.97 1.06 532.3 28.5
344063 1200 10.7 1.02 0.97 1.05 527.2 17.7
344064 1300 11.6 1.02 0.98 1.04 523.3 11.5
344065 1400 12.5 1.02 0.98 1.04 520.2 7.

1                                                                                                                   * ( ) 500 

6

SM bbh fbσ −=

/bb ZZ

Excluded at 95% CL by 
Atlas BR BR
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125 250,500,700,1000,1400

| | 2.5

h AM M

η

= =

<

PLOT TRUTH HADRON LEVEL QUANTITIES

Produce TRUTH3 DAOD files for  GeV and  GeV

Require at least 3 b-tagged AntiKt4TruthJets with 

Form the Higgs from the 1st and 2nd | | 2.5

| | 2.5

T

T

p

p

η

η

<

<

leading  b-tagged AntiKt4TruthJet with 

Define the leading tag b-jet to be the 3rd leading  b-tagged AntiKt4TruthJet with 



18 18 Leading b jet pT (GeV)

AM = 250 GeVhM = 125 GeV AM = 500 GeV

AM = 700 GeV AM = 1000 GeV AM = 1400 GeV

,gg bbA A bb→ →MG5_aMC@NLO+PYTHIA8  4FS  
but with 5FS pdf NNPDF23LO;  0  total width
ignore MC weight and plot using unit weight
5000 events

Leading b jet pT (GeV) Leading b jet pT (GeV)
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0 / 1
tan 20,

bg bA A bb

bb
β

→ + →
=

SHERPA  5FS   jet, 
with 5FS pdf NNPDF30NNLO; total width from  ..
but use SM coupling of Higgs to 
5000 events
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AM = 250 GeVhM = 125 GeV AM = 500 GeV

AM = 700 GeV AM = 1000 GeV
AM = 1400 GeV

,gg bbA A bb→ →MG5_aMC@NLO+PYTHIA8  4FS  
but with 5FS pdf NNPDF23LO;  0  total width
ignore MC weight and plot using unit weight
5000 events

2nd Leading b jet pT (GeV) 2nd Leading b jet pT (GeV) 2nd Leading b jet pT (GeV)

Tr
ut

h 
H

ad
ro

n 
Le

ve
l A

fte
r C

ut
s 

0 / 1
tan 20,

bg bA A bb

bb
β

→ + →
=

SHERPA  5FS   jet, 
with 5FS pdf NNPDF30NNLO; total width from  ..
but use SM coupling of Higgs to 
5000 events



20 20 3rd Leading b jet pT (GeV) 3rd Leading b jet pT (GeV) 3rd Leading b jet pT (GeV)

AM = 250 GeVhM = 125 GeV AM = 500 GeV

AM = 700 GeV AM = 1000 GeV AM = 1400 GeV

,gg bbA A bb→ →MG5_aMC@NLO+PYTHIA8  4FS  
but with 5FS pdf NNPDF23LO;  0  total width
ignore MC weight and plot using unit weight
5000 events
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0 / 1
tan 20,

bg bA A bb

bb
β

→ + →
=

SHERPA  5FS   jet, 
with 5FS pdf NNPDF30NNLO; total width from  ..
but use SM coupling of Higgs to 
5000 events
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Higgs mass (GeV)

hM = 125 GeV AM = 250 GeV AM = 500 GeV

AM = 700 GeV AM = 1000 GeV AM = 1400 GeV

Higgs mass (GeV) Higgs mass (GeV)

,gg bbA A bb→ →MG5_aMC@NLO+PYTHIA8  4FS  
but with 5FS pdf NNPDF23LO;  0  total width
ignore MC weight and plot using unit weight
5000 events
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( Discrepancy not explained by 0 width of MG5_aMC@NLO+PYTHIA8  )

0 / 1
tan 20,

bg bA A bb

bb
β

→ + →
=

SHERPA  5FS   jet, 
with 5FS pdf NNPDF30NNLO; total width from  ..
but use SM coupling of Higgs to 
5000 events



22 22 Higgs pT (GeV) Higgs pT (GeV) Higgs pT (GeV)

AM = 250 GeVhM = 125 GeV AM = 500 GeV

AM = 700 GeV AM = 1000 GeV AM = 1400 GeV

,gg bbA A bb→ →MG5_aMC@NLO+PYTHIA8  4FS  
but with 5FS pdf NNPDF23LO;  0  total width
ignore MC weight and plot using unit weight
(with global recoil)  5000 events
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0 / 1
tan 20,

bg bA A bb

bb
β
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SHERPA  5FS   jet, 
with 5FS pdf NNPDF30NNLO; total width from  ...
but use SM coupling of Higgs to 
5000 events



23 23 N b-jets

AM = 250 GeVhM = 125 GeV AM = 500 GeV

AM = 700 GeV AM = 1000 GeV AM = 1400 GeV

,gg bbA A bb→ →MG5_aMC@NLO+PYTHIA8  4FS  
but with 5FS pdf NNPDF23LO;  0  total width
ignore MC weight and plot using unit weight
5000 events

N b-jets N b-jets
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0 / 1
tan 20,

bg bA A bb

bb
β

→ + →
=

SHERPA  5FS   jet, 
with 5FS pdf NNPDF30NNLO; total width from  ..
but use SM coupling of Higgs to 
5000 events
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350 800 600 

Run 1 

 Run 2 
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hM = 125 GeV

Leading b jet pT (GeV)2nd Leading b jet pT (GeV)3rd Leading b jet pT (GeV)

hM = 125 GeVhM = 125 GeV
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 Present MH>400 GeV results for 2015 and 2016 data.  
 Current plan is to use the Run1 analysis for Run2 data 
 If time permits include two differences w.r.t. the Run1 analysis:  
◦ Use MVA in place of the rotated Mbb' variable  
◦ Introduce a new 4 b-jet category. 
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 Improve trigger efficiency for MH < 400 GeV 
◦ Investigate possibility of a low Pt threshold 3 b-jet or 4 b-jet HLT 
◦ Investigate L1 topological trigger 

 For Moriond 2017 present MH > 400 GeV results for Run 1 + Run 2 
 Once low mass trigger problem is solved perform dedicated low Higgs 

Mass search (MH< 400 GeV) 
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