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= + 

Mark Thomson's analysis of ( ) with  uses
two measurements to obtain the cross section: 

( ) ( ) ( ) ( ) ( )

ZH Z qq

ZH ZH BR visible ZH BR invisible

σ

σ σ σ

( ) ( )ZH BR visibleσ ( ) ( )ZH BR invisibleσ
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

In order to use this cross section measurement in our Higgs analyses 
we have to quantify the penalty associated with the fact that 

( ) ( ) is "almost model independent".  By how much must weZH BR visibleσ
∆ blow up ( ) ( ) to account for the fact that the efficiencies 

differ by as much as 7%?
ZH BR visibleσ
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



We have used an approach where we use all of our  measurements
for visible Higgs decays to obtain an estimate of the average signal 
efficiency for ( ) ( ).  It is then straightforward to 

BR

ZH BR visible

σ

σ






propagate
the  errors, as well as the systematic errors on the individual decay
mode efficiencies for the ( ) ( ) selection, 
to the error on ( ) ( ).  

BR
ZH BR visible

ZH BR visible

σ
σ

σ
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Ψ ≡
Ω =
Β =
Ξ







Let 
     ( ) ( )
     Number of signal + background events in ( ) ( ) analysis
      Predicted number of background events in ( ) ( ) analysis
      = Average efficie

ZH BR visible
ZH BR visible

ZH BR visible

σ
σ
σ

=

Ω − Β
Ψ = =

Ξ Ξ

=

=

∑ ∑







ncy for signal events to pass ( ) ( ) analysis
      luminosity

1       =    where 

      ( )
      fficiency for events from Higgs decay i to pass ( ) (

i i i
i i

i i

i

ZH BR visible
L

L

ZH BR
e ZH BR visi

σ

ψ ξ ψ

ψ σ
ξ σ

Ξ =
∑
∑

) analysis

     

 
   

i i
i

i
i

ble
ψ ξ

ψ
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=

=







  

     Number of signal + background events in ( )  analysis
      Predicted number of background events in ( )  analysis
      = efficiency for Higgs decay i to pass  

i i
i

i

i i

i i

i i

L
ZH BR

ZH BR
BR

ω β
ψ

η
ω σ
β σ
η σ

Κ

Ε



analysis

  = number of signal + background events common to had Z recoil 
                  and  analyses

  = number of signal + background events unique to had Z recoil analysis
 = number of si

i

i

i

BRσ

ε

+ Β
Ω = Ε + Κ ≡ Ω Β Τ ≡

+
= Κ + ≡ − ≡

Κ
≡ ≡

∑

gnal + background events events unique to  analysis

                -              

                             

                            

i

i
i

i i
i i i i i i i

i

i
i ZH

i

BR

SS
S

s
s

s

N L

σ

β
ω ε ω β τ

λ σ
ω

( ) ∆Ψ   Τ + − + ∆    Ψ Ω 

−

  

≡ ≡ Ξ

∑
2 2

2 2 2 2 2= 

            

1

  

2

    

i i i i i

i i i

i
i

i

i

r BR

N r τ δ λη δ ξ

δ ξ



This is our result for the error on 
( ) ( ) given the approach 

outlined on page 8
ZH BR visibleσ
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−

 ∆Ψ   Τ + + ∆    Ψ Ω   

=

+∆ •
= = = = − = =

•

∑
2 2

2 2 2 2 2

1Assume 350 GeV and L=500 fb

BR ( )N 45383    (1

= 1

) ( )     ( )     
BR ( )

 
From Mark Thomson's presentation at the I

i

i i

ii
ZH i i BSM i i

i
i

i

i

i

s

sSML r BR BR BR SM SM
SM

N

s

r τ

βσ
σ

δ

τ

ξ

σ

+ Β
Τ = = Ω =

LD Meeting Oshu City Sep 8, 2014:  
    

0.014    =S+B 17738 

( ) are taken from the table on page 21 of Mark's presentation.

We assume that Mark's vis+invis efficiency values on page 21 cover 

i

S
S

SMξ

=

all possible 
BSM decays since they cover all SM decays from completely invisible to fully
hadronic multi-jet decays.  Assuming no knowledge  of the properties of  the 
BSM decays we can  then set
 

0BSMξ + +

+ +

+ = + =

∆ − =

.5 * [ (max) (min)] 0.5 * [0.258 0.188] 0.22 
= 0.5 * [ (max) (min)] .035

vis invis vis invis

BSM vis invis vis invis

ξ ξ
ξ ξ ξ
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∆ •
•

 ∆Ψ   Τ + + ∆    Ψ Ω  

=


∑

∑

2 2
2 2 2 2 2

 
BRWe next obtain the error =  from Michael Peskin's Higgs coupling fit program.  We

BR
do not use the 1 constraint,  and t

=

o begin wi  

 

w

1

th

BSM
BSM

BS

i i i i
i

M

i
i

N r

BR

τ δ ξ

σ
τ

σ

−=

∆
=

1

e only use the leptonic recoil  measurement.  

This provides a model independent measurement of g .   For 350 GeV, L=500 fb  Michael's 
gprogram gives 0.032 which we multiply by two to 

g

ZH

BSM

BSM

BSM

s

σ

∆ •
= =

•

= =

∆Ψ

=

= =
Ψ

 

 

BRget 0.064.  
BR

 and therefore set the measured r 0.064.   This gives a model independent 

0.014 *1.27 0.018.  

We then add this new model inde

We assume 

that  r (

p

) 0

BSM
BSM

BSM

BSM BSMBSM true

σ
τ

σ
τ

= = =  

dendent hadronic recoil  measurement as input to Michael's 
program to obtain a new error 0.041 .   Setting r 0.041 we then obtain  a new model 

independent  hadronic recoil  error 

ZH

BSM BSM BSM

ZH

σ
τ τ

σ ∆Ψ
= =

Ψ

∆Ψ
= = = =

Ψ 

of 0.014 *1.12 0.016. 

 Iterating  again we arrive at r 0.039 and 0.014 *1.11 0.016.    Further interations don't 

give any improvement.   Our best model independent hadronic recoil cross

BSM BSMτ

∆ = section error is 0.016.ZHσ
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−

 + ∆ = =

 ∆Ψ   Τ + + ∆   

 Ω

∝

Ψ Ω   

∝
Ω

∑

∑
2 2

2

2
2 2 2 2 1

2
2 1 2

2 2 2 2

1We have shown that 0.11 for 350 GeV, L=500 fb .
2

How does this scale with luminosity?

    

= 

      is independent of 

1

i i i

i i i i

i
i

i i

i

N r s

N L L r

N r

τ δ ξ

τ

τ δ ξ

−= ∝

∆ = ∆ =

 + ∆ = = Ω ∑

2 2 1

2
2 2 2 2

lumi except  .  

If we assume  0 except 0.035 then 

1 0.11 independent of the luminosity at 350 GeV.
2

BSM BSM

i BSM

i i i i
i

r L

N r s

τ

ξ ξ

τ δ ξ
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= → =

∆

:

These results assume that the true (  BSM) 0.
As the true  grows we need to keep the product 
constant to maintain the same system

BSM

BSM BSM BSM

Caveats for hadronic recoil systematic error calculation

r BR H
r r ξ

∆

∆

atic error.   For example

.05 0.027

.10 0.014

.15 0.0091

.20 0.0068
These  requirements may seem stringent for the larger 
values of true   .  However as  grows we

true 

 will have 

required BSM B

BSM

BSM M

S

BS

M

r r

r ξ

ξ
more 

 decays to analyze and the required improvement in 
Monte Carlo modelling of the  decays should follow.
BSM

BSM
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=∑
Further improvement in the Higgs coupling measurements can be obtained 
using the constraint 1   as first noted by Michael Peskin. 

This constraint is model independent so long as the error in  

i
i

BR

BR →→ What error in ( ) is 
required to produce an improve

( ) is 
ment in Higgs coupling measurements

included in the fit.  
 ?

BR H BSH B MSM
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• →
215 page "Exotic Decays of the 125 GeV Higgs Boson"  arXiv:1312.4992 :    Is this  a starting point for
a complete  BR( ) analysis? H BSMσ
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more Table of Contents from 215 page "Exotic Decays of the 125 GeV Higgs Boson"  arXiv:1312.4992:
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•

                                   Summary

  The systematic error for the model dependence of Mark 
      Thomson's hadronic recoil Higgstrahlung cross section 
      measurement has been shown to be 11

•

% of the statistical 
      error assuming no knowledge of the properties of any BSM 
      Higgs decays.  This result is tailored for the context where 
      BR(H->BSM) is small.

  If BR(H->BSM) is not small then analysis of  BSM
      decays will improve the error on the efficiency for
     such events to pass the hadronic recoil analysis.  It may  
     be possile to maintain the 11 % systematic err

• →

or using 
     the improved efficiency error.  Of course we have a different 
     Higgs physics program if BR(H->BSM) is not small.
     

  A good understanding of ( ) is required to
         squ

BR H BSMσ
eeze the last little bit of model independent Higgs 

         coupling precision out of the data.
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Ψ ≡
Ω =
Β =
Ξ







Let 
     ( ) ( )
     Number of signal + background events in ( ) ( ) analysis
      Predicted number of background events in ( ) ( ) analysis
      = Average efficie

ZH BR visible
ZH BR visible

ZH BR visible

σ
σ
σ

=

Ω − Β
Ψ = =

Ξ Ξ

=

=

∑ ∑







ncy for signal events to pass ( ) ( ) analysis
      luminosity

1       =    where 

      ( )
      fficiency for events from Higgs decay i to pass ( ) (

i i i
i i

i i

i

ZH BR visible
L

L

ZH BR
e ZH BR visi

σ

ψ ξ ψ

ψ σ
ξ σ

Ξ =
∑
∑

) analysis

     

 
   

i i
i

i
i

ble
ψ ξ

ψ
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


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     Number of signal + background events in ( )  analysis
      Predicted number of background events in ( )  analysis
      = efficiency for Higgs decay i to pass  

i i
i

i

i i

i i

i i

L
ZH BR

ZH BR
BR

ω β
ψ

η
ω σ
β σ
η σ

Κ

Ε



analysis

  = number of signal + background events common to had Z recoil 
                  and  analyses

  = number of signal + background events unique to had Z recoil analysis
 = number of si

i

i

i

BRσ

ε

+ Β
Ω = Ε + Κ ≡ Ω Β Τ ≡

+
= Κ + ≡ − ≡

Κ
≡ ≡

∑

gnal + background events events unique to  analysis

                -              

                            

                             

i

i
i

i i
i i i i i i i

i

i
i ZH

i

BR

SS
S

s
s

s

N L

σ

β
ω ε ω β τ

λ σ
ω

≡ ≡ − Ξ                 i i i ir BR δ ξ
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ΩΩ ΞΞ ΩΞ

ΩΩ

ΞΞ

ΩΞ

−

∂Ψ ∂Ψ ∂Ψ ∂Ψ   ∆Ψ = + +   ∂Ω ∂Ξ ∂Ω ∂Ξ   

∂Ψ Ψ Β ∂Ψ Ω − Β Ψ = = − = − = − ∂Ω Ξ Ω Ω ∂Ξ ΞΞ 

= Ε + Κ = Ω

− Ξ
= + Κ

Ψ

− Ξ
= Κ

Ψ

∑

∑

∑

2 2
2

1

2

2

2 2 2

( ) 2

1 1                  

( )1 ( )
( )

1

i
i

i
i i

i i

i
i

i i

V V V

L L

V

V
L

V
L

ξ
ε

η
ξ
η
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ΩΩ ΞΞ ΩΞ

− −

− −

−

∆Ψ Β Β     = − + − −     Ψ Ω ΩΞ ΩΩ Ξ     

− Ξ − ΞΒ Β   − + + Κ − − Κ   Ω Ω ΩΞΨ ΩΞ Ψ   

− ΞΒ − + + − Ω Ω Ξ Ψ 

∑ ∑

∑

2 2 1

2 2

2 12

2 2 2 2

2 2

2 2 2 2

1 1 21 1

( )1 1 2           = 1 ( ) 1
( )

( )1 1 2           = 1 ( )
( )

i i
i i i

i i ii

i
i i i

i i

V V V

LL

L
L

ξ ξ
ε

ηη

ξ
ηψ β

η

[ ]

−

−

− ΞΒ − + ΩΞΨ Ω 

    − ΞΒ − + + − − Ξ +     Ω Ω Ω Ω      
  ++ Β  + − Ξ − Ξ −  Ω   

∑

∑ ∑

∑

1

2 2

2 2

1 ( )

( )1 2           = 1 1 1 ( ) 1

           = 1 ( ) ( ) 2

   

i
i i i i

i i

i i i
i i i i

i ii i i

i i
i i i i i i

i i

L
L

L L
s s

sS L L s
S s

ξ
λ ηψ β

η

ξ β β
ψ ξ ψ λ

η

β
ξ ψ ξ ψ λ

 
 Τ + −  Ω 

∑
2

2 2 2 2        = 1 2i i i i i i
i

N r τ δ λη δ
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=

−
Ψ = =

 ∂Ψ ∂Ψ
∆Ψ = = ∂ ∂ 

∑

∑

∑

  

2
2

What if we don't do a hadronic Z recoil measurement and instead only
use ( )  to calculate ( ) ( ) ( )   ?

'                  

' '( ')  ,     

i i
i

i i
i i

i i

i
i i i

ZH BR ZH BR visible ZH BR

L

σ σ σ

ω β
ψ ψ

ξ

ω
ω ω

−

+
∆Ψ = =

 − +∆Ψ  =   Ψ   
 + Β

Ξ + Ω  

∆Ψ  = Ψ 

∆Ψ + Β Ξ  + − Ψ Ω 

∑ ∑

∑ ∑

∑

2
2 2 2

22

2 2

2
2

2

2

2

1
'

1 1( ')

' 1
'

            = 1

Compare this now with our formula for  for 1:

1= 1 1

i

i i

i i i

i i i i

i ii i

i i

i i i

i

i

L
s

L L

s
L L

S L
sS

S
S

η

β
ξ

ω β β
ξ ξ

ψ β
ξ

λ

ω
ξ

     Ξ  − −    
       

   + Β Ξ Ξ Ξ ∆Ψ    + − + − + =    Ω Ψ      

∑

∑

2

2 2

2

2 1

1 2 '          = 1 1 2 2
'

i i i

i
i i i i

S
S

ξ

ω
ξ ξ ξ
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