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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 10% or more?
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 to the error on ( ) ( ),   This means that
one must take into account the correlation between the  measurements 
and our ( ) measurement from hadronic Z decays wh

BR ZH BR visible
BR

ZH

σ σ
σ

σ
It also means that we must develop  

analyses for all possible BSM Higgs decays

en we fit
for couplings and total width.  BRσ
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Ψ ≡
Ω =
Β =
Ξ
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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

           

= 1

     

2

 

i i

i i

i i i

i i

i
i

r BR

N r τ δ η δ

δ

λ

ξ

This is our result for the error on ( ) ( )
given the approach outlined on page 22

ZH BR visibleσ
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But,  if we are confident in our measurement of ( ) ( ),
why don't we simply calculate ( ) using ( )   ?

In fact this is what Michael Peskin does in his fits when 
he uses the constraint

i
i

ZH BR H BSM
ZH ZH BR

σ
σ σ

=∑ 1  .  If this constraint implicitly includes

an hadronic recoil ZH cross section measurement, then the importance
of the leptonic recoil ZH cross section measurement should diminish when
this cons

i
i

BR

∆

traint is imposed.  This indeed is the case, as demonstrated in 
the following slides where Higgs couplings are calculated for different 
values of a  scale factor.ZHσ
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1.2% 0.74% 2.4% 0.87% 4.9% 0.91% 9.8% 0.93%
4.5% 4.4% 5.0% 4.4% 6.5% 4.4% 10.8% 4.4%
4.9% 4.4% 5.4% 4.4% 6.8% 4.4% 10.

 scale 1 1 2 2 4 4 8 8
1 ?

9% 4.4%
6

no yes no yes no yes no yes

.3% 5.9% 6.6% 5.9% 7.9% 6.0% 11.6% 6.0%
5.8% 5.

ZH

i
i

ZZ
W W

bb
cc
gg

BR
σ

+ −

Γ

5% 6.2% 5.5% 7.5% 5.5% 11.3% 5.5%
5.3% 4.8% 5.7% 4.9% 7.1% 4.9% 11.1% 4.9%

16.7% 16.6% 16.9% 16.6% 17.4% 16.6% 19.4% 16.6%
10.8% 8.3% 13.7% 8.4% 21.8% 8.4% 40.3% 8.4%T

τ τ
γγ

− −

×

2 1 1

7

Energy Diff Lum Run Time* Int Lumi

*No installation or ramp up; simply assume 50% eff. 
250 GeV 0.75 

or 1.58 10
cm s 2.

 s p
4 yr 280 f

er ye
b

ar. 
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0.41% 0.21% 0.81% 0.23% 1.6% 0.24% 3.3% 0.24%
0.46% 0.20% 0.85% 0.21% 1.7% 0.21% 3.3% 0.21%
0.63% 0.39% 0.95% 0.39%

 scale 1 1 2 2 4 4 8 8
1

1.7% 0.39% 3.3% 0

 ? no yes no yes no yes no ye

.39%
1.1% 0.98% 1.3% 0.98% 1.9% 0.9

s

8% 3.

ZH

i
i

ZZ
W W

bb
cc

BR
σ

+ −

Γ

4% 0.98%
0.89% 0.77% 1.1% 0.78% 1.8% 0.78% 3.4% 0.78%
0.88% 0.73% 1.1% 0.73% 1.8% 0.73% 3.4% 0.73%
3.0% 2.9% 3.1% 2.9% 3.4% 2.9% 4.4% 2.9%
2.0% 0.79% 3.5% 0.79% 6.6% 0.79% 13% 0.79%T

gg
τ τ
γγ

− −

− −

− −

×

2

7

1 1

2 1 1

2 1 1

250 GeV 0.75 cm s 16.9 yr 2000 fb
350 GeV 0.75 cm s 1.3 yr 200 fb
500 

Energy Diff Lum Run Time* Int Lumi

*No installation or ramp up; simply assume 50% 
GeV 0.75 cm s 10.6 

eff. or 1.58 10
yr 3000 fb

 s per year. 
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It is clear from these results that ( )
is being calculated implictly using  ( ) ( )   

whenever the constraint 1  is imposed.

 

It appears that we have no need for a separate direct hadr

i
i

i
i

ZH
ZH ZH BR

BR

σ
σ σ

→

onic ZH
recoil cross section measurement once we are confident that we
have ( ) ( ) under control.  In fact, it appears
that we don't even need the classic leptonic ZH recoil cross 
section

ZH BR H visible BSMσ

 measurement in this case!
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:

These results assume that the true (  BSM) 0
and that (  visible BSM)<0.9% at 95% CL can be 

achieved with =250 GeV & 250 fb   or  =350 GeV & 500 fb  .
(That is,  it has been assumed th

Caveats

BR H
BR H

s s

→ =

at the same precision can be achieved
for invisible decays and visible BSM decays.)
This has yet to be demonstrated.

  Also, we have to check how these conclusions are
altered  if the true (  BSM) 1% ,BR H  or 10%.  
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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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                                   Questions

  What is the required precision on ( ) if we 
        want to impose the constraint 1  ?  

  What is the required precision on ( ) if

i
i

BR H BSM
BR

BR H BSM

σ

σ

• →

 
        want to use the direct hadronic recoil 
        measurement of ( )?

  Do the 18 different ( ) searches outlined in 
         arXiv:1312.4992  cover all possible BSM decays?  If not, 

i

ZH

BR H BSM

σ

σ
what 

         else is needed?  And once we have answered that question, 
         how do we prove that everything has indeed been covered?
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Ω =
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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

=
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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
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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
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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
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+
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Κ
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∂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

∑

∑
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2 2
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2

2 2 2
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( )1 ( )
( )

1
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i

i
i i

i i

i
i

i i

V V V

L L

V

V
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V
L

ξ
ε

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

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

− ΞΒ − + + − Ω Ω Ξ Ψ 
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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
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L
L

ξ ξ
ε

ηη

ξ
ηψ β

η

[ ]

−

−

− ΞΒ − + ΩΞΨ Ω 

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

∑
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∑
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2 2

2 2
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( )1 2           = 1 1 1 ( ) 1
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ξ
λ ηψ β
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ξ β β
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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 
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2
2 2 2
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1 1( ')

' 1
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            = 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
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η

β
ξ

ω β β
ξ ξ

ψ β
ξ

λ

ω
ξ

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

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