
!"#"$%&&'()*+),$-$./0123/4.$
$

$

$

P424 Assignment 6
due Monday, Mar. 31, 2008



The Higgs is a scalar (spin 0), so it can only decay to a spin-up + spin-down, or spin-

down + spin-up, combination in order to conserve angular momentum, thus only two of 

the four combinations are allowed.  

We have the free particle solutions to the Dirac equation: 
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,  and the free antiparticle solutions  
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.   Thus u(p2 )v(p3) = (Ef + mf )
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A 100 GeV H ! f f  decay could have any of e,µ,! ,u,d, s,c,b{ }  as the fermion.  The 

top quark is forbidden.  Neutrinos would be an almost infinitesimally small contribution.  

The largest of these will be b, then tau, then charm, as the Higgs couples to mass.  From 

the formula above, and with m
b
! 5GeV, m! " mc

" 1.8GeV, the total width of the 

Higgs will be about 6.4 MeV, implying a lifetime of 

6.4 !10
6
"1.6 !10

#19( )
#1

"1.055 !10
#34 =  1.0 x 10-22 s. 

A leading-order Feynman diagram for e
+
e
!
" HZ

0
 is the “Higgsstrahlung” diagram: 

 

 

 

 

 

 

From this, one could end up with 2 leptons + 2 jets, 6 leptons, 4 leptons + missing ET, 2 

leptons + 2 photons, etc.  Superb tracking momentum resolution (as well as very good 

energy resolution in the calorimeter) is the key to both separating these decays from 

background processes such as Z pairs as well as extracting the Higgs mass and other 

parameters from these decays. 

From LEP direct searches, the standard model Higgs boson must have mass greater than 

113.5 GeV at 95% CL.  From indirect constraints from the top and W masses (measured 
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at the Tevatron and at LEP), a standard model Higgs should have mass below 

approximately 200 GeV at 95% CL. 

At hadron colliders, the decay modes most relevant for standard model Higgs searches 

are, for a low mass, less than approximately 130 GeV Higgs: H !"" ,  and for a higher 

mass Higgs:  H !WW ! !"!"  and  H ! ZZ! !
+
!
"
!
+
!
"
.   The primary Higgs 

production mechanism at hadron colliders, especially proton-proton colliders, is gluon-

gluon fusion: 
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P424 Assignment 4
due Monday, Feb. 25, 2008
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a.   In class (in the lecture notes) we showed that
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b.  If 
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 term will just average out to 1/2 (the detector itself will

likely span multiple oscillations of the sin term), and thus we end up with
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d.  Near the top of the plot, sin2 2!
23

 is independent of !m
23

2
,  which is consistent with the

answer to part b. above (with the measured P being approximately 0.92).  On the lower

right side of the plot, the curve becomes nearly linear, which (with the y-axis being a log

scale) is consistent with a power law relationship between sin2 2!
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 and !m
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e.  From the plot above, looking only at the range !m
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eV2, we have that
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