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Constrained Fits
In the general formulation of the least square problem, one can introduce a set 
of constraint equations which will modify the quality of measured quantities as 
well as unmeasured parameters significantly

Look at the general formulation of the Least Square problem

     variables measured in an experiment
     measurements of these variables
     the variance matrix
     unmeasured parameters
                                                    a set of k constraint equations

The best estimates of measured and unknown quantities are obtained by 
minimising

where         = vector (of  k  components) of Lagrange multipliers
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Fits with constraint relation

                                                                                          (A)

                                                                                          (B)

                                                                                          (C)

where

In general, the constraint relations are not linear in        
           use iterative procedure

Start with an initial guess. Calculate values for the             th iteration 
using the results of the      th iteration

Linearised constraint equation (C)
                                                                                                (D)

constraint equations
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Fits with constraint relation

Equation (A) gives

                                                                                                  (A’)

Thus (D) becomes

                                                                                                  (E)
approximating                 with

Let                                                                                             (F)
                                                                                                  (G)

           depend on quantities known at iteration
 

                                                                                                 (H) 



Numerical methods

Fits with constraint relation

Put this back in (B)

                                                                                                                  (I)
RHS of (I) is completely known at the iteration
Substitute this in (H)
Substitute         in (A’)

So go from step to step choosing                satisfying the constraint 
relations  and minimising        simultaneously
Iterations stop when
• constraint relations are balanced at a  level better than the required 

precision
• derivatives                  are sufficiently close to 0
•      change per iteration is small
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Fits with constraint relation

Now                     can be expressed explicitly in terms of 
Approximate to a linear relation

Carry out error propagation

and correlation between measured and unmeasured quantities

Now (A’)
So

from (H)

from (I)

from (F)
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Fits with constraint relation

Similarly

Thus the variance becomes

And the correlation

So the overall correlation matrix becomes

The fit procedure reduces the variance on measured quantities but 
introduces some correlation among them where none existed initially
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An Application

An experiment wants to measure the mass of one particle which is 
produced as a pair in electron-positron collisions and then each of them 
decays into a pair of objects

                                                           |       |_
                                                           |_  

Measure the energies of the 4 jets coming from the 4 quarks and their 
angles. Jet directions are well measured but the energies are not so well 
measured. So try to utilise some of the known phenomena and see if this 
can help the measurements
•Energy and momentum are conserved in the particle production and 

decay processes
•The two W’s have the same mass
•Since electrons and positrons collide head-on, the initial state 

momentum = 0 and initial state energy = 
Here all quantities are measured with some precision                has no 
entries     
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Application of Constrained Fit

Choose variables:

where                                                                    for

Constraint equations:
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Application of Constrained Fits

Need to evaluate the derivatives:
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Results from the fits
Measurement was done with data using          = 189 GeV

                    After 4C fit                        After 5C fit
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Kinematic Fit (Example)
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Kinematic Fit (Example)
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Results from Kinematic Fit
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Kinematic Fit (Problem)


