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A precise mass measurement of this Higgs-like particle is essential for two reasons:

Confirm Particle Identity
To prove the identity of a particle the mass and other quantum numbers must be
well measured and agree with predictions.

Theoretical Ramifications
For the Higgs, it’'s mass may be indicative of new physics and important for
modeling other decay channels.
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Higgs Reconstruction Method
1. Select 4 “good” leptons.
2. Reconstruct the Z and Z*.
* Create two pairs of same flavor

opposite sign leptons.

3. Reconstruct the Higgs from “good” Zs

4. Plot Higgs mass ¢
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Mass Measurement

The mass of a particle is determined by a
likelihood fit from plotting many Higgs
events, where mass resolution of each event
is an important fitting input parameter.



Higgs M&llng\(MC Study) .

The Higgs mass peak is Higgs Mass Plots
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Measurement errors induced by the detector can be calculated as a function of the particle’s
energy, and the region of the detector the particle was measured. Using standard error
propagation methods, the mass resolution of the Higgs induced by the detector can be
calculated.

The mass of the Higgs is calculated from the four leptons:
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Since the mass of the lepton is much less than it’s momentum, we can ignore the mass and
assume E=P. This simplification leads to the following approximation:

3 4
M> =YY 2PP;(1—cos(8;)).

i=1 j=i



Measurement errors induced by the detector can be calculated as a function of the particle’s
energy, and the region of the detector the particle was measured. Using standard error
propagation methods, the mass resolution of the Higgs induced by the detector can be
calculated.

Using the standard error propagation techniques:
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Af = \f (L) a2+ (L) a>

The mass resolution of the Higgs induced by the detector can be calculated by
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Orig. Offset
y Addition

Photon radiation
caused by the
deceleration of
electrons and muons
will affect the mass

calculation.
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Final State Radiation
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These plots are fit with a
Gaussian + a second
degree polynomial. The
mean of the Gaussian
gives us the average shift
from FSR radiation.
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The total mass resolution is a function of two mechanisms:

Measurement Error Induced by the Detector: AM
This is calculated using the lepton measurement error and error propagation.

Final State Radiation: AM| ;¢
This is measured by fitting the AM,, plot and finding the mean.

The total mass resolution is found by a quadratic sum of AMp,; and AM, g

AM = \/am;k + aM:j{ Shift



Closure Test
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Conclusion
T

Data: Higgs Candidates

20 e
we must need two parameters: > 185 voose ]
S 6h A O
1 E & A mMmmm .
Measurement Error from the Detector: AMy,, S . 3
This is calculated using the lepton - :3; L
n — . 4 o —
measurement error and error S 4 LA E
ropagation. - S S E
propag S gn e L
) % a T I %gi' ~* E
4 4 - ol it e =
' P; (1 0 AP; d :
—_— . —r 3 .. . C1 . o by by by oy 1T
AM = g Z _ Z o ( cos ( tJ )) ! %100 200 300 400 500 600
=1 [j=1,j#i M,, [GeV]
5.5:‘ T ‘ LI 4:
Final State Radiation: AM, ¢;.¢ > 50 cocce 7
This is measured by fitting the AM,, Oask 2o 3
plot and finding the mean. S 4 -
= 351 -
173} c o -
It’s been shown that by quadratically summing é 3 . . O « b a7
the error propagation to calculate the error 250 P . E
induced by the detector and the fitted mean to .. <ol E
estimate the FSR shift, we can claim an accurate 3 T
80 90 100 110 120 130 140 150 160

calculation of the Higgs mass resolution event by
event. M, [GeV]



