And their application to the lepton colliders SUSY
measurement




KINEMATIC EDGES

et i el g
 Position depends only on kinematics
(special relativity)

Specific interaction irrelevant
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 Many searches rely on the identification
and measurement of kinematic edges
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KINEMATIC EDGES MEASUREMENT

. Typ1cally no phys1ca1 reason behmd the ch01ce
* The function depends on the BG shape

* The function should depend on the “distortion sources” 2 4 E x*/ndf= 839/14 -
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* Locus of the local maxima of the first derivative and O of the
second derivative
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DIFFERENTIAL EDGE MEASUREMENT

» The differential operator is not robust against noise
* Need some kind of preliminary smoothing
+ Edge detection operator most used in image processing

72 : 2 A S
Rt s 2R SN e VI8 e e ] TRENRECS S s

Regularization and differential operator merged (filter) :
Convolution of the filter with the target function o
Measurement of the response peak position

—— Deriche (Alpha=2)
—+— Deriche (Alpha=15)

—— Deriche {Alpha=1)
—— Deriche {Alpha=0.66)
—— Deriche {Alpha=0.50)
—+— Deriche {Alpha=0.38)
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Difference of boxes: Moving average
First derivative of a Gaussian: Gaussian smoothing .
Deriche: Continuous exponential smoothing
Shen: Exponential smoothing with discontinuity at the origin -




LOCALIZATION BENCHMARK PARAMETER
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* The accuracy in the determination of the edge position in a noisy environment
* Measured with a toy MC by randomly fluctuating the template distribution within its errors

istel M AST ® i
ge distance between the true and measured position
« If different than O defines the calibration to apply to obtain the “true position”

* Peak interpolation algorithm
 Signal shape

» Filter size

+ Signal to noise ratio




Localization Bias
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 Similar localization at high Signal-to-Noise

—— DOB Filter

= —=— Deriche Filter

— —— FDOG Filter
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Error
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SMOOTH STEP
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DOB (W=7)
FDOG (Sigma=3)
Deriche (Alpha=0.66)
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[ Asymptqtic ,behavior

e Similar to the ideal case
* The common derivative now is much worse

* Error is minimized at fix width/size ratios
* Optimization depends on the filter type

* FDOG is typically the best at its optimal size.
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DOB (W=T)

FDOG (Sigma=3)
Deriche (Alpha=0.66)
Shen (Alpha=0.44)
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ILC SELECTRON PRODUCTION

‘ Production processes

* Both s- and t- channel processes
Constructive interference
T-channel dominance

Momentum edges depending on
the SUSY masses

2 edges for 2 masses
Separate measurement

Beamstrahlung

ISR

Detector reconstruction
Selection
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ANALYSIS LIMITS
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» Selectron mass > 97.5 GeV
* Mass difference > 10 GeV

* 500 GeV
500 fb-!
80% right handed electrons
30% left handed positrons

* Max edge: 10-205 GeV
* Min edge: 2.5-120 GeV

» Selectron mass: 126.235 GeV
* Neutralino mass: 95.586 GeV




HIGH EDGE SELECTION

Optimized to reduce Momentum of the stiffest jet
distortions of the h1gh 2 ——
edg e & 2500 B SMe e
o —R%
e N e
» Low energy peak ® B Other SUSY
irrelevant & 2000 B Others
L R
» Would work for almost all *
the available mass range 1500

« About 82% acceptance of

the signal sample 1000

Edge position
measurement
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e Localization error: 42 MeV
* Localization bias: -605 MeV




HIGH EDGE CALIBRATION

« Apply a random offset to the signal
sample

« Adding the signal to a fixed background

* Using the new histogram as a template
for the full edge measurement
procedure

o o R

 Fluctuation due to the background
uncertainties

* Bias error (RMS of the results): 26 MeV

Localization bias (GeV/c)
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Bias calibration
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LOW EDGE SELECTION

Momentum of the other jet

[Stricter analysis

é 300 :— Processes
* Removal of the low energy 2 E — Dt
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LOW EDGE CALIBRATION

Bias calibration

% - po 0.094 + 4.48e-05
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[Procedure

» Use the final selection histograms as templates

* Generate a new pair for each data point and
measure the edge position

« Subtract the bias, variable according to the
calculated error

» Extract mass errors and correlations 95.5

« Conmnsistent with analytic error propagation assuming 954
edge positions as independent variables

Mass Correlation
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258 126 126.2 126.4 126.6 126.8

- Measured selectron mass: 126.242 +- 0.119 GeV e e
* True selectron mass: 126.235 GeV

Neutralino mass: 95.594 +- 0.091 GeV

True neutralino mass: 95.586 GeV

Covariance: 0.0106 GeVA2

Correlation coefficient: 0.749
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CONCLUSIVE SUMMARY

s

:1_'9@: ‘p‘e:

- Robust differential operator
. Data—drlven optlmlzatlon procedure

* Applied to the STC4 SUSY benchmark point.
* Cut based n1ys1s

- Selectron mass error: 119 GeV (was 210)
* Neutralino mass error: 91 GeV (was 160)




BACKUP




OPTIMIZATION PROCEDURE
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* Use the input distribution as a function template.

« Vary the input according to the template n times and measure the edge position to
evaluate the localization error

« Shen or Deriche for small features (depending on the noise amplitude)
« FDOG for extended edges
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* Optimize the binning to extend the edge size keeping the relative noise low enough
* Use the MC Toy optimization to minimize the error







ANGULAR DISTANCE — ZOOM IN

Angular distance against seed particle
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#Evt / 0.05 GeV

JET FINDER COMPARE
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MC Generator
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