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Study case: ɢ1
Ñand ɢ2

0 Pair Production at the ILC

ñPoint 5ñ benchmark : gaugino pair production at ILC

http://arxiv.org/pdf/1006.3396.pdf (ILD LoI)

http://arxiv.org/pdf/0911.0006v1.pdf (SiD LoI)
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Analysis Strategy

> Remove ɔɔO ÈÁÄÒÏÎÓbackground: applied kT exclusive algorithmᴾ 6 jets,R=1.1 

(FastJet)

> Cluster event into 4 jets (Durham)

> Run kinematic fit (equal mass constraint: Mjj1 = Mjj2)

choose jet pairing with best fit probability

> Run isolated lepton finder (J. Tian and C. Dürig)

> Perform SUSY selection  (12/16 cuts ᴼsee back-up slide )

Sample ɢ1
Ñ hadronic ɢ2

0 hadronic

Efficiency 90.8% Ÿ 53% 91% ᴼ 30%

Purity 14.7% Ÿ 63% 2.6% ᴼ 38%

Efficiency 72% 73%

Purity 27% 5%

Selection for 

mass 

Selection for 

x-section 



Madalina Chera | LCWS, Nov. 2015  |  03.11.15  |  Page 4

Mass Measurements
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Gaugino Mass Measurement

ü Mass difference to LSP (    ) is larger than        ᴼ decays of real gauge bosons

ü This is a two-body decay (well known kinematics!)

0

1
~c

ZM

ü In the gaugino C.M frame:           (E, p conservation)

╟ ╟ ╟ ᵼ ╟ ╟ ╟

where ╟ ὓ ȟπ

ὓ ὓ ὓ ςὉὉ ᴆὴᴆὴ

╔╥ ╜Ⱶ ╜╥ ╜╛╢╟Ⱦ╜Ⱶ (boson energy)

ü Boosting into the lab frame:

Ὁ ‎Ὁ ‍‎ᴆὴȟ᷆
‎Ὁ ‍‎ᴆὴ ÃÏÓ—

ʃȬ   π ᴼ Ὁ ‎Ὁ ‍‎Ὁ ὓ

ʃȬ=  ʌO   Ὁ ‎Ὁ ‍‎Ὁ ὓ

ü Use edge values to  calculate gaugino 

masses!

ü Two different strategies for edge detection
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Å The only free fit parameters: the edge positions t0 and t1
Å Polynomial ᴼ Spectrum slope

Å Voigt function ᴼ detector resolution and gauge boson width

LOI Strategy: Fit the Boson Energy Spectrum

> Fit dijet energy spectrum and obtain edge positions:

ὪὼȠὸπ ρȟὦπ ςȟʎρ ςȟɾ Ὢ
◄᷿

◄
ὦςὸ
ς ὦρὸ ὦπὠὼ ὸȟʎὸȟɾὨὸ

ɢ1
Ñ+ SUSY + SM

LOI sample

> Issues with the LOI method:

Fit method highly 

sensitive to small 

fluctuations in energy 

distribution. 

Apply a different edge 

extraction method!
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DBD Strategy: Endpoint Extraction using an FIR Filter

the input signal

the filter coefficients (weights)

> Finite Impulse Response (FIR) filters are digital filters used in signal processing.

> FIR filters can operate both on discrete as well as continuous values.

> The concept of ñfinite impulse responseñ ź the filter output is computed as a finite, 

weighted sum of a finite number of values from the filter input.

ώὲ В ὦὼὲ Ὧ

> y is obtained by convolving the input signal with the (finite) weights 
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Choosing the Appropriate Filter

> Cannyós criteria for an optimal filter:

ÁJ. F. Canny. A computational approach to edge detection.

IEEE  Trans. Pattern Analysis and Machine Intelligence, pages 679-698, 1986

ÁGood detection: probability of obtaining a peak in the response must be high

ÁLocalisation: standard deviation of the peak position must be small

ÁMultiple response minimisation: probability of false postive detection must be small

> Canny has shown that an optimal filter is very similar to the

first derivative of a Gaussian
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Applying the FIR Filter on DBD Data: Results
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Edge Extraction Comparison

Sim. Edge Wlow [GeV] Edge Whigh [GeV] Edge Zlow [GeV] Edge Zhigh[GeV]

LOI 80.4±0.2 129.9±0.7 92.3±0.4 128.3±0.9

DBD 79.6±0.2 130.1±0.8 92.1±0.3 128.9±0.8

True 80.17 131.53 93.24 129.06

fi
lt
e
r

Sample Mass ɢ1
± [GeV] Mass ɢ2

0 [GeV] Mass ɢ1
0 [GeV]

TRUE 216.5 216.7 115.7

LOI 216.9±3.2 220.0±1.4 118.4±1.1

DBD 216.8±3.2 220.6±1.2 118.2±0.9

ü The filter method is more stable in determining the edge position

ü The mass values extracted from the  LOI and DBD samples: well compatibile within

their statistical errors

ü The systematic errors will be addressed by a mass calibration study 
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Edge Calibration ᴼMass Calibration

> Performed only for DBD sample ᴼaccount for systematics

> Calibrate the edge positions ᴼ then calculate the calibrated mass(es)  

> Edge calibration procedure: 

ÁVary input masses: ɢ1
Ñand ɢ2

0 varied simultaneously, LSP mass fixed!

ὓ =210 GeV ᴾ ὓ =225 GeV,  3 GeV step

ÁMeasure edges for each mass sample

Obtain calibration curve

Input Edge [GeV]
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ñPoint 5ñ measured edge

Calibrated edge
> Generate the same number of signal ɢ1

Ñand 

ɢ2
0 events for all samples

> The SM background is the same for all mass 

samples
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Edge Calibration Results I

üThree different aspects:

1. Calibrate edges measured on generator level w.r.t. calculated edges

study effects of ISR emission, beamstrahlung [0.8% ᴼ 1.8%]

2. Calibrate edges measured on reconstruction level w.r.t. generator level edges

study simulation and reconstruction effects     [0.2% ᴼ 0.9% ]

3. Calibrate edges measured on reconstruction level w.r.t calculated edges

take all the effects into account
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Edge Calibration II

üThree different aspects:

1. Calibrate edges measured on generator level w.r.t. calculated edges

study effects of ISR emission, beamstrahlung [0.8% ᴼ 1.8%]

2. Calibrate edges measured on reconstruction level w.r.t. generator level edges

study simulation and reconstruction effects     [0.2% ᴼ 0.9% ]

3. Calibrate edges measured on reconstruction level w.r.t calculated edges

take all the effects into account

Gaugino Mass w/out cal. Mass with calib. LOI Mass Model Mass

216.7 ± 3.1 214.1 ± 4.8 220.9 ± 2.9 216.5 [GeV]

220.4 ± 1.3 216.9 ± 3.4 220.6 ± 1.7 216.7 [GeV]

118.1 ± 0.9 115.5 ± 1.8 118.9 ± 1.0 115.7 [GeV]0
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[1.1 Ÿ 2%]  



Madalina Chera | LCWS, Nov. 2015  |  03.11.15  |  Page 14

Cross Section 

Measurement
































