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» A new type of calorimetry is needed:
Particle Flow

Principle: measure each particle type in the
most appropriate subdetector.
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Introduction

» ILC jet energy resolution goals e
o 0.3 | " bt
— = — ~ 2 times better than LEP Ak Al

E  \E[GeV] =

Ejer= Errack +E, + E,,

» A new type of calorimetry is needed:
Particle Flow

Principle: measure each particle type in the
most appropriate subdetector.

» There are currently three different
software implementations of the Particle
Flow reconstruction algorithm.
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Current Detector Simulations

> Full Sim — ,LOI*

WHIZARD
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MOKKA
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MARLINRECO

= track finding and fitting

= particle flow —
PandoraPFA

» flavour tagging
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DETECTOR SIMULATION
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= |ncreased realism
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RECONSTRUCTION
MARLINRECO

= track finding and fitting

»  PandoraPFANew -
rewritten

= flavour tagging
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Simulation & Grande Vitesse

- SGV:10msto simulate\
one event
Full sim: O(min)

SGV is ~ 103 x faster than
the full simulation!
/

= Particle Flow in SGV:
emulate PandoraPFA’s
behaviour by using
parametrisations.

(‘/
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Changes Between LOIl and DBD: Simulation Level
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> The new simulation —» improved detector realism:

= the vertexing
= the tracker (TPC)

= the calorimeter

Y

now include electronics and service materials.
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Changes Between LOIl and DBD: yy background

> The photons produced as beamstrahlung create hadrons

> The cross section for this process is
high enough so that an average of
<N> = 1.2 events occur per bunch e ¢ Pairs
crossing at 500 fb-!

‘\//
ANVTVINA
> The produced hadrons have low P; @ @

A. Vogel

> These events act as pile-up for other

Processes
Beamstrahlung

> In the DBD case (only) the
vy — hadrons background was taken
into account

> This background can be effectively removed such that it does not
Impact either the analysis or the LOlI — DBD comparison
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Changes Between LOIl and DBD: Reconstruction Level

> New forward tracking pattern recognition
> New TPC pattern recognition

> Pandora PFA has been developed and rewritten - Pandora PEANew

For |cos(8)| < 0.7 |

Jet Energy [GeV] og;j/E;j [LOI] ogj/Ej [DBD]
45 3.71+0.05 % 3.66x0.05 %
100 2.9520.04 % 2.83£0.04 %
180 2.9920.04 % 2.86x0.04 %
250 3.17+0.05 % 2.95+0.04 %

The jet energy resolution has actually improved despite the material addition.
Goal: study what happens in a physics scenario!
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Study case: ¥,*and %,° Pair Production at the ILC

my° [GeV]

“Point 5“ benchmark : gaugino pair production at ILC

hitp://arxiv.org/pdf/1006.3396.pdf (ILD Lol)
ATLAS Preliminary 20.3 fb”', /s=8 TeV Status: ICHEP 2014 http://arxiv_orq/pdflogll_0006vl_pdf (S|D |_0|)
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Study case - motivation

e+
o O
N W q
s-channel %3/ W.Z. <

.

» Signal topology:

» Four jets and missing energy (due to LSP)

» Hadronic decay modes of gauge bosons chosen
as signal

» Both decay channels treated as signal in turn:

oW oand o ) Z°
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Study case - motivation

et +
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o W.Z q
o schannel /% - <

» Signal topology:

» Four jets and missing energy (due to LSP) ©1400F S
c
» Hadronic decay modes of gauge bosons chosen %1200 u 7 ]
as signal s L

_ _ 21000 | .

» Both decay channels treated as signal in turn : ]

~+ =0\t ~0 =00 800 E

X —>x W and X2 L i 0.3 ]

600 |- Ky -

~t ~0 . . - .

» X1 and X, sample separation: essentially 400 ]

distinguish between W and Z pair events 200k 1

» Good case for studying the detector and o ]
particle flow performance 40 60 80 100 120 140

dijet mass [GeV]
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Analysis Strategy

» Remove yy — hadrons background } only for DBD
» Cluster event into 4 jets (Durham)
» Run kinematic fit (equal mass constraint) ]
» Run isolated lepton finder } only for pBD
» Perform SUSY preselection

> Separate 7 and z, samples - common to both LOI and DBD

» Perform mass measurement i

Madalina Chera | 8th Annual Meeting of the Helmholtz Alliance "Physics at the Terascale" | 02.12.14 | Page 12



Analysis Strategy

@hadrons background

- only for DBD

» Cluster event into 4 jets (Durham)
» Run kinematic fit (equal mass constraint) ]
» Run isolated lepton finder

» Perform SUSY preselection

» Separate # and 7, samples

- only for DBD

- common to both LOI and DBD

» Perform mass measurement i
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Removing the yy Background Il

» Tested configurations: Used: exclusive longitudinal k; algorithm

Jets # 4jets 6jets 8jets 4000 [y T T T T
S 500 | 7 Dutbam vithy 1 backgroond
1.1 0.9 0.8 ganuu B § g}it:::? s
Rvalue | 1.3 1.1 1.0 g ----- T, =798 Gov
15 1.3 1.2 ok Ptk
1000 B /%1 §
» Find the configuration most similar to W T M s
: . : 2 . OWW" - -
the Durham distribution — y* test: 2: J1s
iz 11
Jets# Rval. x2ndf  x2/ndf i
W Z - e T e 0 EH
. e ¥t g 1| R
4 jets 1.3 13.4 11.6 T Rl Ll e
Hl il =l
8 jets 1.0 9.3 6.8 Dot ass (6]

» The 6 jets configuration with an R-value of 1.1 is best for yy background

removal !
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Removing the yy Background Il

» Checking the yy background removal for the chosen configuration:

_5140 = _5140 3
S420L T120F
(D. . —— Sample with no yy background (D [ —— Sample with no yy background
2 100 [ —— Sample WITH yy background prd 100 | —— Sample AFTER vy removal

80

60 -

40 -

20F II]A

__LdIIE_ |||||||||||||||||||||||||||-L1||-||| 0 Ll "-
200 250 300 350 400 450 500 550 600 200 250 300 350 400 450 500 550 600
Visible energy [GeV] Visible energy [GeV]

» After running the longitudinal exclusive k; algorithm the visible energy is very similar
to the no background case.
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Analysis Strategy

» Remove yy — hadrons background } only for DBD
» Cluster event into 4 jets (Durham)

» Run kinematic fit (equal mass constraint) ]
» Run isolated lepton finder } only for pBD

» Perform SUSY preselection

Separate 7 and z, samples - common to both.LOI and DBD

erform mass measurement
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¥.* and ¥,° Signal Sample Further Separation

> Calculate x2 with respect to nominal W / Z neutralino cut (Z like events)

mass » 20

2 @

2

5 _ (mj —my) 2 + (mj; —my) £
X (my1,myz) = o2 =15

U s
min x2 — %,*and %,° separation c; 10

> Downside: lose statistics

= Cut away 43% of ¥,* surviving events

= Cut away 68% of ¥,° surviving events

> However, after the x? cut, the separation is 00' - 5/ 10 15 - '20
X

quite clear: 2 w.r.t. Z mass
‘ chargino cut (W like events)

R
Efficiency 53% 30% 56% @ 34%
Purity (total) 63% 38% 62% 35%

Purity (SUSY) 94%  62%  95% 66%
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Y.< and ’;'(20 Mass Measurement

~Q
> Mass difference to LSP (%) is larger

than M,
> Observe the decays of real gauge 0 2000~
bosons - e
S1800— X, sig al sample
> 2 body decay — the edges of the energy 3 1600 (generator level)
spectrum are kinematically determined gk
1400
> Use dijet energy spectrum ,,end 1200
points“ in order to calculate 1000
masses s00"
E 600
= S
X C

E+=V'EV*iY'IB'\/EV*2—MV2

130 140 150

Real edge values [GeV]:

80.17 131.53 93.24 129.06
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¥.* and ¥,° Mass Measurement — “Endpoint” Method

> Fit dijet energy spectrum and obtain edge positions:

f(x; to _ 1 b, 2071 2»Y) = fsut ftzl(bztz + bt + bo)V(x —t,o(t),y)dt

DBD sample]
By 7+ SUSY + SM

N B B LA AL AL B 800F—T T
LOI sample I n

T+ SUSY + SM 600

800 -

600 - _
400 I ] 400

200} . 200

4l E RPN R B B { T N B B B
80 100 120 140 160 80 100 120 140 160
dijet energy [GeV] dijet energy[GeV]

Where:
« The polynomial accounts for the slope of the initial spectrum
* The Voigt function accounts for the detector resolution and gauge boson width
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ssues of the ,,Endpoint Method*
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Sim. Edge W,,, [GeV] Edge W,;,,[GeV] Edge Z,,,[GeV] Edge Z,,,[GeV]

DBD 79.5%x0.5 130.2+1.1 91.3+0.6 146.1+4.8
LOI 79.7+0.3 131.9+0.9 91.0+0.7 133.6+0.5

The fitting method appears to be highly dependent on small changes in the fitted
distribution = it is NOT appropriate for comparing the two samples.
We need to apply a different edge extraction method!
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Endpoint Extraction using an FIR Filter

> Finite Impulse Response (FIR) filters are digital filters used in signal processing, e.g.
Image processing:

> Canny has suggested that an optimal filter is very similar to the first derivative

of a Gaussian
[J. F. Canny. A computational approach to edge detection. IEEE Trans. Pattern

Analysis and Machine Intelligence, pages 679-698, 1986]
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FDOGFilter

31

Entries

Mean -8.456e+16

Applying an FIR Filter

RMS 9.456e416

> Goal: find edge positions in spectrum

> Strategy:.

= Choose an FIR filter

LT T T
o

= Note: filter length << signal histogram length
= Treat both signal histogram as well as filter as arrays

= Calculate dot product between Signal and Filter — obtain one value

Bin # 1 2 3 98 99 100
Signal 0 15 28 34 22 4

Bin # 1 2 3 28 29 30
Filter 0 [/0.01} 0.02 -0.02 -0.01 0 -

0x15 + 0.01x28 + .. =val2

= “Move* Filter along the (length) of the signal — obtain more values, which will

form the total filter response
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FIR Edge Extraction Comparison — LOIl to DBD

% - ] % T 1
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. . %Onstant 21-225' gif;? i = ' Constant  15.86 + 0.52 1 .
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Madalina Chera | 8th Annual Meeting of the Helmholtz Alliance "Physics at the Terascale" | 02.12.14 | Page 23



FIR Edge Extraction Comparison — LOIl to DBD
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i - ||,|, 1 + “~| ———— Filter obtained edge value - o - i |, | HH’.I, ||l i .
@ 150 |- If [ o ] o L | H l' i _
S f . : £ 100 poo b LR
: | e _ : h b :
100 | , P . B H{‘ , i
: | W : o + Ly BiE
50 | FARIN - ! + i
- f L : - f L I} {
0 i —— 0 = - ;
- T H K -] H V 2
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— a - e assirg] 0 - ++ e B e P
I~ ] R = - . } i . -
C + o . - . i ! -
- . + 2indf 0.0000771/2 —J -5 i \ N 2indf 001149/2
- " 4 Constant 6.251+ 0.237 . - "* f Constant 4.119+0.223
- . 4 Mean 1284+30 .., B . ++ Mean 1284419 ~—5
- Loy Sigma  9.301+ 11.672 . i Yo Sigma 6.199+5.142 ]
C o ] - o ]
B I T T T VT T I 0 0w w0 e
iz energy response spectrum zz energy response spectrum

» On the chargino samples the filter appears to perform slightly worse than the fit in the LOI
sample and just as well in the DBD case.
» However the filter performs considerably better in the case of the neutralino samples both

for the LOI and the DBD case.
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Edge Extraction Comparison

Edge W4, [GeV] Edge Z,,, [GeV] Edge Z;,,[GeV]

92.3+0.4 128.3+0.9
92.2+0.4 128.3+0.6

Sim. EdgeW,, [GeV]

80.4+0.2 129.9+0.7
79.8+0.3 129.9+1.0

LOI
DBD

filter

Mass X,° [GeV]

Mass X,? [GeV]

Sample Mass X;* [GeV]
TRUE 216.5 216.7 115.7
LOI 216.913.2 220.0x1.4 118.4+1.1
DBD 217.3+3.2 220.4+1.5 118.5+0.9

» The filter method is more stable in determining the edge position
» The mass values extracted from the LOI and DBD samples are compatibile within

their statistical errors

» The systematic errors will be addressed by a mass calibration study [ongoing]
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Conclusions

> In the last few years, the realism in the simulation of the ILC detectors
has been significantly increased (e.g. leading to an 50% increase in the
amount of material in front of the calorimeter endcaps due to the
inclusion of electronics and service materials, etc.)

> The effect of this material addition has been studied in a physics
scenario particularly sensitive to Particle Flow

» No performance degradation has been observed

> The simulation realism has been further increased by adding the
overlay of low P+ yy — hadrons

» The overlay can be mitigated by exclusive jet clustering

> New methods to extract sparticle masses from kinematic edges have
been studied: e.qg. finite impulse response filters
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Thank You!
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Back up slides
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Data Samples:

> Signal: 40000 %,*events and 9000 ¥%,° events

> LOI sample: > DBD sample:

= Signal generated with whizard1l.51 = Signal (as well as SM background)
Background generated with whizardl.40 generated with whizard 1.95

= The RDR beam spectrum was used = The TDR beam spectrum was used

Note: in the signal samples, the M,,, was inadvertently lowered by Whizard to M, = 79.8 GeVv

= Signal + background were simulated and  * Signal + background were simulated and
reconstructed with ilcsoft v01-06 reconstructed with i1csoft v01-16-02

= The jet energy scale was increased by 1% = The jet energy scale was not increased

= No yy background overlay = The yy background overlay was taken
into account

= The analysis was re-run on existing data | = The analysis was re-run
samples

(0@
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Preselection Outcome

Example: the DBD sample [ LOI sample very similar]

Before preselection After preselection
$102I| _8106IlllHlllll-l;zjsligr:mlllj
g — 5 7° signal
E1O E10 -E%JS%’ chkground 3
Z10° <108
10? 102
1 1
-1
102 10-1
"0 60 80 100 120 140 40 60 80 100 120 140

Dijet Mass [GeV] Dijet Mass [GeV]

Madalina Chera | 8th Annual Meeting of the Helmholtz Alliance "Physics at the Terascale" | 02.12.14 | Page 30



Preselection Outcome

Example: the DBD sample [ LOI sample very similar]

Before preselection After preselection
6 — 6 E—
5105 w10 -lﬁsfgnall j
-lqc-)' 10 xuzi’nzgckground 3
10° E
Z 107 ]
107 .
10 Efficiency 2% 73% 70% 74% :
1 Purity (total) 26% 5% 26% 5%
10™
107
40 80 100 120 140 40 60 80 100 120 140
Dijet Mass [GeV]

Dijet Mass [GeV]
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Analysis Strategy

» Remove yy — hadrons background - only for DBD

» Cluster event into 4 jets (Durham)

» Run kinematic fit (equal mass constraint)

» Run isolated lepton finder } only for DBD
Perform SUSY preselection ] D

> Separate 7 and z, samples - common to both LOI and DBD

» Perform mass measurement
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Preselection

> Apply the following cuts to both samples:

1. Number tracks in event > 20 | 13. No isolated lepton
14. 30 < Number PFOs in event < 150
2. 100 GeV < Eygipie < 300 GeV 15. 4 < Nr. Tracks with P, > 1GeV <50 | DPP
3. Ej>5GeV 16. Thrust < 0.98
4. |coS(Bje) < 0.9 )
5. Yg,>0.001
6. Number tracks per jet > 2
- LOI & DBD common

7. |cos(Bss)| < 0.99
8. Ejepion <25 GeV Obs. DBD LOI
9. Number of PFOs per jet > 3 X, 50 e 50
10 1c0S(On;ss)| < 0.8 Effciency 729 73% 70% 74%
11. Mmiss > 220 GeV :

_ o Purity (total) 26% 5% 26% 5%
12. Kinematic fit converged
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Edge Extraction Comparison

2 R T T T L] 8 T T T T
EBOO 5200 I —— neutralno sample (LO) |
a: ~—— chargino sample (LOI) o
* E ¥* ——— neutralino sample (DBD) |
[ - chargino sample (DBD) N Iy
600 - 150 L
400 | . 100
20f | . sof
[ R 4 | i
0 I X 0 [ W Z
80 100 120 140 160 80 100 120 140 160
boson energy [GeV) boson energy [GeV]

Edge W,,, [GeV] Edge W,;,, [GeV] Edge Z,,,[GeV] Edge Z,,,[GeV]

LOI 79.7+£0.3 131.9+0.9 91.0+0.7 133.6+£0.5
DBD 79.5+0.5 130.2+1.1 91.3+0.6 146.1+4.8
= LOI 80.4+0.2 129.9+0.7 92.3+0.4 128.3+0.9
= DBD 79.8+0.3 129.9+1.0 92.2+0.4 128.3+0.6

The filter extraction method is preferable:
* itis more stable
» provides smaller uncertainties in determining the edge position.
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Toy MC for the Mass Calculation

> To estimate the statistical precision of the mass measurement — toy MC

> Input: edge values + their fluctuations as obtained from the filter

> 1 000 000 values were generated within the edge fluctuations

> The mass calculations have been performed with the generated values
1 000 000 times

LOI sample DBD sample
[ T T | T T T T | T T T T I_I % _I T T T | T T T T T T | T T T T T T _I
- x2 | ndf 127.6 /29 = i 2/ ndf 414.9/ 31
o Constant 4.736e+04 + 6.476e+01 240000 - Constant 4.523¢+04 + 6.172e+01
i Mean 118.4+ 0.0 = - Mean 118.6+0.0
- _ - Sigma 0.8737 + 0.0010
i Sigma 1.073+ 0.001 B
- ) 30000 — o
o - 20000 | .
= . 10000 [ .
i 1 L 1 1 1 1 1 1 L] 0 N PR S RN T S S N S | I ]
115 120 0. 125 114 116 118 120 122,
X, Mass %, Mass

Maoalina Chera | 8thAnnual Meetng orthe Helmholtz ANrance"Physics at the Terascale™ | ~02:12:14 | Page 35 @



Removing the yy Background

» Use the longitudinal exclusive k- jet clustering algorithm:
» It calculates:

» The “distance” between each pair of reconstructed particles:

min(pF;, p7;) + ARy
RZ

diStij =

» The distance between each reconstructed particle and the beam (distf}-e“m

> If the dist{’}-e“m is minimum then the patrticle is discarded

» The number of required jets as well as the R parameter are free
parameters.

» In order to increase performance:

optimise the number of requested jets and the R-value!
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Dijet [Boson] Energy Comparison LOI - DBD

> Use dijet energy to measure ¥%,* and %,° mass

Nr. entries

100F |

Chargino sample

500

Neutralino sample

(@)
o

Nr. entries

400+t

300

N
o

200 |

N
o

Dijet Energy[GeV]

120 140 160

 |LOI sample

% DBD sample

Dijet Energy[GeV]

> The DBD distribution appears slightly shifted towards lower energies.

Nevertheless, the two distributions agree very well,
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Dijet [Boson] Mass Comparison — LOIl to DBD

> Use dijet mass to separate %,* and %, events - measure cross section

Chargino sample

g i L L L R L L B B
_E‘I 200 :— LOI sample ]
@ B 7 sample
1000 ﬁ BD S
- _Z
500 e
: | 1
600 - DBD: .
: =
400 - yéf‘/h = _
i I i
200F //k_ ]
0 i Jﬁ%mﬁn L ]
40 60 80 100 120 140
Dijet Mass[GeV]

Neutralino sample

N
o
o

Nr. entries

150
100}

50 F

80

- 1=90.13+0.2

f%km :

LOI sample
2

é DBD sample
LOI:

0=4.01+0.4

| DBD:
| 1=89.06+0.2

3

100 120 140
Dijet Mass[GeV]

> The DBD distribution appears slightly narrower and shifted towards lower energy, however
the DBD and LOI distributions are compatible with each other.
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Preselection Outcome

»10° R
Q:) . (| ﬁz signal
- % signal
c 1 O ?SC;EUS?( background
Q)1 04 SM background
Z
10°
10
10
1
40 60 80 100 120 140
Dijet Mass [GeV]
LOI — -
1 0% T
Q:) [ %, signal
=1 05 e 'zg signal
c USY background
q‘?,l 04 ] SM background
Z
10°
107§
10
1
107

80 100 120 140
Dijet Mass [GeV]

40 60

%, signal
7(: signal
SY backgro

60 80 100 120 140
Dijet Mass [GeV]
6 —
51 0 -lf signalI
= 1 05 ] iz signal
c [ 7] susY background
(D. 1 04 1 SM background

120
Dijet Mass [GeV]

60 80 100 140

bf the Helmholtz Alli

— DBD

(]

ESY
L ).



Applying an FIR Filter

% 1 I 1 I 1 I I 1 1 I 1 I | 1 1 I I 1
-£800 - - e ]
= ﬂ ¥,- sample
> Goal: find edge positions in spectrum T ”u-- e > ]
600 > —
400 |- —

200 -
0 I 1 1 1 1 I 1 1 1 | 1 |J 1 | 1 1 1 I 1

80 100 120 140 160
Boson Energy[GeV]
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Applying an FIR Filter

> Goal: find edge positions in spectrum FDOGFilter
> Strategy 0.02 RMS _9:456e:16

= Choose an FIR filter 0.0t

= Note: filter length << signal histogram length 0

0. \ | | | | |
e

R
-
O
o
o
o
iy
o
Y
U
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Applying an FIR Filter

> Goal: find edge positions in spectrum

> Strategy:.
= Choose an FIR filter

= Note: filter length << signal histogram length

= Treat both signal histogram as well as filter as arrays:

Bin # 1 2 3 98 99 100
Signal 0O 15 28 34 22 4
Bin # 1 2 3 28 29 30

Filter 0 0.01 0.02 -0.02 -001 O
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Applying an FIR Filter

> Goal: find edge positions in spectrum

> Strategy:.
= Choose an FIR filter
= Note: filter length << signal histogram length
= Treat both signal histogram as well as filter as arrays

= Calculate dot product between Signal and Filter - obtain one value

Bin # 1 2 3 98 99 100
Signal 0 15 28 34 22 4
Bin # 1 2 3 28 29 30

Filter 0 |/0.01} 10.02 -0.02 -0.01 0

L\ N

0x0 + 0.01x15 + 0.02x28 +.. =vall

Madalina Chera | 8th Annual Meeting of the Helmholtz Alliance "Physics at the Terascale" | 02.12.14 | Page 43




Applying an FIR Filter

> Goal: find edge positions in spectrum

> Strategy:.
= Choose an FIR filter
= Note: filter length << signal histogram length
= Treat both signal histogram as well as filter as arrays

= Calculate dot product between Signal and Filter — obtain one value

Bin # 1 2 3 98 99 100
Signal 0 15 28 34 22 4

Bin # 1 2 3 28 29 30
Filter 0 [/0.01} 0.02 -0.02 -0.01 0 -

0x15 + 0.01x28 + .. =val2

= “Move* Filter along the (length) of the signal — obtain more values, which will

form the total filter response
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Testing the FDOG Filter

ilter Error
: =
=~

—
P

0.1

0.08

0.06

0.04

0.02

Studied the effect of the filter size on a smeared
step edge Monte Carlo data.

15

=)

2]

S. Caiazza

L]

|
1.5 2 25
Filter size

The FDOG filter does indeed perform best.
The filter size should be comparable to the size of the edge feature.

We chose o = 5 hins.
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Testing the FDOG Filter

> There are two important filter

characteristics that must be optimised:
the bin size and the filter size.

20

signal only,c =3
—— 0.5 GeV/bin

—— 0.6 GeV/bin
—— 0.7 GeV/bin
—— 0.75 GeV/bin
—— 0.8 GeV/bin
—— 0.9 GeV/bin
—— 1 GeV/bin

Sampling size comparison for DBD ZT

100 120 1
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40

160

boson energy [GeV]

20

FDOGFilter
Entrlas. H
Moan 04580016

LR FITANTY

PR R |

80 100 120 140

Boson Energy[GeV]

Sampling size comparison for DBD ff

signal only,c =5
—— 0.5 GeV/bin

—— 0.6 GeV/bin
—— 0.7 GeV/bin
—— 0.75 GeV/bin
—— 0.8 GeV/bin
—— 0.9 GeV/bin
—— 1 GeV/bin ]

Chosen valug

100 120 140 160
boson energy [GeV]

160



Applying an FIR Filter — Example: the box function

> The changes of a function can be described
by the derivative — interpret the histogram as
a 1D function

> The points that lie on the edge of the
distribution — detected by local maxima and

minima of the first derivative _/—ng:nmn U
Fe) = imETO ~ far ) - £ (h=1) |

> The first derivative is approximated by using the ﬂ jL

kernel [-1, 0, 1]
‘ V derivative V ]
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Applying an FIR Filter — Example: the box function

. . § 600 i e I—I— DBD;Z? Isignlal 0;'|Iy I
> The changes of a function can be described 5 [ s/, Wi Modslcaeten e vl -
by the derivative — interpret the histogram a8 _ iy, - Fllerobtaned edgevalie
a 1D function s b Y :
: : L W 1
> The points that lie on the edge of the w [ %
distribution — detected by local maxima and [ i
minima of the first derivative o Lo I ]
- N -
: . fOet)~f () : #N ] 50
= —_— = — = - w0 .
fiG) = lim—=—— f+D=fx) (h=1) : P ]
: T : : - wt 1 ]
> The first derivative is approximated by using the - o 1 1.
kernel [-1, 0, 1] - : ¥/ ndf 14474 7
u . Constant 6556+ 1.93 7 4
i i i . C M 130.1£0.3 3
> The kernel is convoluted with the histogram: E Soma 50004 orre 1
response; = —1 X bin;_; + 0 X bin; + 1 X bin; 4 e w w0 e

~t
X, energy response spectrum
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Toy MC for the Filter Edge Extraction

> To estimate the statistical precision of the edge extraction — toy MC

> 10000 %,* and %,° energy spectra have been produced \ ol
> The FDOG filter was then applied 10000 times

> Example: for the ¥,* case:

%2 ! ndf 51.03/48 x2 I ndf 36.27 /13
(7)) Constant 327.8+ 4.4 8 f ' R:Aonstant 9?; _; ; :g_g
GCJ Mean 79.86+0.00 - Sigma 0.6587 + 0.0083
€ 300 sigma  0.1743:00019 < 800 [ N
() ] o i i
H i | +H L i
200 ] 0F E
_ : 400 | -
100 |- . [ ]
i 1 200 - ]
0 . A | . L L L | L L L L | 0 _I . | ! ! | L L h L |
79.5 80 80.5 126 128 130 132
(low edge) Energy [GeV] (high edge) Energy [GeV]

@ -
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Testing the FDOG Filter

> There are two important filter characteristics that must be optimised:

FDOGFilter

Entries 31

the binsize —

0.02

the filter size \

It is crucial to strike the right balance

between the two: 0.1

» If the bin size is too small — the filter
picks up a lot of statistical 0.02
fluctuations

» If the filter size is too large — the
edge position cannot be localised
anymore

Mean -9.456e+16

RMS 9.456e+16

-10 -5 0 5 10 15

»
-1

o

A toy MC study has been performed to optimise the filter and bin size.
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Issues of the ,,Endpoint Method*

FCN=59.9958 FROM MIGRAD STATUS=CONVERGED 813 CALLS 815 TOTAL

EDM=2.74963e-05 STRATEGY=1 ERROR MATRIX UNCERTAINTY 1. 5per cent
EXT PARAMETER PARABOLIC ~ MINOS ERRORS p T
NO. NAME VALUE ERROR NEGATIVE POSITIVE %200 — oo o0
1 p0 7.25426e+01 2.24546e+01 * yroe oo ]
2 pl 2.13268e+01 1.04688e+01 150
3 p2 0.00000e+00 fixed
4 p3  -1.06699e+00 2.46836e-01 -
5 p4 9.12861e+01 6.03729¢-01 ;
6 p5 1.46148e+02 4.78189e+00 i
7 p6 3.49626e-01 1.53170e+00 50
8 p7 8.51573e+00 2.24546e+00 [ ;
9 p8 3.41940e-01 1.25555e+00 5Ly gz
10 p9 9.12000e+01 fixed T

Sim. Edge W,,, [GeV] Edge W,;,,[GeV] Edge Z,,,[GeV] Edge Z,,,[GeV]
DBD 79.5£0.5 130.2+1.1 91.3+0.6 146.1+4.8
LOI 79.7+0.3 131.9+0.9 91.0+0.7 133.6+0.5

The fitting method appears to be highly dependent on small changes in the fitted
distribution = it is clearly NOT appropriate for a comparing the simulation and
reconstruction performance.

We need to apply a different edge extraction method!
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3.2. ¥,*and ¥, Cross Section Measurement

3.2.2. 2D dijet mass fit

Distribution for SM + all signal Example: DBD sample sm
110

dijet mass [GeV]
o
Lan]

I
Subtract SI\/I/

70

0
60 70 80 90 100 110
dijet mass [GeV]

60 70 80 90 100 110
dijet mass [GeV]

¥, template that will be fit

dijet mass[GeV]
dijet mass[GeV]

0
60 70 80 90 100 110 ) ) . ! 60 70 80 90 100 110
dijet mass [GeV] al Meeting of the Helmholtz Alliance "Physit dijet mass[GeV]




Introduction — Particle Flow

Different implementations of PandoraPFA (LOI & DBD)
Gaugino Pair Production as Physics Study Case
Analysis Strategy

Treating the yy Background

Mass Measurement Comparison

N o O bk~ WD PE

Conclusions & Outlook
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