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Introduction

— used Marlin Reco TauFinder processor on 7/ signal sample
— https://github.com/iLCSoft/MarlinReco/tree/
master/Analysis/TauFinder

— documentation:
— https://github.com/iLCSoft/MarlinReco/blob/
master/doc/TauFinder/TauFinderLCDNote.pdf

Processor designed specifically for WW in 3 TeV environment at
CLIC

@ documentation uses low statistics samples
@ could be useful for 500 GeV ILD

)
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Introduction

Basic operating

cuts used:

registerProcessorParameter

registerProcessorParameter (

registerProcessorParameter (

registerProcessorParameter (

registerProcessorParameter (

registerProcessorParameter (

registerProcessorParameter (

string("signal.root") ) ;

"pt_cut" ,
“Cut on pt to suppress background”

"cosT_cut™ ,

“Cut on cosT to suppress background”
_cosTeut ,
(float)e.99) ;

“searchConeAngle" ,
"Opening angle of the search cone for tau jet in rad"
_coneAngle ,

(float)e.os) ;

"isolationConeAngle” ,

"Outer iselation cene areund search cone of tau jet in rad (relativ to cone angle)"
_iseAngle ,

(float)e.02) ;

"isolationEnergy" ,
"Energy allowed within isolation cene region"
_iseE ,

(float)5.0) ;

"ptseed” ,

“"Minimun tranverse momentum of tau seed”
_ptseed ,

(float)5.0) ;

"invariant_mass" ,

“"Upper limit on invariant mass of tau candidate" ,

_minv ,

(float)2.0) ; 3
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Number of T jets per event

ntau
Entries 10579
Mean 1726
StdDev 08947

5000

@ a 7 jet is found for nearly
event (w/o acceptance cuts)

4000

3000

@ 7 jet candidates are found
for both 7 and p channels

2000

1000
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7 Finding Performance

TauFinder Processor basic performance

— Inclusive I e hlp h3p Other

True 7's 5073 892 962 2445 767 7

cosf < 0.995 4690 842 895 2235 711 7

1 < 100 mrad 4001 759 779 1845 616 2

€ 0.853 + 0.901 + 0.870 + 0.826 + 0.867 + 0.29+0.17
0.005 0.010 0.011 0.008 0.012

cos < 0.995 - visible MC fermions fall within detectable
range

7 < 100 mrad - event has at least 1 measured T within
100 mrad of true 7

(# of measured T that pass acceptance+MCTag)
(# of true T that pass acceptance)
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Can assess the quality of the MC tagged 7 jets by looking at how
much overlay is picked up and basic mass distributions per channel

T Mass1 T HassiGeV Overlay Pfos In the T Jet of true T Events
C Entries 759 E En[ril.NPfOS(1001
s R [ 0 R o
E 10°
400 :;: E
300; 107?
zoa1 10;—
100 ;
il 1?‘\\\‘\\\\‘\\\\‘\\\\‘\\\\‘ \\\\\\\\ |
0 0.5 0 0.5 1 15 2 25 NPl
— each decay channel clearly — almost no overlay is present in
represented in terms of masses tau cones
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harge quality

— Inclusive

" e hlp h3p
Selected T charge € 0.9517 =+ 0.9960 =+ 0.972 + 0.947 + 0.851 +
0.003 0.0023 0.006 0.005 0.014

Track Multiplicity of T candidates in true T events
Reconstructed Charge of T candidates in true T events E=s0Cev.e & WW aqty
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Muon finding performance

“
True us 5506
|cosf| < 0.995 5051 . -
% < 0.1 2875 Overlay Pfos in a T Jet in True p Events
. ‘muOLpfo
€ 0.965 + 0.003 E Entries 875
. L M 0.004513
T Jet Mass in True p Events F S‘Za;ev 0.06703
mumass N
3000— Entries. 4875
C Mean 0.1469
r StdDev 01775 10° =
ZSDﬂj E
2000 [
£ 10° =
1500(— E
1000~ [
F P P B I IR R P B
C 05 0 05 1 15 2 25 3 35
500: L N Pfos
o i T U U PN NP R R
02 04 06 08 1 12 14 16 18

GeV



7 charge quality from true u

[ Selected 1 charge e [ 0.9959 & 0.0010 |

Reconstructed Charge of 1 candidates in true p events Track Multiplicity of T candidates in true p events
recMuQ mutrks
F Entries 4875 F Entries 875
— — Mean  -0.002667 r Mean 1.007
Std Dev. 1.003 |- Std Dev. 09898
10° =
10°
10
P P S E B N AR B = I B B R FU TN DR P ST N
-4 3 -2 -1 0 1 3 4 05 0 05 1 15 2 25 3 35 45
Charge N Tracks



unmatched 7 — true 7 case

Main issue becomes how to choose the correct T for events with

> 17 jets

— Here are Mass and energy distributions of 7 jets not matched to

true lepton

Unmatched 1 Mass in true T events

Unmatched t Energy in true T events

badTaumassO badTauEO

= Entries 3398 400[— Entries 3398

1000— Mean 0.6266 C Mean 38.08

r StdDev_ 05494 3501 €=500CeV: e & - W W ~qqlv Std Dev 41.06

C T Mass0;GeV C T Energy0;GeV.

[ Entries 4001 E Unmatched T Entries 4001

800— Mean 05951 300 Mean 82.86

C Matched Std Dev__ 0.5002 C Matched © Std Dev 46.5
L 250F
600— E
C 200
400— 1501
L 100
200 E
iﬂ 50

% TT26 73080 80 100 120 140 160 180 200
Gev _
Junk 7 tend to have similar mass Distinct low energy signature for

with the matched candidate

unmatched 7
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unmatched w/ overlay — true 7 case

Unmatched t Overlay Pfos in true T events

badTauOLpfo0
Entries 3398
Mean 0.003531
Std Dev 0.06409

— No overlay shows these additional taus
must be hadronic fragments

— Need to look at separation of tau and
10° external jet activity, could be the best way
to distinguish correct candidate

— 7 matching can be slightly improved by
using visible gen 7 decay products rather

T N N N R EE R S than the gen 7
0 05 1 15 2 25 3 35 4 45

NPfos

-

-
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unmatched 7 — true i case

unmatched T jet mass in true p events unmatched T jet energy in true p events
badmumass badmue
1200— Entries. 3975 450F Entries 3975
C Mean 0.6382 - Mean 37.74
C (E=500Gev: 6 ¢ - W W - qqly StdDev 05523 ooF (E=500Gevie € - W W - qqlv StdDev 4015
1000— mumass 4 E muE
r Unmatched Entries. 4875 E Unmatched p Entries 4875
r Mean 01493 3501 Mean 1341
a00 Matched 4 StdDev 0.1786 3oof Matched StdDev  47.76
600— E
00— f
200 E
ofndd s el ] Y ot
0.2 0.4 0.6 0.8 1 1.2 14 16 18 20 40 60 80 100 120 140 160 180 200
GeV _ Gev
Clear mass seperation above 1 More clear energy separation
GeV than true 7 case
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unmatched w/ overlay — true 1 case

unmatched t jet N Overlay Pfos in true p events

badmnnpfo

Entries 3975
Mean 0007296
StdDev  0.09082

1 case also rejects most overlay,
10’ where extra 7s are coming from
the hadronic jets




summary

@ TauFinder looks promising

@ need to try TauFinder on electron sample v/
— electron sample also has promising results, similar to 7
electron decay mode
@ need good selection variables for multi-tau candidate events X
— Avoid this problem by requiring exactly 1 reconstructed
tau jet in tau finder parameter optimization
@ need to explore/optimize tau finding variables e.g. cone-size
etc.
— Optimization in progress (finished within a day)
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TauFinder Optimization

o Currently optimizing 3 main TauFinder parameters
simultaneously

@ searchCone size [ 0, 150 |mrad, isolationCone size [0, 100]
mrad, isolationEnergy [0, 10] GeV

@ stepsizes for each are 10 mrad, 10 mrad, 1 GeV

@ also did a search cone size analysis of MC Tau decays, useful
if optimal parameter set contains a range of search cone sizes
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MC Tau Search Cone

o Default parameter of 50
Max Opening Angle of MC T visible daughters (>1 mc daughter)
mrad looks too small

@ Could get better tau
measurement with a much
wider cone

e Can background rejection/
efficiency be high with a

rﬁj HE‘J: wide cone?

L @ How much energy is lost by

only collecting particles
within 50mrad?

-
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MC Tau Search Cone

Visible Energy %

bins of 5% and 10 mrad, 7 — pvv
Visible Energy Fraction in MC Tau Cone

= 0ss0 0960 0967 0570 0974 0976 0979 0560 0S80 0982 0985 0986 0989 0930 0992

ConeEfract

StdDevy 02485

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Y [rad]

Visible Energy Fraction in MC Tau Cone

=
08—
06—
04— ConeEfracl_pix
B Entries 13472
8 Mean 0.075
r Meany 09197
0.2— StdDev  0.0461
r StdDevy 0.2414
O P U IR R R BRI
0 002 004 006 8 01 012 014
4 [rad]
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MC Tau Search Cone

bins of 5% and 10 mrad, 7 — evv

Visible Energy Fraction in MC Tau Cone Visible Energy Fraction in MC Tau Cone
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MC Tau Search Cone

bins of 5% and 10 mrad, 7 — hlp

Visible Energy Fraction in MC Tau Cone

Visible Energy Fraction in MC Tau Cone

O G5 6421 09 0522 040 0oio assT 0966 0976 0s7r oo oses oo aser T |L
EY = 11— S —
s L L —
2
w r = —
2 08— r
2 L 08—
> = | ——
06— o5l
04— 04—
- = ConeEfrac3_pix
- r Entries 35760
L coneEracs L Moan 0075
02— 02— Meany  0.8925
|- r Std Dev 0.0461
L Seny 02t L StdDevy 0.2678
r S N R A AP S R I
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0.14
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MC Tau Search Cone

bins of 5% and 10 mrad, 7 — h3p

Visible Energy Fraction in MC Tau Cone Visible Energy Fraction in MC Tau Cone
EE GE7] 666 0as osea 05z ooi2 osse osss oser 0so oo ogrs osyr os L o
B r [
@ [ -
w r ——
2 08~ 08—
5 r [
> r L
L —
06—~ 06—
0.4 0.4
B = coneEfrac4_pfx
[ coneEfraca r Entries 11376
I r Mean 0.075
02— 02— Meany  0.8825
N r Std Dev 0.0461
= L StdDevy 02734
N T S R I
0 0.14 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
W [rad] W [rad]
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MC Tau Search Cone

bins of 5% and 10 mrad, 7 — Inclusive

Visible Energy Fraction in MC Tau Cone Visible Energy Fraction in MC Tau Cone
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g I
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B Entries 75040
N Mean 0.075
r Meany 0.9004
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r Std Devy 0.2607
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TauFinder Optimization

optimize searchCone, isolationCone, isolationEnergy
use signal files for all 3 lepton channels u7e

optimize against background WW — qqqq

define optimization variables
— ¢s = N Signal Events w/ exactly 1 Tau Jet/ N Signal Events
— ¢, = N BG Events with > 1 Tau Jet / N Background Events

@ purity p = Ns/(Ns + Nb)
@ optimization points + plot (1 — €p) vs €5 and €g * p — On the
way, (need to fix 1 bug)



Post Optimization Goals

@ Once optimization is finished assess hadronic side of event (
all particles not part of the Tau Jet)

@ Produce IDR plot (Gen W mass - measured hadronic W mass)

@ do for all three signal lepton modes, and separate by quark
flavor
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