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?-fermion ete™ - ff event

cete™ = ff (f represents a charged lepton or quark)

The production of fermion pairs is sensitive to heavy gauge
bosons (Z').

1T there are interactions mediated by Z’, the total cross section
and differential cross section will deviate from the predictions
of the Standard Model.

—|nterference terms with Z and y, and Z' can be observed.

€+ 6+ q_ . F gt i)
AN M x
: i : 7' f
/— e q
2 lepton process 2 quark process Feynman diagram for fermion pair production

when new physics (Beyond the Standard Model:
BSM) is included.



Result of event selection for (e-.e+)=(-80% +30%)

+ Opening angle: cos(angle) < —0.95
For mu

eptonic channel (mu, tau ]
efficiency in
p 7 Mu Event 2f signal 2t BG 4f BG

Original 781,215(100.00%) | 4,249,717(100.00%) | 10,089,6856(100.00%)
Opening angle 758,658( 97.11%) | 1,061,907( 24.99%) | 1,729,938( 17.15%)
Energy 716,569( 91.72%) 21,776( 0.51%) 50,082( 0.50%)

» u &1 event selection with the ILD 500 GeV full simulation. + Opening angle: cos(angle) < —0.95
. ) . For tau + Energy: Energy < 340 GeV
¢ Slgnal Event: 2f_Z_|epton|C (mu or tau) (mass 2450 Gev)  Impact parameter: DO significance = [2.0]  efficiency in ()
. Background Event: Tau Event 2f signal 2f BG 4f BG
—

, . Original | 776,143(100.00%) | 4,254,790(100.00%) | 10,089,686(100.00%)
2f_Z_|ept0nIC (Slgna| mass <450 GeV) b 0f Background Opening angle | 716,014( 92.25%) | 1,089,292( 25.60%) | 1,738,437( 17.23%)
2f Z leptonic (If sig is mu then tau, if tau then mu.) Energy | 681247( 87.77%) | 206,578( 4.86%)| 1,234,383( 12.23%)

) - Impact parameter |  550,438( 72.08%) | 121,159( 2.85%)| 177,527( 1.74%) '
4f WW_leptonic
4f ZZ leptonic For mu

For Pol(¢'«-B0%, &'=i30%)

1600 fo' For Pol(g =+80%, &' =-30%), 1600 fo'!
gral: 715550 euan: 12 si

4f singleZee leptonic

L

\

4f singleZsingleWMix_leptonic b 4f Background
4f ZZWWMix_leptonic
4f singleW_leptonic

Af_singleZnunu_leptonic For tau ereewsni,
— 5=
» Polarization Luminosity e————

3

* e :+80%,e": £30% 1600 fb~1 each <
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For mu

Probability .
) Probability: Z'
7 Gom T e s00aev e jesocay SSM: Sequential Standard Model 1
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= = Z'model | SSM | ALR | X | ) | 7
- 2T E ]
B ST o 5 S 5-sigma | 631TeV | 845TeV | 615TeV | 3.21TeV | 3.57TeV
5-sigma discovery reach
For tau Z'model | SSM | ALR | X | " | 7
2-sigma | 9.97TeV | 1334Tev | 980Tev | 503TeV | 561TeV
Ezh;f;::;ev fo=500Gey 1 1 _ Z;(:;:Lev fs=5000eV 1 SSM: Sequential Standard Model 2-sigma = 95% CL lower limit
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-vents used in this analysis

Quark events generated at 500GeV using ILD full
simulation (v02-00-01) ot

 Signhal Events:
e ete” - qq (Z* true mass=450 GeV)

« Background Events:
« 2-fermion background
ete™ = qq (Z* true mass<450 GeV)
e 4-fermion background
hadronic events (mainly W/Z-derived)
semileptonic events (mainly W/Z-derived)

« Polarization Luminosity
e e :F80%,et: £30% 1600 b~ each



Process

Event data

-vent Se\echon

F

Simulation data
|

Lepton ID (Isoleptagging) ]

Isolated Photon Finder ]

|solated leptons

[ Boosted Decision Tree

Training

|

Durham jet clustering
2min(Ey, F2)?(1 — cos ;)
’y —

2

¥

Isolated photon others Assemble in order of

A

decreasing y
Jet clustering (to 2 jets)

Input parameters

Number of Elements « Energy

Energy

Jet mass
Visible Energy (2 jet)

y values (y23, y34) —
costheta
Missing momentum (xy & z)

. 4

Event Selection 9




TMVA overtraining check for classifier: BDT

>
n n ﬂ
D[ training -
o
Input parameters <
>
Isolated leptons 2 jets
Number of Elements Jet mass

Energy

Isolated photon

Energy

Visible Energy(2 jet)

y value(y23, y34)

costheta

Missing momentum (xy & z)

Conditions for remaining events

 Back-to-Back:

e BDTscore = 0.0

» cos(op_angle) < —0.95

event selection result

signal

2f BKG

77 'signal (test sample) ' |

@ Background (test sample)

« Signal (trdining sample)

= Background (training sample

-Kolmogorov-Smirnov test: signal (background) probability = 0.325 (0.226)

4f hadronic BKG

LIL1 IIII|IIII|IIII|IIII|IIII|IIII|III TTIIIl_

0.3

BDTscore

4f semileptonic BKG

No cut 6,183,923 (100%) 25,197,014 (100%)

13,832,211 (100%)

19,630,562 (100%)

cut 4,871,598 (78%) 502,037 (2%)

856,414 (6%)

95,682 (0.6%)

10

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%



quark Tlavor tagging

To evaluate the search for new physics, it is necessary to
determine the cross-section for each flavor.

To do this, flavor tagging is performed, dividing events into
b, ¢, q(u,d,s), and others.

predicted flavor

After event selection

q (u,d,s) C b others
q (u,d,s) 2,661,403 33,956 30,337 34, 311
cl 266,296 834,452 39,949 10,348
b 13,535 21,423 705,974 5,104

Flavor tagging is applied to the two reconstructed jets.

- If the flavors of both jets match, that event is classified as the tagged quark.
« Events that do not match are classified as the quark with the higher score.

« Events where the tagging fails for both jets are classified as 'others'.

true flavor




~

~valuation of
the discrimination performance of Z’

« Accuracy of the i-th bin of the cos@ distribution at ILC (§g;/0;(SM))
(It was divided into two bins: forward and backward).

2
O0: /S. + N S;: the number of signal events . i
A : : + O stz N;: the number of background events' each bin.
o (SM) Si y In this evaluation, systematic errors of 0.0 for b and 0.0 for ¢ are assumed.
\

« The deviation of the differential cross-section between the Standard
Mode| and each model for the i-th bin (§6;(BSM)/0;(SM)) is calculated

and y? is obtained.

50;,(BSM) &g, \°
1" (BSM) ZZ{( 5, (SM) /Gl-(SM)> }




“fficiency(cos@)

« The number of signal events S; for each bb and c¢ events is
S; = cross section X luminocity X ef ficiecny

Efficiency depends on cos@ and is calculated, including the feasibility of Charge ID.

For bb(The same applies for the c¢):
#of (true bE) w/ eventcut # of predicted bb
# of (true bb) w/o eventcut # of predicted total

For events that were not identified by Charge ID, use the following equation for efficiency relative to the total
cross section.

ef ficiency_angle = X Charge ID ef ficiency

# of (true bb)w/ eventcut # of predicted bb

# nf (+r10 hh) w/o eventcut # of nredicted total X (1 - Charge ID ef ficiency)

efficiency_noChargelD =

In cases where Charge In cases where Charge

ID was not achieved, the
total cross section for
each polarization was
used.

S

-0.9

cos@

0.9

\_/

-0.9

cosf

0.9

ID was achieved,
evaluations were made
separately for
costheta>0 and

costheta<O. 15



For b

Since the costheta distribution is taken in absolute values (0 to 1),
This plot is also calculated only in the range of 0 to 1
For example, if costheta of plot = 0.9, the average of “0.9 and -0.9 results” is

used.

0.03 e
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FOI’ cC Since the costheta distribution is taken in absolute values (0 to 1),
This plot is also calculated only in the range of 0 to 1
For example, if costheta=0.9, the average of the 0.9 and -0.9 results is used.

b z(ssm)  Vs=500GeY | S T ezs00Gey ]
002f-  Mz=5000GeV . 1600fb" 4 —— P m,=s000Gev 1600fb™
e (P(e), Pe) =(0.8+03) | ' = %L z (P(e), P(e")) = (-0.8,+03)
oorf- 1 g8 oor . SSM: Sequential Standard Model
b ALR : Alternative Left-Right symmetric

B B S e = T et
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Mass lir

. _Z' (SSM) /f

For bb + c¢
Z'model

Log! 0f Probiz= ndf) |

-} 1 1
£ mass [Gay]

Z (psi)

E &
F -
-
-

Log1 0 Probir=,ndf) |

I-ﬂ 2000 4000 G300 S300 12000 200014000 2000 L 00D

£ mass [Gay]

SSM

Log10{ Probiz= ndf] |

b
-

{2 (ota) o~

Log10{ Probir= ndf} |

| TV T T

15y Sam As6n AN BIDN 1 TG 20N 40051 RIS $DOZITINS

£ mass [GaV]

-
&
-

&

I-ﬂ 2000 3300 G300 3200130000 2000 4000 20081 2 0S8

£ mass [GaV]

ALR

it for bb, c¢ (preliminary)

,iz [ﬂﬂjf

2" (ehi)

E :

F &
E ]
-
-

o 1 1:
£ mass [GaV]

Log10{ Prabix? ndf) |

SSM: Sequential Standard Model

ALR : Alternative Left-Right symmetric
chi : Eg y model (B = 0)

psi : Eg Y model (B =m/2)

eta : Eg n model (f = m — arctan/5/3)

gma -> -6.52 (discovery reach)
gma ->-1.3 (95% CL lower limit)

X ) n

b-sigma

7.1 TeV

4.7 TeV

4.4 TeV 2.1 TeV 2.9 TeV

2-sigma

11.5 TeV

7.6 TeV

7.1 TeV 4.4 TeV 4.7 TeV "



Confirmation with toy MC el s

Sum of squared random values (Z' Model)

B — Z' Model
1400 —
B — Standard Model
1200 — —— Fit {Z Model)
il —— Fit {Standard Model)
1000 H
— Mean (Z" Model) = 40.565
800 ] Sigma (£' Model) = 11.080
i Log10{ Probability{40.565,6) ) is: -6.453
600 .
1 _,  cf. 5-sigma Log10{Prob) = -6.52
400{f-
200
U_I Ll .--': L1 1 |III | |I | | |II II|II 2 [ | | | |
0 10 20 30 40 50 60 70 80 90 100



L epton and hadron channels

For ppu + 171
Z'model SSM ALR X P n
b-sigma 6.31 TeV 8.45 TeV 6.15 TeV 3.21 TeV 3.07 TeV
5-sigma discovery reach
Z'model SSM ALR X P n
2-sigma 9.97 TeV | 13.34 TeV | 9.80 TeV 5.03 TeV 5.61 TeV
2-sigma = 95% CL lower limit
For bb + cC
Z'model SSM ALR X Y n
b-sigma 7.1 TeV 4.7 TeV 4.4 TeV 2.1 TeV 2.9 TeV
2-sigma 11.5 TeV 7.6 TeV 7.1 TeV 4.4 TeV 4.7 TeV
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Eff [%]

-ffect of charge ID for b/c

ILD-PHYS-PUB-2023-001, June 2023

We tried Adrian’s efficiency

ILD ILD : :
0: """" AR LR LR LARR LEAR LA AR A '3—9'40:""l""l""|""|""| """" IARRRS RARRN ARRR (|n 250 GeV qq) applymg to
oF . ER T R our sample to see the effect
E T oa — P,,=(-0.8,+0.3) 3 P e — P,,=(-0.8,+0.3) .
o E S : of charge ID
7_ fows - P,,=(+08-0.3) E 30 T fous - Pou=(+08-03) E .
g ] o5 F | E _ . .
3 E ; : Since the efficiency is low as
SE E 2F E ~4% (cc) and ~19% (bb),
‘P E 15F . significant improvements cannot
°F E T E be seen even if ignoring
2 mis-tagging effects.
1F "
T TN T T T T N e e e e = . "'Tﬁ]_'uﬁ' |||||||| i||||i|'|||i||||i||||i|'|||i||"r‘r; . . . .
00 01 02 03 04 05 06 07 08 09 1 00 0.1 0.2 03 04 05 06 07 08 09 1 We are still investigating
ee* —» cT |COS e| ee* - bb |COS el

how to incorporate
quark charge |ID to our studies.
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https://confluence.desy.de/download/attachments/42357928/ILD-PHYS-PUB-2023-001.pdf?version=1&modificationDate=1687327263784&api=v2

Bhabha sample

« We have requested high-g2 Bhabha sample with different
statistics on each angular region.

e Produced events have some issues =2 need to address

eRpL

of events

Mumber

Number of svents

Number of events for 1600 fb™

Entries
KMean

DEEGETT

ea) 0.9345
Sic Dev 0.07972
Number of events for 1600 fo™'
Entries 1398553
Mean -0.7631
Std Dev 0.3365
T
— e a
L | | | PR | | | L L
0.8 -0.6 0.4 0.2 o 02 0.4 0.6 [ X:]
sthet;

VENIS

MNumber of &

MNumber of events

Number of events for 1600 fb™'

Entries
Mean
Std Dev

998455
-0.83411
0.08787

eLpR

1399339
-0.7632
0.3362
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Summary

« We are evaluating the discovery potential of Z' at [LC
500GeV using bb and cc¢ events.

 An evaluation was conducted for five models, and when
combining bb and cc, it ranged from 2.7-7.1 TeV at b sigma
and 4.4-11.5 TeV at 2 sigma (these results are not yet
final).

« As the next step, we will also incorporate lepton pair
events and evaluate them interactively.






Particle Flow Algorithm (PFA)

A method to obtain hi%her jet energy resolution b¥ reconstructing
the particle trajectory for each type of particle in the jet.

Charged particles: Tracker
Photons: ECAL

Neutral hadrons : HCAL _ _
— To separate the deterioration of resolution for neutral hadrons

Resolution of a calorimeter for a single particle :

Perfect PFA: ~20%//E(GeV)
PandoraPFA : ~30%// E(GeV)
w/o PFA : 50 — 60%/+/E(GeV)

y/mm

500

-500

-1000 —+—
500

1 0 ! ‘.. L.
i, — Particle Flow (ILD+PandoraPFA) ]
"':'-, ---------- Particle Flow (confusion term)
RS Calorimeter Only (ILD) -

“i 50 % /\E(GeV) © 3.0 %

rm 590/ Ejet [0/0]

1000 [———

‘\r\ %y , o i
N 4 . .
L ,/1(//. L5 ey o

1000 1500 2000 2500
x/mm

100 200 300 400 500
Eje/GeV
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ILC Software work

Event Generation

i

stdhep, Icio ‘ Generated ’

flow

whizard, physsim, pythia, .

. v \
ILCS@ Detector Simulation | DD4Sim Delphes
. v Geant4
icio | Simulated |
‘l' Marlin
Event reconstruction
PandoraPFA
l, 1 Tracking
. LCFIPIlus
lcio

‘Qeconstructed ’ ‘ DSTMerged ’ ..... /

A 4

User Analysis

Marlin, Root, Python, ....

SGV

27



Role of LCIO : persistency and data model

LCIO - persistency/data model

g \
s
//’,
Generator
\
AN y,

(-

Recon-
struction

Marlin - framework
MarlinUtil, CED, MarlinReco,.../

17 1T
DD4Hep geometry description
LCCD - conditions data

Analysis




Data Model ||

RawCalorimeter
SimCalorimeterHit Hit

|
’ i Particle
MCParticle *

SimTrackerHit
® TrackerHit

Monte Carlo

by Frank Gaede, DESY 29



2-fermion ete™ — ffevent

« ete™ > ff:

e = bw I AE— (GHU) ETLLTIE, B v I RRFIZT —VRT VI v ILOREIRITTHRD D
—ETH Y. INIFERTICHEITEZ T/ B/ 7-K—L (AB) 18 (6y) OEEE L TRENFET,
ILCICBEWT GHU ET/ILOITNERBZENTESAh 2T HIELTE S,

e ¥/, BOREINIFYEZEREE LT, WIMP(weakly-interacting massive particle) 12 £ %
ete™ > ffOTNZ—WBICARD FENDH 5,

« INETEHNLTE/A2 7L IFVIREDBEIR (ete™ - ff ) 12, WIMP(y) #2BAL Z -
X2 ZDIN—THGATERAT 7L ZIRET DL, BEEBDEH->TL B, ZOFEETEHD
ITNIEWIMP DRV PEBEICLE>TERY ., WIMP 7 ILOFEMIC IX&RTE L ALy,

pt
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Previous results

emuAaA R hEtaud RNy FDFEDZ'FHYIBIEZRDSEMOFE R
Evaluation of Z' new physics search by mu & tau event
Zmodel | SSM | AR | Ly g
5-sigma | 4.7 TeV | 6.4 TeV | 4.6 TeV | 2.4 TeV | 2.7 TeV
Hh-sigma = discovery reach
Zmodel | SSM | ALR | X | P | n
2-sigma | 6.6 TeV | 8.8 TeV | 6.4 TeV | 3.3 TeV | 3.7 TeV

2-sigma = 95% CL lower limit



Previous results: 1L & A

BRRIRIF—250 GeVDILC D ete” = 74~ OBRIET 30 LLEDITNT
RERTEERR Z' DBED LR, Fv URIVEEIMLU TEED LENTRDESIE. BIIFID
FRROEZRAVNTVND, CNIE 2 OED 1 OFZE bin MHEZ DEEERENDZZHT

HBo
Z" model ¢ b & ) {+b+c
SSM 2.8 TeV | 4.5 TeV | 2.7 TeV | 4.5 TeV | 4.5 TeV
ALR 4.0 TeV | 2.9 TeV | 2.8 TeV | 4.0 TeV | 4.0 TeV
X 29 TeV | 24 TeV | 1.4 TeV | 2.9 TeV | 2.9 TeV
W 1.4 TeV | 2.1 TeV | 1.4 TeV | 2.1 TeV | 2.1 TeV
n 1.8 TeV | 2.3 TeV | 1.4 TeV | 2.3 TeV | 2.3 TeV
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5V v FMEDOAEIZIZIZI80E

—180E D A4 N /r . T FIL Q7 I FY) ARV EEZOND
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Input parameter 1

Single Jet mass

y value

Isolated leptons
top: NumberOfElements

bottom: Energy of isolated leptons
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Input parameter 7

Missing momentum (2jet)

Costheta (jet)

Visible energy(2 jet)
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K-method : charm quark
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K-method @ bottom quark
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