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?-fermion ete™ - ff event

cete™ = ff (f: charged lepton or quark)

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

If 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.
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Feynman diagram for fermion pair production
when new physics (Beyond the Standard Model:

BSM) is included.

2 lepton process 2 quark process



Conditions of the study
ILD full simulation (ilcsoft v02-00-01), /s = 500 GeV

Lepton channel (uu, 7z final states) Quark channel (quark final states(w/o t))
« Bhabha events to be done - Signal Events:

 Signal Events: e ete” - qg (Z* true mass=450 GeV)
e ete™ > [T~ <Z* true mass=450 GGV) ° Background Events

« Background Events: « 2-fermion background

« 2-fermion background
ete™ - I~ (Z* true mass<450 GeV)
other flavors

e 4-fermion background
leptonic events (mainly W/Z-derived)

« ete™ - qq (Z* true mass<450
GeV) other flavors
e 4-fermion background

 hadronic events (mainly W/Z-derived)
(mainly W/Z-derived)

 Polarization Luminosity
« e:+80% ,et: +30% 1600 fb—1 each



-valuation flow

Simulation
data
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Calculate y? values
& make y? plot
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Evaluate Z' mass
limit
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Jet clustering
to 2jets
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Opening angle
cut

Jmp

The number of eventin (e,
signal

/Cut on some )

parameters
(multivariate
analysis(BDT) for

\quark channel) Y.

.t

et)=(—80%,+30%)

prp

A

quark(u,d,s,c,b)

Original

781,215(100%)

776,143(100%)

6,183,923(100%)

After event selection

716,569( 92%)

559,438( 72%)

4,871,598( 78%)
efficiency in ()
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-valuation of Z' new physics search

For mu

| N th e case Of new p h yS | CS . For Pol(e'=-80%, &'=+39%), 1600 1" h

2f_z BG: 21776 events Entries

P4i_BG: 50082 events

22222

. angular distributions deviate due to the
interference with Z'.

These angular distributions will now be
compared with various Z' models to

evaluate the performance of the new T e
physics search in the ILC at energy of  ~ R e e
500 GeV. 1

« For quark events, flavour tagging is made
and then Charge Identification is
performed.




Procedures for evaluating each model search

« The accuracy (60;/0;(SM)) of the i-th bin of the angular distribution is evaluated as

S;: the number of

60_1' _ 1/51' + Ni
o;(SM) S;
\

N;: the number of ba

2 In this evaluation,
2
> + Usyst

systematic errors = <

signal events

ckground events' each bin.

(0.001 for 117

0.002 for TT

0.002 for bb are assumed.(preliminary)
0.002 for cc

0.002 for qq(uds)

« The deviation of the differential cross section predicted by the standard model and
each model for this i-th bin (§0;(BSM)/0;(SM)) is determined, and from

50'1(BSM) 60',: ?
x*(BSM) =Z{( 5. M) /ai(SM)) }

the y? is obtained.



Log10( Prob(y2,ndf) )

Log10( Prob(y2,ndf) )

Deviation on angular
distribution & mass limit

Deviation on angular distribution 8g
Vertical Axis: Deviation of SM and BSM

horizontal axis: cos @
line: BSM effect

error bars: error on each bin
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b-sigma

Mass limit for each 5 channel (preliminary)

2-sigma

SSM ALR ¥ ") n

u 5.4TeV | 73TeV | 53TeV | 28TeV | 3.1TeV

. 48TeV | 64TeV | 47TeV | 24Tev | 2.7TeV

b 59TeV | 27TeV | 39TeV | 27Tev | 2.1TeV

c 38TeV | 37TeV | 20TeV | 1.9TeV | 2.0TeV

qu,d,s) | 40TeV | 41TeV | 20TeV | 20TeV | 2.2TeV
SSM ALR ¥ ") n

P 88TeV | 11.8TeV | 85TeV | 44TeV | 4.9TeV

. 77TeV | 104TeV | 75TeV | 39TeV | 4.4TeV

b 0.4TeV | 43TeV | 62TeV | 42TeV | 3.4TeV

c 62TeV | 59TeV | 3.1TeV | 3.0TeV | 3.2TeV

gu,d,s) | 65TeV | 6.6TeV | 32TeV | 32TeV | 3.6TeV




Mass limit for 5 channel combined (preliminary)
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10.0 TeV

b.8 TeV

6.1 TeV



Summary

| performed the calculation for the mass limit when combining uu, Tz, bb,
cc, and qq(uds) events.

 An evaluation was conducted for five models, and when combining all
event, it ranged from 3.6-8.4 TeV at 5 sigma and 5.8-13.6 TeV at 2 sigma
(these results are not yet final).

« However, the systematic error setting is still insufficient and needs to be
reexamined.

* Also, | 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/0 PFA : 50 — 60%/+/E(GeV)

y/mm

500 %

-500

-1000
500

10

rmSQO/Ejet [0/0]

1000 [

1000 1500 2000 2500
x/mm

— Particle Flow (ILD+PandoraPFA) ]|
I Particle Flow (confusion term)
AN Calorimeter Only (ILD) o

5 50 % /\E(GeV) © 3.0 %

100 200 300 400 500
Ejet/GeV
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ILC Software work

ILCS

Icio

Event Generation

)

stdhep, Icio ‘ Generated ’

flow

whizard, physsim, pythia, ...

6t

‘Qeconstructed H DSTMerged ’

v \
Detector Simulation |  DD4Sim
. v Geant4
Icio ‘ Simulated ’
‘l’ : Marlin
Event reconstruction
PandoraPFA
| ] Tracking

LCFIPIlus

54

A 4

User Analysis

Delphes

Marlin, Root, Python, ....

SGV

13



Role of LCIO : persistency and data model

LCIO - persistency/data model

.

/_

p
//:i X (e -
i Recon- Analysis
Generator . struction
\ | .
\ \ m \ Marlin - framework
k"\ J y MarlinUtiIicED, Mar!inReco,.../

L Tr 17
DD4Hep geometry description
LCCD - conditions data




Data Model |

RawCalorimeter
SimCalorimeterHit Hit

|
’ i Particle
MCParticle *

SimTrackerHit
® TrackerHit

Monte Carlo

by Frank Gaede, DESY 15



2-fermion ete™ — ffevent

« ete” > ff:

« 7= by 7 RfF— (GHU) ETIL T, by ZRKFIET —PRT ¥ ¥ v LORFRITHS D
—ETHY . INIEFSXRTICHEITEZ 7O/ 7-K—L (AB) 1 (8y) OEEE L TERENFTT,
ILCICBEWT GHU ET LI NEZRAZ &N TEE %2228 TE S,

e Fo. BMIREINT-FYMEZERELE LT, WIMP(weakly-interacting massive particle) IZ & %
ete” > ffOINZE—RIICHARNDFENH 5,

« INEFTHEILTERL2 7 LIF VHIRREDBIE (ete™ - ff ) IZ. WIMP(y) ZEBAL Z >
XX = ZDIN—THEATEAT V7L ZIRET DL, BETEENZEH->TL B, TZOFEETHD
FTHIEZWIMP DXV PEEICL>TER Y., WIMP EFLOFEMICIZHKTE L AL,

pt
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Previous results

emuAaA RNk Etaud RNy FDIFEOZFTYIBIRR DO MO IER
Evaluation of Z' new physics search by mu & tau event
Zmodel | SSM | AR | oy g
5-sigma | 4.7 TeV | 6.4 TeV | 4.6 TeV | 2.4 TeV | 2.7 TeV
h-sigma = discovery reach
Zmodel | SSM | AR | P | P | 7
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: L & A

BDRIRIVE—250 GeVDILC Dete” =44~ DBEIET 30 LLEDTNT
RERIEER Z' DBED LR, Fv URIVZEENMUTEED LN TNBESE. EIMNEID
FRROEZRAVNTVNS, CNIE 2 OEN 1 OFE bin EHIEZ DEEENENDZHT

HBo
7' model / b c l+b | L+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 2.9 TeV | 2.4 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

18



T FIA N RDTESK

FIUARY N T —RAEBEICEOWTY I FILERY T
S I\ /\EIJ

TAVRYVYRAT T T LDIYESE I
’*’*Eth\é WiGE, Z¥E T 5T H3EVWHTL WK F, F
gf’é T/ hE <) £9,
I AEETE T AR Z7*13500 GeV (ISR ZF Do shE %

)&ﬁméﬂfméwf BEWZ*DEENEFNTL
 BERIIATT-BAHIF T AL D EIXEL B,

TGN G\}
I\II\I* )n]]?
il

6\\

NI DU+ \II\
Ry 8‘

\1 l

~

o
N

o
O

¢ LT T BBEDAXRNY b NNy o777 8E L TR



H =T =TT T

=S5y FEOAEIZIZIZIS0E
—180E HirD A4 N /r . V7 FI Q7 zIIFY) ARVEEEZOND

For Pol(e'=-80%, 9+=+3(2):/o), 1600 fb™!

107 _z_signal: 769527 events [ htemp
2f_z_BG: 3427031 events Eﬂ:}tg:s 1003355
108 P4i_BG: 7024999 events Std Dev 0 0_05'914
=
n H
R 10° =
o8 = s war T =
a4 5
costangl)
10
10°
102
10
1 | P | | Ly | |
1 0.99 0.98 0.97 0.96 0.95 0.94 0.93 0.92 -0.91 -0.9 20
cos(angle)



Input parameter 1

Single Jet mass

y value

Isolated leptons
top: NumberOfElements
bottom: Energy of isolated leptons

For Pol(e'=-80%, e"'=+30%), 1600 fb™

1000 22 o 2f_z_signal: 5 _ htemp
2f z BG: 1383944 events S’:g:s 3557;33;
P4f_h_BG: 7948208 events Std Dev 39.08
P4f_sl_BG: 1687776 events
| P T R
150 200 250 300
) For Pol(e'=-80%, e"'=+30%), 1600 fb™!
1000 10 2f z_signal: 5495818 events htemp
E 2f z BG: 1385158 events s‘nmés 3527,21:]71
900 . ean X
E P4f_h_BG: 7948169 events Std Dev 19.42
800 — Paf_sl_BG: 1686197 events
700 f—
600 E—
500 =
400 —
300
200
100 |5
L T ! o by b ey
4] 50 100 150 200 250 300

E—
For Pol(e =-80%, & =+30%), 1600 fb”'

1000 22 ¢ 2f_z_signal: 54! — hiemp
F 2f z BG: 1386103 events Eﬂmﬂes 3527331
900 == Paf_h_BG: 7948227 events | g pay oiacs
800 P4f_sl_BG: 1688533 events
700 E—
600
500
400 —
00—
200 —
100
L 1 L L
-8 =7 6 5 ) 3 2 = 0
log10(y23)
. For Pol(e'=-80%, 8"=+30%), 1600 fo"
1000 212 21 7 signal: 5495818 eventy __ htemp
E 2t_z_BG: 1386083 events ﬁnt"es 3537235
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800 E P4f_sl_BG: 1688529 events
700 =
500 =
500 =
200
300 —
200 —
100 E—
E. . ! L L
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[ T 4 -1

10 N 2f_z_signal: htemp

2f_z_BG: 1386103 events Emfies 033:2?;
ean X

- Paf_h_BG: 7948226 events Std Dev 0.1389
P4f_s|_BG: 1688533 events

10°  —
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For Pol(e'=-80%, &*=+30%), 1600 fb’'

htemp

107 g 2f_z_signal: 5495817 t

2f z_BG: 1386103 events
P4f_h_BG: 7948226 events
P4f_s|_BG: 1688533 events

Entries
Mean

Std Dev

357037
0.717
7112




Input parameter 7

Missing momentum (2jet)

Costheta (jet)

Visible energy(2 jet)

For Pol(e'=-80%, &'=+30%), 1600 fb"

1000 212 2f z_signal: 5495818 eventd _ hlemp
E 2f_z_BG: 1386103 events hEAgt:gs 35175032
900 — . .
= P4i_h_BG: 7948227 events Sid Dev 17.63
800 — P4i_s|_BG: 1688533 events
700 f—
600 f—
500 F
400 [
200 fE—
100 :
=T L M B P R
1] 50 100 150 200 . 250
missmomxy
N For Pol(e'=-80%, e'=+30%), 1600 fb!
1000 £10 2f z_signal: 54 ___htemp
E 2f z_BG: 1386103 events 'lamﬂes 35178031
= . ean .
= Pai_h_BG: 7948227 events | gy Do, o
800 — P4t_s|_BG: 1688533 events
700 ;
600 —
500 =~
Er—— I R
1] 50 100 150 200 250

missmomz

Missing momentum (z)

For Pol(e'=-80%, e'=+30%), 1600 o
2 ignal:

htemp - + -1
107 = - For Pol(e'=-80%, e'=+30%), 1600 fb
2f z BG: 1386103 events | Entries 357037 10 ( ’ of z)’ ianal: htemp
Mean -0.0002011 1000 = == Bt
1 P4f_h_BG: 7948227 events | g4 noy 0.6185 = 2 z BG: 1386103 events Mnmes 357222
Paf_sl_BG: 1688533 events 900 — Paf_h_BG: 7948227 events S;Zag ov 40.57
= Paf_sl_BG: 1688533 events
800 — S
700 [
600 E—
500
400 E—
300—
200 F—
100 -
E. ey ! | -
cos1 0 100 200 300 400 500 6
Emu_mEmu_p
For Pol(e'=-80%, "=+30%), 1600 fo’' P gy
107 2f z_signal: 5495818 event; htemp
2f z BG: 1386103 events ,lamfies 5 ?ggmg;
ean . e
P4t_h_BG: 7948227 events . .
1o Paf_s|_BG: 1688533 events — o0 0.8053 For Pol(e'=-80%, &'=+30%}), 1600 fo"
T 107 2f z_si : ] htemp
2f z BG: 1386103 events 5"‘"95 357?337;
ean K
P4f_h_BG: 7948227 events Std Dev 12.06

cos2

Costheta_2nd

P4i_sl_BG: 1688533 events

600
Eph
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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
ci 260,296 834,452 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




Charge |ID: Method for measuring jet charge

For reconstructed 2-jet events of quarks, we want
to determine which one is g and which one is g.
— |t's necessary to cross-reference the simulation
data with the charge of particles within the jet to
match them up.

b or bbar?

4

| | NOD—
| | perturbative
: : QCD 7, 7, K Z’
Hard process | Perturbative | B
| QCD B
: “;?4-_\:1' B — S
| ) ——3 B hadron
: .y "”ﬁmﬁ:ﬂ | 2 = decay
St b |~ 1 —
N g Pl = T
20 Tw' T —
D I ‘{3’\‘3—3—,_ ml '; . —
| NN 2 ——
| Gy —
| N —
| I >
vertex charge K* charge
Vtx-method K-method

il P/ il Method for
measuring jet charge
" Secondary vertex Target charge
T i
reference.

the charge of the
vertex, defined as the
sum of the charges of
all tracks in the
secondary vertices in
the jet.

the sum of all the
identified K*
reconstructed in
secondary vertices
inside the jet.

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

“Experimental methods and prospects on the measurement of electroweak b and c-quark

observables at the ILC operating at 250 GeV”
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Charge |ID: Method for measuring jet charge

— 10 IIIIIIII IIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIII!L-Q — 40 IIIIIIIIIIIIIIIIIIIIIIIII IIIIIIII IIIIIIIIII!EQ s For CE
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This time, rather than evaluating whether charge ID could be done on an

event-by-event basis, we used the efficiency from previous research.
reference.
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~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 cosf and is calculated, including the feasibility of Charge ID.

For bb(The same applies for the ¢¢):

#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 (+r10hh) w/o eventcut # of nredicted total X (1 — Charge ID efficiency)

ef ficiency_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

cosé

0.9

\_/

-0.9

cosf

0.9

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

costheta<0. 28
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