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Near future: The electron-ion collider (EIC) [FIC

CORPUSCULAR

P The only future collider that is 100% happening.
Approved in 2020.
Construction starts in ~2026.

Operation starts in ~2030.
P Characteristics:

Electron accelerator on top of the RHIC.

> Not going further than LHC: c.m.e. 20-140 GeV.
Electrons with between 5 and 18 GeV.
Protons up to 275 GeV.
Heavy ions up to 100 GeV per nucleon.

> Itis a DIS experiment to study QCD effects.

P Studying Higgs physics, top physics and BSM physics

will require a e-e* (or pp) collisions at higher energies! <+— Higgs factories
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Working on future colliders [FIC

INSTITUT DE FISICA
CORPUSCULAR

» Parallel working

Many people work in more than one project!
Current + Future colliders: ATLAS+FCC, CMS+CLIC, CMS+ILC, etc.
Several future colliders: ILC+HALHF, ILC+CLIC, FCC+Muon collider, etc.
Future colliders + Detector R&D: CLIC+AWAKE, ILC+ILD+DRD6 (my case!), etc.
» R&D
A dense work field itself that permeates all HEP.
Many of the technologies developed can be readapted for other experiments.
Examples of synergies: CLIC —» HL-LHC, ILC/CLIC - EIC, ILC - XFEL - (LUXE)
P Particle flow
Single particle ID in the detector, being explore in CMS nowadays.

Plays a central role in most future colliders.

J. P. Marquez - Student seminar



Particle flow

P Development of new Particle Flow Algorithms (PFA).
P Determination of single particles.

P Jet energy measurements improvement.

> Accounting for each particle contribution.
P Powerful PID tools.

> MANY applications
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The Higgs
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landscape




Higgs factories | high energy future colliders IFIC
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The Higgs factories [FIC

INSTITUT DE FISICA
CORPUSCULAR

P Physics goals: Higgs production (HZ, ttH, ZHH, Hwv), EW (W-W", Z), top (tt).
> Additional: Dedicated Z-pole runs. High energy reach (extra power for BSM)
P Options:
> Leptons vs hadrons: Cleaner environment for leptons (no PDFs, no QCD ISR, etc.).
>~ Pile-up for hadrons can get very bad.
>~ Lepton colliders could use particle flow in a optimal way.

> Linear vs circular: Synchrotron radiation sets the limit.

>~ Higher luminosities in circular colliders.

P Factors that impact the $$$ and feasibility of the projects: Synchroton radiation:

> Accelerator and detector technologies. : EA4

: : . : Fgg o< —— r turn, :
> Power consumption and environmental impact. : Hrad O ° g POT VUL

> Civil engineering: Tunneling is VERY expensive!
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The Higgs thresholds [FIC
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< [ e D> At 240-250 GeV:
o | .
T / He'e © ZH dominates.
® /
: fiH ZH P Above 500 GeV:
'E > Hvv dominates.
: HHv,v, _
o h . ° ttH opens up.
; ' Y - ZHH opens up.

10—2 | ] ] ] 1 1 I ] 1 I 1 ]
0 1000 2000 3000 . . .
-t
(s [GeV] This is for unpolarized ee
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No-Higgs energy thresholds (ILC reference)

Z-pole i
(91.2 GeV)

(350 GeV)
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Z-pole tt

This is polarized!
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Corporate needs {vou to find the differences
between this picture and this picture.

Tﬁefre the same picture.



FCC & CEPC

P Both are 100km in circumference MASSIVE.
P Energy points:
° e e'runs:
» Both: 91.2, 160, 240, and 365 GeV.

° P pruns:
» 75 TeV (CEPC) and 100 TeV (Both).

° P € runs: runs:
» Only FCC: upto 3.5 TeV.
P Some differences:

> China (CEPC) vs Europe (FCC).
> 2030 (CEPC) vs 2040 (FCC).

> FCC can integrate the LHC.
P Thing to consider:

> VERY expensive (construction and operation).

J. P. Marquez - Student seminar

just one more collider bro. i promise bro just
one more collider and we’ll find all the
particles bro. it’s just a bigger collider bro.
please just one more. one more collider and
we'll figure out dark matter bro. bro cmon
just give me 22 billion dollars and we’ll solve
physics i promise bro. bro bro please we
just need to build one more collider t

e d

‘Euture
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Muon collider [FIC

P Energy points:

70 pu—h Breit-Wigner
° (H-pole), 3, (6), and 10 TeV. gig ;";jj; oo
P Things to consider: 2 10
> Clean Initial State (lepton collider). ig
> Great Yukawa coupling (measuring a Higgs-pole is possible?). 12
> CERN project. e 1=

E-my (MeV)

> Incredibly high neutrino flux (uncontrolled radioactivity far from the collider?).

o

Stabilizing muons to this level seems very very hard.

103 r
z Muon Collide
= . M uon Coilider
o f Injector >10TeV CoM
g 10° 5 ~10km circumference ;
g ]
Q (U
2 1003 T | e i
] .
e T O TS #
° 1014 : Pl —-{IS =
i 4 GeV Target, wDecay pCooling  Low Energy  :
i Proton & pBunching Channel uAcceleration :

-2 . Source Channel ;
10 ' ' e oSN ol
/AC 102 103 10* ) _
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International Linear Collider (ILC) [FIC

CORPUSCULAR

P Energy points:
° e e*: (Z-pole), 250, 350, 500, and (1000) GeV.

P Things to consider:
> Polarization (x80% e-, £30% e*), could be extended up to 60% for e*.
> Reachable technology (RF cavities)... But kinda big (>20km).

> Long project: A lot of software development, R&D, and feasibility studies available!
Established as the baseline Higgs factory.

> Japan (+ Europe + EEUU + ...) But global politics are difficult.

Damping rings
Electron source —
Main linac (positron) \

> Power pulsing / Low consumption.

— Paositron source

Main linac (electron)

RTML
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Compact Linear Collider (CLIC) [FIC

CORPUSCULAR

P Energy points:

o

e e*: 380, 1500, and 3000 GeV.

I I | 472 klystrons, 20 MW, 48 pus

P Thin gs to consider: eive boam accolorator Drive beam complex

o]

o

o

2.0 km

Polarization (+80% e). oS

decelerators, 4 secto

High energy reach (great for BSM). /M‘Mﬂlﬂﬁm}m oy MMMM e

Not so good for Higgs study and EW. v

decelerators, each 878 m

Drive beam acceleration... Not yet ready. = woms yvsicte Main beam complex

TA  turnaround
DR  damping ring
PDR predamping ring

Compact (~ILC/2). s S
CERN project.

2.86 GeV 380 Gev
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Cool Copper Collider (C?3) [FIC
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P Energy points:

- ee': 250, (380), 500-550, (1000) GeV.
P New evolution of the ILC/CLIC concepts.
P Things to consider:

> Polarization like ILC or CLIC.

> High-performance cryogenic RF cavities

10GeV
/ BC2
f’ -
WI P ( Main Linac
245 GeV
/ Beam

5
3
\_/

> Very compact (~ILC/3). RTML ™~ Deivery WP =
°  Aims to be more economic than ILC/CLIC.
> Mostly an EEUU project. o o)
ou <~ Pre-Damping Ring

— 150m -

eV
Positron Source e 3

3
C J. P. Marquez - Student seminar




Hybrid Asymmetric Linear Half Factory (HALHF)IFIC

EF
CORPUSCULAR

P Energy points:

> e e*: 250, 350-380, 500 GeV. (maybe more)
P New evolution of the ILC/CLIC concepts.
P Things to consider:

> Polarization like ILC or CLIC.
> Mixed accelerator technologies: RF for e*. Plasma wakefield for e- (WIP).

° Very compact (ILC/6).

Facility length: ~3.3 km
, _ A - Turn-around loops
Positron Damping rings . (31 GeV a*/drivers)
SOUrce (3 GeV) Driver source, '
- AF linac (5 GeV) RF linac
(5-31 GaV a'ldrivars)

Interaction point
=250 GeV c.o.m.)

soumce

il -l i~
- -~ -

RF linac

Beam-dslivery system ; -

Bl epetar Positon trarster lins (500 Ge‘:' ;) Plasma-accelerator linac (5GeV e
with turn-around loop (31 GeV &) (16 stages, ~32 GaV per stage)
(31 GeV &) :‘

Seale: 500 m
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Studying gauge-
Higgs Unification
with heavy quark

production at ILC




Published in EPJ-C

P Paper recently published in EPJ-C! S

> DOI:
P Auxiliary and support studies:

> ILD note (2022)

» ILC250, b and c studies. (A. Irles, F. Richard, R.

Pdschl).
> Proceeding LCWS (2023)

» Optimization of flavor tagging, use of dNdx PID
and extension to 500 GeV. (J.P. Marquez)

> Proceeding EPS-HEP (2023)

>~ First phenomenology prospects. (J.P. Marquez)

J. P. Marquez - Student semina:
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Abstract The International Linear Collider (ILC) will
allow the precise study of e”e* —» g4 interactions at differ-
ent center-of-mass energies from the Z-pole to 1 TeV. In this
paper, we discuss the experimental prospects for measuring
differential observables in e et — bband e et — ¢ at
the ILC baseline energies, 250 and 500 GeV. The study is
based on full simulation and reconstruction of the Interna-
tional Large Detector (ILD) concept. Two gauge-Higgs unifi-
cation medels predicting new high-mass resonances beyond
the Standard Model are discussed. These models predict siz-
able deviations of the forward-backward observables at the
ILC running above the Z mass and with longitudinally polar-
ized electron and positron beams. The ability of the ILC
to probe these models via high-precision measurements of
the forward- y is di d. Alternati

scenarios at other energies and beam polarization schemes

| uncertainties

are also di d the
from the two baseline scenarios.

1 Introduction

The Standard Model (SM) is a successful theory, well-
established experimentally and theoretically. With the dis-
covery of the Higgs bosen [1,2], the structure of the SM
seems 1o be confirmed. However, the SM cannot explain
many of its scemingly arbitrary features. An example is
the striking mass hierarchy in the fermion sector. Moreover,
while the dynamics of the SM gauge bosons, the photon,

H. Yamamoto: On leave from Tohoku University, Sendai, Japan.

* c-mail: adrian irles@ific.uv.es (corresponding author)

Published online: 28 May 2024

W and Z bosons, and gluons are governed by the gauge
principle, the dynamics of the Higgs boson are different and
unique in the SM. The SM does not predict the strength of
the Higgs couplings of quarks and leptons, nor the Higgs
self-couplings. Large quantum corrections must be canceled
by fine-tuning the parameters to match the measured Higgs
boson mass. One possible solution to this issue, achieving
stabilization of the Higgs mass against quantum corrections,
appears when the Higgs boson is associated with the zeroth
mode of a di fi of i fthe SM
gauge group. These models are referred to as gauge-Higgs
unification (GHU) models.

The two most precise determinations of sin” B by the
LEP and SLC differ by 3.7 standard deviations, and neither
agrees with the SM prediction [3,4]. In particular, the LEP
value was extracted from the forward-backward asymmetry
measurement for b-quarks in LEP] data, and is nearly three
standard deviations away from the value predicted by the
SM. Clarifying this anomaly and exploring the possibility of
BSM physics motivates the study of quark pair production in
high energy e~ e* collisions at future colliders both at the Z
boson mass and higher energies. In the SM, these interactions
are mediated by the photon, Z boson, and their interference.
Some BSM theories predict deviations of these bosons’ cou-
plings or even sizable new contributions to these processes
from new mediators (such as heavy Z’ resonances). These
deviations would be accessible experimentally by perform-
ing high precision measurements of e~e* — gg observ-
ables at different center-of-mass energies (y/s). The work
presented here is based on the study of such processes at the
ILC.

In parallel to the exploitation of data from the Large
Hadron Collider (LHC), the high-energy accelerator-based

4 Springer



https://link.springer.com/article/10.1140/epjc/s10052-024-12918-z
https://inspirehep.net/literature/2669897
https://inspirehep.net/literature/2682331
https://inspirehep.net/literature/2714494

Gauge-Higgs Unification models

P Randall-Sundrum metric (5D).

P The symmetry breaking pattern is different than in the i%! ;— :'_ P '
SM and features the Hosotani mechanism: 1 95 //’ij
> Masses are generated dynamically from the extra- g Fﬂf U
dimension properties. T [ cosesting
T o
> Higgs boson appears like any other gauge boson. T [ & . &
P> Only one parameter, Hosotani’s angle (64), determines e o
the projection of the 5D fields, fixing all physical effects:

o

KK resonances of the Z/y with m~ 10-25 TeV.

[0}

Modifications and new EW couplings/helicity
amplitudes.

As Benchmark, we will use the [Funatsu, Hatanaka,
Hosotani, Orikasa, Yamatsu] models.

Jesus P. Marquez Hernandez | AITANA ANNUAL MEETING 2023/24
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Gauge-Higgs Unification Models (GHU) IFIC

P A models: (arxiv:1705.05282)
Al : HH = 00917, mrk = 8.81 TeV— mz1 = 7.19 TeV;
Ay :0g =0.0737, mgx = 10.3 TeV— mz1 = 8.52 TeV,
P B models: (arxiv:2309.01132) (arxiv:2301.07833)
BE: 05 =0.10, mxx = 13 TeV— mz = 10.2 TeV;

Bi: 0y =0.07,mgx = 19 TeV— mz = 14.9 TeV;
BF: 0 = 0.05, mxx = 25 TeV— my = 19.6 TeV;

Resonances of O(10) TeV: Only indirect measurements are possible!

This talk: Phenomenology at ILC H20-staged program.
* Runs at 91.2, 250, 500, 1000 GeV.
* Polarized e- and e* beams.
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GHU vs SM (250 GeV) IFIC

IS, = 250 GeV b-quark 4., - YN s . = 250 GeV
. - Ne+Ns
i i unpol. ! -
i M Pol:(-0.8+0.3) i M Pol:(-0.8.+0.3)
10—1 = Il Pol:(+0.8,-0.3) = 10—1 3 Il Pol:(+0.8-0.3) -
< 107 E < 10T E 3
x [0 . x [ - .
<< i < [ i
— 107 E 107 NE
o N 107 £ E
A, A, B B B, B, B; B; A, A, B B, B, B, B; B;
per mil
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Experimental
study with full
simulation




Heavy flavor production in e e* collisions

P We work with Ars for b and ¢ quarks.

> MC simulations at 250 and 500 GeV.
~International Linear Collider (ILC) run plan.

> Full simulation of the International Large Detector (ILD).

Particle flow
detector

P Topology: Two back-to-back jets.

P Procedure;

1 Background suppression — Selection of qq events.

2 Flavor tagging — Selection of bb & cc events.
~ Double tagging.

3 Charge measurement - Quark-Antiquark identification.
> Double charge.

High-purity & independent samples for each quark flavour.
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Jet flavor tagging & charge measurement [FIC

P Double tagging & double charge measurement methods. ( described in previous ILD Note 2306.11413 (2022) )

> To maximally reduce the usage of MC tools (control of fragmentation, QCD correlations... uncertainties)

ILD ILD
3100 I:IIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII-l '@'100 :||||IIIIIII|II IIIIIIIII IIIIIII|I|||||||||||1_'_|_|E
o, - - o, - .
a 90F 1+ Pee(-0.8,40.3) ILCc250 B s 90 F ILC250 k&
80 = O goF T———
70 —f 70 i— et —E
60 | = 60 =
50 5_ —E 50 E_ e'e*— bb _E
40 F- = - Vix-method ]
0 C 3 40 - K-method ]
30 r ] o Pe-e+=('0.8,+0.3) -
: : 30 J— P,.=(+0.8,-0.3) :
20 F - 20 - -
10 E = 10 £ 3
0:IIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIIII|IIII-l 0:lllllllllllllllllllllllllllllllllllllllllllllll:
0 01 02 03 04 05 06 0.7 0.8 09 1 0 01 02 03 04 05 06 0.7 0.8 09 1
ee* ->bb ICOS el ee* — bb ? cos ©
Lum =900 fb

PID is very important
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Effects of improving the use of PID [FIC

e e’ — qg mc-2022 (250 GeV) 1LD 100 et — cT ILD

—_
o
o

©
=)
|
¢
|

— O
L T T T | T T T T I T T T T [ T T T T | T T T T : T T T T : T T T T | T I: o\o I. : I- I ..-I. : : I
o O e S 00 400 s PR S o - - 90 ..
~ — +—
- = =
-
o

80

c-quark purity (%

- A E 70 -
80 :_ AAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAA oo AAAAAAAAAAAAAAAAAAA ",,.__ l'.
- | —— default : : : : :

- 60
75 [ """ . default+trad.'dEd'>'("'§ """""""""" """"""" X _

BN

o | ~N 1 _ B >3 GeV, default dEdx
70 E— - default + dNdx R B 50 |ptrk|

= g . , 5 5 i — lp, >3 GeV, Cluster Counting approx.
65 o With ISR.removal.......... A e N 40

80 Eov o N
: i : : : : 30

T S — S— S—

|i||||i||||E||||i||||5||||i|| 20 *WorklngPOInt

1.04

10
1.02

New/Def

0 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
80 100
Efficiency [%]

o
N
o
N
o
(o))
o

c-quark efficiency (%)

Effects in Flavour Tagging Effects in Kaon ID for charge reco.
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Jet flavour tagging & charge measurement [FIC

P Double tagging & double charge measurement methods. ( described in previous ILD Note 2306.11413 (2022) )
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Results for ILC250 & ILC500

P A definition:
Nr — Np
Nr + Npg

D> At least 4 observables for Ags at ILC per
energy point

Arp =

> 2 quarks (b and c).

° 2 polarizations (e.pr, €rpL)-

p Per mil level statistical uncertainties reachable
for the nominal ILC program

® Smaller exp. syst. Uncertainties
» Running at IL500
> Similar uncertainties but bigger deviations.

> Possibility of combining with the ILC250
results.

stat. uncertainty

. w :P
o w o A~ ;g

x10~°

B ILC250 (-0.8,+0.3
LC250 (+0.8,-0.3
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Discrimination

power between
GHU & SM
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GHU vs SM: discrimination power IFIC

P Procedure: Testing the statistical significance of model AFBi Vs a reference model AFB
assuming that one of then is measured.

P The uncertainties are considered normally distributed:

> Significance in o. | _ [AFBi — AFB|
d, =

. A; .
o P-value: Gaussian at do. AFByct

P Combination of multiple measurements is done with a multivariate gaussian.

> Assuming no correlations for AFB.

P We also assumed different precisions for the SM Z boson couplings:
> Current precision, ILC250 and Giga-Z (ILC run at the Z-Pole).
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GHU vs SM: GHU energy scale IFIC
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B3 Mkk
g 25 TeV
) 25 TeV
%, 19 TeV
B, 19 TeV
a 13 TeV
13 TeV

Similar structure for all plots:
More massive resonances (harder to detect models) as we move up.
Higher energy accessed by the ILC runs as we move to the right.
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GHU vs SM: Beam scenarios [FIC
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H20-staged program H20 staged

A
I

y S

|| /u\‘ ||

ILC250* ILC250 ILC250 ILC250
(no pol.) +500  +500
+1000*
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GHU vs SM: center of mass energy IFIC

GHU vs SM discrimination power (o-level) I L D

B, 6.8
5 4
B, >10
B! 70 <30
_ 3-4 ¢
B-| }1 0 .
4506
A2 =10 =10
>5co
A, 55 >10 >10

ILC250 ILC250 ILC250
+500  +500
+1000*
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GHU vs SM: Precision on Z-couplings

GHU vs SM discrimination power (c-level)

ILC250

J. P. Marquez - Student seminar

ILD

Z-fermion
couplings

» C: Current
precision

* R: ILC250
(Rad. Ret.)

e 7 Giga-Z

.<3cs
B340
4506

>bo




GHU vs SM: Precision on Z-couplings IFIC

GHU vs SM discrimination power (o-level) I L D

B 7 X
3 01 07 08|05 13 13|16 25 25 Z-fermion
] couplings
B3 03 09 . . 27 2? 33 6.7 8.8 e O Current
. precision
B, 03 1.5 1.6]0. * R: ILC250
(Rad. Ret.)
B, 05 14 15]1. 6.3 >10 >10 < 7Z: Giga-Z
B! 0.7 32 35|1. . 68 70 <30
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GHU vs SM: Beam(s) polarization [FIC

GHU vs SM discrimination power (o-level) I L D
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GHU vs SM: Positron beam polarization IFIC

GHU vs SM discrimination power (c-level) I L D
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e- polarization at 80% in all of these scenarios
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GHU vs SM: Particle ID dependence

GHU vs SM discrimination power (c-level)
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GHU between model discrimination

11=10 =10 =10

g

Between-model discrimination power (c-level
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Conclusions and summary (GHU) [FIC

INSTITUT DE FISICA
CORPUSCULAR

P ILC offers unique capabilities to explore these signatures and discriminate GHU vs SM:
> High energy reach.

> Electron and positron beam polarization - enhancing the sensitivity but also
allowing combination of measurements with different BSM sensitivity (for control of
systematics).

> Optimal use of PID via dN/dx
P Comprehensive study done at ILC250/ILC500 with ILD simulations:

> Backgrounds, beam features, polarization, realistic reconstruction tools.
> Uncertainties dominated by statistics, above the Z-pole.

> Room for improvement (modern algorithms for flavour tagging, event selection, etc.)

P Full discrimination of almost all of the proposed models (and within models) is
possible with the H20-staged (baseline) run plan for ILC!
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GHU vs SM (500 GeV) [FIC

VSg. = 500 GeV b-quark Vs,.. = 500 GeV
. 2 unpol. ] [
I Bl Pol:(-0.840.3) T i I Pol:(-0.8,+0.3)
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GHU vs SM (1 TeV)

VS... = 1000 GeV b-quark
5 unpol. -
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Uncertainties ILC250 [FIC

P Presented in LCWS (2023) 2307.14888
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Uncertainties ILC500 [FIC

} Presented in LCWS (2023) 2307.14888
> Less benefit from the use of PID, but the Ars uncertainties are in the same level.
ILC500 4000 fb”' I LD ILC500 4000 fb™' I LD
color coding fill coding color coding fill coding
| Bl r..(0.8,+03) [ w/o TPC kaon ID . | Bl P, (08,+03) [ wio TPC kaon ID |
0 p...(+0.8,-0.3) ILD baseline PID [ P, (+0.8-0.3) ILD baseline PID

B LD with dNdx 8 LD with dNdx

total relative uncertainty [%)]
stat. relative uncertainty [%]

IlIIIlII

10" 107"
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Z-couplings [FIC

> https://arXIV_0rg/pdf/2203_07622_pdf Quantity Value | current Z pole TLC250
S0 | Barat[107Y]  Eaya[ 107 | Barar[1071] by [107]
hoson properties
T 80.379 1.5 - - 0.3
Mz 91.1876 0.23 0.022 0.08 -
Iz 2.4952 9.4 0.5 - 6 -
I z(had) 1.7444 11.5 4. - -
Z-e couplings
/1. 0.0452 24, 2 ] 0.9 10
A, 0.1513 139. L3 1.2 12. 9.
gt -0.632 16. 1.0 3.2 2. 7.6
a5 0.551 | 18 1.0 3.2 2.9 76
Z-f couplings
1/, 0.0482 16. 2 2. 0.9 10
1/R; 0.04582 22, 2 2, 5.7 10
A, 0.1515 991. 2 3 54 3
Ar 0.1515 271. 2. . aT. 3
gt 0632 | 66 1.0 2.3 5 7.6
b 0.551 89. 1.0 2.3 5.5 7.6
ai 0.632 22, 1.0 2.8 4.7 7.6
9% 0.551 27. L.0 3.2 5.8 7.6
Z-b couplings
Ry 0.2163 31. 0.4 T. 3.5 10
Ap 0.935 214. 1. . 5.7 3
g -0.999 54. 0.32 4.2 2.2 76
an 0.184 | 1540 7.2 36. 41 23.
Z-c couplings
R. 0.1721 174. 2. 30 0.8 all
A, 0.668 404. 3. 5 21. 3
'3 0.816 119. 1.2 15. 5.1 2.
95 -0.367 416. 3.1 17 21 20G.
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GHU vs SM: Beam scenarios [FIC

INSTITUT DE FISICA
CCCCCCCCCCC

H20 nominal program

ILC1000
(Pe-=0.8,Pe+=0.2)
|L = 8000fb™
OSP|SSP [%] = 40 | 10

H20 nominal program

Not full simulation studies
but extrapolations from ILC500

A

ILC250* ILC250 ILC250 ILC250
(no pol.) +500  +500
+1000*
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Preselection

Topology: 2 back-to-back jets (pencil-like topology)

Preselection aiming for high background rejection
and high efficiency.

Main bkg ee— Zy(radiative return through ISR)
~x10 larger than signal

.Y VYV

~90% of such ISR photons are lost in the beam
pipe — events filtered by energy & angular mom.
conservation arguments

® The remaining ~10% are filtered by identifying
photons in the detector (efficiency of >90%)

® PFA detector!!

P Other backgrounds from diboson production decaying
hadronically are removed with extra toplogical cuts.

J. P. Marquez - Student seminar
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Double-Tag method [FIC

p Compare samples with 1 tag vs 2 tags (after preselection)

fi,=6R,*+E.R, +Eu"ds(1—Rb—Rc)
f,=e(1+p)R,+&°R +¢,.(1-R,—R.)

/

Measured !nputs (MC or
observables independent
measurements)
PHYSICS!

Indirect observables

Similar set of equations

for the c-quark
solved simultaneousl|
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PID: From dEdx to dNdx

e’e* — qg mec-2022 (250 GeV) ILD . e — | LD
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Effects in Flavour Tagging Effects in Kaon ID for charge reco.
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Jet charge [FIC

P We start from a very pure & background-free double
tagged sample

P We are required to measure the jet charge
e Using K-ID and/or full Vtx charge measurement K

e K-ID is better suited for the C-quark (Vix is better " e
suited for b-quark) D am

P We use the double charge measurements

® To control / reduce the systematic uncertainties o
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Jet flavour tagging & charge measurement [FIC

P Double tagging & double charge measurement methods. ( described in previous ILD Note 2306.11413 (2022) )

> To maximally reduce the usage of MC tools (control of fragmentation, QCD correlations... uncertainties)

ILD ILD
'@l 50 :l LI | LI I LILBLILI I LILBLIL I LILLIL | LI ||||||||II||||I1_|_|_IE '@I 100 (T T 1T | LI | LILILILI I LU | LILLIL ||||I|||| ||||||||||||||:
= ] = ]
o 4BE  — Pun(0.8.403) ILC250 [ - 90 E T :
“ E i Py(+0.8,-0.3) - : a° E .
40 | — 80 =
BE E 3 ILc250 JE
30 - B 60 =
25 3 E 50 F ee*>ct E
= . - Vix-method E
20 =3 E 40 C K-method ]
3 E 3 P, =(-0.8,+0.3) E
15 : : 30 SQ— P..=(+0.8,-0.3) E
10 F - 20 | =
5F = 10F =
0 :||||||||||||||||||||||||||||||||||||||.||||||||||: :1|||l||||l||1|||||1|||||11|11|||||||||||11|1|||||:
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ee" - cT |cos 6| PR cos 6
Lum =900 fb
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Jet flavour tagging & charge measurement [FIC

N EF
CORPUSCULAR

P Double tagging & double charge measurement methods ( Plots from LCWS proceeding: 2307.14888 ).

100 ILCSUO I Lo | 100 IIILIIC§0II0 LIBLILIL LI L LI LI LU IIIIII 1 p
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Jet flavour tagging & charge measurement [FIC

CORPUSCULAR

P Double tagging & double charge measurement methods ( Plots from LCWS proceeding: ).

& [o/o]

20 £
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Jet flavour tagging & charge measurement [FIC

P Double tagging & double charge measurement methods ( Plots from LCWS proceeding: ).
10 LILC500 ILD 40 JLC500 ILD
'3 :I LILIL | LU I LU I LI I rrri I LIBLILIL I LI I LI IIIIIIIII: '@' _I LILIL I LI I LI I L I LU I LU I LI I rrri IIIIIIIII_
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= . s ;
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Selection for the Arg measurement at 500 GeV
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Fit and results

9035 PP
= I ILC250, e et — cC
S F H20, P:(-0.8,+0.3)
— Whizard 2.8.5 LO

4 Full sim. reconstruction
H20, P:(+0.8,-0.3)
= Whizard 2.8.5 LO
4 Full sim. reconstruction

P Results for ILC250 and ILC500:

> Presented in LCWS (2023) 2307.14888

D At least 4 observables for AFB at ILC per
energy point

> 2 quarks (b and c).

0.05 |

> 2 polarizations (e.pr, €rpL). o

-1 -0.8 -0.6 -0.4

cos 0
p Per mil level statistical uncertainties g e
i E 2 €500, i i
reachable for the nominal ILC program 5 7F tmnpionn O ILD -
R ) 60 |- + Full sim. reconstruction :
® Smaller exp syst. Uncertainties. of Lﬂﬁ;‘;@-ggg? .- ;
* Fragmentation, angular correlations, wf :
preselection efficiency, mistag, etc. sof
20;
10f
P = = e it ST PR DU P TR PO OO
-1 08-06-04-02 0 02 04 06 08 1
cos 0
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