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| Study based on full simulation analysis IFIC

>ILD note and previous works

® |LC250 experimental case ILD-PHYS-PUB-2023-001

® 250GeV and 500 GeV, with Particle ID and flavour tagging optimization using TPC
ILD-PHYS-PROC-2023-013

p Work presented also in
® in LCWS23, EPS-HEP23, SUSY2024 (J.P. Marquez)
® ECFA HTE workshops DESY and Paestum (A. Irles)
® |[CHEP2024 next week (A. Saibel)

Eur.Phys.J.C 84 (2024) 5, 537

Irles, Marquez, Poeschl, Richard,
Yamamoto, Namatsu, Saibel

Irles A, 9 July 2024



https://arxiv.org/abs/2306.11413
https://arxiv.org/abs/2310.17617
https://arxiv.org/abs/2403.09144

| TWoOF physics case

>TwoF Physics case is well established for Future

Colliders — Z-couplings, EW, BSM searches, dggse (ee* - bb)
= GHU (L) :

——SM

>As Benchmark, we will use the [Funatsu, Hatanaka, 12

Hosotani, Orikasa, Yamatsu] Gauge-Higgs Unification
models

H | SM CR] . H H . H

do/dcose [pb]

0.8

>The symmetry breaking pattern is different than in the 06

SM and features the so-called Hosotani's mechanism.

0.4
>Only one parameter, Hosotani angle , determines the

projection of the 5D fields, fixing all physical effects: -
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® KK resonances of the Z/y with mkk~10-25TeV B S ; : 5
Qlameizsid i lneati senssial vl vl el s v
e Modifications and new EW couplings/helicity = m;zﬁ el (_BOHEU ey Moodm Eff

amplitudes.
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® Already visible effects at 250GeV



| Gauge-Higgs Unification Models
>A models: (arxivi1705.05282)

Ay :0g =0.0917, mrgr = 881 TeV— myz = 7.19 TeV;
Ag 0y =0.0737, mrgr = 10.3 TeV— myz = 8.52 TeV,

P B models: (2309.01132) (arxiv:2301.07833)

Bf:ﬁH =0.10,mrgr = 13 TeV— mz = 10.2 TeV;
Bl_ﬁ'H =0.10,mrgr =13 TeV—mz = 10.2 TeV;
BQJ“:QH =0.07T,mrgrg =19 TeV— mz = 14.9 TeV; %
B, 0 =0.07,mgx =19 TeV— mz = 14.9 TeV; S
B:_J{:QH = 0.05,mrgr =25 TeV— mz = 19.6 TeV; i
B;-;_:E}H = 0.0, mrgr =25 TeV—=mz = 19.6 TeV, é
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| Observables IFIC

INSTITUT DE FISICA
CORPUSCULAR

>Quark (fermion) electroweak couplings can be inferred from cross section, Rq and forward backward
asymmetry AFB observables.

0_ _ Quark identification. No need to
Rq—qu/Fhad(Z pole) — P measure an angular distribution

SR =0,/ 0p4(s>Z— pole) (but possible)

Z/y

ot A dcoso \ Angular Distribution.
Nr — Np / Quark ID + charge measurement

App = (quark — antiquark disentangling)

Normalized & differential observables are highly preferred:

to control (remove) systematic uncertainties
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| Observables

This work focuses on the off-pole case »

Sensitivity to Z, gamma, Z', mixing...
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Experimental
reconstruction




| Preselection [FIC

DTopO'Ogy: 2 baCk-to-baCk jets (penCiI-Iike tOPOIogy) 35: 1.4 LI | IIIIII LI I LI IlllII LI I LB vy LU _ID
&L ]
> Preselection aiming for high background rejection < ok , .
o .o o . —+— X= signal b-quark —
and hlgh eﬂ:lClency. i ---i--- X= signal c-quark i
L —}— X=signal uds-quarks -
>Main bkg ee» Zy(radiative return through ISR) T —f— X=bkgrad ret 7
e ~x10 larger than signal 0.8[ -
C S T
e ~90% of such ISR photons are lost in the beam pipe 06l E
> events filtered by energy & angular mom. T )
conservation arguments oul B
® The remaining ~10% are filtered by identifying #_
photons in the detector (efficiency of >90%) 0.2~ R .
- . N
®* PFA detector!! N AP T TR IR P T TN IS B <
0 01 02 03 04 05 06 07 08 09 1 [
P Other backgrounds from diboson production decaying photon veto & acolinearity cosb| S
hadronically are removed with extra toplogical cuts. &m,., &y, culs o)

Al
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I Double Tag Method : minimizing flavour tagging unc.

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

> Assumptions
® Minimal contribution from the backgrounds (next slide)

® the preselection efficiency is the same for all flavours (seen in previous slide)

__ arbks.
f1u(cos 6) = N,(|cosB|) — N, bk(|cos9|)
2 x (No(| cos B]) — N3 ([ cos 6]))
N, (|cos0|) — N2*: (| cos 6
£ conty _ alle0s8D ~ N (cose)

No(|cos 6]) — Np*™ (| cos 6))
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| Double Tag Method

Minimal contribution from the backgrounds

green and gray histograms
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| Double Tag Method

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

fi,=6R,2+& R+, (1-R,—R,)
f2b:812)(1+10)Rb+r‘c’:J2Rc+;;5_§(1_Rb_Rc)

/

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

Indirect observables

Similar set of equations

Irles A, 9 July 2024

for the c-quark
solved simultaneously



| Summary Rq IFIC
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| Jet charge

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

» We are required to measure the jet charge

e Using K-ID and/or full Vtx charge measurement

e K-ID is better suited for the C-quark (Vtx is better
suited for b-quark)

P K-1D: via TPC (dEdx or dNdXx)

P We use the double charge measurements
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® To control /reduce the systematic uncertainties




| Double Charge Method

>We start from a ~100% pure bbbar or ccbar
sample (Double Tag)

>For AFB we proceed with Double Charge

® Both jets need to have a charge measurement
compatible with the 2 quarks back to back
scenario

>Double mistakes are unlikely but still not
negligible and lead to “sign flip” » migrations

BSM or simple
migrations?

Red shows the distribution withtout sign correction.

Gray is the parton level distribution

entries

COR
x10° ILD

LTTT | T TT l TTT I TTT LI LI LI | l TTT LI | LN
25 - {vq_
- -
= o= -
- -1 Detectar Laval (trua-MC charga) o -
20 __ ' Detector Laveal (wio charge corraction) e _:
B ¢' Datector Lavel (w' charge carraction) =i T
- g =
- . -
k- IG -

-
oo
15 2 -
L o m
- ‘D"'- —
= o -
- 2."" .
10 2 ~
- ¥ m
L
L - .
| - B
-
- g 3l
- _.-5;'* -
e ot 5
e
E B """'0_4:. i
e g
P VR 0 W G 1 A 1 S S B S A

0
-1 08-06-0#02 0 02 04 08B 08 1

88 =00 cos B
P,,.=(40.8,+0.3) | Lum = 900 fb"'

AN

N
@)
N
>
>
=
5

o))
<
(9]
Q
=



https://arxiv.org/pdf/2306.11413

| Migration correction [FIC

>Migrations look as “new physics” » we need to correct them

® Using data: double charge measurements with same and opposite charges (see back-up slides)

e We measure the probability to reconstruct correctly the charge (P) and use it for correction

e DATA DRIVEN METHOD > non sensitive to fragmentation modelling.
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] Migration correction - cquark case
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| Result and fit

>Efficiency and charge miscalculation
corrections » comparison to parton level

> At least 4 observables for AFB at ILC250
per energy point

® 2 quarks and 2 polarisations (eLpR, eRpL)

p Per mil level statistical uncertainties
reachable for the nominal ILC250 program

p Comparable/smaller exp syst.
Uncertainties

® Preselection efficiency (radiative return
removal) followed by angular
correlations

do

— 2 .
Toos O = X (1+cos 9) +A x cos 6.

-1 -0.8-06-04-02 0

e'¢" — bb
P,,.=(40.8,+0.3) | Lum = 900 fb"'

w )_([15].6] TTIr I TTIT I LI [ LELIL I TTT '| LI [ LB [ LELE ! T IID
o d
= .
c0.25 - —
@ —— Whizard 2.8.5 LO 1
A —+— Reconstructed and corrected ]

0.2 - -
=== fit to reconstructed ]

0.15 1

: c-quark, e ]

] AFBlic oo 0. 1

0.05 a - 00.0+ 0.4 (s B

[ AFBlN oo ar 04 rerar ]
A 0.4 (stat) ]

0'...I...I...I...I...I...I...I...I...I...
-1 -08-06-04-02 0 02 04 06 08 1

e'e" —cC cos B

P,,.={-0.8,+0.3) | Lum =900 b
6

w LI I I O I
8 02 T T T T T
= E ]
cli18 —
@ ' — Whizard 28.5L0 ]
0.16 |- -]

F + Reconstructed and corrected ]
014 ) -

r fit to re%nstructed‘ 1
RE= 'qualk, el_ =
01 —j
0.08 | .
0.06 |- —:
0.04 =
0.02 F e
Lo ||||4||||4|l||4||||.JJ||l|1||||J|||‘

0.2 04 06 08 1
cos 8

IFICI

x10°
w TT L) T TTT TTrT Trr LI TTT TTT LIl
20_14 F T T T T T T T l i
e -
= i
0012 — \whizard 28.5 L0 7
0.1 L —|'— Reconstructed and corrected ]
- i === it to reconstructed ]
0.08 f .
c-quark, eR |
0.06 - N
0.04 - - 4
- AFBuco_100.2+ 0.5 gsta ]
L AFB, ]
0.02- AP, o]
- =98.82 0.5 (sfat k% J
AFB, ]
o | rrarl I U PRI PRI P I I I
-1 08-06-04-02 0 02 04 06 08B 1
e —ccC cos 6
P, ,-=(+0.8,0.3) | Lum = 900 fb"

g |I|||II|||||||I|||I|||I||||I|
 40F
s E
® 35— Whizard 28.5L0
F —f— Reconstructed and corrected
30 )
F “ it to reconstructed
BE b-quark, eR
20 F
15 |
10:_ AFBY 9954 0.7 sia
E ,r'..—_g':' .
5F AFBE,
C AFE™ =100.3x 0.7 (sta

N FPPE I T T PUTE B N T

AERERRERE SRETE ERERE FRAN RS RN AR b

-1 0D8-06-04-02 0 02 04 06

e'¢* — bb
P,..=(+0.8,-0.3) | Lum = 900 fb"

neg 1
cos @



https://arxiv.org/pdf/2306.11413

| Pixel TPC » from dEdx to dNdx [FIC
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| GHU vs SM discrimination power

GHU vs SM discrimination power (c-level) I L D
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| GHU vs SM discrimination power
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| GHU vs SM discrimination power [FIC

IIIIIIIIIIIIIIII
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| GHU vs SM : c.m.e. IFIC
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| GHU vs SM : Precision on Z-couplings
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| GHU vs SM : Precision on Z-couplings
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| GHU vs SM : beam(s) polarization

m 7 GHU vs SM discrimination power (o-level) I L D
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| GHU vs SM : positron polarisation
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| GHU vs SM : positron polarisation

m 7' GHU vs SM discrimination power (c-level) IL D
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| GHU vs SM: Particle ID dependence IFIC

CO USC
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| GHU vs SM: Particle ID dependence
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| GHU vs SM: Particle ID dependence
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| GHU vs SM: Particle ID dependence
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|Discrimination between models
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| Summary [FIC

>e+e- 3 qqbar in the continuum are challenging analysis
® Require excellent tracking and vertexing, flavour tagging, PID, ...
® Excellent for detector benchmarking and optimization
>A comprehensive experimental study has been performed
® \With detailed assessment of the major systematic uncertainties - we can control systematic uncertainties

thanks to double tag+charge methods.

* Not fully exploited at LEP/SLC because moderated flavour performance or statistics.
>Excellent capabilities for indirect BSM searches

® Reach up to mZ'~15TeV at ILC500 (higher if more flavours included)

® Reach up to mZ'~ 20TeV at ILC500 (higher if more flavours included)
>Requirements for indirect BSM searches (a short list)

® High kaon/pion separation for tracks above 10GeV (aka pixel TPC)

® Longitudinal beam polarisation (at least for electron beam, ideally for both)

® Energy upgradability

N
@)
N
>
>
=
5

o))
<
(9]
Q
=




N
@)
(Q\}
>
=)
=
s

()}
<
0
Ly
=




|Two fermion processes

>These processes have been deeply studied at
LEP/SLC at the Z-pole

Very comprehensive physics program at Z-Pole

no access to the y or Z/y interference's (“cleaner”
access to Z-couplings)

LEP: “Moderated” quark tagging and/or charge
measurements capabilities

SLC: “Moderated” statistics

Also moderated angular acceptance of the detectors

2 X Y
QSM e n 8ze827q
exqy o 2 .
YOS (s—mg) +imgl,
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| Motivation: LEP/SLC tension

[>Current LEP & SLC best sin“6' . measurements show
al
tension At

® This measurement is the one with largest tension
with the SM fit.

0.23099 + 0.00053
O 23 54 - 000049

1. 23088 40.00028

a,b
e SLC: sin’@'__ »from Left-right asymmetry of leptons Agw - SR L UdORe
e LEP: sin’@'__from forward backward asymmetry (b- ot I s
9 eff Q,, 0.2324 + 0.0012
quar
. Average i 0.23153 + 0.000186
>Heavy quark effect, effect on all quarks/fermions, no J ﬂ ot 1185
effect at all? 1= .
=
)
The resolution of this issue requires improving the the ~
measurements precision an order of magnitude E i , R
] & =58 my= 178.0 + 4.3 GeV

Per mil level of experimental precision is required

0.23

1
0.232 0.234

. 2 lept
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| GHU vs SM (250 GeV) [FIC

INSTITUT DE FISIC
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| GHU vs SM (500 GeV) [FIC
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| GHU vs SM (1TeV) [FIC
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| High Level Reco Challenges: Particle ID [FIC

INSTITUT DE FISICA
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P For AFB measurements we are required to measure the jet-charge

P Therefore we are interested in a high power of K/pion separation
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P Possible solutions: using TPC-PID and/or TOF » Yellow points

® we are interested in “high” momentum tracks (i.e. dEdx!)




| Pixel TPC > from dEdx to dNdXx IFIC

> A pixel TPC seems a realistic possibility

_ A0 _ILC250 ee* — cT ILD

® Check here and here for more info = BESIREREFREADEAE RS LEAE DORA FAES BRI RRST

: . : , @ 60 A -

> First estimations show that a improvement on the [ : § i i

dEdx resolution from ~5 to ~4 % is possible if we A e & g

. . ° e GO |~ ----- Estimated Cluster Counting didx § 1 -

use cluster counting (i.e. dNdx) B i 5 :

_ . Ef— i

>This improvement would translate into a 30-40% 40| B

— protone

improvement of the K/Pi separation
® Check here for more info

>dNdx reconstruction is not available in the ILD 20 -
software (yet) [

® we estimate its impact on the analysis by 10
“artificially” increasing the separation power
capabilities of our discrimination variable.

Irles A, 9 July 2024
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] Migration correction - cquark case
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