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Got asked relatively lately to give this talk
—> | interpreted the charge very loosely
-> On several topics | am on very thin ice
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do

dCOSH(eLeR — ff) =25 (1 +cosh)® + X r(1 — cosh)?
do ; 2
dcosH(eReL — ff) =2XRrr(1 —cosf)” 4+ Xrr(1+ cosb)
- f *add term ~sin°@ in case of non-relativistic fermions e.g. top close to threshold

e

2  are helicity amplitudes that contain couplings g,, g, (or F , F,)
Z, J F 2 ) J' => (characteristic) asymmetries for each fermion

Forward-backward in angle, general left-right in cross section
All four helicity amplitudes for all fermions only available with polarised beams

IDT WG3 Phys. Jan. 24
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Three different final states:

1) Fully hadronic (46.2%) — 6 jets

2) Semi leptonic (43.5%) — 4 jets + 1 charged lepton and a neutrino
3) Fully leptonic (10.3%) — 2 jets + 4 leptons

t — (BW)(BW) — (bgq’)(bv)

Iepton ID isoifited I&pton
tracking

missing energy

)
\ 3
positron if t " electron
> A e

Final state reconstruction uses all detector aspects

IDT WG3 Phys. Jan. 24 3
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Small size of ttbar “bound state” at threshold ideal premise for precision physics
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* Effects of some parameters are correlated:
* Dependence on Yukawa coupling rather weak,
- Precise external a_helps

F. Simon, Top@LC15 Valencia IDT WG3 Phys. Jan. 24 4
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* Results based on toy measurements of the total cross section
* Assessment with full simulation studies needed

IDT WG3 Phys. Jan. 24

Top threshold scans at different e+e- colliders
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T 40 gy sy g e e S BN error source AmP> [MeV]
§ ool “pmbemir e e e (00 :
S [ _dofda,[A=00006] u 0 GeV i theory (NNNLO scale variations, PS scheme) 40
X 20 pl parametric (o, current WA) 35
:g 10 2 P ——— _f non-resonant contributions (such as single top) < 40
T e g residual background / selection efficiency 10 - 20
O] luminosity spectrum uncertainty <10
10 ;— wshiclénoles and signal yields —; beam energy uncertainty < 17
20 f_ from EP‘::‘::’V:;?: (2013) _f combined theory & parametric 30 — 50
: Yukaun coupling f combined experimental & backgrounds 25 - 50
30 | LR L mess, LT total (stat. + syst.) 40 — 75
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* Numbers for ILC/CLIC, some numbers get better for FCCee
* e.g. Beam energy uncertainty < 3 [MeV]
. Uncertainty driver a_

Sper 10 in a
IDTWGB Phy Jan. 24
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* Talk by Francesco Giuli at LCF22

* https://indico.ectstar.eu/event/149/contributions
* /3058/attachments/1919/2513/FCC_LFC_FGiuli_2022.pdf

* Best prospects from e+e- collisions
* Aa/a ~0.1% for FCCee hadronic Z-decays
* Comparable with QCD Lattice Results
e Status for ILC Aa/a ~0.6% (arXiv:1512.05194)
* Worth another look ?!

IDT WG3 Phys. Jan. 24
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Snowmass report, arXiv:2209.11267
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Marcel VOS@ Top23 IDT WG3 Phys. Jan. 24
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* A new(er) idea to measure the top mass in a theoretically
well-defined scheme in high-energy running above the
threshold
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matched NNLO + NNLL calculation, luminosity
spectrum folded in explicitly;
Extraction of short distance MSR mass

CINS energy CLIC, /s = 380 GeV |ILC, /s = 500 GeV
luminosity [fb~']| 500 1000 500 4000
statistical 140 MeV  90MeV (350 MeV 110 MeV
theory 46 MeV 55 MeV
__ lum. spectrum 20 MeV 20 MeV
photon response 16 MeV 85 MeV
total 150 MeV  110MeV 360 MeV 150 MeV
; LA LA L L L L L L
0 e*e’ =+ fly, ILC, {s=500 GeV
(Hh 175 -
can provide 50 evidence g
for scale evolution sl
(“running”) 2 170} _
of the top quark MSR | s
mass from ILC500
data alone | ey
165 i ——— Prediction (R-evolution)

33 Phys. Jan. 24
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Anomalies in LEP/SLD data
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Most precise single Individual determination of sin®6%; from SLC
* Left-right asymmetry of leptons

 Most precise measurement of sin*6%; from forward
backward asymmetry A% in ee—bb at LEP

* Most precise determinations of sin®0%g differ
significantly
* Requires verification
* Heavy quark effect, effect on all quarks/fermions, no effect
at all?

IDT WG3 Phys. Jan. 24 10
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* Integrated Luminosity 4 fb™

* Exact reproduction of generated spectra
 Statistical precision on cross section: ~0.1%
« Statistical precisionon A_: ~0.5%

* Can expect that systematic errors will match statistical precision (but needs to be shown)

IDT WG3 Phys. Jan. 24 11
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102
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Precision on electroweak form factors and couplings

B HL-LHC

B HL-LHC + CEPC HL-LHC + FCCee BN HL-LHC + ILC

EFT for e+e-: Durieux et al. , arXiv:1807.02121

top EW fit HL-LHC/e+e-: Durieux et al., arXiv:1907.1061¢

Snowmass top couplings, arXiv:2205.02140

Global SMEFT fit, J. De Blas et al., arXiv:2206.08326

Snowmass report, Schwienhorst et al., arXiv:2209.11267
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* e+e- collider way superior to LHC (Vs = 14 TeV)

* True for both, analysis in terms of Form Factors and Wilson Coefficients

* Final state analysis at FCCee
*Also possible at LC => Redundancy -> should be checked
again (see arxiv 1503.04247)

* :500 GeV is nicely away from QCD Matching regime
* Less systematic uncertainties

IN2P3
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DT w3 Axial form-factors are ~B and benefit therefore from higher energies
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Linear Colliders
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* Marching non-relativistic calculations in threshold region with tt-continuum is theoretical challenge

* QCD uncertainties shrink as energy increases

* Non resonant contributions are important (i.e. ee->tt --> ee->\WbWb)

J. Reuter, FCCee-France Workshop, Annecy and arXiv: 1609.03390" -° ' "vs Jan- 24
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&~ E7Ep + EReL
- —e— ey -

L rsiilk ;
'_+EREL 5

arxiv:1503.04247 v //

- Electroweak corrections manifest themselves differently for different beam polarisations

Beam polarisation important asset to disentangle SM and effects of new physics

Configuration ezl seems to lead to “simpler” corrections

IDT WG3 Phys. Jan. 24 14
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Expected limits on BR(t — ch) x BR(h — bb)

Comparison with parton level results, different jet energy resolutions

Slide from 2016!!!!

Expected limit

10°° -

Integrated luminosity [fb™]
* Multi-jet final state!
* Seems that jet energy resolution on parton level cannot be propagated to d
* Re-assessment of reason needed
* ¢ and b quarks can decay semileptonically

A.F. Zarnecki, N. v.d. Kolk ngher ehergies may help IDT WG3 Phys. Jan. 24 15
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Expected limits on BR(t — ch) x BR(h — bb)

Comparison with parton level results, different jet energy resolutions

Slide from 2016!!!!

Expected limit

_—1—30%131[ER"““>-—.H ------------------- g
—e— 50%/\VE o R
—e80%/NE  hadronic decays only T—
10_5 T S T Sl S N A S M TR IS ST S S T T IR TR [ T I
0 500 1000 1500 2000 2500 3000

Integrated luminosity [fb™]
* Multi-jet final state!
* Seems that jet energy resolution on parton level cannot be propagated to d
* Re-assessment of reason needed
* ¢ and b quarks can decay semileptonically

A.F. Zarnecki, N. v.d. Kolk ngher ehergies may help IDT WG3 Phys. Jan. 24 16
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Lepton collider is both competitive and complementary

First top physics: e+e- - tj searches at 250 GeV

. < H. Hesari et al., arXiv:1412.8572
More full-simulation work needed! G. Durieux et al.. arXiv-1412.7166

Shi & Zhang, arXiv:1906.04573
ILC white paper, arXiv:2203.07622
M. Arroyo et al.,arXiv:2202.04572
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Marcel Vos@Top23 IDT WG3 Phys. Jan. 24 17
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On the Z-pole Above the Z-pole

2'Z21Z7Y

e f
Sensitivity to Z/Z' mixing Sensitivity to interference effects of Z and photon!!
Sensitivity to vector (and tensor) Measured couplings of photon and Z can be influenced
couplings of the Z by new physics effects
*the photon does not “disturb” Interpretation of result is greatly supported by precise input
from Z pole

IDT WG3 Phys. Jan. 24 18
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* All future colliders will improve significantly

lliczpole precision compared with LEP/SLC

Uncertainty

T |||||II| T ||||||I]_L T |||||HT_

.LEP."SLC
FCCee * Comparable precisions despite differences

In luminosity

* Systematics will play a major role

1072

107

* No full simulation study exists on Z-Pole
* Most of the results (educated) guesses
on experimental issues by extrapolations
from higher energies
O s, A R A R A A A * Some examples in the following

107

107°

T ||||||I] T |||||II] T ||||||||

Numbers FCCee: “Mixture” of FCC CDR and
P. Janot at Precision Workshop/CERN
https://indico.cern.ch/event/1140580/timetable/

Numbers ILC: arxiv: 2203.07622 (ILC Snowmsss report)

IDT WG3 Phys. Jan. 24 19
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Photon separation gets involved with increasing photon
at high energies multiplicity

Still often only one photon reconstructed

-t
o

polarisation precision [%]
o
(8] -

Close-by photons are challenge for highly granular calorimeters (in particular Ecal) at high-energies

Ideal benchmark for detector optimisation
Maybe still room for improvement, better algorithms?

Roman Poschl
LFC 22

A

T Recent study at 500 GeV for ILD IDR

7t IDR-L ILD
7 IDR-S
o IDR-L
o IDR-S

-«
—
Vbbb

o

Precision of tau polarisation
of order 0.3%-1%

20
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Full simulation study within ILD Concept at Vs=250 GeV allows for educated guess on uncertainties on Z-Pole
SN 1> B S 1 |
e 02f : 2wk i Arxiv:2306.11413
€0.18 | = B . ]
® | — Whizard 2.8.5L0 35 Whizard 2.8.5 LO E
0-16 - Reconstructed and corrected é 1~ Reconstructed and corrected é
0.14 g' -===- fit to reconstructed 29 E_ == fit to reconstructed _;
012 25 - =
01 E Left Pol 4 oFE Right Pol : Excellent agreement between predicted
0.08 . " . E and reconstructed distributions
0.06 |- . 5
004 f— %ﬂgﬁi 0.2 (stat.) % 10 E_ ‘1’2’%:99.& 07 (st
0.02 ;— ':iif;;:mo.ei 0.2 (stat)% R E_ ||;,re||imi'|.]ar¥ Iiii;ig’ﬂﬂolﬂi O-T(SFEF-J:G E
G f G0 § t® o4 s on 1 08-06-04-02 0 02 04 06 08 1
e'e* - bb cos O e’ — bb 5 cos 6
P, =(-0.8,+0.3) | Lum = 900 fb" Pe-=(+0.8,-0.3) | Lum = 900 fb
Source e e —cc e e — bb
P ,.(-08,40.3) | P, (+0.8,-0.3) | P,,+(—0.8,+0.3) | P-,+(+0.8,-0.3)
R, Az | R, Af'p R, Az | R, A
Statistics 0.18% 0.38% | 0.27% 0.52% 0.12% 0.24% | 0.23% 0.70% Addltlonal Compllcat—lon |n Contlnuum
Preselection eff. | <0.01% 0.12% | 0.02% 0.16% | <0.01% 0.08% | 0.06%  0.12% ,
Background 0.01% 0.01% | 002% 0.02% | 001% 001% | 0.06% <0.01% compared with Z-Pole:
heavy quark mistag | 0.11% <0.01% | 0.06% <0.01% | 0.12% <0.01% | 022% <0.01% Rejection of ISR events
uds mistag 0.03% <0.01% | 0.02% <0.01% | 0.08% <0.01% | 0.14% <0.01%
Angular correlations | 0.10%  0.10% | 0.10% 0.10% | 0.10% 0.10% | 0.10% 0.10%
Beam Polarisation | <0.01% <0.01% | 0.02% 0.01% | <0.01% 0.01% | 0.03% 0.15%
Systematics 0.15% 0.16% | 0.12% 0.19% | 0.18% 0.13% | 029% 0.22% )
Roman Péschl Total 024% 041% | 030% 055% | 021% 027% | 037% 0.73%
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* The current analysis shows the potential to measure light quarks at e+e- colliders
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* Even more than others light quarks rely on excellent particle ID

... over full solid angle

PhD thesis

Y. Okugawa

* The hard cuts to get a clean sample in this analysis results in a small efficiency O(1%)
* Clear room for improvement beyond “collider flavors”

LFC 22
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_ _ 4-fermion operators in EFT (arxiv:2209.08078)
Separation power in GHU Models
0 LEP + SLC + 51D + DO + LHC B +ILC (500 GeV, 1.6+1.6/ab) 0 4+CLIC (1500 GeV, 240.5/ab) BN +FCC-ee (365 GeV, 1.5/ab)

J. P. Marquez et al. (ILD Meeting 1 7/0 1/24) B + HL-LHC (14 TeV, 3/ab) B +ILC (1000 GeV, 3.2+3.2/ab) +CLIC (3000 GeV, 4+1/ab) B CEPC (240 GeV, 20/ab)

Bl ILC (250 GeV, 0.94+0.9/ab) e CLIC (380 GeV, 0.5+0.5/ahb) B FCC-ee (240 GeV, 5/ab) B +CEPC (360 GeV, 1/ab)
1072 102
Between-model discrimination power (c-level) ot 10-3 10-3
B; 107 10
B @ 10°° 10°5
3 \.uor.kin “ralss § 107° c [c [Ceel lc [c lc lc 107°
]ﬁ% g, i1111 fel1111 eel1111 fl1221 1l1122 tel1122 tel2211
B; 8
B N 1072 10-2
2
107 1074
B; B3 s
o 107° Ceel1122 Cilizn Cpl1133 Ciel1133 Crel3snn Ceel1133 [Cs]a222 Culz332 107¢
B, . 34 ¢ . >5¢
Az ILC250+500+1000" * Interpretation of 2f results bears discovery potential
+ -+ . . . . . .
A, 12000 "'+ 4000 fb"'+ 8000 fb”) * Will benefit from polarisation and higher energies

* Focused topics may be an opportunity to convey this message
to the wider community
* Has to be vetted regularly against (HL-)LHC results

A, A, B, Bl B, B, By By

Probed mass scale: 9-25 TeV
IDT WG3 Phys. Jan. 24 23


https://agenda.linearcollider.org/event/10211/contributions/53792/attachments/39307/62006/qqbarGHU_JPMH_ILDCERN2024.pdf

W Cup Summary and outlook
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* Lepton Focused topics are opportunity to revisit existing results in larger community
* Many topics are (collider) “flavor blind”

* Measurement of top mass to a precision of ~50 MeV in clean environment
* Flexibility in energy allow for complementary methods
* Threshold scan and radiative events
* Full simulation needed

* At LC Top (and tau) physics allow for complementary studies using initial and final state polarisation
* However, for me there is no doubt that for top physics one needs higher energies
* How dangerous in the threshold region in terms of matching uncertainties?

* Will/would probe helicity structure of electroweak fermion couplings over at least one order of

magnitude in energy (Z-Pole -> ~1 TeV)
* Full simulation on Z-Pole are still lacking

* Main challenge at all future machines will be the control of systematic errors
* Experimentally

* Vertex charge and particle ID
* PFO for final state jets
* Theoretically
* QCD in many aspects
* Need at least NLO electroweak predictions (and MC programs) for C@@W&@?M&é@ﬁ% % L{esults o4
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Existing tools / examples
— ILD tt analysis https://github.com/ILDAnaSoft/ILDbench_QQbar

Contact & Further Information
— Gitlab wiki: https://gitlab.in2p3.fr/ecfa-study/ECFA-HiggsTopEW-Factories/-/wikis/
FocusTopics/TTthresh
— Sign up for egroup: ECFA-WHF-FT-TTthres@cern.ch viahttp://simba3.web.cern.ch/simba3/
SelfSubscription.aspx?groupName=ecfa-whf-ft-ttthres

— and/or email the conveners of ECFA WG1 GLOBal group:

mailto:ecfa-whf-wgl-glob-conveners@cern.ch

Contact & Further Information
— Gitlab wiki: https://gitlab.in2p3.fr/ecfa-study/ECFA-HiggsTopEW-Factories/-/wikis/
FocusTopics/EXtt
— Sign up for egroup: ECFA-WHF-FT-EXTT@cern.ch viahttp://simba3.web.cern.ch/simba3/
SelfSubscription.aspx?groupName=ecfa-whf-ft-extt

— and/or email the conveners of ECFA WG1 SeaRCHes group:
mailto:ecfa-whf-wgl-srch-conveners@cern.ch

Contact & Further Information
— Gitlab wiki: https://gitlab.in2p3.fr/ecfa-study/ECFA-HiggsTopEW-Factories/-/wikis/
FocusTopics/TwoF
— Sign up for egroup: ECFA-WHF-FT-TwoF@cern.ch viahttp://simba3.web.cern.ch/simba3/
SelfSubscription.aspx?groupName=ecfa-whf-ft-twof

— and/or email the conveners of ECFA WG1 HTE group:
mailto:ecfa-whf-wgl-hte-conveners@cern.ch

L1 Voo Fnys. Jan. 24

IN2P3
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%) Culo Double tagging

Iréne Joliot-Curie
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Important systematic error is knowledge of tagging efficiency £,

Laboratoire de Physique
des 2 Infinis

Can be derived from data if tagging is independent in two
hemispheres, i.e. if

B y -
/ . ./)_\. Cq = Gi; c ~ ].
) 1 \\ Eq
/
\ _ | If Cq # 1 => Hemisphere correlations => systematic error
N\ 5 /
e .

/ af ) / For example:
e . -
/’V : - LEP (large beam spot): Cq-1 ~3% =>AR =0.2%

SLC (smaller beam spot): Cq -1<1% => AR _=0.07%

Future (small/tiny beam spot): Expect Cq -1=0=>AR =0
to be verified however

IDT WG3 Phys. Jan. 24 27
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IP

PhD thesis: S. Bilokin
A. Irles

W) Cop Experimental challenges - Flavor tagging and charge measurement %

IN2P3

Les deux infinis

* Flavor tagging
* Indispensable for analyses with final state quarks

* Quark charge measurement
* Important for top quark studies,
* indispensable for ee->bb, cc, ss, ...

* Control of migrations:
* Correct measurement of vertex charge
* Kaon identification by dE/dx (and more)

* Future detectors can base the entire measurements on
double Tagging and vertex charge
* LEP/SLC had to include single tags and
Semi-leptonic events

IDT WG3 Phys. Jan. 24 28
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W b An enigmatic couple @,,\,m
Ié:sb:?m;cicr)‘iirse de Physique Les deux infinis

Ebacinon Meulvinge Muon Meubhing Tau Heulrino

Elementary Scalar?

Composite object?

- Higgs and top quark are intimately coupled!
Top Yukawa coupling O(1) ! h
=> Top mass important SM Parameter ( )

- New physics by compositeness? A I A I
Higgs and top composite objects? /A\
| | | | tL t
- e+e- collider perfectly suited to decipher both particles Courtesy of S. Rychkov

IDT WG3 Phys. Jan. 24 29



h ASED Physics program at future electron-positron colliders %

IN2P3
Ié;b;m;i?‘iirse - Les deux infinis
New Physics
ee->ZH top-continuum
w
m, 2xmW tt-threshold tth-threshold 1 TeV

Energy reach of LC

» Energy reach of CC

All Standard Model particles within reach of planned e+e- colliders

High precision tests of Standard Model over wide range to detect onset of New Physics

Machine settings can be “tailored” for specific processes
*Centre-of-Mass energy
*‘Beam polarisation (straightforward at linear colliders)

opp = }1 (1 — PP(orLr +orr) + (P — P)(orr — oLR)]

Background free searches for BSM through'beani*pélarisation 30
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From cross section From forward-backward asymmetry
@UQ- 02 B 1EP1+SLD.R,916GeV,~02nb" 202 B L:P1, A 91.6GeV,~02nb"
[T 1LC, 0y4(bb), 250 GeV, 1 ab” “ [ m™c,A® F,Be- er,250 GeV, 1 ab’!
_ [ 1ILC, 0, (tD), 500 GeV, 2 ab’ _ (I wc. Azﬂ{% 500 GeV, 2 ab’

-0.2
-02 0 02

C(l)

Q
* Measurement of bottom and top observables delivers complementary information for EFT operators
« ILC@250 GeV comparable to LEP in terms of cross section => Constrainon g,,

« ILC@250 GeV drastically better than LEP in terms of AFB => Constrain on g,
* How would the picture look with GigaZ precisions?

arxiv:1907.10619 IDT WG3 Phys. Jan. 24 31


mailto:ILC@250
mailto:ILC@250
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Development of EFT Operators
arxiv:1807.02121

T +fﬁi
107t i il
]_ﬂ'l R
1P
(T
WA ete™ =t — bW+ bW~ LO |
P[:E'+7E'_J = (+30%: _80%)
lﬁ_3 1 | I 1 1 I | 1
200 1000 3000
Vs [GeV]

Wt
-2 ete = ti— dbW+bW—,LO T
P(et,e™) = (—30%, +80%)
10_3 | 1 1 1 1 | 1
500 1000 3000
Vs [GeV]

Increased sensitivity to operators
representing four-fermion interactions

Effects at higher energies

IN2P3
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GUT Inspired GHU Model

e et- cc

0.8
2 0.6 | N e
s "oy
o 1 — GHU@U) N, g
@ : \ y
‘EQ 0.2 E - GHU {L] \\‘--‘,,

i GHU (R)
0.0 . . | | |
0 500 1000 1500 2000 2500 3000
Vs [GeV]

B vt ¢
2 08 8 e ey ML
02 e Gi )
0.IH ... GHU (R)
0.0— - - - - -
500 1000 1500 2000 2500 3000
Vs [GeV]

IDT WG3 Phys. Jan. 24

-
--------------------------------------
-

---- GHU (L)
P e GHU (R)

L
0

500 1000 1500 2000 2500 3000
Vs [GeV]

* Effects amplified at

higher energies

* Different patterns for

different beam polarisations
(L, U, R)

* Different patterns

for different fermions

32
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—10?
>

)
=10
Hal [
U<
~—~—— ]
=]

. LEP/SLC + LHC Run 2

107!

[ AR

1072

107

Electroweak top couplings EFT-operators

. + HL-LHC 51

Ca €, Cy Cw Ca

. + HL-LHC 52

. + ILC250 .+ ILCS500

s

IN2P3
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arxiv:1907.10619

Mapping between FF and EFT Coefficients

1 2.2 2
z _ 41— 3% my 1 V _ ~(33) 1(33) _ ~3(33)
iy = SWCW A2 2syew [CW — Cu::-u + (Cwq CW }} !
1 2
z . T1 Ty 1 A _ ~(33) _ r1(33) _ ~3(33)
Fia = SWeW A2 2swew {CW - Cwu (C’W CLP';‘ )] !

m? 33 33
Ffy =475 [Cl; = Re{cy CSY) — sh CF Y swew]

2
Tt [C{:g = Im{c}, Cy) — sy C.%}/ Swﬂw} :

arxiv:1807.02121

* Translation of results into EFT language confirm superiority of e+e- w.r.t. LHC
* Several operators benefit already from 250 GeV running

* Top specific operators constrained by running at 500 GeV

IDT WG3 Phys. Jan. 24 33
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Summary: Theory inputs for asymmetries -

Observables Prﬁ{::tn:;alue Teraiztifigaz Err'rfr‘:lﬁ:;z Theory input (not exhaustive)
A, from P, (FCC-ee) 0.07 0.20
1514 * 19 SM relation to measured quantities
A, from A (ILC) 0.15 0.80
A, from Agg (FCC-ee) 0.23 0.22
1456 + 91 Accurate QED (ISR, IFl, FSR)
A, from AgP® (ILC) 0.30 0.80
A, from P, (FCC-ee) 0.05 2.00
A from Agg (FCC-ee) 1449 £ 40 0.23 1.30 Prediction for non-t backgrounds
A_from Agre! (ILC) 0.30 0.80
Ay, from Arg (FCC-ee) 0.24 2.10
8990 £ 130
Ay, from Ags?*! (ILC) 0.50 5-00 QCD calculations
A, from Aqz (FCC-ee) 2.00 1.50
65400 + 210
A, from AggP9 (ILO) 2.00 3.70

+ And also sophisticated and state of the art MC generators (signal and backgrounds)
¢ Plus, maybe, redefined EW Precision Parameters (EWPP) and extraction procedures ?

P. Janot, Workshop “Precision calculations for future e+e- colliders”
IDT WG3 Phys. Jan. 24

Projections from

34



W) Cup Cross sections
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+ - i
IGH F 1T 7 0 l | L L | | L L | P 17T 7 1 I L L L 6 6 % tt * 500 Gev 352 Gev (unpOI)
I Channel Tunpol. |Tb] | o 4 |tb] | o _ [tb
B S : i 572 1564 724 450 fb
" :q"'b'.[ p] OCesseés tlt I( Iu."',u._ 456 a6G9 254
10 | . S 4] 2208 6032 2793
| a q=u.d.s.c 25.2 pb
I 2qq bb 372 1212 276
P o ~Z° 11185 25500 19126
106 | W o Or T'T Wrw- 6603 26000 150 11.5 pb
| |I _.-’ AV A 422 1106 D82 865 fb
'i!. Z°WTW - 40 151 8.7
LY ASAYA 1.1 3.2 1.22
_ \J I3
103 |r Single t for eTe™ — e z.th |1 ] 3.1 10.0 1.7
ll"l.1Ik Al .
\/ N — .
. i ete™ — bb: 250 GeV
IUIL E.T K e T Channel cunpol fb oL fb oR fb
Pt bb 1756 5629 1394
. ‘“.m_xx ybb (Z return) 7860 18928 12512
q — Y ZZ hadronic with bb 196 549 236
10 = - . HZ hadronic with bb 98 241 152
10° E Zh ete” — cé: 250 GeV
=, b
2 7ZWW o(P, = —1,P., = +1) ~ 8518 h
Z vljech
101 I | [T | Ll . | L1 1 O-(Pe_ :—|—17P€+:—1)m3565fb
0 200 400 500600  BOO 1000 .. . ~3020fh

Vs (GeV)

LFC 22 35
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e+e- detector concepts for linear colliders
Preferred solution Particle Flow Detectors

CLIC Detector

%

12.8 m

B=5T B=3.5T

Highly granular calorimeters
Central tracking with silicon Central tracking with TPC

Inner tracking with silicon

IDT WG3 Phys. Jan. 24 36
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Track momentum: o,,, < 5x 10°/GeV (1/10 x LEP)
(e.g. Measurement of Z boson mass in Higgs Recoil)

Impact parameter: o, < [5® 10/(p[GeV]sin*?8)] um (1/3 x SLD)
(Quark tagging c/b)

Jet energy resolution : dE/E = 0.3/(E(GeV))V2 (1/2 x LEP)
(W/Z masses with jets)

Hermeticity : 0_.. = 5 mrad
(for events with missing energy e.g. SUSY)

Final state will comprise events with a large number of
charged tracks and jets(6+)

e High granularity
e Excellent momentum measurement
e High separation power for particles

Particle Flow Detectors
Detector Concepts: ILD, SiD and CLICdp

IDT WG3 Phys. Jan. 24 37
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e"e” — bb: 250 GeV
e'e’ — qq (q=udsch, E <35 GeV) ||_ D
§100"'|"'|"'|"'|"'—|_':
E; 90 + bfag:}o's& ﬁs\au::.\.rt:va|:“25 GeV
5 —F— b, >0.88 f___ [>25 GeV & Vix-method
T b,,>0-8& B__ [>25 GeV & K-method
70

60

50

40F
30F TeTemee \
20F
- €8x
OF oo el
0: 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
0 0.2 0.4 0.6 0.8 1

lcos6, |

* Individual efficiency for correct
b-tag and charge measurements
using Vtx and Kaon charge

* Final efficiency ~20%

from combination of Vix and Kaon charge

in different/same jets

Typical efficiencies

e ep — tt at 500 GeV

General selection cuts IDR-L | IDR-S
Isolated Lepton 92.1% | 92.1%
btag, > 0.8 or btags > 0.3 81.2% | 81.1%
Thrust < 0.9 81.2% | 81.1%
Hadronic mass 78.2% | T8.2%
Reconstructed my, and m; | 73.4% | 73.4%

t quark pr:nlar angle spectrum

yhad. 4 B~ 94 62.2% | 61.8%
w‘f 34.5% | 33.9%
“tt identification” 30.6% | 30.2%
b quark polar angle spectrum
No additional cuts
eper — tt at 500 GeV
(General selection cuts IDR-L | IDR-S
Isolated Lepton 94.1% | 94.0%
btag, > 0.8 or btagz > 0.3 84.9% | 84.8%
Thrust < 0.9 84.9% | 84.8%
Hadronic mass 82.2% | 82.3%
Reconstructed myy and m; | 77.6% | 77.5%
_mek_uola.r'_angl&ﬂ:mtmn
et 4yt > 2.4 64.1% | 64.1%
b quark polar angle spectrum
Viz+Vix 10.8% | 10.3%

IDT WG3 Phys. Jan. 24
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Total cross section
* Typical efficiency 75%
* Independent of

beam polarisation

Differential cross section

* Note, difference for different
beam polarisations
* Left hand polarisation
more vulnerable to migrations
* Requires information
from hadronic final state
* Vitx, Kaon as in bb-case

38
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Example b-couplings (same observation for c-couplings, arxiv:2002.05805)
10

102

S ILD | " B oo
— — - 1 — RS B Djouadi et al., arxiv:hep-ph/0610173
- - Preliminary - s T
= i y | g B - Hosotani et al., arXiv:1705.05282
> -1 L
17 1 — - ILC250’ 2000 fb R g N Peskin, Yoon 4, arXiv:1811.07877
> = ILC GigaZ - g . .
n LEP1 7 & B Peskin, Yoon 5, arXiv:1811.07877
+ b : g S
IS 2 - i g
107 £ E 5 oF
1072 | I E ] “
-3 1
1 O Z Pole Qe b
Ly, LR Ay AR Ly Ry

Impresswe senS|t|V|ty to new physms in

Couplings are Order of magnitude better than at LEP Randall Sundrum Models with warped extra dimensions

*In particular right handed couplings are much

better constrained * Complete tests only possible at LC
* Discovery reach O(10 TeV)@250 GeV
New physics can also influence the Zee vertex and O(20 TeV)@500 GeV

*in 'non top-philic' models

Full disentangling of helicity structure for all fermions Pole measurements critical input
only possible with polarised beams!! DT WES PhwOnly poorly constrained by LEP 39



‘bJCLab Why lighter quarks? — e.g. GUT Inspired Grand Higgs Unification Model
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ee’>cc . . eet— T . . aI‘XIV2006 02 1 57
| e | « Model parameter is Hosotani angle 6,
=== SM (L ATy 001 dl t T ] N " ] ]
Z3 o 2 o yielding the Higgs-Potential as consequence
s 4 —— GHUU X . . .
P g ~ o0 of Aharanov-Bohm Phase in 5" dimension
Lol s GHU (®) S 00
_ 3 . .
e % * Model defined in Randall-Sundrum warped
L R o000 e extra dimensions
. __ EmEa ] . * KK excitations of gauge bosons and new bosons
’ 0.000- T - - :
4 o e Q'O'OOSI ‘ {HHH modify fermion couplings
Rl SM (R) "0" ] § -0.010¢) | | | LL+ e (E) 1
3] —me r IS o " * Predictions for ILC
5 - -0.020f em_=13TeVand 8, =0.1
F-o02sf KK H
1 05 0.0 0.5 T S 0.0 0.5 1.0 C o
- o * Deviations from SM of the order of a few %
| e | .. ix.... N * Effects measurable already at 250 GeV
L — gee ol [ TT4HLJ ----- | * Effects amplified by beam polarisations
il P : g o * Effects for tt, bb and cc (and other light fermions)
SO6E iy o5 -0.04Ps === (& 1
_§ e GHUW) -3 — x"“hh ...._______: ..... (R) :
§% —mawm B g * One concrete example for importance to measure
T -008f TNl 1 . .
R T e full pattern of fermion couplings
- -0.10- : : . . . .
Lo - ke W Ve 10 S Peykdihpattern only available with beam polarisatior



h ASED Top pair production at threshold
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“Bound states” at tt threshold
Hydrogen atom of strong interaction

08— .

0.6

5 04]

02,

M —

0956 338 340 342 344
Vs (GeV)
- Size O(10""m), smallest non-elementary object known in particle physics

Small scale => Free of confinement effects => Ideal premise for precision calculations
Measurement of (a hypothetical) 1°S , State

- Decay of top quark smears out resonances in a well defined way A1
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ee -->ss. SLD Analysis at Z Pole

neg. polarization pos. polarization

120 - 120 -
® data (1993-8)

ud bkg.

= P B bk  Extend the heavy quark analyses to light quarks to get full picture

% ‘ 80 ‘+ * Optimise vertexing and particle ID (i.e .Kaon ID
~ + with full simulation studies

60 60

number of entries

)
. o 5, ey -
TS A A T il
s i 2
RS RS ST S N L,

IDT WG3 Phys. Jan. 24 49
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Beam polarisation and disentangling

With two beam polarisation configurations

> <
P(e™) = +80% P(e*) = F30%

There exist a number of observables sensitive to chiral structure, e.g.

N(cosf > 0) — N(cosf < 0) (Oer)r

o Abp = Fg)y = -2

I FB.L™ N(cosf > 0) + N(cosf < 0) (Fr)1 o1
x-section Forward backward asymmetry Fraction of right handed top quarks

<
Extraction of relevant unknowns

Ffv: Flea P?A =0, F1ZA

or equivalently QE; Q%; QE: Q}Z%
F)., . FZ
2V £ 2V

IDT WG3 Phys. Jan. 24

%mm
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@
Wb b
S LEP Anomaly on App @'!“2'13
. AP
~30 in heavy quark observable /1 g B ee->bb@250 GeV
S A
: ; dolL/dcosOb doR/dcosOb
Ab | . | (o] 3 _ oR/dcos
i E 4 7F
0,c : I d I
1 . L _
Agi : 5 5 I |
Arg - ¢ * 5
Re| i —® ) | A
Rl e | o
s 5 5 i 1 2]
" " " i ‘1 f
* Is tension due to underestimation of errors or ¢ BT e
due to new physics? 107505025 0 025 05075 1 "1 975-05-025 0 025 0.5 075 1
cosOb cosOb
* High precision e+e- collider will give final word on anomaly Randall Sundrum Models Djouadi/Richard ‘06

* In case it will persist polarised beams will allow for discrimination between effects on left and
right handed couplings (Remember Zb;b; is protected by cross section)

* Note that also B-Factories report on anomalies o1 w3 phys. Jan. 24 44
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What about lighter quarks - Differential cross section ee->c

Entries / 0.05

L | LI | L | | | T | | L LI r | |
[ -
45000_ H . an
= ILD Preliminary o/
400002_ —+—— signal + charge corr. MR
L ——<—— signal + ch. corr. + accep. corr. = .
35000:_ LO EW malrix element - Whizard 1.95 P
2 o fitto LO AN
30000 — #,f =
- & o
25000 5 -
= '
20000+ ﬁ# R
15000 &~ =
- - :
10000 Mﬁf .
5000 o oo =
e 8,6, — CC, 250GeV, 250 b -
=i A T DN ot T LA A P P G AT [ Rt N WP
07708 06 04 02 0 02 04 06 08 1
cosB,
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Full simulation study (with ILD concept)
Long lever arm in cos 6_to extract from factors or couplings

arxiv:2002.05805

E 22000 :-I- LI | | L | L | | LI | L | T T T | L i | 1]
— u . ji
“é 20000 - ILD Prellmlnary ]
E 18000 3 ——+—— signal + charge corr. s
E —+—— signal + ch. corr. + accep. corr. & :
16000 — - LO EW maitrix element - Whizard 1.95 P T

E o fitto LO _a,_.-"’i‘l”'“
14000 = g_._ =
12000 o e
- = ]
10000 ! o %
- s ]
80001 ,,.f‘ =
- = n
6000 — ﬂﬁ-ﬁ ]
4000( = =

5 .,,..J’"*
20001~ o e.e; — ¢, 250GeV, 250 fb” 1
B “hn- | I | | | | | L1 1 | L1 1 | L1 1 | | I | | | | | L1 | | L1 1 7]
97 208 06 04 02 0 02 04 06 08 1
cosf,
IDT WG3 Phys. Jan. 24 45
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Arxiv:1709.04289, ILD Paper in progress

18 103 ell_e}l:rﬁ bB(JL:QSO{b?) LD ><|‘I IOII3 LIL Ieﬁleil_l) bIB{: JI-L=:??C|]fb:)| I LI LI | LD
T ARSI AL L L L L L L IO L OO g N I. I..I | I | [ | i
© - Selection Efficiency 7 S i Selection Efficiency ]
© 16 e'e"— bb (K <35 GeV) : 18.8% II;_ = ,50 e'e’— bb (K <35 GeV) : 18.5% -
% 14 :_Backgroundfsignal _: g . [~ Background / Signal ]
-'E' B - e'e’— qq (g=udsc, K >35 GeV) : 1.7% ] "E' i - e'e’— qq (g=udsc, K >35 GeV) : 2.3% i
W 12 - 7] otvers: 0.30% u W 2 - 772 others: 0.68% B
tof- : b :
o : | z
61 - 1 -
sF : : :
- = 0.5 .
2 | 3 - :
L ] -l | | I | Sl -

0 o L Lo L Lo Ll e b Jommm ] 0
1 -08-06-04-02 0 02 04 06 08 1 -1 -08-06-04-02 0 02 04 06 08 1
cos6, cos6,

* Background levels can be kept at very small level
* However, these type of analyses seek per-mille level precision

IDT WG3 Phys. Jan. 24 46



WCL Optimising of scanning points

Laboratoire de Physique
des 2 Infinis

IN2P3

Les deux infinis

Optimisation of threshold scan using “Non dominated sorting genetic algorithm” arxiv: 2103.00522

Optimised scenario for mass a width

. Precision on top mass ...
Standard scan scenario 0 | M . p mass ..
elerence Crosseclion e 4
cLICdp Mags and Width @ S
;,_4 | CLICdp ILC optim;:zlgg -

0.35 FCC optimized ———
03} i
0.25 ===
S
02} ')
Q
0.15 0
&
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E IGeV] _ CLICdp TS ———
100 fb™* for 10 equally distributed points e 00 150 200 250 300 30 400 450 500
%35 340 345 350 355 Luminosity [fb™']
Energy [GeV] ... taking luminosity spectrum into account

* Optimisation of threshold scan yield 25% statistical precision of top mass compared with scan
using equally distributed scan points
* Choice of measurement points with optimal sensitivity to desired quantity

* For breakdown of systematic errors see backup . ., Phys. Jan. 24 47



) Cub Uncertainty driver a_

Iréne Joliot-Curie

Laboratoire de Physique
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des 2

Cartoon J. Talbert, LCWS2017

4
- “ N ~
T=1 T=12 T>?2
From arxiv:1501.04111
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roman Paschl EveNnt shape observables

Here brief summary see upcoming ILC Snowmass White Paper for more details

Significant discrepancy between as from lattice calculations

(most precise) and QCD event shape variables
*Most “recent” e+e- input from LEP

Event shape variable are subject to non-perturbative effects
*“Power corrections” caused by soft radiation within a jet

How to take handle effects into account?
*Handling with Soft Collinear Effective Theories and/or
*“Jet Grooming”, i.e. removing soft parts from jet

mMDT groomed heavy hemisphere mass

0-35 :|||[| I I IIIIIII 1 I |||||I:
0.3 i— E“ngf '21Gev —; Stable perturbative series
0.95 £ %lmz)=0118 3 after grooming
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