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Ceo Areas of Current Activities

Key quantities: mt, tth and ttZ couplings
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Strong analysis team of both theorists
and experimentalists in France.

GRACE | Sizable EW 1-loop effects!

Higher order EW correction
essential for BSM detection !

GRACE experts in Japanese Team!

Japanese analysis team
working on the tth coupling e t

Development of Analysis Techniques

Matrix Element Method

ete” —tt — putu bby,v,

Full reconstruction of 2L+2b final states
— full exploitation of available information

M |2

Expert in Matrix Element Method in French team

b-tagging and b-charge ID

Final state reconstruction
uses all detector aspects

Proper top charge ID is
essential, for which b-
charge ID is very powerful
if realized

In all of these analyses b-tagging and b-charge
measurement essential !

Analysis experts in France
Experts of flavor tagging (LCFIPlus) in Japan
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Top at Threshold



@. Top at Threshold

The tt threshold is the ideal place to make a clean measurement of the top mass and the
lowest energy place to access the tth coupling
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[t= 1.4 GeV for mi=175 GeV

Because of this large width, the top and the anti-top pair created
at r=0 decay before entering the non-perturbative QCD regime.

I: acts as an infrared cutoff

Reliable cross section calculation from first principle (perturbative
QCD) even in the threshold region as first shown by Fadin-Khoze!

The reliable estimate of the QCD bound- € H t
state effects gives us the opportunity to tth
access the tth coupling! - t

€ ~10% effect

More importantly the reliable estimate of the QCD bound-state
effects allows us to extract the short-distance top quark mass
in a theoretically very clean way!, which is crucial to decide
the fate of the SM vacuum!
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arXiv:1205.6497, Degrassi et al.
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At LHC, theory error limits the top
mass precision to ~500MeV.




World experts of QCD (Y. Kiyo & Y. Sumino) in Japanese team

NNNLO top production near threshold

The state-of-the-art

NNNLO study for mt, I't extraction in threshold scan with NNNLO cross section
(presented in TopLC15, IFIC Valencia, 30 June-2 July, 2015)
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With NNNLO threshold cross section, feasibility study for top 190, i
properties (mass, width, Yukawa coupling with Higgs boson) : Hinebai
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* Precision of top mass determination, Kiyo-Mishima-Sumino(JHEP 1511(2015)084 5 ILC 30
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ILC pinpoints the vacuum location!



Open Top Region



@' In Search of Anomalous ttZ couplings

Top: Heaviest in SM—Must couple strongly to EW symmetry breaking sector!
— Specific deviation pattern expected in ttZ form factors depending on new physics.

e (tZ| ¢

Key points
[t=1.4 GeV formi =175 GeV

The top decays before forming a top hadron.
Top spin is measurable by angular analysis of decay products -+ ME

+ Polarized beams to disentangle the left- and right-handed couplings

We are developing experimental technique for precision top quark reconstruction
b-tagging and b-charge measurement are essential!

Experts of event reconstruction in France
Experts of flavor tagging (LCFIPlus) in Japan
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Semi Leptonic Analysis - Reconstruction of Btop at Vs=500 Gev Eoo

Roman PFoschl
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Ambiguities in the case of

left handed electron beams

Arxiv:1505.06020
EPJC (2015) 75:512

Due to V-A structure at ttX vertex

Precise reconstruction of Gtop
in case of right handed electron beams

Remedy to address ambiguities:
Select cleanly reconstructed

events by X2 analysis

or

Reconstruction of b quark charge

(New study)

Precise reconstruction for both
beam polarisations

- Efficiency Penalty for e

Low ¢ for eL

- & €r~90%, e, ~30%

Results:
Pe—,Pe+ | (60/0)stat. |%] | (0A% /A% B)stat. | %]
—0.8, +0.3 0.47 1.8
+0.8, —0.3 0.63 1.3

lokusul 2015 — December 2015




Sensitivity to New Physics

Top is primary candidate to be a messenger new physics in many BSM models
Incorporating compositeness and/or extra dimensions

ILC is sensitive to Mkk up to

Z | Z :
LHC14, 3000 fb™ dg1, / 9L ~25TeV for typical RS
From Phys.Rev.D63 (2006) 034016 Statistical error: scenarios (even up to ~80 TeV
\s ~ 500 G1eV in extreme cases)!
L = 500 fb-
e ) 20% - | — ——
ILC Precision
0% + = Arxiv:1505.06020
I EPJC (2015) 75:512
RS with Z-Z’ Mixing . SM 5 7.7
—— - =t 9 } — e/ G5
-330% -20% " -10% 10% 20% 'qR/ Ir
. o .
10% 4 O >
DI ® Little Hi'.'_::-~. ) ..‘."-.
5D Emergent
® -20% 9 RS with Custodial SU(2 "")
aQ |

Precision expected for top quark couplings will allow to distinguish between models
Remark: All presented models are compatible with LEP elw. precision data

Roman Poschl
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tff@l Top quark charge reconstruction @'

To remedy low e. efficiency and further improve sensitivities to NP
_ b

- Proper top quark charge measurement
essential to control migrations observed
in semi-leptonic analysis

- Exploit properties of B-Mesons to determine
b-quark charge and hence top quark charge

- Additionally charged Kaons from a
Ternary carry the imprint of the original
Top quark charge

- Developed algorithms:
- TruthVertexFinder for generated Ternary

Secondary and ternary vertices < vertex
- VertexChargeRecovery to collect

And assign all tracks to their vertex Secondary
vertex
Both algorithms are part of ILD Software -
X . ;\\ 2
Primary vertex

Roman Poschl Tokusui 2015 — December 2015 11



Mt Improvement of semi-leptonic analysis B
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: ,'P : 2 _ (n-a,,, — my 2 4 Eree — Eg..,‘,,,, 2 4 (p:“ . 2 4 ((‘ns(),,,. — cosOyw \2
004:__ +,/+4 d_ Xe = Tm OF n", T cosbpw
: 4 :
0.03f *:l"* R
- 4t . - _
BPIPII . s 1 - Total efficiency is ~33% better than for
0.02 ks T - .
- . Published result
[ x Arxiv:1505.06020, EPJC (2015) 75:512
0.01 N
! DBD+recovery+lepton
O—JLIIJ1111111Ll1111Lllllljlillllllllllll-
1 -08 -06 -04 -02 0 02 04 06 08 1
cos(em)
rec gen ,
Afb /Afb = 92.7%
Efficiency 40%

Significant improvement w.r.t. published results (=ILD DBD)
33% better efficiency => ~17% less LC running time for same precision

Roman Pdschl Tokusui 2015 — December 2015 12



AL B-charge and Kaons (oo
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- top polar angle from vertex charge and Kaon charge (still from generator information)

=> Independent of top decay modes

:I T I LB [ Ty I' LB I T1 T]'l' LR I LB ] T1 l'[l' TT ] T 9 Y: -
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0_1lllllllllxlll1111111111111111111111111- 0:1111-111;1111'11-1111-111-11v1111-11111
-1 -08 -06 -04 -02 0 02 04 06 cgsa(o‘w; -1 -08 -06 -04 -02 0 02 04 06 C(o)se(ow)‘
r(’(‘ gen 0; .
AT [ A% = T2.8% AT JA%™ = 94.4%

- Clean reconstruction of top polar angle spectrum

- (Still) small efficiency of 15% due to very tight selection

Roman Pdschl Tokusui 2015 — December 2015 13



Matrix Element Method



- e .. — —— — — —

Goodness of fit
(scaled to 10k events)

Based on GRACE software - u - [l
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To include detector/hadronization gffects N

If (
>
i & Initial studies on detector/physics
B. Knysh e & Effects on kinematical /pt Lt
EL ects on kinematical reconstruction
Master student 1K
Kiev, Ukraine )
will be followed up by - ‘ ' 59
Y. Sato (Tohoku student) e (V 1/ )
in FY2016 | T R 'tdrllth reco

Using the GRACE-loop system for computing EW
corrections to tt production

Where does the correction

me from?
come Iro Tetiana Moskalets (V. N. Karazin Kharkiv National University, Kharkiv, Ukraine)

Emi Kou (Laboratory of the Linear Accelerator, Orsay, France)

We are studying e" e~ — tt process B —
NLO EW correction is small for eg e,

«

. It

W initial state . .
@ ¢z ¢, : W contribution in box ~» vertex 5
and box corrections cancel ‘ )
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Summary

- We made a significant theoretical progress in the threshold top pair production and
the extraction of the short-distance top mass.

- Successful development of algorithms for reconstruction of vertex charge.

- Clean top polar angle spectrum for semi-leptonic top decays
33% increase of efficiency w.r.t. Paper and ILD DBD

- Clean polar angle spectrum when using vertex charge and Kaon charge

- Planned research stay in Japan by Sviatoslav Bilokin to work on new vertexing
Algorithm in FY2016.

- Higher efficiency of secondary vertices (not shown today)
- Improved particle identification

Application of algorithms to ee-> bb final states.

Matrix Element Method needs proper 1-loop corrections.

Found the key role played by the W box diagram using GRACE.

Planned research stay in France by Yo Sato to work on ME analysis in FY2016.






Future Linear Electron-Positron Colliders |((*®

Roman Pdschl

-
ile
I - ) Energy: 0.1 -1 TeV
‘ — = Electron (and positron)
' A ' : polarisation
TDR in 2013

+ DBD for detectors

Energy: 0.5 - 3 TeV
CDR in 2012

19
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MZ Detector requirements (oo

LACLE
L /' N E AT R

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

Impact parameter: o4 < [5@® 10/(p[GeV]sin328)] um(1/3 x SLD)
(Quark tagging c¢/b)

Jet energy resolution : dE/E = 0.3/(E(GeV))1/2 (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 and SiD

Roman Poschl Tokusui 2015 — December 2015 20



Mt Top Quark Physics at Electron-Positron Colliders @‘
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E\ | =44 -
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103

- Top quark production through electroweak processes Y -
no competing QCD production => Small theoretical errors! 102 .,

IWW
l vvijech l
lOl ra a1l e FEN Y PN R o A A A |

- High precision measurements 0 200 100 500600 800 1000
- Top quark mass at ~ 350 GeV through threshold scan Vs (GeV)

- Polarised beams allow testing chiral structure at ttX vertex
=> Precision on form factors F and couplings g

Roman Pdschl Tokusui 2015 — December 2015 21



KAZ Disentangling (oo

At ILC no separate access to ttZ or tty vertex, but ...

ILC 'provides’ two beam polarisations

< > < >

P(e™) = +80% P(e*) = ¥30%

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

o At N(cosf > 0) — N(cosf < 0) (Fe) (0R)]
FB.I™ N(cosf > 0) + N(cosf < 0) = A o]
x-section Forward backward asymmetry Fraction of right handed top quarks
e

Extraction of relevant unknowns

Z _ Z

F;YV’ Fiy, P?A =0, Fi4
Z
Fyy, Fay

or equivalently gz, 9172, gf, QIZ?,

Roman Pdschl Tokusui 2015 — December 2015 22



ZAZ Example for physics reach (oo

llllllllll

New physics reach for typical BSM scenarios with composite Higgs/Top

and or extra dimensions
Based on phenomenology described in Pomerol et al. arXiv:0806.3247

o\o : | Ple’,0")=(+80%,%30%), arXiv:1307.8102,0806.3247 . >
— : bg /g : 125 @
O - ¢
B2, —H20 _X
o \ ] =
9 ................................................................................................................... g
Qo — 15
= 6 S S S :
= —1 10
Q— —
8 -
o —1 5
N PP
0
30
years

Can probe scales of ~25 TeV in typical scenarios
(... and up tp 80 TeV for extreme scenarios)

=> |mportant guidance for e.g. 100 TeV pp-collider

Roman Pdschl Tokusui 2015 — December 2015 23
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Assumptions for Lumi scaling (oo

Roman Poschl

%48
inst. L/10A34 [cmA-2 s]
L 4
Optimistic for CLIC1400 ~4.8 <-> ~3
Pessimistic for “ILC1400"
y
43,2
+2.4
416 About correct for ILC500, 1000
408
X
0 5 75 10 125 15
+ 4 + + + >
/ [sA(0.5)] [GeV/100]
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Different centre of mass energies | B

Small cms energies: NQ?I 0.12

- Vanishing axial
vector coupling

- On top (not shown)
large QCD uncertainties 0.08

Roman Poschl

... simplified discussion for gRZ

-

¥ ] L T T 1 l L) T L] 1

N_C
(&)
2=
0.1

llllllllllllllllllllllll
Illlllllllllllllllllll

High cms energies:

- Quickly decreasing
cross section

006 e
0.04 .
0.02 ‘e
1 M N N M | M N 2 N
500 1000 1500
\s [GeV

Broad minimum between 400 and 700 GeV

Vs ~ 500 GeV is “sweet spot” for coupling measurements
However:

- Sensitivity to CP violating Higgs at smaller cms energies

- New physics at higher energies may increase cross section

Tokusui 2015 — December 2015
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MZ Different centre of mass energies | (oo

... influence of different instantaneous luminosities
(Assumption caveats, see backup)

Small cms energies:n < I T T ~ ] High cms energies:
lL o a ¢ —
- Vanishing axial N\g 0.02 |- — - Quickly decreasing
vector coupling L - K cross section
+ e, - . - ... partially compensated
- Lumi decreases at i i by increasing luminosity
linear colliders 0015 . o«
0.01 |~ . —
C 1 - R R 1 R R R R
500 1000 1500
s [GeV]

Broad minimum between 400 and 700 GeV

Vs ~ 500 GeV is “sweet spot” for coupling measurements
However:

- F1AZ would profit from somewhat higher energies (beta dependence)
- Remark: Full disentangling for F1VZ and F2VZ at ~1 TeV

Vs ~ 1 TeV attractive option

Roman Poschl Tokusui 2015 — December 2015 26



ZAZ Trends in upcoming studies @’

Top pair production is effectively ee->6f
process

b

- Role of (indistinguishable) single top production (Eur. Phys. J. C (2015) 75: 223)
Only relevant for e,

- Effective filed theory approaches w.r.t. full models

- Exploitation of information of final state by matrix element method (arxiv: 1503.04247)
Unbiased access to tensorial CP violating form factors !?

- Exotic decays as e.g. t->ch

Roman Pdschl Tokusui 2015 — December 2015 27



AL What about LHC perspectives? B
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LHC14, 3000 fb" 697 /97
From Phys.Rev.D63 (2006) 034016
( 20% -+
. ILC Precision
I L o
RS with Z-Z' Mixing " . SM .. 507 /o7
—— - e ———+———
.330% -20% . .10‘;«{3 10% 20%. . gR/gR
. & . 4 11 M
10% 4 Composite H ith SO(5)/SO
. ® Little Higgs ‘.. “o,
5D Emergent el
B -20% 9 RS with Custodial SU(2 )
® ( |

Linear Collider will outperform LHC results
- Particular poor constraint on g, (this holds also for flavor physics results)

- LHC LO QCD analysis, ~30% improvement through NLO QCD
- LHC may still be capable to exclude models

Roman Pdschl Tokusui 2015 — December 2015 28
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Comparison with current LHC results

Rome

AL
LHC input:
- Single top (Model dependent) ol
- Latest x-section results
ILC Precision
- g =
\
RS with Z.20 ilixing . ) SM ) 5 7, 7
—.x:)%_ 0 I;ﬁ( l‘l)ﬂ v gR/yn

T constraint

| oY

-0.8_4‘

3532527505005

dtRAR

- -20%

usui 2015 — December 2015

| - Result based on latest x-section results
- Takes into account possible sign flip of couplings
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mt From threshold to continuum (oo

Influence of the top quark mass
on x-sec and A

- very pronounced below Vs = 360 GeV
- 2.9%/GeV at Vs = 380 GeV
- 1.3%/GeV at Vs = 420 GeV
- 0.6%/GeV at Vs = 500 GeV

Agg (Am, =1GeV)

With the assumption of a 100 MeV pole mass
measurement at threshold, the remaining uncertainty
is one per mil or less above 420 GeV

IIITIIIIIIIIIIIIIT

1111111llllllllllllllllllllll

07 1]lllllllllllllllljlllljlllll
360 380 400 420 440 460 480 500

center-of-mass energy [GeV]
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Dimension 6 effective operators

(~equivalent role to anomalous form factors)
have been implemented in WHIZARD... ﬁc

Allow to map the dependence on Vs of the
impact of new physics on given observable

May help to explore the sensitivity of new/

additional observables

Roman Poschl
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center-of-mass energy [GeV]
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tﬂt Potential systematic uncertainties

- Luminosity: Critical for cross section measurements
Expected precision 0.1% @ 500 GeV

- Beam polarisation: Critical for asymmetry measurements
Expected to be known to 0.1% for e- beam
and 0.35% for e+ beam

- Migrations/Ambiguities: Critical for Ag:

PFLOW important for selection of 'clean events' but maybe subleading w.r.t. jet clustering
Control of b charge is most relevant topic !!!!

- Other effects: b-tagging, passive material etc.
LEP1 claims 0.2% error on R, -> guiding line for LC

Under discussion with theory groups:
- Consideration full 6f final state (Interference with single top and ZWW)

- Electroweak NLO predictions (Correction LO — NLO ~ 15%)
- Update and maintenance of event generators (WHIZARD, MADGRAPH etc.)

Roman Poschl Tokusui 2015 — December 2015
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