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—=10° | * Measuring the top quark mass (and
= other parameters) in theoretically well-
X< 102 L _ defined frameworks
R §
t]_: 3 » Search for BSM decays in clean environment
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Y * Direct measurement of the top Yukawa
\ N coupling, ultimate potential of 2%
2/y [requires > 500 GeV, full scope assumes ~ 1 TeV]
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Outline

* Intro: The Top Quark Mass - Different experimental routes
* The Top threshold
 Measurements beyond mass
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Top Quark Mass: Measurement Strategies A\‘(IT

At and above thfeShOId Karlsruher Institut fir Technologie
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* The accelerator side: Requires sufficient collision energy for top pair production
e So far thoroughly studied for ILC, CLIC, threshold studies common for CLIC, FCC-ee, ILC
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* The accelerator side: Requires sufficient collision energy for top pair production
e So far thoroughly studied for ILC, CLIC, threshold studies common for CLIC, FCC -ee, ILC

E‘O - ttlth Ih IdI QQbar_Thre Ih Id NNNLO E t | | \
§ 08 2—'S_F*de'f:i.:.“;“;z‘f;?.fze:a“::1.37 - / Key references: |
The threshold scan 5 Gos| ey
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. lothetopmass o1l w4 | direct)
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The Top Quark Mass

ST

Ultlmate preCISIon at the threshOId Karlsruher Institut fir Technologie
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8.1.4 [ ttthreshold - QQbar Threshold NNNLO 1 * Exploit precise theoretical calculations of cross section in
@ [ — theory prediction - m™ 171.5 GeV : the threshold region, in well-defined mass schemes (m:Ps,
T 1.2 — ---- scale variations p = 50 GeV - 350 GeV . . .
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The Top Quark Mass
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The Top Quark Mass

ST

Ultlmate pfeCISIOn at the threShOId Karlsruher Institut fUr Technologie
S S — . . . . .
1.4 L tithreshold - GGbar Threshokd NNNLO 1 ° Exploit precise theoretical calculations of cross section in
G [~ theoryprediction-m " 171.5GeV 1 the threshold region, in well-defined mass schemes (m:"s,
T 1.2 — ---- scale variations p = 50 GeV - 350 GeV . . .
o : m¢'S...) -> Can be converted directly into MSbar mass.
+CD 1 B . February 2022
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- 1 ISR, luminosity spectrum % 1 -
L - CLICdp - Onal , -
al | P 5 0.8 2%V -
340 345 350 - \ -
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0.4 |- —~
02 :_ implementation of corrections _:
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340 345 350
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Differences between Colliders

The Luminosity Spectrum
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* Linear collider luminosity spectra are characterized by a
beamstrahlung tail, FCC-ee is close to Gaussian
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Differences between Colliders

ST

The Luminosity Spectrum Karlsruher Institut fur Technologie
* Linear collider luminosity spectra are characterized by a Q. 4 [ tthreshold-m* 1718Gev -
. [ t ) T
beamstrahlung tail, FCC-ee is close to Gaussian C [ —QQpar_Threshold NNNLO —ILC 350 LS only
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Cross section [pb]

Differences between Colliders

The Luminosity Spectrum
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* Linear collider luminosity spectra are characterized by a
beamstrahlung tail, FCC-ee is close to Gaussian
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FCC vs
ILC

Requires: Precise
understanding and

measurement of spectrum.

In this case:

~ 30% reduction of cross

cross section [pb]
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statistical uncertainty
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The Standard Threshold Scan

Expenmental Assumptlons

1 | | | | | | | | | | | Februe;vry 2022

- i threshold - QQbar_Threshold NNNLO -

0.9 — ISR + FCC-ee Luminosity Spectrum N

0.8 £ — default-m;> 171.5 GeV, I', 1.37 GeV =

C m, variations = 0.2 GeV n

0.7 = I', variations = 0.15 GeV =

0.6 | :

0.4 — —

0.3 —

- T S|mulated data points =

02 200 fb™ total =

O 1 :_ efficiencies and signal yields _:

"B from EPJ C73, 2530 (2013) .

O | | | | | | | | | | | | | ]
340 345 350

/s [GeV]

— e e

AIT

Karlsruher Institut fUr Technologie
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* The standard assumptions:

Efficiency, signal and background yields taken from
EPJ C73, 2530 (2013):

70.2% signal efficiency, 73 fb effective background
cross section after selection

A 10-point threshold scan, with equal luminosity
sharing, spacing by 1 GeV, from 340 - 349 GeV

ILC, FCC-ee assume 200 b1 total, CLIC 100 fb-1
(for easier comparisons, 200 fb-' numbers are
often also quoted for CLIC)

Top mass (and other parameters, such as Iy, yi, Qs)
extracted via template fits of predicted cross
sections with different input parameters.

Theory essential - here NNNLO QCD [Beneke et.al ]
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Theory Uncertainties

A key factor

— 1 | | | | | | | | | | Februalwry 2022
O C .
o - i threshold - QQbar_Threshold NNNLO m > 171.5 GeV =
- 0.9 - ISR + FCC-ee Luminosity Spectrum E
O 0.8 - — default - u = 80 GeV -
) . — o _]
O - scale variations, u = 50 ... 350 GeV .
3 0.7 ;— ---- low scale - u = 50 GeV —;
N - ---- high scale - u = 350 GeV —
O C— e :
> u R RPN L b -
© 05 — -
0.4 - =
0.3 F =
0.2 - =
O 1 :_ efficiencies and signal yields _:
] u from EPJ C73, 2530 (2013) _
O [ | | | | | | | | | | | ]

340 345 350
/s [GeV]

ST

Karlsruher Institut fir Technologie

* QCD scale uncertainties highly relevant.
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Theory Uncertainties

ST

A key faCtor Karlsruher Institut fUr Technologie
= 17— * QCD scale uncertainties highly relevant.
o -t threshold - QQbar_Threshold NNNLO thS 171.5GeV -
= 0.9 & 5R 4 FCC-ee Luminosity Spectrum = * Also need to calculate other effects, such as ISR,
2 0.8 - — default - u =80 GeV = /" to the required precision!
O - scale variations, u = 50 ... 350 GeV .
3 0.7 — ----low scale - u = 50 GeV — N
L .. hi - —_ _ — - I T T T T | T T T T | T ]
@ 0.6 — high scale - . = 350 GeV __ ﬁ._1_4 __tithreshold-mfs171.5 GeV —
3 - e asszzazzitii T - CC) - —QQbar_Threshold NNNLO —FCC-ee 350 LS only -
0.5F —  the step from 2 1.2 - 1R only ~FCC-66 350 LS+SR
0.4 :_ _: blaCk _to green 3 1 :_ 91 km ring circumference _:
— = ‘-\ g o I' |
B ] B 0.8 B \ U Vi ]
0.2 — ol - N - -
~ _ only approximate In 0.6 — \ —
01 efficiencies and signal yields 7 Y app , B S m / f ~ -
" from EPJ C73, 2530 (2013) = current experimental B ~—_/\ _
O B | | | | | | | | | | | ] S‘tud|es] 04 :_ ~ _:
340 345 350 - ]
02 | implementation of corrections _
\/g [G eV] based on EPJ C73, 2530 (2013) —
O | | | | | | | | | | | | i
340 345 350
/s [GeV]
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Theory Status &‘(IT

A qUICk aSIde Karlsruher Institut fUr Technologie
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NNNLO (QCD+Higgs) + NNLO (EW+QED+non-resonant)

[MB, Maier, Piclum, Rauh, 2015; MB, Maier, Rauh, Ruiz-Femenia, 1710.10429]

Inclusivee 'e — W+ W~ bb cross section

2 — 171. T, = 1. S — 0.11 .006, sin” Oy = 0.2229, : .
S 0 20 350) Gov, oy = as0 Gy ) T OIS 0000 s By = 02225 for a thorough discussion:

See presentation by Martin Beneke at
CERN workshop “Precision
calculations for future et+e— colliders:
targets and tools”

https://indico.cern.ch/event/1140580

[—
w

> 1.2 \
« % : W\ QCD
SN N !
340 342 344 346 348 \% | \ —
I N - “‘ Vimvam—— WA
Vs [GeV] 3 10j R LTI 17117
> l')“\‘\‘ T full
0.9 N .
340 342 344 346 348
Top Threshold - ECFA HF WGT,, January 2023 Frank Simon (frank.simon@kitedu) e oes recesin
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Choosing the Scan Range

Parameter Sensitivity
| | 40 — | I | | | | I I I I | FeerEIll’}/Z%Z
< ~ m{®171.5 GeV, FCC-ee 91 km ring i
g T —do/dm, [A = 20 MeV] —do/dy [A =0.1] _
£ 301 dofdr, [A=40MeV] - Ao, for 20 fb° -
= B — dO/dOLS [A = 0.0006] 7]
x 20 —
2 h -
b - _
© 10 - —

(
‘)

M iy s o am S B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN Bm BN BN BN B Bm BN

-10 B corrections and yields -

B based on EPJ C73, 2530 (2013) |

-20 — sensitivity to: ]

- Yukawa coupling u

B width |

_30 ] | | | | | | lmaSSl | | L
340 345 350

/s [GeV]

Top Tht;eshold - ECFA HF WGT-, January 2023

—_-_h_,_‘__i_ ———— = i ————— = = — - —— ——— —— =~

AIT

Karlsruher Institut fir Technologie

* Plot shows the derivative of the cross section for
various parameters - to make this understandable this
is normalised to typical changes of these parameters

* Full use to optimize scan range requires knowledge of
mass to ~ 200 MeV in PS scheme. Can be achieved
with 2 x 5 fb7:
point 1: vs =2 x m{PS,LHC - 1.5 GeV
point 2: vs =2 x m{PS,LHC + 0.5 GeV [arXiv:1902.07246]
(N.B.: This is safe also when taking theory
uncertainties into account)

* Optimizing for particular parameters can reduce the
statistical uncertainty by ~ 25% [JHEP 7, 70 (2021)]
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Choosing the Scan Range

ST

Enter theory Uncertalnty Karlsruher Institut fUr Technologie
= 00— e 20 * QCD scale uncertainties dominate over point-by-point
o - m;> 171.5 GeV, FCC-ee 91 k'(’j” ;ij”g Ny - statistical uncertainties for typical threshold scans:
= [ —do/dm, [A =20 MeV] —do/dy [A= -_] _ At thi Nt optimisi tratedies to red
= 30 do/dT, [A = 40 MeV] -~ Ac.,.. for 20 fb” is point optimising scan strategies to reduce

B t 12 = stat ] .. N :
.g - —do/dag [A =0.00068] uw=50...350 GeV : statistical uncertainties does not improve the total
_>é 20 .. — uncertainty - in fact concentrating on a very small
B 0 - | N range may make systematic control more difficult.
o 10 —

* |n general: Also to separate contributions from
_______________________________________________ different parameters, the most relevant range is 340 -

(
i

= = m mwmow o

_10 & | | — 346 GeV.

- o“‘.car\reatrons,glr.\g yields B . . ] .

. based on EPJ 73, 2530 (2013) - Higher energy points would primarily benefit a y:
20 sensitivity. to: — measurement.

- Yukawa coupling.., s

- width R
_30 [ | | | | | | lmaSSl | | L

340 345 350

/s [GeV]

e — . e —  —— __ — = - — —_—
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Choosing the Scan Range

ST

BOttOm Ilne fOf FCC'ee StUdIeS Karlsruher Institut fir Technologie
—_ 11— Fenan 2022 * Mildly optimized scan (mass & width) for FCC-
0O - _ . e s
LS00k tf threshold - QQbar_Threshold NNNLO E ee as a balance between different sensitivities:
c | [SR+FCC-ee Luminosity Spectrum - 8 points in the range of 340 - 346 GeV
2 0.8 F —default-m;> 171.5 GeV, I, 1.37 GeV =
O = m, variations = 0.2 GeV ] . .
% 0.7 E — 1, variations = 0.15 GeV — assumed for most results in the following
B 0.6 :
B 0.6 ¢ -
) — — —
© 0.5 = E
0.4 =
0.3 | | —
- I S|mule}ted data points -
— 200 fb™ total —
02 :_ 00 ota _:
O 1 :_ efficiencies and signal yields _:
B = from EPJ C73, 2530 (2013) .
O B | | | | | | | | | | | | ]
340 345 350
/s [GeV]
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Fitting Multiple Parameters

Mass Wldth Yukawa Couplmg

T T T ] T T T T ] T T T T ] | Fef)ruary 2022
199 F £ 6-ce, flexble, 200.0 fo RO
- m=1715 Gev —2 o contour 1
1.5_rt=137GeV 4
_ 2D template fit 5
1.45 B
1.4 -
1.35 -
1.3 -
1.25 E
| efficiencies and signal yields 7]
1 2 —— taken from EPJ C73, 2530 (2013) —]
[ T T T AN RN SN NN SO NN SRR S SR S H S S S S
1713 1714 1715 1716 171.7

e ~ 45 MeV on width

—e

fitted m, [GeV]
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ﬂ
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probability [%] / 0.005 x 0.005 GeV?

nNn B~ OO O

e ————

S|

Karlsruher Institut fir Technologie

>-1.6 | | B i (= 2N 5
O - FCC-ee, flexible, 200.0 f” + MPV 140 S
e - mPS=171.5 GeV —Tocontour =
= 1.4 1 -137Gev —2ocontour - 1 4 g
2D template fit ] %
i 1 71.6¢5
i i} o
i 10 1 —
. _ o~
0.8 — 151 0.8 :
I 1B 0.6 =
o _ 0O
0.6 — 04 ©
[ efficiencies and signal yields 7 '8
[ taken from EPJ C73, 2530 (2013) . 0.2 E-
0.4 S B S 0
171.3 171.4 171.5 171.6 171.7

* ~11.5% on Yukawa coupling

fitted m, [GeV]
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Uncertainties Overview
ILC & FCC-ee

* Relatively thorough evaluation for ILC:

error source Amt> [MeV]
stat. error (200 fb™1) 13
theory (NNNLO scale variations, PS scheme) 40
parametric (a,, current WA: 9 x 104) 26
non-resonant contributions (such as single top) < 40
residual background / selection efficiency 10 — 20
luminosity spectrum uncertainty < 10
beam energy uncertainty < 17
combined theory & parametric 30 — 50
combined experimental & backgrounds 25 - 50
total (stat. + syst.) 40 — 75

Top Tht;eshold - ECFA HF WGT-, January 2023

AT

Karlsruher Institut fUr Technologie

For FCC-ee

9 (compressed scan)

40 - 45, depending on scan range
3.2 with ultimate as (1.2 x 104)

< 40 (no new evaluation)
10 - 20 (no new evaluation, ~ % level on selection)

negligible
3 (for 5 MeV energy uncertainty)
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Uncertainties - Parametric

ST

A feW mOfe detaIIS Karlsruher Institut fir Technologie
r— 40 — ] | | | | | | | | | | Februelzry 2%2
< C mf®171.5 GeV, FCC-ee 91 km ring - Correlation of mass with as, y:
~ [ —do/dm, [A =20 MeV] —do/dy [A=0.1] B
E 30 a do/dT, [A =40 MeV]  --- Ao, for 20 fo” -
= - —do/dag [A =0.0006] u =150 ... 350 GeV ]
< 20 S .
-O - S W — . . . o« o
B - - Uncertainty scales with input precision:
10 — '
© - e e - Am ~ 2.6 MeV per 104in as
— ~ Am ~ 1.6 MeV per 1% in yi. ~ 5 MeV for 3.4%
.............................................. - from HL-LHC
-10 - Gorreetions.and yields -
- " based on EPJ73, 2530 (2013) N
20 sens"i‘c"rvit:y,,’;lc'): —
_ Yukawa coupling..., —
- width e,
_30 | | | | | | | |maSS| | | L
340 345 350
/s [GeV]
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Uncertainties - Non-resonant contributions

ST

A feW more detalls Karlsruher Institut fUr Technologie
. . ro) i | | | N
» Studied in EPJ C75, 223 (2015) (Fuster et al) & ., -
o - _
"§_ | ttthreshold - 1S mass = 174.0 GeV 11— g e h—
b - —
0.8 — ]
0.4 N _
I 0.6 — —
" 0.4 =
02— . tt threshold - 1S mass ~174.0 GeV _
) 0.2 B ete > W'bWb (cf?) +00Ls + Otonres)
B - ¥ (0 (1)
I WHIZARD NLO ISR + Beamstrahl 8 St - e'e’ > tt (o +og) Beneke et.all
S eamsirahiung Z L tithreshold - 1S mass = 174.0 GeV ol vy
I R S | © | —e'e 5 WDBWD 344 346 348 350 352 354
344 346 348 350 352 354 [ e ete s ff /s
s [GeV
/s [GeV] 11— [GeV]

* Non-resonant contributions in the
threshold region are non-negligible. -

55—

* Contribution to yield depends strongly |

* Precise understanding and control
important: need to limit the effect to
well below 1% of cross section to

Oon cuts.
. - . NNLL oot iSR make uncertainty smaller than
Cuts can influence s dape N T R R R R o
344 346 348 350 352 354 statistics!
Vs [GeV]

e — . e —  —— __ — = - — —_—
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Uncertainties - Scale &‘(IT

A feW mOfe detaIIS Karlsruher Institut fir Technologie

= _ g — — L — —_— e — —_— — — — — — =—— - = — —_— —_— —— —————— = = —_—

— = __ — — = _—_— —_— = = — — = -

* Impact of QCD scale uncertainties on mass, width, Yukawa extraction

February 2022
1 1 40 T T | T T T T | T T T T | T T %/

> - -
(b)) . FCC-ee top threshold scan 340 - 349 GeV,flexible |
2 120 —  PS scheme, input thS =171.5 GeV ]
= - standard template fit ]
100 [~ —
< B efficiencies and signal yields ° ]
80 - taken from EPJ C73, 2530 (2013) ° —
B . |
60 [ o -
B o |
40 — ° —
- ‘ —
20 —
] ..
T a;""""""'.'a'o"' """""""""""""""""""""""""""""""""""""""""""""""""""""""" 8
O [t -
20 : I I I _:
100 200 300
u [GeV]
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Uncertainties - Scale &‘(IT

A feW mOfe detaIIS Karlsruher Institut fir Technologie

= — - == = —_— e, _ - —— e — —_ ——

E—_— = __ — — = p— ———- = = __ —— = —

* Impact of QCD scale uncertainties on mass, width, Yukawa extraction

February 2022
1 1 40 T T | T T T T | T T T T | T T %/

> | —
()]  FCC-ee top threshold scan 340 - 349 GeV,flexible _
2 120 —  PS scheme, input thS =171.5 GeV ]
= - standard template fit ]
100 — —
< B efficiencies and signal yields ° B

80 — taken from EPJ C73, 2530 (2013) ° — 1 50 February 2022

B Y > i | | | | | | | | | | | | | | | | | | | |

60 & . D  FCC-ee flexible top threshold scan, 200.0 fb™ i

- o 2 | PS scheme, input thS =171.5GeV, I', =1.37 GeV _

- * - = Am, (2D template fit) .

40 - . ’ < 100 — o ar (2D template fit) o

- . ~ o AT (1D template fit, fixed m) . i

20 B .00. — t _ _

= ..“0’. ......................................................................................... : m e :

O B ® . o0® m o s

TP RRRRRRPRTRRTTTPS 50 __ = - (') © __

B B o u o (.) _

-20 L o ", * O i

[ | | | | | | | | | | | | | | IB .-.: ® (.) ©
| .3 0203 o —
100 200 300 0 | Spagm®

| I i

B efficiencies and signal yields B

—50 [ taken from EPJ C73, 2530 (2013) B

] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] |
100 200 300 400
u [GeV]
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Uncertainties - Scale

A few more details

—

ST

Karlsruher Institut fir Technologie

— e —_— —— — ————————————_ — — =

* Impact of QCD scale uncertainties on mass, width, Yukawa extraction

;‘ 1 40 B | | | | | | | | | | | | | | | F?bruar%/ 202_2
() . FCC-ee top threshold scan 340 - 349 GeV,flexible _
2 120 —  PS scheme, input thS =171.5 GeV ]
= - standard template fit ]
100 [~ —
< B efficiencies and signal yields ° B
80 — taken from EPJ C73, 2530 (2013) o
i . % 150
60 :_ . 2
40 - . ° <100
20 :_ . ..00° )
:’ """" 0..00.. """""""""""""""""""""""""""""""""""""""""""""""""
Q [t 50
20 : | | |
100 200 300 0
w [
-50
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< 1 2 | | | | | | Fetlaruar}i 2022

~  FCC-ee flexible top threshold scan, 200.0 fb™ Z

1 — PS scheme, input thS =171.5GeV, I', =1.37 GeV ]

= Am, /100 MeV (2D template fit) _

08— - Ay, (2D template fit) —

- © Ay, (1D template fit, fixed mt) -

0.6 |- e -

0.4 . -

| | | | | | | | | | | | | | | | | Fefl)fuaf}i 2022 — - u —

_ FCC-ee flexible top threshold scan , 200.0 fb 1 0.2 . —

- PS scheme, input mfs =171.5GeV, I', = 1.37 GeV - - ]

- = Am, (2D template fit) - Or e :

— o AT (2D template fit) ] . >0 "t e, . -

o AT (1D template fit, fixed m) . 1 -02F s S . —

B u | = efficiencies and s?gnal yields -

i . . ® ] 04LC taken from EPJ C73, 2530 (2613) o B

[ - " . (‘) © — . B | | | | | | | | | | |
- | —]

. s . 0 C ] 100 200 300 400

u ® O

- (.)Es .-.: . (‘) o) . M [GeV]
- g 92855 O -
B efficiencies and signal yields B
- taken from EPJ C73, 2530 (2013) )

] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] |
100 200 300 400
u [GeV]
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Uncertainties - Scale

ST

A feW more detalls Karlsruher Institut fUr Technologie
* Impact of QCD scale uncertainties on mass, width, Yukawa extraction < 1.2¢ | | B A
~  FCC-ee flexible top threshold scan, 200.0 fb™ Z
;. 140 7T T F?bf“a?’zoz_z 1 — PS scheme, input thS =171.5GeV, I, = 1.37 GeV ]
D ~  FCC-ee top threshold scan 340 - 349 GeV,flexible B - = Am, /100 MeV (2D template fit) -
= 120 —  PS scheme, input th8= 171.5 GeV - 0.8 - iyt (?g Iemp:ate I'I) fsod -
E - standard template fit - - © Ay (IDtemplate fit, fixed m) -
E 100} - 0.6 .t
qof e e o4 . -
: °® ;‘ i | | | | .I | | | | | | | | | I-1 | | | | | :_ _ - _:
60 — o ()] . FCC-ee erX|pIe top tPhSreshoId scan, 200.0fb B} 0.2 B " i
B ° 2 - PS scheme, inputm = =171.5 GeV, I'; = 1.37 GeV - - ]
- , - = Am, (2D template fit) - Or e . 5
40 ¢ . <400 . ar (2D template fit) m - ...:-g".go' o Tt e, :
- . o AT (1D template fit, fixed m) . 1 —02F =« S e —
20 B . .“. : | : B efficiencies and s?gnal yields i
- g g I . . ® 1 _04F taken from EPJ C73, 2530 (2013) o B
O _—..'0".. 50 — - . o (‘) © — . B | | | | | ! | ! N
o . .. o ° ] 100 200 300 400
_20 __I l l | l l l l | l l l l | l : (.)EQ .-.:8 (.) (.) ’ : M [GeV]
100 200 300 0 | e
w [ I _
- - The leading systematic:
B efficiencies and signal yields B
-0 | ta“er; romEner 253? o | - Improvements directly propagate
100 200 300 400 to total precision
u [GeV]
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Fitting Multiple Parameters - CLIC

- AT

Mass Wldth Yukawa Couplmg, Strong Couplmg Karlsruer Institut fr Technologe
aII parameters free SM Constramed
me + I + Ols CLICdp mt S Fa Yt + as+ B CLICdp
60F me +1 + Yt - ad y = 0.1 -
My + I : My + g + B @
m
50 | ; - 50 | e 0 i
> >
) )
= 40 d S 40} .
= =
O O
30 } . 30 | -
& 00
& o 000
® © oo0o0 o g ¢
g o o000 © ' “le o eoe o '
107 107 102 10" 107 107 102 10"
Normalization Normalization

Study by Filip Zarnecki
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Beyond Cross Section

Additional observables

ST

Karlsruher Institut fir Technologie
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* Other observables also provide sensitivity to the mass and other parameters in the threshold region

Sensitivity to top mass

Top Tht;eshold - ECFA HF WGT-, January 2023

o - L L L I L L . .
G e N Martinez, Miquel; EPJC 7, 49 (2003):
503 b o f - * Cross section
g %0 b 0o : * Peak of top momentum distribution
© o1 3 ‘ E
S | | | | | | | * Forward-backward asymmetry

~ 0 HT+++1 ———— —— 1
E 25 | 3%6 3z|17 3z|t8 34;9 3éo 3&1 35|>2 35|>3 35I>4_f
1 : o
o S 4 o " A key challenge when using additional observables

15 | 5 o A - .

: 5 e R : beyond the cross section:

10 — . .
, 0.2 e e Understanding and control of theory systematics.
g 346 347 348 349 350 351 352 353 354
§‘0.15 - -
m RS A |
d o1 E o R -
0.05 — 5 A . ® X A —

0 —. [ | T | T L I ! I T
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Ecm (GeV)

e —— =

= — = =

B By W Institute for

Frank Simon (frank.simon@kit.edu) J = Dt Processing

I ond Electronics



mailto:frank.simon@kit.edu

Bottom Line

* The top quark pair production threshold gives access to top quark properties.
In particular: Ultimate measurement of the top quark mass.

* Also width, strong coupling, Yukawa coupling - with the latter two expected to be “done better” in
other measurements / at other energies.

* A challenge for theory: Understanding parameters on a level comparable to expected experimental
precision. Theory is a / the leading systematic for many measurements - for the mass it is the
leading uncertainty overall.

= Advances in theory directly translate into improvements of overall precision.
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