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Top Quark Mass Determination
at Lepton Colliders
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Overview

lepton colliders

LEP (CERN)
ILC (Japan)
CLIC (CERN)
CEPC (China)
FCC-ee (CERN)

N 380 GeV - 11.4 km (CLIC380)
> WEEE 1.5TeV-29.0km (CLIC1500)
| I 3.0TeV-50.1 km (CLIC3000)
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1989 - 2000
proposed
proposed
proposed
proposed

209 GeV

250 GeV — 1000 GeV [Baer et al. 2013]

350 GeV — 3000 GeV [CLIC collaboration 2016]
91 GeV —-240 GeV [CEPC study group 2018]
90 GeV —365 GeV [Fcc collaboration 2019]
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Overview

top quark mass measurements (main methods)

e threshold scan 350 GeV
380 GeV, 500 GeV

380 GeV, 500 GeV

olete™ — tt)
e radiative events olete” — tty)

e direct reconstruction invariant mass

TR e e
Compact Linear Collider (CLIC) "+
BN 380 GoV - 11.4 km (CLIC380)

. W 1.5 TeV - 29.0 km (CLIC1500)

e- bunch
compressor
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< 75 MeV precision [simon 2019]
~ 110 - 150 MeV precision [Boronat et al. 2019 - in preparation]

~ 50 - 100 MeV precision
[Abramowicz et al. 2019], [Seidel et al. 2013]

e+ bunch

Damping Rings compressor
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electron \\ T :
m:1a|1nll(|rr‘|1ac/ P [ILC TDR 2013]
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Overview

top quark mass measurements (main methods)

e | threshold scan 350 GeV

— well-defined mass scheme
olete™ — tt) < 75 MeV precision

(low-scale short-distance mass schemes)
e | radiative events

380 GeV, 500 GeV

olete” — tty)

~ 110 - 150 MeV precision [Boronat et al. 2019 - in preparation]

e | direct reconstruction 380 GeV, 500 GeV ~ 50 - 100 MeV precision

invariant mass

Monte Carlo top quark mass
— talk from Daniel Samitz

Llier  Foees

Compact Linear Collider (CLIC) ~+
SN 380 GoV - 11.4 km (CLIC380)

B BN 1.5 TeV-29.0km (CLIC1500)

| W 3.0 TeV - 50.1 km (CLIC3000)

e+ bunch
Damping Rings IR & detectors compressor

- bunch e+ source RN g
compressor positron . 2 km

N main linac__—~
AN 11km
iy central region
\\ AN 5 km
N \\ electron N\ o /
\ . mz:;nll(lnac P [ILC TDR 2013]
N N T m
2km

ILC
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Threshold Scan (340 Gev - 350 GeVv) vy

& E ﬁthreshold-Q(}‘bar;‘l'hre;hold‘NNl\llLO ‘ ]
—=0.6 [ ISR + CLIC LS Nominal -
= [ — default- m{®171.5 GeV, I, 1.37 GeV ]
"T‘ C m, variations + 0.2 GeV

+$ 0.5 F — I, variations + 0.15 GeV =

® top mass: precision < 75 MeV  [simon 2019] o4k
(now: m;"" =172.94 0.4 GeV [PDG]) 03} :
C 1 simulated data points ]
] o 0.2 } 100 b total {

® top width: precision < 100 MeV {[simon 2019] 2
011 -
(now: T, =142"012Gev  [PDG]) : CLICdp |
: L1 L L L L | L L L L | P

L . . . 340 345 350

e threshold also sensitive to top Yukawa coupling, strong coupling constant Vs [GeV]

threshold scan points

Inclusive QCD Cross Section a(e*e™ - y* - tf)

1.4:-' '
1.2 1.0f
] g 08
2 ] =
= ] 200
45 zs m m!® =170.5 GeV
Z© zE 3 1
Ao ] 5 04 B m}f =171 Gev
0.2 m mi? =171.5 GeV |
338 340 342 344 346 348 350
] \s [Gev]
O0E . v mass sensitivity
340 350 360 370 380 390 400
Vs [GeV]
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Threshold Scan (340 Gev - 350 GeVv)

® top mass: precision < 75 MeV [simon 2019]
(now: m;'* =172.9+ 0.4 GeV [PDG] )

® top width: precision < 100 MeV {[simon 2019]

[, = 1.427%1 Gev

T015 [PDG] )

(now:

e threshold also sensitive to top Yukawa coupling, strong coupling constant

[ T T T

[ ttthreshold - QQbar_Threshold NNNLO ]

[ ISR + CLIC LS Nominal 4

— default - m;® 171.5 GeV, T, 1.37 GeV ]
m, variations + 0.2 GeV

— I, variations + 0.15 GeV

1 simulated data points
100 b total

CLICdp |
L ' | PR

350
s [GeV]

L1 .
340

R
345

threshold scan points

uncertainties for top quark mass determination

QCD scale variation ~ 40 MeV

~ 30 MeV
(for Aa, = 0.001)

parametric o

statistical ~ 20 MeV

systematic (experimental) ~ 25 -50 MeV

1.0f
= 0.8}
2
20.6f

23

ZbE 0.4

o
[N)

> =170.5 GeV |
E mi? =171 GeV
W m}? =171.5 GeV |

338 340 342 344 346 348 350

Vs [Gev]

[Abramowicz et al. 2019]

mass sensitivity
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Radiative Events (380 GeVv, 500 GeVv)

[Boronat, Fullana, Fuster, Gomis, Hoang, Mateu, Vos, AW 2019 - to appear soon]

invariant mass of top quark pair: (q’)2 —s' =3 < — —>
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Radiative Events (380 GeVv, 500 GeVv)

[Boronat, Fullana, Fuster, Gomis, Hoang, Mateu, Vos, AW 2019 - to appear soon]

invariant mass of top quark pair: (q’)2 =g =3 — %
NG
cross section factorizes (in ISR approximation):
doz, lom , g 2/(1 —2x) 3 5 _E,
= x,0)0,(8) + O« , 9(z,0) = ————=|1 -2z + (1 +cos”O)z”|, == —=
dcosfdvs’ 7T\/§g( ) o1i(s) (o) z sin NG
t
7 e large photon energy E, > 5 GeV
e O integrated from 8° to 172°
+ —
€ Q > < € e highest mass sensitivity for collinear top quarks
o s ~4m?
v o radiative return to threshold
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Radiative Events (380 GeVv, 500 GeVv)

[Boronat, Fullana, Fuster, Gomis, Hoang, Mateu, Vos, AW 2019 - to appear soon]

invariant mass of top quark pair: (q’)2 —s =35 ( — %)
S

cross section factorizes (in ISR approximation):

2./(1 — 2z)

doz, Qo ; 5 [ 2 2 _ £,
= —— ; )= |1 -2z + (1+cos? )|, v=—%
dcosfdvs'| my/s 9(z, 0)+ Olatem) 9(@.6) z sin?6 T+ (14 cos”f)a NG

Q[ —nmewonwmemow ] 4 ___Inclusive QCD Cross Section a(e’e” > " 51 )
—_— [ — M\ (M) =167 GeV, with fs = 380 GeV ] 141 b
|€ 1 5 | === m,(m) =166 GeV, including luminosity spectrum . 1ol
== m, (m,) = 167 GeV, including luminosity spectrum - -
1 L
o .
o 1f . g
5 I ] "
L . L
0.5 .
i ; CLICdp ]
L i TSI RS TR
830 340 350 360 370 380 360 370 380 390 400
Vs’ [GeV] \ Vs [GeV] )
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Radiative Events (380 GeVv, 500 GeVv)

[Boronat, Fullana, Fuster, Gomis, Hoang, Mateu, Vos, AW 2019 - to appear soon]

: , , 2F
invariant mass of top quark pair: (q’)2 =g =3 < — 7”)
S
cross section factorizes (in ISR approximation):
doz Qo 2/(1 —2x) 3 5 _E,
Y = & g(x,0)|lou(s)|+ OZ), 9@ 0)=—"""—F—|1-2z+(1+cos 0)z”|, == 7s
dcosfdvs' & m\/s  sin”0
,2 ARSASARERRRRERRERERRE cms energy CLIC, /s = 380 GeV |ILC, /s = 500 GeV
:>jsoo - ;T“"°’e"°""“'°”""°" I i luminosity [fb~!]| 500 1000 500 4000
statistical 140MeV  90MeV |350MeV 110 MeV
400 - ] theory 46 MeV 55 MeV
lum. spectrum 20 MeV 20 MeV
200 - -
I cLiCdp ] photon response 16 MeV 85 MeV
ok T T ot il total 150 MeV  110MeV 360 MeV 150 MeV
330 340 350 360 V§70 380
§ [GeV] uncertainties for top quark mass
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Inclusive Top Quark Pair Production Cross
Section from Threshold to Continuum

Vs [GeV]
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Inclusive Cross Section - Theory Overview

C ey threshold
non-relativistic QCD
(NRQCD) Inclusive QCD Cross Section g(e*e™ - y* - tf)
14}
- .|
N N LLthreshoId 1.2 L ]
[Hoang, Stahlhofen 2013] [
- QCD + LO electroweak 1.0¢ ]
(double-resonant) %'_ [
- VNRQCD 3 0.8} ]
- 1S mass =46 [
ZE 067 1
N N N Lothreshold 04 r -
[Beneke, Kiyo, Marquard, Penin, [ ]
Piclum, Steinhauser 2015] 0.2 B
[Beneke, Kiyo, Maier, Piclumn] [ ]
- QCD + EW + H|ggs 00 L [ 1 1 1 1 1 1
- pNRQCD 340 350 360 370 380 390 400
- PS mass Vs [GeV]
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Inclusive Cross Section - Theory Overview

P threshold continuum
non-relativistic QCD full QCD
(NRQCD) Inclusive QCD Cross Section g(e*e™ - y* - tf)
[ | BN L LA B I B S S R S R L B R R LU S B R L B B R B N N N LO )
1.4+ - continuum
[ [Hoang, Mateu, Zebarjad 2009]
NNLL 1.2 [ d i [Kiyo, Maier, Maierhofer,
threshold =k . 1 M d 2009
[Hoang, Stahlhofen 2013] [ 1 arauer ]
- QCD + LO electroweak 1.0¢ ] - QCD corrections
(double-resonant) %'_ [
- vNRQCD ‘—‘8 0.8} b
- 1S mass =46 [
ZE 067 1
4l ]
N N N LOthreshoId ¢ r 1
[Beneke, Kiyo, Marquard, Penin, [ ]
Piclum, Steinhauser 2015] 0.2 B
[Beneke, Kiyo, Maier, Piclumn] [ ]
- QCD + EW + H|ggs 00 L [ [ 1 PR 1 1 PR |
- pNRQCD 340 350 360 370 380 390 400
- PS mass Vs [GeV]
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Inclusive Cross Section - Theory Overview

T threshold continuum
non-relativistic QCD full QCD
(NRQCD) Inclusive QCD Cross Section g(e*e™ - y* - tf)
[ | BN L LA B I B S S R S R L B R R LU S B R L B B R B NNNLO )
1.4+ - continuum
[ [Hoang, Mateu, Zebarjad 2009]
NNLL 19 I d ] [Kiyo, Maier, Maierhofer,
threshold ! . E M d 2009
[Hoang, Stahlhofen 2013] [ 1 s ]
- QCD + LO electroweak 101 ] - QCD corrections
(double-resonant) %'_ [
- vNRQCD ‘-‘8 0.8_— d
- 1S mass 28
Zzbg 0.6_- 1
0.4} 1
NNNLOthreshO'd [ intermediate region ]
[Beneke, Kiyo, Marquard, Penin, L ]
Piclum, Steinhauser 2015] 0.2 B
[Beneke, Kiyo, Maier, Piclumn] [
_ QCD + EW + Higgs 0.0 , Matched NRQCD + QCD
- pPNRQCD 340
- PS mass LL, ... ¥ NLO_ . (differential cross section)
[Bach et al. 2017]

NNLL + NNNLO

- photon-induced cross section

- QCD + LO EW at threshold
- 1S + MSR mass scheme

this talk

threshold continuum
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Inclusive Cross Section -

Threshold

Inclusive QCD Cross Section g(e*e™ - y* - tf)
1.4} - y
[ threshold 1
1.2} ]

3 <__

Onntchea[PbI

0.0

340 350 360 370 380 390 400

Vs [GeV]
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Threshold - Coulomb Resummation

At threshold: v ~ a5, a; log(v) ~ 1
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Threshold - Coulomb Resummation

At threshold: as log(v) ~ 1

— ladder diagrams are enhanced

1

s

e t
+ +
et t
v

P

(

2
v

Qs

— resummation of ladder diagrams with Schrodinger equation

— numerical solution with Toppik [Hoang, Teubner 1999]

25/09/2019
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Threshold - Coulomb Resummation

At threshold: as log(v) ~ 1

— ladder diagrams are enhanced

— resummation of ladder diagrams with Schrodinger equation

— numerical solution with Toppik [Hoang, Teubner 1999]

— upgraded version of Toppik

- precision now 1074 0osl. ™ Original Toppik version
’ B upgraded Toppik

- 10 - 50 times faster than original version

320 340 360 380 400

Vs
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Threshold - Coulomb Resummation

At threshold: as log(v) ~ 1

e resummation of ladder diagrams gives toponium resonances

e large top quark width smears out the top quark resonances

Mo =107 Gev f=1.5Gev

1.4 1.4

1.2 1.2

1.0 — 1.0 e
gos8 508
5 0.6 —> 5 0.6

0.4 0.4

0.2 L —— Mpole= 172.6 GeV 0.2 —— Mpgle= 172.6 GeV

0 : . A 0_% : . . Lo

42 343 344 345 346 347 348 42 343 344 345 346 347 348
Vs [GeV] Vs [GeV]

1S resonance

— inclusion of width by the replacement +/s +ie — /s +iI'; (gives LO electroweak

contributions at threshold) [Fadin, Khoze 1987]
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Threshold - Large Logarithms

At threshold: v ~ Oés,[as log(v) ~ 1]

— resummation with vNRQCD (velocity non-relativistic QCD) [Hoang, Stahlhofen 2013]

Contributions to the cross section at threshold :

Oy =V Z (%) (s logv)™ LL
2 s\ " m
+ v Z — (aslogv) NLL
+o Y (%) (s log v)™ NNLL
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Threshold - Large Logarithms

At threshold: v ~ as,[(l’s log(v) ~ 1]

— resummation with vNRQCD (velocity non-relativistic QCD) [Hoang, Stahlhofen 2013]

Contributions to the cross section at threshold :

Threshold Cross Section

15} ' -

1 — LL — NLL — NNLL A
"é 1.0.‘
o L

(@]

O L
€ |
S 05}

mis=171.6 GeV |
0.0l

340 350 360 370 380 390 400
Vs [GeV]

(error bands from variation of renormalization scales)
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Onxtchea[PbI

Inclusive Cross Section -

Continuum

Inclusive QCD Cross Section g(e*e™ - y* - tf)

14}
continuum
1.2f
k- _>

00 L " [T " 1 " 1 1 L " 1 1 1 " " 1 1 1 1 1 1 1 1 = 1 L 1 1 " I I 1 1

340 350 360 370 380 390 400

Vs [GeV]
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Continuum Cross Section

The inclusive cross section is related to the vacuum polarization by the optical theorem:

W\Q\/\A = W@M + m@@m 4= awe
(4mar)?

= QT [II(V/s + i)

drrer)?
th:( s) Qflm

In the continuum:

2
OO — (4ma) Q2 - Im {Hm) +a, TV 4 a2 1 4 o3 H(i%)}
S

, I ... known analytically

m® 11 ... reconstructed with Padé approximations [Hoang, Mateu, Zebarjad 2009]
[Kiyo, Maier, Maierhofer, Marquard 2009]

(validity of Padé approximations for T1(2) shown by comparison to exact numerical
result in [Maier, Marquard 20171 )
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Continuum Cross Section

The inclusive cross section is related to the vacuum polarization by the optical theorem:

(4mar)?

= QF Im
S

In the continuum:

25/09/2019

[II(+/s +il'y)]

Jacop [pb]

1.0

081

0.6

0.4r

0.2¢

0.0t

Continuum Cross Section

Meols = 172.6 Gev_i

— NLO — NNLO — ABLO ]

340

350 360 370 380 390 400
Vs [GeV]
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Inclusive Cross Section -

Mass Schemes

pole mass scheme
1S mass scheme
MS mass scheme

MSR mass scheme

14

renormalon
for the threshold
for the continuum

for all regions
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Mass Schemes - Pole Mass

l

. SO —
Full propagator: F ¥ —mo + 3(p, mo)
Pole mass: P — mo + X(p, mo) ’pzzmiole =0

Renormalon at threshold:

ONRQCD

338 340 342 344

Vs [Gev)

25/09/2019

pole mass scheme
Myole = 172.6 GeV

mLL
m NLL
m NNLL

346 348

15

X(p, mo) = éé@(fbb% -

— pole mass renormalon leads to bad convergence
of the cross section already at lower orders

ONRQCD
1S mass scheme
14r mys=171.6GeV

338 340 342 344 346 348

Vs 1Gev)
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Mass Schemes - MS Mass

7

. Sp=— — : 2(p, =
Fullpropagator: T (10) + Saise (py m(K) (P, 110)
Conversion: Mpote =M+ Y an(ni,np) as(M)"

n=1

(m=m"+ (@) )

— works in the continuum, but not at threshold

Breaking of non-relativistic power counting at threshold in the MS scheme:

\/E =2 Mpole

Mpole

\/\/5—2 (T + M ay ag/4)

m+may ag/4m

Upole =

s (w1 2(%)2 Suws 1 1
s (M)( > +UMS>+G1 in 8 Zom 200
™~ Qs Nag ~ Qg

25/09/2019 16
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Mass Schemes - MS Mass

Full propagator: S = ) 1 Ezﬁnite(% ) Y(p, mo) = éé . B%

O
Conversion: Mpote = T + T Z o (ng, ) cus (7)"
n=1
— ML Mmasa; +-... (= mm T (Emmty )
~ v

— works in the continuum, but not at threshold

Breaking of non-relativistic power counting at threshold in the MS scheme:

MS mass scheme

1.0 =15 GeV, 7, = 163 GeV
0.8
= 0.6}
2
0 0.4}
0.2 o
— oY — oW — o
0.0y ‘ —
320 340 360 380 400
Vs [GeV]
25/09/2019 16
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Mass Schemes - 1S Mass

[Hoang, Ligeti, Manohar 1998]

Mass of 1S resonance:

1S mass:

351
Mtf = Ebin +2 Mpole

1.4
1.2
1.0

20.8

o6
0.4
0.2

1
= Mpole + §Ebin
M= 107" GeV

.

)

0'%42

343 344 345 346 347 348

1351
M3

other low-scale short-distance mass schemes:

PS mass [Beneke 1998] , RS mass [Pineda 2001], Kinetic mass [Czarnecki, Melnikov, Uraltsev 1998]

25/09/2019

U

—— Mpoe= 172.6 GeV

Vs [GeV]
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Mass Schemes - 1S Mass

[Hoang, Ligeti, Manohar 1998]

Mass of 1S resonance: Mf’tﬁl = FEhin + 2Mpole

1 1
1S mass: Mg = EM,?tSl = Mpole + §Ebin

oo n—l1

F Gg

nlk:O

2
~Q Mpole + -+ -

~ m’u2

2
9

= Mpole —

no breaking of the non-relativistic power counting at threshold:

. f — 2 mpole
Upole =

Mpole

\/\f— 2 (mys + mys aq ag/4m)

Mys + Mys aq g /47

0

1

1

Ca (22 (s L L 2(%)4 31s
— T (477) <2 +v15>+a1 dm 3

NaS Nas

25/09/2019 17

21)15

o 3
21}18

Nas

(M)mpoze>

)+ ot

6
s

)
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Mass Schemes - MSR Mass

[Hoang, Jain, Scimemi, Stewart 2008], [Hoang, Jain, Lepenik, Mateu, Preisser, Scimemi, Stewart 2017]

O
Conversion:  mypole =M +m E a, as(m)"=m +masar + ...
n=1

Mpote = My sr(R) + R Z an as(R)"= mysr(R)+ Rasa + ...
n=1

— no breakdown of the non-relativistic power counting at threshold
— improves convergence of the continuum cross section in the intermediate region:

MSR mass scheme

1.0 M =1.5 GeV, m, = 163 GeV R profile

0.8 100
=0.6 80
o o4
= 60
© 0.4
40
0.2 3
- — a8 0. — T8cn” 20340 350 360 370 380 390 400
0.0 . i Vs [GeV]
320 340 360 380 400

Vs [GeV]
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Mass Schemes - MSR Mass

[Hoang, Jain, Scimemi, Stewart 2008], [Hoang, Jain, Lepenik, Mateu, Preisser, Scimemi, Stewart 2017]
o0
Conversion:  myeie =M +m E a, as(m)"=m +masal + ...
n=1

Mpote = My sr(R) + R Z an as(R)"= mysr(R)+ Rasa + ...
n=1

— no breakdown of the non-relativistic power counting at threshold
— improves convergence of the continuum cross section in the intermediate region:

MSR mass scheme | | pole mass scheme

1.0 I, =1.5GeV, i, = 163 GeV | 1.0 I, =1.5GeV, M = 163 GeV |

NLO NNLO N?LO
— Oqcb - 0qcb — Pqcp

320 340 360 380 400 320 340 360 380 400
Vs [GeV] Vs [GeV]
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Inclusive Cross Section -

Matching

Inclusive QCD Cross Section g(e*e™ - y* - tf)

14
3 intermediate region
1.2
[ — -—
o
&
_|§
F e
%bg
0-0 1 n 1 1 1 1 1 1 1 1 1 ] 1 1 1 P 1 1 1 1 1 1 1 = 1 L 1 1 " I I 1 1
340 350 360 370 380 390 400
Vs [GeV]

25/09/2019
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Matching

25/09/2019

Omatched — 0QCD + (UVNRQCD — 0double—coun‘ced> ) fs

20
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Matching

Omatched — 0QCD + (UVNRQCD — Udouble-coun‘ced) ) fs

N2, v o+ as +  a?fv+ o2/ + at/vd +
+ 02+ asv+ a2+ S+ alfu?+
+ v+ asvi+ v+ ad+  al/u+

O'SZIE)O = v +v? 0t 40t 4

+as  Fasv +agv?+asvd+ .
+a/v +a? +alv +atv?+ ..

+ad/vP+ad/v+ad +ad +

25/09/2019 20 Angelika Widl



Matching

NNLO __
vNRQCD

N3LO
QCD

25/09/2019

Omatched — 0QCD + (OVNRQCD — Udouble-counted) ) fs

4 v o+ as + /v + ag/U)—i— al/vd 4+ ..
+vP+  asv+ a4+ o3S/o ot/ + L
+ 03+ agv? + ozgv—l— ozZ’—i— ozglv—i—
N : A
:/U + 02 —I—v?’\—i— vt o+ L

+as  Fasv +ag v+ asvd+ .

+a/v +a2 +alv |[+atv?+ ..

Qag’/vz—kag/v—kai’/—l—ai’ + ..

Odouble-counted

20
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Matching

Omatched — 0QCD + (UVNRQCD — Odouble—coun‘ced) ) fs

switch-off function: 1.0
switchoff f.
e variation gives an error estimate of the 0.8 " s
matching 06
2
e introduces scheme dependence S04
e do we get convergence when going to 0.2
higher orders?
0.0

340 350 3 370 380 390 400

60
Vs Gevi

mass schemes: OvyNRQCD 1S mass scheme
0QCD MSR mass scheme

O double-counted MSR mass scheme
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Matching

matched cross section from lowest to highest order:

RGI

_ L NLL — NNLL
0.0- | ]
340 350 360 370 380 390 400

Vs [GeV]

25/09/2019 21

error from variation of
renormalization scales and the
switch off function

matching smoothly connects
threshold with continuum

overall error reduces from order
to order
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Matching

RGI

e good convergence from order
to order

e matching error smaller than
variation of renormalization
scales

e matching error reduces from
order to order

— LL — NLL — NNLL

0.8
340 350 360 370 380 390 400
\s [GeV]
LL 1.3 NLL 1.3 NNLL
1.2 1.2
El.l f:r’_:l.l
3 3
o) fl——— o)
S1o0 —_— BI.OF:
0.9 0.9
0.8 0.8
340 350 360 370 380 ‘390 400 340 350 360 370 380 ,390 400 340 350 360 370 380 ‘390 400
Vs [GeV] Vs [GeV] Vs [GeV]
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Matching

1.0

1S + MSR mass scheme

—

o
o
v
. Onrqeps NNLL
NLL
U‘r\wlmtched
340 350 360 370 380 390 400
J;[Gew

1.0 1S + MSR mass scheme

0.8
.06
Qo
S

0.4

0.2 m Jqco N3LO

NLLh g
00 — matche
340 350 360 370 380 390 400
\/;[Ge\/]
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threshold cross section vs. matched cross section

— matched cross section starts to differ from the threshold
cross section immediately above the peak region

— higher order corrections from continuum cross section
give small shift at threshold

continuum cross section vs. matched cross section

— matched cross section and continuum MSR cross section
overlap above 365 GeV

— MSR mass scheme valid down to smaller
center-of-mass energies than pole mass scheme and MS
mass scheme
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Theory Error for NNNLO

continuum

the cross section at NNNLO__ . shows a difference between the pole scheme and the MSR scheme:

oe8t :

0.96L ] e  cross section in the pole scheme and the

| ] MSR scheme are incompatible (error bands do

_’g‘_ 0.94¢ ; not overlap)
- 0.92¢ ] - ,
| _ e scale variation seems to underestimate the
S 0.90¢ ' error

0.88 :

B pole scheme, N3LO
0.86F M MSR scheme, N°LO

e difference corresponds to 1 GeV difference in
the top quark mass

0.970
a 0.965 M pole scheme
o B pole scheme with o contributions ° higher order mass corrections seem to
§ 0.960 from mass scheme conversion favor MSR mass scheme
S 0.955 [l MSR scheme

B MSR scheme with a2 contributions

~

380 385 390 395 400
\/;[GeV]
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Conclusions

e The top quark pair production cross section at lepton colliders will provide high precision
measurements for the top mass and width from a threshold scan and radiative events.
+ NNNLO

e \We constructed a consistent matched cross section at QCD NNLL with LO

electroweak corrections at threshold.

threshold continuum

e The MSR mass provides a consistent mass scheme in all regions from threshold to the continuum.

e The cross section at NNNLO in the pole and MSR scheme show a large difference

continuum

e Outlook:
o study on the difference of the continuum cross section in different mass schemes
o differential matched cross section at NLL, ., +NLO_ .
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Thank you for your attention!
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