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NNNLO result

Beneke-YK-Marquard-Penin-Piclum-Steinhauser(15)
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Part |

Recently the full O(a2m,a3mlogas) correction to the heavy quarkonium 1S energy
level has been computed (except the az-term in the QCD potential). We point out that
the full correction (including the log ag-term) is approximated well by the large-3; ap-
proximation. Based on the assumption that this feature holds up to higher orders, we
discuss why the top quark pole mass cannot be determined to better than O(Aqcp) ac-
curacy at a future e*e~ collider, while the MS mass can be determined to about 40 MeV
accuracy (provided the 4-loop MS-pole mass relation will be computed in due time).

YK-Sumino(2002)

Combining recent perturbative analyses on the static QCD potential and the quark
pole mass, we find that, for the heavy quarkonium states c¢, bb and tf, (1) ultra-
soft (US) corrections in the binding energies are small, and (2) there is a stronger
cancellation of IR contributions than what has been predicted by renormalon dom-
inance hypothesis. By contrast, for a hypothetical heavy quarkonium system with
a small number of active quark flavors (n; = 0), we observe evidence that renor-
malon dominance holds accurately and that non-negligible contributions from US
corrections exist. As an important consequence, we improve on a previous pre-
diction for possible achievable accuracy of top quark MS-mass measurement at
a_future linear collider and estimate that in principle about 20 MeV accuracy is
reachable.

YK-Mishima-Sumino: 1506.06542[hep-ph]
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Mass extraction@|LC

(Simplified Strategy diagram)

M(1S)=Func.(as, mx)

Threshold Scan } }

M x=ITIPS Benekeetal

Mass concersion to
other scheme

vV

We (Yk-Mishima-Sumino) suggest to
work in MS from begining to
get better precision

mms=Func.(as mps)
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Pole-MS mass relation

Mpole =m:1 +d0a5(m) +d, (O‘s(m)>2 +d, (Oés(m)>3 ds (Oés(m)yl}

s s s s

=m |1+ 0.4244a, + 0.83450° + 2.368a° + 8.461a§]

—Talk by Marquard

ds in full QCD: Marquard-Smirnov-Smirnov-Steinhauser arxiv:1502.01030[hep-ph]
*numbers are slightly differernt form the one of QCD, because of decoupling

. In this talk, | use M = myg(M)
- We use effective field theory, in which the heavy quark decoupled,
l.e. ni=5 for "topoinum® — renormalon cancellation

ds = d"=% = —0.67814n + 43.396n? — 745.42n; + 3551.1
+21.5 (Marquard, et al.)
oy = o™= = 0.108855 (u = m)
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d3 comparison
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QCD Static Energy

Stability of the static energy can be seen/investigated for
arbitrary nr and mgq I a;, d; are known to required order.

mg =16GeV, n; =0, with dj'0
34.3 . . . . . . -
Hypothetical 3 ‘I
40 ypotne! ] Stability of Egcp
qguarkonium _
34.1 — est. for d3 Sumino(14)

a3: Smirnov-Smirnov-Steinhauser,

33.9 Anzai-YK-Sumino
Vus: Anzai-YK-Sumino
33 8 d3: Marquard-Smirnov-Smirnov-Steinhauser
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QCD Static Energy

(ultrasoft correction excluded)

Hypothetical
quarkonium

without ultrasoft corrections |

20 40 60 80
plGeV]

Stablility of Egcp holds without ultrasoft effect,
but visible constant shift
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Toponium energy
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Existence of a minimum sensitivity point against scale
variation with exact d3, which was not the case in large-
betaO approximation in 2002
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Toponlum energy

s
1S energy in 'MS scheme
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. balck bands due to numerical error of d3(exact)
-three lines for NNNLO for a,(M.) = 0.1185 + 0.0006

= Mg = 26mymg = (40, + 104, + 904.) MeV
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E1S In PS scheme
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E1S In PS scheme
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PS > MS
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omms = 30, GeV 4 -+ (80 < p < 320GeV)

provided that mps, as has no significant error
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Part |l

Threshold cross section in MS scheme

using our code: T TharXSection
Beneke-YK-Schuller (2008~)

INputs:

mMps — 173GeV
Pt = 1.33GeV

as(M,) = 0.1185
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MSbar scheme

-large corrections at lower order
-but converge quickly

- scale dependence improved at
NNNLO
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MSbar scheme NNNLO

-uncertainty band due to u
variation is about half or smaller
at the peak and below peak
position.

-NO Improvement above peak

20155 7H1HKEH



K

12}

v . as v Y . v v v v - - v . R P —

NNLO

_-‘ 3
3 1.1} NNNLO
o .

. NLO
1.0}
’ 2 M PS :
" 3440 3442 344 4
(V's Jpear(GeV)
. ) Peak (MSbar scheme) at
NNNLO
12 NNLO -uncertainty due to u for height of
NNNLO_I_. R i1s same with PS, but peak position
R Is stable and uncertainty band get
= reduced by about a factor 2.
A NLO
MS
09 3440 3442 344 4
(V's Jpear(GeV)
2015F7H1HKER




1.3

XS nhear peak

1.1}

1.0¢

0.9¢

0.74/

mps — 173GeV
Mirg = 163.3GeV

1.3

1 1.2¢

1 1.1f

1.0f

1 09¢

PS NNNLO

PS NLO {% PS NNLO 1 o7}
: A L5 0 - .
%330 3435 33440 3345 T35 0430 3435 344.0 344.5 34509975 3435 344.0 3445 3450
Vs (GeV) Vs (GeV) Vs (GeV)
1.3 13 1.3
12 12f I 1 12}
L L1t g
\ o
0.9}
1 osf
1 07t _
. MS NNLO MS NNNLO
%30 3435 3440 3445 3450 50 3435 344.0 3445 345.0%30 3435 3440 3445 3450
Vs (GeV) Vs (GeV) V5 (GeV)

20155 7H1HKEH



Conclusion

precision top mass measurement investigated based

on NNNLO threshold cross section

5\/§peak g SOMGV
5Rpeak ~ +3%

IN PS scheme

Direct extraction of MS mass suggested

5\/§peak ~ +£30MeV  in MS scheme

QCD coupling should be known better than da, = -
for direct MSbar determination

-0.0006
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MS > PS
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