Multi-loop Z-boson calculations for future lepton colliders
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Deriving mass and width of the Z-boson

» LEP: Collected ~ 17 X 10° decays (a few years of collecting data) [PDG 2017}
> = 2495.2 + AF%EP

FCC-ee:

Other EWPOs are R}, Ry, sin’ 6?éﬂ_,,sin2 Bé’ﬂ, e.g.:

Projects of new, more accurate lepton colliders:

ATtFP =2.3 MeV
Expected 1012 Z-boson decays. [1] AT%C ~ 0.1 MeV
AREP =250.10*

AR¢C ~2+:+20-10""

ILC, CLIC, CEPC, FCC-ee

Completing 2-loops: bosonic corrections [2,3]
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FCC-ee is the most demanding with huge statistics and precise systematics and
beam energy

Need for precise higher orders SM radiative
corrections at 3 and 4 loops.

Table 1: Contributions of different orders in perturbation theory to the partial
and total Z widths [3]. Ns and NZ refer to corrections with one and two closed
fermion loops respectively

Electroweak pseudo-observables [EWPOs] Three-loop corrections needed: theory estimations [4]

5T z[MeV] S R)[10~*] S RL[10~5] dsin>,0[10~°]
Present EWPO theoretical uncertainties
EXP-2018 2.3 250 66 160
TH-2018 0.4 60 10 45
EWPO theoretical uncertainties when FCC-ee will start
EXP-FCC-ee 0.1 10 2 +06 6
TH-FCC-ee 0.07 / 3 /

The n-loop corrections z* . to the effective Zf f vertex is given by:
f(n)

Z(m = Vi)Y Y" + ar@myr' Y

Calculated quantities of interest:

1
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es of present experimental

measurements (EXP-2018), current theory errors (TH-2018), FCC-ee precision
goals at the end of the Tera-Z run (EXP-FCC-ee) and rough estimates of the
theory errors assuming that electroweak 3-loop corrections and the dominant 4-

loop EW-QCD corrections are available at the start of FCC-ee (TH-FCC-ee).
Based on discussion in [5].

Table 2: Comparison for selected precision observab

Typical examples of 2-loop vertex diagrams [2,3]:
V2 = i = aifvs] =

fermionic, bosonic
\

1

Next decade: complete 3-loop calculations [3]
/
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Z — bb
1 loop

planar, non-planar

2 loops 3 loops

Number of topologies

1 5 51

An example of 3-loop calculation
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Number of diagrams

Fermionic loops 0 150

Kinematical point: _
Similar accuracy

can be obtained
for other
diagrams.

15 964

08 / 1016

Bosonic loops

QCD / EW

1/ 14

Table 3: The number of Z decay
TH-FCC-ee of Table 2. Tadpoles,

rical diagrams are not included.

~eynman diagrams needed to be calculated for
oroducts of lower loop diagrams and symmet-
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3.6449 + 8.975 x 1012

€

3.6453 + 2.09 x 104
c *In collaboration with: J. Gluza, T. Riemann, A. Freitas,

A first tackle might concentrate on the 17580 electroweak 3-loop
diagrams with closed internal fermionic loops, to be determined with
a net accuracy of two relevant digits.
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