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C@Zl The W mass as a test q[ the se#:consistency Of the Standard Mode!
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’mass measutement met/tocls

From the W-pair production cross-section From the full reconstruction of the WW decays
near its kinematic threshold
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Uses fuﬂy hadronic & semi- lepton'tc channels
H/‘l’r i Uses kinematic reconstruction techniques

° %0 \ 180 200
Vs (GeV)
\/S =240 GeV, L = 5 ab” — 80.10° WW

Involves se[ecﬁng & counting events \/E _ 350365 GeV, L = 1.7 b 20. 165 WW
Clean, uses all decay channels

10

\S=160GeV,L=12ab"  ——s 60.10° WW

\/E =160 GeV, L =12 ab" —— 60.10° WW

https://arxiv.org/pdf/1703.01626.pdf http://www.theses.fr/2019SACLS393
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ceny  Wmass fom the W-pair production cvoss-section near threshold
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cea Wmass from the W-pai p’zoa[uction ctoss-section neat threshold
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55 W omass ﬁom the W/- pait p’zocluction cross-section neax theshold
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cea Wmass from the W-pai p’zoc[uction ctoss-section neat threshold

S(WW) (pb)
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Optimal energy: E=161.4 GeV
AM,, = 0.23 MeV
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Systematics to be kept below:
o Acy<o06fb (2.109)
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o Actheory <08fb (2.10%)

o AE.,<02MeV (2.10°)
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e R o the W opaix production ckoss-section neat. thieshold
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Optimal combination:

E =157.1GeV, E =1623GeV, f=o0.4
— AM,=04MeV, AIL',=12MeV

with resonant depolarisation: E, = 0.4406486 (v + 0.5) MeV
then E =157.3GeV, E =162.6 GeV, f=o0.4
——  AM, =045MeV, AL, =13MeV
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ceny Wmass & width from the W-pair production cvoss-section near threshold
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The energy spread will be measured with a relative precision better than 0.29, using

et e ->put U events copious[y produced at all energies

——  negligible contribution to AM,, & AT,
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W mass & wiclt/l ﬁom tlze ﬁt[[ yeconstruction qf WWw ltac[’zom'c c[ecays

@ 162.6 GeV, 240 GeV, 365 GeV

0.01

0.06 - — 5C kinematic fit Mean  78.35
O PYTHIA v8.24 simulation - —— 4C kinematic fit Std Dev_8.687
- 4C rescaling
. . 0‘05__ —— Raw Mass Mean 74.07
o Reconstruction with HEPPY ( CLD detector, - Std Dev 9.779
. - Mean 74.39
DURHAM algon’chm) 004 ey 100
: I : : Mean 73.13
o Jets paired by minimising the difference 003 Std Doy 9877
with Mpp 0.02]
- 240 GeV

%0 50 60 70 80 90 100 110 120
M,, (smaller dijet mass) [GeV]

W mass estimators:
o Raw mass
o 4C jetsmomenta rescaling
o Kinematic fit
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W mass & width ﬁom the ﬁt[[ veconstuuction qf WW hadvonic c[ecays

Statistical uncertainty estimated with a binned maximum likelihood ﬁt on the reconstructed
M,, distributions, using templates with diﬂ%rent nominal W mass (width) values.
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@ 162.6 GeV
AL, (4C) =11 MeV

@ 240 GeV
AL, (5C) = 0.47 MeV

@ 365 GeV
AL, (5C) =1 MeV

Mass & width uncertainties
evaluated independently

Full FCC-ee luminosity
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53 Wmass & widsh from the full veconstauction of WW semi-leptonic decags

@ 162.6 GeV, 240 GeV, 365 GeV
Only leptonic muon decay
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W mass & width statistical uncertainties

Hadronic decays
AM,, [MeV/c?] AL}, [MeV/c?]
Vs [GeV] 162.6 240 365 162.6 240 365
L [ab”] 12 5 1.7 12 5 1.7
Raw mass 1.66 0.49 0.97 1.44 1.10 1.71
4C rescaling 1.72 0.360 0.73 1.53 0.77 1.48
4C fit 113 0.28 0.5 1.1 0.58 0.95
5C fit 0.21 0.44 0.47 1.0
Semi-leptonic decays
AM,, [MeV/c?] ALy, [MeV/c?]
VS [GeV] 162.6 240 365 162.6 240 365
L [ab”] 12 5 1.7 1.44 1.10 1.7
Raw mass 0.42 0.49 119 0.39 0.87 1.94
1C fit 0.26 0.33 0.78 0.35 0.59 1.36
2C fit 0.31 0.75 0.68 1.50
from Gy, %,2/:9’ 1.2

Full FCC-ee luminosi’cy
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W mass & width systematic uncertainties

Main sources Qfgygtemaﬂc uncertainties @LEPz: FSI simulated with PYTHIA: CR (SK' / SKZ) & BEC

arXivhep-ex/o612034 OM,, minimized by vejecting soft particles outside a cone

Source Systematic Uncertainty in MeV 3 .
f— T (0.4 vad) at the level of Jet clustermg
qqly, ‘ qaqq l Combined
— - - . - M 78.35
ISR/FSR 8 5 [ 6 006~ —— Wo treatment s:,a;ev 8.687
Hadronisation 13 19 14 10 N
Detector effects 10 8 9 23 0.05 :_ Cone 0.4 rad “Sﬂt:a;ev ;64:2
LEP energy 9 9 9 5 -
Colour reconnection - 35 8 27 0.04|—
Bose-Einstein Correlations - 7 2 3 ] LD Detoctor without ESI
Other 3110 3 12 003" WW - qaqq
Total systematic 21 14 22 55 u 240 GeV
0.02|—
Statistical 30 10 25 63 N €
Statistical in absence of systematics 30 31 22 18 001:_
| Total [ 36] 59] 34| s3] g
% 50 60 100 ngg) G 1\}]20
e
V'S [GeV] 162.6 240 3605
OM, [MeV] standard cone standard cone standard cone loss Of]O article infovmaﬁ on
SKI 14.6 7.5 23.9 11.5 32.2 17.5
SKII 7.9 3.8 12.1 6.0 14.7 8.3
BEC 3.1 1.8 5.9 2.1 9.9 5.5

AMW) stat 1S degvaded with the cone by a few % @ threshold and 10-15% above,
but compensated by a reduction of the systematic shiﬂ (~50%)
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W mass & width :  Conelusion and petspectives

The amount of W pairs @ p[anned FCC-ee energies presents a huge po’cenﬁa[ fov many precision
measurements: W mass & width, but also: aTGCs, BRs, o, CKM matrix....

o My, &I, can be accurately derived. from G, measurement @ threshold:
AM,, = 230 keV @ 161.4 GeV (AM,, = 450 keV, AL, =1.3MeV @ 157.3 GeV &162.6 GeV)

o M, &I, measurements from WW decays reconstruction is statistically competitive:
AM,, = 210 keV @ 240 GeV in the hadronic channel
AM,,, = 260 keV @ 162.6 GeV in the semi-leptonic channel

o Centre-of-mass energy precisely measured from accurate M, measurement above WW

threshold where the resonant depolarisation cannot be used (2 MeV @ 365 GeV).

o The systematic mass shift induced by FS] can be reduced by using a cone in jet clustering
(study to be refined?). Measure of FS1 from W mass shift is possible.

o Avery pre[iminavy s’cudy shows that the expected background level is not an issue.
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W mass & width :  Conelusion and petspectives

Still some work to be done on systematic aspects and their consequences on detector

Vequivements:

o  momentum & angular resolution, scale stability (alsoZ, H)
o  lepton identification (also for Z, T decays)
o angular acceptance definition & precision (also Z)

Not an exhaustive list, many other studies common to W, H, t, heavy ﬂavows

Lots of nice physics studies @ WW threshold & above !
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