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The WW threshold lineshape and the W mass
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Extract the W mass inverting the my, dependence
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The WW threshold : W mass uncertainties
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The WW threshold W mass : beam energy
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Uncertainty on beam energy AE, = EAE
translates directly to my,

AE, = Amy,

Very limited variations of the dm,,/dE
coefficient with E.,, in the threshold region



The WW threshold : W mass optimal E,

m,,=80.385 GeV

stat uncertainty assuming event selection quality
Q=Vep with fixed €=0.75 and 0z=0.3pb

-~ 3
g A ———— [dm,, /do,]Ouw (GeV)
~ L ———— [dmy, /do,y]\Cwwiep  GeVipb'™?)
~ 25—
% F ————  [dmy, /dGy] Gy | GeV/pb'?)
Q_ b
> — [dm,, /do,,,] (GeV/pb)
L 2=
a [
e
g 1.5(—
S | stat
i -
0.5— theory & bkg 1
B v
OI_I 1 11 I 11 1 1 I 11 1 1 I 11 1 1 I L1 1 1 I 1 l: 11 l L1 1 1 I 1 | - I
156 157 158 159 160 161 162 163 164

14/4/23 - ECFA WG1-PREC - cross section lineshapes

Ecy, (GeV)

Max stat sensitivity at Ecy~2myy, + 0.6 GeV
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With L=12/ab = Amyy(stat) = 0.3 MeV
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WW threshold : W mass precision requirements

Conditions to achieve Amy,(syst)< Amy,(stat) = 0.3 MeV
with a single point WW threshold measurement
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The WW threshold : background

almost all bkg in the 4q channel

Selection Expected signal | Expected background | Observed
WHW~ — qaqq 9.6 + 1.0 3.44 +0.39 14
WHW™ — qgeve 3.89 £ 0.44 0.18 £0.27 3
WHW- — qquz, 4.19 + 0.46 0.27 £ 0.15 2
WHtW~ — qqro, 2.324+0.28 0.96 £ 0.34 7
WHW— — £l "7y 2.58 4 0.28 0.197032 2
Combined 22.6 + 2.4 5.0 £ 0.6 28

OPAL Phys. Lett. B 389 (1996) 416.

Phys.Lett.B 401 (1997) 347

purity ¥95% achieved in the last bins
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4-fermion-CC03
interference effects

positive & negative
effects (10-50 fb)
reported in the various
channels, within the LEP
analyses acceptance


https://doi.org/10.1016/S0370-2693(97)00460-7

WW threshold : acceptance syst

Syst unc at higher Ecy (207 GeV) on oww (~“16pb)

qqlv

lvly

Source a%?:g‘j (pb) |oww  (pb) [owaw (Pb)
Source uncertainty ( fb) Four-jet modelling . +0.051 +0.014 -
Background cross-sections! __+0.009 +0.016 +0.006
14747 | lvqq | qqaq | total e —
= = Fragmentation +0.045 +0.038
TraCklng 4 19 31 o¢ Final state interactions +0.025 - -
Simulation of calorimeters - 9 26 31 me COTTECTIONS TU.0U0 TU.UUS +0.002
: - |27 |8 %=t minosity (theor) 40,011 | +0.010 | +0.002
- - 20 | 20 Dﬁnosity (exp) +0.045 | £0.043 | +0.011
, - - 28 | 28 Detector effects 40045 | +0.053 | 40.033
Background contamination J 0 31 35 Monte Carlo statistics +0.005 +0.014 +0.033
Lepton identification 1 2 - 3
Beam-related background 10 17 37 22 DELPH| E
ur.Phys.J.C 34 (2004) 127
O(a) corrections DPA 2 9 12 6 Y ( )
Luminosity 8 35 44 87
Simulation statistics 6 20 14 25
Total [ 17 | 57 | 87 | 126 can roughly scale/4 for equivalent

ALEPH Eur.Phys.J.C 38 (2004) 147
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¢ effects at threshold o\ (~¥4pb)

NP QCD effects have important
impacts on both qgqg and qgfv

need improvements in
fragmentation and hadronization
modeling plus constraints from
control data (Z=2qq)

less worrisome than using jet
properties for kin reco

target : bring table items below 4fb(/4=1fb)
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https://doi.org/10.1140/epjc/s2004-02048-3
https://arxiv.org/abs/hep-ex/0403042

Vs (GeV) | L (fb™) f A=At Ny Ni, N Nrr
160.6 4348 | 0.7789 | —+ 2752 | 11279 | 12321 | 926968
0.1704 | +-— 20 67 158 | 139932
W W t re S O | L( 0.0254 | ++ 2 19 27 6661
0.0254 | —— 21 100 102 8455
161.2 21.739 | 0.7789 | —+ | 16096 | 67610 | 73538 | 4635245
0.1704 | +-— 98 354 820 | 697141
s s 0.0254 | ++ 37 134 130 33202
arXiv:1603.06016 & arXiv:1908.11299 00254 | —— | 15| 574l 692 | 49832
1614 21.739 | 0.7789 | —+ | 17334 | 72012 | 77991 | 4639495
0.1704 | +-— 100 376 770 | 697459
ILC polarised collisions : enhance (x4) t-channel 00254 | ++ | 28| 104) 133| 33556
. i 0.0254 | —— 135 553 661 42979
WW production or suppress it to control background 161.6 21739 [ 0.7789 | —+ | 18364 | 76393 | 82160 | 4636591
0.1704 | +-— 81 369 803 | 697851
. .0254 4 1 174 271
Channel | Efficiency (%) | ofjzq (fb) | Afg | Eff. syst. (%) | Bkgd syst. | APy syst. 8822 4 i_i 1 42 6?2 6;1 ?136;9
Ivlv 87.5 101015 0.1 free 0.025 162.2 4348 | 07789 | —+ | 4159 | 17814 | 19145 | 927793
qqqq 83.5 200 0.48 0.1 free 0.005 0.0254 | ++ 10 28 43 6633
Table 3: Experimental assumptions for the WW event selection near threshold using 170.0 26.087 82323 :; 6363? %6 4é28 270;)3.1{ 5563322
a polarized scan 0.1704 | +— | 244| 957 | 1447 | 838233
0.0254 | ++ 106 451 466 40196
. 0.0254 | —— 508 2215 2282 50979
with 100 fb-1
) ' Table 1: Tllustrative example of the numbers of events in each channel for the standard
Fit type | Uncertainty source | AMy [MeV] | AMy, (syst.) [MeV] 100 b 6-point ILC scan with 4 helicity configurations. Columns give the center-of-
fixbkg | Background 3.20 2.30 mass energy, 1/, the apportioned integrated luminosity, the fraction for each helicity
fixpol | Polarization 3.73 1.27 configuration, A.- A+, and the numbers of events observed in each channel.
fixeff Efficiency 3.86 1.18
fixlum | Luminosity 3.76 0.78
fixALRB | Afy 3.86 0.80 Amy, (MeV) = 2.4 (stat) @ 3.1 (syst) @ 0.8 (1/s) @ theory
fixall Statistical 2.43
Systematic 3.10
standard | Total Error 3.94 . -3
fitted Ae~107° and Aoy ~6 fb

additional impact of pol uncertainty
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https://arxiv.org/abs/1603.06016
https://arxiv.org/abs/1908.11299

WW threshold : W mass and width arXiv:1703.01626

arXiv:2107.04444
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https://arxiv.org/abs/1703.01626
https://arxiv.org/abs/2107.04444

WW threshold : W mass and width

With cross section 0,0, measurements at two energies E; E, : uncertainty propagation
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WW threshold : W mass and width

Scans of possible E; E, data taking energies and luminosity fractions f (at the E, point)
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162.4 GeV

28

A -minimum of Al,=0.91 MeV with Am,=0.55 MeV

taking data at E,=156.6 GeV E,=162.4 GeV f=0.25

yields Amy=0.47 MeV (as single par)

B- minimum of Amy=0.28 MeV Al=3.3 MeV with
E,=155.5 GeV E,=162.4 GeV f=0.95
yields Am,=0.28 MeV (as single par)

C- minimum of Aly=0.96 MeV +Am\=0.41 MeV with
E,=157.5 GeV E,=162.4 GeV f=0.45
yields and Am,=0.37 MeV (as single par)

Amyy, Aly: error on W mass and width from fitting both
Am,, : error on W mass from fitting only m,

P.Azzurri - WW lineshape 12



WW threshold : W mass and width
x

Scans of (E4, E,, f) data taking assuming limiting

- *—o syst uncertainties, either Ae+AL or Aog+ Aoqy
B min Am(Ag)
ST o\ More complex situation, depends very much on the
N s (d g ) o correlation of uncertainties between the energy
al, | (d_o) T points (that can be quite large)
o ( do ) dry,
- ' —| O
s ary, Correlated syst can cancel taking data
O at different E¢,, points where the
- I - D — . .
I e, - relevant differential factors are equal
C T T, m'”Ar(AE) (around their minima)
- N e—0 o
[ it o : . -

1: m'”“'@fﬁ%) min AT(Aay) (dm ) >2 energy points will be beneficial to reduce the
- T *—@ " - " impact of (correlated) systematic uncertainties
Oes—— 15'4 S 15'6 S 15'8 S 1(130 —— 1el>2 —— 1e|‘>4 ! careful choice of additional points recommended

Ecu (GeV)
optimal E points with limiting correlated systs partially explored in Eur. Phys. J. C 80 no. 1, (2020) 66
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http://dx.doi.org/10.1140/epjc/s10052-019-7602-x

WW threshold : energy spread effects

d°c(WW)/dE® (m =80.385 GeV T,=2.085 GeV)
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arXiv:1909.12245

Optimal my & Iy points @E,=157.3 & 162.6 GeV

> Aoy = +(0.24-1.3) fb & =-(0.18-1.0) b
> Am,, = -(0.09-0.48) MeV
> A, = +(0.6-3.3) MeV

o(Ecy)=(0.47-1.10) 103 E,,

Maximum effects are at the level of Amy,(stat) and 2x Al (stat) so that control on the

beam energy RMS <50% is required to avoid additional syst contributions from this source


https://arxiv.org/abs/1909.12245

TGCs at threshold Wev
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interlude : the ZH threshold On the way to the

electron-Yukawa

FCCee ZH threshold

§0'25 FCCee ZH threshold — 2000 : .
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interlude : the ZH threshold

FCCee ZH threshold
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arXiv:2106.15438

Eur. Phys. J. Plus 137, 23 (2022)
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https://arxiv.org/abs/2106.15438

work ahead

* Explore in more detail the systematic uncertainties (cancellation) effects with
multi-point (n23) cross section measurements. Evaluate benefits of additional
model independence.

* reduction / cancellation of acceptance & luminosity systs is of particular interest

* Design a realistic a modern analysis with event classifiers, evaluate performances
and the corresponding impact of systematic uncertainties. Feedback to theory
and detector design.

* Explore BSM/EFT interest and utility of multi-point precision a,,, measurements
at threshold, also with other 4f productions (Wev, Zee, ..)

Sensitivity to sin?0,, with total a,,, at higher energies (>200 GeV)



Summary

* WW lineshape data can provide both m,, and I, with unprecedented precision

e optimal data taking at E¢,= 2m,,+1.5 GeV (ly-insensitive) and E.,=2m,,- Iy
(off shell) yileds with 12/ab stat precision Am,,, =0.5 MeV and Al,=1.2 MeV,
some challenges from syst uncertainties (acceptance control at few 104 level )

* interest of additional E, points for syst control and investigate other
lineshape properties

* threshold data can be used for other measurements as direct N, from
radiative Z, single V (Wev, Zee), ...



