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Parameter Input value _ch Fit Result wio EXp- input ) V_V/O exp. input |:

in fit in line in line, no theo. unc { ]
M [Gev]® 125144024 yes 125.14 4 0.24 93133 03+2¢
My [GeV] 80.385+0.015 - 80.364 £ 0.007 80.358 £ 0.008 80.358 4+ 0.006
I'w [GeV] 2.085 £0.042 - 2.091 + 0.001 2.001+£0.001 2.0014+0.001
Mz [GeV] 01.18754+0.0021 yes 91.18804+0.0021 01.200£0.011 91.2000+0.010
'z [GeV] 2.4952 +0.0023 - 2.4950 4+ 0.0014 2.4946 £0.0016 2.4945+£0.0016
O’iad [nb] 41.5404+0.037 - 41.484+0.015 41.475+£0.016 41,474 +£0.015
RY 20,767+ 0.025 - 20,743 £0.017 20.722 £ 0.026 20,721 +£0.026
Ag’é 0.0171 +£0.0010 - 0.01626 +0.0001 0.01625+ 0.0001 0.01625 + 0.0001
Ay 0.1499 +0.0018 - 0.1472 4+ 0.0005 0.1472 £ 0.0005 0.1472 £ 0.0004
sin%’g (Qrg) 0.2324 +0.0012 - 0.231504+ 0.00006  0.23149+£0.00007  0.23150 4 0.00005
Ac 0.670 £0.027 - 0.6680 4+ 0.00022 0.6680 4+ 0.00022 0.6680 £ 0.00016 .
Ap 0.923 £0.020 - 0.93463 + 0.00004  0.93463 £0.00004  0.93463 4+ 0.00003 |
Ag’g 0.0707 £ 0.0035 - 0.0738 4+ 0.0003 0.0738 £ 0.0003 0.0738 £ 0.0002 ]
Ag’g 0.0992 +0.0016 - 0.1032 4+ 0.0004 0.1034 £ 0.0004 0.1033 £ 0.0003
R" 0.1721 £ 0.0030 - 0.17226 7000058 0.17226 4+ 0.00008  0.17226 + 0.00006
R? 0.21629 + 0.00066 - 0.215784+ 0.00011 0.21577+£0.00011  0.21577 4+ 0.00004 ]
7. [GeV] 12745397 yes 1274597 - -
7y [GeV] 4.20017 yes 4201037 - -
me [GeV] 173344076 yes 173.81+£085(%)  177.0+23(v) 177.0 2.3 ]
Acd?) (M2)(12) 2757+ 10 yes 2756 & 10 2723 4+ 44 2722 +42 () T TS T B B
aS(M%) - yes 0.1196 £ 0.0030 0.1196 +0.0030 0.1196 + 0.0028 ‘ ||i||||i||||i|||| ||||i||||i||||i||
(°) Average of the ATLAS and CMS measurements assuming no correlation of the systematic uncertainties. 32 A 0 ! 2 3
) Average of the LEP and SLD A, measurements, used as two measurements in the fit. (0 - Om eas) /o meas
(¥)The theoretical top mass uncertainty of 0.5 GeV is excluded. fit
(DIn units of 107°.
(&)Rescaled due to a. dependence.
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W boson mass : LHC Runl

ATLAS: arXiv:1701.07240 with 4.1-4.6/fb @7 TeV fit to: p,l and m;

* Lepton p; — affected by pT(W) uncertainties (PDF/QCD)
* Missing E; — affected by detector resolution effects
* m; — compromise between TH and EXP

p% > 30 GeV pT‘Ss > 30 GeV ur < 30 GeV mt > 60 GeV

x1 0 X1 03

> T L N > L N B B L BN B oo
8 140 A TLAS -o-Data i 8 A TLAS -o-Data =
g {s=7TeV, 4.1 fo' WmW- v 3 et {s=7TeV, 4.1 fo' mwWouv 3
» 120 [C]Background ™ o [CJBackground 3
g 100 X?/dof = 48/59 3 — x?/dof =20/39 5
. 2] =
12 = = =
3 o =
E o E
5 L1 : E T T
S 11.(())21 T T B 11%21 pooo b LT B
a '111'14-.+++L.;+ ++,|. J.+|-I-I-.-|-I'|-I-IIT gl AR | N I T + T TITT T
PP M A A A L LA T oot 4t B R e e S '
o 0098 : . N S— < 098 . :
‘D“ 60 70 80 90 100 110 120 (D“ 30 32 34 36 38 40 42 44 46 48 50
m [GeV] p; [GeV]

= 80370 + 7 (stat.) + 11 (exp. syst.) + 14 (mod. syst.) MeV = 80370 + 19 MeV
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ATLAS: arXiv:1701.07240

with 4.1-4.6/fb @7 TeV W mass LHC Runl

p'T, WS I'v
p'T, Wy
pl, Wi Fy

my-pt, Wos Fy

ATLAS

_c—

Vs=7TeV,41-46f" — —g—

® 'm,, (Partial Cofb.)
Stat. Uncertainty
— Full Uncertainty

—m,y (Full Comb.)

Stat. Uncertainty
Full Uncertainty

80280 80300 80320 80340 80360 80380 80400 80420 80440 80460

distributions and kinematic ranges

m,, [MeV]

stability per channels, fitted

35<p <45 GeV
32<p <48 GeV
30 <p, <50 GeV
31<p, <46GeV |
32< p, < 46 GeV
34 < P, < 46 GeV

35<p, <46 GeV

ATLAS
Vs=7TeV,4.1-46 1"

m, Fit-Range:
66 <m; <99 GeV

T T

31<p_<50GeV ® m,, (Varied pT-Fit Rgnge)
T = Uncor. Stat. Uncertainty
32<p, <50GeV — Full Uncor. Uncertainty
—m,, (Full Comb.)
34 <p <50 GeV Stat. Uncertainty
35< P, < 50 GeV Full Uncertainty
I i [
-80 —60 -40 20
Beijing 07/11/17

'_.'_' "N 67 <m; <98 GeV ATLA‘S T T T .' T
68 <m; <96 GeV
=T ! (s=7TeV,41-46%" @
,,,,,, —— | Oy S GeY | _e .
° 65 < m, < 90 GeV -
65 < m. <93 GeV o Fit-Range:
<m;<
1 T 32.<p, <45 GeV .
‘o 65 <m; <97 GeV o
o 65 < m; <100 GeV [
e 70 <m. <90 GeV ® m,, (Varied mT-Fit Range) P
T = Uncor. Stat. Uncertainty
e 70 <m; <93 GeV | —Full Uncor. Uncertainty A
to— —m,, (Full Comb.) °
70 <my <97 GeV Stat. Uncertainty
I" [ 70 <m; < 100 GeV Full L‘Jncenaintly ‘ .I \
0 20 40 -80 —60 -40 —20 0 20 40
Am,, [MeV] Am,, [MeV]

N e e e e s e B B e A e
ALEPH
ATLAS
DELPHI O
L3 @
OPAL @
CDF ==
DO —=
ATLAS W* —
-~ ® Measurement
ATLAS W Stat. Uncertainty
ATLAS WE —— Full Uncertainty —i—
P BT U TRTIN IRI S SR R
80250 80300 80350 80400 80450 80500
m,, [MeV]
T T
ATLAS & my
Stat. Uncertainty
— Full Uncertainty
LEP Comb. Py 80376+33 MeV
Tevatron Comb. @ 80387£16 MeV
LEP+Tevatron PS 80385+15 MeV
ATLAS ® 80370+19 MeV
Electroweak Fit _.ﬁSBiS MeV
| I I |
80320 80340 80360 80380 80400
m,, [MeV]
6
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W mass at Run2-3 &HL-LHC

Combined Value | Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total | x?/dof
categories [MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc.  of Comb.

mr-ph, W*, e | 80369.5| 68 66 64 29 45 83 55 92 185 29727

will go down ! <:J
improve e, energy
calibration
W pT spectrum
higher order corrections
improve PDF uncertainty

~ XX MeV ?
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W boson mass : efe-

full m,, reco with kinematic fit. main ingredients :

E.y — jet/lepton angles — (jet boost ) ﬂl sin @y + B2 sin 6y — B1Be| sin(6: + 62)|

M2 =
Z —
*Bysiny + Basin + By Bo| sin(6; + 65)]
ALEPH ALEPH ALEPH
§250 \\\\\\\\\\\ §225 \\\\\\\\\\\\ §700 \\\\\\\\\\
© (%) 1 (9]
&) i © 200 b O ]
gzoo mww uvqq channel | g A evqq channel EGOO [ RAY 4q channel
2 ] 2175 2
5 B 5 8 500 H aq
5 - 7z 150 o - 7z
2 8125 2
100 100 300
75 [
200 |
50 50 | :
’s 100 |
| | o el H\.H | ol | | 0 | N la . | | [ 0 [ 1 | [P — Il [
30 40 50 60 70 80 90 100 110 120 30 40 50 60 70 80 90 100 110 120 30 40 50 60 70 80 90 100 110 120
2C Mass (GeV/c?) 2C Mass (GeV/c?) 5C Mass (GeV/c?)

ALEPH Eur.Phys.J.C47:309 (2006) : 683 /pb ~10k WW events
ignoring low energy particles in the gqqqq channel
m,, = 80440+43(stat.)+24(syst.)+9(FSI)+9(LEP) MeV
[ = 2140 £90(stat.) +45(syst.) +46(FSl) + 7(LEP) MeV
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mass of the W boson : ete-

CEPC 5/ab@240GeV
= 80M W-pairs:
LEP2 x 2000

Table 9: Summary of the systematic errors on mw and I'wy in the standard analysis averaged ove
183-209 GeV for all semileptonic channels. The column labelled £rqq lists the uncertainties in my use

in combining the semileptonic channels.

=» Am,, (stat)= 0.5 MeV
=>» Am,, (syst) £ X MeV ?

Amw (MeV/c?) ATw (MeV)
Source evqq | prqq | Tvqq | fvqq | evqq | prqq | Tvqq | frag
e+ momentum 3 8 - 4 ) 4 - 4
e+ momentum resoln 7 4 - 4 65 55 - 50
Jet energy scale/linearity | 5 5 9 6 4 4 16 6
Jet energy resoln 4 2 8 4 20 18 36 22
Jet angle ) ) 4 ) 2 2 3 2
Jet angle resoln 3 2 3 3 6 7 8 7
Jet boost 17 17 20 17 3 3 3 3
Fragmentation 10 10 15 11 22 23 37 25
Radiative corrections 3 2 3 3 3 2 2 2
LEP energy 9 9 10 9 7 7 10 8
Calibration (erqq only) 10 - - 4 20 - - 9
Ref MC Statistics 3 3 5 2 7 7 10 5
Bkgnd contamination 3 1 6 2 ) 4 19 7

Beijing 07/11/17
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Is AE, ...~ 1MeV at
E.u=240 GeV possible ?

With Zy events ?

AE,.,.~15MeV/(stat) @LEP
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ALEPH

25 3 35

lepton and jet uncertainties
from (Z) calibration data
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mass of the W boson : ete- threshold

=0 ( E) LEP2 : 4x10/pb ~4x30 events 3 0 [Ep e :
> m,, = 80.40%0.21 GeV T | = o
o}
-1
do -1 —
AWLW =(d_) Ao A ( y t) do Jo 1 101 . il
my, m, (stat) = ! !
dm, | L ep T
m,=80.385 GeV o
sk [dmy, /dG) G { GEV ) / Vs (GeV)
S N [dm,, /0] ounfep | GeVIpD™?) Max stat sensitivity at
T [y, 10G,] Gy | GVIPD'Z) Vs~2m,,+400MeV
> [dm,, /do,,,) (GeV/pb)
S 2[— /
T e CEPC: X/ab =» Am,,(stat)= 1 MeV /vX
(0] L
= F \V Amw=1 MeV would require
1= AE(beam)<1l MeV (107)
- _ Ae/e, AL/L < 1073
0.5 ~—
. — — Aoc.<2 fb (~102)
: Z:nw | ®
15|>6 - l1£'I>7l - I1f'I38l - l1£'I>9l - l1fI50I - l16I1I - l1&2I - l1é3l - l16|4
Eqp (GeV)
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o(WW) (pb)
o

(GeVipb) (GeV/pb'?) (GeV)

mass & width of the W boson : efe-

TT

m,,=80.385 GeV I,=2.085 GeV

IIII|II

|:J m,,=79.385-81.835 GeV, I,,=2.085 GeV

m,,=80.385 GeV, I'y=1.085-3.085 GeV

I | ! L | L L 1 1 L | L | L
156 158 160 162 164
Eqy (GEV)
m,,=80.385 GeV I,=2.085 GeV
6 T
o [dIy, /dG) Oy ( GEV ) |
C (ALY, /d0y)(Ounep ( GeVipb'?) /
5_
: [dLy, /dGyy] {Gur ( GEV/pD™?)
C [dI'y, /do ) (GeVipb)
4
3

II[IIIIII||III|I//|III

Beijing 07/11/17

Measure oww in two
energy points E,, E, with
a fraction f of lumi in E;
=» extract both m,, &I,

do,/dly, =0
at E,,~162.3 GeV

A my, AT\, (MeV)

I
—

8/ab

157.1 GeV 162.3 GeV
Un ]
o FCCee &
5 =
4 =
3 =
2 K -
1= =
0 :(K my, ATy) correlation T :

:\ —\‘T.‘—'\A\——\-\.-"\.-\.\-\ L1l L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ 11 \:
0 01 02 03 04 05 06 07 08 09 1

luminosity fraction

with E,=157.1 GeV E,=162.3 GeV =0.4
Am,,=0.62 AT,,=1.5 Am,,=0.56 (MeV)

[FCC ee]

= Aa=(3 11/2)AT/T= 0.003
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Winter 2005 - LEP Preliminary

W Leptonic Branching Ratios

23/02/2005

ALEPH e 10.78 = 0.29
DELPHI ] 10.55 = 0.34
L3 . 10.78 = 0.32
OPAL —x— 10.40 = 0.35
LEP W—ev ° 10.65 + 0.17
ALEPH e 10.87 = 0.26
DELPHI - 10.65 + 0.27
L3 —A— 10.03 = 0.31
OPAL . 10.61 = 0.35
LEP W—uv ® 10.59 + 0.15
ALEPH | o 11.25 = 0.38
DELPHI . 11.46 = 0.43
L3 A 11.89 = 0.45
OPAL 1, 11.18 + 0.48
LEP W—tv - 11.44 + 0.22
¥?Indf=6.3/9

LEP W—lv 10.84 + 0.09
x2Indf = 15.4 /11

10 17 12

Br(W—slv) [%]

Lept universality test at 2% level
tau BR ~2.7 o larger than e/mu

= CEPC @ 4 10* level

W decay BR

Winter 2005 - LEP Preliminary

5/ab@240GeV

W Hadronic Branching Ratio =>» 80M W-pairs

23/02/2005

ALEPH 67.13 = 0.40 =>» ABR(qq) (stat) =[1] 10*(rel)
E’:LPH' 2:22 2:2 => Ao=(9 n/2)ABR= 103

=>» ABR(e/p/tv)(stat)=[4]10* (rel)
LEP 67.48 = 0.28

¥2Indf = 15.4 / 11

66 ‘68 70

Br(W—hadrons) [%]

q/ | universality at 0.6%
= CEPC @ 10* level

will need very good control of lepton id
i.e. cross contaminations in signal channels
(t=>e,uin the e,u channels and v.v. )

Flavor tagging would allow to measure coupling to ¢ & b-quarks (Vcs, Vcb,..)

Beijing 07/11/17

P. Azzurri - LHC & CEPC : EW Physics 12



LHC : AF® and sin%0_¢

CMS: PASSMP_16-007:

Events / 0.05

Data/ MC

18.8-19.6 /fb @8TeV Source muons | electrons
MC statistics 0.00015 | 0.00033
100 if’; = ‘88:“8 TeY) g 7 SMS — - ‘9‘1‘“8 Tev) Lepton momentum calibration | 0.00008 | 0.00019
[ Preliminary i Sl Prelmiay =i Lepton selection efficiency 0.00005 | 0.00004
L o0=Myl<0d = g poosmdeos =i Background subtraction 0.00003 | 0.00005
sl T e D gl T et Pileup modeling 0.00003 | 0.00002
] ] ol . Total 0.00018 | 0.00039
Rl: ] (53 1 |
0'91# T —— g 0‘; e — mf)del variation - Muons | Electrons
- 05 0 0.5 1 & -05 0 05 1 Dilepton pr reweighting 0.00003 | 0.00003
cost” cos8"  QCD g, scale 0.00011 | 0.00013
POWHEG MiNLO Z+j vs NLO Z model | 0.00009 | 0.00009
Channel | without constraining PDFs | with constraining PDFs FSR model (PHOTOS vs PYTHIA) 0.00003 | 0.00005
Muon 0.23125 + 0.00054 0.23125 + 0.00032 UE tune 0.00003 | 0.00004
Electron 0.23054 £ 0.00064 0.23056 = 0.00045 Flectroweak (sin? 67" — sin? 6%¢) 0.00001 | 0.00001
Combined 0.23102 % 0.00057 0.23101 £ 0.00030 Total 0.00015 | 0.00017
sin’ ejff'ft = 0.23101 = 0.00036(stat) = 0.00018(syst) = 0.00016(theory) =+ 0.00030(pdf)
sin? 0" = 0.23101 + 0.00052.

eff

Beijing 07/11/17

P. Azzurri - LHC & CEPC : EW Physics
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LHC : AF® and sin%0_¢

CMS: PASSMP-16-007 e .

CMS ce+un e — 0.23101 + 0.00052
cMS ee 19617 | | 023056 + 0.00086
ATLAS: JHEP 1509 (2015) 49 remey LB -
4.8/fo @7TeV CMS 1. 18.8 fo ———t 0.23125 + 0.00060
LHCb pp 3 o o 0.23142 + 0.00106
LHCb:JHEP 1511 (2015) 190 ATLAS ee+up 4.8 fb’1_ . | 023080 £ 0.00120
1/fb+2/fb @7+8 TeV D0 ee 9.7 fb” — 0.23147 £ 0.00047
CDF ee+jip 9.4 fb —e—— | 0.23221+0.00046
E 0.6 T T T T T T T T T PO SO RPOTPY —
<< 0.5F LHCb SLD: A, —0— 0.23098 + 0.00026
0.4F Po20dey LEP + SLD: A —o— 0.23221+ 0.00029
.0<n<4.
0.3 —_ — ]
= LEP + SLD . 0.23153 + 0.00016
0.2 ! ‘ ! ! .
= 0.23 0.231 0.232 0.233
0.1 & —— data \s=8TeV . o lept
0 o —— POWHEG + PYTHIA SIN“0
== —  (sin*6{l = 0.2315)
-0.1
-0.2
| S T N T LEP+SLD still ~3 times better
'%0 80 100 120 140 160
my, [GeV]

LHCb high rapidity yields less A8 dilution

Beijing 07/11/17 P. Azzurri - LHC & CEPC : EW Physics 14



CMS PAS FTR-17-001

HL- LHC : A™® and sin“0

CMS Phase-2 Simulation Preliminary
I I I I

posE 1 1 - 1 I - ..
[00sIY, 1<04 | 0451Y, 1<08 | 08sIY <12 | 12sIY, I<1.6 | 1.651Y, 1<20 | 205, 1<24 | 245, |<26] Lint 5Stat[1()*5] 5%?&?%[10*5] Jggf;fifggiged[lo*ﬂ
02— — | .|
- 4 9 .l 3 (o) | [f]<24 |n|<28 | |n]<24 |n]<28] |yl <24 |y|<28
= . 3 0] 7 51 7 57 39 29
e & ¥ - R 100 | 24 16 75 57 27 20
- @ 2 P = 500 | 11 7 75 57 20 16
o R oy > ﬁo — 1000 8 5 75 57 18 14
E o Eo . % oo . 3000 4 3 75 57 15 12
005 [ e % » ? £ * 9] 43 49 27
— q [’ L] —
= by Ze - - 19 (from [1]) | 44 54 32
— E [) —
0 ﬁ ---------------------------------- j~~ EEEEEETEETY “B. --------------------------------------- -.. ------ —_
= N ey 2 of s < g
-0.05 — . = Dy ﬁ le- —
C—=— 8TeV, 191" k<24 a Lo e -
» 5 -1
01 14 TeV, 3000 fb_{ i <2.4 , CMS Phase-2 Simulation Preliminary 14Tev
:—-—14TeV,3000fb,InI<2.8 uf\10 — T T T T T T T T T T T T T ™ 10
s L1111 1 L1 L L ©
: s
70 9 110 70 90 110 70 90 110 70 9 110 70 90 110 70 ~
M,, (GeV)

reach LEP+SLD
precision with 1/ab
(maybe improve with 3/ab)

Beijing 07/11/17

I <2.4 Il <2.8 RS
» —e— Statistical —o— Statistical ©1
| —e— NNPDF3.0 nominal —6— NNPDF3.0 nominal a
—e— NNPDF3.0 constrained —— NNPDF3.0 constrained
l 1 1 1 1 1 1 11 l 1 1 1 1 1 1 11 l 1 1
10 10? 10° Py
Ly (167
15
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CEPC Z pole precision

10°-10** Z decays : LEP1 x 10%4

continuous E,, calibration (resonant depolarization)

Z mass and width : 500 KeV (syst) pre CDR

IHEP-CEPC-DR-2015-01

Observable  LEP precision CEPC precision CEPC runs f L needed in CEPC
mz 2 MeV 0.5 MeV Z lineshape > 150 fb~*
mw 33 MeV 3 MeV ZH (WW) thresholds > 100 fb~*
A, 1.7% 0.15% Z pole > 150 fb!

sin? 65 0.07% 0.01% Z pole > 150 fb~!
Ry 0.3% 0.08% Z pole > 100 fb~*

N, (direct) 1.7% 0.2% Z H threshold > 100 fb~*
N, (indirect) 0.27% 0.1% Z lineshape > 150 fb~’
R, 0.2% 0.05% Z pole > 100 fb~!

R, 0.2% 0.05% Z pole > 100 fb~’

Beijing 07/11/17 P. Azzurri - LHC & CEPC : EW Physics 16



/ pole acceptance

@LEP acce ptance effects at 104 Table 13. Exclusive " p~ selection: examples of relative sys-
OK for cross sections at 10-3 level tematic uncertainties (in %) for the 1994 (1995) peak points

Main effects were due to track Source Aol (%)
losses, angle mis-measurements Acceptance 0.05
. Momentum calibration 0.006 (0.009)
and knowledge of boundaries. " . 3
omentum resolution  0.005
@CEPC exploit a statistical Photon energy 0.05
. 1 0_5 Radiative events 0.05
uncertainty at some Muon identification  ~ 0.001 (0.02)
Monte Carlo statistics  0.06

Example from ALEPH, EPJC 14 (2000) 1 Total 0.10 (0.11)

@LEP detectors inner edge (relevant boundary) was known at the level of up to 20 um
The beam displacement (vertical and horizontal) becomes ineffective by choosing two
fiducial regions (loose and tight) and alternating them in the two sides

@CEPC can use similar methods for cross sections measurements (e.g. different and
alternating forward and backward fiducial regions), but still need to identify and know

well the relevant boundaries (~5um level)

Beijing 07/11/17 P. Azzurri - LHC & CEPC : EW Physics 17



couplings and R,

couplings measurements require asymmetry and width ratios

vy

Ars(b) = %ﬁ - jAeAb (LEP) —~ 5

tot

NZ—bb) A, =Am”(b) =0921+0.021 (SLC) ~
T Ry = 021646 +0.00065 (LEP +SLC) —> (

R, 2 2
gAf) + (gi)

R, Very sensitive to rad. vertex corrections due to new particles

Important to sort out LEP b-couplings issue

Measurement exploits the presence of two b hadrons and b-tagging.
Independent from b-tagging efficiency, but not from hemisphere correlations
Higher b-tagging performance (vertex detectors) helps in reducing the correlation
Correlations sources should be identified and studied with data (done at LEP)

AR, =5 (5-20) 10~ stat (syst) AR_ =10 (50) 10 stat (syst)

Beijing 07/11/17 P. Azzurri - LHC & CEPC : EW Physics 18



' 2
Direct measurement of o,¢p(M,?)

o - e u
Patrick Janot: arXiv:1512:05544, JHEP 2016(2) 1
. . . . . . . , Z
EW high precision will require higher order perturbative !
calculations : a bottleneck will be represented by the
hadronic contributions to the vacuum polarization
e w
Direct measurement with the forward-backward asymmetry
’ Type Source Uncertainty ‘
FEheam calibration 1x107°
FEpeam spread <1077
Optlmal centre-of-mass energies Experimental Acceptance and efficiency negl.
Vs_=87.9 GeV and Vs, = 94.3 GeV Charge inversion negl.
* Backgrounds negl.
my and I'y 1x 107
Parametric sin? Oy 5x 1076
: Gr 5x 1077
Two measuremgnts with GED (5. FSE 7D =
p055|b|e cancellation of some Theoretical Missing EW higher orders few 10~
Correlated SySt eﬁ-'ects New physics in the running .0
Total Systematics 1.2 x 1079
(except missing EW higher orders) | Statistics 3x 107




W/Z/y couplings LEP2/TeV/LHC

3 ¥
: PRELIMINARY ] gauge cancellations
]

v

TGC vertex | Runl LHC ~ LEP2

: HL-LHC ~ Run1 x 102
Tmaweew  5/ab@240 ~ LEP2 x 20103

T T T
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oMs cMs —
July 2017 . i — July 2017 o 0 amas
Central ~ ATLAS — FitValue - Do - Channel L f L s
" LEP annel imits it s
Fit Value Do —e— — wWwW [-4.3e-02, 4.3e-02] 46" 7 TeV
LEP —e—| Channel Limits [ Lat is AKZ — ww [-2.5¢-02, 2.0e-02] 203" 8TeV
k | Wy [-4.1e-01, 4.6e-01] 461" 7TeV —e— ww [-6.0e-02, 4.6e-02] 19.41b" 8TeV
Al I | wz [-1.3¢-01, 2.4¢-01] 33.6 fb" 8,13 TeV
Ky } | Wy [-3.8¢-01, 2.9e-01] 5.0 fb" 7TeV I | wz [-2.1e-01, 2.5e-01] 19.6 1b" 8TeV
. —————————— -9.0e-02, 1.0e-01] 461" 7 Tev
_— -2.1e-01, 2.2¢-01 9! 7TeV wv [
ww k21e e-01] 491 © — Wy [-4.3¢-02, 3.3¢-02) 501" 7TeV
—e— ww [-1.3e-01, 9.5e-02] 19.4 fb 8TeV — WV [-4.0e-02, 4.1e-02] 231" 13 TeV
. X 7.4e-02, 5.1e-02] 071" 0.20 TeV
-2.16-01, 2.26- 61" —e— LEP Comb [ ’
—_ wv [2.1e-01, 2.2e-01] 461 7TeV — WW [6.20:02.5.96-02] e 7oV
S WV (ivij) [-1.1e-01, 1.3¢-01] 20.21b" 8TeV )‘z i ww [1.9e-02, 1.9e-02] 203" 8TeV
— -4.8¢-02, 4.8¢-02) 1
— WV (IvJ) [-6.1e-02, 6.4e-02] 20.21b" 8TeV o m {-2.32-82, 252.32} ?ég.ﬁu‘ 3153
| — wv [-1.1e-01, 1.4e-01] 501" 7 TeV | | wz [-4.6e-02, 4.7e-02] 4.6fb" 7 TeV
H Wz [-1.4e-02, 1.3e-02] 336" 8,13 TeV
— wv [-4.4e-02, 6.3¢-02] 19 o 8TeV — wz [-1.8e-02, 1.6e-02] 19.6 fb" 8TeV
e DO Comb. [-1.6e-01, 2.5€-01] 861" 1.96 TeV — wv [-3.9¢-02, 4.06-02] 461" 7Tev
— WV (iij) [-2.2e-02, 2.2e-02] 202" 8TeV
—e— LEP Comb. [-9.9e-02, 6.6e-02] 0.7 0.20 TeV H WV (ivJ) [1.3e-02, 1.3e-02] 20.2 b 8TeV
w -6.56-02, 6.1e- 1 — wv [-3.8e-02, 3.0e-02] 501" 7 TeV
— Y [-6.5€-02, 6.1e-02] 461 7TeV = w [110-02. 1.10-02] Tom 8 Tov
— Wy [-5.0e-02, 3.7e-02] 5.01b" 7Tev — wv [-3.9e-02, 3.9e-02] 231" 13 TeV
-1.90- ' 4 —eo— DO Comb. [-3.6e-02, 4.4e-02] 861" 1.96 TeV
H ww [1.9e-02, 1.92-02] 2031 8Tev —e—i LEP Comb. [-5.9¢-02. 1.7¢-02] 071" 0.20 TeV.
— ww [-4.8e-02, 4.8e-02) 4.91b" 7TeV AgZ — ww [-3.9e-02, 5.2e-02] 461b" 7TeV
— -1.66- - "
bod ww [-2.46-02, 2.4¢-02] 19.4 16" 8TeV 1 o {_;:gz_gg’ S:g:_gg 203k 8y
i wv [-3.9e-02, 4.0e-02] 4.6 b’ 7TeV —e— ww [-4.7-02, 2.2e-02) 19.4 ﬂj‘ 8TeV
- ; | s wz [-5.7e-02, 9.3e-02] 4.6fb 7 TeV
H WV (Ivjj) [-2.2e-02, 2.2e-02] 20.2fb" 8TeV — Wz [-1.5e-02, 3.0e-02] 33.6 b’ 8,13 TeV
H WV (ivJ) [1.3¢-02, 1.3e-02] 202 6" 8TeV — wz [1.8e-02, 3.5¢-02] 19.6 fb” 8TeV
[ e—— WV [-5.5e-02, 7.1e-02] 461" 7TeV
— wv [-3.8¢-02, 3.0e-02] 5.0fb" 7TeV — WV (vij) [-2.7e-02, 4.5e-02] 20.2 1" 8TeV
1.1€-02, 1.16-02] 191" 8TeV — WV (iv) [-2.1e-02, 2.4e-02] 202" 8TeV
H wv [ ] — wv [-8.7e-03, 2.4-02] 19 b 8TeV
e DO Comb. [-3.66-02, 4.4¢-02] 861" 1.96 TeV —_ wv [-6.7e-02, 6.6e-02] 23" 13 TeV
g DO Comb. [-3.4e-02, 8.4¢-02] 861’ 1.96 TeV
o LEP Comb. [-5.9e-(12, 1.76-02] 0.7 Ib‘ 0.20 TeV e 5 46- ' -
1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 LEP Com?' [‘;1‘49 02, 2'1? 02] 1 offo 1 0.20Tev [

aTGC Limits @95% C.L aTGC Limits @95% C.L.
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summary

* EW physics at the LHC is a challenging business

— most promising advances with Run2-3 and HL will come in the
context of VBF and VBS processes ( & quartic couplings)

— improvements on diboson & TGC limits should be at hand

— hard work on systs can deliver W mass and sin?9 with some
improvement over current precision

CEPC would deliver game changing precision for EW
parameters

— possible x 10-100 improvement factors to LEP1 & 2 precision

— W mass and width to ~1 MeV (make a visit to the threshold if
possible)

— Z pole physics also very worth to be exploited



