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Outline

e Zpole
— lineshape asymmetries & couplings
(R. Tenchini/ F.Piccinini)

— Direct measurement of oy (P. Janot)

* W physics
— threshold mW and I'wW
— W couplings & direct mW



inputs to EW fits

. . , () 5 / LHC
EW fit based on derived M [GeV] 125.14 £0.24
(pseudo-)observables (easy Mw [GeV] 80.385 £ 0.015 Tev
Lo Ty [GeV] 2.085 £ 0.042 :
combination among
experiments and easy My [GeV] 91.1875 + 0.0021
comparison data/theory 'z [GeV] 2.4952 £ 0.0023
i 0 A1 =, .
within and beyond the SM) Ohad 1] 41.540 £0.037 LEP
. q RY 20.767 £ 0.025
primary measure _ Aph 0.0171 £ 0.0010
observables: cross section 4, ® 0.1499 + 0.0018 SLD
and asymmetries sin?604 (Qrp) 0.2324 4+ 0.0012
A, 0.670 & 0.027
| ‘ SLD
FCC challenges for the Ag 0.923 £ 0.020
EW (pseudo)-observables Ars 00707 = 0.0035
the tabl AL 0.0992 + 0.0016 L EP
on the table RO 0.1721 + 0.0030 ‘
RY 0.21629 + 0.00066
The goals in precision for
5 precisiol e [GeV] 1.27 7677
JHEP 01 (2014) 164 my [GeV] 173.34 + 0.76 I | Tev.+LHC
Aol (MZ) 2757 + 10
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Z lineshape for M, and I,

Measure the Z lineshape by
accumulating 10'> Z bosons in
a energy scan

At LEP reached 2 MeV level
and gained a lot of experience
on centre-of-mass energy
determination with resonant
depolarization

Could potentially reach ~10°
(100 keVon M, and I',, )

Continuous energy calibration
at FCC with dedicated bunches

Improve the knowledge of
other observables, e.g. R, and
related o (M,) determination.
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ISR deconvolution

a(nb)

The lineshape is highly _ ey _
asymmetric because of 175 | ]
radiative effects s : | | :
At LEP the cross section was '
convolved with a radiator

function H(s’,s)

1.25 |

Current calculations gives a 075 |

precision of 0.01% (TOPAZO 0.5 |

and ZFITTER) 0.05

higher precision requires s s o0 o1 e a3 o4
improvements on the Ecm (GeV)

deconvolution process Radiation function currently

calculated up to O(a?)




model independent lineshape

. . . A. Leike, T. Riemann, J. Rose, PLB273 (1991) 513
General parameterization in terms of

exchange of a massless and a massive
vector boson

4, [ds [ sr+ (s — M3)j s’
O'T(S) — 37'('01 / ¢ [S -+ (S—M%)Z—FM%F% Pini :

Leaves the contributions of Z

. . 9 par fit
exchange (r) and Z-y interference (J) 5 3 06 T
= - . - o LEP1 only 1
free 04 - = — eLEP1+LEP2 —
Off-peak points greatly improve the £ TOLEPTEEETE o

measurement, adding LEP2 cross Bl iy
. . . . 0 _
sections the M, precision obtained at : . o . 68%CL
LEP1 was recovered 02 |- e T
04 [ R
06 | -
| | ] ;l | | | | | | | |
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/ pole acceptance

¢ @LEP acceptance effects at 10 le Table 13. Exclusive u* ™ selection: examples of relative sys-

OK for cross sections at 1073 level.
Main effects were due to track
losses, angle mis-measurements
and knowledge of boundaries.

* (@FCCee exploit a statistical
uncertainty at 10 !

tematic uncertainties (in %) for the 1994 (1995) peak points

Example from ALEPH, EPJC 14 (2000) 1

Source Ao /o (%)

A cceptance 0.05
Momentum calibration 0.006 (0.009)
Momentum resolution  0.005

Photon energy 0.05
Radiative events 0.05
Muon identification ~ 0.001 (0.02)
Monte Carlo statistics  0.06
Total 0.10 (0.11)

(@LEP detectors inner edge (the relevant boundary) was known at the level of 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

@FCCee 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 (~1um level ?)
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/ asymmetries

* Z boson decay to ff : 3 observables from the direction and

decay of the outgoing fermion

O,.-O0 3
Ars = 5 - ZAeAf Can measure for e,u,t,c,b
tot
2
= Evr8 4r Ao — OpptOpp =0, —Op, A
2 2 = =4y
(&) +(g,) o L
g 4 fot Can measure with T’ s
0] -0 —-0,.;, +0
. ;1 FB _ “F.R B.R F,L BL _ _3
sz 6eﬁp = — & ApOI ZAe
4 8 T
e Additional asymmetries with polarization of initial state :
O'I_O-r
ALR= T = Ae
tot
pol Op;=0p;=0p,+0p, 5
Am"™ = = ZA
Otot f




/. asymmetries

A, e | 0.23099 + 0.00053
A(P) —m— 0.23159 + 0.00041
Long standing difference between
Alr and Az(b), to be sorted out e v 093248 + 0.00031
e measurement of Alr with long. A | 0.23220 + 0.00079
polarized beams <Qy> x 0.2324 + 0.0012
e direct measurement of the b
. . Average - 0.23149 £ 0.00017
couplings (again need long. ) id.0:106/5
. . 10 ™
polarization) -
e Could potentially reach ~10° on =
sin2theta S
T
S

e What can be done without long
polarization ?

E=8 Ao = 0.02761 + 0.00036

EEE m,= 91.1875 + 0.0021 GeV
B m=174.3 +5.1 GeV

0.23 | - 2I |%gltsz | 0.2I34
Sin“0_; = (1 — g/, )4
FCCee can sizably improve b asymmetry (LEP was statistically dominated)
* use semileptonic b decays
« use weighted charge of particles in the hemisphere
* Very different systematic effects [QCD corrections uncertainty to be improved]
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tau polarization A

Apot(1 + cos® ) + FAL T cos 6
(14 cos?26) + %AFB cos f

*Polarization measurement as a function  P_(cos#) =
of the production angle allows A_ to be
separated from A

« Universality test and measurement of
sin’By, ALEPH
« LEP combination statistically dominated e

0.1

FB asymmetries : S-matrix model
independent approach is desirable (not
tried at LEP (trade statistical power for

reduced theoretical assumptions) o5 [ Universality Tt
I -~ No-Universalit
App(uw) or Apg(t™T) can also be o4 [ d
considerably improved (currently largely ‘
. s 4l 4o 05 Lol b b e b L L
dominated by statistics). Aggz(e'e’) more e e e e e
difficult because of t-channel cos0
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couplings and Rb

couplings measurements require asymmetry and width ratios

gy
Ars(b) = %ﬁ = jAeAb (LEP) —~ 8 4

tot

NZ—bb) A, =Am”(b) =0921+0021 (SLC) ~
L Ry = 021646 +0.00065 (LEP +SLC) —> (

Ry 2 2
gAf) + (gi)

Rb Very sensitive to rad. vertex corrections due to new particles (e.g. Susy)
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 (better vertex detectors) helps in reducing the
correlation

Correlations sources should be identified and studied with data (done at LEP)



' 2
Direct measurement of o.qep(mM;°)

High precision of FCCee will require higher order perturbative
calculations : a bottleneck will be represented by the
hadronic contributions to the vacuum polarization

e’ n
Patrick Janot
arXiv:1512:05544 Y, Z
JHEP 2016(2) 1

* The ete™> utu cross section ¢ g
— Photon exchange (G) proportional to o?(s)
— Zexchange (Z) proportional to G;?
— Interference term proportional to a(s) G;
* Need to choose Vs judiciously to maximize sensitivity to a(s)
* If Vsis close to m,, the Vs - m, extrapolation uncertainty is negligible



Sensitivity of ete™ & u*u” to ogep(m,?)
The ete™> utu angular distribution
— Absolute cross section measurement might be challenging to the required precision

* Uncertainty of the integrated luminosity determination
— Rely of a self-normalizing quantity, the forward-backward asymmetry

AR = (3/4) x 4v°a®/(a® +v*)? =~ 0.016.

dzZ/da =0 dli/da = 1/a dG/da = 2G/a

Ao AAM Z4G AAM z4g
— X ~ X 3
a  Apg—Apgy Z2-6  App Z-G

1 — AbK?
Statistical uncertainty on A, o (ARh) =\ ———.

17/01/17 FCee EW measurements 13



Sensitivity of ete™ - u*tu to OLQED(mzz)

* o(a)/a plot, for a year of running at any Vs

/\‘i LB LI I LEELELIL I i I LI I LILELIL I LELELIL I LI T I rrri I LI I LILELIL
é/ b ,,,,,,,,,,,,,,,,,,, , ............... ,,,,,,,,,,,,,,,,,,, , B L1 PP S e SR PP PR P PP T Rr: PERPPRP PR PPETN —
b H : H '

up
Oqep @ccuracy from AFB at FCC-ee

10—5 IIIIilIIIillIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIII

50 60 70 80 90 100 110 120 130 140 150
Vs (GeV)

— Optimal centre-of-mass energies for a 3x10~ uncertainty on o.qep
* OneyearatVs_=87.9 GeV or one year at Vs, =94.3 GeV
* Or maybe six months at Vs_and six months at Vs,

17/01/17 FCee EW measurements



— Two asymmetries at two Vs: Ag(s_) and Agg(s,)

Running from Vs_, to m, gives two determinations of o

— 2
o Solve for o = ogep(mM;?)

(5,
o

Determination of o.y¢p(m,?)

Two measurements

1

2

I1+¢
QU

log s_sy /my

) , Where &=

logs_ /sy

~ (.045,

o With potential of almost exact cancellations for correlated effects at s,

Aaog

—— [ 0.528

a0

17/01/17

AAFB

AFB

AArp
0.563
) @ oswsim,

FCee EW measurements

AAL/A(s]) >0
AAL/A(s,) <0
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Oqep(M;?) Systematic uncertainties

Type Source Uncertainty
Fpeam calibration 1x107°

Epeam spread < 107" )

Experimental Acceptance and efficiency negl. )
Charge inversion negl.
Backgrounds negl.
my and I'y 1 x107°
Parametric sin? Ow 5 x 1076
Gr 5x 1077

QED (ISR, FSR, IFI) <10-%7

Theoretical Missing EW higher orders few 1074 D
New physics in the running 0.0
Total Systematics 1.2 x 107°
(except missing EW higher orders) | Statistics 3x107°

17/01/17
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Missing EW higher orders: few 10

f
— Current status: full one-loop calculation available >Im<
- Z
e f

* Box + Vertex EW correction : ~103

* Uncertainty : few 10* Al 1
— Higher-order corrections computable with current techniques

* At the level of a few 104

* Uncertainty : few 10> - This is what we need. '==-----

— New techniques might be needed for 3-loop corrections

* Atthe level of a few 10 A. Freitas
* Uncertainty : < 10” FCC-ee Physics Meeting,
25 Januray 2016

« Significant precision improvement needed (as for all EWPO predictions)



Initial-Final-state Interference (IFl)

creates yet another asymmetry

805 \
_E [ Black: 5,294.3GeV, Blue: (5.287.9GeV
Q04 . Magenta: {s=91.2GeV, 10GeV
_ s ", Red:A Af(s )-A AFY(s)
Relative effect on A(s,) of the order of 10% for 0.03 R P
a tight cutons’/s 0.02 M
|
0.01F4%
Relative effect on the difference of the order of e
. 0 A \N“ dkdeteetreers + N.E
0.2% [~used to determine o.ygp(mM,?)] : —
-0.01
Requires IFl to be predicted to a precision better ‘0‘02{
than 1% to reach the required precision on -0.03p
Oqep(M;?) : work in progress _0.04F-
:IIllllllllllllllllllllllllllllllllllll
~00%""0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.
can also try to fit IFl in the data at different Vs
FCee EW measurements 18
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Cancellation still occurs betweens_and s,

Angular distribution modified with another totally asymmetric function:

Effect is more important then what inferred in arXiv:1512:05544




W physics



30

PRELIMINARY

201 s i

0 -

YFSWW/RacoonWW
; _...no ZWW vertex (Gentle)
ﬂ only v, exchange (Gentle)

o
160 180 200
At LEP2 Vs=161 GeV o=4pb
£=0.75, 0,=300 fb
0=0.9 : £p=0.68 (@161)
= m,,=80.4010.21 GeV
with 11/pb @E,,=161 GeV

-1
Amy, = (d—a) Ao
dmy,,

— WW threshold

da)lx/g 1
JL ep

do | Ao,
£

Am,, (stat) =
w(star) (dmw

Am,, (B) =

dmy,

-1
Am (€)= G( do ) (Ag . AL)
dm,, e L

do

Am , (E)=| ——
w(E) dm,,

1
(d—G)AE N
dE 2




m,, from o,,,: sensitivity vs E,

m,,=80.385 GeV oyw With YFSWW3 1.18

(GeVipb) (GeV/pb™) (GeV)

0.5

_Illllllll|IIIIIIIIIIIIIII'

1

—————— [dm,, /d0,,) Oy ( GEV )
———— [dm,, /do,,)\ou/ep (GeVipb'?)

[dm,, /d6,,] (Gurey | GeV/pb™?)
(dm,, /do,,,,] ( GeV/pb)

v
m 1

Vep with fixed
€=0.75 and 0,=0.3pb

0
156

17/01/17

157

158 159 160 161 162 163

164

Ecn (GeV)

FCee EW measurements
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m,, fromo,,,, : max sensitivity E,

-1 _ -
-1
(dda) ~o.41Ge;/ ( do ) vo |1 0GeV
m % = 1/2
W min dmy,, ) \lep| pb
at vs~2m,,+1.5 GeV - -
Max stat sensitivity at vs~2m,,+600 MeV
-1
(d—") o| ~1.5GeV
dmy ) | with L= 11/pb < Amw=350MeV (ALEPH 96)

w .

need syst control on :
 AE(beam)<0.25 MeV (3x10-6)
e Ag/e, AL/L< 10-4

* Ao.<0.5 fb (10-3)
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S(WW) (pb)

—
o

[ from o,

m,,=80.385 GeV I,,=2.085 GeV

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

my=80.385 GeV, I},=1.085-3.085 GeV

Measure oww in two energy points E,, E,
with a fraction f of lumiin E;
=» determine both my, & T,

Determine f, E,, E, such to mimimise (Al
Am,,) with some target

Evaluate loss of Am,, precisionin the single
parameter (m,,) determination

1 I 1
156

m,=80.385 GeV T,=2.085+1 GeV

SWW) (pb)

a8f

3.8

48[
4.4

42

(1] =T U N S NN SN SN [N TN T Y [N SO ST S N SR S
161.8 162 162.2 162.4 162.6 162.8

E (GeV)

17/01/17

1 I 1 1 1 l 1 1 1 l 1
158 160 162

184 o wrt scenario of running only at an optimal
E,=161 point

do,/dlry, =0
at E-,~162.3 GeV
~2m,, + 1.5 GeV

FCee EW measurements 23



(GeVipb) {GeVipb'?) (GeV)

17/01/17

my, &l from oy,

m,=80.385 GeV TI,=2.085 GeV

[dy, /6 ] Oy ( GEV )
[dy, /d6,]\GueP ( GeVipb'™)

[dly, /A6 ) {Curw | GEV/PD'™)
[dly /doy,] (GeV/pb)

lllllllll

llllllllll
—

lllllllllllllllllllllllllllllllll

2t

| S AL S S

?54 155 156 157 158 159 160

FCee EW measurements

161 162
Eqon (GeV)
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my, & Iy, from o\,

Uncertainty propagation

do, do,
Ao, =a,Am+ b ATl a, = am b, = T
AO'2 = azAm + bzAF do do
a, = 2 b, = 2
dm dl’
A = — b,Ao, - bAo, AT = a,Ao,-a,Ao,
a,b, —a,b, a,b, —ab,

Am,AT linear correlation with uncorrelated Ao, ,Ao,
2 I 2
1 a,b,A! "+abA! ]
2
AmAL (a2b1 - a1b2)

y =




my, & Iy, from o\,

scan luminosity fractions

take an example 157.5 GeV 15/ab 162.3 GeV
L=12/ab @162.3 + 3/ab @157.5 _;Z; ‘F
\1_3.5:— _:
_ 3 Al :
Only stat uncertainty &% E

measure only mw 2-5;- l .
=> Amw=0.31 MeV [0.25 @161.2 only] 2F

N

measure mw & ['w 1F Am,

N
= Amw=0.32 MeV Alw= 1.7 MeV e A
- —.mW
( r=-0.23 ) ¢ f(Amy, ary) correlation e .
N -
> Aa=(3 /2)AT/T= 0.004 B O TR T TO T TON T T:
0 01 02 03 04 05 06 07 08 09 1

luminosity fraction

lumi fraction at higher energy

Am,,, AT,: error on W mass and width from fitting both
Am,, : error on W mass from fitting only m,,
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my, & Iy, from o\,

optimal E points with limiting correlated systs

X

u min Am(Ag)
5— -1

C (do)

B ‘\‘ o d— (o)
Al ' ( T ) AN

L T N -1 :

- do dTC '

- T (dl“ ) o' take data at different
3__ """"""" v . ECM pOintS

- S 159-160-161-162-163
o " e = where the derivative

Tl T, min AT(Ag) .

- T, e MR b= factors are equal

I s e (around their minima)
11— mirrAm(Acy)

B el min Al'(Acg) 4

- T el - ( do )

B | | | | | | | | | | | | | | | | | | | | | | | | |
P52 154 156 158 160 162 164 iy

Ecv (GeV)



background control

2-fermion :Tt, qQ
4-fermion : yy=2>7t,llvy, Zee, Wev

some 4f bkg is identical to the
signal final state =» CC03-4f

interferences
M
Iviv 70-80% 80-90% 50fb (m:,yy%r'c,Zy 2>vvll)
evqq 85% ~90% 30fb (qq, Zee, Zy") -10fb (Wev)
uvqq 90% ~95% 10fb (Zy",q9)
T™vqq 50% 80-85% 50fb (qq, Zy’)
aqaq 90% ~90% ~200fb (qq (qqqag,qqgsg))

Polarization (ILC) can be used to change S/B rates and constrain bkgs at
given E,, points : Graham W. Wilson arXiv:1603.06016
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background control

L E90 TSR RO L SR EEEEEST measure directly the ba.ckgrounds Wltf.\ very
hep-ph/9601224 (1996) different S/B levels at different E,, points

o(ete” —>X) (pb)

measure forward electrons (0<0.1 rad) for
Zee Wev : determine forward pole
do/dB@ and WW interference effects

0.5 E
04 E
0.3
02 F
0.1 F
0.0

o(evud) 00
.. with 6,>8° cut o4

0.3
0.2

o (pb)

0.1

] (IR IR D

0.0120 140 160 180 2'00‘ 220
4 VS (GeV)
Vel oZ :
/ acceptance down to 6=0.1 [cosO= 0.995]
L 227/— would also cover forward jets

100 120 140 160 180 200 220 240
Vs (GeV)

what about beam (induced) bkg/noise ?



acceptance

how do we control acceptance at the 10 level (0.01%) ?
=>» aim for the highest possible acceptance and efficiency WP

lepton tracking reco efficiency (was controlled at the 1073 level at LEP2)
lepton identification performances
e @LEP2 103level: (T&P with Z): effects on totalAc mitigated down to
the 2-3 10 level thanks to T—=>e,u channel migrations recoveries
* would need lepton-id at 10 level for max BR precision
jet reconstruction and energy calibration
* @LEP2 1-2% level =» 0.1% on As:
* FCCee would need calibration at 0.1% level (10x better) with control
data ; best possible jet energy resolution helps
missing momentum scale/resolution : similar to jet energy for qqlv
lepton isolation
* @LEP2 control at the Ae~2 103 level: need to do 10x better
jet modeling (signal & bkg)
* was important syst on o,,,@LEP2 (at the 2107 level)

impact of theoretical uncertainties will hopefully not be limiting
but work is needed to reach the required 10-4 -- 10-3 precision level



W BR

Winter 2005 - LEP Preliminary Winter 2005 - LEP Preliminary 15/a b@ 16OGeV + 10/a b@24OGeV
W Leptonic Branching Ratios W Hadronic Branching Ratio = 60M+ 160M W-pairs
23/02/2005
ALEPH e 10.78 = 0.29 23102/2005
s g 1078+ 0.2
OPAL e 1040 035 ALEPH eris- 040 =9 ABR(qQ) (stat) =[1.4-0.9] 10*(rel)
LEP W—ev 10.65 + 0.17 N 6745+ 048 > ]
. Aa.=(9 t/2)ABR=2 103
e f wmom =9 1/2)
OPAL gl 1061: 035 OPAL 67,91 061
LEPW—uv 10.59 = 0.15 =>» ABR(Iv)(stat)=[5-4]1073 (rel)
ALEPH | o 1125+ 0.38 LEP 67.48 = 0.28
5 L ie9s 045 et =154/11
OPAL | . 11.18 = 0.48
LEP W—tv - 11.44 + 0.22 . L, .
¥?Indf=6.3/9 66 ‘ 68 70
LEP W—lv 10.84 = 0.09 Br(W—=hadrons) [%]
x2Indf = 15.4 /11
10 T2 q/ | universality at 0.6%
Br(W—sIv) [%]
Lept universality test at 1% level will need much better control of lepton id
tau BR ~2.7 o larger than e/mu i.e. cross contaminations in signal channels

(t=>e,uin the e,u channels and v.v.)

Flavor tagging would also allow to measure coupling to ¢ & b-quarks (Vcs, Vcb,..)
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reco mass of the W

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

Ec

nts per GeV/c?

of eve

Number

100 +
50 -

0 I L de it I L i 1 Lo e I I | o L
30 40 50 60 70 8 90 100 110 120 30 40 50 60 70 8 90 100 110 120

v — jet/lepton angles — (jet boost )

My, =

boson

ﬂl sin 6 + 52 sin @9 — ﬂlﬂg‘ sm(¢91 + 92)|

ﬁl sin 0y + B2 sin by + B1Bs| sin(6; + 62)|

200 -

150 -~

H ww
B qq
7z

250 -

w D
(=} (=3
(=} (=}

Number of events per GeV/c?
N
j=3
(=}

S
[=}
Number of events per GeV/ 2

o8]
(=3
(=1

2C Mass (GeV/c?) 2C Mass (GeV/c?)

2700 [

200

100 [

1 1 | I | [
30 40 50 60 70 80 90 100 110 120
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



reco mass of the W boson

15/ab@160GeV + 10/ab@240GeV
= 60M+ 160M W-pairs
=>» Am,, (stat)= 0.5-0.3 MeV

Table 9: Summary of the systematic errors on mw and I'y 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,, (syst) <5 MeV ?

Amw (MeV/c?) ATw (MeV)
Source evqq | prqq | Tvqq | fvqq | evqq | prqd | Tvqq | fvqq
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 5 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 (evqq 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

17/01/17
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jet boost

ALEPH

20000 ‘
17500
15000
12500
10000
7500
5000
2500

0 0.5 0 0.5 1 1.5 2 25 3 35

jet boost log(By)

lepton and jet uncertainties
from (Z) calibration data
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TGCs at threshold

—~  8F= . -
2 TE——— |Wev+ WW + ZWW/? ey
: F
© TE— —— |eVW +WW/|? (no ZWW) B //
- 2 i
Bl levW|*>  (no TGCs) v

L AT TR R AR A TR MR A T AT T SO Y DR S T AN S I PRI T T N N T U O NN AN A
956

157 158 159 160 161 162 163 164
E.. (GeV)

SU(2)®U(1) Gauge Cancellations

without TGCs
Ooww t40% @157GeV +25%@162GeV
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Wev
e "'
et w*
.
Z. WWZ
"
.
v WWy
"
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Conclusions

No “a priori” walls on the road map to achieve the FCC goals for EW precision
measurements but a lot of work, firstly on the theoretical calculations side: an

opportunity to contribute
At the Z, off peak data will play an important role (more than at LEP times)
— can deliver agep(m,?) to 3 x 107

The WW threshold lineshape is a great opportunity to measure both m,, and I',;:
— optimal points to take data are Vs=2m,+1.5 GeV (I-insensitive) and Vs=2mw-2-3 GeV (-loff shell)
— taking limited data “off-shell” will not ruin Amw precision

Huge potential for other W physics measurements including higher energy data

still need to be explored with attention
— direct MW, W BRs, TGCs

Work from experimentalist needed to evaluate with care limiting systematics,

study ways to overcome them, and reflect on the detector design consequences:

also opportunities to contribute.
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