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http://gfitter.desy.de/Standard_Model

Hm Global EW fit
Il Indirect determination

FCCee
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M, * - Observable Present value + error FCC-ee stat. FCC-ee syst. Comment and dominant exp. error
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FE:) L jet charge
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o (M) e 'y (MeV) 2085 + 42 12 03 From WW threshold scan beam
Aoc:::)d(M;) * energy calibration
i i 4 w
N1 ERENI SRRNA RN ANRNE SRRNE RARRL AN as (mw) (x107) 1170 £ 420 3 Small FromR,
-3 -2 1 0 1 2 3 N, (x10%) 2920 £ 50 0.8 Small Ratig ol‘r invis. to leptonic in
. L. radiative Z returns
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CLIC-Like Detector (CLD)

FCCee detector concepts

Concept CLICdet CLD
Vertex inner radius (mm) 31 17
International Detector for Electron-positron Accelerators (IDEA) 503% Eﬂfeffﬁihuf?ﬁu) L5 2; 2.1
absorber
vertex detector * preshower detector PO X 2
drift chamber * dual-readout calorimeter Sotmcid fild (T) s
+ muon system Omiienly B

Preshower

[EH Rout =200 cm

DCHRin = 35cm

lDetector height 1100 cm

Cal Rin = 250 cm

Cal Rout = 450 cm

Fig. 7.4. The CLD concept detector: end view cut through (left), longitudinal cross section

Yoke 100 cm of the top right quadrant (right).
Magnet z = + 300 cm

Fig. 7.9. Schematic layout of the IDEA detector.
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Z pole |

Data taken at 87.9 GeV (40/ab) +91.2 GeV (80/ab) + 93.9 GeV (40/ab) ol / \
resonant depolarisation on a continuous basis for both beams (AE=100 KeV=4m ,=A4T) //
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ineshape and decay rates
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Direct measurement of oiqep(mz?)  JHEP 1602 (2016) 053 E g, [GeV]

High precision of FCCee will require higher order perturbative calculations : a bottleneck will
be represented by the hadronic contributions to the vacuum polarization
Rely of a self-normalizing quantity, the forward-backward asymmetry A(xQED(mZ): 310> (rel)
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Rp Very sensitive to rad. vertex corrections due to new particles AR, ~1 (5-20) 105 stat (syst)
b = -

AR, =3 (20-50) 10" stat (syst)

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 AR, =0.3 (1-5) 10 stat (syst) (rel)
b-tagging performance (vertex detectors) helps in reducing the correlation

. e o = Aag(m,)= 1 (4-20) 10> stat (syst)
Correlations sources to be identified and,studied with-dataccee 6



/ pole asymmetries
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sizably improve b asymmetry

 combine info of all particles in the hemisphere

edifferent systematic effects [QCD corrections to be improved]
= AA, =0.2 (10-30) 10 stat (syst) AA_=0.3 (20-40) 10 stat (syst)

Ag(nt) and Agg(tt) can also be considerably improved.
A;(e*e’) more difficult because of t-channel.

S-matrix approach : trade statistical power for reduced theoretical assumptions

tau polarization A

Polarization vs the production angle
allows A, to be separated from
Universality test and sin?0,,

Apor(1 + cos? ) + %450? cos

Pr(cosf) =
- (cos ) (14 cos26) + S Appcos

> AA_=2(10-20) 105 stat (syst)

Golden channel:
> A, =0.3(0.9) 10° stat (syst)

=>» A sin20.4 = 0.6 10~ (syst)



WW threshold lineshape

arXiv:1703.01626
arXiv:1909.12245
CDR(V2) Eur. Phys. J. ST 228 (2019) 261

§12 FCCee W-pair threshold m,=80.385 GeV .
S | imecro30591805 Gov. 1y 085 Gov 5 o T Eur.Phys.J.C 80 (2020) 1 (with CEPC)
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https://arxiv.org/abs/1703.01626
https://arxiv.org/abs/1909.12245
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interlude : the ZH threshold

FCCee ZH threshold

800f= .

I

~[dr,, /do,,] [Mev/io"?)
(AT, /do,] (Mevib'™)

Vo [dm, /do,] [Mevio 1N
Vo{dm, /do,,] (Mevib'"™}

oo o by |

212 214 216

Optimal data-taking point for min Amy(stat)
Is Ecqy=m,+my+0.6~ 217 GeV

‘IOZH(de /dOZH)min=350 MeV/‘Ifb

With 5/ab = Amj(stat) =5 MeV
Not including Q=V5 &;p; (over all channels)

(de /dCZH)=4O MeV/fb

need syst control on :

e A0g<0.1fb (~1073)

* AE(beam)<5 MeV (5x107)

Taking some /ab at E¢yy~214-215GeV (off shell)
should be sensitive to AI';~=40 MeV
= not very interesting
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On the way to the
electron-Yukawa



W kinematic reconstruction

12/ab @157-162 GeV : 50 10° WW

5/ab @240 GeV : 80 106 WW

(1 sin 0, + (B9 sin B —

ﬂ1ﬂ2| sin(91 + 92)|

B, B: jet polar angles and velocities

82.94
Std Dev_ 9.855
80.58
Std Dev 13.23

85.39
Std Dev  18.8

ol Lo Ly TP
80 90 100 110 1

2
o 6 MZ = S N N "
1.65/ab@365 GeV: 20 105 WW By sin 01 + By sin 0y + i B[ sin(01 + 05)|
Total ~150M WW
o0sE 0.05—
r . e Mean  81.75 06— i ic fi 82.55 r —— 5C kil tic fit
o owwomaion | R S St
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M, (leptonic mass) [Ge'

CLD Detector Concept

M. Béguin, PhD thesis, 2019 https://cds.cern.ch/record/2710098
PA, M. Béguin, E.Locci PoS EPS-HEP2019 (2020) 653
https://doi.org/10.22323/1.364.0653
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M,, (leptonic mass) [GeV]

= Amy, (stat)

~ 0.5 MeV
=>» Al (stat) ~

1 MeV
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W kinematic reconstruction

AECM=O.3 MeV Zt Ec|\|/|=1626eV with M2 _ Sﬁl sin 01 + 132 sin 92 _ ﬁlﬂ2| sin(91 + 02)|
Resonant depolarization 2= 5 B sin by + B sin b + b1 | sin (01 + 62)|
How to obtain AEpe.n~1MeV at Ecy=240-365 GeV ?
Can make use of radiative Z-returns (Zy) and ZZ events What about other syst ?

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

o eyqq?;”xf‘ﬁ%;? e T ] j;(;(vi ?ﬁl‘z’% T lepton and jet uncertainties
ot s momentum 5 A - 2 E : - ) from (Z) calibration data
e+ momentum resoln 7 4 - 4 65 55 - 50 ALEPH
Jet energy scale/linearity | 5 5 9 6 4 4 16 6 w00

Jet energy resoln 4 2 8 4 20 18 36 22 e

Jet angle 5 5 4 5 2 2 3 2 000

Jet angle resoln 3 2 3 3 6 7 8 7 12500

Jet boost 17 17 20 17 3 3 3 3 10000

Fragmentation 10 10 15 11 22 23 37 25 70

Radiative corrections 3 2 3 3 3 2 2 2 5000

LEP energy 9 9 10 9 7 7 10 8 2500

Calibration (euqq only) 10 - - 4 20 - - 9 %05 0 05 1 15 2 25 3 35
Ref MC Statistics 3 3 5 2 7 7 10 | 5 e

Bkgnd contamination 3 1 6 2 5 4 19 7
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W decay BR

W Hadronic Branching Ratio

W Leptonic Branching Ratios

ALEPH

10.78 + 0.29

a
DELPHI - 10.55 + 0.34
L3 —A 10.78 + 0.32
OPAL . 10.71 = 0.27
LEP W—ev ° 10.71 = 0.16
ALEPH b 10.87 + 0.26
DELPHI - 10.65 + 0.27
L3 A 0.03 + 0.31
OPAL - 10.78 + 0.26
LEP W—pnv ° 10.63 =+ 0.15
ALEPH ° 11.25 + 0.38
DELPHI - 11.46 + 0.43
L3 —f 11.89 + 0.45
OPAL b ae 11.14 + 0.31
LEP W—tv - 11.38 =+ 0.21
¥’indf =6.3/9

LEP W—lv ® 10.86 + 0.09
¥iindf = 15.4 / 11

NN E——
10 11 12

Lept universality test at 2% level
tau BR ~2.6 o larger than e/mu

Br(W—slv) [%]

= FCCee @ 3-4 10 level

For lept BR will need excellent control of lepton
id and cross contaminations in signal channels

(t2e,u and e,u channels)

June 9, 2021

ALEPH o
DELPHI d
L3 2
OPAL -
LEP 4
—
66

68

67.45 + 0.48
67.50 = 0.52

67.41 = 0.44

67.41 = 0.27
#2Indf = 15.4/ 11

70

Br(W—hadrons) [%]

Scaling major syst
uncertainties with data
luminosity (as stat)

g/ | universality at 0.5%
= FCCee @ 10 level

stringent test of CKM unitarity
for the five lightest quarks

> Aag (my) =(9 /2)AB~ 1073

B, ags(mi,) 9
;= = (1) STy
Ry -8, ( + = Vi,

i=u,c;j=d,s,b

Flavor tagging can also

Table 3.1: Relative precision on the determination of the W decay branching ratios. Final a"OW to measure coupling

combined results with LEP2 data are compared to the projected precision obtainable with FCC-

ce.

Decay mode relative precision B(W
LEP2
FCC-ee

1.5%

»ev) [ BW — w) [ BIW = 7v) [ BW
1.4% 1.8% 0.4%
300" | 310t | 4100t | 1107°

P.Azzurri - Precision EW @FCCee

to c & b-quarks (Vcs, Vcb,.. )
directly !

A |V, (rel) = 310 stat

A |V, (rel) = 3-5% stat

A |V,| (rel) = 0.2% stat

> qq)

Less stringent requirements for syst
uncertainty control for hadr BR
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Gauge couplings

SU(2)&U(1) Gauge Cancellations

T \1'/ J II 7/02/2005

XTTLEP
PRELIMINARY i
20 A —
R e LI g
10 -
YFSWW/RacoonWW
...no ZWW vertex (Gentle) 1
only v, exchange (Gentle)
0 T T

180 200
BSM can affect:
the total rates o,
the production angles 6,
the decay angles 6* ¢*
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da/dcosé [pb]

do/de’ [pb]

e'e” > W'W, Vs=161 GeV

— SM

1.0 -0.5 0.0 0.5 1.0
cosByy-
e'e” » W*'W™, Vs=161GeV

1.0 : T .

— SM
0.8 - 8k, = 0.5

—-— A;=05

linear terms only
0.6F /—\\\
0.4} // \\
02" ~~
0.0 . . .

0 TT/2 s 3r/2 2

dal/dcosé [pb]

daidg’ [pb]

e*e” > W*W~, s =240 GeV

— SM

0.0 K 1.0
cosOy-

e'e” » W'W™, Vs =240 GeV

— SM

Il Il
/2 T 3r/2 2
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da/dcos® [pb]

da/dg’ [pb]

e'e” » W'W™, /s =365 GeV

20 : ‘ ,
15
10
5
0
-1.0 -0.5 0.0 0.5 1.0
cosBy-

e*e” » W*W™, s =365 GeV
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precision

Gauge couplings

A binned chi-square fit is performed to estimate the
precision reach of the three aTGCs at the FCCee.

Only the semileptonic channel, with one W decaying to e
or W is used. cThe chi-square is summed over all bins of
the five angles, considering only statistical uncertainties.

precision reach of aTGCs at FCC-ee (68% CL)

0.0015- -
r mm | Il 365GeV 1.5/ab only 1
Il FCC Full program
light shade: global fit
r dark shade: individual fit
0.0010 -
0.00057 B w+ +
L W
0.0000" ‘ ‘ < "
691’2 6KV /\Z
Potential of stringent TGC/QGC (EFT dim6 & dim8)
e . -2 . .
LEP2 precision : 2-4 10 explorations also with photons e+e- > WWy 22y

Other 4f processes

Channel relative precision | WW 77 Wev Zee

LEP2 183-209 GeV 0.8% 5% 8% 6%
FCCee 162 GeV 21071 5-107* | 5.10~*
FCCee 240 GeV 1-107* | 5.10~* | 5-107* | 1-107®
FCCee 365 GeV 3-107* | 1-.1073 | 5-107* | 1-1073

6f processes : tribosons

June 9, 2021 P.Azzurri - Precision EW @FCCee

@356 GeV : Similar x-
sections and luminosity wrt
HL-LHC, but much better
acceptance & purity

6f VBS

Kinematic threshold at VV mass
very small cross sections
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FCCee EW physics : rich program at and above the Z pole

» Core repetition of the LEP physics program with large precision improvements (x20-500)
capabilities, and a large number of additional opportunities given the huge luminosity and

higher collision energies s
* Z mass and width, aggp(my), N, Ss030 )
£

Ry, as(m,), Ry, Re, ..
Arg, SiN%Oq¢

W mass and width (threshold and kinematic) 80.36
Direct W universality and CKM elements

80.37

IIIII|I|I||IIII||||

—— FCC-ee (Z pole)
—— FCC-ee (Direct)
--- LHC (Future)

) 80.35
* Gauge couplings

Multiboson productions and scattering 80.34
Z radiative returns (Direct invisible Z width)

LHC (Now)
Z pole (now) + m|,
—— Standard Model
80'33 > !'-V’.‘AI‘ 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 I 1 L 1
e ... 170 172 174 176 178
my,, (GeV)
* Work still ongoing to evaluate with more care all possibilities, design the measurements,
estimate (limiting) systematics, study ways to overcome them, and reflect on the detector

design requirements
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