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High —energy e*e colliders
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: : 3 B ] .‘ long tunnel
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¢ Compact Linear Collider (CLIC): CERN spnans®
e+e-, Vs =380 GeV, 1 TeV, 3 TeV Future Circular Collider (FCC): CERN
Length = 11, 29, 50 km e+e-, Vs = 90-350 GeV; pp, Vs = 100 TeV

T —— Circumference = 97.5 km

Circular Electron Positron Collider (CEPC): China
| ete-, Vs =90-250 GeV; SPPC pp
Length = 100 km

International Linear Collider (ILC): Japan
e+e-, Vs = 250, 350, 500 GeV (1 TeV?) v N
Length = 31 km (50 km) ‘ e g
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Luminosity vs Energy

F. Zimmerman post-Berlin
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L
] —a Z(91.2GeV): 2.6 x 10 cm%s” .
o B ® FCC-ee (Baseline, 2 IPs) ]
@) > B ILC (Baseline)

S S —
@) — ILC (Lumi/Energy Upgrade) -
A — HAL . 35 0.1 .

P " _
=
(7)) n _
8 HZ (240 GeV) : 1.4 x 10° cms"
E L =
-] ~ ]
— B z . 34 201
- it (350 GeV) : 4.0 x 10" cm“s
B » 500 GeV : 1.8x 10" em2s? B
HZ :1.5x 10" cm?%"
1 T | TR oM enzet IR | o | L . """" [ | """"""""""""" ?
3
10° 10

Physics program: 88 to 370 GeV
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Running scenarios

IlLC

150 ab’?

8-10abt

5abt!
1.5 ab?

ILC
Integrated Luminosities o]  arXiv:1506.07830
;4000-—'1Lcsmuo'u-zo"””'””'_-
o [ —— ECM =250 GeV i
23000 |- — EOM =350 Gev E
= - — ECM = 500 GeV 1
e 3 :
£ 2000 - B -
= L )
0@1000— g -
g 0 ) " /1/3. AN NP
- 0 5 10 15 20
years

Lumi upgrade: x2 #bunches (requires addit 'al
klystrons and possibly a 2"¢ e+ damping ring)

Total: 250 GeV: 2 ab-1 Overall
350 GeV : 0.2 ab-1 ~ 20 years.
500 GeV : 4 ab-1

Overall ~ 14 years

shorter time for same
performances not excluded

CLIC
Lucie Linssen- CERN seminar Jan.2017
Stage | /s (GeV) | %, (fb"~ h
I 380 500
350 — 100
2 1500 1500
3 3000 3000
each 5 to / years of running v
Dedicated to top mass threshold scan
FCC-ee
point [103* cm2s] [years]
Zfirst2 65 17 abt/year
years
Zlater 130 137 34 abt/year
w 20 30 5 ab1/year
H 7 8 1.8 ab!/year
top 2.0 2.1 0.5 ab!/year
06/07/17
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Inputs to EW fits

My [GeV]©)

125.14 £0.24

Mw [GeV]
I'w GeV]

Mz [GeV]
['z [GeV]
aﬁm, [nb]

R}

A

A, ®
sillzﬁgﬁ(QrB)
A,

Ay

10.¢c
1‘_‘FR
10.b
Apg

0
RO
0
R b

80.385 £ 0.015
2.085 £ 0.042

91.1875 £ 0.0021
2.4952 4 0.0023
41.540 £ 0.037
20.767 £ 0.025
0.0171 £ 0.0010
0.1499 £ 0.0018
0.2324 £ 0.0012
0.670 = 0.027
0.923 £+ 0.020
0.0707 £ 0.0035
0.0992 £ 0.0016
0.1721 4+ 0.0030
0.21629 £ 0.00066

me [GeV]
my [GeV]
my [GeV]
Aoy (M3)

06/07/17

1.27 511

¢ +0.17

4.2() _(_).()7
173.34 +0.76

2757 £ 10

LHC

Tev.

LEP

SLD

SLD

LEP

FCC-ee

expected to improve electroweak precision
measurements by factors 20 to 50

Goals in JHEP 01 (2014) 164

++ Clean environment

** Very Large integrated luminosity
(Z pole & WW threshold)

% c.m. energy precisely known (natural
transverse polarization up to WW threshold)

100 keV achievable
through resonant depolarization

s Narrow luminosity spectrum around
nominal Eg,

Global Ewfit to
Mz, My, My, My, o (Mm?;), Gg, 0qgp(m?y)

=>» indirect search for NP up to 100 TeV
achievable @ FCC-ee

Tev.+LHC .
I | well beyond the energy range accessible to
direct searches
EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 5



“Shopping” list

06/07/17

Gpyaq [0D

s| ALEPH

L3

OPAL
20 -

o
by factor

‘i
10 / ‘'

DELPHI

1 average measurel

urements, |
ror bars jncreased
10

U 86 88

" . L
90 92 9%

cross section [pb]

> = \WW Threshold

I~ T
@ 201 LEP
YFSWW and RacoonWwW
Z e M
b /
{ " ’ ! ! !
104 |
’ ) M—ﬁ
ol e w
160 180 200
Vs (GeV)

£ —ISRonly

4
21 _icasols+IsA
1

[ threshold - me® 171.5 Gev
{ —Beneke etal. NNNLO

CLIC350LS+ISR
FCCee 350 LS + ISR ]

1111111

O

> = tt Tr:resholdz

o {5 [GeV]
(o]

(8]

Z Mass & Width from line-shape
o, from decay branching fractions
Number of neutrino species

SN X X

sin?0,, & aqep from asymmetries

W Mass & Width from WW threshold scan
o, from decay branching fractions

W Mass & Width from direct reconstruction
W & WW cross-sections

Constraints on gauge couplings

N X N X X

Number of neutrino species from radiative Z events

AN

Top Mass from tt threshold scan
v Electroweak couplings of the top quark

More in FCC week 2017 in Berlin

EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 6



from CDR in preparation and HEP01(2014)164

TeraZ
precision measurements @ the Z pole: Mass & Width
z L=210% 3 =410'2Z decays
Z3| ALEPH [
- DELPHI |/ \
[ L3 W\ Continuous E,, calibration (resonant depolarization)
wp OFA T Z Mass & Width: 5 keV (stat) + 100 keV(syst)
10 S \o Present relative theoretical uncertainty = 10
: /’ (radiation function calculated up to O(a3))
N eI . =» theoretical work to be done
86 88 920 92 94
E_, [GeV]
Expected precision: Gain factor w.r.t LEP
Z mass: A, (m,) =10 20
Z width: A__,(T";) =5 10 20
R, (had/lep width): A _(R)=510° = A _ a./(m?,)=210"3 20
AN, = 0.00008 (0.0003) stat (syst) from lineshape 100 (stat), 20 (syst)
AR, = 0.00001 (0.00005-0.0002) stat (syst) * 3-10
AR_ = 0.00003 (0.0005) stat (syst) * 6

06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU * work in progress 7




from CDR in preparation and HEP01(2014)164

TeraZ
precision measurements @ the Z pole: Asymmetries
A% ] 023009 « 000053 FCC-ee could give the final word
L to long-standing differences between asymmetries:
LEP measurements:
AP —v— 0232214000020 | Agg, A(P.), A, AP
ArS +— 0.23220+000081  were dominated by statistics
Oy U234 00v12 1 = |grge gain expected from x O(15)
Average 41+ 0.23153 + 0.00016
102, d.of: 118/5 Expected precision: Gain factor
— w.r.t LEP
>
3 AA, = 0.00002 (0.0004) stat (syst) * 5
e v AA_.= 0.00003 (0.0004) stat (syst) * 8
0% / e | from T polarisation:
022 0-23: 2l 0234 AA,= 0.00005 (0.0001) stat (syst) 30
o AA_= 0.00004 (0.0003) stat (syst) 10

from A g(nu) : Asin?6 ;= 0.000006 Gain factor w.r.t LEP = 40

also Agg(ee), Agg(tT) * work in progress
06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 8



TeraZ
I 2
direct measurement of oggp(m=,) (1)
(Patrick Janot, arXiv:1512:05544, JHEP 2016(2) 1)

Now 0nep(M?;) from the running of o =» | Ao/o=1.1 104

v, Z

rather get oo, directly @ the Z pole from a self-normalized quantity, the forward-backward asymmetry

of —gB uncertainties on efficiency, acceptance, luminosity cancel
Albllé — _HH i
‘BT LF B
aﬂﬂ + oﬂﬂ p10 3
0.8 ..E
0.6 _:
0.2 —E
Aaqep ! 0gep = AAgg™ / Apg™t 00 E
-0.2 _:
Aa AA AArp 3
20~ 0528= 0 (s0) + 0563 (s4) .. E
(07 AFB FB 3
-0.8 —
0,9= Oiqep(M?7) R B %
AAgg™'/ Agg"(s.) < 0 & AAgg™/ Aggh(s,) > 0 Z exchange dominant
=» large cancellation of systematic uncertainties = no sensitivity to O

when combining measurements below and above Z peak
06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU



o)

TeraZ

et w*

: 2
direct measurement of oggp(mMm=,) (2) "
(Patrick Janot, arXiv:1512:05544, JHEP 2016(2) 1)

o(a)/a for a year of running @ any Vs:

e w
| Type [ Source | Uncertainty
B} pam calibration 1x10°°
E, oam spread <107
Experimental Acceptance and efficiency negl.
Charge inversion negl.
Backgrounds negl.
my and 'z 1x10°°
Parametric sin? By 5x10°6
Gy 5x10°7
QED (ISR, FSR, IFI) 6
i il Theoretical Missing EW higher orders ew
T gep accuracy from AL at FCC-ee New physics in the running
| I P PPN DR PR PR P PN PP P Total Systematics 1.2x10°°
Weg 80 70 B0 90 100 110 120 130 & (g&gv] 150 | (except missing EW higher orders) | Statistics 3x10°°

for 3 10-° relative statistical uncertainty on oggp:
optimal: Vs_ = 87.9 GeV & s, = 94.3 GeV

work on EWK theoretical corrections required
to reach 3 10-°

06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 10



Oku W
WW threshold scan: W mass & Width from WW cross-section (1)

At FCC-ee: @ Vs =161 GeV, L =4 1035, 8 ab' = =30 106 WW decays

@ Vs =240 GeV, L = 0.9 1035, 5ab' 9 =80 108 WW decays

*TTEF s ' 1 l
. ®* m
PRELIMINARY ATLAS S'V .
- - 1 Preliminary == Stat. Uncertainty
—— Full Uncertainty
20 ;A -
e LEP Comb. 20376133 MeV
+ Tevatron Comb. ° 80387+16 MaV
101 -
:"‘4:(. YFSWW/RacoonWW LEP+Tevatron s 4 R00L15 MeV
;.":' ...ho ZWW' veriex (Gentle)
:’;‘&\ only v, exchange (Gentle) ATLAS 80370+19 MeV
0 T ? T . T
160 \’@ 200 Electroweak Fit &-£035618 MoV
| | |
At LEP2 Vs=161 GeV o=4pb 80320 80340 80360 80380 80400 80420
€=0.75, 0g=300 b m,, [MeV]

p=0.9 : ep=~0.68 (@161)
= m,,=80.40+0.21 GeV
with 11/pb @E,,=161 GeV

06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 11



Oku W

P. Azzurri, arXiv:1703.01626

WW threshold scan: W mass & width from cross-section (2)
Sensitivity to mass & width is different for different Vs

10,

T

m,=80.385 GeV I,=2.085 GeV

[ ] my=79.385-81.835 GeV, I',=2.085 GeV
m,=80.385 GeV, I,=1.085-3.085 GeV

TTTTTT

o(WW) (pb)

T[T [T [T [T [T T

O = N W s O N ® ©

1 1 L 1
158 164
Eq, (GeV)

157.1 GeV
7 -

162.3 GeV

=2
T

=
ey
!
=
*
A My, AT, (MeV)
tilu‘vlr

&

L%
T 7T

N
™r

F\ Am,,

P

ar,, -

OFTam,, AT,y Coralation ¥

% 01 02 03 04 05 08 07 08 08

AN from singy

1

luminosity fraction

e fit

max stat sensitivity
@ Vs=2M,, +600 MeV

statistical precision:
350 MeV @ L = 11 pb!
400 keV@ L = 8 ab™!

systematics controled to:
AE,.., <400 keV (5 10®)
Ag/e, AL/L < 10

Ao, <0.7 b (2 103)

max stat sensitivity
@ Vs=2 M, + 1.5 GeV

with E,=157.1 GeV E,=162.3 GeV f=0.4

Am,,=0.62 AT,,=1.5 Am,,=0.56 (MeV)

also M,, from direct reconstruction: AM,, =0.5 (1?7) MeV stat (syst)
EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU
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(GeVipb) (GeV/pb'?) (Gev)

TF

> [dm,, /doyy o (GeV) p
[dm,, /dGy) (Gu/ep (GeVipb™2)  /
[0y /G,y (G | GEVIPE'™2)
[dm,, /o) (GeVipb)

/

; = \T/

v o 1\ T
2m,
1 | I B | IR |

162 163 164
Eq,, (GeV)

8;-—]]Illllll-lllllllllllllllllil

PRI B
157

Pl AR SR
158

2 1y | I
159

i
160

i
161

YFSWW3 1.18, mW = 80.385 GeV

*.
I'y, alone*:

m,=80.385 GeV T,=2.085 GeV

[dI'y /06 ] Oy ( GeV )

[Ty /d0y] Gurndep ( GeV/pb'?)
(Al /dGyy] (o | GEV/PD™?)
[dI'y /doy,,] (GeV/pb)

TT

ITI

TATTETTT

/

- n
TTTT[TTT T[T

/

[

\
) \
13‘7\

156 157 158 159

* assume ¢, p, og from LEP
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Oku W
WW threshold scan: decay branching fractions

Winter 2005 - LEP Preliminary

W Leptonic Branching Ratios Winter 2005 - LEP Preliminary

23/02/2005
ALEPH 4 10.78 = 0.29
DELPHI 10.55 = 0.34 H H H
B - e 0 W Hadronic Branching Ratio
OPAL —r 10.40 = 0.35 230212005
LEP W—ev ol 10.65 + 0.17
ALEPH 10.87 = 0.26 ).40
DELPHI _;b— 10.65 = 0.27 ALEPH o 67.13 = 0.40
L3 —A— 10.03 = 0.31
OPAL g 10.61 = 0.35 DELPHI i | 67.45 + 0.48
LEP W—uv ® 10.59 = 0.15 L3 3 67.50 = 0.52
ALEPH L o— 11.25= 0.38 OPAL . 67.91 = 0.61
DELPHI —_ 11.46 = 0.43
L3 —r— 11.89 = 045
OPAL | - 11.18 = 0.48
LEP W—tv - 11.44 + 0.22 LEP + LG

Findf=6.3/9 Kindf =154 /1

LEP W—lv 10.84 = 0.09
l ¥indf = 15.4/ 11 —_—f—
66 68 70
10 1 12

Br(W—lv) [%] Br(W—hadrons) [%]

Lepton universality test at the 2% level g/l universality test at the 0.6% level

Br(t) >Br(e,u) at2.7 ¢ A, Br(gqq) =104
At FCC-ee: Are|Br(eVaMVatV) =4 10-4 2 * 3
AreI as(m W) =~ (97':/2) AreIBr(qq) =10
Beware: channel cross-contamination > Aas(mzw) ~+ 0.0001

=>» better control of lepton id

Gain factor w.r.t LEP = 40 (10 w.r.t. today !!!)

also coupling to ¢ & b quarks (Vcs, Vcb, ...) with flavor tagging * * work in progress
06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 13



Oku W
Neutrino counting

° @LEP N,=2.984+0.008 from Z-line shape
2 0 “low” =» non-unitarity of the PMNS matrix?

=
= a
Zs| ALEPH /3
[ DELPHI |/ \|
L opaL |4
20|
: t average measurements, *

dominated by statistical uncertainty on normalization
to small angle Bhabha cross-section £ 0.0046 on N,,

Possible improvement @ FCC-ee (slide7)
by precisely measuring luminosity with e*e” ->yy

Another method:

ot v et " vZ(inv)
- ve T,
e ¥y V[ e v ' T:Efjl (Sgnd)

error bars increased |/
by factor 10

/)

10 / N\

0 PR (U S S [ ST S S (T SN S SH S S S — |
86 88 90 92 94

above the Z pole radiative return to Z lead
to a clean sample of y-tagged Zs

Systematics on y selection, luminosity, etc
cancel in the ratio

After 5 years of running @ the WW threshold: AN, = 0.001

Gain factor w.r.t LEP =10

06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 14



Mega Top

tt threshold scan: top mass

Cross-section shape strongly depends on

t-quark mass, width, a, Y,

The threshold shape is affected by
ISR & beam energy spread

FCC-ee has a very steep beam profile
=» enhanced size of the top sample

\'

'~ll‘lll"ll'll'll]ll"ll'll

t-quark mass from threshold scan

g, 4 fteeshoia-mri713Gev B
S - :—Benekeetal.NNNLO CLIC350LS + ISR i
812-—lSRoniy FCCee 350 LS + ISR -
'-3 - —ILC350LS +ISR -
8 N i
o I >
8 .
508 -
06 =
04 :— | —— —:
02 [ based on CLICALC Top Study |
’ EPJ C73, 2530 (2013)
O | 1 1 | 1 | 1
340 345 350
/s [GeV]

F. Simon arXiv:1611:03399 (2016)

200 fb' = Am, = 10 MeV ( stat)

06/07/17

§1OQ:— — ILC 350 GeV =
S [ —cucasocev ]
= [ — FCCee 350 Gev
'%103- nomaized over full anergy range

o S
= -

104

330 335 340 345 350 355 360

{s'[GeV]

Experimental systematic uncertainty:
Epearn (few MeV) & E, ., spread = Am, < 5 MeV
Ao (@FCC-ee) = 0.0002 = Am, < 20 MeV

Theory systematic uncertainty:
1S/PS = MS@4loop & Am,=10 MeV
other scale uncertainties under study

EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 15




@ ILC & CLIC
also above threshold: top mass

Direct reconstruction | K.Seidl & al. Eur. Phys. J. C73 (2013)

in continuum @ all energies above threshold

100 fb-! @ 500 GeV=> Am, = 80 MeV ( stat)

Significant theory uncertainties when converting to a particular mass scheme

Radiative events P.Gomis @ ECFA LC Workshop 2016

@ Vs >> threshold, there is still sensitivity to tt threshold in radiative events
(rate of energetic ISR y & FSR g strongly depends on m,)

500 fb' @ 380 GeV=> Am, = 100 MeV ( stat)

using ISR
3.5 ab' @ 1 TeV> Am, = 388 MeV ( stat) &
well defined theoretical scheme
Other considered methods
* b-jet energy distribution F.Franceschini @ TopLC’2016
* event shape analysis A. Hoang @ ToplLC’2016

06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 16



Mega Top

S.Biswas, F.Margaroli, B.Mele, arXiv:1703.01626

tt threshold scan: electroweak couplings of the top quark (1)

Couplings of the top quarkto Z & y

are very sensitive to effects from massive unknown particles

= NP discovery beyond machine energy-scale or constraints to SM extensions

e.g. composite Higgs models

AgR/gR(%)
°
20%

Large deviations in
left-handed & right-handed couplings of t to Z

»
. ]
A )
o A
10% ",
5
L)

. L ;!1' c “‘ l |
- 00— —'f ——— —
-30% -20% ~10% “ . 10% + 20%  30%

. )
»
. o=+ _\2‘0% 1 R
. . 3

. |
A Y 3 1

06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU
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P. Janot, arXiv:1503.01325v3

Mega Top
tt threshold scan: electroweak couplings of the top quark (2)
\\‘\\\ v, Z* % "// = = m “ac ¢ = =
/ ‘\\ b t W~ v, Z Vo W= t b
“N (a) top (b)
b
t . Ve
Ve = f = = = = W = s
w! - «
e Z t b b t =z
e’ - e
(©) anti-top )

Large stat & final state polarization (Br(t -> Wb) = 100% )

=>» left & right couplings of the t-quark can be extracted with
no need for initial state polarization

use lv g-q b-b final states

sensitivity to t electroweak couplings from lepton angular & energy distributions

06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 18



P. Janot, arXiv:1503.01325v3
Mega Top
tt threshold scan: electroweak couplings of the top quark (2)

parametrisation of the ttX vertex (X=v, 2):

) . Oy A £ |
D (0,0, = e { o, (P 0F) + 3PS 06) = 52 0+ 0 (i35 () +1sF5 () |

2m,
in SM at tree level: F'y.S;\v'! . 2 F'}',S.'\-I — FZ,S:\-I . 1 1 8 2 FZ,S.M . 1 FX =0
e s L A PP 3% | A = T4s,c,’ 2AV
Z Z Z Z Z VA
91, = Fiy — F{4, 9r = Fiy + Fiy
for the 6 CP conserving form factors:
Optimal Vs =365 -370 GeV  No initial state polarization!
2 = LHC, 3 — 14 TeV. L — 3000 i "
€ B uc g, E==zo=m=
§ § = -u.c. s — 500 GeV, L — 500 =o'
b

Nc = i
p - ﬁgf::::oooomL:soom'
10 } . FCC-ee | CLIC, {5 =300 GaV, L = 500 1" (o, .~ 3%)
¢ 1077

10'2;
107} a|.

£ g £r L

Ty "y Ty 2y

> > z Z r Z
":; Fiv Fiv Flia Fou Fou

FCC-ee expected relative statistical precision = 102 - 10-3

06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 19



Conclusion: - /
Global ewk fit and sens1t|V|ty to new physws/

e \\\ /’ C'é
N _- LverT = L£sM + E —20-1'. Jorge de Blas
NLeT — A®ILHCP 2017
’ N 5
J _- "\\ 100 7100
_ Y _- - Y = With th. + par. unc. -;idi};-lc oo
> ~ - .
@80-37f — FCC-¢¢ (Z pole) 80 e —80
E; C — FCC-gf (Direcﬂ - CepC .
L | — LHC (Future = 70— —70
80.365 | ---- Tevagon \{ C P % - [ FCCee E
L | — sfandard Model \l @\}?\ ,// =, 60— —60
- 1 - S F E
8936~ 1) 7 S50 —s0
L2 Lok L — E
B ! -7 9 40F —40
L ,' // C .
80.355|— ] v ~ o ]
. ] < 30 | I —30
g 3 - 4
B )7 il -
80.35/Z .- \ P 20¢ I 1 | 7 120
pot St IR SRR AP PN SRR B PR AT I AV I = .
1715 178 1725 173 173;5’ 174 47315 a5 10‘| Jl | I | ‘l —10
\ P s Mo = ‘ I .
\ - / 0 0
\ - J 0 3 (1 a 3 1 0
\\\’,, , %WB%DO)O)O)O%)O)O)O)OH
”\ ’
_-7 N ot 10 operators contrlbutlng to ew precision
- SN ,’, . .
" observables in the chosen basis

~ allinputs of SM experimentally measured fit to ewpd, 1 operator at a time generated by NP

=>» any observable sensitive to ew radiative

corrections unambiguously predicted LEP limit: Ay, > 10 TeV
=>» any deviation from measurements reveals
new weakly interacting particles FCC limit: Ayp > 100 TeV ?

06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 20



and also:
Direct discoveries from:

v’ rare decays

v’ flavor physics

v top decays

v very weakly coupled particles

giving access to New Physics
hardly accessible to hadron colliders

www.shutterstock.com - 641966671

ToonClips.com #11211 service@toonclips.com

perhaps surprising even striking discoveries!

06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU 21
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E . calibration
Resonant depolarisation: a key ingredient

* @ WW threshold beam transverse polarization occurs naturally (10% is enough)
* @ Zpole use wigglers at the beginning of fills to shorten the polarization time

* not available @ E, ., > 90 GeV (due to increased energy spread o E?)
but for H & top, ee -> Zg or ee->ZZ, WW can be used (AE,, = 5 MeV)

add fast oscillating B field to depolarize the bunch, the depolarization frequency
corresponds to <E, . > . Beam polarization measured by laser polarimeters.

* @ LEP
Depolarization resonance very narrow: ~ 100 keV precision for each measurement

But final systematic uncertainty was 1.5 MeV due to transport from dedicated
polarization runs to the physics runs.

* @ FCC-ee
continuous calibration with dedicated bunches = no transport uncertainty
=> AE,..,<< 100 keV @ Z pole & WW threshold

AM; AT’,=0.1 MeV ; AM,, = 0.5 MeV

l)final / l)initial

“EPOL” working group on polarization and beam energy:

J.Wenninger, E.Gianfelice, D.Barber, W.Hillert, A.Bogomyagkov. K.Oide, A.Blondel, et al. N TR

arxiv:1506.00933

06/07/17 EPS-HEP-2017 / Elizabeth Locci, CEA-IRFU
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TeraZ

precision measurements @ the Z pole: Asymmetries (b1)
Z -> ff : 3 observables from the direction and decay of outgoing fermion:

_ 2gI{ngf
T (gy) + (g4
sin® Heﬂpl = 1 _8n
8

O.-0 3
Ars = *(F)-mt ? - ZAeAf Can measure for e,u,t,c,b
Apol=aF,R+OB,R _OF,L_GB,L —_A
o, ! o o
Can measure with t s
(o) -0 -0,,+0 3
ApolFB _YFR B.R FL B.L =_ZAe
Gtot

+ 2 observables with polarisation® of the initial state:

* not mandatory, as no significant gain and loss of luminosity
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et ut

TeraZ
I 2
direct measurement of oqgp(M?;) (b1)
(Patrick Janot, arXiv:1512:05544, JHEP 2016(2) 1)

v, Z

e w
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4

31 Jamz s(m% —s)

Now 0lyep(M?,) from the running of au:

aqEep(0) Aafi)d (m3) =

aqep(mz) =

1 - Aae(m3) — Aayoy(m3)

> ogp,(m3) =128952+£0.014, = |Ac/a=1.110"

@ FCC-ee: direct measurement at M,:
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Tera Z ¢ g
] 2 ’z
direct measurement of oqgp(M?;) (b2) !
(Patrick Janot, arXiv:1512:05544, JHEP 2016(2) 1)
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TeraZ

et ut

L] 2 ’z
direct measurement of oqgp(M?;) (b3) '
(Patrick Janot, arXiv:1512:05544, JHEP 2016(2) 1)
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aep @ccuracy from AL at FCC-ee
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logs_/s. 0.045, removes model dependence
& theory uncertainty

can also use ee, 1t
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Mega Top
tt threshold scan: top mass (b1)

%‘ 140 [ T T T -
s 120 . -
2 _ 100 =
£ £
60 Ve -
40 . =
20 ‘ =
-— 1\ PDG2014 1 M. Perello & M. Vos
0 M a 1 s aaazl 2 a2 aaaal M ki "
10° 10 10° . 107 . 10
o, prior uncertaint
conservative upper limit Experimental systematic uncertainty:
from expected precision on o, @FCC-ee Epeam (few MeV) & E, ., Spread = Am, < 5 MeV
uncertainty on line shape & Ao (@FCC-ee) =2 104 = Am, < 20 MeV
parametric uncertainty in mass conversion
added in quadrature Theory systematic uncertainty:
1S/PS = MS@4loop & Am,=10 MeV
other scale uncertainties under study
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Summary table

Observable Measurement Current precision FCC-ee stat. Possible syst. Challenge
m, (MeV) Lineshape 91187.5+2.1 0.005 <0.1 QED corr.
I, (MeV) Lineshape 2495.2+2.3 0.008 <0.1 QED corr.

R, Peak 20.767 £ 0.025 0.0001 <0.001 Statistics
R, Peak 0.21629 * 0.00066 0.000003 < 0.00006 g->bb
N, Peak 2.984 + 0.008 0.00004 0.004 Lumi meast.
A M Peak 0.0171 £ 0.0010 0.000004 <0.00001 Ey e, Meast.
a(m,) R, 0.1190 + 0.0025 0.000001 0.00015 New Physics
m,, (MeV) Threshold scan 80385 + 15 0.3 <1 QED corr.
L +
oo | e | pesees | oows ?
a(m,,) Brog = (Mas/Teow | Brag = 67.41 £0.27 0.00018 0.00015 CKM Matrix
My (MeV) Threshold scan 173200 £ 900 10 10 QCD (~40 MeV)
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Global ewk fit and sensitivity to new physics

C;
Lsmert = Lsm + A—;Oi
z

Jorge de Blas
LHCP 2017

* 2 bosonic interactions: Opp = }¢%Du¢|2 ' ﬁ¢WB _ <¢'¥O.a¢) Wﬁ.vB“V

giving rise to tree level contributions to S & T parameters

OemS = 45in Oy cos Bwcpwpv? /A2 OemT = —copV*/(2A%)

oni 05) = (67DR) (Wraw) (w =1 1)
e 7 fermionic currents: oy — ) ) YWwy) (YW =IL, e q, u,c
— —
and 057 = (076D ) (FyucaF) (F =1, q)

inducing corrections to the neutral and charged current vertices

 1four-lepton operator: ) = U‘}’“/) 0]/“1)

modifying the amplitude the amplitude of muon decay (used to extract G;)
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