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W-pairs at FCCee : the OkuW

Vs=162 GeV : L~3 103> collect 12/ab

3.105 (LEP 161)
45-60 10° WW decays

Vs=240 GeV : L~0.7 103> collect 5/ab

2:103 (LEP 200)
80 10° WW decays

Vs=365 GeV : L~ 1034 collect 1.65/ab
20 10° WW decays

In total = 300 10° W decays



W decay BR

Table 3.1: Relative precision on the determination of the W decay branching ratios. Final
combined results with LEP2 data are compared to the projected precision obtainable with FCC-

W Leptonic Branching Ratios

ALEPH 10.78 + 0.29 ©e.
DELPHI - 10.55 + 0.34
L3 —— 10.78 + 0.32 . . ; ;
OPAL - 10.71 + 0.27 . Decay mode relative precision | B(W — ev) | B(W = pv) | B(IW = 7v) | B(IW = qq) |
LEP W—ev 10.71 = 0.16 LEP2 1.5% 1.4% 1.8% 0.4%
ALEPH $ 10.87 + 0.26 FCC-ee [ 310" | 310° | 410" | 110
DELPHI - 10.65 + 0.27 . . .
L3 -a- 003+ 031 W Hadronic Branching Ratio
OPAL s 10.78 + 0.26
LEP W—uv Py 10.63 + 0.15 5
ALEPH . 1125+ 038 Scaling major syst
DELPHI —-— 1146+ 043 ALEPH ol 67.13 =+ 0.40 . .. .
L3 —— 11892045 | uncertainties with data
= ' ’ DELPHI . 67.45 = 0.48 . .
Ty 11.38 + 0.21 |
LEP W, - 8= 021, i . luminosity (as stat)

LEP W—slv 10.86 + 0.09 OPA- 67.41 = 0.44

windf = 15.4 /11

BRI I A LEP ’ 67.41 =+ 0.27
Br(W—lv) [%] s2indf = 15.4 /11 . . 0
Lept universality test at 2% level a/ | universality at 0.5%
tau BR ~2.6 o larger than e/mu oo e 70 > FCCee @ 10“ level
= FCCee @ 3-4 107 level Br(W-hadrons) [%]

For lept BR will need excellent control of
lepton id and cross contaminations in signal ——>
channels (t=2e,u and e,u channels)

Less stringent requirements for syst
uncertainty control for hadr BR
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Hadronic W BR
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If the CKM unitarity is not assumed in the sum, and ag (m?yy) is taken
form other independent precision determinations, B, and Ry
measurements can be used in turn to provide a stringent test of CKM

unitarity for the five lightest quarks
SW= |Vud|2 + |Vus|2 + |Vub|2 + |Vcd|2+ IVcsl2 + |Vcb|2

From LEP : |V | =0.969 £ 0.013
A|V.| (FCCee) 2 2 104

Flavor tagging can also allow to measure coupling to ¢ & b-quarks (Vcs, Vcb,.. ) directly !
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Hadronic W flavor tagging : cX cs

Charm (and strangeness) tagging at LEP2

DELPHI (161+172 GeV ~150 WW) Phys. Lett. B 439 (1998) 209

. W+ & , . . r " 0.32 BE
r(es) = I‘(H'(+ = ;(;’_U)M) = 0467515 (stat) £ 0.07(syst) | Vig| = ().$)~lf(_,.2“(5/”/) 1 0.13(syst)

A|V,| (stat) FCCee = 3 104

ALEPH 172-183GeV (“1K WW) Phys. Lett. B 465 (1999) 349

w_ [Veal? + [ Ves * + [V
¢ |Vu(l|2 + |\/u.~:|2 + |vub|2 + |\/('(l|2 + |v('.~:|2 + |\/('b|2

RY = 051540053 |Ves| = 1.00 £ 0.11.

AR W (stat) FCCee = 1.510% A |V,| (stat) FCCee = 3 104
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http://dx.doi.org/10.1016/S0370-2693(98)01061-2
http://dx.doi.org/10.1016/S0370-2693(99)01088-6

Hadronic W flavor tagging : cX cs

OPAL 183-189 GeV (4K WW) Phys. Lett. B 490 (2000) 71-86

RY = 0.481 £ 0.042 (stat.) £ 0.032 (syst.) Ves| = 0.93 £ 0.08 (stat.) = 0.06 (syst.) £ 0.004 (CKM).

AR. W (stat) FCCee - 2 10 A |V.| (stat) FCCee - 4 104

I W
Table 2: Syst(‘mnti(- errors on R}V. Systi?:ll;t(iec (;:frror 183 Ge%/' f‘isg GeV

Source AR.(‘;“" (1()—2) Hadronisation Model 0.011 0.012
Backgr(.)un('l normalization 0.2 C\e;il;eo‘;iﬁ:a\? gl(i:i‘ 8881 388;
Hadronization 2.9 Charm Fragmentation Function 0.007 0.007
Color reconnection 0.3 Background Cross-Section 0.006 0.005
Calorimeter calibration 0.9 Background Composition 0.010 0.009
. . Charm Hadron Fractions 0.006 0.007
Tracking error 0.3 Light Quark Composition 0.007 0.005
Impact parameter resolution 0.4 Vertex Reconstruction 0.016 0.017
Mass of the W boson 0.4 Charm Hadron Lifetimes 0.003 0.002
Jet alg()rithm 0.4 Charm Decay ‘\.[l.lltil.)li(’it.\' 0.010 0.010
| . Lepton Identification 0.012 0.014
Charm 1)1'0(111('“011 0.1 Lepton Energy Spectrum 0.003 0.003
Charm fragmentation 0.3 Branching ratio Br(c — ) 0.006 0.006
Charm (l(‘(ﬁﬂ}v’ properties 0.9 Total systematic error 0.032 0.032
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Value of RY [ 0493 | 0478 |



http://dx.doi.org/10.1016/S0370-2693(00)00971-0
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Hadronic W flavor tagging : cX cs
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binned likelihood fits to the shape of the output distributions
Including Z->qq Control Regions
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Jets /0.2 GeV

Hadronic W flavor tagging : cb Xb

IV, | = (41.0+1.4)x 1073 = BR=5.6 10 (1.7 105 W>cb @FCCee)
IV,o| =(3.82+0.24) x 102> BR=4.9 106 (1.5 10® W>ub @FCCee)

=13 TeV
13 TeV, 2016 - 1\/§3€
CMS —bjets 3 | CMS Simulation rreiminary
. . it event P
10 Simulation : 3 ARats o 30 yd
e et C jets a ARAEISHPy v
+ jets . bl N /!
1 pT>20 GeV —udsg ]etS é 10 E :.bvs udsg 20 5
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b .bvs 2 /'
// /
102 S/ /
4 /
y 4
/
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8 0.9 1
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With £,=40% and £.=103 @FCCee: N(W->cs)~100k N(W->bX)=75k
AR, W (stat)(FCCee) - 0.6% (rel) & A |V, | (stat) (FCCee) = 0.3% (rel)
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Hadronic W flavor tagging : cb Xb

IV, | = (41.0+1.4)x 1073 = BR=5.6 10 (1.7 105 W>cb @FCCee)
IV,o| =(3.82+0.24) x 103> BR=4.9 106 (1.5 103 W>ub @FCCee)

1 (s =13 TeV
> L T ToT T T T Tkt Tt
£ £ ; 3 + 13 TeV, 2016 13 TeV, 2016
5 £ CMS Simulation preiiminary > g e e > § e
& it event: // = F CMS / E = = CMS
=4 ietsi{p o C F , .
o Kajets {p; v 8 L Simulation § [ Simulation = ]
210 .bvs udsg 26 AL < | T +jets g | tf+jet 1
é F II Q -1 -lJ \ /- / Q. 1 +]e S -
E:.bvchG 910 £ p;>20GeV E :§1U§—pT>2OGeV' g fro e _§
// / g F ] é’ F ]
102 A ,'/ B E s | ‘ P I
-/ y D 102k — CSVv2 | ERI7 < T T o A N -
-/ S/ 3 — cMVAv2 E — cMVAv2 E
C / —— DeepCSV CvsL ] N/ : : : . — DeepCSV CvsB ]
10° r ctagger CvsL _~ I ctagger CvsB 1
o . 7 Levend .

01 02 03 04f 05 06 07 09 1 0 01 02 03 04 05 06 07 08 09 1
Jet efficiency ¢ jet efficiency

First tag €,=40% and £.=10"3 &,4,=10- Second tag with £=60% and &,=0.1 &,4,=0.2
@FCCee: N(W->cs,cd)=20k N(W->cb)=50k = direct A |V, | (stat) (FCCee) = 0.2%(rel)

Similar conclusions on s19 here ( M.H.Schune FCC workshop Jan 2020)
https://indico.cern.ch/event/838435/contributions/3635812/attachments/1971221/3279502/FCCee_17Jan2020_v2.pdf

Inverting second tag could also obtain A |V,,| (stat) (FCCee) = ~3-5%(rel)
(less interesting : ~1% from LHCb/Belle2/ FCCee 2)

C CUNA DAt [l 195 9091 DA H [l | + H H \AL Al rce
DITUWTITASS URNIVIIVIAUTA = JadlT 14 Z2UZ 1 o AZZUTTT = TTavoul tdggiiTig TIT vy UtTilays TVTClTT
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From Stephane Monteil

Particle specie at FCC-ee B° B* BY A, BY c 7777

Z pO|e Yield (x107) [5.10"* Z] 310 310 75 65 157 600 180

Observable / Experiments Current W/A  Belle II (50 /ab) LHCDb-U1 (23/fb) FCC-ee
CKM inputs
~ (uncert., rad) 1.206 70987 1,136 + 0.026 1.136 £0.025 1.136 + 0.004
Bt = 1v |V..s| (precision) 5.9% 2.5% 6% 1%
Mixing-related inputs
sin(20) 0.691 +£0.017  0.691 £+ 0.008 0.691 +0.009 0.691 4+ 0.005
¢, (uncert. rad 1072) —1.5+3.5 n/a —3.65+0.05 —3.65+0.01
Amy (ps_l) 0.5065 + 0.0020 same same same
Amy (ps_l) 17.757 £ 0.021 same same same
al (107*, precision) 23 + 26 —7415 —7+15 —T+2
ai, (10™*, precision) —48 + 48 n/a 0.3+15 0.3+2

See recent review New physics in B meson mixing: future sensitivity and limitations
arXiv:2006.04824 Phys. Rev. D 102, 056023 (2020)

« identify the measurement of [Vcb| as one of the key ingredients in which progress beyond current
expectations is necessary to maximize future sensitivity .»
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https://arxiv.org/abs/2006.04824

From M.H.Schune FCC workshop Jan 2020

Vcb from B.2 v : 2

G m
Tsu (Pt — 0rugl) = —E |V fEMpmi(1 =)’

8T B WP)
______ 5 5
W+ Wlth NP : FH:t(P+—)e+Ve)=FSM(P+—)f+Vg) X (l—taAl;Q'BMQ)

v
Large missing energy About 20 10¢ B.~2>1v with T>e/pv produced
Use of the other hemisphere

(1—me)2 _
Np, _ f(b— B.) |V (fs) mpg, TB, my, ) ‘|
Nz, f(b— By) |Vw| \fB,) ms, T8, (1—;"'23—)2

B

BU BC
Mass ~ ~5280 MeV  ~6275 Mev = discrimination should be possible.

Lifetime ~1.5 ps ~0.5 ps

Analysis of B.~>1v, at CEPC
arXiv:2007.08234
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https://arxiv.org/abs/2007.08234

~5280 MeV
~1.5 ps

~6275 MeV

Lifetime ~0.5 ps

Snowmass CKM Matrix - Jan 12 2021

From M.H.Schune FCC workshop Jan 2020

But B, DO £v and DCS DO decay

BR(B, - DO€+V) Number kindly
BR(B — D0€+V) ~.0092 provided by Sebastien
u

Descotes-Genon)

N(B.) 1.53.9107*
N(B,) 6001.510°%

X.0092~.006

= some discrimination.
Studies to be performed (need a factor
~ 200)
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Conclusions

e 200M Hadronic W decays at FCCee will offer a great
opportunity for precise direct CKM measurements
* B, => test of unitarity at 10 level for [V 4|* + [V |2+ [V |2 +
|Vcd|2+ |Vcs|2+ |Vcb|2
* Direct measurements of R. and |V | with charm- (and s-)
tagging, also at ~ 10 level stat : what will be syst limitations ?

* Direct measurements of R, and |V, | with b- (and charm-)
tagging at few 103 level stat . Maybe also |V, | at 5% (less
interesting)

* Looking forward to more detailed studies for a better
understanding of these measurements



arXiv:2006.04824

Central Uncertainties Reference
values  Current [18]  Phase I Phase II Phase 111 Phases 1111 e Phase I: LHCb 50/fb, Belle IT 50/ab (late 2020s);
[Vaud| 0.97437 +0.00021 id id id (18] e Phase II: LHCb 300/fb, Belle IT 250/ab (late 2030s);
|Vus| £527(0) 0.2177 +0.0004 id id id (18] e Phase III: Phase II + FCC-ee (5 x 10'? Z decays).
|Ved| 0.2248 +0.0043 +0.003 id id (19, 20]
|Ves| 0.9735 +0.0094 id id id (18-20]
Amyg [ps~ 0.5065 +0.0019 id id id (17]
Am, [ps™] 17.757 +0.021 id id id (17]
|Viplse x 107 1228 +0.58 +0.60 +0.44 id (21]
[Ve|w e % 10° +0.17 [22-24]
|Vas|se x 10° 3.56 +0.22 +0.042 +0.032 id (21]
[Vt /Vas| (from Ay) | 0.0842 +0.0050  £0.0025  +0.0008 id (25]
B(B — 7v) x 10* 0.83 +0.24 +0.04 +0.02 +0.009 (21, 22]
B(B — uv) x 10° 0.37 +0.03 +0.02 id (21]
sin 23 0.680 +0.017 +0.005 +0.002 +0.0008 (21, 22, 25]
a [°] (mod 180°) 91.9 +4.4 +0.6 id id (21]
5 [°] (mod 180°) 66.7 +5.6 +1 +0.25 +0.20 21, 22, 25]
B, [rad —0.035 +0.021 +0.014 +0.004 +0.002 (22, 25]
Ad, x 10 —6 +19 +5 +2 +0.25 (14, 17, 22, 26]
Agy % 10° 3 +300 +70 +30 +2.5 (14, 17, 22, 26]
my [GeV] 165.30 +0.32 id id +0.020 (18, 22]
as(mz) 0.1185 +0.0011 id id +0.00003 (18, 22]
fE=m0) 0.9681 +0.0026 +0.0012 id id (25]
fx [GeV] 0.1552 +0.0006  +0.0005 id id (25]
fB. [GeV] 0.2315 +0.0020  +0.0011 id id (25]
Bg, 1.219 +0.034 +0.010 +0.007 id (25]
fB./fB, 1.204 +0.007 +0.005 id id (25]
Bg, /B, 1.054 +0.019 +0.005 +0.003 id (25]
Bg,/Bs, 1.02 +0.05 +0.013 id id (25, 27, 28]
Bg, 0.98 +0.12 +0.035 id id (25, 27, 28]
ns 0.5522 +0.0022 id id id [29]
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