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FCC project I
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New Infrastructure
e 90.7 km tunnel

* 8 surface points

* 4 experimental sites

* Deepest shaft 400 m,
average 240 m

Two stages
» FCC-ee (~15 years)
 FCC-hh (>20 years)

— |/
1 . o/ i
; s Schematic of an
\ 80 - 100 km
g long tunnel
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FCC-ee dataset
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100

Integrated luminosity [ab™]

| | |
6 7 8 9 10 11 12 13 14 15 16 »

Working point Z,years 1-2 Z, later WW, years 1-2 WW, later ZH

Vs (GeV) 88, 91, 94 157, 163 240 { 340-350 365

Lumi/IP (104 cm™2%s™1) 70 140 10 20 5.0 {075  1.20

Lumi/year (ab™1) 34 68 4.8 9.6 2.4 0.36  0.58

Run time (year) 2 2 2 — 3 v 1 4
145 x 105 ZH \_ 19 x 105t/

Number of events 6 x 1012 Z 2.4 x 108 WW + - +330k ZH

45k WW — H +80kWW — H
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| V.| introduction @ﬂ("

Current measurements on |V, |

» PDG value: |V, | = (41.5£0.9) x 107

. From BY — B® mixing, mediated via r-W box diagrams
 Assume no NP in the loop
 Dominated by theory uncertainty from lattice QCD
> Also keep |V, | in mind
. Inclusive (42.2 +0.5) x 1073 vs exclusive (39.8 + 0.6) x 1073 (6% tension)

Potential at e Te ™ colliders

 Model-independent direct measurement

. FCC-ee expects 1.9 x 10°x 2 x | V.. |*~ 6400 cases of t — Ws

* s-tagging is the core
* Limited by statistical uncertainty
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jet clustering SR U]
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Crucial ingredient of this analysis
. Correctly categorize dileptonic, semi-leptonic, fully hadronic ¢f decays
* Well-defined jets for flavor tagging

Two types considered

* EXxclusive clustering (fixed number of jets in events)
. subjet distance d;; = 2min(E7, E7)(1 — cost);)

* Inclusive clustering (roughly fixed cone size)

- ., 1 —cosb
. Subjet distance d;; = min(E”, E*)
‘" J 1 —=-cosR

. merge i, juntil V d; > E



Strange jet tagging @ﬂ("

arxiv:2003.09517
Not to scale
Kg - Kg—.
NSB NSB
Leptons HeAL / mt k®
CSB— Leptggg\/

Momentum fraction
Strange pr = 15 GeV Down pr = 45GeV

* Higher fraction of momentum carried by kaons Inner

Tracker

K /n™* separation is the key

* Neutral kaons and s-baryons are long-lived

e ct(b/c) = 0.5 mm, cz(s) ~ 50 mm

- - - --—--—---—-_----—-—--—---—-------—_—-—--——
———— - -

-
-------

s-baryons A, 2, Zhavectr ~ 1 — 10 cm
* Depends on reco efficiency of highly displaced vertices
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https://arxiv.org/abs/2003.09517

Strange tagging at FCC-ee SR U]
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1 FCC-ee Simulation (IDEA) EPJC 82, 646 (2022)
E ; i I . l l I FCC-ee Simulation (IDEA)
S - ee~ZH, H~jj o - > g7 7 T 1 T T 1
g i j=u d s,c, b, g E ; | E : +a
s | T : § [ 7Tl stagging
Q. a1 . | 0 j=u,d,s,c,b,g
. 107 : 7 O B §
o _ : - — :
) - : N Q. 1
I= l - g WE —swg = o 7
- i ~ staggingvs.ud 1 Nominal @ _F
; x.é." 10-2 _E_.. TS ST < SRR SRTRUTITN ST .._.Ed
-3 | | . i ' ,, : . i . - N
102, 35 52 ] - gen PID info I 3 _
jet tagging efficienc 2L A A
o1 1a99Ing Y 107 0.2 0.4 0.6 0.8 :
jet tagging efficiency
 With nominal design (dN/dx, o(TOF) = 30 ps), Eff (s) |Mistag (g)| Mistag (ud) | Mistag (c) |Mistag (b)
already close to perfect PID Loose 90% 20% 40% 10% 1%
. Limited natural separation between s and ud Medium 80% 9% 20% 6% 0.4%
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https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1
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Basic category selection @

Common pre-selection for tt - WsWb Event categories
« Exactly 1 “tightly” b-tagged jet (b-score > 0.8), * dilep: exactly 2 leptons, 2 jets
* Veto additional “loosely” b-tagged (b-score > 0.5)  semilep_ud: exactly 1 leptons, 4 jets (sb+ud)
* Atleast 1 “tightly” s-tagged jet (s-score > 0.7)  semilep_cs: exactly 1 leptons, 4 jets (sb+cs)
* Always 1 more s-jet than c-jet (s/c-score > 0.5) * dihad: exactly O lepton, 6 jets
17.5 :::z:::: :::'zlep — 3.:% dilep 70 ::::;:::: :::'zlep F ngb dilep 100 ::2::2 :::‘zlep E s.stWb dilep 350 ::z::z gszzlep — 3.:% dilep
- -7z et i gjhad ‘o - WsWodihad o S /C Y O 300 i S L[, W
12.5 - 250
§ 10.0 g 40 g § 200
; : : :
7.5- 30 40 150
5.0 20 100
20
2.5 10 50
0.0 5 = 50 100 150 O 6 25 s0 75 100 125 l1‘5'0 175 "5 50 100 150 0 50 100 150
Eleads—tag (GeV) Eleads—tag (GeV) E!eads—tag (GeV) E!eads—tag (GeV)
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Final selections

semilep_cs cat

dilep cat
* missing energy > 80 GeV

* s-jet candidate energy > 45
GeV

* Db-jet candidate energy > 25
GeV

* b-jet b-score > 0.9

WbWhb dilep ZH
WhWh semilep — WSWh dilep
10 o WhWh dihad —— WsWh semilep light
Y — WsWh semilep heavy
8.
1=
= 6
O
O
4.
2
0 | | =1
0.5 0.6 0.7 0.8 0.9 1.0
s-score(lead s-tag)

231

201

missing energy > 30 GeV

Can reconstruct 1
t > W(cs)bort — W(cs)s
decay

e c-score and s-score > 0.5
« 60 < my; <80 GeV

« 140 < mpes < 175 GeV

WbWhb dilep
WhWh semilep
o WhWh dihad
W
- ZZ s - s 5

ZH
— WSWh dilep
— WsWh semnilep light
— WsWh semilep heavy

06 07 08 09
s-score(lead s-tag)

0.5 1.0

semilep_ud cat

missing energy > 30 GeV .

Can reconstruct 1 t — W(ud)b
or t - W(ud)s decay °

jet candidate energy > 60 GeV .
jet candidate energy > 45 GeV

b-jet b-score > 0.9

WhWhb dilep ZH
30 WhWh semilep — \NSWh cilep
o WhWh dihad — WsWh semilep light
A — \WsWh semilep heavy
2.51
2.0
1.5
1.0' r‘r—/——ﬂ
0.5
005 06 07 08 09 10
s-score(lead s-tag)

ST
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‘FCC\

dihad cat

missing energy < 20 GeV
s-jet candidate energy > 60 GeV
b-jet candidate energy > 40 GeV

b-jet b-score > 0.9

Can reconstruct 2 top candidates

WhWhb dilep ZH
WhWh semilep — WsWh dilep
4 o WhWh dihad — WsWh semilep light
Y — WsWh semilep heavy
3 i
e
-
-]
O
o2
1 4
0 Ll
0.5 0.6 0.7 0.8 0.9 1.0

s-score(lead s-tag)
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Expected precision

Extracted with binned maximume-likelihood fit
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SR

category dilep semilep_cs semilep_ud dihad combined
significance 5.83 1.13 4.78 1.49 7.77
precision +29%/-25% +97%/-88% +42%/-33% +177%/-99% +22%/-20%
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. As B(t - Ws) « |V, |*, expect o(| V.. |) ~ 10%
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it/ and tty couplings

This work is conducted by Simon Keilbach for his bachelor thesis
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Top EWK couplings parameters @Q(IT
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» Direct measurement of ttZ and tty couplings

 Some BSM models can lead to significant deviations from SM

* Traditionally more discussed in polarized e+e- collisions. For example at ILC (arXiv 1306.6352)

» Study from FCC (10.1007/JHEP04(2015)182) also expects sensitivity without beam polarization.

SM case examples of BSM contributions

xunwu.zuo@cern.ch


https://arxiv.org/abs/1306.6352
https://link.springer.com/article/10.1007/JHEP04(2015)182
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Frameworks for modified couplings @S(IT

10.1007/JHEP04(2015)182 Whizard setup (F. Bach thesis)

* coupling constants expressed in form factors * Lagrangians

. o 174 v . I g ry L R 2
I‘th = —1e {’Yu (Fl)‘(/ + 75F1)f4) + 2_,rl;t(29t + pg) (ze)f, + 'YSFz},(cl)} ; Litz = — EW# (XttPL + Xt Pr — 25,Qt)t Zy,
_ic"qy, .
_ 2iwt qu (dZ +id%~s)t Z,,
* optimal observable parametrization -
- oM qy .
Ay + 6Ay = —2isinbw (F{y, + F5\,) , By + 6By = —2isinfw Fiy, ALy = —eQity"t Ay — et——=(dy +idy75) t A,

0C, = —2isinOw Fyy, 0D, = —2sin by Fzy . * Parameterization in Whizard SM_top_anom model
* 8 independent modifications XE = v1_ttz XE = vr_ttz
dé = tv_ttz d4 = ta_ttZ
dy, = tv_ttA d) = ta_ttA

* Independent modifications

« 6 parameters related to ttZ and tty couplings,
3 are constrained by gauge invariance

e tv_ttZ fixed by tv_ttA, ta_ttZ fixed by ta_ttA,
vl_ttZ fixed by vl_toW

* In this work, use 3 independent
modifications: tv_ttA, ta_ttA, vr _ttZ

xunwu.zuo@cern.ch


https://inspirehep.net/files/13c5ba337a8a8a66821c2a6bf1159754
https://link.springer.com/article/10.1007/JHEP04(2015)182

Event selection

This analysis targets semileptonic ¢ decay:
- n, > 0forleptons with AR(Z,J) > 0.4 or E,/E; > 0.5

e missing energy £ > 23 GeV

e lepton momentum p,.., > 13 GeV

PV compatibility d, < 0.05 mm,

d
O <50

o(dy)
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ta_ttA variation o IT
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tv_ttA variation SR
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vr_ttZ variation (e IT
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Signal sensitivity (o IT
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Extracted with binned )(2 fit, assuming SM Asimov toy data

_ +1.46x1072
. ta_ttA=0.007 "7 0

_ +4.20x10~%
. tv_ttA=0.00"7557 10

_ +3.86x1072
. vr_ttZ=0.0077007 -

More work ongoing

 Compare these results to the form factor parametrization in ref (10.1007/JHEP04(2015)182)

* (Consider coupling modifications in EFT framework
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https://link.springer.com/article/10.1007/JHEP04(2015)182
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Summary SR U]

. Clean tf dataset at FCC-ee, offering unique opportunities

 Two examples presented
o | V| fromt — Ws decay

 Model-independent direct measurement
« (Preliminary) o(| V,,|) ~ 10%
« 1t/ and tty couplings from differential cross section

» Sensitivity from energy and angular distribution of decay products, not relying on beam polarization

* Promising results from both studies, more work on the way
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schedule @ﬂ(“
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O - O 0 O o
Feasibility Stud Proi b HLLRC  Speration of FCC Operation of FCG-hh
easibility Study roject approval by Construction starte ande peration o -ee peration o -

(geology, R&D on accelerator, CERN Council (15 years physics exploitation) (~ 20 years of physics exploitation)
detector and computing
technologies, administrative
procedures with the Host States,

environmental impact, financial
feasibility, etc.)

(or alternative project selected)
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FCC-ee program @ﬂ(“‘

— CDR baseline runs (2IPs)
— Additional opportunities

Total
integrated
O(1) 30 5 luminosity
* (ab-1)
T T | Eneray
203040 ... 125 217 (GeV)
QCD |
precision electron Higgs mass Physics
studies Yukawa highlights
105 o109 0(2x10°) O(2x10¢) Py
E n w
2305 | I l T EW sector
e £ 5 O
O Q
@ 5 o B |
o > & I I I T Higgs sector
c _5'2
5273

T !

sensitivity to Higgs self-coupling via quantum effects




IDEA detector @ ST

Superconducting solenoid |
l+ 2T,R=2.0-24m { .
. 0.74 X,, 0.16 2 @90 |y

Preshower 'j
{+ 2 layers, gas detector
i+ Spatial reso <100 ym

i Wire drift chamber
- 112 layers, R = 35 - 200 cm
j 0.016 X,@90

scintillation fibers
10 % 30 %

{., OEM ™~ > Ohad ™
f,f- \/l_f \/l_f !

| Silicon vertex detector |
t* 5layers, R=1.7-34 cm
{- Pixel 20 x 20 ym’

IMuon chambers L'
te 3 layers, gas detector
+ Spatial reso < 400 um :

{Beam pipe |
f« R~1.5cm ¢
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Jet definition

( ( hh ee he j ) -\!!(I I
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im(j) < 50 GeV and

* In dileptonic events, the kt2 is the most correct

 Alot of low energy jets in the inclusive jet collections

E(j) > 15 GeV

* After jet selection, profiles of the inclusive jets look similar to the kt2 jets

xunwu.zuo@cern.ch
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ED AT
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Jet definition

im(j) < 50 GeV and

* |In semileptonic Wcs events, the kt2 biased

* Inclusive clustering gives stable performance

* Kinematic profiles with different jet radius definitions are somewhat

consistent
: 10°:
10°. - kt2 — = R8 ; - kt2 — = RS
i —— kt2_sel —— R8_sel i — kt2_sel —— R8_sel
105, —= R5 ~— RI10 10°. & ==_R5 — = RI0
| —— R5_sel —— R10_sel : E:. — R5_sel  —— R10_sel
! 4_-
10°. 10°- T
g 2., !
S 103 -ﬁh-—\‘?%"hhq S 103_: | -:
O i Sy e 1 |
o | < "qb o I ]
i . - 5 I
102. L - 102.
[ - 1,' p— 1
1]_ “h — :
101 W, : 0t | J
i : " i I L II
I —
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E(j) > 15 GeV




flavor tagging
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FCC-ee Simulation (IDEA)
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FCC-ee Simulation (IDEA)
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(c) EPJC 82, 646 (2022) (d)
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https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1

semileptonic events ) AT
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 Comparing inclusive clustering algo with different jet radil
 Performance with inclusive jets is in general better than those with exclusive jets
 Performance seems to be better with small R jets

* Large jets may have multiple heavy-flavor constituents

0] —swo gnti-kt, R = 1.5
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 Compare exclusive clustering algo with different numbers of jets
e s-tagging performance is better if the jet reconstruction is more appropriate

e But not matching the performance from the training

correct jet assignment
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