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The Landscape of futuwre Lepton colliders

(I:IEZEC)

7 pole = Ny ~ 5 x 101°
Zh thr. — Nj ~ 6 x 10°
WW thr. — Ny ~ 2 x 10°

tt thr. — N; ~ 10°



e (oal: assess the potential of e*e- colliders to explore FC decays

e Ingredients:
¢ (Clean environment of ete- colliders
e State-of-the-art and future flavor taggers

e Probabilistic model



Decay SM prediction exp. bound
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A h — BSM (CMS+ATLAS, 2207.00043)

B (7 — had) (hep-ex/0012018)
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Decay SM prediction exp. bound indir. constr.
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* Meson mixings

Decay SM prediction
. B(h—bs) (8.9+1.5)-1078
| B(h — bd) (3.8 T 0.6) .10
B(h— cu) (2.7£0.5)-1072Y
- B(Z —bs) (4.2£0.7)-1078
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1st ingredient: controlled BG

Z pole running

Vs =mg

ete” = 7 = qq

hZ running

Vs = 240 GeV
ete” — Z* > hZ(Z - {70, h — q¢)

Parameters Nominal value  Rel. uncert. (in %)
B(Z — uu + dd) 27.01% 5.0
B(Z — ss) 15.84% 3.8
B(Z — cc) 12.03% 1.7
B(Z — bb) 15.12% 0.33
Ny 5 x 1012 10~°
A 0.994 103
1905.03764
FCC Conceptual Design Reports
G. Marchiori’s talk at “Higgs Performance meeting”
(indico.cern.ch/event/1221257)
Parameters Nominal Value Rel. uncert. (%)
B(h — gg) 1.4% 1.2
B(h — ss) 0.024% 160
B(h — cc) 2.9% 2.8
B(h — bb) 56% 0.4
N, 6.7 x 10° 0.5
A 0.70 0.1

Other backgrounds (777~ for Z, DY, WW, ZZ for h) are negligible

G. Marchiori’s talk at “FCC Physics
Workshop” (indico.cern.ch/event/1176398/)



http://indico.cern.ch/event/1221257
http://indico.cern.ch/event/1176398/

2nd ingredient: Jet flavor taggers

. . . ParticleNet: 1902.08570
Tools to classify flavor of jets from input data Jot-Flavor tagging at FCCce: 2210,10322

e =~ ...
2 if nd s b tagging
.8 i j=udscbg
= . 10 : :
[ % 5 — {g(ud), S, C, b}
g ; 1 Groose = {0.02, 0.001, 0.02, 0.90}
e 0 0 €5:Mea = {0.007, 0.0001, 0.003, 0.80}
. s )
0 0.2 04 . 96 08 | Currently O(few)% syst. on €
jet tagging efficiency e
TPR CMS: 1712.07158

Bedeschi, Gouskos, Selvaggi: 2202.03285
Gouskos’ talk at “FCC Physics Workshop” (indico.cern.ch/
event/1176398/)



http://indico.cern.ch/event/1176398/
http://indico.cern.ch/event/1176398/
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2nd ingredient: Jet flavor taggers

FCC-ee Simulation (IDEA)

jet tagging efficiency

Up -taggin
Y 99 g FCC-ee simulation (IDEA)

10() .

107" 4

y

jet misid. probabilit

u vs'd (7_classes)
u vs g (7_classes)

s b (7_classes)

0.4 0.6
jet tagging efficiency

0.8

jet misid. probability
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Selvaggi’s talk at “FCC Phenomenology Workshop” (https://indico.cern.ch/event/1278845/)
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3rd ingredient: Probabilistic model

ATLAS: 2201.11428
CMS: 2004.12181
Faroughy, Kamenik, Szewc, Zupan: 2209.01222

Distribute events into tag bins

(np,ns) = {(0,0),(0,1),(1,0),(2,0), (0,2), (1,1)}

Expected number of events per channel

Nf — B(Z/h — f)NZ/hA

!

Expected number of events per tag bin

N(nb,ns) — Zf p(nbv n8|f7 V)Nf(y)




95% Upper limits on B(h — bs

101 9x 1073
—— 1% Syst Take common TPR
------------- Stat. only . and FPR (for plots)
Y Medium WP 710
o -3 2
A, 1072 0 X 107 Medium WP
[ XX
— (TPR, FPR) = (0.8, 0.004)
3 x 1073
FPR = max(€®, ;)
103
1073
TPR
FCC-ee reach Indirect constraints

B(h — bs) < 9.6 x 10~4 B(h — bs) < 1.6 x 1073



Ybs

Match to WET + wilson + flavio

— _4_ !:
’ %  Byps = 9.6 x 1074 | Lwer D Ca(5rbL)? + C4(50br)? + Cu(50bR)(SRbL)
"""" Bi_ps =5 x 1077

_3 -
— 1077 4 — Bhps = 16%
_10_2_ —— B, — B, mixing
0 1073 1072
Ysb
FCC-ee reach Indirect constraints

B(h — bs) < 9.6 x 10~4 B(h — bs) < 1.6 x 1073



LD Yeu(Crur)h + yuc(trcr)h + h.c.

7 Bh—>cu = 2.0 X 10_3
L B ew = 2.9 X 1077

/ - Bh—)cu = 16%
—— D — Dmixing
0 10~ 1072

Indirect constraints

B(h — cu) <2 x 1072

FCC-ee reach (no u-tagger)
B(h — cu) <2.5x107°

FCC-ee reach (with u-tagger)
B(h — cu) < 6.6 x 1074



10-3 ‘ Up‘per limits on lS’(/Z—> bs) -4
- - 17 Syt I TPR FPR
——————— 0.1% Syst 3x 107"
Eb — €5 6b — €5
............. Stat. Only 105 b S udsc udcbh
3% 1070 Z
X
_10—6 —
e; < 10~ % limited by vertexing
3x 1077
10~ 3-5um estimated
Barchetta, Collins, Riedler: 2112.13019
TPR
(TPR,FPR,Ae}/e3) B(Z — bs) (95% CL) 15 0.1% feasible?
(04, 10_4, 1%) 1.8 x 1079 See Selvaggi’s talk at 7th FCC Workshop
0.47 10—47 0.1% 1.8 x 10—7 (https://indico.cern.ch/event/1307378/)

0.2, 107>, 0.1% 42 %1078 < SM level

( )
(0.2, 107>, 1%) 4.2 x 1077
( )



https://indico.cern.ch/event/1307378/

WiP: Measuring the CKM

W-cb, Ny = 108, Ay =09

SIVeb|*/|Ven|* (%)

0.010f
0.005+
I 10
» 5
a® 0.001+
s i
5% 1074 3
1
Ix1074-
TPR
|Vid | ' 0.97373 ' 0.000193 ' 0.020 1.000 -0.657 -0.117 0.031 0.004 -0.056
| Vus | 0.22430 0.000564 0.25 -0.657 1.000 0.043 -0.093 0.003 0.015
|Ved | ) 0.22100 . | ©.000401 Rele 0.18 | -0.117 0.043 1.000 -0.439 -0.024 -0.072
IVes | |7 7 0.97500 |’ "’ | 0.000109 |’ .9 0.011 [°° 7 | 9.031 -0.093 -0.439 1.000 -0.049 -0.001
| Vep | 0.040800 0.000180 0.44 0.004 0.003 -0.024 -0.049 1.000 -0.090
| Vb | 0.0038200 | . 0.00386 1 1.0x10?% -0.056 0.015 -0.072 -0.001 -0.090 1.000

Thanks to D. Marzocca



e (Goal: assess the potential of FCC-ee to explore FC decays

e Ingredients:
¢ (lean environment of e*e- colliders
e State-of-the-art and improved flavor taggers

e Analysis technique we propose

e Take home messages:
e Upper limits at FCC-ee are above the SM level
e Improve limits on Higgs FC couplings

e Results depend on taggers performances

e Work in Progress: estimate sensitivity to CKM elements via W decays
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Probabilistic model

min(ny,1) min(ns,1—np.1)

plnp,ngl fov) = ) >

np,1=0 Nns;1=0

B(Z/h — bs)

p(Mp:1]71)P(Ms:1]71, nb:1 ) P(Mb2]J2)P(1s:2] 2, b:2)

p(np1|j1) = Binom(np1, 1, ell’)

. . GS
p(nsgl J1, nb;l) = Binom (ns;la 1 — Np:1, 1_16?)

Flavor conserving decays

S
p(ny, ng|f,v) = Binom(ny, 2, ell))Binom (n& 2~ ny, 1 €1 b)
— €

Efficiencies are implicit function of the nuisance parameters

V= {B(h%f)aB(Z%f/)vegaNZ/haA}



Likelihood pomnd. P(k{y) = 20
,C(,LL, V) — P(N(nb,ns) N(nb,ns) (,LL, V))p(y)

i Constrained to nominal values
by other measurements

. . . V) = V:n: s .
PrOﬁle hkethOd ratlo Cowan, Cranmer, Gross, Vitells: 1007.1727 p( ) H N( 6,05 %25 O-Z)
1

L(p 5(#))

D(w), fi, U are maximum likelihood estimates (MLE)

Confidence interval Utrue = 1, solve for tu =1 (68%)

Test statistics <

Upper limits true = 0, solve for ¢, = (®~1(1 — 0.05))* (95%)



95% Upper limits on B(h — bq
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N New Physics fits (Z)

—HwWET = 455 2 Vi Vis D (C9(99+C§O§—I—C’10010—|—C'{0(9’10+C'VC9V—I—C,’,O,’,—I-. . >

O = (87,br(r)) (P170) 019 = (57brir)) ((r775¢) 0% = (b)) (77" (1 = 5))

AF =2

—Harp=2 = Cvr(57.b0)° + Cvr(5v.br)? + CvLr(57.bL)(57,.bR)

Wilson coefficients  C; = CP™M + 6C;

L(R L(R CVL — (ggb)Q

(/ée =Ny, ( )gzee vee = 6.04 x 10°¢g_ ( ) om2
L(R (95)2

50%8,% - NgsLb( )gzee,ax ~ —3.67 X 10493b( | Cvr = 277322
C(,) — NgL(R)gZuu L R

Lepton couplings are assumed to be SM



New Physics fits (Z)
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0 1 ,
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LHCb: 2212.11203, 1304.6365
Belle: 1003.2345
BESIII: 2112.14236
Bause, Golz, Hiller, Tayduganov: 1909.11108



NP model: Vector-like Quarks (1)

Introduce SUp (2) singlets (D, Dg) with Y = —1/3

—Line Dy ¢t Hd), + v ¢t Huly + y'qt HDr + MpDpDg + h.c.,

|

D 9 d(7i ' d"™Mj 3 '

g .
95 = 5o~ (XG+ X50). 95 =0, ya=XGmp/v,  ype = Xjim /v

Both /4 and Z couplings generated



NP model: Vector-like Quarks (1)

Introduce SUL(2) singlets (Dyp, Dg) with Y = —1/3

~Lint 2y dpHp + v/ a3 Hug + yp@y HDr + MpDiDp +hec.,

T r

x10™° |
O VAN N\ +
[ / \/ \ lj
Ly g \
_9. ;
+ |
=R |
1. ;
9ib = 54 il
| | |
5701 0.0 0.1 {

Xy — Xi.



NP model: Vector-like Quarks (2)

Introduce SUL(2) doublets (Qr,Qr) with Y =1/6
—Lo =y G- Hdl, + 49 gt Huly + vy QrHdy + yiQr Huly + MoQrQr + h.c.

|

XE (d'y" Prd’) Z,, + X2 (d' Prd’) b + h.c.

1) v

g

Q
£VLQ » QCW

gg) wa (Xg) T le?s*)7 gsLb =0, ys= Xgmb/va Yvs — Xb%ms/v

Both /4 and Z couplings generated
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NP model: Vector-like Quarks (2)

Introduce SUL(2) doublets (Qr,Qr) with Y =1/6

| 0.1 0.0 0.1
Q Q
Xsb o sz



NP model: Two Higgs Doublet Model

Type I1I: no discrete symmetry preventing FCNCs

2m,,; 4 sz u =1
EgHDMD—\/_T&quHldJ \/_Yd Hde \/; 5z]qLH1uR \/—Y q’LngR

o+
H, — , d ) 2 2 2
(o) -G (5. 45
my Mg Ny
H, = H+ C/ _ (YSCZZ))2 8(2)4 | 6(2)4 1
? \%(thrzA) 2 2 ms | m2,  m?% |




NP model: Two Higgs Doublet Model

Type I11: no discrete symmetry preventing FCNCs

M A — OO yij:YZ-g-Sincv
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NP model: Two Higgs Doublet Model

Type I11: no discrete symmetry preventing FCNCs
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NP model: Two Higgs Doublet Model

Type III: no discrete symmetry preventing FCNCs

——— S ——— , ——

My A = 1 TeV |
|
sin = 0.01 sin = 0.1
g R
102 j
0
D — Bisw = 2'.5 x 1073
— 107" Bjocu = 2.9 x 1073
= Bh—>cu =16%
1] —— D — D mixing |
0 107° 102 1070 1 0 107° 102 107! ]

Yo Yoe |



