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Once upon g time. .. ......

Cosmological measurement ShOWS;..,o. N bayor)! Monoron ~ 102
[Matter >> Anti matter]

Sakharov Condition (within Baryogenesis):

- Baryon number violation But not ol
: i : [Mostly CPV in non- leptonic decay]
- Interactions out of thermal equilibrium

- C, CP violation
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We look at. ........(CPV from NP?)

Just an example, there are more diagrams



We look at. ........(CPV from NP?)

It is FCNC!!! Loop suppressed: BR~8x10
(BR measurement done bizHCbin 2021 [arXiv:2105.14007])
[Leptonic CPV is not yet fully explored]

Just an example, there are more diagrams



We look at. ........(CPV from NP?)

BSM could introduce CPV in FCNC operators:
time-dependentmeasurementsre sensitive tdm[C- ¢ .4

BY — outp~

Just an example, there are more diagrams



Why FCC-ee........{

FCG eeat Z-pole

b-hadron Belle 11 LHCb FCC-ee
6 x 1013 7.2 x 1011

In general(you all know better than | do):
Clean (vs LHCD)
Good Flavor Tagging (vsLHCDb)

6 x 1013 7.2 x 1011

Large Stat. (vs Belle I1)
Good Vertexing (vs Belle II)
é

2 x 1013 | 1.9 x 1011
4x 101 1.1 x10°
2 x 1013 1.5 x 10U
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We use Pythia DelphegIDEA) for simulating signal & backgrounds



Some Physics of Signal. .. .. ...

Vertex Fit

IDEA Simulation
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Some Physics of Signal. . . ..

Kinematics

15 20
1Pk +| [GeV]

IDEA Simulation

W
~

Resonances
(momentum transferred to dimuon system)

IDEA Simulation

Events / 0.5 GeV?2



Some Physics of Signal. . . ..

Inv. mass Dikaon) Inv. Mass Dikaon + Dimuon)

IDEA Simulation IDEA Simulation
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CutFlow..... .




CutFlow..... .

Channel
Events at FCC-ee
Nrs

N,z

Np
Non,

B} — ¢ptp

7.82 x 10*
7.30 x 10%
7.19 x 104
4.61 x 104
4.59 x 10%
3.97 x 104
3.93 x 10*

Z — bb
9.07 x 10"
4.34 x 10°
2.15 x 108
5.98 x 107
3.21 x 107
1.24 x 107
1.39 x 10°

/Z — cC
7.22 x 10"
2.82 x 108
7.25 x 107
2.25 x 10°
3.64 x 10°
3.13 x 10°
2.13 x 10°

Precision: ~0.5%uvsLHch ~2.6%)



What Can We Measure. ... .... )

Untagged

Tagged

Time- independent

Time-dependent

10



What Can We Measure.

Fact Sheet: 0OTa

Tell theydreB from Iﬁ,gG

Tag eff.. How often we can tell something
Tag Rate: How often we get it right

Uncert. ~ 1/sqrt{Tag Power}

A
LEP Belle I BaBar LHCb

Piag 25— 30% 30% 30% 6%

/

0 O O O 0O 0 O )

Fact Sheet

Time resolution effect: dilution factor (~0.995)

-

B > Function of: PV, SV, Boost
> [Dominated by SV resolution]

~ FCC-ee Simulation (IDEA)
oy=6.1um
oy,=6.1um

0,=8.5um

Events / 4 um

-50 -25 0 25 50 75 100
s;jeco _ S’truth [Um]

OTi
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What Can We Measure. .. .....¢

Untagged Tagged
Time-independent Branching Ratio g e
CR asymmetry
(Acp) = FHE—WMF B et
_ Time-dependent Time-dependent
Time- dependent Decay Rate CPR asymmetry

Acp(t) =

C'r cos Amgt — Sy sin Amgt

cosh %AI‘J + D, sinh %A[‘,J
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What Can We

Untagged

Measure. . ......

/

o

Tagged

Time-independent

Time-dependent

Channel

Events / 0.2 ps

—
o
w

=
o
N

BY = outu~

7.82 x 10*
7.30 x 10*
7.19 x 10*
4.61 x 104
4.59 x 104
3.97 x 10%
3.93 x 10*

Z — bb
9.07 x 10!
4.34 x 10°
2.15 x 10®
5

5.98 x 107
3.21 x 107
1.24 x 107
1.39 x 103

Z — cc
7.22 x 1011
2.82 x 10%
7.25 x 107
2.25 x 108
3.64 x 10°
3.13 x 10°
2.13 x 102

Precision: ~0.5%
__FCC-ee Simulation (IDEA

BY—utp-
—— SM(Df= -0.71)

M(t)+ F(t) xe~"*(cosh ATt + Dsinh 1AT t)

.\
o(Uy)

FCC-ee Simulation (IDEA)

Best (Prag=1.00)

Belle Il/BaBar (Piag=0.30)
LEP (Ptag=0.25)

LHCb (Prag=0.06)

FCC-ee Simulation (IDEA)

Acp(t) = Ccos Am,t — S,sin Am,t
0(Cr) = 0.0210 o(Sy) = 0.0214

Acpl(f)
— SM(C/=0, 5,=0)

01 015 02 025 03 035
t mod (2n/Ams) [ps]
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What Can We Measure. .. .....¢

Untagged Tagged

FCC-ee Simulation (IDEA)

e LHCbmay measure untagged timaelependent

Events at
N
Time-independent Ny
BUT
N,

FCG eeis really (almost) the only one can
measure tagged timedependent

o
B~ ¢u* g 0.4 = C,cos Am,t — Ssin Am,t
. — SM(D /1) TS A 4
3 \\ 0.2
\\.\.
5 0.0
]

o
'\N\ ’\,\t

“f\’**

—
o

Events / 0.2 ps
=)

Time-dependent

-0.2

[(t) + F(t) e~"*(cosh 1A st + D;sinh 1AT t)

T AF('.D“J
-0.4 —— SM(C/=0,5,=0)

0 005 01 015 02 025 03 035
t mod (2n/Ams) [ps] 10

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
t [ps]



If there arelm[C ]

FCC-ee Simulation (IDEA)

FCC-ee Simulation (IDEA)

Acp(t)= Cicos Am,t — Ssin Am,t
o(Cy) =0.0210 o(S) =0.0214
p=—-0.0118

FYI: SM is like:

—— SM(Cr=0, 5,=0)

) 005 01 015 02 025
t mod (2n/Ams) [ps]

03 035

FCC-ee Simulation (IDEA)

|
041 Agp(t)=CcosAm.t—SsinAm.t
0(Cs) =0.0210 0(Sf) =0.0214

= - 0.0117

T Acp(f)
r',1 ! -~

Acp(t) = CcosAm,t - Ssin Am.t
0(Cs) =0.0210 0(Ss) =0.0214
= - 0.0116

*
- — - e ' | 4
:\\-:‘\___‘//

b Ace(t)
-— NP (

=0 S,=

06)

01 015 02 0.25 0.35

t mod (2rn/Ams) [ps]

0.05 0.3

01 015 02 025 0.35

t mod (2n/Ams) [ps]

0.05 0.3
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S (A AL+ Af Al + ARAR 4 AR AR

: . 413;)’}2 — . . — L L-.. .
b = ( 0.34(28) —0.565(76) 0.676(30) —0.002(19) —0.861(74) 0)
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Connecting EXP-TH (An Example). .. .. . .

Observable as function of

mpo +mey

- Link observables to J —_\-ﬁ{um»

) (1A% + |AF2 + 1A% + |AR?) 4 1"1'" R(ALAR + ALAR) |

r /i 2 2 4 ~ Ai(e’)
— —‘\‘\/§<1I1B9—IHQ{)> {(( 9 F C Ax‘m‘*‘ (/2
AT3(q°)

N ; , 2 - 2N 2
————=12mpC7 - |\ mpo +3my — q° ) T2(q°) — ——
: ; Mpo — My

2 Az (q?)

im?
L2 2 ! 2 ¢ L g Rs
Ag|© + |Ag | 4 : [|Ae]” + 2R (Ag Ag )} :
2my+/ q*
+ (C9 F Cyo) - (mi;(, — mf) — (]2) (III“n + m,r,) A(g°) — ————— ;
' mpo + Mg

l/"f

{_: ) 2 2.9 2:9
2 (1AL7 + |Af1 + 1ATP +147P)
B2 (1Ag 1% + 145°1°)
VA 9
A = 2N ( ﬂu:l()(([") :

2

2+ B8 . . . :
"o L AL+ L pls R g ltx R ARt
bR (AL AL + Af Al + ARAT + AR AR

4m? . . . . -r -
g v.‘(lt’;.t’;' F AL AL+ AL AR + AfAR)
q-

2R (AGAG + AGAT") 4 B R (AcA; + AGAS" + ALAT) X f f
gsi, 505 ullicti ons o

q-

)_: 3 (L oAl» AL AR AR (R AR
hR (-\,\1 FAf AL + ARAT + AR ALY
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Our projectioniis pushing theory limit

Time-Dependent Precision Measurement of

BY — ¢t~ Decay at FCC-ee
Shouldealsoapply to SM prediction
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Long-distance Effects

OOOOOOOO

16



