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This presentation contains preliminary results.
Do NOT take it super seriously,
some numerical values may be updated in later stage.
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Once upon g time. .. ......

Cosmological measurement Shows: (ot smon/Mypoton ~ 1077
[ Matter » Anti-matter]

Sakharov Condition (within Baryogenesis):
- Baryon number violation ot not e

[Mostly CPV in non-leptonic decay]
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We look at.........(CPVH
L roOm)
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We look at. ........(CPV from NP?)

It is FCNC!!! Loop suppressed: BR~8x10-/
(BR measurement done by LHCb in 2021 [3rXiv:2105.140071])
[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-dependent measurements are sensitive to Im[C; ¢ ]

BY — outp~

Just an example, there are more diagrams



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

FCC-ee at Z-pole

b-hadron Belle 11 LHCb
5.3 x 1010 6 x 1013
5.6 x 1010 6 x 1013

5.7 x 108 2 x 1013
4 x 101
2 x 1013

FCC-ee
7.2 x 101
7.2 x 10*
1.9 x 1011
1.1 x 107
1.5 x 1011

In general (you all know better than I do):
- Clean (vs LHCb)
Good Flavor Tagging ~ (vs LHCb)

Large Stat. (vs Belle 1)
Good Vertexing (vs Belle 11)
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We use Pythia + Delphes (IDEA) for simulating signal & backgrounds



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

Vertex Fit

IDEA Simulation
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Some Physics of Signal. . . ..

Kinematics

15 20
|Pk=| [GeV]

IDEA Simulation

By Ko

Resonances
(momentum transferred to dimuon system)

IDEA Simulation

Events / 0.5 GeV?



Some Physics of Signal. . . .
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Inv. mass (Dikaon) Inv. Mass (Dikaon + Dimuon)

IDEA Simulation
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530 5.32 534 536 5.38
mpgo [GeV]

IDEA Simulation

540 542 544



oy ﬁg \
%%E%%i

-

=

.
=

%

o
£
£



CutFlow..... .




Channel

Events at FCC-ee

Nrs

17\""\,, 2

Nip
N m.,

b
N q2

BY = oput
1.25 x 10°
1.16 x 10°
1.15 x 10°
7.35 x 10*
7.32 x 104
6.33 x 10*
6.27 x 10*

7 — bb
9.07 x 101!
4.34 x 10
2.15 x 10°
5.98 x 107
3.21 x 107
1.24 x 10°
1.39 x 10°

3.64 x 10°
3.13 x 10°
2.13 x 102

Precision: ~0.4% (vs LHCb: ~2.6%)



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

Untagged

Tagged

Time-independent

Time-dependent

10



What Can We Measure. .. .....¢

Fact Sheet: “Taqqing”

Tell they're from B or anti-B

Taq eff.: How often we can tell something

Ptag

Tag Rate: How often we get it right

Uncert. ~ 1/5qrt{Tag Power}

LEP
25 — 30%

Belle II
30%

BaBar
30%

LHCb
6%

agg

Fact Sheet: “Timing”

Time resolution effect: dilution factor (~0.995)

-

B Function of: PV, SV, Boost
s 8 : .
[Dominated by SV resolution]

FCC-ee Simulation (IDEA)
0x=6.1um
oy=6.1 um
0,=8.5um

Events / 4 um

-75 -50 -25
slreco - s[gruth [“m]
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What Can We Measure. .. .....¢

Untagged

Taqqged

Time-independent

Time-dependent

Branching Ratio

Time-dependent
Decay Rate

P " . L, o1
30 st (1) + Upo_ygue = (1) oce ! (msh 531 st + Dysin

Acp(t) =

Time-integrated
CP-asymmetry

| BY—outp— — 1 BY—outpu

(Agp) = BEowtn” — Blsoutns
rBf"Aoy‘*’,u,‘ + rf)’g—:vr,“)'u‘“_

Time-dependent
CP-asymmetry

C'rcos Amgt — Srsin Amgt

cosh %AI‘J + D ;sinh r},.ll'sf
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What Can We Measure. .. .....¢

Untagged Tagged

FCC-ee Simulation (IDEA)

Channel BY — ot Z — bb 7 = cC
Events at FCC-ee 1.25 x 10°  9.07 x 101
Ngs 1.16 x 10° 1.34 x 107 Best (Pug=1.0)
i { - 5 . 8 Belle 11/BaBar (Py=0.3)
Tlme—-mdependent N,: 1.15 x 10 2.15 x 10® (b (o 29

LHCD (Prag=0.06)

o({Ace))

Nij 35x 100 598 x 107
N, B32x 100 3.21 x 107
N2 .33 x 101 1.24 x 107

N 6.27 x 10* 1.39 x 104
BY

X
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Precision: ~0.4%

FCC-ee Simulation (IDEA)

B)-gu*u-
—— SM(Dy= - 0.73)

FCC-ee Simulation (IDEA)

o(C) = 0.0166 o 169
p=—0.0118

0.41 Agp(t)=CcosAm.t—SsinAm,t

[
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w

0.21

0.0 f_—_‘_““‘“"' e 1

-=0.21

Time-dependent
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r(t)+ F(t) = e~"*(cosh 1At + Dsinh LATt)

812 T ‘i(:ﬂ(f)

-0.41 —— NP (C/=0, 5,=0)

el

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

1.0 20 30 40 50 60 70 80
t [ps]




What Can We Measure. .. .....¢

Untagged Tagged

Time-independent

Time-dependent

)

Event:
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LHCb may measure untagged time-dependent W

350
300,
X
250~
)

{200 c

BUT

o
o
Relative Chang

w
o

FCC-ee is really (almost) the only one can
megsure tagged time-dependent

FCC-ee Simulation (1D

FCC-ee Simulation (IDEA)

= Ccos Amt — Sisin Amt

r(t)+ F(t) e "(cosh1Ar,t + Dsinh1Art)
7 0812

b Ac(t)
— NP (Cy=0, 5,=0)

005 01 015 02 025 03 035
t mod (2n/Ams) [ps] ']O

40 50 60 70 8.0
t [ps]



FCC-ee Simulation (IDEA)
0.41 Agp(t)=CcosAm.t—SsinAm,t

o(Cy) = 0.0166 o(S/) = 0.0169
p=—-0.0118

FYI: SM is like:

Ace(t)
— NP (Cy=0, 5,=0)

L 01 015 0.2 0.25 0.3 0.35
If there are Im[Cyp] t mod (2n/am) (ps]

FCC-ee Simulation (IDEA)

FCC-ee Simulation (IDEA)

Acp(t) = CcosAm.t — Ssin Am.t
o(Cs) =0.0166 o(Sf) =0.0169
p=-0.0117

Acp(t) = CcosAm.t - Ssin Am.t
o(C¢) =0.0166 o(S¢) =0.0169
p=-0.0116

b Ag(t)

— NP (C¢=0, 5,=0.03

b Ac(t)

— NP (C

005 01 015 02 025 03 0.35 0.05

01 015 02 0.25
t mod (2rn/Ams) [ps]

t mod (2rn/Ams) [ps]
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When also considering the time-dependent of the differential decay rate, the transversity

Al Al
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,J( ikl

2

e «\HI 4 2
P ARAR) 4 = (1, {4 Akal

+ Aftafi+)

AL AR
(TR ( b Al o Ak als 4 AR Al

S{ATAT" + AfA|" + ATAT
2 = —2828 (Af Al" + AR Af)

’01,;

AL AL* AR g B+
Af Al + AR AR

TR pR+

= r ARl )
1

m"h‘( ‘/ AR “/ l“ + Ak lluf lH l“ )

oW (AfAf* + AR AGT) + = ’I__)"“h‘( 1,47 + Ak Al + AL AR

R (AL AL +

hie

)

32 =3 = = 3
Mg L pLx L AL R gR* R ARx*
hay = £ (.uu F AL Al - ARAR - ARAL )

9229 AL AL+
~ 3)},}?(_1‘,_1,, |
TEavvE Mgy g Iu./g += o)

PR VA
Ay Ag

m + q—b712\¢1j

M (o) ]

m? m

N . : : —
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2m/ ¢

+ (Cy F Cyp) - [(mw, - m —q ) (me + m,f,) AP -

BY

Ay = 2N

Vi
w

CroAnlq?)
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\Jix’
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Ma(q?)
mpo + My

o o= (o0 7]

L G i R A A CE TR Iﬂﬂ'IJ) )

Br(BY — optu
Br(BY — optp)

(4.12)

=1+ Z bR C + Z B CroCy
SM

Br(B’
Br(BY

Lo+ —\g2E[1.1,6.0
(4.13) 4)(,0,(1 ,Ui )1 [ i ]

L()w LL)W N
Aeiieo — 1t Z 0C + Z B 0Ck0C,

SM

b

Bl B sppo transition is deseribed in the lo

pgrating out heavy particles at the clectro

(4.14) = outpT)

BEKY
ficients are modified by changing

K™ )ut lecay and g (1) s ;
I g e et ¥ LEFT Feynman diagrams of B — op*

perator, where 4

. Left: Contribu-
. Right: Contribution from

Br(BY - opt )’1 215

AG RV Vi TST5
Br(BY — optpu~ )q

8
V2 ) (Z (C:0; + C1O/") +

i=1 i
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decays to ptp

5 —

B Ry sinh - Al I] . (4.15)

wenty operators in Eq. (1.1), six give direct contributions to the BY — dutp

?‘-sinAuull ; (1.16) lustrated in Figure 12

ilying Equation 4.15 and 1.16 into 2

bi‘uu:((]_;'ﬁ(?) 0.04(2) 0.23(3)

7 =

B ()] 0.02(1)  —0.25(3) 0).

_ (4.17)
D hysinh (AL, 1/2)

| oL =
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0
1.39(20)

0
0.134(18)
0
0.033(5)

1.39(20) 0.134(18
0

0.033(5)

9 .
B (/s sin? O + Ji. cos® O + Jossin® O cos 20y )
s

+ Jo. cos O cos 20p + J3 sin® O sin® 0; cos 2¢

I

+ Jy sin 20 sin 20, cos ¢ + J5 sin 20 ¢ sin 0y cos ¢

| + Joo sin? O cos Op + Jg. cos? O cos O
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0.033(5)

n 260, sin ¢ 0.033(5)

0
0.12(30)

0
0.059(27)
0
0.029(12)

4m?
+ q—;éR (A’iAf* +

0.12(30) 0.059(27)
0

0.029(12)

0.029(12)
0.029(12)
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Connecting EXP-TH (An Example). .. .. . .

2 9, : i /
o [T - H) o _ s [af e Observable as function of C’s
B (B R B

Dy = i d dg? > ki hi
<B(')/l/l>
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‘\2/\{((‘..¥(‘m)(—1)+
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(24 B3) £, 4012 2 14112 1 1 aR2
74’*("‘ AT+ 1AL 4

= —NV?2 (’”i’it’ — mi) {(( ‘9 F Cio)

mpo — Mg
tm?
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4 9 « 2\ 2 /\1 (( .
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: y y 92 /\:1 2
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. 1L AlLs TR AR TR AR
F A Al + ATAT + ARA")

A; =2N = ( '|u.—l()(([2) .

]
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v L R 1L A R* L AR» L AR+
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~ e 1o (\‘m{ = ~ ” ~p.
2!?(.\,’;.\.’;‘ + ARAR ) e .,‘-" h‘(.l,.\, + ALAR 4+ AL AR )

o / / ’ . .
paw = S (R At 4 AL + REAT 1 ARAT) )'s, h's, s's functions of Amplitudes
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Our projectioniis pushing theory limit

Time-Dependent Precision Measurement of

BY — ¢ut i~ Decay at FCC-ee
Shouldkalsorapply to SM prediction

d’,..

= W




L@mgmdigﬁ@m@@ Effects.

Y (¢%)

o O O 0

4 . 64

64 " 1 9 . 4 . 64 y
—5(3 -+ ?) + E((; = 5/1(([ .0) ((:; + 5(1 + 1()(5 + T((,)

X 4 y
+ h(q*, m.) (‘3('l + C2 4+ 6C3 + 60(‘5)

——/1( mb)<1(;+ —Cy +76C5 + — ((,>.
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Then we can write, e.g.:

Expanding into 2" order

Br(B? = optp) — R
8 " TE . 14 B+ Y BRYNSC0,,
Br(BY — ¢ptp~)sm EA: & %: ke OCkOLE

Chup =D _ M 0Ck + Y T4 6Cr8Cy,
k k¢

S

QL

D] - Dé/l/l.Sl\I L3 Z (51{ (SCA " Z AI{l (5CA(5('[ )
A.

k¢

~10% theoretical uncertainty!!!

1;{1"*“:(().:;7(7) 0.04(2) 0.23(3) 0.02(1) —0.25(3) n).

0.80(11) 0 0.091(11) 0
0.80(11) 0 0.091(11)
0.030(4) 0
0.030(4)
0.030(4)

0
0
0
0
0
0.030(4)

17



SM
(r “cw.)

Souu
Comined

|
{--+20

exp. + th, (Profiled)

Can learn NP up to O(10 TeV) [Stat. only]

10°

=, S O SIS

) QOO D0 AHNONHND
& Q Q N £ TNV N7907 070
AP0 Q" QO ©

R(6C;) 36C;) R(6Cq) J6Cq) R(6C0) HECyp) R(GC?) 3(6(:7) ﬂ(&cg) 3(6(:9) (R(GC]O) J(GC]O)




Money Plot (In Construction). ... ...

With Th. Uncert.: Th. Uncert. » Exp. Uncert.

~ Complementary: Re and Im parts

Sou

1o Comined

| Not only we can tell there is NP

We can also tell what kind
. ' (If we see éﬁ viaﬁf@)

S ™~ 1 i~ \ / 1o
-0.050,/ // 3 Bl SNl B \;}
0.2 “ ¥ il =3 54 g ‘l 1S t
P 0.11 ’-’ A i 1 / forsf

PN N PSRN 7970 07 0
R(6C7) 3(6C) R(6Co) 3(6Cq) R(6C10) 3(6C10)
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Conclusion

Big Question
Exact Problem

Where do we test it
How to Interpret it

What can we learn

Why matter » antimatter?

Do we have CPV from NP

(in leptonic rare, FCNC, decay)?
FCC-ce: Ideal to test rare process!
[Clean, Good Vertexing, ...]

EFT: Tell how (NP) complex phase
affects experimental measurements
Can probe NP up to O(10 TeV)
[If th. uncert. suppressed to similar
order of magnitude]

We should push th. calculation



Conclusion

Big Question ~ Why matter » antimatter?
Exact Problem Do we have CPV from NP

oo
[If th. uncert. suppressed to similar
order of magnitude]

We should push th. calculation
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Signal

~

0

What background types do we have?

Resonance

oy HG L, e

B K}
s @
K

- m(pp) '= m(1/), m(p), m(ep)

Peaking (misiID)
o
B, Mg *
K 1K

- m(K rt[K]) != m(¢p)
- 0(1%) misID rate



What background types do we have?

Signal

Z>bb Cascade

- KKpp don’t form a vertex
- m(KKpp) != m(B,)

-m(KK) != m(¢p)

Z>bb Comb.

- KKpp don’t form a vertex
- m(KKpp) !'=m(B,)
- m(KK) !'=m(ep)

Z>cc Comb.
K m

- KKpp don’t form a vertex
- m(KKpyp) !=m(B,)
- m(KK) != m(ep)



Why doing a fit in m(B,)?
Leak of simulation samples

—— Double CB Fit
BB ~¢u*

Events / 0.0016 GeV
o o o o
N w F <N w

o
-

x10*

1.6
Exponential Fit ’——Exmnentlalﬁt

o
o

]

o
o N

Events / 0.04 GeV
o
(o)}

Events / 0.08 GeV
4
e

o

.0 i
400 4.25 450 4.75 500 525 550 5.75 6.00 : . . 35 40 45 50 55 6.0
mgo [GeV] mgp [GeV]




Why D¢ C¢ measurement is
hot included?

Not so sensitive compared to S

Extra argument vs LHCb:
They can measure D¢ but not much
physics can be told from Dy along.

L T TR TR T 5 T & T > T v B sl S T TR TS T S T
/-q-exuuux/‘ N~ o7 o7 8T

3(6Cy) R(6Cs) 3(6Cq) R(6C10) 3(6C1p)




x  SM
— {-’pr}

Binhed measurements

o o QB D 5
. P
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R(6C7) HoECq) R(6Cq) I(6Cq) R(6C1p) I(6C10)




	Slide 1
	Slide 2
	Slide 3: Once upon a time. . . . . . . . .  
	Slide 4: Once upon a time. . . . . . . . .  
	Slide 5: Once upon a time. . . . . . . . .  
	Slide 6: We look at. . . . . . . . . (CPV from NP?) 
	Slide 7: We look at. . . . . . . . . (CPV from NP?) 
	Slide 8: We look at. . . . . . . . . (CPV from NP?) 
	Slide 9: Why FCC-ee . . . . . . . . ? 
	Slide 10: Cartoon Diagram of Signal. . . . . . . .  
	Slide 11: Some Physics of Signal. . . . . . . .  
	Slide 12: Some Physics of Signal. . . . . . . .  
	Slide 13: Some Physics of Signal. . . . . . . .  
	Slide 14: Cut Flow. . . . . . . . 
	Slide 15: Cut Flow. . . . . . . . 
	Slide 16: Cut Flow. . . . . . . . 
	Slide 17: What Can We Measure. . . . . . . . ?
	Slide 18: What Can We Measure. . . . . . . . ?
	Slide 19: What Can We Measure. . . . . . . . ?
	Slide 21: What Can We Measure. . . . . . . . ?
	Slide 22: What Can We Measure. . . . . . . . ?
	Slide 23: If NP exists. . . . . . . . ? 
	Slide 24: Conclusion (Analysis Part):  Now (we think) we know  what we can measure. . . . . . . . 
	Slide 25: Here’s    Theory
	Slide 27: Interpretation In A Nutshell. . . . . . . . 
	Slide 28: Model-independent Way (EFT). . . . . . . .  
	Slide 29: Connecting EXP-TH (An Example). . . . . . . 
	Slide 30
	Slide 31: Long-distance Effects. . . . . . . . 
	Slide 32: Then we can write, e.g.: 
	Slide 33: Money Plot (In Construction). . . . . . . 
	Slide 34: Money Plot (In Construction). . . . . . . 
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41: Backups. . . . . . . 
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46

