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FlaVOI' in the 4 Origin of flavor hierarchy?

Big Picture 1 CP violation phases from Yukawa?

Higgs 4 Flavor physics beyond

the Tera-Z phase?
EWPT d Common need in T phys.

4 Origin of matter?
understand lepton and
baryon numbers

Q Light dark matter? BSM

d (Remaining) flavor

Top

U How does asymptotic
freedom work with
flavor?

ies?
anomalies: J New formalism beyond
the conventional
Hardware meson-baryon picture?
d Most demanding field:  Use a plethora of data to

We need better tracker, E(H)CAL, electronics.. everything! ~ improve hadronization
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Physics Summar
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Comments

D t t Item CDR [2] 4™ concept [42]
e e c o r Basic Performance
Acceptance |cos 6] < 0.99 2]
e o r m a “ c e Threshold 200 MeV [43, 44] 100 MeV
Beam energy spread 0(0.1%) [2]
Tracker momentum resolution O(0.1%) [2]

For tracks & photons

High ECAL energy

ECAL energy resolution
HCAL energy resolution

3%/\/E(GeV) [32]
30%/+/E(GeV) [45]

17%//E(GeV) & 1% [2]
60%/+/E(GeV) @ 1% [2]

Vertex resolution

resolution,
reaching 3%/E0-

Jet energy resolution
£ — m mis-1D
m — K separation

10-200 pm [2] 5-100 pm
3-5% [2, 46]

< 1% [47]

> 20 [2] > 30 [36]

For 20-100 GeV
In jet, [p] > 2 GeV
In jet, |p] > 1 GeV, TOF+dE/dx

Flavor Physics Benchmarks (Depending on the Above)

with a crystal

ECAL design

o(mu,w,z)
b-jet efficiency X purity
c-jet efficiency X purity

3.7% [2]
~ 86% [33
~ 64% [33

b-jet charge tagging e.g = €(1 — 2w)?
c-jet charge tagging e.g = (1 — 2w)2

]
]
~ 37% [33]
~ 58% [33]

7o etficiency X purity
K, A efficiency
7 efficiency x purity
7 mis-ID

=10% [44]
60%-85% [48]
70% [49]
O(1%) [49]

> 80% [32]

Hadronic decays
In Z hadronic decays
In Z hadronic decays

In Z hadronic decays, |pro| > 5 GeV
In Z hadronic decays, all tracks
In WW — tvqd, inclusive
In WW — trqq¢, inclusive

High tagging power for b @ c



Advanced PID &

Calorimeter Resolution

Reaching better K-1t separation

Trk Clu

Visible Reco

v .Well-recunslrutlsd
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v ] Charged without track
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x| | Fake (only increase multiplicity)
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Boosted Final States

High boost leads to harder final states
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At @ baseline detector,
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Approach I: Hadrons from the Z
Factory (Exclusive)



Precision Measurements

1 Tau mass, lifetime and LFUV
in leptonic tau decays

PDG 2024 [l CEPC estimate li I E— ] D Charm (baryon)
0.1790 S
68% CL contour ) R . H H H .
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= — =
o = =
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E - -
k = -
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Rare Decays

000 L FCNC bstt
. 1:_ B o, .
Z transitions:
Lok ~_ reachingthe SM
S - predictions
o5 .| M10<Tera-Z | o .
1 % CloIIlIIIIIITIIlI g i d - F ° Kamenlk-l
63 """"""""" S. Monteila. A.
07 Semkiva L. V.
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-7
10 = 1705.1110k5 LFL-
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Kenzies M-
Reboud and A. R.
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0.00 —

O Light lepton modes:

T. H.- Kwoka Z.
Lukashenko~ J-
B. Kilminstera
M. Bordone. (.
Davighi. 2503.22k353

Aebischer -
250L.08089:

Polonsky. V.

Cornellas J-

(1 Rare neutral kaon
decays (e.g. K > uu) and
the oscillation:

f(t)
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£ . AGIDist Y. Grossmans |
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Spectroscopy in Meson Decays
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Spectroscopy from Z Decays
dExpected Yield: O(10° — 107) for tetraquarks

Z. S. Jia~a G. Li~ P.
P. Shi and Z. H.
Zhang- 2405.02k19

0.05

-- fit
:] D*DD*+
0.04 1

©
o
w

do/dk [pb/GeV]
o
o
N

0

010 015 0.20 025 0.30 0.35

k [GeV]

.00 \
0.00 0.05

dRelative momentum between
D* mesons when pair
produced from Z decay

' bbbb

b
> 4b/ 2b2c/ 4c e’ b
tetraquarks d
» Doubly heavy-flavored .
baryons Z
» Related to B, physics b
T. Zheng~ J. Xua L. Caoa D. Yu. UW. b
Wang- 2007.082345 Y. Amhis. M-
Hartmanna (. Helsens. D. Hill and —
0. Sumensarii, 2105-.133305 X. Zuo- e U
M. Fedele- (. Helsens-. D. Hill. S.
Iguro- M. Klute. 2305.029985% U
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New Physics from Flavor

» Signals are invisible (similar to neutrinos)
_» Signals are long-lived (shouldn’t surprise flavor physicists)

|

i 10_75 T T TTTT T T T T T T T T TTT T T T "“"E

= | — esomev § dTau decay to lepton + invisible X
T [ —— 2GeV 1

Ef:/ N Bkg.

aaf m, = 0.01 GeV

an) m, = 0.1 GeV

X 10 * mg = 0.7 GeV

— " my = 1.0 GeV

>< -

& 10-10\

P T -

i : 2
Q FCNC, CEPC | =
% 10_1(11_0‘1 B H(‘JI_“IO B IH‘1‘ B IHLI‘O B HI‘II(IJO B H1‘(I)00
cT |cm]
JFCNC b s+X decays w/ long-lived BSM
final states (down to 10719 level) = ) 5 1 7

a2 (Geyd)



]

::;

} A
—

>-~;:;

Phenomena from the

EW Scale (Often inclusive)

Approach li
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CKM from WW Decays

H. Lianga LFL~ Y. Zhua X. Shen and M. Ruan. 240k-.-0Llk75
J The Higgs factory mode
provides leading W statistics
Unpol.(5 ab™1) | P I:I I:I I:I I:‘ e
Unpol. (20 ab™1) I - i
B ! . .
. B inclusive
Unpol. (5 ab )+ w exclusive —
[Unpol.(zoab1)+WW- |—|~—|—| ]
Pol. (0.5ab’ly — —
Optimistic
Pol. 2 ab™") - —t—
Conservative |

| Vcb|
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10° 4
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101 B

50

See also:

D.

Marzocca- M.

100 150
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200
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10° 4.0

—— Upper limit on Br
—— H-uc, Br=10"3 L35
10* 4 H - bb/célgg
s Z-qq - 3.0
107 - — W-aqq
caie ecays :
o
:fn_: 10? - 2.0
o
FCNC/cLFV Z Decays @
10!
1.0
Measurement Current HL-LHC FCC CEPC prelim. 10° o
BR(Z - 7p) <65x107% 1.4x107° 10~° 107 o "
BR(Z —7e) <50x107% 1.1x107F 1077 o0 02 04 05 08 10 |
. t BR(Z — pe) <2.62x10°7 57x10°% 10781071 1079 PIPINGE seores TorH e
‘ BR (h — cu) < 4 x 104
v/Z
0.001
- 5.x107
q Single-Top
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15 95% CL individual limits - 5 ) 10_5
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[J CEPC baseline
0.5
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More Chances
J H/W/Z exclusive (radiative) hadronic decays

Measurement SM Prediction Current Limits [165] CEPC prelim.
BR(Z - nn7) (8.3+0.5)x 10713 [239] - 010719
BR(Z — n*n~a") - - 0(107%)
BR(Z — J/yy) (8.02+0.45)x 1078 [237] <14x107° 1079 = 10710
BR(Z — py) (4.19+0.47)x 107° [237] <2.5%107°
. Precision toponium?
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Summary

**Current Stage:

JdFuture Z/W/Higgs factories are ideal places to study flavor
physics

JComplementary probes at the EW scale or even higher

dCurrent result are of phase one, will move on to phase two
study in the future

‘*Message to the Community:

dNeed to find the most advantageous/innovative observables for
various flavor physics questions

JdWelcome to consider Tera-Z projections in your future works
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The Upcoming ML Advantage:
Progress in New Structures
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The Upcoming ML Advantage:
New Strategles Anomaly detection:

Simulation based inference (SBI):
looking for EFT from all possible

Looking for unexpected phenomena
with minimal assumptions

T.- Chenga J- F. Arguina J. Leissner-Martin. J.
Pilette and T. Golling. 2007.018505 G- Kasieczka-

d- t b t B. Nachman. M. D. Schwartz and D. Shih. 2007.14400%
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