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Outline (Fe>

 FCC-ee dataset

* Db physics program
 Charm physics program
* Tau physics program

e Other opportunities
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FCC-ee

91km ring near CERN

Possibility for 4
experiment sites

Operate at Z, WW,
ZH, it energies

~15 years of
operation starting
2045(7?)
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FCC-ee dataset D
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Mandgi Ruan
10°¢ -

* Splendid datasets expected with a plethora of s —— CEPC
physics opportunities O acy ﬁiPC-UPgrade
« EW precision measurement (Z, W, H, t) % 1025_ -+ - ILC-Upgrade

- 3 B —— CLIC
 QCD precision measurement («,) = -4 - CLIC-Upgrade
« Flavor physics (b, c, 7) %‘ 101
« Rare decay searches E

S E RN
 BSM particles (ALPs, dark photons, LLPs) =
Dataset Operation Int. lumi. (@b ) Events 1§_ | |
L 4 years 150 5 x 1012 102 10°
WW 2 years 12 5% 107 /s [GeV]
6 : :
ZH 3 years O > 10 2 |IPs assumed for luminosity
tt 5 years D > 10° estimates, and the rest of the slides



https://indico.cern.ch/event/1165192/#4-flavour-physics-studies-at-c

FCC-ee as flavor factory G AT
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iBest option for next-generation flavor machine]

» FCC-ee expects to operate at Z-pole for 4 years, Attribute Y(4S) pp Z2°
producing a total of 5 x 10'* Z bosons All hadron species v ¢
High boost y v

. About 13x as many B"/B™ as at Belle Il (50 ab™!) Enormous production cross-section v
Negligible trigger losses v v
« About 8x as many 7 as Super tau-charm factory Low backgrounds v/ /
Initial energy constraint v (V)

* All species of b-hadrons are produced

» Decay products significantly boosted

Particle production (10°) B° / B Bt /B~ BY/B, Ay/A, cc 1)1t
Belle 11 27.5 27.5 n/a n/a 65 45
FCC-ee 300 300 80 80 600 150
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BO/BS — ,u'",u_ ) T
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. Measurements of ultra-rare B — u™ 1 ~, some unique at FCC-ee
* High invariant-mass resolution expected from excellent tracking performance

. Controlling the misidentification of 7 as u™ is a important consideration in detector design

Eur. Phys. J. Plus (2021) 136:837 Phys. Rev. Lett. 128, 041801
o T B I 1 | ) 1 || I 1 || B
otal fit B L ]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.041801
https://link.springer.com/article/10.1140/epjp/s13360-021-01814-0

b — s transition ) AT
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0 d 0 0 0 d *0
e s . . e
W+
v/ Z° {H
8-
{-
. b — s£¢ is mediated by different dlagrams |n SM, with e FW
their relative importance varying with q M .
* BR highly sensitive to BSM modification (and also have = e . arxiv 1909.12524
large uncertainties due to non-perturbative QCD) = | o
o Hints of LFUV seen in Ry and Ry« between e and u . Kt
« b — sCC not yet established for 7 g,
o Expected BRSM ~ 0(10_7) M K+¢M+N;{+ o Belle

Branching Fraction x 106
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https://www.arxiv.org/abs/1909.12524

b — s£¢ transition

« Additional test of LFVinb — s77

* Background with the same final state can
be separated by kinematic properties

 More ongoing studies on comprehensive
backgrounds toward a full analysis

* The goal is to understand the performance/
requirements for vertex detectors (backup

for ¥ ID)

xunwu.zuo@cern.ch
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Tri&tan Miralles at FCC Week

[nvariant B0 mass with selected events and natural number of event

PV (3.0pm) & SV & TV (20.0pm. 3.0pm) SMEARED
Core o = 60.5 .\l(‘\./('z
Core gaussian fraction = (.15
Probability to identify a 7 = (.50
I hig fit

B ke Ds2TauNu
e bkg Ds2pipipipi0)

4.6 4.8 5.0 2.2 0.4 5.0 0.8 6.0
T

m(K*[3r],[3r],) [GeV/c?]



https://indico.cern.ch/event/1064327/timetable/?view=standard#162-b-to-k-tau-tau

BT/BT - tTu, Q AT
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. Not possible to study B — t7v_at LHCb or Belle .
« Decays suppressed by CKM W+

 Still, millions of signals at FCC-ee

)
X

* Highly pure selections can be achieve for both signal modes

¢ 2%-3% statistical uncertainties on signal yields

b T
+
1000 200 H
{  Cenerated data | Generated data e
Tofal fit . 200- Total fit
- BT =y, m By
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¢ i 600 Bt — T+VT
C vV

B Background B DBackground

0
-
-

(@)
(-]
()

Bu cat. Be cat.

400

Candidates / (0.8 GeV/c?)
Candidates / (0.8 GeV/c?)

N}
(-]
(-]

95 30 35 A0 15 50 0. . . . /,/\
. . ) 95 30 35 40 15 50

Maximum hemisphere E [GeV/c7| Maximum hemisphere E [GeV /¢’]

xunwu.zuo@cern.ch



ST

Karlsruher Institut fiir Technologie

+ D+ +
Flavorcase - B™/BT — 177 U_ ED

Results can be interpreted in two ways
 Measure |V, | and |V |

» Depends on the theoretical expectation of f(B7) and B(B™ — 77v,)

_ 2HDM lepto-quark model
 Constrain BSM models 1900 = —
_ Type — II 2HDM ‘é"\g/, %\ %
* Measure ratio | .l
relative to a 1000 - O W
normalization mode | LS 0 FCC—cello] 1
BI — I l////t_l_’/,u to = 00T v \)@‘%x" o s
&/, /Q)Q)'\ -
decoupled from F_i. N PRI Q
| Vey | @and f(B;) i ” P 3
A
400 -
T
+ o HEFELAV
200 Q
Q N
0 10 20 30 40 50 1.2
tan 3 JHEP12(2021)133 RDu/RD(*)
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https://link.springer.com/article/10.1007/JHEP12(2021)133
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CMK fit E&ED

e Potential status of the unitary triangle in 2030s based on LHCb measurements and improved
lattice QCD calculations

« Complementary measurementof |V ,|/|V. | to be added by Belle and FCC-ee

0-7 I I 1 I I I I ! 1 I I I 1 I I 1 I I I 1 1 I I 1 1
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https://arxiv.org/abs/1808.08865

b physics = AT

Phys. Rev. D 102, 056023 (2020)

 Model-independent 1 Hos
search for CPV in the 07~2030
O O O O 0.06 0.06 0.6
B_ - B* and BS - BS & & | Besafter LHCb U1
miXxings Now **| o 1 :-:and Belle Il
- | V| precision and 02
LQCD mixing 0
parameters are main Mo e e oo oo o0 "R "
sources of uncertainty. o 0
° ‘ Vcb ‘ WI” be grea’tly o.osf 0.08 f :::
improved at FCC-ee ; 1§
with on-sell W i 1 B°°
e & | e 1 Bes FCC-ee
decays 0.04 0.04 | i 0.4
2040 os \/cb updated
0.02 0.02 :'? LQCD nOt
after LHCb U2, AP | = 0
and Belle Il ** ** h, | -
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.056023

non-b flavor physics
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charm physics o A

Appeallng opportunltles Experlmental performance to be studled

e FCNC ¢ — uvv deca
y Phys. Rev. D 103, 015033

e D — mwv, D, = Kvv, A\ — puv, etc.
. Complementary to ¢ — ull channels

e Clean null tests of SM, no experimental limits at the moment
« BR can be probed down to 107 level at FCC-ee

. Pure leptonic DY — [t~ decay Belle 1l physics book

* Very little SM contribution
. NP that contributes to ¢ — ull would also have effect on DY — [*]~
. CP asymmetry in DT — 77" and D' — KSKSO decays

. CP violation for DY — KYK? may be ~1% in SM, could become the first evidence of CP
violation in charm sector

. CP violation for D™ — z*7"is 0 in SM, good null test Phys. Rev. D 92, 054036

xunwu.zuo@cern.ch


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.015033
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054036
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054036
https://academic.oup.com/ptep/article/2019/12/123C01/5685006

tau physics = AT
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» High precision on tau properties (complementary to STCF)

 Lifetime measurement benefits from high boost in Z — 77 decays

« Systematic uncertainties to be studied and improved FCC CDR
— 17.90-
« Probe CLFV 7 — 3u decay S Today (2018)
* Higher efficiency than the LHC and Belle ? 17.85—
» Essentially background free =

17.80—-
Observable Measurement Current precision FCC-ee stat. Possible syst. Challenge FCC-ee
Threshold /
MeV 6.86 + o. . . Mass scale

il inv. mass endpoint 7 e 9:995 Oade 1775~

. : Vertex detector

T, [fs] Flight distance 290.3 + 0.5 fs 0.005 < 0.040 et \

B(t—ewv) [%] Selection of T*T, 17.82 + 0.05 17.70—

identification of final 0.0001 i e;lt gt Efg;ire,(ir‘ciZ’lkag’ Lepton universality with
B(t—uvv) [%] state 17.39  0.05 possibly 0.003 m.=1776.86 +0.12 MeV
17.65-
I
MOgenS Dam 289 290 291

(Estimates made in 2018, no significant change since then) T'retime [fs|

xunwu.zuo@cern.ch 16


https://indico.cern.ch/event/848732/contributions/4524463/attachments/2320801/3951935/STCF_tau2021.pdf
https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://indico.cern.ch/event/632562/contributions/3117973/attachments/1724497/2787464/FCCtau2018.pdf

Other opportunities GEDR\{]]
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e TestLFVinZ — wu, Z — re decays and H — [l’ decays
» Probe BR down to 107° — 1071V (SciPost Phys. Proc. 1, 041 (2019)) CC CDR

95%CL upper limits <@ ATLAS <¢ CMS
. » [1] JHEP 02 (2017) 079 [2] ATLAS-CONF-2018-049
® FCNC N top quark decays o othor orcessas arezero [3] JHEP 06 (2018) 102 [4] JHEP 04 (2016) 035
[5] EPJC 76 (2016) 55 [6] JHEP 02 (2017) 028
Theory predictions [7] CMS-PAS-TOP-17-017 [8] JHEP 07 (2018) 176
. from arXiv:1311.2028 [9] JHEP 07 (2017) 003
« Advantageint — ygandt — Zg at FCC-ee oy oo s
RPV CIRS e HL-LHC
wen FCC-ee san1 FCC-eh s FCC-hh
« distinguish ¢ from u = 8
— «<® 5
. (3]
 Measure CMK elements with on-shell W — bc, W — cs decays =
—o 4

* EXxpect excellent vertexing and flavor tagging efficiencies

. 70000
7
A AT - g el e - - e e - = -
e Direct (tl leory-free) determination 5

» (Preliminary) expect |V_,| precision at 0.4% | IR B

10* 10° 102 10
Branching fraction

xunwu.zuo@cern.ch 17


https://scipost.org/SciPostPhysProc.1.041
https://link.springer.com/article/10.1140/epjst/e2019-900045-4

Backup
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PhyS Rev. D 102 056023 (2020) Karlsruher Institut fir Technologie

b physics
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Uncertainties
Central Reference
values Current [28] Phase 1 Phase 11 Phase III Phases I-1II
V.l 0.97437 +0.00021 1d id id [28]
Vsl f f"”(O) 0.2177 +0.0004 1d id 1d [28]
V.l 0.2248 +0.0043 +0.003 id 1id [40,41]
V.l 0.9735 +0.0094 id id 1id [28,40,41]
Amy [ps~'] 0.5065 +0.0019 id id id [17]
Amg [ps'] 17.757 +0.021 id id 1id [17]
Veplsy X 10 4296 +0.58 +0.60 +0.44 1id [29]
Veplwoep X 10° ' +0.17 [34-36]
Vusls x 103 3.56 +0.22 +0.042 +0.032 1d [29]
Vur/ Ve (from Ap) 0.0842 40.0050 £+0.0025 +0.0008 1d [30]
B(B — tv) x 10* 0.83 +0.24 +0.04 £0.02 +0.009 [29,34]
B(B — uv) x 108 0.37 +0.03 +0.02 1d [29]
sin 23 0.680 +0.017 +0.005 +0.002 +0.0008 [29,30,34]
a[°] (mod 180°) 91.9 +4.4 +0.6 1d id [29]
v[°] (mod 180°) 66.7 +5.6 +1 +0.25 40.20 [29,30,34]
P (rad] —0.035 +0.021 +0.014 +0.004 +0.002 [30,34]
A‘S"’L x 10* —6 +19 +5 +2 1+0.25 [14,17,34,37]
Ay X 10° 3 4300 +70 +30 +2.5 [14,17,34,37]
m, [GeV] 165.30 +0.32 1id id +0.020 [28,34]
a,(my) 0.1185 +0.0011 1id 1d +0.00003 [28,34]
f’j"”(O) 0.9681 +0.0026 +0.0012 1d 1d [30]
frx [GeV] 0.1552 £0.0006 £0.0005 1d 1d [30]
fp, [GeV] 0.2315 £0.0020 +0.0011 1d 1d [30]
Bp 1.219 +0.034 +0.010 +0.007 id [30]
fB./fB ) 1.204 +0.007 +0.005 id id [30]
Bp /Bg, 1.054 4+0.019 +0.005 +0.003 1d [30]
B 5./ B B, 1.02 +0.05 +0.013 id id [30,42,43]
B B, 0.98 +0.12 +0.035 id id [30,42,43]
Np 0.5522 £0.0022 id id id [44]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.056023

JZ'O iIdentification D) AIT
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* Need exquisite EM calorimetry for piO identification

. E
3% /1/E expected JINST 15 P11005

o 1.21 n 1.4
_g B ogy= 0.00 g . ——— Correct pairing
- = -— = . o
8 1-1—_ ..... ST GEM— 0.03 ................................................................ o 1.2_ —— Wrong palr'ng ................................................................
g - ' 'S_ i Total paired y
= B
1 E G [ ---- Expectedy (fomreala’)
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https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11005

