Funded by Emmy
dortmund Deutsche Noether- ’ w‘
DF Fors(hungsgememschaft Programm ET;erf:\solr::

university SLermont

Flavours (and opportunities) at FCC-ee

3% ECFA Workshop — Paris

Lars Rohrigh?, Kevin Kroninger!, Stéphane Monteil?, Dominik Mitzel!
08/10/2024

Department of Physics — TU Dortmund University
2Laboratoire de Physique de Clermont — Université Clermont-Auvergne

Université

. franco-allemande
Deutsch-Franzésische
Hochschule

heinrichhert-<iftung O FCC



Flavour-physics programme at FCC-ee

m FCC-ee Tera-Z programme provides unique opportunities for flavour physics

+ About 15 times more B° and B™ mesons compared to Belle ||

+ Quark boost at /s = 91 GeV: topological reconstruction of the decays

= But flavours drive the detector requirements: vertexing, tracking, calorimetry, particle-ID

m Vertexing requirements driven by modes with missing energy in the FS

| Belle LHC(b) FCC-ee I
All hadron species v v " . | S
Boost v v QI
High production o v G 7
Negligible trigger losses v v AL
Low backgrounds v v
Initial energy constraint v V) LHCb
Belle

Disclaimer: All presented results have been obtained with the IDEA detector concept
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Flavour-physics programme at FCC-ee

s Beauty physics: selected studies at hand
(b—stt1™, b— svi, b— Tv, CP sector)
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Flavour-physics programme at FCC-ee

= Beauty physics: selected studies at hand
(b—st1, b— svi, b— Tv, CP sector)

m Stringent (transverse) vertex-resolution
requirements from BY — K*t717: O(5um)

m Radiative quark transition separation b — s/d-y
requires ECAL resolution well below 10 %/+/E,
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Flavour-physics programme at FCC-ee

s Beauty physics: selected studies at hand = " T ]
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Flavour-physics programme at FCC-ee

s Beauty physics: selected studies at hand = " T ]
(b—stt1™, b= sub, b — Tv, CP sector) O jppL —— Combination CFec |
<t E B component q Z pole, IDEA
8 o B, component
m Stringent (transverse) vertex-resolution S [ 2%VE
requirements from B — K*rT77: O(5um) Z 0tk 4
o E
= b
s Radiative quark transition separation b — s/d~y = r
requires ECAL resolution well below 10 %/+/Ey 10°

a Charm physics: studies ramping up (e. g. 100 5
c — uvi, D° — 7°7%) g

— Detector requirements to be defined (if any) 1
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New synergies at the horizon

m Z-pole statistics allow to go beyond estab-
lished concepts

— E.g.: b-tagging for EWPQO measurements

o r(Z—bb) b
for Rb = I—(ZT;M and AFB

= Usual approach: use b-hadron specific kine-
matic properties in MVA (SV masses, flight
distances, etc.)

) Hemisphere 1
s New hemisphere tag: Exclusively recon-

structed b-hadron of the event ot
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New synergies at the horizon
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Z-pole statistics allow to go beyond estab-
lished concepts

E.g.: b-tagging for EWPO measurements

_ T(Z—bb) b
for Rb = m and AFB

Usual approach: use b-hadron specific kine-
matic properties in MVA (SV masses, flight
distances, etc.)

New hemisphere tag: Exclusively recon-
structed b-hadron of the event... with a pu-
rity of 100 %
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+ 5/200 more representative b-hadron decay modes validated v
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Unique opportunities for R, Account for ~80% of 7 (R0)|

s Measurement of R, based on double-tag of
b-hemispheres:
Ny =2Nz - (RbEb + (1 - Rb)gudsc)
No = Nz - (Roeh ACh + (1 — Rp)e e ACuasc)
s Implications of 100 % purity:
B Eudse = EL%E = 0% = significant eyt (Rp) redux
mEp R l%é‘gstat(Rb) =2.107°
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Unique opportunities for R, Account for ~80% of e (70 |

s Measurement of R, based on double-tag of

b-hemispheres: - ‘ —————
= -4~ Luminous region, p-value = 1.00 O FCC
B 08 Share [, p-value = ]
Ny = 2Nz - (Rb&'b + (1 _ Rb)guds() 80 < Shared PV, p-value = 0.00 7 pole, CLD
[=]
b dsc =~
N2 - NZ : (Rbeb ACb + (1 - Rb)d;d;; ACudsc) 630(5 - -
3 IS Sy
s Implications of 100 % purity: e
udsc 0 SAnif 04 —o— 7]
B Eudse = Eqgec = 0% = significant ogyst. (Ry) redux
5 —Q—
lEb%1%:>‘O'§,tdt(Rb):2-1073 02l ]
. 5
s Remaining, leading systematic uncertainty: correlation
of hemispheres AC, (biased from shared event PV) 00 \ \ \ ‘
0.00 0.02 0.04 0.06 0.08 0.10
dpy / mm

— Alternative track selection outside luminous region:
0(ACy)/AC, = 10 % for gsyst. (Rb) & Ostar. (Rb)

’ dpv quantifies PV fit uncertainty
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...and Ak,

= In addition to Ry, A2 needs a charge- and direction
tag of the b-hemisphere

0
FB

= Implications of 100 % purity: TEOL0ME st preison bowds o ALy
— Leading osst (ARg): b-quark direction distortion 0.1013f s () 1%
from gluon radiations 0.1012 PR i
= Reconstructed b-hadron provides everything: 01011 E
= Charge-unambigious hemisphere tag (B* and A2 01010
decays — no mixing dilution) 0-1009 ‘ ;
s b-quark direction estimate from g+ and Bro 0-1008 B : B
= Handle on QCD corrections via b-hadron energy 0.1007 H Q 2
0.1006 F ¥ E
— With (Cqcp)/Cacp = 5%: 0 10 2 20 10

in(Ep) / GeV
Ostat (AEB) = Osyst (AEB) =56-10 5 min(Ep) / Ge

s Even more: sin?(Ayw) measurement at the 0.002 % level
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Outlook for exclusive tagger

Charm:

= D(OS)Jr decays with sufficiently high branching

ratios

= However: c-tag contamination from b — ¢

Ustat.(Rc) =3- 1075
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Outlook for exclusive tagger

Charm:

= D0,+
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= However: c-tag contamination from b — ¢
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m([Ktr~]) / MeV
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= Beam-like s-hadrons (require excellent PID):

Candidates /0.2 GeV

100 P —

0.1

Strange:

B Rs: ¢ = KTK™ —|0star (Rs) =2-107°
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Outlook for exclusive tagger

Charm: Strange:
= D(O_;)* decays with sufficiently high branching = Beam-like s-hadrons (require excellent PID):
ratios 8 Rt ¢ K'K™ = oua (R) =2 107° |
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Conclusions

s Potentially exciting times for a rich
flavour-physics programme at FCC-ee

= Unique opportunities for rare/radiative/v modes
in the b- and c-sectors

m 610 Z-decays even allow to go beyond
established concepts (see, e.g. EWPOs)

Lab activities (TU Dortmund University):

= Just started activities on charm with a student

s Possibly in collaboration with BNL
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Vertex requirements: b — svv

m Effective-operator coupling to 3™ generation poorer constrained, e.g. in v,

— experimentally cleaner than B® — K*11~ (+ theoretically immune to c-quark loops)

m Particle-ID (20 K/ separation) + SV resolution (O(10~" mm)) not limiting! ... but
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60
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K- separation power [o]

Vertex resolution [mm]

— Systematic uncertainties significant if no improvement on b-fragmentation functions
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Vertex requirements from and for Ry

B Rpe = % recently raised 3.20 combined LFU discrepancy with SM prediction

— ‘ Bl = 2t w Dr) e ur

same quark-level process, but theoretically simpler + clean probe for |Vq)|

= Large missing momentum at Z pole: overcomes /s @ pile-up (LHCb) + 87 (Belle) limitations

10 FCC-ee Simulation (IDEA Delphes) FCC-ce Simulation (IDEA Delphes)
e Inc. Z”— hadrons 0-06] - Background infation: LN
e Bty —+— Background inflation: le\fl(;;g
e pBF 7t —0. s
0.813 T < 0.05 Background inflation: 5x N{32
° e Background inflation: 10x Niz
3 T 0.04
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1] +o
3 )
m \60‘03
§o4 2
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T
0.2 ~
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0. 0.00
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BDT Bu score Relative oy, of background fluctuation

m So far: vertex MC-seeded, but imperfection (— background inflation) has negligible impact on Br & |V,
— However: |V| only possible with improvement on hadronisation fraction f(b — BZ)
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Vertex requirements from decay time

m Probes of the CP sector of the SM from Bs — Do K time-dependent CP asymmetry

s Experimental precision relies on wrong-tagging efficiency of inital flavour (b or b), ot sources:

— PV and Bs decay-vertex position

s Fully charged: O(20 pm)

e Including neutrals in Bs — [KTK JoKs: O(70pm)

— IDEA baseline sufficient to derive CKM phase &, with 0.5 % precision at SM level
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