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Outline

• Group tasked to study potential for direct discovery of new physics at the HTE factory.

SRCH stands for “Searches”

new scalars new gauge bosons
new (hidden) sector of particles!



Outline
• Group tasked to study potential for direct and indirect observation flavor related observables at the HTE factory.

FLAV stands for “Flavor”

new decay modes and new probes new contact interactions and new flavored particles

electroweak fit}



in the Report

•   source of boosted flavored objects, inclusive production of hadronic 
species (   ) with low background ( LHCb) 

•  meson studies  (some stat-limited from Belle II, some not accessible at LHCb) 

• also  and  (some in backup) 

• new approach to CKM: direct observation of   ( ) and  ( ) 
• several detector performances investigated (e.g. flavor tagging, particle ID, … )

Z → ff̄
≠ Υ(4S) ≠

B

D τ

W → qq′ Vcb, Vcs t → Ws Vts

HTE factory Flavor topics
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Figure 121: Sensitivity to hd →hs parameters in Bd and Bs mixing with (top left) current sensitivity appropriately
rescaled to SM values, (top right) the anticipated constraints after LHCb Upgrade I and Belle II
operation, (bottom) with the second LHCb Upgrade (together with the more speculative Belle III
program), and (bottom right) with improved Vcb precision from W decays. The dotted curves show
the 99.7% C.L. (3! ) contours. All plots are made with the SM inputs hd = hs = 0. Taken from
Ref. [1053].

|Vcb| and |Vcs| [1053, 1055–1057]. These advancements are possible due to the production of large data-5958

sets of WW boson pairs, expected to reach the order of a few ↑10
8, combined with state-of-the-art jet-flavor5959

tagging techniques.5960

The decay of W bosons into quark pairs, W ↓ uid j, offers a direct method to measure CKM elements from5961

the branching ratios of these processes. The decay width for these channels can be expressed as:5962

!(W+ ↓ uid j) = 3|Vi j|
2!0 ↔ !+

i j , (90)5963

where !0 ↗ g2

2mW
48∀ at leading order, with g2 being the SU(2)L coupling constant and mW = 80.4 GeV the mass5964

of the W boson. The factor of 3 accounts for the number of quark colors. This relation holds for both W+ and5965

W→ decays, allowing for a precise extraction of CKM elements by comparing the observed branching ratios to5966

theoretical predictions. Neglecting small quark-mass effects, the branching ratio of a specific channel can be5967

expressed as [1056, 1058]:5968

Bi j =
!±

i j

!tot
=

|Vi j|
2

∀l=u,c; m=d,s,b |Vlm|2
Bhad , (91)5969

where Bhad represents the well-measured total hadronic branching fraction of the W boson.5970

Precision and Calibration5971

The central tool in this analysis is the flavor tagger and hence its performance and the understanding of it.5972

In recent years, a number of studies have been performed to enhance flavor tagging, in particular by applying5973
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b s c u d g

!b
∀ 0.8 0.0001 0.003 0.0005 0.0005 0.007

!c
∀ 0.02 0.008 0.8 0.01 0.01 0.01

!s
∀ 0.01 0.9 0.1 0.3 0.3 0.2

Table 26: Jet-flavor taggers working points, indicating the probabilities !q
∀ to tag a ∀ -jet as a q-jet.

|Vcs|

|Vcb|

0.001 0.01 0.1 1

0.01

0.05

0.10

0.50

1

5

δϵ/ϵ (%)

δ
|V

ij
|/
|V

ij
|(
%
)

Figure 122: Left: Sensitivity reach on |Vcs| (blue) and |Vcb| (orange) from e+e→ ↑ WW ↑ 4 j as a function
of the systematic uncertainty on the tagging parameters [1056]. Right: Expected uncertainty
on |Vcb| from the study of e+e→ ↑ WW ↑ 2 jω# for different scenarios, compared with present
measurements from inclusive and exclusive B decays [1057].

machine learning and neural networks to this task. Current tagger performances provide excellent b- and c-5974

tagging and have focused on enabling s-tagging. A summary of the jet-flavor tagging efficiencies expected the5975

IDEA detector (with Delphes) is provided in Table 26 [280, 1059, 1060], with similar performance anticipated5976

for the CEPC-baseline detector [488, 1061] and ILD [1062] (both with full-sim).5977

The understanding of the flavor tagger has been identified as dominating systematic uncertainty, hence5978

a precise calibration is key for this analysis. Both circular and linear machines profit from dedicated Z-pole5979

running that allows to determine the flavor tagging efficiencies to a sub-permille precision, with the ILC pro-5980

jected to produce some 10
9 Z bosons, and FCC-ee and CEPC reaching the ultimate statistics with 10

12 Z5981

bosons. This, however, requires the extrapolation of the calibration result from the Z-pole to the W threshold5982

or the Higgs production energy of 250/240 GeV, whose kinematics are slightly and considerably different,5983

respectively. It remains subject of further studies to show that this is feasible at the required level of precision.5984

Projected Sensitivity at FCC-ee and Systematic Uncertainties5985

Early studies at FCC-ee suggested that the relative precision on |Vcb| could reach approximately 0.4% using5986

previous BDT-based ILD jet-tagging performances as a reference [1053]. More recent evaluations have im-5987

proved these estimates to about 0.15% with optimized GNN-based IDEA performance data [1055]. However,5988

achieving these precision levels will depend critically on controlling systematic uncertainties, particularly those5989

related to jet-flavor tagging.5990

A detailed analysis of the impact of systematic uncertainties on the tagging efficiencies, denoted as ∃! =5991

∃!/! , indicates that these uncertainties play a crucial role in limiting the achievable precision on CKM ele-5992

ments [1056]. Figure 122(left) illustrates the sensitivity reach for |Vcs| and |Vcb|, in the e+e→ ↑ WW ↑ 4 j5993

channel at FCC-ee, as a function of the systematic uncertainty in tagging efficiency. It highlights the import-5994

ance of maintaining systematic uncertainties near the 0.1% level to fully exploit the statistical power of future5995

data. With this level of systematic uncertainties the projected precision could reach 0.15% for |Vcb| and 0.05%5996

for |Vcs|, to be compared with current precisions of 3.4% and 0.6%, respectively.5997
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 meson studiesB

b → sτ+τ−

b → sνν

b → cτν

bc̄ → τν
⊕

bs̄ → ℓ+ℓ−
⊕

SU(2)WSU(2)W

SU(2)W

B0
s → ϕμ+μ−

B0 → K*νν
B0 → KSνν

B0
s → ϕνν

b → sνν
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Table 25: Advantageous attributes for flavour-physics studies at Belle II (!(4S)), the LHC (pp) and FCC-ee
(Z0) [975].

Attribute !(4S) pp Z0

All hadron species ↭ ↭
High boost ↭ ↭
Enormous production cross-section ↭
Negligible trigger losses ↭ ↭
Low backgrounds ↭ ↭
Initial energy constraint ↭ (↭)

measured in semileptonic b-flavoured particle decays (B0

s mesons and ∀b baryons are accessible in contrast5828

to a B-factory) or in W decays. Last but not least, it is likely that much will remain to be learned from semi-5829

tauonic or tauonic b-hadron decays, experimentally challenging at LHCb, and for which the B-factory studies5830

will be limited by the sample size.5831

8.3.1 Expected precision from Lattice QCD5832

The lattice regularisation of QCD allows for nonperturbative-physics contributions to SM processes to be5833

computed from first principles, i.e., starting from the QCD Lagrangian without any model assumptions. The5834

lattice-regularised path integral is integrated by means of Monte-Carlo sampling, and the UV and IR regulators5835

given by the lattice spacing and finite volume, respectively, are removed by taking the continuum and infinite-5836

volume limits. Lattice QCD has come a long way since the first numerical simulations in the 1980s within5837

the quenched approximation (only gluonic vacuum-polarisation effects), to simulations of the full QCD path5838

integral including u, d, s, c valence- and sea-quark, as well as b valence-quark effects. At the level of the5839

effective electro-weak theory, nonperturbative QCD effects in flavour physics can be computed as matrix5840

elements of electro-weak effective operators between initial and/or final hadronic states. The summary tables5841

at the beginning of the Flavour Lattice Averaging Group (FLAG) review [977–981] provide an overview over5842

results with reliable control over uncertainties, that are of direct relevance for the phenomenology of the SM.5843

The FLAG review provides results for meson and baryon form factors, for the strong coupling constant and5844

quark masses, which can only be computed with systematically improvable errors within lattice QCD.5845

Recent developments and opportunities5846

QCD+QED+strong isospin: The majority of results in the FLAG review are based on isospin-symmetric5847

QCD, neglecting QED effects – an approximation valid to the level of about 1%. However, as the precision5848

for some quantities within this approximation has now reached below 1%, QED and strong isospin-breaking5849

effects can no longer be ignored. Thanks to recent progress on formal aspects [982–991], algorithms and5850

computing infrastructure [992, 993], we can now make predictions for SM parameters, hadron spectra and5851

leptonic meson decay within QCD+QED. Work is underway to include QED effects also in other observables5852

such as semileptonic decays [994] or scattering [995].5853

2nd-order weak processes: The past years have seen new developments [996–1005] towards computing5854

long-distance contributions to rare decays such as K → #ll(∃∃), KL → µ+µ↑ [1006], or Bs → µ+µ↑% [1007].5855

There remain open questions, such as controlling the contributions from multi-particle intermediate states, but5856

we expect these to be tackled in the coming years.5857

Reconstruction of the spectral density: Finding ways to reconstruct the spectral density from Euclidean5858

correlation functions has recently become a vibrant research topic [1008–1014]. For instance, a first predic-5859

tion of the ratio R related to the hadronic vacuum polarisation has been made [1015]. Spectral reconstruction5860

methods appear particularly attractive for processes with multi-hadron in or out states, such as hadronic in-5861

clusive decays of the tau [1016, 1017] and of mesons [1011, 1018–1020]. The latter development, for the first5862

time, provides a clear path towards a lattice-computation for inclusive B(s) and D(s) decays on the lattice. This,5863

Draft: 11.11.2024 – 14:14 180

improvements expected on the on a 
large set of flavor observables

Bs → DsK B0 → π0π0

transitions involving 3rd matter

sensitivity at 1.2% on BR ∼ 10−5

first indications in 2023 at Belle II 

important to separate  from K π



B0 → K0*τ+τ− → (Kπ)(3π)τ(3π)τ
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Figure 126: (Left) Invariant-mass distribution of K → (892)!+!↑ candidates after all selection applied. (Right)
Precision of the branching fraction measurement as function of the transverse vertexing resolution
with a longitudinal resolution set at 20µm for the emulated working points in addition of the IDEA
baseline and regular improved detector working points.

struction is performed and the physics sensitivity is evaluated and reported in Fig. 126. Several characteristics6173

of vertex detector were then simulated and placed on this very curve. The improvements of single hit resolu-6174

tion and various reductions of the budget material of the IDEA vertex detector were considered. A remarkable6175

conclusion of this study is that this physics case is limited by multiple coulombian scattering and therefore6176

by the material budget of the beam pipe, triggering the interest and the thinking about novel vertex detector6177

designs.6178

Results of the b ↓ s!!̄ study6179

To study the b ↓ s!!̄ transition, branching fraction measurements of B0 ↓ K0

S !!̄ , B0

s ↓ ∀!!̄ , B0 ↓ K→0!!̄6180

and ∀0

b ↓ ∀!!̄ decays have been considered. In Ref.[971] the statistical uncertainty on the BFs of B0 ↓6181

K→!!̄ , B0

s ↓ ∀!!̄ , B0 ↓ K0

S !!̄ and ∀0

b ↓ ∀0!!̄ decays are determined to be 0.53%, 1.20%, 3.37% and6182

9.86%. For B0 ↓ K→!!̄ and B0

s ↓ ∀!!̄ decays this is determined by performing a simple two-stage BDT6183

selection with cuts on the BDT responses optimised simultaneously, as well as a selection of rectangular cuts.6184

The BDTs are trained on signal MC and inclusive background MC to model the various backgrounds originat-6185

ing from Z ↓ qq̄ production, where q ↔ {u/d/s,c,b}. Due to the low number of background events that pass6186

simultaneous cuts on the BDT responses, a bi-cubic spline is used to build a map of the efficiency in signal/-6187

background as a function of the BDT responses. For B0 ↓ K0

S !!̄ and ∀0

b ↓ ∀0!!̄ decay branching fraction,6188

the appropriate reconstruction for the K0

S and ∀0 was not available and their precision was extrapolated as-6189

suming similar background as the B0 ↓ K→!!̄ and B0

s ↓ ∀!!̄ decays and a neutral reconstruction efficiency6190

of 80%, suggested by companion studies. The branching fraction sensitivity for these modes is determined6191

assuming similar background sources as those of the B0 ↓ K→!!̄ and B0

s ↓ ∀!!̄ decays. The dependence6192

of the statistical sensitivity to the branching fraction of the B0

s ↓ ∀!!̄ decay as a function of its value is shown6193

in Fig. 127. This initial estimate is obtained assuming perfect particle identification (PID) and vertex seeding.6194

To determine the dependence on PID and vertexing performance naive estimates are obtained. For the PID6195

the signal efficiencies are recomputed after making random mass hypothesis swaps, kaon ↓ pion and pion6196

↓ kaon over a range of mis-identification rates. The resulting plots for these studies are shown in Fig. 127.6197

8.6 Tau physics6198

A high-luminosity Z factory with NZ = 6
12 Z decays [560] such as FCC-ee will see an abundant production6199

of 2.0
11 tau pairs allowing to deepen the studies of ! physics. In particular, the knowledge of the tau mass and6200

lifetime and that of its leptonic branching fractions ! ↓ µ!!̄ , ! ↓ e!!̄ allows to test lepton universality in !6201

decays. This section reports the expected precisions on the tau mass and lifetime yielding a canonical lepton6202

universality test as well as the sensitivity in the search for lepton-flavour violating ! decays ! ↓ 3ω, ! ↓ ω# .6203

This section is based on the note [lusiani:2023_9bkm6-h8906] to become public soon.6204
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in the Report

• new scalars 
• new gauge bosons 
• new electroweak states (including SUSY) 
• dark matter  
• exotic signals from (hidden/dark) sectors 
• “portals” to new physics

HTE factory Searches topics

new physics with elusive signal can escape at HL-LHC (hadronic, too light, …)
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New scalars
related to Higgs and electroweak

The SM Higgs boson may not be 
the only one!
Difficult to imagine new scalars 
to not be related to the SM 
Higgs or electroweak boson or 
both
Lots of possible scenarios in 
which HTE factory can do very 
well, expanding significantly 
searches at the HL-LHC

• new scalar heavier than 125 GeV 
• new scalar lighter than 125 GeV

New scalar production in scalar-strahlung

Summary of results
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leptons (l+l→) or taus (!+!→). This approach improved signal efficiency and achieved a higher purity of b-jets4212

than the traditional jet reconstruction algorithm in Delphes. For the H boson reconstruction the recoil method4213

is used, based on the precisely measured leptonic decays of the Z boson. It offers much higher accuracy4214

compared to the reconstruction based on the measured !-pairs, b-jets and missing transverse energy (MET),4215

resulting in significantly improved reconstruction precision.4216

The model-independent analysis yielded a 95% confidence level (CL) upper limit on the cross-section for4217

the ZH ↑ Zaa ↑ llbb!+!→ process, as well as on the branching ratio BR(H ↑ aa ↑ bb!+!→), as illustrated4218

in Figure 73(a). The limits were obtained using a maximum likelihood fit, with systematic uncertainties set at4219

0.2% for signal and background, 1% for leptons, and 2% for taus. For instance, at ma = 10GeV, the branching4220

ratio limit for H ↑ aa ↑ bb!+!→ was found to be 1.2%, significantly better than the 4.3% reported by CMS4221

[796]. The model-dependent analysis used the Two-Higgs-Doublet plus a Singlet (2HDM+S) framework to4222

derive a limit on BR(H ↑ aa) [797]. For example, the 2HDM+S Type II with tan! = 5 (Figure 73(b)), the limit4223

on BR(H ↑ aa) shows improved sensitivity compared to CMS results [796], especially in the lower ma region.4224

The C3 analysis focuses on light or soft (pseudo-)scalar a bosons, where trigger efficiency at for CMS at4225

HL-LHC may degrade due to increased background and pile-up. Thus, expected sensitivity improvements at4226

HL-LHC might not fully materialize, particularly for low-mass a bosons. In contrast, C3 can enhance sensitivity4227

by incorporating additional Z decay channels, such as neutrino (Z ↑ ∀∀̄) and hadronic decays (Z ↑ qq̄),4228

building on its existing advantages over CMS at LHC.4229

(a) 95% CL upper limits on the BR(H ↑ aa ↑ bb!+!→) (b) 95% CL upper limits on the BR(H ↑ aa) in 2HDM+S
models Type2 with tan! = 5.

7.2.5 Searches in other production channels4230

The study presented here considers a search for pair production of the Inert Doublet Model (IDM) neutral4231

scalars, e+e→ ↑ H A. We here chose H to be a lightest inert scalar, a dark matter candidate. The IDM4232

signal samples were generated using MADGRAPH5_AMC@NLO v2.8.1 [5], using the UFO model available4233

at [798]6, interfaced with PYTHIA v8.2 [14], using e+e→ collisions at centre-of-mass energies
↓

s = 240 and4234

365 GeV. Instead of targeting individual pair production modes, two final states are generated directly, such as4235

to have all contributing diagrams and the proper interferences taken into account. We explore the signature of4236

same-flavour dilepton and missing energy. For this study, we consider the final states l+l→HH and l+l→∀∀HH,4237

with l = e or µ, and H the stable neutral scalar. The signal was generated for MH between 50 and 1204238

GeV in steps of 5 GeV, and MA → MH between 10 GeV and the kinematic limit for on-shell production4239

in steps of 10 GeV. About 500,000 events were generated per point. The cross sections calculated by4240

MADGRAPH5_AMC@NLO extend from 10 (0.05) fb at low MH and MA →MH down to about 0.05 (< 10
→4) fb4241

6Previous versions of this model file contained a non-unitary CKM matrix. We advise the readers to make sure this is remedied prior
to using the model file.
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0.1% in a lifetime regime between 40 mm and 0.4 m. For a scalar mass mS = 50GeV and mean proper lifetime4446

0.1 m, the analysis is shown to be sensitive to branching ratios as low as 4 ·10
→4.4447

mS=50 GeV, sinθ=1∙10-7 

Event yield: 5.6
mS=20 GeV, sinθ=3∙10-6 

Event yield: 3.3
mS=20 GeV, sinθ=1∙10-6 

Event yield: 10.7

Figure 81: Three signal points shown together with exclusion limits on the dark scalar lifetime and H ↑ SS
branching ratio from previous searches for hadronic decays of long-lived dark scalars in the SM+S
scenario. The signal points are indicated together with their respective dark scalar mass, mix-
ing parameter, and the number of events passing the full event selection. Figure adapted from
Ref. [741].

Separately, analysis strategies incorporating hadronic and invisible Z decays have also been presented,4448

extending upon the leptonic Z decays assumed in the original analysis. In the original analysis only leptonic Z4449

decays (Z ↑ ω
+
ω
→) were considered. For invisible Z decays, a missing energy selection is applied to identify4450

the presence of neutrinos from the Z boson decay. Preliminary results indicate that adding invisible Z decays4451

significantly increases the signal yield, though further refinement is needed to improve background rejection.4452

For hadronic Z decays, the total jet energy is used to tag hadronic Z boson decays. This mode offers a4453

substantial increase in signal yield due to the larger branching ratio but poses challenges in distinguishing4454

signal from background because of the high jet activity in the event. Future refinements, such as more4455

stringent jet energy and vertex-related cuts, may improve background rejection.4456

ILC study4457

This kind of analysis is also possible at linear colliders like the ILC. A set of benchmarks with SM-like Higgs4458

boson decays to long-lived scalars is considered in a recent analysis. The Higgs production channel used is4459

e+e→ ↑ hZ at ILC250, with Z ↑ !! and h ↑ SS, where S is long-lived. Four benchmarks are chosen: two4460

low-mass (mS = 0.4GeV and 2GeV, with c! = 10mm) and two high-mass (mS = 50GeV and 60GeV, with4461

c! = 1m) scenarios.4462

Because Z decays to neutrinos, and one of the LLPs can escape the acceptance, the expected signature4463

is just at least one displaced vertex. Therefore, in addition to the selection described so far, events containing4464

prompt tracks with pT > 2GeV are rejected. Now also the pvtx
T > 10GeV requirement was applied to allow us4465

to fully neglect low-pT beam-induced backgrounds.4466

The expected number of background events is approximately 0.64 after the standard selection and the addi-4467

tional cuts. The corresponding 95% C.L. limits on the signal production cross section (left) and the branching4468

ratio BR(h ↑ SS) = ∀95% C.L./∀h## (right) are presented in Figure 82, conservatively assuming that the ob-4469

served number of events is one.4470
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Figure 82: Expected 95% C.L. upper limits on the signal production cross-section (left) and the branching ratio
(right) for the considered benchmarks and different LLP mean decay lengths, for the Higgs decays
to long-lived scalars at

→
s = 250GeV. The uncertainties are statistical. From [837].

ILD could improve the current limits [836] in the most extreme scenarios by an order of magnitude, or4471

investigate longer lifetimes. Smaller decay lengths could be tested by a dedicated search using a vertex4472

detector, while more data collected at higher energy stages of ILC could further enhance the reach.4473

7.3.4 Model-independent searches for LLPs4474

Independently of the BSM model consider, LLPs searches are essentially, signature-driven. That is, if future4475

HET factories have methods in place to reconstruct e.g. displaced vertices, and a signal is observed, it would4476

then have to be interpreted in the context of possible BSM models that can generate them. In particular for4477

the case of a discovery, an important question is what would be needed in order to determine the correct4478

underlying model and its parameters.4479

A recent study [837], presents prospects for the detection of neutral LLPs with the ILD, using the ILC4480

operating at
→

s = 250GeV (ILC250) as a reference collider.4481

The benchmark scenarios considered in this study are not selected based on existing constraints on BSM4482

models, but for signatures challenging from experimental perspective. Therefore, two opposite classes of4483

benchmarks were chosen. The first case considered is pair-production of heavy neutral scalars, A and H,4484

where the former is the LLP and the latter is stable and escapes undetected. The LLP decay channel is A4485

↑ Z↓H, and its mass and proper decay length were fixed to mA = 75GeV and c! = 1m. Four mass splitting4486

values between A and H were considered: mA ↔mH = 1,2,3,5GeV.4487

The second class features the production of a very light and highly boosted LLP with strongly collimated4488

final-state tracks. It is generated using the associated production of a pseudoscalar LLP, a, with a hard photon.4489

LLPs of four different masses are considered, ma = 0.3,1,3,10GeV, with c! = ma ·10mm/GeV. Only decays4490

of Z↓ and a to muons are simulated.4491

The analysis relies on a vertex-finding algorithm designed for this study and is performed in a model-4492

independent way, considering only the displaced vertex signature in the TPC, ignoring any other activity in the4493

detector. The study was carried out using full detector response simulation.4494

Two types of background are taken into account – soft, beam-induced (low-pT ) processes and hard (high-4495

pT ) processes. The beam-induced processes occurring in each bunch-crossing constitute a significant stan-4496

dalone background if one wants to consider soft signals.4497

To reject fake vertices, a set of quality cuts is applied on the variables describing kinematic properties of4498

tracks. The main background sources that remain include V0 particles (long-lived neutral hadron decays and4499

photon conversions) and secondary interactions of particles with the detector material. In addition to rejection4500

based on a dedicated ILD software for V0 identification, cuts corresponding to masses of different V0s are4501

applied. Further cuts on the total pvtx
T of tracks forming the vertex, and on variables describing track-pair4502

geometry, provide the total reduction factor of 1.26 · 10
↔10 for beam-induced backgrounds. Two- and four-4503
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Figure 87: Projected sensitivity of the FCC-ee to the Le → Lµ and Le → L! models. The red, blue and green
bands correspond to the µµ∀ (!!∀), ee∀ and mono-∀ search channels respectively, and show the
strongest bound among the several possible bounds that can be obtained varying both the di-lepton
mass and the photon energy windows in the 0.5 GeV and 10 GeV range.

Figure 88: The impact of systematic uncertainties on the projected bounds from the FCC-ee on the Le → Lµ
(Le → L! ) models. The red, blue and green bands correspond to the µµ∀ (!!∀), ee∀ and mono-∀
search channels, respectively, and show the range of exclusions obtained by introducing # values
of 0.1% and 1% on the constraints shown in Figure 87.

7.4 New gauge bosons4669

7.4.1 Flavored gauge bosons4670

Model and current constraints It is known that gauging the groups B→L and Lx →Ly, with x,y = e,µ,! and4671

x ↑= y, for the three SM matter families requires no additional particle content to cancel gauge anomalies [851].4672

Since we are interested in probing this setup at the FCC-ee, we focus here on the Le →L! and Le →Lµ models4673

that can couple directly to the electrons and positrons in the beams. The Lagrangian for our study [852] is4674

L ↓ →g↔
(

l̄x/Z
↔lx + ∃̄x/Z

↔∃x → l̄y/Z
↔ly → ∃̄y/Z

↔∃y

)
+

1

2
(mZ↔)2Z↔µZ↔

µ . (69)4675

We have two free parameters in our study: g↔ and mZ↔ , which are the effective coupling of Z↔ to leptons and the4676

mass of Z↔ respectively. Kinetic mixing, which in principle could be present, is ignored here because it can be4677

forbidden at tree level due to discrete symmetries, and in that case it would be suppressed with respect to g↔
4678

by both loop factors and by (ml/mZ↔)2. We focus on the mass regime mZ↔ ↭ 10GeV. Below that mass range4679

there are strong constraints from BaBar [853], g↔ ↭ 10
→4 being excluded, while our results show that the FCC-4680
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Figure 91: (a) The di-muon mass resolution versus mAD
. The blue curve is the full simulation results, the red

one is the simplified one used in [861, 862]; (b) The exclusion reach of ILC 250 obtained from this
full simulation study of ILD, and the expectations of Belle II and HL-LHC (from fig 8.16 of [862]),
recast to show mAD

on a linear scale.)

arising from lower resolution due to the lower B-field employed in these machines.4778

7.4.3 Exotic Z boson decays into new U(1) gauge bosons4779

Models for new gauge U(1) gauge bosons can in principle have further signatures, besides the production4780

in 2 → 2 scattering as in the signal Equation (72) explored above. The existence of matter than generates a4781

kinetic mixing may also give rise to Z boson decay into new gauge bosons4782

Z → !Z↑
, (73)4783

where we have denoted the new gauge boson as Z↑ to highlight the fact that it may in general not coincide4784

with the boson AD studied above. However, we stress that if the kinetic mixing is generated by electroweak4785

charged new matter in general one expects also a trilinear coupling among Z, ! and the new gauge boson.4786

The decay width for the decay Equation (73) has been computed in Ref. [867] for both anomaly-free choices4787

of the new U(1) quantum numbers, e.g. the combination of baryon and lepton number B ↓ L, and for anom-4788

alous choices, e.g. the baryon number B. In the latter case, assuming anomaly cancellation from new matter4789

introduced for this purpose has significant effects. Indeed, the anomaly cancelling fermions, that we call “an-4790

omalons” can become massive independently of the Higgs vev, so their contribution to the Z ↓Z↑ ↓ ! vertex is4791

non-decoupling.4792

In Figure 92, we show the current contraints and projected ones from the HTE factory on the gauge coupling4793

gX for the U(1)B gauge symmetry as a function of the Z↑ mass. We show constraints compiled from Ref. [867],4794

which include the searches for light dijet resonances in association with initial state radiation photons or jets4795

(blue shaded), the constraint from the mixing with the ∀ meson (purple shaded), and constraints on the excess4796

contribution to the hadronic width of the Z boson (gray shaded).4797

The current constraint from LEP on the exotic decay is shown in full green, and it is labeled “L3” in Figure 92.4798

Extrapolating the sensitivity by the expected increase in statistics, we draw the green shaded area for a TeraZ4799

experimental program at the HTE factory. We remark that a TeraZ run can be sensitive to coupling values not4800

accessible to LHC. In addition it can play a significant role to understand the nature of a signal for new gauge4801

bosons, as discussed in the beginning of this section.4802
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Figure 87: Projected sensitivity of the FCC-ee to the Le → Lµ and Le → L! models. The red, blue and green
bands correspond to the µµ∀ (!!∀), ee∀ and mono-∀ search channels respectively, and show the
strongest bound among the several possible bounds that can be obtained varying both the di-lepton
mass and the photon energy windows in the 0.5 GeV and 10 GeV range.

Figure 88: The impact of systematic uncertainties on the projected bounds from the FCC-ee on the Le → Lµ
(Le → L! ) models. The red, blue and green bands correspond to the µµ∀ (!!∀), ee∀ and mono-∀
search channels, respectively, and show the range of exclusions obtained by introducing # values
of 0.1% and 1% on the constraints shown in Figure 87.

7.4 New gauge bosons4669

7.4.1 Flavored gauge bosons4670

Model and current constraints It is known that gauging the groups B→L and Lx →Ly, with x,y = e,µ,! and4671

x ↑= y, for the three SM matter families requires no additional particle content to cancel gauge anomalies [851].4672

Since we are interested in probing this setup at the FCC-ee, we focus here on the Le →L! and Le →Lµ models4673

that can couple directly to the electrons and positrons in the beams. The Lagrangian for our study [852] is4674
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We have two free parameters in our study: g↔ and mZ↔ , which are the effective coupling of Z↔ to leptons and the4676

mass of Z↔ respectively. Kinetic mixing, which in principle could be present, is ignored here because it can be4677

forbidden at tree level due to discrete symmetries, and in that case it would be suppressed with respect to g↔
4678

by both loop factors and by (ml/mZ↔)2. We focus on the mass regime mZ↔ ↭ 10GeV. Below that mass range4679

there are strong constraints from BaBar [853], g↔ ↭ 10
→4 being excluded, while our results show that the FCC-4680
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arising from lower resolution due to the lower B-field employed in these machines.4778

7.4.3 Exotic Z boson decays into new U(1) gauge bosons4779

Models for new gauge U(1) gauge bosons can in principle have further signatures, besides the production4780

in 2 → 2 scattering as in the signal Equation (72) explored above. The existence of matter than generates a4781

kinetic mixing may also give rise to Z boson decay into new gauge bosons4782

Z → !Z↑
, (73)4783

where we have denoted the new gauge boson as Z↑ to highlight the fact that it may in general not coincide4784

with the boson AD studied above. However, we stress that if the kinetic mixing is generated by electroweak4785

charged new matter in general one expects also a trilinear coupling among Z, ! and the new gauge boson.4786

The decay width for the decay Equation (73) has been computed in Ref. [867] for both anomaly-free choices4787

of the new U(1) quantum numbers, e.g. the combination of baryon and lepton number B ↓ L, and for anom-4788

alous choices, e.g. the baryon number B. In the latter case, assuming anomaly cancellation from new matter4789

introduced for this purpose has significant effects. Indeed, the anomaly cancelling fermions, that we call “an-4790

omalons” can become massive independently of the Higgs vev, so their contribution to the Z ↓Z↑ ↓ ! vertex is4791

non-decoupling.4792

In Figure 92, we show the current contraints and projected ones from the HTE factory on the gauge coupling4793

gX for the U(1)B gauge symmetry as a function of the Z↑ mass. We show constraints compiled from Ref. [867],4794

which include the searches for light dijet resonances in association with initial state radiation photons or jets4795

(blue shaded), the constraint from the mixing with the ∀ meson (purple shaded), and constraints on the excess4796

contribution to the hadronic width of the Z boson (gray shaded).4797

The current constraint from LEP on the exotic decay is shown in full green, and it is labeled “L3” in Figure 92.4798

Extrapolating the sensitivity by the expected increase in statistics, we draw the green shaded area for a TeraZ4799

experimental program at the HTE factory. We remark that a TeraZ run can be sensitive to coupling values not4800

accessible to LHC. In addition it can play a significant role to understand the nature of a signal for new gauge4801

bosons, as discussed in the beginning of this section.4802
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Figure 87: Projected sensitivity of the FCC-ee to the Le → Lµ and Le → L! models. The red, blue and green
bands correspond to the µµ∀ (!!∀), ee∀ and mono-∀ search channels respectively, and show the
strongest bound among the several possible bounds that can be obtained varying both the di-lepton
mass and the photon energy windows in the 0.5 GeV and 10 GeV range.

Figure 88: The impact of systematic uncertainties on the projected bounds from the FCC-ee on the Le → Lµ
(Le → L! ) models. The red, blue and green bands correspond to the µµ∀ (!!∀), ee∀ and mono-∀
search channels, respectively, and show the range of exclusions obtained by introducing # values
of 0.1% and 1% on the constraints shown in Figure 87.

7.4 New gauge bosons4669

7.4.1 Flavored gauge bosons4670

Model and current constraints It is known that gauging the groups B→L and Lx →Ly, with x,y = e,µ,! and4671

x ↑= y, for the three SM matter families requires no additional particle content to cancel gauge anomalies [851].4672

Since we are interested in probing this setup at the FCC-ee, we focus here on the Le →L! and Le →Lµ models4673

that can couple directly to the electrons and positrons in the beams. The Lagrangian for our study [852] is4674

L ↓ →g↔
(

l̄x/Z
↔lx + ∃̄x/Z

↔∃x → l̄y/Z
↔ly → ∃̄y/Z

↔∃y

)
+

1

2
(mZ↔)2Z↔µZ↔

µ . (69)4675

We have two free parameters in our study: g↔ and mZ↔ , which are the effective coupling of Z↔ to leptons and the4676

mass of Z↔ respectively. Kinetic mixing, which in principle could be present, is ignored here because it can be4677

forbidden at tree level due to discrete symmetries, and in that case it would be suppressed with respect to g↔
4678

by both loop factors and by (ml/mZ↔)2. We focus on the mass regime mZ↔ ↭ 10GeV. Below that mass range4679

there are strong constraints from BaBar [853], g↔ ↭ 10
→4 being excluded, while our results show that the FCC-4680
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Figure 91: (a) The di-muon mass resolution versus mAD
. The blue curve is the full simulation results, the red

one is the simplified one used in [861, 862]; (b) The exclusion reach of ILC 250 obtained from this
full simulation study of ILD, and the expectations of Belle II and HL-LHC (from fig 8.16 of [862]),
recast to show mAD

on a linear scale.)

arising from lower resolution due to the lower B-field employed in these machines.4778

7.4.3 Exotic Z boson decays into new U(1) gauge bosons4779

Models for new gauge U(1) gauge bosons can in principle have further signatures, besides the production4780

in 2 → 2 scattering as in the signal Equation (72) explored above. The existence of matter than generates a4781

kinetic mixing may also give rise to Z boson decay into new gauge bosons4782

Z → !Z↑
, (73)4783

where we have denoted the new gauge boson as Z↑ to highlight the fact that it may in general not coincide4784

with the boson AD studied above. However, we stress that if the kinetic mixing is generated by electroweak4785

charged new matter in general one expects also a trilinear coupling among Z, ! and the new gauge boson.4786

The decay width for the decay Equation (73) has been computed in Ref. [867] for both anomaly-free choices4787

of the new U(1) quantum numbers, e.g. the combination of baryon and lepton number B ↓ L, and for anom-4788

alous choices, e.g. the baryon number B. In the latter case, assuming anomaly cancellation from new matter4789

introduced for this purpose has significant effects. Indeed, the anomaly cancelling fermions, that we call “an-4790

omalons” can become massive independently of the Higgs vev, so their contribution to the Z ↓Z↑ ↓ ! vertex is4791

non-decoupling.4792

In Figure 92, we show the current contraints and projected ones from the HTE factory on the gauge coupling4793

gX for the U(1)B gauge symmetry as a function of the Z↑ mass. We show constraints compiled from Ref. [867],4794

which include the searches for light dijet resonances in association with initial state radiation photons or jets4795

(blue shaded), the constraint from the mixing with the ∀ meson (purple shaded), and constraints on the excess4796

contribution to the hadronic width of the Z boson (gray shaded).4797

The current constraint from LEP on the exotic decay is shown in full green, and it is labeled “L3” in Figure 92.4798

Extrapolating the sensitivity by the expected increase in statistics, we draw the green shaded area for a TeraZ4799

experimental program at the HTE factory. We remark that a TeraZ run can be sensitive to coupling values not4800

accessible to LHC. In addition it can play a significant role to understand the nature of a signal for new gauge4801

bosons, as discussed in the beginning of this section.4802
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Figure 87: Projected sensitivity of the FCC-ee to the Le → Lµ and Le → L! models. The red, blue and green
bands correspond to the µµ∀ (!!∀), ee∀ and mono-∀ search channels respectively, and show the
strongest bound among the several possible bounds that can be obtained varying both the di-lepton
mass and the photon energy windows in the 0.5 GeV and 10 GeV range.

Figure 88: The impact of systematic uncertainties on the projected bounds from the FCC-ee on the Le → Lµ
(Le → L! ) models. The red, blue and green bands correspond to the µµ∀ (!!∀), ee∀ and mono-∀
search channels, respectively, and show the range of exclusions obtained by introducing # values
of 0.1% and 1% on the constraints shown in Figure 87.

7.4 New gauge bosons4669

7.4.1 Flavored gauge bosons4670

Model and current constraints It is known that gauging the groups B→L and Lx →Ly, with x,y = e,µ,! and4671

x ↑= y, for the three SM matter families requires no additional particle content to cancel gauge anomalies [851].4672

Since we are interested in probing this setup at the FCC-ee, we focus here on the Le →L! and Le →Lµ models4673

that can couple directly to the electrons and positrons in the beams. The Lagrangian for our study [852] is4674

L ↓ →g↔
(

l̄x/Z
↔lx + ∃̄x/Z

↔∃x → l̄y/Z
↔ly → ∃̄y/Z

↔∃y

)
+

1

2
(mZ↔)2Z↔µZ↔

µ . (69)4675

We have two free parameters in our study: g↔ and mZ↔ , which are the effective coupling of Z↔ to leptons and the4676

mass of Z↔ respectively. Kinetic mixing, which in principle could be present, is ignored here because it can be4677

forbidden at tree level due to discrete symmetries, and in that case it would be suppressed with respect to g↔
4678

by both loop factors and by (ml/mZ↔)2. We focus on the mass regime mZ↔ ↭ 10GeV. Below that mass range4679

there are strong constraints from BaBar [853], g↔ ↭ 10
→4 being excluded, while our results show that the FCC-4680
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arising from lower resolution due to the lower B-field employed in these machines.4778

7.4.3 Exotic Z boson decays into new U(1) gauge bosons4779

Models for new gauge U(1) gauge bosons can in principle have further signatures, besides the production4780

in 2 → 2 scattering as in the signal Equation (72) explored above. The existence of matter than generates a4781

kinetic mixing may also give rise to Z boson decay into new gauge bosons4782

Z → !Z↑
, (73)4783

where we have denoted the new gauge boson as Z↑ to highlight the fact that it may in general not coincide4784

with the boson AD studied above. However, we stress that if the kinetic mixing is generated by electroweak4785

charged new matter in general one expects also a trilinear coupling among Z, ! and the new gauge boson.4786

The decay width for the decay Equation (73) has been computed in Ref. [867] for both anomaly-free choices4787

of the new U(1) quantum numbers, e.g. the combination of baryon and lepton number B ↓ L, and for anom-4788

alous choices, e.g. the baryon number B. In the latter case, assuming anomaly cancellation from new matter4789

introduced for this purpose has significant effects. Indeed, the anomaly cancelling fermions, that we call “an-4790

omalons” can become massive independently of the Higgs vev, so their contribution to the Z ↓Z↑ ↓ ! vertex is4791

non-decoupling.4792

In Figure 92, we show the current contraints and projected ones from the HTE factory on the gauge coupling4793

gX for the U(1)B gauge symmetry as a function of the Z↑ mass. We show constraints compiled from Ref. [867],4794

which include the searches for light dijet resonances in association with initial state radiation photons or jets4795

(blue shaded), the constraint from the mixing with the ∀ meson (purple shaded), and constraints on the excess4796

contribution to the hadronic width of the Z boson (gray shaded).4797

The current constraint from LEP on the exotic decay is shown in full green, and it is labeled “L3” in Figure 92.4798

Extrapolating the sensitivity by the expected increase in statistics, we draw the green shaded area for a TeraZ4799

experimental program at the HTE factory. We remark that a TeraZ run can be sensitive to coupling values not4800

accessible to LHC. In addition it can play a significant role to understand the nature of a signal for new gauge4801

bosons, as discussed in the beginning of this section.4802
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Conclusions

• improvements and complementarity “all-round” with respect to Belle II and LHCb  
• specific detector requirements (well understood syst. unc. flavor tagger, particle ID, … ) 

• new methods to access SM flavor parameters (e.g. CKM from high energy decay/scattering) 

FLAV

SRCH
• HTE can access new physics that escapes LHC (too faint signal, too light to trigger, … ) 
• sensitivity to models motivated from the bottom-up as well as top-down models 
• potential to probe new parameter space of new scalars and new gauge boson 
• potential to contribute to the great chase for dark matter

Lots of new studies delivered for the Report triggered by the HTE factory study.
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more LLPs

FCC mid-term report 

Heavy neutral lepton LLP Di-photon  LLP (axion-like particle)



more  meson studiesB

WG1-FLAV@ ECFA 7S. Monteil

• Bc → τ+ν: another fundamental test of third generation couplings. Lepton 
universality in quark transitions. Counterpart of RD,D*. Reference here 
[2105.13330, see also 2007.08234]

Bottomline:   few 
percent precision 
mostly limited yet by the 
knowledge of the 
normalising BF(J/ψ𝓁𝜋). 

© X. Zuo et al.

• B+ → τ+ν: access |Vub| with the only 
knowledge of the decay constant. 

2) Flashing few studies — Leptonic decays 

Bottomline:   2305.02998 makes the 
synthesis of both analyses. 
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Figure 127: (Left) The statistical sensitivity to the B0

s → !∀∀̄ branching fraction as a function of its value.
(Right) Degradation of the sensitivity to the branching fraction, with respect to the nominal sens-
itivity assuming perfect PID, as a function of the kaon-pion separation power for the B0

s → !∀∀̄
decay. Similar sensitivity study is performed in [971] for the correct secondary vertex association
rate as a function of the expected vertex resolution.

8.6.1 ! mass, lifetime, and leptonic decays: lepton universality test6205

Discussing Tau mass and lifetime, ! → µ∀∀̄ , ! → e∀∀̄ .6206

Tau lepton lifetime measurement at FCC-ee(Z)6207

With a sample of 6 ↑ 10
12 Z decays, it is convenient to measure the tau lifetime on the relatively small6208

sub-sample of tau pairs where both tau leptons decay into a 3-prong topology, like Belle did [1082]. For these6209

events, the two 3-prong vertices and the constraint of the very small luminous region precisely define the tau6210

leptons’ flight directions, significantly reducing systematics from Monte Carlo simulation of the effects of the6211

undetected neutrinos on the reconstruction of the tau flight directions.6212

We consider as the baseline for extrapolating to the FCC sample the DELPHI tau lifetime measurement [1083],6213

which includes a measurement done on tau pairs both decaying to 3 charged tracks (3-3-prongs topology).6214

The DELPHI measurement is performed on the 1991-1995 sample, corresponding to about 4.0↑10
6 hadronic6215

Z decays [1084], hence about NDELPHI 2004
Z = 4.0↑10

6
/70% = 5.7↑10

6 Z decays.6216

The relative statistical uncertainty of the measurement restricted to the 3-3 prongs events is #(∃! ,3 ↓6217

3)/∃! ↑10
6 ppm ↔ 18000ppm, where ∃! is the tau lifetime 2024 world average. For the DELPHI measurement6218

using 3-3 prongs tau decays, the relative statistical single-event uncertainty on the tau lifetime is determined6219

to a good approximation by the sum in quadrature of two contributions with comparable size: 100% for the6220

exponential decay time distribution, and the ratio between the vertex resolution in the transverse plane, mainly6221

determined by the uncertainty on the reconstructed tracks’ d0 helix parameter, and the average signed tau6222

impact parameter with respect to the beams axis, ↗d̂0↘ ↔ 70µm, proportional to the tau mean lifetime. At6223

FCC-ee(Z) we expect that the track d0 resolution (and also the beam spot size in the transverse plane, which6224

matters for other tau lifetime measurement methods) will be negligible with respect to ↗d̂0↘. Accounting for6225

that, and scaling the number of Z decays from DELPHI to FCC-ee, we estimate that the relative statistical6226

uncertainty on the tau lifetime will be #(∃! ,3↓3,FCC)/∃! ↔ 15.0ppm.6227

Three of the DELPHI 2004 quoted systematics contributions can be optimistically expected to scale down6228

according to statistics (i.e., with the square root of the number of events): background subtraction (for which6229

the simulation can be tuned with data control samples), reconstruction bias (which can be studied with data6230

prompt events), and vertex alignment (done with data events). Regarding alignment, past studies [1085]6231

indicate that the measurement of the tau lifetime is unaffected at first order by the vertex detector alignment,6232

and in particular from the length scale of the radial positions of the vertex detector sensitive elements, provided6233

that the lifetime measurement relies on decay length measurements on the plane transverse to the beams,6234
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12 Z decays, it is convenient to measure the tau lifetime on the relatively small6208

sub-sample of tau pairs where both tau leptons decay into a 3-prong topology, like Belle did [1082]. For these6209

events, the two 3-prong vertices and the constraint of the very small luminous region precisely define the tau6210

leptons’ flight directions, significantly reducing systematics from Monte Carlo simulation of the effects of the6211

undetected neutrinos on the reconstruction of the tau flight directions.6212
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which includes a measurement done on tau pairs both decaying to 3 charged tracks (3-3-prongs topology).6214
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6 hadronic6215
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3)/∃! ↑10
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impact parameter with respect to the beams axis, ↗d̂0↘ ↔ 70µm, proportional to the tau mean lifetime. At6223

FCC-ee(Z) we expect that the track d0 resolution (and also the beam spot size in the transverse plane, which6224

matters for other tau lifetime measurement methods) will be negligible with respect to ↗d̂0↘. Accounting for6225

that, and scaling the number of Z decays from DELPHI to FCC-ee, we estimate that the relative statistical6226

uncertainty on the tau lifetime will be #(∃! ,3↓3,FCC)/∃! ↔ 15.0ppm.6227

Three of the DELPHI 2004 quoted systematics contributions can be optimistically expected to scale down6228

according to statistics (i.e., with the square root of the number of events): background subtraction (for which6229

the simulation can be tuned with data control samples), reconstruction bias (which can be studied with data6230

prompt events), and vertex alignment (done with data events). Regarding alignment, past studies [1085]6231

indicate that the measurement of the tau lifetime is unaffected at first order by the vertex detector alignment,6232

and in particular from the length scale of the radial positions of the vertex detector sensitive elements, provided6233

that the lifetime measurement relies on decay length measurements on the plane transverse to the beams,6234
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more  meson studiesB

WG1-FLAV@ ECFA 7S. Monteil

• Bc → τ+ν: another fundamental test of third generation couplings. Lepton 
universality in quark transitions. Counterpart of RD,D*. Reference here 
[2105.13330, see also 2007.08234]

Bottomline:   few 
percent precision 
mostly limited yet by the 
knowledge of the 
normalising BF(J/ψ𝓁𝜋). 

© X. Zuo et al.

• B+ → τ+ν: access |Vub| with the only 
knowledge of the decay constant. 

2) Flashing few studies — Leptonic decays 

Bottomline:   2305.02998 makes the 
synthesis of both analyses. 



 studiesτ

WG1-FLAV@ ECFA 5S. Monteil

• Tau Physics: Lepton Flavour Universality

Bottomline:   lifetime resolution obtained with three-prongs decays. 
Orders of magnitude improvements w.r.t. the stator the art. Same is true 
for Lepton-Flavour violating tau decays.    

© A. Lusiani

Comment: B-factories did not improve LEP measurements (Belle II did). 
FCC-ee has better experimental conditions than LEP and about 5× the 
nominal Belle II tau pairs (and boosted). 

2) Flashing few studies — Tau physics 



Thank you!
Thank you!

Thank you!


