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ECFA FLAV meeting — Virtual — June 2022 C FCC

Outline
« Flavours@FCC-ee: setting the scene.
- Overview of selected studies performed so far
- Rare decays.
« CKM profile.
 Tau Physics.
« Connecting dots.

« Qutlook.
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1) FCC-ee specifics for Flavour Physics. C FCC

A- Particle production at the Z pole:

« About 15 times the Belle Il anticipated statistics for B° and B+.
* All species of b-hadrons are produced.
» Expect ~4.10° B-mesons assuming fB./(fB. + [B.) ~3.7-107°

Working point ~ Lumi. / IP [10°* cm™2.s7!] Total lumi. (2 IPs) Run time Physics goal

Z first phase 100 26 ab™! /year 2
Z second phase 200 52 ab™1 /year 2 150 ab~!

Particle production (10%) BY /FO Bt /B~ BY /ES Ay /Ny cc¢ 7/
Belle 11 27.5 27.5 n/a n/a 65 45
FCC-ee 300 300 80 80 600 150
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1) FCC-ee specifics for Flavour Physics. C FCC
B- The Boost at the Z:

(Ex,) = 75% X Epeam; (87) ~ 6.
* Fragmentation of the b-quark:
* Makes possible a topological rec. of the decays w/ miss. energy.

C- Comparison w/ LHCb and Belle Il. Advantageous attributes:

Attribute Y(4S) pp Z°
All hadron species o/
High boost v
Enormous production cross-section v
Negligible trigger losses
Low backgrounds
Initial energy constraint

NSNS
NSNS S

(v)

D- Versatility : the Z pole does not saturate all Flavour possibilities. Beyond
the obvious flavour-violating Higgs and top decays, the WW operation will
enable to collect several 108 W decays on-shell AND boosted.
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1) FCC-ee specifics for Flavour Physics. C FCC
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1) FCC-ee specifics for Flavour Physics. C FCC

E- Detector performance: exquisite tracking is necessary and at reach.
Invariant-mass resolution as it is in the current state of IDEA fast simulation:
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Ultra-high resolution calorimetry and vertexing are in addition highly
desirable. Performance to be determined in the Feasibility Study Phase.
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Ultra-high resolution calorimetry and vertexing are in addition highly
desirable. Performance to be determined in the Feasibility Study Phase.
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- Multiple global fits in the literature (I picked here 2012.13241 and
arXiv:2103.13370, many others around). Intriguing consistent pattern
pointing towards a Ce modification.

- How to go further with indirect measurements ? Belle Il and LHCb will refine
these measurements. But final states with tau lepton is a promising way
forward. FCC-ee unique. Two flashed here B0 =& K* 1+ and B; = T1*V.
Other modes (relevant as well) are under study, e.g. b—svv.

- These transitions with third generation particles are a must to study.
S. Monteil Flavours @ FCC 7



2) Overview of the studies: Rare decays & Friends

* BO - K0 T+T-

« Six momentum components to be searched for:
* B9 momentum direction from Krrfixes 2 d.o.f.

* T momenta direction fixes 4 d.o.f.
* Mass of the T provides 2 additional constraints
* The system is in principle over-constrained.
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2) Overview of the studies: Rare decays & Friends C FCC

B0 — K0 1*T: a couple of backgrounds that an adequate vertexing
can discriminate.
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2) Overview of the studies: Rare decays & Friends C FCC

400+

e B9 = K™ T+T: executive summary Wi

- ;
<

=300 + + Probability to recognize a 7° = 0.00
2

- IDEA Delphes card for p resolution. Vertexing f i
performance from smearing: allows to assess the :
required performance.

16 i) 5.0 m(K*Eéi]T[:sn]T)S[égcv/cg] 5.6 5.8 6.0

* Study w/ background has started. Initial look ' 4
promising [O(200) events at SM value]. Some 2 ST
overwhelming backgrounds (with several piO

» A selection is in order.

5.0 5.2 5.4 5.6
m(K*[3n).[37],) [GeV/c?]

Invariant B0 mass with sel solutions and natural number of event

 Qutlook: attempt at a “comprehensive"” bkg
estimate (getting to it). Actual vertex detector
geometries to be assessed as a function of the
precision.

6 5.8 6.0
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2) Overview of the studies: Rare decays & Friends C FCC

* B. = ttv:another fundamental test of lepton universality. Counterpart of
Rp,p~ A promising study lies here [2105.13330, see also 2007.08234]

FCC-ee Simulation (IDEA Delphes)

{ Generated data FCC-ee Simulation (IDEA Delphes)
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Bottomline: few percent precision mostly limited yet by the
knowledge of the normalisation BF (J/yuv).
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2) Overview of the studies: CKM profile & Friends @

 CKM profile is at the heart of the Flavour programme. Possible status of the
CKM profile in the late 2030s assuming SM is valid (Lattice-QCD expected
improvements in; LHCb-biased view).
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p
 Belle Il will add up to this. The question is: can we do better ?
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2) Overview of the studies: CKM profile & Friends O FCC

* B+ = t*v:access |Vl with the only knowledge of the decay constant.
Work in progress building on [hep-ex:2105.13330].

e Inc. Z° — hadrons
e BT 7ty

e Bfs71hy

© X. Zuo

BDT Be score

Bu cat.

0.0
0.0 0.2 04 0.6

corrected BDT Bu score

08 1.0

Bottomline: similar yields / purities as for Bc = 1*v.
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2) Overview of the studies: CKM profile & Friends C FCC

* Another projection is the model-independent search for BSM CPV phases in
mixing processes

hep-ph 2006.04824

FIG. 2. Current (top left), Phase I (top right), Phase II (bottom left), and Phase III (bottom right) sensitivities to ha — hs in
B, and B, mixings, resulting from the data shown in Table I (where central values for the different inputs have been adjusted).
The dotted curves show the 99.7% CL (30) contours.

 Bottleneck in precision: V¢ and Lattice-QCD mixing parameters
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2) Overview of the studies: CKM profile & Friends C FCC
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2) Overview of the studies: CKM profile & Friends C FCC

e | Vol measurement: the WW
threshold. First look here.

Eff. \ g-jet | b-jet | c-jet |uds-jet
b-tag 25 %
c-tag 10% [50% | 2%

* Numbers picked from Tracking
and Vertexing at Future Linear
Colliders: Applications in Flavour
Tagging — Tomohiko Tanabe.
ILD@ILC. IAS Program on High
Energy Physics 2017, HKUST

S. Monteil

Pbtag (C)

10° 107 10°

© MH. Schune Pbtag(uds)

« With these state-of-the-art inputs,
precision on | Vgl improves from
1.9% (current) to 0.4%. Ultimate
statistical precision is O(10-4).

 Actual study in order. A driver for the
b- and c¢- tagging performance.
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2) Overview of the studies: CKM profile & Friends

(O Fce

* Sub-degree gamma angle measurement at reach :

Measurement of CP violation with B, - D K

det =150 ab™?

© R. Aleksan
112037 . N
108978 CP violation : Bs » Do K*
5000 -
tag* (sin(¢ = A))inpur = -9.40e-01 , -5.00
p=0.707
tag=(1 — 2w) = 0.500
40007 (sin(¢ + A))5e=-9.42e-01 % 5.9¢-03
(sin(¢ — A))s: =-5.08e-01 + 6.3e-03
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— fit
« Bi-D K* T f K-
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. B.-Df K™ p=0.197 o a S K*
tag = (1 - 2w) = 0.500 © Bs=Ds K

+  data error

= data error

w
(=]
o
o

number of events
N
(=]
(=]
o

1000 A

0.0 0.5 1.0 15 2.0
x (in unit of lifetime t/7)

25

3.0

(sin(¢ — A))s: =-4.94e-01 = 7.1e-03 = data error
(sin(@ + A))se = -9.34e-01 = 5.9e-03 + data error

5(p) =~ 3.2 x 107 3(stat.)
{ S(sinPpcxy) = 6(sin?y) =~ 5 x 1073(stat.) = 6(y) ~ 0.4° (stat.)

Potential statistical gain of factor 4-5 with DSJ—r - K*9K* ¢p*, ... but background needs to be studied (see later)+
Additionnal potential gain (another factor ~2 ) with B. = DX*K¥, DIK**, DX*K*F , most modes including v(s)

* A lot more to do with neutrals !

1.0 15 2.0 2.5 3.0
x (in unit of lifetime /1)

« Several null tests of the SM accessible w/ unprecedented precision, e.g.
semileptonic asymmetries, ¢sin penguin-dominated diagrams ...

S. Monteil
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2) Overview of the studies: CKM profile & Friends C FCC

» Degree alpha measurement : a study to get started.

* The alpha angle can be measured through an isospin analysis from B9 —
(zx)*+00, The knowledge of parameter S% | that can be accessed from

time-dependent studies, allows to lift degeneracies among solutions.

alu alue

10 1.0

: uded area h; 96 : #uded area has Cl 85
[ 09 C 09
C 08 r i, 08
- a 07 E 0.7
& 2 r & 06 |I& 4 06
S e 05 f‘.‘; ° - 05
E s E 0.4
03 08 0.3
02 ; 02
[SU) : /12 + 2% = 1 o1 [sU@) a3+ 8% =1} 01
L 1 1 0.0 L 1 1 i 0.0

0 0.5 0.0 05 10 -1.0 0.5 0.0 05
Re(a"/12) Re(a"/(2)
Figure 4: Constraint on the reduced amplitude a™= = AT~ JA*? in the complex plane for the

B — 7w (left) and B — wr systems (right). The individual constraint from the B®(B%) — ntm~
observables and from the B°(B°) — 7970 observables are indicated by the yellow and green
circular areas, respectively. The corresponding isospin triangular relations a® + a™=/v/2 = 1
(and CP conjugate) are represented by the black triangles.

» Accessible through Dalitz decays of the z%in B9 = (z9z0). Vertex is there.
Statistics too [O(10k)]. A possible case study for EM calo. design.
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2) Overview of the studies: others C FCC

- Many other categories to explore. To cite two of them that shall be
addressed in the feasibility study.

—) Mass and lifetime properties, spectroscopy, exotics.
—) Charm physics.

Both categories are not touched yet to my knowledge on the
experimental side but are a must-do.

- The invariant-mass resolutions, charged and hopefully neutrals
as well, at FCC-ee for narrow states shall make marvels in
spectroscopy.

« For charm, significant phenomenological works do exist for
FCC-ee. One of the last in line : https://arxiv.org/pdf/

2010.02225.pdf. The exploration shall be launched.

S. Monteil Flavours @ FCC 18


https://arxiv.org/pdf/2010.02225.pdf
https://arxiv.org/pdf/2010.02225.pdf

2) Overview of the studies: connecting some dots C FCC

- Embrace top quark, Z pole and Flavour observables to operate a SMEFT
analysis. Exercised first with top quark:

Very first look
at simulated
ttbar events

£ 45001
2 =
£ 4000}
5 E
H E
3500}
3000
2500f
2000}
1500
1000

500

0

sssss

S. Monteil

technische universitat © I_ Roehrig Lm
dortmund Raarmont

Goal: Global fit with current and future measurements in top + flavor physics
Intermediate steps | and Il completed

sensitive observables 3
I . - . N> ©
event simulation for different values of C; !
-2 -1 0 1 2
CtW’
II model finding N (|
parameterisations as function of C; (model) | ™ |
-2 -1 0 1 2
CtPV
global fit constraints
Bayesian analysis with appropriate choice of priors 5 on model parameters C;
L. Réhrig | May 25, 2022 4/19
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2) Overview of the studies: Tau lepton physics O FCC

* Touched so far through the lepton universality studies and Lepton Flavour
violating decays (LFV Z and tau directly).

Observable Measurement Current precision FCC-ee stat. Possible syst. Challenge
Threshold /
m, [MeV] e 1776.86 + 0.12 0.004 0.04~-0.1 Mass scale
. : Vertex detector
T [fs] Flight distance 2903+ 0.5fs 0.001 0.04 alignment b
B(t—evv) [%] Selection of t*t;, 17.82 + 0.05 .
identification of final 0.0001 0.003 Effgzlipcclz,lgkg,
B(t—pwv) [%] state 17.39 £ 0.05 :
© M. Dam S 17.90
= Today (2018)
. . >
Necessary ingredients: 9 y8s-
E
m
o M ass 17.80 —
- Lifetime
. . . 17.75 —
* Leptonic branching fractions
17.70 —
Lepton universality with
m,=1776.86 + 0.12 MeV
17.65 — 1
289 290 201
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2) Overview of the studies: Tau lepton physics C FCC

* A non-exhaustive Tau Physics advantages and prospects :
* About 200 billions of tau pairs at the Z pole.
* About 3 times the Belle Il anticipated statistics but with a 25 boost !

* Beyond EWPQO (polarisation), stringent lepton universality tests. Global
improvement can be two orders of magnitude w.r.t. state of the art.

 2-3 orders of magnitude w.r.t. state of the art in sensitivity for LFV Z
decays. 1-2 orders of magnitude for actual LFV tau decays.

« Hadronic branching fractions, spectral functions, strong coupling
constant: the QCD program with tau is rich.

S. Monteil Flavours @ FCC 21



3) Outlook (O Fce

* Flavour Physics defines shared (vertexing, tracking, calorimetry) and specific
(hadronic PID) detector requirements. The feasibility study entangles the
Physics performance and detector concepts. Flavour physics places most
demanding requirements for vertexing and calorimetry.

* The feasibility study will be used to systematically address the physics case
while placing requirements on the detectors. Hadron particle identification
deserves a special treatment and Flavour physics is at the heart of it.

* All studies at the Z pole shown above are made for 5.1012 Z decays. Most of
flavour observables will remain statistically limited. More would be desirable !
The machine study from two IPs to four IPs is positive and would bring about
a factor 2 (1.7) in integrated luminosity.

* Four experiments can as well allow for different experiment designs, including
a flavour-oriented concept.

S. Monteil Flavours @ FCC 22



3) Outlook (O Fce

* A flavour physics working group has been set up and will get up and running
before this Summer. Here to subscribe:
* https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?
egroupName=FCC-PED-PhysicsGroup-Flavours
* First meeting of the Flavour performance WG is soon to be announced.

FUTURE
CIRCULAR

COLLIDER
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4) Back-ups

S. Monteil

Flavours @ FCC
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3) Outlook — Feasibility Study C FCC

FUTURE The FCC integrated program

CIRCULAR

COLLIDER nspired by successful LEP — LHC programs at CERN

comprehensive long-term program maximizing physics opportunities

« stage 1: FCC-ee (Z, W, H, tt) as Higgs factory, electroweak & top factory at highest luminosities

» stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, with ion and eh options

« complementary physics

« common civil engineering and technical infrastructures, building on and reusing CERN’s existing infrastructure
» FCC integrated project allows seamless continuation of HEP after completion of the HL-LHC program

transfer lines proposed to be
Injection installed inside FCC-hh ring tunnel
into booster RA(Experiment site)

Azimuth = -10.2°

________

‘SSS 1400 m Injection into collider

Technical site
'L

400 MHz RF,

Beam dumg Technical site

of Lss= 2160m Technical site

Cc h Hss 2'60’“ QP Beam dump

ko5 2icom LSS = 2160 m 1

FC¢-ee

N

Arclength = 9s|ssas»n

I
* : booster
e ~— |
N 1

~ ~—

»
»
' SSS =1400m N7 @ oM N PD
s Schematic of an . R@ == == == === T T T T T s r (Secondary AN Sss=1400m T (Secondary
4 80-100km . (Optional , R $SS=1400m Y (optional ~ experimen! t , experiment
Experiment Experiment site) ite)
s long tunnel ¥ site) site)
.
g > Betatron & ’ N
Technical site Y (ss = Lss = 2160 m Jof Technical ste sty Technical site Yo( Lss = 2160 m Lss=2160m jof Technical site
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3) Outlook — Feasibility Study — Backups. C FCC
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3) Outlook — Feasibility Study

* Civil engineering and infrastructures
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