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FCC-ee detector benchmarks

Imported from CLIC
Full Si tracker
SiW Ecal HG
SciFe Hcal HG
Large coil outside

>
>
>
>

IDEA

Instrumented return yoke

Double Readout Calorimeter

A

v

13 m

FCCee specific design

>

YV V V

Si Vix + wrapper (LGAD)
Large drift chamber (PID)
DR calorimeter

Small coil inside

ALLEGRO

3 K
12m/2

FCCee specific design

>

>
>
>

Tracker as IDEA
LAr EM calorimeter
Coil integrated
Hcal not specified

new

10m/2

High luminosity required for the physics - constraints on the design of the detectors close to
the machine components, in particular the LumiCal and VTX detectors
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Strategy for detector requirement studies
.

Some benchmark analyses are chosen to study
> the dependence of their sensitivity on some aspects of the detector performance

Higgs mass from recoil in Z->puu

LFV Z->tu

e*e- 2uu(y) at the Z and above

Exotic Higgs to LLP pairs

K2t

B>k'tt

Flavor tagging and H->cc

T lifetime

Higgs couplings to heavy flavour: bottom and charm

rely on Delphes with baseline card on the IDEA detector performance
analysis tools able to provide variations of resolutions to study dependence or
precision or sensitivity

N. De Filippis 3



Strategy for detector requirement studies

High precision in detection and measurements of charged particles demands:

= the precise measurement of the track momentum and of the track angles
= the reconstruction of far displaced vertices
= properties mostly related to the large volume, main tracker

= the determination of the track impact parameters
= mostly related to the vertex detector

N.B. Need of a superb control of the systematic uncertainties - put considerable
demands on the acceptance, construction quality and stability of the detectors

N. De Filippis 4



Requirements on track momentum resolution

The IDEA Drift Chamber is designed to cope with

transparency
a unique-volume, high granularity, fully
stereo, low-mass cylindrical

gas: He 90% - iC4H9 10%
inner radius 0.35m, outer radius 2m

length L = 4m

IDEA: Material vs. cos(6)

3o/ Il Beam pipe
[ Vertex silicon
[ Drift chamber

G Silicon wrapper
N ><¥- PP

200

151

0

0 01 02 03 04 05 06 07 08 09 1

-~ 5% X, -barrel
- < 15% X, -forwar

Gp/ pt

The CLD silicon tracker is made of:

six barrel layers, at radii ranging
between 12.7 cm and 2.1 m, and of
eleven disks.

the material budget for the tracker
modules is estimated to be 1.1 - 2.1%
of a radiation length per layer

Track angle 90 deg.
— IDEA
--- IDEA

IDEA No Si wrapper

—— CLD
--- CLD MS only
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For 10 GeV (50 GeV) u emitted at an angle of 90° w.r.t the detector axis, the pt resolution is
= about 0.05 % (0.15%) with the very light IDEA DCH
= about 0.25% (0.3%) with the CLD full silicon tracker, being dominated by the effect of MS



Constraint from Higgs Mass measurement

.
Higgs boson mass to be measured with a precision better than its natural width (4MeV),

in view of a potential run at the Higgs resonance

Higgs mass reconstructed as the recoil mass against the Z, Meci , and solely from the Z
Mrzecoil = (\/g —E”')Z - plzl_ =S = 2Elf\/§+ mlzl_
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u from Z, with momentum of O(50) GeV, to be measured with a pt resolution smaller than the

BES in order for the momentum measurement not to limit the mass resolution

= achieved with the baseline IDEA detector - uncertainty of 4.27 MeV with 10 ab™"

= CLD performs less well because of the larger amount of material - larger effects of MS

~
~~
N

If the B increased from 2T to 3T = 50% improvement of the momentum resolution
14% improvement on the total mass uncertainty 6



Reconstruction of LLP and very displaced vertices

R
The reconstruction of:

= long-lived particles (LLP) that decay into charged particles within the tracker volume, but after

having crossed the (first) layers of the vertex detector

= decays that involve K or A’s.

requires very displaced vertices to be identified efficiently (primarily) by the main tracker

Esample: Higgs boson into pairs of long-lived particles (LLPs) which travel a macroscopic
distance before decaying to quark pairs = jets containing candidate secondary/displaced
vertices (exotic Hiaas decavs with decav lenaths ct ranaina from microns to meters)

ete™ — hZ — XX + 0 at /s = 240 GeV

Tracker-based searches optimal for decay

lengths below 1 meter, with sensitivity to shorter
LLP decay lengths down to the tracker resolution

(impact parameter res. 2-3 um)

* 'long lifetime’: m, <10 GeV and ct = 1cm
* 'large mass’: my, =10 GeV and ct = 1um

0.010}

% BR(h->XX) Limit

5

_/9/_
110 F

0.005F

0.001}

5.x 107}

\ i \ G
\ myx=10 GeV | | my=50 GeV
1 1

+n=5L
5x107

1075 0.001 0.100 10
Decay Length (m)

Improvement of the vertex resolution - better sensitivity to LLPs with relatively short lifetimes

N. De Filippis
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Constraint from Bt*=> DK+ (K%)K*

.
The reconstruction of K, — ="~ from pairs of opposite charge tracks
» that do not come from the primary vertex,
= that can be fitted to a common vertex
» with a vertex mass that is close to the nominal K, mass

The efficiency for K, reconstruction defined:

= for the K that come from the B* — (K, n%)pK* decay, for which the generated daughter pions
satisfy the acceptance requirement |cos6| < 0.95

= as a function of the distance L,,, between the decay vertex of the K and the interaction point

I$s I—>In+l1t' RN R II cos[6!<|0.?5
? 1— IDEA
@ I iy e hias S d
S |« T4+ % "+ |  IDEA detector:
= - Sie LA ]
L 0.8 I i
§ - + ﬂh 1= with a mass cut of +/-5 MeV, the efficiency remains
o 0.6 e e above 80% as long as the K, decays within 1.5 m
B o (K, 1), K ++ . from the interaction point.
04 . loose mass cut = _ o _
Y — 4+ = atlarger distances, the efficiency drops since the «
R +H tracks only go through a small distance in the tracker.
O_ Il 1 1 1 ‘ Il 1 1 1 ‘ 1 1 1 1 1 1 1 | ]
0 500 1000 1500 2000

Ly, Of Ks vertex (mm)



Constraint from Bt*=> DK+ (K%)K*
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The performance of CLD detector significantly
worsens compared to IDEA:

» visible the steps corresponding to the
positions of the tracker layers

» the efficiency for selecting 5-hits tracks
displaced by more than 40 cm vanishes in
the central region

» due to the large amount of material of the full
silicon tracker that leads to much larger
effects from MS

= worse resolutions on the Ky vertex and
on the K mass

An efficient reconstruction of K¢ — n*n, and, more generally, of LLP that lead to late
appearing tracks, calls for
= a highly transparent tracker
= alarge tracking volume
= a considerable number of measurement layers

N. De Filippis



Constraint from B> K*tt reconstruction

The search for the rare B — K*tt decay has set some requirements on the track
efficiencies

demanding that both taus decay into three prongs -
a final state with 6 soft pion tracks

* a momentum acceptance down to 100-150MeV is necessary to maintain a good
signal efficiency

= a minimum number of e.g. 5 hits to reconstruct a track implies that there be at
least 5 measurement layers at a radius below 33 cm (50 cm) to reconstruct a
track with a transverse momentum of 100MeV (150 MeV)

= this requirement on the position of the layers of the vertex detector and of the

innermost layers of the main tracker, is fulfilled by both the IDEA and the CLD
tracker designs

N. De Filippis 10



Impact parameters and vertex detector

.
Measurement of the impact parameters driven by the vertex detector key for:

= for reconstructing vertices
= for efficient identification of heavy quarks and t
= for a powerful measurement of lifetimes

The radial distance of the first layer of the vertex detector is also crucial

- - b a~5um,b~15um-GeV (FCC-ee)
Resolution o MPact 5 (dp) = a @ a~25 um, b~ 70 pm-GeV (LEP)

parameters :n3/2
/ PRI a~12 um, b~ 70 um-GeV (LHC)
\ Do (um)

a, is driven by the single hit = represents the contribution 1]y |Track angle 90 deg.
resolution of multiple scattering [
= depends on the material L R —

budget of the vertex
detector layers and of the

Assumptions used for next studies: €@mM-Pipe

» the radius of the beam pipe is 1 cm

» the radius of the innermost layer of the vertex detector is 1.2 cm

» the material crossed by a particle emitte at a polar angle 6 before the
first VXD measurement amounts to 0.67%/sin 6 of a radiation length

11 1 11 1 I T T S T 1 111 1
0 20 40 60 80 100

N. De Filippis o (GoV)



Constraint from Heavy flavour tagging and H->cc

.
Latest studies based on a graph neural network:

. H. Qu, L. Gouskos, ParticleNet: Jet
ParticleNet Tagging via Particle Clouds.
Phys. Rev. D 101(5), 056019 (2020)

Features:

» the identification of jets induced by gluons or even strange quarks contemplated
« the tagging efficiency of bottom and charm quarks is much larger than what was achieved
with algorithms from the previous generation for the same mistag rate

ParticleNet key for measurement of the Higgs couplings to bottom, charm and

strange quarks, and to gluons

= HZ events at Vs = 240 GeV
= Z decays into an electron or a muon pair, or into neutrinos

A simultaneous fit to the recoil mass distributions
(and, for the Z(vv) channel, to the visible mass
distributions) measured in all categories allows the
Higgs couplings to bb, cc, ss and gg pairs to be
extracted

N. De Filippis
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Heavy flavour tagging and H->cc coupling

For an integrated luminosity of 10 ab™', the H — bb signal strength can be measured
with 0.28% uncertainty, and the one for H — cc with 2.1%

Studied the dependence of this precision with the track impact parameters
resolution

» by degrading the resolution by a factor ranging between 2 and 10

—  Hobb = the measurement of the Higgs coupling to
T— H-ce bottom quarks is only marginally degraded
when this resolution is worsened

|
wv
1

|
i
o

» the uncertainty on the Higgs coupling to
charm quarks depends significantly on
the resolution on the track parameters

loss in precision (%)
&
v

|
N
o

due

« to the much worse signal-to-background
ratio in this channel

-30 T °

T T T . - to the smaller displacement of ¢ quarks
IP (dy, d7) resolution scale factor compared tob quarks,

A degradation by a factor of 2 of the impact parameter resolutions - degradation of the H->cc
coupling measurement by about 3%.

I
N
8]
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Requirements on Muon detector

.
The muon detector has to identify muons with a very high efficiency and to serve as ‘tail-catcher’
for the hadron showers that may not be fully contained in the calorimeter.

= animportant figure of merit is the = — p misidentification probability

Example: control of the n contamination via B® —p*u~ decay

—— Total fit

B B excellent mass resolution IDEA - a very good
Z° — bb Delphes simulation i innly ) Separathn Of the BO and BS peaks

BY - wtn

100 + Simulated data

80 A significant background coming from B? —n*n~

0l is however present under the B peak.

401 " +

2 *\}

Candidates / (5.0 MeV/c?)

Assuming a double © — p mis-identification
probability of 2x107> - background contribution
would be as large as the signal itself

D S\
(N Dy SR ¢
5250 5300 5350 5400 5450
m(p*p”) [MeV/e]

A good standalone resolution will be

= useful to reduce the © contamination and to identify = decays in flight that happen before the
muon detector

= important for searches for long-lived particles that decay outside the tracker volume - the
requirements on the standalone momentum resolution need to be quantified

N. De Filippis 14



Conclusions
S

The momentum resolution by IDEA and CLD looks
= adequate for Higgs measurements
= as well for most EWK measurements, with the exception of the Z width measurement

For flavour physics at the Z peak, where lower momenta tracks are involved, a low mass,
gaseous tracker is advantageous being minimally affected by MS
= optimisation studies ongoing to improve the momentum resolution of the CLD tracker
= a silicon+TPCtracker / straw tracker is under consideration for CLD

very large number of measurement points along the tracks, as offered by a gaseous tracker
—> crucial for an efficient reconstruction of K¢, A’s or other longlived particles that decay into
charged particles, and a bonus for an experiment with a stronger focus on flavour or BSM

Examples shown where the physics outcome of FCC-ee would gain from having better vertex
detector performances than the one provided by the baseline detectors (IDEA and CLD)
= ongoing R&D efforts to decrease the material budget of the VTX
= special care in designing the beam-pipe and its cooling system, in order to minimise the
amount of material in front of the vertex detector

N. De Filippis
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FCC-ee physics programme

Optimal energy range for SM particles

LEP1 statistics in a few minutes Sharpen and challenge our knowledge of already existing physics \%ﬁb
Detector calibration/alignment atall /s ¢ = > & Q
? ww ZH tt ‘%,):@ro %
VNG
e o — 03 = + : I * + : : * — % /’Qo’ﬁs// (o
& & o By ®  FCCeee (2IPs) (~CEPC 50 MW 6’6 %5 0,,0:96,,') ¥ //’)
RO . o FCCee(@IPs) (Lumix1.7) — o 4 % %, % O
0" 5 & g = ILC (TDR, upgrades) (~C? ' ©u % ’j'e/ L 4’@ V%
& <i(\.\ RIS 2 = . CLIC (CDR, 2022) 7 < o e O,/o;,"";o 6., QQ( 5
AN o S )
\‘)(0 "“‘é\oéx & 2 10 "y /&‘"ol,@“fo %, %, %
9\' ‘QQKO‘ ‘*Qo ‘; - o’é} @,} ,,89 OO o\{e o
° [ *

‘(\0 ¢ o‘oz o' D B R r, % %, %5, %

‘\g i)é\ o\." b\‘, o = T 0’6 e, (8, ¢ (:9
QO e £ 7 % e,
e,o“@\é\" & E 10 %, %
& =) =
Ve‘o" éQ N = / 0@
L B
1 E | 1 (250 GeV) ‘ ;
s Monochromatisation

U\'/ unlte forelaciron Yok 100 150 200 250 300 350 —= 400 Motivates the competition

nique opportunity for electron Yukawa RDP + in situ In situ only 'S [Ge\!] Luminosity is the name of the game

Precise and continuous /s, /s spread, boost determination
Both with resonant depolarisation (RDP) and with collision events in up to four detectors
Essential for precision measurements

= LLP’s, ALPs, RH Vs, ...

N. De Filippis 17



FCC-ee physics program

'mz, 'z, N, « o s(mz) with per-mil accuracy
*R|, Ars *Quark and gluon fragmentation
‘mw, My *Clean non-perturbative QCD studies
MHiggs, rHiggs
EW & QCD Higgs couplings

self-coupling

detector hermeticity particle flow
tracking, calorimetry energy resol.
particle ID

direct searches
of light new physics ‘
e Axion-like particles, dark photons,

Heavy Neutral Leptons
e long lifetimes - LLPs

flavour factory
(10'2bb/cc; 1.7x10" z7)

7 physics B physics e T
B op, | top
*Flavour EWPOs (Rp, AFgP'©) W top coupling
e7-based EWPOs ¢CKM matrix,
elept. univ. violation tests *CP violation in neutral B mesons

vertexing, tagging
energy resolution detector req.
hadron identification

momentum resol.

eFlavour anomalies in, e.g., b = str
tracker

N. De Filippis 18



Detector requirements for an expériment at the FCC-ee

”Higgs Factory” Programme
*  Momentum resolution of o;1/pr* = 2 x 10 GeV!
commensurate with @(103) beam energy spread
* Jet energy resolution of 30%/VE in multi-jet
environment for Z/W separation
* Superior impact parameter resolution for ¢, b

tagging

Heavy Flavour Programme

* Superior impact parameter resolution: secondary
vertices, tagging, identification, life-time measts.

* ECAL resolution at the few %/ VE level for inv.
mass of final states with s or ys

* Excellent %y separation and measurement for
tau physics

* PID: K/mt separation over wide momentum range
for b and t physics

Feebly Coupled Particles - LLPs
Benchmark signature: Z — vN, with N decaying late
* Sensitivity to far detached vertices (mm — m)
* Tracking: more layers, continous tracking
* Calorimetry: granularity, tracking capability
* Large decay lengths = extended detector volume
* Hermeticity

> M. Dam, ECFA Det. R&D Roadmap, 2021, https://indico.cern.ch/event/994685/

N. De Filippis
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FCC-ee detector concepts

Imported from CLIC
Full Si tracker
SiW Ecal HG
SciFe Hcal HG
Large coil outside

YV V V V

FCCee specific design

>

>
>
>

o ALLEGRO

Instrumented return yoke

Double Readout Calorimeter

A

3 K
12m/2

v

13 m

FCCee specific design
Si Vix + wrapper (LGAD) » Tracker as IDEA
Large drift chamber (PID) > LAr EM calorimeter
DR calorimeter > Coil integrated
Small coil inside > Hcal not specified

new

10m/2

High luminosity required for the physics = constraints on the design of the detectors close to
the machine components, in particular the LumiCal and VTX detectors

N. De Filippis
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Silicon detectors for precision measurements:

 vertex detector/inner tracker (V1X)
« silicon outer tracker
« silicon wrapper (SET)

+ design of the mechanical structure
(light-weight staves)

+ activity with the
MDI group for the
integration of the A

vertex detector | , —— ;2 e

TR S
R B

N. De Filippis




Inner tracker

I
3 Ellllillwa\t\elr\\\\\\fl\\\iIIIIIIIIIIIIIIII‘\II\:
; o - [ ]Kapton
e A three layers inner vertex detector at 13.7, 7 = GlueEcobond45
23.7 and 34mm radii X - Aluminum
pd 6 [ ]Rohacell
= ~ [l CarbonFleece
. Ap outer vertex detector, located at a larger o £/ [ |CarbonFiber
radius between 11.2 and 31.5 cm, composed o - [ Silicon
of a barrel section and forward disks o 43_
S -
Diskz  Disk3 = B
o 3
: 7| Bellows CEU E
1 \ ) 27
‘ T 4\ Endca oA
Ny 7 1
P OIIII|IIII||III|\|II|||II|IIII|IIII|IIII|IIII|IIII-_
Ll 0 0.102030405060.70.809 1

Al ribs Chamber

LumiCal Al ribe tracker Inner ( )
Outer tracker

tracker

The material budget of the inner vertex detector at cos(6) = 0
contributes with about 0.3% per layer, and nearly 50% of it comes
from the mechanical support structure

N. De Filippis



Vertex detector Insubria U.+ Milano U.

U ARCADIA INFN prototype
Technology: Depleted Monolithic Active Pixel Sensors (DMAPS): T B
> 25 x 25um? pixel size for hit resolution ~ 3 um |\ =
> 5 um shown by ALICE ITS (30 um pixels) | I
> prototype with thickness ~ 200 pm down to 50pm - e
- 50-300 um fully (noes in deep pwel)
» low power consumption (< 20 m\W/cm?) depleted Sbstrats
n-sub “'\
Tests of different design options: e,

« IV and CV measurements of test-structures from

second production run: proven functionality, stable operation at

the first and

full depletion, and good agreement with TCAD simulations

ARCADIA 1st run
10-2 4 Wafer#20 PM50 layoutlA
dsi=51.5um

—e— PM50 /nwell --N
—&— PMS50 Ipyen --N

—— --E

104

[Il/pxI [pA]

10—6 m

Oowum

—e— TCAD Inwen

1078 Bt A A A A

= = .

10—10 p
0

|Vback| [V]

N. De Filippis

VTX
mechanical
strcture
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conductive epaxy

A 2" jteration prototype is working and will
be tested soon at a test beam area

"2

K 12,00 A 6,20
217,

2, 12,00 | 32,00)32,00 |32,00 |32,00 2,00 |32,00 | 3:
0,20 | 0,20 |0,20 0,20| 0,20 0,20] 0,20
193, )

-13.7, 23.7 and 34-35.4 mm radius



Silicon medium and outer tracker KIT+UK+IHEP+INFN

.
ATLASPIX3 modules: a full-size system on chip, targeting the outer tracker

¢ Intermediate barrel at 15 cm radius
e Quter barrel at 31.5 cm radius

» quad module, inspired by ATLAS ITk pixels
»  pixel size 50x150 pm?

» TSI 180 nm process on 200 Qcm substrate et — S o
» 132 columns of 372 pixels o | ,

Power consumption:

» ATLASPIX3 power consumption 100-150
mW/cm?

Voltage [V]

Complete system consists of 900'000 cm? area / 4 cm? chip =
225k chips (56k quad-modules)

Data rate constrained by the inner tracker:

average rate 10 - 103 particles cm=2 event! at Z peak
assuming 2 hits/particle, 96 bits/hit for ATLASPIX3 C
640 Mbps link/quad-module provides ample operational margin ooff T e

16 modules can be arranged into 10 Gbps fast links: 3.5k links S L
can also assume 100 Gbps links will be available: 350 links Input Curent [mA

e Filippis 24
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The Drift Chamber

B - ;
The DCH is: L) iy
. . . 0.016 X,
» a unigue-volume, high granularity, fully stereo, low-mass 1 R
. . 0.050 X, R
cylindrical
ayers h i
. 0 H 0 12-lsl:n2nl1 cvell width n
> gaS. He 90 /O - |C4H10 10 /0 inner wall 0.0008 X, N r=035m
» inner radius R, = 0.35m, outer radius R, = 2m
> |ength L =49m 0.016 X, 540,000 wires tracking efficiency
. to barrel calorimeter (0.00 e=1
» drift length ~1 cm 0.050 X, s 2 for @ > 14° (260 mrad)
. . to end-cap calorimeter easion koo 97% solid angle
> drift time ~150ns
> Oyy < 100 um, o, < 1 mm 2=2.00m
» 12+14.5 mm wide square cells, 5 : 1 field to sense wires ratio
» 112 co-axial layers, at alternating-sign stereo angles, arranged

in 24 identical azimuthal sectors, with frontend electronics
343968 wires in total:
sense vires: 20 um diameter W(Au) = > 56448 wires
field wires: 40 um diameter Al(Ag) = > 229056 wires
f.and g. wires: 50 um diameter Al(Ag) => 58464 wires

A\

» the wire net created by the combination of + and —
orientation generates a more uniform equipotential surface
- better E-field isotropy and smaller ExB asymmetries )

> a large number of wires requires a non standard wiring procedure and needs a feed-through-less wiring
system = a novel wiring procedure developed for the construction of the ultra-light MEG-II drift chamber

N. De Filippis 25
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Constraint from Higgs Mass measurement

.
Higgs boson mass to be measured with a precision better than its natural width (4MeV),

in view of a potential run at the Higgs resonance

Higgs mass reconstructed as the recoil mass against the Z, Meci , and solely from the Z

2 - 2 . v
Miecon = (\/g - Ell') —Pbu=s — 2Elf\/§+ m;r
FCCee amyuer 152240 GeV, 72 ab”

~ 500

/20 Me

Event

50F

i, 1 b S G o o I {80 I o o O ol R G e
?22 123 124 125 126 127 128 129 130 131 132

250
200F
150F

100F

Muon final state Z{uu-)H

450F

@ 400F

NEA . I 2
IDEA-petfectrésolution

A = IDEA

—IDEA 3T

350F

300F

i \| - IDEA CLD silicon tracker

Recoil (GeV)

FCC-ee simuation Vs =240 GeV, 7.2 ab”’
AU\ 1IN

i 32 7 i .
%l 18 i Muon final ;tale Z(wu)H (st=at. + syst.) Wlth a pe rfe Ct m eaS u re m e nt Of
R s the muon momentum:
.0~ === IDEA perfect resolution B(mh) =3.95 MeV .
1 4F.| = 1DEAST 8m) - 428 MV . the width of the M recoil P€a Kk
- E —\ ID\E/\\\CLD silicon tracker S(mh) = 6.I0I7;Ilevl d ete rm i n ed by B E S _

-\

0.8F

N\ Il

I/ 0.185% of the beam energy
at \'s = 240 GeV
= uncertainty on My of 4.0 MeV

//
—
§

T~
\

: A\ I/ with an int. lumi of 7.2 ab—1
oo R\ i (including the contribution of
o S S all systematic unc.)
124.99 124.995 125 125.005 125.01

m;, (GeV)

u from Z, with momentum of O(50) GeV, to be measured with a py resolution smaller than the
BES in order for the momentum measurement not to limit the mass resolution
achieved with the baseline IDEA detector - uncertainty of 4.9 MeV with 7.2 ab~"

CLD performs less well because of the larger amount of material - larger effects of MS

If the B increased from 2T to 3T = 50% improvement of the momentum resolution

14% improvement on the total mass uncertainty 27
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Requirements on angular resolution

The polar and azimuthal angles of the momentum of a prompt, charged particle, at production
vertex measured as

= the angles of the corresponding track at its distance of closest approach to the detector axis

The corresponding angular resolutions in IDEA and CLD vary between

= about 20 urad for high momentum particles produced in the central region of the detector
= afew mrad for soft, forward particles

N.B .The contribution of these angular resolutions to the precision of the recoil mass is negligible
compared to that of the momentum resolution.

For the reconstruction of the mass of heavy-flavoured mesons, the momenta of the daughter

particles must be taken at the decay vertex of the meson, and the resolution of the azimuthal

angle crucially relies on the reconstruction of this decay vertex.

= N.B: for all examples considered involving B-mesons, the mass resolution remains
completely dominated by the momentum resolution

The reconstruction of:

= |ong-lived particles (LLP) that decay into charged particles within the tracker volume, but after
having crossed the (first) layers of the vertex detector
» decays that involve K;or A’s.

requires displaced vertices to be identified efficiently (primarily) by the main tracker
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Constraint from Z->tu

A similar requirement, that the momentum resolution for O(50) GeV muons
be better than or comparable to the BES, comes from the search for lepton
flavour violating Z decays into tu at Vs = 91 GeV. The analysis strategy
demands a clear tau decay in one hemisphere, and a beam-energy muon in
the other, in order to suppress the Z — 1t background

N. De Filippis



Requirement
.

The measurement of the luminosity from e*e™ — yy events to a precision of about

1075, requires the large background from e*e~ — e*e™ events to be known very

precisely

» the targeted precision will set some requirement on the e/y separation, which, in
turn, will constrain the tracker inefficiency and the level at which this inefficiency is
known

The ratio of the partial width of the Z boson into hadrons to that into muons, R, will
be measured with a statistical precision of about 5x10-6 at Tera-Z. Counting the
number of u*u- events to a similar level of systematic precision sets a very hard
requirement on the knowledge of the tracking (and muon chamber) efficiency

Impact of beam induced backgrounds;

» for the CLD tracker, these studies relied on full simulations and concluded that
backgrounds should not be an issue

= for the IDEA tracker, the results presented in the CDR will have to be verified with a
full simulation

= moreover, these backgrounds should be revisited in view of the updated machine
parameters and machine-detector interface.
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Constraint from the measurement of BR(B>K"*tt)

.
The BR(B>K'1tt) ~ O(1077) in the SM and the current experimental upper limit is
larger than this prediction by three orders of magnitude. New physics contribution
would enhance the BR.

-> stringent requirements on the performance of
the vertex detector come from the measurement
of the BR(B>K't1)

Both 1 leptons decay into three charged pions
and a neutrino

The secondary vertex (SV) is given by the kaon
and pion tracks that come from the K* decay

The reconstruction of B>K'tr critically relies on
the precise reconstruction of the secondary and
tertiary vertices

For displaced vertices, the resolution depends very much:
« on the track multiplicity of the vertex

* on the track momenta and angles

* on the angular separation of the tracks
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Constraint from the measurement of BR(B>K"*tt)

» a multi-variate analysis allows the background to be reduced to a manageable
= a powerful n0 identification will be needed to suppress the background

Invariant BO mass with sel solutions and natural number of event = the remainin g baCkg round under the B

PV (3.0pm, 0.0238pm, 3.0um) & SV & TV (20.0pm, 3.0pm)

140 Probabily o identiy a 70 = 050 mass peak is dominated by irreducible

sig
sig + bkg's 20

4 ~4()
] W 5, K*D,D.(D, ) background processes
% 1204 B B, — K*°D,D,(D, — nnrn’)
= B B, - K*'D;rv(Ds — v) A RooPlot of "mass"
(OD 100 1 B B, > K*'D,D,(D, — mrrr’zn") _
g W 3, — K*°D;D,(D; — Dy, Dy — v) g o
e 8Oi B B, > K*D,D.D; — v, Dy — mrnn’) 3
E 1 B B, - K*D:tv(D! — Dyy, Dy — mrrr’n?) e 30
;;j 60' . B, — ]\"‘”D,.D,,(D‘s — 71, Dy = nrar'n?) %
é 1 By — K*"D:Dy(D; — Dyy, Dy — nnan’zn") ._% 25
= 40+ [ |
© t

........
..........

4.6 4.8 5.0 B2 5.4 5.6 5.8 6.0 10
m(K*[37][37];) [GeV/c?]

Assumptions: — T T11T _ "y

= the resolution of the position of the = TE B SR e W e S e
secondary and tertiary vertices is 20 um in
the longitudinal direction,

= and 3 um in the transverse direction

O_IO

The number N of signal events is extracted from
a maximum likelihood fit from which the
statistical uncertainty on the measured
BR(B->K't1) is derived.

That uncertainty determined for several assumptions on the vertex resolutions
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Constraint from the measurement of BR(B>K"*tt)

The precision of the measurement shows a very strong dependence on the resolution of the
position of the secondary and tertiary vertices in the transverse direction

on/N

0.61

0.57

0.41

0.31

0.11

Precision of BF measurement as function of the resolution
Various IDEA configuration
5Q -

0.5 IP 0.67IP  0.83 1P 0.
L[]
SV and TV longitudinal smearing : 20 pm ( FCC
% IDEA improved Ny = 6x10"2
*  IDEA baseline
o Evidence (30
___________________________________ e )
*
* Observation (50)
0.2 === = =
(]
*
0 2 4 6 8

SV and TV transverse smearing in pum

With a statistics of 6x10'2 Z bosons:

» aresolution better than ~ 4.3 pm is
needed to reach a 30 evidence of
the decay mode

» it should be better than about 2.2
pm for a 50 observation of this
decay

= For IDEA simulation this resolution is
of 5 pm only

A better resolution on the track IP by about 10% (about 40%) would allow 30 (50)
A reduction of the overall VXD material by 35% + with an improvement of the single hit
resolution in the VXD layers by 30% (i.e. from 3 ym to 2 ym in the barrel layers) brings the

sensitivity beyond 3.70
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Constraint from the measurement of < lifetime

.
Precise measurements of the mass, the lifetime and the leptonic branching fraction of
the t offer a crucial test of lepton flavour universality (LFU)

2
(g—T) ~ 1 —BF(7 — ev,7e) <m“

9u Tr mr

« the t lifetime (290+/- 0.5 fs)

5 currently limited by the precision on
) * BR (1=>ev,ve) (17.82+/- 0.04%)

With about 2x10" t pair events expected at Tera-Z, FCC-ee has the potential to test LFU at
an unprecedented level thanks to a much improved determination of the 3 key ingredients

= statistical uncertainty on the t lifetime is expected to be 10 ppm or better

= the alignment of the vertex detector was the dominant source of systematic uncertainty
(Belle and DELPHI) but not the case according to more advanced studies

= expected systematic uncertainty due to misalignment, scaled from the systematics
quoted by DELPHI according to the luminosity increase, is below 10 ppm

= one source of uncertainty comes from the knowledge of the overall length scale of the
vertex detector. For this uncertainty to be smaller than one half of the statistical
uncertainty on the T lifetime, this scale should be known to better than 5 ppm
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