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Lepton Flavour Violating t decays

References:

« FCC CDR Volume 1

* MD, Tau-lepton Physics at the FCC-ee circular e*e” Collider,
SciPost Phys.Proc. 1 (2019) 041,
DOI: 10.21468/SciPostPhysProc.1.041

* MD, The t challenges at FCC-ee, arXiv:2107.12832
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https://doi.org/10.21468/SciPostPhysProc.1.041

FCC-ee

Future Circular Collider Feasibility Study
initiated by CERN Council in June 2021

* ”..conclusion on the placement and
feasibility by end 2025.”

* “The focus will be on the tunnel and the
first stage collider (FCC-ee)...”
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Feasibility Study: Physics, Experiment and Detector Pillar

Collaboration Steering Scientific
Board Committee Advisory Committee
\
FCC Study AIDAInnova
Coordination ECFA R&D Roadmap
CERN EP R&D Effort
M. Benedikt, . Zimmermann
nf P P / FCC PEI_) StUdy — Speakers Board, Editorial Board
n o'rma orum o Coordination Dissemination & Communication Detector R&D
National Contacts Secretariat
. Group
G. Bernardi, T. Lesiak C. Grojear), P.Janot

Detector R&D

s | l I Group
I . - . Detector R&D

EPOL MDI Physics Software Physics Physics Detector Group

& Computing Programme Performance Concepts

Including\ Detector R&D

J. Wenninger M. Boscolo G. Ganis M. McCpllough P. Azzi M. Dam ~\magnets \ Group
A. Blondel M. Sullivan C. Hellsens F. Simon E.Pgrez :.SRecf)II;fva \ S etector RAD
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Joint with accelerator Working Group 2 Working Group 1 Working Groups 1&2 Detector R&D Forum
My viewpoint
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qg [ (01200 a0-dox 0t ens! . FCCwe(Baseline,21Ps) In this talk,concentrate on
3 i LEP x 105! © LEPS(Baselne 4P the Z-pole energy point
g ILC (Baseline)
2 L et NG ]
E 10 ; W'W (161 GeV): 5.0 - 5.6 x 10%° cm2s™ CLIC (Baseline) §
> B ]
.g B ]
é eEmEe e Enormous statistics of Z
3 10 - | - bosons and of T leptons
- SRS B i
- s TS i Z decays 5 X 10%*
e T i S 17X 10%
Co. | I I I I I Lo I 11
10? 103 1Vs. 3 prongs 4.2 X 10™°
s [GeV]
3 Vs. 3 prong 3.6 x 109
8
@ak Ecv: 91 GeV 5X10*? e*e = Z 4@ 1Vs.5prong 2.8x10
WW threshold Ecy: 161 GeV 108 ete" 2 WW 1year 1Vs.7prong < 87,000
?
ZH threshold Ecv: 240 GeV 10° e*e" = ZH  3years 1V5gprong '
tt threshold Ecv: 350+ GeV 10° ete o tt 5 years
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T Polarisation Measurement
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Example: LEP experiment aleph

0.1

Mean po|arisation I Angular dependence
I ALEPH
ok E D T e e r L LT EET R PELLLEEEE —
P‘IS
_0,1 [
c/lT ............................................................................................................... — dqe
Q.3 s Umversahty+‘ .................... —
No-Universality
_0'4 [
| | | | | | | Asymmetri-like measurement:
—~0.5 L L I L I I I L I I L L I

-1 -08 -06 -04 -02 O 02 04 06 0.8 1 Low systematlcs

cos0O
Eur.Phys.J.C20:401-430,2001 \

A, =0.1451 + 0.0052 + 0.0029 A, =0.1504 + 0.0068 + 0.0008

= assuming universality: sin26,,* = 0.23130 + 0.00048
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Experimental aspects

Use T decays as spin analysers (V-A decay)

* Two helicity states result in different kinematic
distributions that are fitted to observed
distribution of appropriate variables

Divide (typically) into six decay modes ——

Important aspects

Selection of ete” — t*T events
* Backgrounds from qq, ee, py, yy
Interchannel separation

* Mainly internally between different h+nm° states
=> Photon and m®reconstruction

Selection efficiency and backgrounds as
function of kinematic variables
Reconstruction of kinematic variables

Important example: T- = pv = TV
* Here polarisation is extracted from two angles

En" + E,,o E]T_ - Lg0
cos 0 ox —— I
Ebeam E,[— + Eno

U T1° energy difference

COS |

sum

\

Combined into 1D “optimal observable”
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Results and precisions — case aleph

Obtained results

Eur.Phys.J.C20:401-430,2001

Channel A, (%) A. (%)
hadron  15.21 + 0.98 £ 049 15.28 £ 1.30 £ 0.12 :
----- Most precise channels
rho 13.79 + 0.84 4+ 0.38  14.66 + 1.12 & 0.09 :
al(3h) 14.77 + 1.60 + 1.00  13.58 + 2.11 & 0.40
0 : .
al(h27®)  16.34 £ 2.06 + 1.52 15.62 & 2.72 & 0.47 | systematics
electron  13.64 & 2.33 + 0.96 14.09 & 3.17 % 0.91 A
| mmon 13.64 + 2.09 + 0.93 11.77 + 2.77 + 0.25 Source b » |3h h2® e 4 Tnd h
pion inclusive 14.93 + 0.83 + 0.87 14.91 + 1.11 £+ 0.17 selection _ 0.01 _ _ 0.14 0.02 0.08
Combined  14.44 4 0.55 + 0.27 14.58 + 0.73 £ 0.10 tracking 1006 - {022} - = - 010 -
ECAL scale [ 0.15 0.11 [0.21 110 047 - -
PID 0.15 0.06 [0.04 001 007 007 0.18
o misid. 005 - | - - 008 003 005
* LEP measurement statistics limited photon 022 024 037 022] - - -
6 e non-7 back, 0.19 0.08 [0.05 018 054 0.67 0.15
* AtFCC-ee, ~105°larger statistics: 7BR .| 009 004010 026 003 003 0.78
Need much reduced systematics modelliig [ - - 1070 070 - - 009
MC.stat | 0.30 0.26 |0.49 0.63 0.61 0.63 0.26
TOTAL 0.49 0.38 [1.00 1.52 0.96 0.93 0.87
B Ae
The single most important systematics Source h p |3h h2r® e p Incl h
; : tracking 0.04 - - - - 0.05 -
(on the most precise ch_a.nne.ls) is due non-7 back. [ 0.11 0.09 [0.04 022 091 024 017
to photon and m° identification modelling -~ lo40 o040 - - :
TOTAL | 0.12 0.09 [040 047 091 025 017
Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022 9




vy and m° reconstruction in T decays — case aleph

Foton reconstruction efficiency.

reconstructed

Efficiency

Starting at 250 MeV

1

Par——— s
= %}
o ® > oot i ALEPH
08 | - p= 1
- 9 i
+ g !
0.6 - S 400
£ !
0
g ;
04 Q l
+ {%\
200
02 % ‘
W i
”ﬂ“ T “H”“MW;,,:S‘:‘“’VW?M
00 OI,S i 1‘.5 é 2I,5 3 3‘,5 4 00 0‘65 0‘.1 0.;5 012 ().‘25 01.3 0.55%.5
1 Photon energy (GeV) yy mass (GeV/c?)
Migration matrix (part)
e n h hwV h2mY h3x! har' 3h
e 73.26 0.01 0.41 0.45 0.34 0.25 0.74 0.02
W 0.01 74.49 0.63 0.22 0.07 0.21 0.33 0.01
h 0.25 0.75 65.03 3.56 0.34 0.06 0.00 1.44
hn© 1.02 0.26 4.70 68.19 11.31 2.15 0.49 0.48
h27Y 0.12 0.01 0.33 5.67 57.68  23.13 7.57 0.08
h3n0 0.01 0.00 0.07 0.41 6.92 43.06 38.15 0.01
h4r© 0.00 0.00 0.02 0.05 0.67 6.25 25.26 0.00
3h ) 0.01 0.02 0.25 0.07 0.03 0.00 0.00 67.98

yy mass of additional photons in hemispheres
where one m° has been already identified

true

= Key: Overall detector design; good ECAL pattern recognition essential

Mogens Dam / NBI Copenhagen
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t-lepton properties and
Lepton Universality

$ 17.90
oy Today (2018)
>
S 178
17. —
1 7.5
=
m
a) Mass 17.80 -
b) Lifetime
c) Leptonic branching fractions 1775 —
17.70 —
Lepton universality with
m,=1776.86 + 0.12 MeV
17.65 — |
289 290 201
T lifetime [fs]
Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022
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Tau Mass (i)

¢ Current world average: m,=1776.86 + 0.12 MeV

 Best in world: BES3 (threshold scan) m, = 1776.91 + 0.12 (stat.) +°'1°_0_13 (syst.) MeV

o Best at LEP: OPAL m;=1775.1 +1.6 (stat.) + 1.0 (syst.) MeV

/ Q’) = T T ff[ TT T T TT T T TTTTTT
o About factor 10 from world’s best g 80 | + phys Lett. B4g2, 23 -
. . C . < 70 ¢ s
'o 0 3
0 Main result from.endpomt of distribution E) o } . OPAL 3
of pseudo-massin t— 3m*(NT°)v, E 50 £+ % W"Ht 3
Z E 7
o Dominant systematics w0 E o + 3
30 = | Uncertainty: E
+ Momentum scale: 0.9 MeV 3 :
9 _ _ 20 = | ~1/7 of bin width E
+ ECAL scale: 0.25 MeV (including also m® modes) 10 =
+ Dynamics of t decay: 0.10 MeV 014 L5 16 1.7 f.s 1.9
Uncertainty m_ GeV]
+ Same method from Belle e -

kg, PRL99, 011801 (2007)
' . Belle

o Main systematics

:

+ Beam energy & tracking system calib.: 0.26 MeV
+ Parameterisation of the spectrum edge: 0.18 MeV

Entries/0.8MeV/c?
-

M. =1776.61 + 0.13 (stat.) + 0.35 (syst.) MeV 500 |
woo [ | Uncertainty:
« | | ~half bin width

Pseudo-mass: M, = \/ M3, + 2(Eppum — Es)(Esy — P3,)

L L L L 1 | L | . | L l L
01.72 1.73 1.74 175 1,76 1.77 1.78 1.79 1.8 —

2
Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022 Maia (GeV/c)



Tau Mass (1)

¢ Prospects for FCC-ee:
0 3 prong, 5 prongs, ...
o Statistics 105 times OPAL: &4t = 0.004 MeV
o Systematics:

+» At FCC-ee, Epeam determined to better than 0.1 MeV (~ 1 ppm) from resonant spin
depolarisation

= Negligible effect on m,
« Control of mass scale

= Suggest to exploit 109J/Y — pp from Z decays as reference, with m(J/)
known to 0.006 MeV (2 ppm) from KEDR

+ Reduce uncertainty from parametrisation of spectrum edge by use of theoretical
spectrum checked against high statistics data

<+ Cross checks using 5-prongs
0 Overall systematics:

+ Study to be performed to shed more light on this. Improvement with respect to
current measurements seems possible. Suggest

Osyst S 0.04 MeV
= Key: precise control of momentum scale also in dense, multi-prong topologies

Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022 13



Tau Lifetime (i)

+ Current world average: t,=290.3 +0.5fs

+ Bestin world (Belle): t;=290.17 £ 0.53 jtat £ 0.22 5 TS

0 Large statistics: 711 fb @ Y(45): 6.3 x 108 T* T events

E
2 10k

o Use 3 vs. 3 prong events (1.1M events); reconstruct 2 secondary 3
vertices + primary vertex i
o Measure flight distance = proper time o

o Dominant systematics: Vertex detector alignment to ~0.25 pm
+ Vertex detector outside 15 mm beam pipe

o Bestat LEP (DELPHI): T;=290.0 # 1.4 gat * 1.0 o5t fS

L é:m

0 Low statistics: ~250,000 T*T" events z
2 1400
0 Three methods: =

+ Decay length (1v3 + 3v3), impact parameter difference (1v1),

miss distance (1v1) o [

0 Lowest systematics from decay length method (1v3)
+ Dominant systematics: Vertex detector alignment to 7.5 um
= Alignment with data (qq events): statistics limited

w?

+ Vertex detector: 7.5 pm point resolution at 63, 9o, and 109 mm »*

10

0’

Belle, PRL 112, 031801

l mﬁ.hq'r '

f
1

L0

l |
-0.06 004 002 0

Lrecons:

| | ]
002 04 006 008 0.1

s (€ proper time

Eur.Phys.J

DELPHI

3

i
I Ll

[ 1 2 3
Decay distance (cm)

Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022

14



Tau Lifetime (ii)

¢ Prospects at FCC-ee
o Small beam-pipe radius (10 mm): Vertex detector with 3 um space points at 13, 33, 53 mMm
[DELPHI: 7.5 pm @63, 90, 109 mm]
o Impact parametre resolution ~5 times better than at LEP for relevant momenta
+ DELPHI: a =20 pm, b =65 um
+~ Belle: a=19um,b=5oum o (do) = \/a2+b2-GeV2/(pzsin3(6)).
+» FCC-ee: a= 3um, b=15pum
o Assume same alignment uncertainty as Belle:
+ 0.25 um, i.e. factor 30 improvement wrt DELPHI.
+ Possible systematics on flight distance method: 1.3/30 fs

8yt = 0.04 fs ; Ot = 0.001 fs

o Further prospects: lifetime can be measured with different systematics in many modes
0 1vi: impact parameter difference, miss distance
o 1v3: flight distance
0 3v3 (4 X 109 events): flight distance sum

= Key: Careful design and precise control of vertex detector

Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022 15



Tau Leptonic Branching Fractions

+ World average

o B(t—evwv)=17.82+0.05% ; B(t—Mvv)=17.39 +0.05%
+ Dominated by Aleph @ LEP
0 B(t—ew) =17.837 £0.072 4,1 +0.036,,;; % ; B(T—MVV)=17.319 + 0.070 ;¢ £ 0.032,; %0

¢ Three uncertainty contributions dominant in Aleph measurement
+ Selection efficiency:  0.021 / 0.020%
+ Non-t*1"background: 0.029 /0.020 %
« Particle ID: 0.019 [/ 0.021 %
o All of these were limited by statistics: size of test samples, etc.

¢ Prospects at FCC-ee

0 Enormous statistics:

Ostat=210C
0 Systematic uncertainty is hard to (gu)estimate at this point.
+ Depends intimately on the detailed performance of the detector(s)
= Atthe end of the day, between LEP experiments, &, varied by factor ~3
- Lesson: Design your detector with care!
With the large statistics, will learn a lot. Suggest a factor 10 improvement w.r.t. Aleph:
Osyst =3 X 105

= Key: Many ingredients; tracking, calorimetry, overall detector design

Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022 16



Summary of Precisions & Lepton Universality

Tr

Observable Measurement Current precision FCC-ee stat. Possible syst. Challenge
Threshold /
.[MeV _ _ 86 0. ) .
m, [MeV] T 1776.86 £ 0.12 0.004 0.04 Mass scale
: . Vertex detector
< [f Flight dist 3+o0.5f . .
T, [fs] ig istance 290.3 + 0.5 fs 0.001 0.04 alignment
0 i +o-
B(t—evv) [%] . Sel.e?:tlo.n of T T, 17.82 + 0.05 Efficiency, bkg,
identification of final 0.0001 0.003 Particle ID
B(t—pvv) [%] state 17.39 £ 0.05 articie
§' 7o Today (2018)
Lepton Universality Tests: > Y
>
. - - Y 17.85-
Quantity | Measurement | Current precision FCC-ee precision T
[
l9u/9e| Ml T 1.0018 £ 0.001 ©
9u/9e ToRE e ' 00014 | provement by a 17.80 -
factor 10 or more FCC-ee
|g/g, Meoel Mpoe 1.0030 * 0.0015
17.75 —
With the precise FCC-ee measurements of lifetime and BRs, m,
could become the limiting measurement in the universality test 1770
Lepton universality with
2 5 m, =1776.86 + 0.12 MeV
—| = —BF(t7 = e vev;)|— 17.65 - |
au m; 289 290 291

T lifetime [fs]

Mogens Dam / NBI Copenhagen
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Example of precision challenge: Universality of Fermi constant

Andreas Crivellin and John Ellis.

EXOTIC FLAVOURS
AT THE FCC

Here, a new-physics effect at a relative sub-per-mille
level compared to the SM would suffice to explain the
anomaly. This could be achieved by a heavy new lepton
or a massive gauge boson affecting the determination
of the Fermi constant that parametrises the strength of
the weak interactions. As the Fermi constant can also be
determined from the global electroweak fit, for which Z
decaysare crucial inputs, FCC-ee would again be the perfect
machine to investigate this anomaly, as it could improve
the precision by a large factor (see “High precision” figure).
Indeed, the Fermi constant may be determined directly

‘ to one part in 10° from the enormous sample (>10") of Z
decays to tau leptons.

-

The Fermi constant is measured in u decays and defined by
2 T

) — 3_HK

() =1920°%

my

(known to 0.5 ppm)

Similarly can define Fermi constant measured in t decays by

10 ppm

M. Dam, SciPostPhys.Proc.1,041(2019)

2 T 1
G =19223—- . ———— (known to 1700 ppm
( F) m,5 B(t — ew) ( ppm)
OGf _3 om, 16r, 16RB
G: 2m, 271 2R
t AN
. 67 ppm | | 1700 ppm | | 1700 ppm
Today: BES Belle LEP

Property Current WA FCC-eestat FCC-ee syst % T T otoy ot FCC-ee: Will see 3x10"! t decays
Mass [MeV) 1776.86 +/-0.12 0.004 0.1 $ 18 Statistical uncertainties at the 10 ppm level
Electron BF [¥] 17.82 +/- 0.05 00001 0003 & . How well can we control systematics?
17
Muon BF 17.39 +/- 005 0.0001 0003 = m, Use J/ mass as reference (known to 2 ppm) || tracking
Lifeti 2903 +/- 0. ! ] : - -
fetime 5] 03403 0005 ‘04 " Laboratory flight distance of 2.2 mm vertex
V
v Lepton wniversalty with * = 10ppm corresponds to 22 nm (!!) detector
Shown in yellow: first guestimates on FCC-ee precisions (bsr e —— No improvement since LEP (statistics limited) | ECAL
" " Wetimelfs) Depends primarily e/r (& e”/p’) separation || dE/dx
logens Dam / NBI Copenhagen 5th FCC Physics Workshop 11 Feb, 2022
Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022
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LFV Z decays

/ /
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G Z—et and Z — ut

¢ Current limits
0 Br(Z — et) < 5.0x10° LHC/ATLAS (239 fb* = 8 x 109 Z decays)
0 Br(Z — pt) < 6.5% 10 [Nature Phys. 17 no. 7 (2021)]
¢ LEP limits — best for > 20 years untill ICHEP20
0 Br(Z —et)<9.8x10% LEP/OPAL (4 x10°Z decays)
0 Br(Z — put) < 12x10°% LEP/DELPHI (4 x10° Z decays)
¢ LEP method
o ldentify clear tau decay in one hemisphere

o Look for “beam-energy” lepton (electron or muon) in other hemisphere

+ Limitation: How to define “beam-energy” lepton

o Unavoidable background from t — evv [ T — pvv with two (very) soft neutrinos
o How much background depends on energy/momentum resolution

/—g F
600
) -

DELPHI a)

Lso0 |
~. r

3400 -

© -
™300
= B
©200 F

Example DELPHI:
Z.Phys. C73

100 [

0 doodeodd Lkl ), il | bddd L. dosile PP L1 T L e S PO
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 I/ 1.2

beom
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(EE5))  Z— ft - Study of Sensitivity

+ Generate (very) upper part of u momentum spectrum for t — pvv decays
0 Luminosity equivalent to 5 x 10*2Z decays

o Inject LFV signal of adjustable strength
0 Here for illustration, Br(Z — t) = 107, i.e. 500,000 Us
+ Smear momentum by adjustable amounts, here 1.8 x 103

bekg: Z — 1, with T — Ivv]

events / 0.002
W
[3;]

» Define x> 1 as signal region — o | signal: Z - <1 ]
+ Derive 95% confidence limit on excess in signal region : 3
i —
« Findings: &l Use this as
0 Sensitivity scales linearly with momentum resolution 5 signal region

0 FCC-ee detectors will (tentatively) have a momentum X

resolutivon at p=45.6 GeV of 1.5 x 103 | TR

0 S L N
+ Ten times better than for LEP detectors 099 099 ! e

beam

o Add contribution from FCC-ee beam-energy spread (0.9 x 103). Total: 1.8 x 103
o Sensitivity for 5 x 1022 Z decays, 25% signal and bkg efficiency (clear tau)
o For Z— 1y, sensitivity down to BFs of ~107
0 For Z— te, similar sensitivity ~107°
+ Momentum resolution of electrons tend to be slightly

worse than muons due to bremsstrahlung.
However, downwards smearing is not a major concern.

Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022 21



G=D)

o Current limits:

0 Best: 2.6 x107 LHC/ATLAS (8 x109Zs; 139 fb?) g1
o LEP: 1.7x10® LEP/OPAL (4 x10°%Zs: no candidates) ;
s Ine*e’, clean experimental signature: P t . Z.Phys.C67 7
— & . %
o Beam energy electron vs. beam energy muon N T
7 6 5 4 3 2 < 0 1 2 3
+ Main experimental challenge: L 0P,

o Catastrophic bremsstrahlung energy loss of muon in electromagnetic calorimeter
+ Muon would deposit (nearly) full energy in ECAL: Misidentification p — e
+ NAG62: Probability of muon to deposit more than 95% of energy in ECAL: 4 x 10
+ Possible to reduce by
« ECAL longitudinal segmentation: Require energy > mip in first few radiation lengths
= Aggressive veto on HCAL energy deposit and muon chamber hits
+ If dE/dx mesaurement available, (some) independent e/u separation at 45.6 GeV
= Could give handle to determine misidentification probability P(u — e)
¢ FCC-ee:
0 Misidentification from catastrophic energy loss corresponds to limit of about Br(Z —epu ) =~ 108
0 Possibly do O(10) better than that Br(Z —ep) ~ 10 (probably even 10° with IDEA like dE/dx)

Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022 22



LFV t decays

Signal side

Signal side

Tag side

Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022
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=D Uoey, TNy

o Current limits:
o Br(t — ey)<3.3x10% BaBar, 10.6 GeV; 4.8 x 108 e*e— 1T : 1.6 expected bckg
0 Br(t — py) < 4.4 x108 3.6 expected bckg

+ Main background: Radiative events (IRS+FSR), e*e — t*Ty

o T — py decay faked by combination of y from ISR/FSR and p from T — pvv

¢ At FCC-ee, with 1.7 x 10** t*T events, what can be expected?

0 Boost 8-9 times higher than at B-factories
0 Detector resolutions rather different, probably especially ECAL (Xstal @ BaBar)
o Parametrised study of signal and the main background, e*e- — t*1'y, performed

+ Following 3 pages

o From study (assuming 25% signal & background efficiency), projected BR sensitivity

2x107°

o With the recently suggested crystal ECAL, possible a factor of about 6-10 better

2008.00338

Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022 24



+ Generate signal events with pythia8: ete-— Z — t*t(y), witht — py

;‘ 1.5 |”|
8 1 E SRRy C - TIINLIE
= 20 contours:: R HHE
205 [ . i
wi SRR S E
S
05 [
1k HE K
-15 :
2 | B
25 £ Signal events i g
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Smear with assumed FCC-ee detector
resolutions (ILC-like detector):
e Muon momentum [GeV]
o(pr)/pt = 2x105x pr P 1x1073

* Photon ECAL energy [GeV]

o(E)/E = 0.165/+/E @ 0.010/E @D 0.011
* Photon ECAL spatial [mm]

o(x) =o(y) = (6/E D 2) mm

FCC-ee effective resolution for t — py

N\ o(m,,) =26 MeV; o(E,,) = 850 MeV

In order to de-correlate the E and m variables,
this mass is in fact the measured mass scaled by
measured energy over beam energy:

My, = Mgy X (Eyp/Ebeam)

Recent suggestion: Crystal ECAL for FCC-ee
o(E)/E = 0.03///E @ o0.011

Resolution ellipse factor ~4 smaller in both

directions

2008.00338
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¢ Background: Generate 5 x 108 events ete’— Z — T (y) — (LHVV) (L VV)(Y)
01X 109 T — pvv decays corresponding to
% 5.7 X109 T decays from 8.4 x 10%° Z decays (1.6% of full FCC-ee statistics)

¢ Study all pand y combinations

FCC-ee detector
resolution

1.7 X 107 uy combinations 6080 py combinations

E, > 5GeV
E, > 3GeV
|cosB] < 0.99
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¢ Background: Generate 5 x 108 events ete’— Z — T (y) — (LHVV) (L VV)(Y)
01X 109 T — pvv decays corresponding to

% 5.7 X109 T decays from 8.4 x 10%° Z decays (1.6% of full FCC-ee statistics)
¢ Study all pand y combinations

Crystal ECAL

1.7 X 107 yy combinations 6080 py combinations /

>ﬁ1':5- T 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
Q
S 1 20 contour
£
3
w

10 combinations

IIIIIIIIIIII‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

a
o
3
R LN R L DO o s
(o) Ty ".I'. RS ‘.‘-
) s liEe iy, T o0,
<= et B .
R

15 E, > 5GeV Ss
10 E, > 3GeV
5 |cosB] < 0.99
0 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 10 20 30 40 . ) flat y

wy

Mogens Dam / NBI Copenhagen CEPC Workshop 24.05.2022 27



o Current limits:

0 All 6 combs. of e, u*: Br < 2x10°8
=NTRTYTe
¢ FCC-ee prospects

Belle@10.6 GeV; 7.2 x 108 e*e-— 1*T- : no cand.
Br<4.6x10® LHCb 2.0 fb*: background candidates

o Expect this search to have very low background, even with FCC-ee like statistics

o Should be able to have sensitivity down to

BRs of < 107%°

+ Many more decay modes to search for when time comes. Need PID for most
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Summary

o From 5 x10*2Z decays, FCC-ee will produce 1.7 x 10** t*T pairs

+ Factor ~3 higher statistics than Belle2 projection; plus higher boost (y = 25)
0 Boost is advantageous for many studies
+ Potential for very precise sin20,y determination via t polarisation measurement
+ Improve Lepton universality test by at least a factor 20 down to O(104) level
0 Substantial improvement in t lifetime
o Substantial improvement in T branching fractions
+ Virtually no progress since LEP
o Competitive measurement of T mass
+ Improved sensitivity to lepton flavour violating Z decays by factor O(103)
o Sensitivities down to 10
+ Searches for lepton flavour violating T decays; sensitivites comparable to Belle2
a Range from S 10° to few x 107

¢ Plus hadronic branching ratios and spectral functions, o, v, mass, ...
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Summary - Detector requirements

+ Precision T physics sets very strong detector requirements; good benchmark
0 Vertexing

+ Lifetime measurement to 10 corresponds to 0.22 um flight distance
a Tracking
+ Two (or rather multi) track separation: measure 3-, 5-, 7-, and perhaps even g-prong decays
+ Extremely good control of momentum and mass scale
= T mass measurement

= Sensitivity of search for flavour violating Z decays, e.q. Z = pt, scales linearly in
momentum resolution at 45.6 GeV

+ Low material budget: Minimize secondary tracks from hadronic interaction in material
o Calorimetry

+ Clean y and m°reconstruction from ~0.2 to 45 GeV is key to precison t physics

+ Collimated topologies: Important to be able to separate ys from closelying hadronic showers
a PID

+ Necessary if one desires to separate /K modes (0 — 45 GeV momentum range)

+ e[t separation at low momenta (where calorimetric separation is most difficult)

+ Redundancy: Provides valuable handle to create test samples for study of calorimetry

= For IDEA drift chamber, even for e/u separation
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Summary - Detector requirements

+ Precision T physics sets very strong detector requirements; good benchmark
0 Vertexing

+ Lifetime measurement to 10 corresponds to 0.22 um flight distance

a Tracking
+ Two (or rather multi) track separation: measure prong decays

= Sensitivi in
moment \mpo
<« Low materia . IC interaction in material

o Calorimetry
+ Clean y and m° 0.2 to 45 GeV is key to precison 1 physics
+ Collimated topo
o PID
+ Necessary if one desires to separate /K modes (0 — 45 GeV momentum range)

portant to be able to separate ys from closelying hadronic showers

+ e[t separation at low momenta (where calorimetric separation is most difficult)
+ Redundancy: Provides valuable handle to create test samples for study of calorimetry
= For IDEA drift chamber, even for e/u separation
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G Epilogue - The Importance of Redundancy

Particle Separation (dE/dx vs dN/dx)

10 7 i y
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=
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14
0

0.1

Momentum [GeV/c]

+ To beat down uncertainties on “calorimetric” identifications (e/m, e/, /W) it is essential to have available a
perpendicular, independent, nondestructive identification tool

o This is exactly what a powerful dE/dx measurement provides you!
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Extra Slides
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T — puy Study — Check of method

Cross check: Perform similar study at B-factory, /s = 10.6 GeV
0 Again 5 x 108 events ete"— Z — T T(y) — (V) (L vv)(y)

2.9 X 107 py combinations 5385 py combinations

Eyy

E, > 0.1GeV
E, > 1GeV
|cosB] < 0.98
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From this study, estimated limit: 1.9 x 10
Compare to my extrapolation of current BaBar limit: ~3-4 x 10
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