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Reminder: Higgs event in pp and e'*e

ATLAS

EXPERIMENT
http://atlas.ch From

Higgs decay

particles

From 4
Higgs decay

(ATLAS: H > Z2Z* > ppee candidate)

Proton-proton: look for striking signal in large e+e: detect everything; measure precisely
background
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FCC-ee Conditions
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FCC-ee parameters yA W*wW- ZH
Experimentally, Z pole most challenging
\s GeV 91.2 160 240 /
Luminosity / IP 103 cm=s? 230 28 8.5 ) Extre_mely large statistics
A : * Physics event rates up to 100 kHz
Bunch spacing ns 19.6 163 994 «  Bunch spacing at 20 ns
“Physics” cross section pb 35,000 10 0.2 e ”Continuous” beams, no bunch
Total cross section (Z) pb 40,000 30 10 trains, no power pulsing
Event rate Hz 92,000 8.4, 1 * No pileupl,lno Iunder]Icying evgnt |
 ..well, pileup of 2 x 10 at Z pole
"Pile up” parameter [u] 10 1,800 1 1 \ preup P /
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FCC-ee Physics Landscape

"Higgs Factory” Programme
* At two energies, 240 and 365 GeV, collect in total
* 1.2MHZ events and 75k WW — H events
* Higgs couplings to fermions and bosons
* Higgs self-coupling (2-4 o) via loop diagrams
* Unique possibility: measure electron coupling in
s-channel production ete = H @ Vs = 125 GeV

Ultra Precise EW Programme & QCD
Measurement of EW parameters with factor ~300
improvement in statistical precision wrt current WA
e 5x10%2Zand 108 WW

* my Iz Moy SiN264ET, RZ,, Ry, A, My, Tyy-..

o 10° tt
Miop » Mop, EW couplings

Heavy Flavour Programme
* Enormous statistics: 10'2bb, cc; 1.7x101tt
* Extremely clean environment, favourable
kinematic conditions (boost) from Z decays

*  CKM matrix, CP measurements, “flavour
anomaly” studies, e.g. b — stt, rare decays, CLFV
searches, lepton universality, PNMS matrix
unitarity

7Indirect sensitivity to new phys. up to A=70 TeV scale

Feebly Coupled Particles - LLPs
Intensity frontier: Opportunity to directly observe
new feebly interacting particles with masses below
my:

e Axion-like particles, dark photons, Heavy Neutral
Leptons
e Signatures: long lifetimes — LLPs

Mogens Dam / NBI Copenhagen FCC Week, 2022, Paris

1Jun, 2022




in Brief

Detector Requirements

"Higgs Factory” Programme
*  Momentum resolution of o,;/p7* = 2 x 10> GeV*
commensurate with O(10-3) beam energy spread
* Jet energy resolution of 30%/VE in multi-jet
environment for Z/W separation
* Superior impact parameter resolution for c, b

tagging

— \ FCC-hh / Booster /,/
J (R E TN /' D (RF)
O s AN e

Heavy Flavour Programme

Ultra Precise EW Programme & QCD
* Absolute normalisation (luminosity) to 10
* Relative normalisation (e.g. I',,4/T) to 10
*  Momentum resolution “as good as we can get it”
* Multiple scattering limited
* Track angular resolution < 0.1 mrad (BES from pp)
 Stability of B-field to 10®: stability of Vs meast.

* 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 % or ys

* Excellent n%/y separation and measurement for
tau physics

* PID: K/m 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
* Precise timing for velocity (mass) estimate
* Hermeticity
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Experimental challenges

+ 30 mrad beam crossing angle Central part of detector volume — top view

Main detector volume

B 2T o
0 Very complex and tightly packed MDI (Machine Detector Interface) © 80"

: : i
— i i Availablefor : i onie\dy

0 Detector B-field limited to 2 Tesla at Z-peak operation

\
wﬂ\oz

+ "Continuous” beams (no bunch trains); bunch spacing down to 20 ns
0 Power management and cooling (no power pulsing)

<

+ Extremely high luminosities s

A\

0 High statistical precision — control of systematics down to 10~ level ompensitng

solenoid YoL'=22m

o Online and offline handling of O(10%3) events for precision physics: ”Big Data” c5m o \

+ Physics events at up to 100 kHz
0 Fast detector response (< 1 ps) to minimise dead-time and event overlaps (pile-up)
o Strong requirements on sub-detector front-end electronics and DAQ systems
+ At the same time, keep low material budget: minimise mass of electronics, cables, cooling, ...

+ More physics challenges
0 Luminosity measurement to 10 — luminometer acceptance (radius) to O(1 um)
o Detector acceptance to ~10~ — acceptance definition to few x 10 um, hermeticity (no cracks!)
0 Stability of momentum measurement — stability of magnetic field wrt E.,, (10°)
o Impact parameters, detached vertices — Higgs physics (b/c/g jets); heavy flavour physics, life-time measurements
o Particle identification (rt/K/p) without ruining detector hermeticity — heavy flavour physics (and rare processes)
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Detector Concepts Fast Overview

CLD

Scintillator-iron HCAL

Si Tracker

12 m

v

+— 106mMm ———>

Well established design

e |ILC-> CLIC detector -> CLD
Engineering needed to make able to
operate with continous beam (no pulsing)

* Cooling of Si-sensors & calorimeters
Possible detector optimizations?

* Gp/p; oe/E

* PID (O(10 ps) timing and/or RICH)?

Robust software stack
* Now ported (wrapped) to FCCSW

IDEA

Instrumented return yoke

Double Readout Calorimeter
2T coil
Ultra-light Tracker

—
\ LumicCal

A VAPS

11m

Pre-shower counters

A
v

13 m

Less established design
* But still ~15y history: 4™ Concept
Developed by very active community
* Prototype construction / test beam
compains
* Italy, Korea,...
Is IDEA really two concepts? Or will it be?
* w, w/o crystals

Software under active development
* Being ported to FCCSW

Noble Liquid ECAL based

dejpu3 IvoH

1388e) uonpyy

dedpu3 o3

A design in its infancy
High granul Noble Liquid ECAL is the core
Very active Noble Liquid R&D team
* Readout electrodes, feed-throughs,
electronics, light cryostat, ...
* Software & performance studies

Full simulation of ECAL available in FCCSW
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Two solutions under study 2 30 " " NN Outer tracker -
. . . . o W0 Inner tracker
o CLD: All silicon pixel (innermost) + strips é =\éenexc_|etector ]
eam pipe
o Inner: 3 (7) barrel (fwd) layers (1% X, each) % 20
o Outer: 3 (4) barrel (fwd) layers (1% X, each) -§
o Separated by support tube (2.5% X,) 4.2m m
S 10
o
©
=
0
0 20 40 60 80
+ IDEA: Extremely transparent Drift Chamber 61
. 0 —10% i ) ,
a GAS 90/) He 10%) IC4H10 |DEA DC (F.SEeirl’EYlicneclangd) IDEA: Material vs. COS(Q)
o Radius 0.35—-2.00 m 000240522 0.016 X ] active area 30 = seim pi.;?e
. 0 ertex silicon
0 Total thickness: 1.6% of Xyat 90° f=2.00m [ Drift chamber
0.050 X, 25 _- Silicon wrapper

+ Tungsten wires dominant contribution 112 layers -

o Full system includes Si VXT and Si “wrapper” Front Plate 12-15 mm cell width 0
‘ -
inner wall 0.0008 X, — ="

What about a TPC? 240,000 wires
* Very high physics rate (70 kHz) (0.0013+0.0007 Xo/m) T
e B field limited to 2 Tesla

e Considered for CEPC, but having difficulties...

outer wall|0.012 X,
Gas: 90% He, 10% iC,H,,

z=2.00m

0 01 02 03 04 05 06 07 08 09 1

Mogens Dam / NBI Copenhagen FCC Week, 2022, Paris 1 Jun, 2022 8



Si Tracker R&D

L d sili
A. Andreazza - DMAPS for large area FCC trackers e e B W Queen Mary
Adrian Bevan, Feb 2021 University of London
e Similar approaches for ILC, CLIC, FCCee, CepC:

— High resolution pixel vertex detector | O(few m?)

Either full silicon tracker or central gas chamber + Si wrapper | 0(100 m?)

e Depleted Monolithic Active Pixels Sensors

CMOS process allows to produce large areas, fast and cheap
— no hybridization (bump-bonding) needed

— single detection layer, can be thinned keeping high signal
efficiency and low noise rate

e Radius of curvature shown: 25mm

ATLASPIX3 e Able to bend silicon to radii o@ﬂ c.f. 10 mm beam pipe 2afius

(estimation at ATLAS TDR)

150 mW/cm?

/ prmmartot Residuals w.r.t perfect cylinder

400-500 kCHF/m?> o Gy ,L'.‘(,s

50§
161,93, ¢

200 50 Residual (um) 50 100

: Today @ 14:20: A. Besson, Silicon vertexing and tracking R&D
... and cooling
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K/mt separation asked for over large
momentum range

entries 319460 @ @~ 5Z-B—@p-K KKK~ R
JL=1.00e+01 ab~! k
Ecn =91.2 GeV. Kz
800 K
Ka
8
g 600 Kaons from ¢
s
& < Pg >~ 8.3 GeV
g 400
3
c
S0 ™ R.Aleksan
)
E 0 0 5 10 15 20 25 30 35 40
o Pxi 234 (GeV)
S B, — DK simulation in Z events
O gzoooz T T T T _:
> & 1800f; E
(3o} 0 1600fF 3
- S1400f 3
L @ 1200 E
= 3]
1000} 3
W soof- =
600~ 3
400F- E
200F- 3
% 10 20 30 40 50
p(K) [GeV/c]
LTt ; Tnvvs T Ky

1/K separation from 0 to 45.6 GeV

Higgs physics

Derive sensitivity to Higgs strange Yukawa coupling

Develop a strange tagger and apply the tagger to a
direct SM h — ss or BSM H — cs analysis

Mogens Dam / NBI Copenhagen

Particle Identification

IDEA Drift Chamber exploiting cluster counting

Expected fro

#of sigma

RID in IDEA drift chamber
analytical calculationgJor the IDEA drift chamber
Particle Separation (dE/dx vs dN/dx)

u“ time of flight
dN/dx
«++ combined

K/m

signincance

== p-K dE/dx
=+ K-pi dE/dx
== pi-mu dE/dx
—p-K dN/dx
~—K-pi dN/dx
—pi-mu dN/dx
=+=mu-e dE/dx
—mu-e dN/dx

10
_______ Momentum [GeV/c

© AN WA OO N® O

-
i

p [GeVic]

3-sigma separation for
tracks with p < 30GeV

Geant4: Relativistic plateau earlier for dN/dx

Energy loss Number of cluster for different particles vs py
P

s i 5 g
2 ® muon g ® muon
= W ceciron 8 F W cieciron
] 3 keon 3 soof- m 3 kaon

H % pion i F 5 plon

5 - B peoen 2 F W proon
& 024 5 as0of-

1 cWTAC=. § T N N
v\~

Test beam campain summer

2022: investigate relativistic
rise region

Two initiatives on compact RICH

Compact Gaseous RICH with SiPMTs

ECAL Va
Z
Gas Radiator
Midol ‘ Mirror
25[10] idplane Array
cm low mass
carbon-
composite
Tracker /

material for
the structure

Fast timing device (<100
ps) to provide ToF covering
the lower p range and
complementing the RICH

Pure C4F at 1 bar
(boiling point -1.9 C at

Beryllium
with

reflective
coating

1 bar, good refraction
index)

CLD tracker
< 2.2m
dl
R.Forty, FCC Week, 1 July, 2021 = "2
m
3
T Gwememw 2 i
Insulation + support - %
Radiator gas ‘ ’ I
—_ —/
Aerogel

Photosensor arr
P nsor array
ONEE—0 — Cooling plate
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Calorimetry

+ Several technologies being considered

Technology
CLD / CALICE-like

ECAL

W/Si
W/scint + SiPM

HCAL

Steel/scint + SiPM
Steel/glass RPC

IDEA / Dual Readout

Brass (lead, iron) / parallel scint + PMMA (CVI) fibres, SiPM

Noble Liquid

Fine grained Lar/Pb [W/LCr]

CALICE-like ?

IDEA w Crystals

Finely segmented crystals (possibly DR)

Dual Readout fiber

Mogens Dam / NBI Copenhagen
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CALICE Calorimetry

1000

= Highly Granular !
Imaging Calorimetry

ECAL+HCAL

Optimised for Particle Flow ..\

y/mm
o

000 L1y |
5

4,5 prototypes, 15+ years of R&D, all [to be] tested
Si-W ECAL (ALICE FoCAL) [Scint-W ECAL] AHCAL SDHCAL

0,5x0,5 cm? 0,003%0,003 cm? 0,5%4,5 cm?

1x1 cm?
x15 (—30) Silayers  x 24 MIMOSA layers %30 Scint+SiPM lay.  x 38 Scint+SiPM lay.  x 48 layers GRPC
+W +W +SS +SS + SS

FCC-ee :

I.Laktineh

Bringing precise timing into calorimetry

Timing is an important factor to identify delayed neutrons and better reconstruct their energy

Distance from shower axis

histo
Enres 21426190407 |°
2643

Distance (cm)

AL

60
Time (ns)

1IJ {eveniNumber==14}

Distance (cm)

Distance from shower axis (w/o neutrons)

histoNK
Enties 1872875407 )°
Mean x 2216
Mean y 7812

70¢

10

60
Time (ns)

I:J {eventNumber==148&&time>6.78&&time<7.7}

1 ns resolution> i

o 4N @ & @ @® N ® ©

] ‘ B

C t |

P I PRI EPUP SPEPITIN PSPI AV TN AR VST A
40 42 a4 46 48 50 52 54 56 ssx

I:J {eventNumber==14&&timg>6.7&&time<6.8}
A 4

TTT

— Need to fix parameters & detector philosophy for a large range of conditions = Think large / complementary
» Technology « Performances : Trigger/DAQ & noise, noise « detection efficiency, cooling « granularity, ...

Interesting - but also a challenge
* Readout, data volume ?
* On-detector building of

g2

I
-
o
O
\)
o o
& o

5 8
T[T

s
3

NTTT T 7Ty
°
0

showers? w
— ... but ~ +5y for R&D for FCC-ee... 1 . 1 J o
Time for new technologies: Timing, ML optimisation, other sensors (Crystal, MGRP, {Ar, DR, ...), y-cooling, projective readout, E T T e e T e s
Digital sensors (dSiPM) X
Mogens Dam / NBI Copenhagen FCC Week, 2022, Paris 1 Jun, 2022 12



Crystals meet Spaghetti

I D EA CO nce pt * Conce ptual IaYOUt e Transverse and longitudinal segmentations optimized for
Mono I itic ca IO rimeter + pres h ower particle identification and particle flow algorithms
Add cr sta |S e  Exploiting SiPM readout for contained cost and power budget
y e Timing layers —— ©0,~20ps (" Dual-readout HCAL )
o LYSO:Ce crystals (~1X,)
o 3x3x60 mm? active cell ;‘i“;i:)'g‘;"rg fibers
Pl’CShOWCl’ I o 3x3 mm?2SiPMs (15-20 um) ’
- BeTosmm
L] ECAL Iayers -— O'EMEIE~ 3%E Brass capillary
e ID =1.10 mm,
o PWO crystals OD = 2.00 mm
o Front segment (~6X)
DCH Rout =3 o Rear segment (~16X ) \_ )
o 10x10x200 mm? crystal Solenoid
\_ o 5x5 mm? SiPMs (10-15 um)
DCH Rin = e Ultrg-thin IDEA solenoid
o |-~o07x, ”
° Hc Iayer — UHADEIE ~ 26%/\/E
-z B;T Crvetal Scintillating and “clear” PMMA fibers 15 gx.
= 000 —ji, B= rysta (for Cherenkov signal) inserted = . * * !
A Dual-Readout Particle P soction (or Srerenkov sine) — — 1 ‘
7 2000 ' '
Flow Approach? “__é Jet resolution
o % = % : Ly 0-14 =
photons - 7 i Excellent energy resolution for & [ FOZA i e wioDRO,wopPrA
/ 4000 // \ ,‘q.ﬁ:\. bt ©® E M 0.12: —e— w/ DRO, w/o pPFA
i~ 4000 -2000 2000 4000 AN J t . D R 3 nd P FA 3 | o L —e— w/ DRO, w/ pPFA
. ® et via - \ :
/ p g \ 04—} BAY/E = 0.34/ E @ 0.047
0.08 i \ : OEFA/E = 0.29/ E ©0.010
&5 . e
e crystals + IDEA w/o DRO X :
— e crystals + IDEAw/ DRO [ \\\\\i@
e’ e crystals + IDEAwW/DRO +pPFA [ 5.l ;
: T~ §
’— . -IIIIIIIIIIElllllllIIIlllllllll
o 00220 40 60 80 100 120 140
neutral hadron ~ charged hadron More details in: arXiV 2202.0.1474 6 1 Jun. 2022 ( Ejet ) [GeV]




Solenoid Magnet

Nikkie Deelen,

1

c 2 § -

(o Je) = (e}

£2 3 8
© 0 | . :_52’0 JOCH Rout =200 cm
008 1 2
-9 m 0 g DCHRin = 35cm 8
$58 -

o ) :
cv < .=
3 o : CalRin = 250 cm 4
: wjd O 1
= 0 & )

3 .a Cal Rout = 450 cm 4

3 4 :

- Yoke 100 cm

Radius [m]

Mogens Dam / NBI Copenha

Magnet z =+ 300 cm

Magnetic flux density [T]
2.5 2.0 1.5 1.0 0.5

Iron yoke / muon detectors

Radius [m]

Drift chamber / Silicon
Tracker detector

Vertex detector

-3 -2 -1 0 1 2 3

agnet outside

h

M
calorimeter volume

q

2.5

-

Magnetic flux density [T]
2.0 1.5 1.0 0.5 0.0

Iron yoke / muon detectors

Solenoid cryostat

Calorimeter volume

Drift chamber / Silicon
Tracker detector

Vertex detector I

-1 0 1 2 3

Transparency of the cold mass: 0.76 Xo

For crystal IDEA:
Energy density: ~14 kJ/kg [2] sk

- Hybrid solution; coil between ECAL and HCAL

Length [m]

14



Normalisation Issues

Ambitious goals:

» Absolute luminosity measurement to < 104
* Relative luminosity (energy-to-energy point) to < 10
* Inter-channel normalisation (e.g. up/multi-hadronic) to <107

Luminosity Monitors (low angle Bhabha)

140

120

100

80

—80

|-100

|-120

|-140

|-160

160 ymm

W-Si sandwich

\
\

N\

N\

S
.
| m\\\m\\\\\\

Jl
/l

xxxxxx

-20 0 20 40 60 80 100 120 140 160

—100
—120

—140

—160
1040 1060 1080 1100 1120 1140 1160 1180 1200 1220

—80

xxxxxx

+ Many R&D/engineering challenges

0 Precision on acceptance boundaries to O(1 um) !

o Mechanical assembly, metrology, alignment
0 Physics rate of O(100 kHz)
0 Readout at 50 MHz BX rate ?

o Power management / cooling

0 Support / integration in crowded and complex MDI area

MOJJOWO0] UoIssas |gIN ul UO!lElUGSSJd p=3edipad

Complementary lumi process: large angle e*te” — yy
0 10 = control of acceptance boundary 66,,;,, to O(50 purad)
0 Possible bckg: Z = n°y = need to control B(Z—mny) to 10”7

Acceptance of Z = £ to 10~
0 Control of acceptance boundary 66,,, to O(50 prad)
o No holes or cracks

¢ Possible implementation: Precisely machined pre-shower device
in front of forward calorimeter
o Note 1: IDEA concept already includes pre-shower + Si wrapper
o Note 2: CM and detector systems differ by a =0.015 transverse boost
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Detector Concepts in the PED effort

|
FCC Study

AIDAInnova
Coordination ECFA R&D Roadmap
CERN EP R&D Effort

M. Benedikt, F. Zimmermann

f I f 7 FCC PED StUdy Speakers Board, Editorial Board
ntorma_forum o / COOrdlnathl‘l \ Dissemination & Communication

. Detector R&D
National Contacts : Secretariat / Group
G. Bernardi, T. Lesiak C. Grojear}, P.Janot
Detector R&D
Fommmm e mmemmemmm——— e Group
' . . . Detector R&D
EPOL MD! Physics Software Physics Physics Detector * Group
& Computing Programme Performance Concepts
Including\ Detector R&D
J. Wenninger M. Boscolo G. Ganis M. McCullough P. Azzi M. D:m\\magnets \ =
A. Blondel i . . Si . .
onde M. Sullivan C. Helsens F. Simon E. Perez l:P SRetzll(zf:v \ Detector R&D
A % / ECFA PED ECFA PED ECFAPED ECFA PED Group
Joint with accelerator Working Group 2 Working Group 1 Working Groups 1&2 Detector R&D Forum
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Detector Concept

DCS Devices (HV, LV, GAS, Temperatures, etc.) l

A Detector Concept eventually includes

= Assembly of sub-detectors including magnet system

= Systems for data acquisition, processing, powering and
cooling based on estimate of data rates and size

Y Software implementation of detector allowing
performance evaluation /

= Qverview of services, consumables, power

consumption, and ecological impact

Evaluation of construction and operating costs

CASOL = Teptone] Jupy ¢ -

-
(taus.size() » )

CA3th.1 = tausl Jspry
(1CA_3th_1)

countCutflowEvent(
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Detector Concept Working Group Goals

+« Demonstrate that detectors can be built to fully exploit the FCC physics opportunities

0 Optimize the compatibility of the detector concepts with operation at the FCC-ee, with the MDI layout, and with the
timing and background conditions

o Show that performance requirements can be met with existing or emerging technologies and realistic integration
concepts

+ Provide guidance for coherent detector R&D efforts to address FCC detector requirements
0 And to support their funding requests

+ Function as a forum, where progress, ideas, and results from individual R&D efforts and test-beam
activities are presented, discussed and reviewed in view of the FCC-ee detector requirements and physics;
in particular, follow technological developments that could lead to new physics opportunities.
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Kick-off Workshop on Detector Optimisation and Benchmarking

Kick-off workshop at CERN, 22-23 June
0 Jointly prepared by DetCon, PhysPerf and

09:00

Software.
10:00

| Detector R&D

------------- | \ I _I Group
- . . Detector R&D

Physics Software Physics Physics | | Detector * Group

& Computing Programme Performance | | Concepts

c Including Detector R&D

G. Ganis M. McCullough P. Azzi M. Dam ™ magnets Group

C. Helsens F. Simon E. Perez P. Roloff
Detector R&D
F. Sefkow p
ECFAPED ECFA PED ECFAPED ECFAPED roup
Working Group 2 Working Group 1 Working Groups 1&2 Detector R&D Forum

13:00

0 Agenda and registration at
« https://indico.cern.ch/event/1165167/

14:00

15:00

0 Foresee other future workshops with
different focus, e.g. background and MDI.

16:00

17:00

Wednesday 22

Physics benchmarking

Physics benchmarking

13/2-005, CERN 09:00 - 10:30

Coffee break

CERN 10:30 - 11:00

Views from the Detector Concepts

Views from the Detector Concepts

11:00 - 12:30

Lunch break

Mogens Dam / NBI Copenhagen

FCC Week, 2022, Paris

Thursdays 22

Software tools for Detector Optimisation

Software for the detector

. . .
optimisation

13/2-005, CERN 09:00 - 10:30

Coffee break

CERN 10:30 - 11:.00

Discussion time

Discussion time

13/2-005, CERN

11:00 - 12:30

Lunch break

Lunch Lunch
Elegglence from t_he Linear Do SR EE B |
Collider Community s
Discussion Session: towards
Lommon benckmarks w0 Detector R&D: Part Il
The FCC-hh reference detector ZO O m
The FCC-hh reference detector |
Beer & Pizza!
J.Jull, rAvyaya 19


https://indico.cern.ch/event/1165167/

Outlook

+ FCC-ee has an enormous physics potential
0 Unprecedented factory for Z, W and Higgs bosons; for top, beauty, and charm quarks; and for tau leptons
0 Possibly also factory for BSM particles !!

+ Instrumentation to fully exploit the physics potential is challenging and exciting
0 FCC-ee can host (up to) four experimental collaborations
0 Full exploitation of physics potential via N "general purpose” experiments, possibly complemented by M dedicated experiments
+ e.g. heavy flavour

+ For next ESUPP, need to demonstrate that experimental challenge can be met by several (N+M < 4) Detector Concepts
+ Detector Concepts working group formed early this year

0 Provide guidance for coherent detector R&D efforts to address FCC detector requirements

0 Establish forum, where progress, ideas, and results from individual R&D efforts and test-beam activities are presented, discussed
and reviewed

0 Work as interface to MDI and accelerator groups

+ Monthly meetings, first held in April https://indico.cern.ch/event/1137809/

+ Dedicated "kick off” workshop in at CERN June 22-23 https://indico.cern.ch/event/1165167/

e e-group: FCC-PED-DetectorConcepts

Please don’t hesitate to join!
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Boundaries and interactions

Physics
Programme

* Physics case,
discovery rotential

* Models, lin'ts to
theory

* Theory precision
* Generators

* Global Fits

® running scenarios

* combination with
LHC, FCCkh

ECFA PED

* WG1: Physics

. Work
Potential Gommon Wor

ith other HF

<

* WG2: Physics
Analysis Methods

Benchmarks

MDI (Joint with Accelerator pillar)

* Engineering of detector interface (BP, lumi, vertex)
* Beam backgrounds

* experimental hall infrastructure

Physics Performance
(analysis forum)

* benchmark analyses, analysis
framework

* common high-level tools (jet
algorithms, flavour tagging,
BDT based tags...)

* physics case studies for
different detector concept
variants (bigger/smaller,
gaseous / silicon, DR vs
PFlow)

* link between physics
performance (BR, M,...) and
high-level detector
performance (colourless
object (djiet) mass, c tag,...)

* comparisons between different
detector concepts (IDEA,
CLD, ...)

Figures of merit
Detector requireme
Detector variants

Deteccor concepts
* overall model

* global engineering (services,
supports), magnet model

* full (and realistic) simulations

* technology options (“plug &
play”)

* high-level performance figures
of merit

* link to low-level parameters
(global and local (granularity,
sampling fraction, noise,
material, alignment /
calibration,...)

ts

+ * low-level simulation
(geometry, digitized hits) and
reco (clusters, tracks)

* link DELPHES & full sim

* variations of global parameters
(R, B, ...),

* cost optimization, power
consumption

* Compatible with operation
conditions

guidance, priorities,
requirements, constraints,
performance impact

feasibility, validation
low level parameters,
test beam, prototype,
validation of performance
/ simulation,

cost drivers

* R&D Groups

¢ calo, tracking, vertex,

PID, magnet
technology
(cables...)

¢ technologies

(sensors, electronics)

* limitations (pixel
size, material,
speed...)

* scalability

demonstrators and
prototypes

test bench, test beam
low-level
performance (point
resolution, X0, sigE)

low-level simulations,
digitisation

* WG3: Detector
R&D Forum

Software and Computing
* Common framework and tools, computing requirements, beam-background software, pile-up management, ...
* Generator interfaces, analysis framework, detector geometry, high-level reconstruction, low-level reco, low-level simulation, event display, ...




Readout, DAQ, Data Handling

¢ In particular at Z-peak, challenging conditions + Need to consider DAQ issues (trigger vs. streaming)
a 50 MHz BX rate when designing detectors and their readout
o 70 kHz Z rate + ~100 kHz LumiCal rate
o Absolute normalisation goal 10

+ In comparison, “pileup” parameter for LumiCal is ~2x107 + Off-line handling of O(1013) events for precision physics

+ Different sub-detectors tend to prefer different 3 ... and Monte Carlo

integration times
o Silicon VTX/tracker sensors: O(us) [also to save power]
+ Time-stamping probably needed
o LumiCal: Probably preferential at ~BX frequency (20 ns)

+ Avoid additional event pileup

+ How to organize readout?
0 Need a "hardware” trigger with latency buffering a la LHC
+ Which detector elements provide the trigger ?

0 Free streaming of self-triggering sub-detectors, event
building based on precise timing information

« Need careful treatment of relative normalisation of sub-
detectors
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Example of precision challenge: Universality of Fermi constant (i)

COURIER

VoLume 62 NumBER 1

EXOTIC FLAVOURS
AT THE FCC

Intriguing hints of deviations from the Standard Model in the flavour
sector point towards new physics accessible at a Future Circular Collider,
write Andreas Crivellin and John Ellis.

Kamenik
Property Current WA FCC-eestat FCC-ee syst
Mass [MeV] 1776.86 +/- 0.12 0.004 0.1
Electron BF [%] 17.82 +/- 0.05 0.0001 0.003
Muon BF 17.39 +/- 0.05 0.0001 0.003
Lifetime [fs] 2903 +/- 05 0.005 0.04

~—_V

§ 17.90— ;
= Today (2018)
Here, a new-physics effect at a relative sub-per-mille g :
level compared to the SM would suffice to explain the T 788
anomaly. This could be achieved by a heavy new lepton ]
or a massive gauge boson affecting the determination w780
of the Fermi constant that parametrises the strength of
the weak interactions. As the Fermi constant can also be Vs
determined from the global electroweak fit, for which Z
decaysare crucial inputs, FCC-ee would again be the perfect it Lepton universality with
machine to investigate this anomaly, as it could improve m, = 1776.86 £ 0.12 MeV
the precision by a large factor (see “High precision” figure). 17'652‘89 2 21
Indeed, the Fermi constant may be determined directly T lifetime [fs]
‘ to one part in 10° from the enormous sample (>10") of Z «
decays to tau leptons. M. Dam, SciPostPhys.Proc.1,041(2019)
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Example of precision challenge: Universality of Fermi constant (ii)

The Fermi constant is measured in pu decays and defined by

2 Tﬂ
() = 19222

5 (known to 0.5 ppm)
my

Similarly can define Fermi constant measured in T decays by

2 3 T 1
(GF)” = 1922°— .
m. B(r — eww)

(known to 1700 ppm)

Universality supported by current data
- 1o error ellipse (blue) consistent with mass (red)

17.90

L
E: Today (2018)
>
3 178
17.85 —
1 7-65
E
oM
17.80—
17.75 —
17.70 —
Lepton universality with
m,=1776.86 + 0.12 MeV
17.65 —

I
289 290 201
T lifetime [fs]

Shown in yellow: first guestimates on FCC-ee precisions

oGt _ 5 ém, 1 67, 1 6
G: 2m, 271, 2R
/ t N
. 67 ppm 1700 ppm 1700 ppm
Today: BES Belle LEP

FCC-ee: Will see 3x1011 t decays
Statistical uncertainties at the 10 ppm level
How well can we control systematics?

M. Use J/{ mass as reference (known to 2 ppm) || tracking
Laboratory flight distance of 2.2 mm vertex
T = 10ppm corresponds to 22 nm (!!) detector

No improvement since LEP (statistics limited) | ECAL

Depends primarily e'/r (& e/p’) separation ||dE/dx
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Trackers

CLD Full Silicon
* _ I IDEA He-based Drift Chamber considerably
2 30 = . ..
) o erieer 1 L_ | lighter than CLD full silicon tracker
[l Vertex detector |
B . 9 .
E 20 W Beam plpe For FCC-ee momenta, momentum resolution
4.9m 2 highly affected by multiple scattering
. =}
m c_/pt
— pt
.g 1 O 0.005 Track angle 90 deg.
Q 00045 |- ioea
© E | IDEA No Si wrapper
2 0.004 7— gt[D) MS only i
0 003 )
v 0O 20 40 60 80 POk
b | 0[] 0.003- e -
N 4.4m g 0.0025;7 - i /////
IDEA Drift Chamber [ T
— IDEA: Material vs. cos(6) F. Bedeschi =
(F.E.E.included) R r 90 degree
0.20m 0.016 X [ ] active area 30/ Il Beam pipe 000t
0.045 X, ' [ Vertex silicon /
r=2.00m [ D.ri.ft chamber 0-0005 F
0.050 X, | 25| I Silicon wrapper i L L L
112 layers 9=14° C pt (GeV)
Front Plate 12-15 mm cell width - 20 . .
—— 035 m i However, even if one goes for Drift Chamber,
inner wall 0.0008 X, —— 151 still need for large area Si sensors:
56,000 cells T - - Precise Vertex Detector
340,000 wires D | 10— .
(0.0013+0.0007 X,/m) T i - Large area Si Wrapper
..... 5l
outer wall[0.012 X, What about a TPC?
Gas: 90% He, 10% iC4H4, 2=200m T % o1 02 03 04 05 06 07 08 09 1__J ) X?ylgilg.h .pth»és,iccszra_]:e |(70 A
T C e Imited to esla
*  Considered for CEPC, but having difficulties... |-
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NEW!! Detector Concept with LAr ECAL taking shape

r (m) p
active gap (noble liquid) absorber read-out electrod
—— Noise vs detector capacitance
2 ' i M Ateksa
1st layer ——=¢% , ”///////////////// + Ro=500Q, t;=30ns + Ry=50Q, ty;=0ns e 1 ‘ !
<|>.(\>;..I.:;;>1‘~|) /i ‘ * Rp=100Q, t;=30ns * Ry=100Q, td=0ns,..v"‘"". 5
15000 -
cryostat —— <« Muon Tagger
g
210000
2 ‘ oos® .-"’. ----
— 210cp g P "~ Charge preamp
5000 ——= ::“.,.a- T35 MeV e, =05 nVAHz HCAL Barrel
‘ i i=1pANHz
ol Shaping time = 200 ns
0 500 1000 1500 2000
Cq (pF) T
MIP signal over noise > 5, per cell, can be achieved! S
m
ECAL Barrel a <
0 [
= s
3 8 , § Sol
E %,, olenoid N
o
m 8
S
~
m
=]
/ o
Drift Chamber o)
©
Lightweight cryostat
Tau identification migration matrix
— 0 z(m)
i, 0 0 1 2 3 4 5 6
Recon — 5°7F - 0.08 & 0.0068
a aty 2% 7=27% AF 3% atdny | FeE VE Detector Concept HCAL
o ‘l’ O oosf- . Vertex Detector:
) 0.9560 0.0425 0.0010 0.0003 0.0002 005t o MA;SoEDMAPspossimv;;ithnmin;Iaver(LGAD)
+,0 E . Drift Chamber (+2.5m active?) — TPC
m=n°v | 0.0374 0.9020 0.0586 0.0016  0.0002 omf- . silicon Wrapper + ToF:
7+ 27% | 0.0090 0.1277 0.7802  0.0808  0.0022 oosE MAPS or DMAPS possibly with timing layer (LGAD)
+ 0 F . Solenoid B=2T, sharing cryostat with ECAL
= 3n°v | 0.0036  0.0372 0.2679 0.5972  0.0910 ocef- . High Granularity ECAL:
001 Noble liquid + Pb or W
Full simulation. Cut based analysis; N T * High Gramlarity HCAL /kron Yola:
! 1 ! il rectly on Scintillator or <
Simplified geometry (2x2x4 cm? cells) Eom[CeV] R ovrorere bl
. Muon Tagger:
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