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\/ pp collisions / e*e” collisions

Y

to tackle the open questions in particle physics

P c
p e
p-p collisions e*e collisions

Proton is compound object e*/e are point-like
= Initial state unknown - Initial state well defined (Vs / opt: polarisation)
—> Limits achievable precision - High-precision measurements
High rates of QCD backgrounds Cleaner experimental environment
- Complex triggering schemes - Less / no need for triggers
- High levels of radiation - Lower radiation levels
High cross-sections for colored-states Superior sensitivity for electro-weak states
Very high-energy circular pp colliders feasible | High energies (>=350 GeV) require linear collider

CAS school Ziirich, Feb 23, 2018



\/ pp collisions / e*e” collisions

N/
10° e e HE LHC "Wine. 10° pp and e*e" collisions
) i ' I : 10° provide complementary physics
107 . ___ppcrosssection 107 information
: : ' 10° => important for our field to
10° have both !
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* Interesting pp events need to be found qoe bl o o 0 L
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collision energy\'s [GeV]

* e*e events are more “clean”
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Compact Linear Collider (CLIC)
BN 380 GeV - 11.4 km (CLIC380)
P 1.5 TeV - 29.0 km (CLIC1500)
3.0 TeV - 50.1 km (CLIC3000) = #
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| Compact Linear Collider (CLIC): CERN

| International Linear Collider (ILC):
Japan (Kitakami)

e*e’, Vs: 250 — 500 GeV (1 TeV)
Length: 17 km, 31 km (50 km)
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Future Circular Collider (FCC-ee): CERN
e*e’, Vs: 90 - 350 (365) GeV; FCC-hh pp
Circumference: 97.75 km

Circular Electron Positron Collider
(CEPC), China

8 c'e, Vs: 90-240 GeV; SPPC pp,
Circumference: 100 km




high-energy pp collider studies

Super proton proton Collider
(SppC), China

CEPC; SPPC Vs >70 TeV

i~ Circumference: 100 km

g Schematic of an
g 80-100km
¢ long tunne
\‘
.
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Future Circular Collider (FCC-hh): CERN
FCC-ee; FCC-hh Vs ~100 TeV
Circumference: 97.75 km

o High-Energy LHC (HE-LHC): CERN
pp Vs ~27 TeV
Circumference: 27 km

’
P B [OF [ To E—
27 Km circumference
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V Scope of the lectures

Y

For both e*e  and pp:

physics scope performance

detector detector
requirements concept

experimental
conditions

detector
technologies

Principally explained on the basis of CERN-hosted studies:
Future e*e linear collider => CLIC
Future e*e circular collider =>  FCC-ee
Future pp circular collider => FCC-hh

General detector concepts also presented for

Future e*e linear collider => |ILC
Future e*e circular collider => CEPC

CAS school Zirich, Feb 23, 2018



Part 1 R
ete  detectors

FCC-ee CLD

CLIC

FCC-ee/CEPC IDEA

With many thanks to CLICdp, ILC and FCC-ee co//eagues Zfor presentation material
CAS school Zirich, Feb 23, 2018 7



CLIC physics scope and staging scenario &!b

The CLIC program builds on energy stages:

» 380 GeV (350 GeV), 600 fb': precision Higgs and top physics
e 15TeV,1.5ab!: BSM searches, precision Higgs, ttH, HH, top physics
* 3TeV,3abl: BSM searches, precision Higgs, HH, top physics

BSM searches: direct (up to ~1.5 TeV), indirect (>> TeV scales)

124000 | Irlm;grated luminosity .

= [ |— Total ]
2 - |—___ 1% peak ’ Stage \/E (GeV) |nt (fb )
24 3000 -

277 380 GeV | 1.5 TeV 1 228 ?88
E I : —
S5 |

=200 2 1500 1500
= ool 3 3000 3000
..8 E \ %

i= 0 __=,=;:F’|:1 . — |, Dedicated to top mass threshold scan

0 5 10 15
Integrated luminosity including commissioning Year

with beam and stops for energy upgrades

CERN-2016.004 Staging scenario can be adapted, e.g. to new results from (HL-)LHC

CAS school Ziirich, Feb 23, 2018 8


https://cds.cern.ch/record/2210892?ln=en

\/ CLIC accelerator parameters m

N/

Parameter 380GeV | 1.5TeV 3 TeV

Luminosity &£ (103*cm2sec?) 1.5 3.7 5.9

£ above 99% of Vs (103*cm=sec?) 0.9 1.4 2.0

Accelerator gradient (MV/m) 72 72/100 72/100

Site length (km) 11.4 29 50

Repetition frequency (Hz) 50 50 50 Drives timing
Bunch separation (ns) 0.5 0.5 0.5 7 requirements
Number of bunches per train 352 312 312 for CLIC detector
Beam size at IP 6,/0, (nm) 150/2.9 ~60/1.5 ~40/1

: > Very small beam

Beam size at IP g, (um) 70 44 44

Crossing angle 20 mrad, electron polarization £80%

Very low duty cycle

Allows for: CLIC
Triggerless readout
Power pulsing

1 train = 312 bunches, 0.5 ns apart
- not to scale -

CERN-2016-004

CAS school Ziirich, Feb 23, 2018 9


https://cds.cern.ch/record/2210892?ln=en

@)

linear e*e” accelerator parameters

N/
ILC CLIC
A \ A
Parameter 250 GeV | 500 GeV ||380 GeV | 1.5TeV 3 TeV
Luminosity &£ (1034cmsec?) 1.35 1.8 1.5 3.7 5.9
£ above 99% of Vs (103*cm2sec?) 1.2 1.0 0.9 1.4 2.0
Accelerator gradient (MV/m) 31.5 31.5 72 72/100 72/100
Site length (km) ~17 31 11.4 29 50
Repetition frequency (Hz) — || 5 5 50 50 50
Bunch separation (ns) —> | 554 554 0.5 0.5 0.5
Number of bunches per train =—» | 1312 1312 352 312 312
Beam size at IP 6,/0, (hm)  —— || 729/7.7 474/5.9 150/2.9 ~60/1.5 ~40/1
Beam size at IP o, (um) — || 300 300 70 44 44

ILC: Crossing angle 14 mrad, electron polarization +80%, positron polarization +30%

Comparing experimental conditions ILC with CLIC

* Larger beam sizes and lower energies =>
* Longer bunch trains (~1 ms)

Shin Michizono, HEP conf 2018

CAS school Ziirich, Feb 23, 2018

less beamstrahlung :I"

Detectors do not need

:In
11"

ns-level timing capabilities

to reject background

10


http://iasprogram.ust.hk/hep/2018/conf.html

@)

X/~

FCC-ee physics and staging scenario ((FES))

Energy stages Vs =91 GeV Z, 160 GeV W, 240 GeV H, 350 (365) GeV top
Mz, My, My, sin26,%%, Ry, agep(my), ag(m; myy), Higgs and top quark couplings
= Very high precision measurements of electroweak parameters
= Exploration of very high energy scale (>> TeV) via precision measurements
—> Search for (very) weakly coupled particles

luminosity/l | total luminosity (2 IPs)/ yr | physics goal | run time
p [years]
[1034 cm2s71]

Z first 2 years 100 26 ab1/year 150 ab? 4

Z later 200 52 ab1/year

W 30 7.8 abl/year 10 ab? 1

H 7.0 1.8 abl/year 5ab? 3

machine modification for RF installation & rearrangement: 1 year

top 1st year (350 GeV) | 0.8 0.2 ab1/year 0.2 ab'! 1

top later (365 GeV) 1.3 0.34 ab!/year 1.5 ab! 4

total program duration: 14 years - including machine modifications

P.Janot, Acad.Training, Oct 2017
M. Benedikt, Nov 2017 11

phase 1 (Z, W, H): 8 years, phase 2 (top): 6 years

CAS school Ziirich, Feb 23, 2018



https://indico.cern.ch/event/667672/contributions/2730846/
https://indico.cern.ch/event/666889/

\/ FCC-ee accelerator parameters ((FE5))

N/

Z W H (ZH) ttbar
beam energy [GeV] 45.6 80 120 182.5
SR energy loss / turn (GeV) 0.036 0.34 1.72 9.21
SR total power [MW] 100 100 100 100
energy spread (SR / BS) [%] 0.038/0.132 | 0.066/0.153 | 0.099/0.151 | 0.15/0.20
bunch length (SR / BS) [mm] 35/12.1 3.3/7.65 3.15/4.9 2.5/3.3
bunch intensity [10] 1.7 1.5 1.5 2.8
no. of bunches /beam 16640 2000 393 39
Bunch crossing separation (ns) 20 160 830 8300
luminosity [1034 cm2s] per IP 230 32 7.8 1.5

Beam transverse polarisation => beam energy can be measured to very high accuracy (~50 keV)

At Z-peak very high luminosities and high cross section
—> Statistical accuracies at 10 level (e.g. cross sections, asymmetries)
= This drives the detector performance

= This also drives requirement on data rates

CAS school Ziirich, Feb 23, 2018 12



Y e*e” detector requirements (from physics)

N/
<l
* momentum resolution: %
e.g, HZ, gy, Smuon endpoint
2 -5 —1
Op [ P7 ~ 2 X107 GeV
* jet energy resolution: _
e.g. W/Z/H di-jet mass separation, ZH with Z=qq my
OF
— ~ 3.5 =59/| (for high-E jets, g
) light quarks) -)
3
* impact parameter resolution: m3 g
e.g. ¢/b-tagging, Higgs BR <

3
ory =5 ®15/(p[GeV]sin2 6) um

* angular coverage, very forward electron tagging

+ requirements from experimental conditions

CAS school Ziirich, Feb 23, 2018
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\/ e*e beam-induced background

X/~

Linear colliders: very small beam sizes needed to achieve high luminosities
e.g. CLIC bunch sizes at 3 TeV o, ,={40 nm, 1 nm, 44 um} => beamstahlung

Main backgrounds (p;>20 MeV, 6>7.3°):

e*e Pairs

\//' L3
@ N @ * Incoherent e+e- pairs

19k particles per bunch train at 3 TeV

* High occupancies
s => Impact on detector granularity

%

v/y q * yy =>hadrons
* 17k particles per bunch train at 3 TeV
Main background in calorimeters and trackers
q => Impact on detector granularity and physics

°
*

Y/Y

Note: at ILC or at lower CLIC energies, beamstrahlung effect is less strong
=> nevertheless a driver for the detector design

Circular colliders: beamstrahlung (BS) (less pronounced) + synchrotron radiation (SR)
Strongest effects at 365 GeV. Recent studies show that SR can be reduced below BS level.

CAS school Ziirich, Feb 23, 2018




CLIC beam-induced background &IL

D

N/
CLIC 380 GeV CLIC 3 TeV
101O_|I T LI llll T T rrrr T T ll'lll' T T |||'||I ] 1010_| I LR} | LN X T T ||||||| A
'CLIC work in progress 'CLIC work in progress

- . 380 GeV L* = 6 m backgrounds E - 3TeVL*=6m backgrounds B
1 08 —_/__ﬂ - 1 08 __7 —|— beamstrahlung y e
- _|_ beamstrahlung v e —_ —f— incoherent e*e =
x 10%F | X 10%F |
CE i + incoherent e*e” ] % i Yy — hadrons ]
8 4 . . = 8 4 o —}— coherente'e’ e
10° \ yy — hadrons ] 10 - ident o'e’ ]
5 B " + B g + trident 7
Z Ll 1> F .
T 102 /Jkl\ - B 10%F : ]
1 wp detector - = ﬁ‘EEte.Ct.OE —

1 0—2 Al 1 r ol raaal é R s el E‘ITI—II'III 1 0—2 Al 1 11 .-1"’1"/177|>|| 3 1 111 l! 1 vl 1 11 111 |||

10 10°° 10 10 1 10 107 1072 10 1

0 (rad) 0 (rad)

In the detector region, the relevant backgrounds are incoherent pairs and yy_— hadrons

CAS school Zilrich, Feb 23, 2018~ 2ominik Arominski, CLIC2018 45



https://indico.cern.ch/event/656356/contributions/2832828/

Y luminosity spectrum
>~ 10 S ) B R e
- CLIC 380 GeV =
10°% =
-+ CLIC3TeVv E
5 107
I E
< 4
- 107 —E
10‘5;—, —
i :
105 92 04" 06 08 1
X=\S/\Spom
Beamstrahlung = important energy losses
right at the interaction point Fraction Vs/Vs,,, | 380 GeV 3 TeV
Most physics processes are studied well above >0.99 63% 36%
production threshold => profit from full spectrum >0.9 91% 57%
o o >0.8 98% 68%
Luminosity spectrum can be measured in situ
using large-angle Bhabha scattering events, >0.7 99.5% 77%
to 5% accuracy at 3 TeV >0.5 ~100% 88%
Eur.Phys.). C74 (2014) no.4, 2833
CAS school Ziirich, Feb 23, 2018 16



http://link.springer.com/article/10.1140/epjc/s10052-014-2833-3

)

N/

experimental conditions linear e*e

Linear Colliders
 Beam-induced background:
e Beamstrahlung (incoherent pairs and yy — hadrons)
* High occupancies in the detector => small readout cells needed
* Precise (ns-level) timing required at CLIC
* Low duty cycle
* Power pulsing of electronics possible
* Triggerless readout
* Beam crossing angle 14 mrad (ILC), 20 mrad (CLIC)

CAS school Zirich, Feb 23, 2018
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\/ CLIC detector model

return yoke (Fe)
with muon-ID
detectors

superconducting
solenoid, 4 Tesla

fine grained (PFA)
calorimetry, 1+ 7.5 A,
Si-W ECAL, Sc-FE HCAL

end-coils for
field shaping

forward region with
compact forward
calorimeters

silicon tracker,
(large pixels /
short strips)

Final beam

focusing is outside low-mass

the detector vertex detector,
11.4 m ~25 um pixels

CLiCdp-Note-2017-001 CAS school Ziirich, Feb 23, 2018 18



https://cds.cern.ch/record/2254048

\/ CLIC detector

Experiment kept short along beam line final focus quadrupoles
Still maximising acceptance for forward-going particles in accelerator tunnel
L*=6m

Recent CLIC MDI publication

QDO B-field 201.4 T/m
aperture radius 4 mm

Note: ILC detectors have final focus elements inside the detector (L* is 3.4 m)

CAS school Ziirich, Feb 23, 2018 19


https://doi.org/10.1103/physrevaccelbeams.21.011002

Includes 2 compact forward calorimeters: Lumical + Beamcal
» e/y acceptance to small angles

* Luminosity measurement (using Bhabha scattering)

* (possibly beam feedback)

CLIC forward detector region

Kicker on incoming beam

0,1"’6
e
™.
YOKE \
ENDCAP

BPM on outgoing beam

‘
ENDCAP Interaction Point (IP)
at2.54 m

CAS school Ziirich, Feb 23, 2018



y CLIC detector occupancies

2 from beam-induced backgrounds
ch.part.
mm?- bx
(cylindrical
projection)
1
CLIC
10" Vertex
02 detector
at 3 TeV
10°
10 50 100 150 200 250 300 350
Z [mm]
":-\1 0—3 o e e —Ilnne:BarlreHI 1':—\1 0—3 oo e l—Ilnne:Encjh:apl1
>< = Inner Endcap 2
m : :nner Barrel 2 é ]h] w== |nner Endcap 3
o nner Barrel 3 = Inner Endcap 4
E10_4 [ e L ™ :Outer Barrel 1 NE 10_4 % :::::: E:::::: CLIC
E ——— E iy _rmeerd tracker
~~ ~ = Outer Endcap 2
2 . 8 Q. | “omee:]  at3TeV
| L e
10°° 107
il P T T T TR T AT T B SIS S ] T NI S T A S—— \
—-1000 0 1000 0 500 1000 1500
z/mm r/mm | Charged particles:
CLIC vertex requirements: CERN-2012-003 '”COEe;e”t pairs +
CLIC tracker readout requirements: CLICdp-Note-2017-002 Yy=>hadrons

CAS school Ziirich, Feb 23, 2018
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https://cds.cern.ch/record/1425915
https://cds.cern.ch/record/2261066

CLIC silicon pixel R&D (vertex and tracker)

N/
Parameter vertex tracker Performance requirements
Hit position resolution (um) /3\ 7 for the CLIC tracking system
Time stamping (ns per slice) ( 10 ) 10
Material per layer (X,) wzy <1-1.5%

Silicon thickness (um) ~100 (§)+50) ~200

Power (mW/cm?, incl. power pulsing) <50 <150 Layout of the CLIC tracker

_ B 10 10 Tracker radius ~1.5 m, maximum strip

s lizien el L (neq cm/yr) sl s lengths indicated (assuming 50 um strip
Radiation level TID (Gy/yr) <200 <1 width) taking into account occupancies

from beam-induced background)

Layout of the CLIC vertex detector
(with spiraling discs for air cooling purposes)
First layer at ~30 mm (3 TeV), ~25 mm (380 GeV)

CAS school Zirich, Fe




\/ CLIC tracking performances

Geant4-based simulation and event reconstruction

Varying position resolution in tracker CLICdet with nominal performances
1_'_l T T IIIIIII T T Illllll T T LI ll'l I I Illllll l-
'> 03 um -

Single w -]
. o 5um A A 6=10de 3
G 10°F Simgle, 0=90"" ,7um = Come
Sl E 010 E .~ % 6=70deg :
C © 10 um N A 0 6=89deg
/\g i 015 l-lm i . -===a ®b/(psinb) =
= i 420 um 7 ) e 3
A+ B 7 .“ 0 . 7
Q-|—10‘4 - _ i NN g ]
Q : - Srge, B A E
<] C LN N A A
\6 [ ] QB:;;;;:"O\ . ]
" performance target Bl T |
___________ ':zgl;:zz.\ T 3
-5 .zg‘:‘t{;‘g. ) ~.7]
107 F = CLICdp work in plrogress | T
1 1 1 L1 1.1 Ill 1 1 L1 1 1||| 1 1 111 1 1 L L L 11l 1 Ll 1 Ll 1 L
2

1 10 10° 10° 1 10 10 GeV

1 e
Fit data to: p [GeV. P ]

o (A / ) o b Geant4 simulation + reconstruction

pr/ PT psin @ momentum resolution for muons

~2x10> GeV 1achieved in central part
Shows that 7 um in tracker is needed

E.Leogrande @ CLIC18

CLICdp-Note-2017-002

CAS school Ziirich, Feb 23, 2018 23


https://indico.cern.ch/event/656356/contributions/2845846/
https://cds.cern.ch/record/2261066

\/ Si technologies pursued in CLIC R&D

N/
o Hybrid: HV CMOS active sensor + ASIC (65 nm)
Hybrid: Si sensor + ASIC (65 nm) Capacitive coupling (glue)
Bump bonded, thin 50+50 pm High Voltage (recently also fully integrated HV CMOS) High Voltage
TSMC process _ AMS process "

.
o

Electronics Electronics

Fully integrated: HR CMOS Fully integrated: SOI
Towerlazz process Lapis process -

Collection diode

) -t v - o Buried oxide

Shielded electronics o~ e ‘ High resistivity substrate

High Voltage

Systematics R&D studies have focused on Pixel implementation, with Pixel sizes around 25x25 pm?
Studies equally valid for the main tracker, even though it will have larger cell sizes

CAS school Ziirich, Feb 23, 2018 24



\/ CLIC silicon vertex and tracker R&D (1)

X/~

CLICpix (65 nm) + 50 um sensor Bump-bonding, 25 um pitch CLICpix2 ASIC (65 nm)

LA
"

u,m.mny"g{u o

l3.339e+02
1.650e-01

Recent presentation on vertex R&D

Recent presentation on tracker R&D

CAS school Ziirich, Feb 23, 2018 25


https://agenda.linearcollider.org/event/7645/contributions/40116/
https://agenda.linearcollider.org/event/7645/contributions/40117/

Y CLIC silicon vertex and tracker R&D (2)

X/~

i |

.' na -..' "-n " 15 0 l
Silcapacitors || ' | - R
|

Y T A
@ 44 AN =

SOl and C3PD+CLICpix2 in Timepix3 telescope at SPS

B o ) <),

Air cooling simulation & &-\ A i el 3
and | | $ )
1:1 scale test set up

« SN
7 Timepix3 Cracow SOI DUT C3PD+CLICpix2 Caribour/o
CAS school Ziirich, Feb 23, 2( telescope planes assembly oard




\/ calorimetry and PFA

X/~

Jet energy resolution + background suppression for optimal detector design

=> => fine-grained calorimetry + Particle Flow Analysis (PFA)

What is PFA? I S

Typical jet composition: | "—f_" = i—,—i
60% charged particles - - s =
30% photons g ‘ N y E -*;
10% neutral hadrons ; l.(l | /‘? {

2

M ’ v I‘,
Always use the best info you have: SANHA Ol
1 ||. Q‘\‘ \\'s I' j
60% => tracker &% % AN g Wi

30% => ECAL ¢, il
10% => HCAL &

NERS
%l | \L:, l,’
: N \\\\ 1 ‘ I i ‘
\\\\'\\\'\\ ‘\\ % il "' /
I
I
}
1
4

Hardware + software !

CAS school Ziirich, Feb 23, 2018 27



\/ Particle flow performance @b

X/~

Jet energy resolution

CLICdp work in progress
—— T

— " ] v v -
\o - : -1
= 7k 50 GeV Jets
— a : -
I..IJ.— i 190 GeV Jets ; ’
V8 o —— 250 GeV Jets ; i1l
g 6 -~ | —— 750 GeV Jets D L o
< i —— 1500 GeV Jets | + .
= I | .
~ o : : N
—__ 5 - ' : ‘ | ﬁ -
m - 3 -
S— 1 : —t— N
o Hlm H‘li ]
T %ﬂ: =
2 | 2 " I | L 2 I | 2 L | I T

0 0.2 0.4 0.6 0.8 1
lcos(0)l

Full Geant4-based simulation + reconstruction using particle flow
Such a plot requires a lot of calibration/tuning efforts for all detector regions

CAS school Ziirich, Feb 23, 2018 28
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X/~

Triggerless readout of full train

Beam-induced background suppression

e R RN AR AR RS

W t, physics event (offline)

v v

Full event reconstruction + PFA analysis with background overlaid

* => physics objects with precise p;and cluster time information
* Time corrected for shower development and TOF
Then apply cluster-based timing cuts

* Cuts depend on particle-type, p; and detector region

* Allows to protect high-p, physics objects

‘lllll |
>

A

tCluster

+

Use well-adapted jet clustering algorithms

* Making use of LHC experience (e.g Fastlet k, or e*e adapted VLC algorithm)

CAS school Ziirich, Feb 23, 2018
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ete” > ttH & WbWbH 2 qgb tvb bb

CLIC 1.4 TeV

.

same event before cuts on

beam-induced background . _ S
Highly granular calorimetry + precise hit timing

v
Very effective in suppressing backgrounds
for fully reconstructed particles

2

General trend for e*e- and pp options
(e.g. CMS endcap calorimetry for HL-LHC)

. Feb 23, 2018 30



q CLIC fine-grained calorimetry requirements @b

Fine-grained calorimetry: ECAL, HCAL, LumiCal, BeamcCal
CAI-' R&D for CLIC is carried out by the CALICE and FCAL collaborations /o0 .o

layers | cell sizes | active material layers | ® mrad | active material
ECAL 40 5%5 mm? silicon LumiCal 40 38-110 silicon
HCAL 60 3x3 cm? | scintillator+SiPM BeamCal 40 10 - 40 GaAs (tbc)
1 ns time resolution, 16 bit readout 5 ns time resolution, 32 bit readout

V‘ Developments and beam tests of CMS HGCal

are an important test bed for Linear Collider
CAS school Ziirich, Feb 23, 2018 31
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high-granularity calorimetry CAI.@

RPC-steel SDHCAL Scintillator HCAL plane Scintillator-tungsten HCAL

CAS school Ziirich, Feb 23, 2018 32
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. T T T T 1 T T T T T T T T T T T . 1 T T T 17 7T 17T 1717 1T 17 17717 17T 777 T T
- 1 ~CLICdp work in pll'ogress | | & - ‘CLICdp work in progress
o C light jets: with background / ] o r light jets: with background ,
c e light jets: no background / /i c | eeeenees light jets: no background Vs 4
_2 i c-jets: with background /;" l .9 b—!etsi with background 7 4
E 1 0_1 e c-jets: no background // . .'(-U' D R b-jets: no backgroung'__..
(&) C /- ] 010 - =
= 1 E :
E B / /. n E : :
L /. | I 1
Q Q i |
S107° - E O
o - ) ] -2 ) _
. ete—=bb §10 - ete—cc -
i P i L ]
P @500 GeV : @500 GeV |
-3 j—l PN T T T A U N T TS T I T T e | / T S AN SN NN SO NN N A
04 05 06 07 08 0.9 1 0 0.2 0.4 0.6 0.8 1

Jet flavour tagging

) Jet

B secondary
; vertex

c-quark and and b-quark jets involve secondary decays

* Look for displaced (secondary) vertices within jets
* Vertex detector performance is very important

Multi-parameter identification, uses the entire detector

Beauty eff. Charm eff.

CAS school Ziirich, Feb 23, 2018 33



\/ SiD detector at ILC

)

5D il

A
~6m e : E 2 & S
SiD: “Silicon Detector”
* 5Tsolenoid Y : = =
* All-silicon vertex detector + tracker gl L x T R

* Fine-grained calorimetry (PFA)
 Compact design (1:2m tracker radius)
* Final focus quadrupoles inside the detector

CAS school Zirich, Feb 23, 2018
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Y ILD detector at ILC

ILD: “International Large Detector"

ILD

ol‘d r\4

FCAL
Yoke/ Muon HCAL

o o
n v
O ™
NN

ECAL

Silicon vertex detector
Time Projection Chamber as tracker

... surrounded by Silicon envelope
Fine-grained calorimetry (PFA)
Large (L) and small (S) options under study

ILD-L ILD-S

(DBD)
B-field 35T 4T
TPC outer radius 180cm  146cm
Coil inner radius 344cm 310cm

Final focus quadrupoles inside the detector

CAS school Ziirich, Feb 23, 2018

35



circular ete-

CAS school Ziirich, Feb 23, 2018
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FCC-ee physics and staging scenario ((FES))

Energy stages Vs =91 GeV Z, 160 GeV W, 240 GeV H, 350 (365) GeV top
Mz, My, My, sin26,%%, Ry, agep(my), ag(m; myy), Higgs and top quark couplings
= Precision measurements of electroweak parameters
= Exploration of very high energy scale (>> TeV) via precision measurements
—> Search for (very) weakly coupled particles

luminosity/l | total luminosity (2 IPs)/ yr | physics goal | run time
p [years]
[1034 cm2s71]

Z first 2 years 100 26 ab1/year 150 ab? 4

Z later 200 52 ab1/year

W 30 7.8 abl/year 10 ab? 1

H 7.0 1.8 abl/year 5ab? 3

machine modification for RF installation & rearrangement: 1 year

top 1st year (350 GeV) | 0.8 0.2 ab1/year 0.2 ab'! 1

top later (365 GeV) 1.3 0.34 ab!/year 1.5 ab! 4

total program duration: 14 years - including machine modifications

P.Janot, Acad.Training, Oct 2017
M. Benedikt, Nov 2017 37

phase 1 (Z, W, H): 8 years, phase 2 (top): 6 years
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https://indico.cern.ch/event/667672/contributions/2730846/
https://indico.cern.ch/event/666889/

\/ FCC-ee accelerator parameters ((FE5))

N/

Z W H (ZH) ttbar
beam energy [GeV] 45.6 80 120 182.5
SR energy loss / turn (GeV) 0.036 0.34 1.72 9.21
SR total power [MW] 100 100 100 100
energy spread (SR / BS) [%] 0.038 /0.132 | 0.066/0.153 | 0.099/0.151 0.15/0.20
bunch length (SR / BS) [mm] 35/12.1 3.3/7.65 3.15/4.9 2.5/3.3
bunch intensity [10] 1.7 1.5 1.5 2.8
no. of bunches /beam /1%:% 2000 393 39
Bunch crossing separation (ns) ( 20 ) 160 830 8300
luminosity [10% cm2s1] per IP W 32 7.8 1.5

Beam transverse polarisation => beam energy can be measured to very high accuracy (~50 keV)

At Z-peak very high luminosities and high cross section
—> Statistical accuracies at 10 level (e.g. cross sections, asymmetries)
= This drives the detector performance

= This also drives requirement on data rates

CAS school Ziirich, Feb 23, 2018 38
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Note different
X/z scales !

10

4'_5

\“00“{‘“% .

Crossing angle 30 mrad -10

QC1

Q

2 cm thick

[ |

Central beam
pipe +/-12.5 cm
inZ.r=15mm

A
7

FCC-ee interaction region

central detector down to 150 mrad (0 £8.6 deg)

LumiCal

50-100 mrad

from exiting
axis

2

(GE2D)

FF quads

Vertex det

L*=2.2m

Design valid for all FCC-ee centre-of-mass energies. Tantalum shield needed at highest energy.
Mask tips at +/-2.1m to protect central chamber from photons generated at 100 m from IP

CAS school Ziirich, Feb 23, 2018

39



FCC-ee forward region (EED))

30 mrad beam crossing angle
Final focusing quadrupoles embedded in the detector
Emittance blow-up from detector magnetic field

* Detector magnetic field limited to max. 2T
* Compensating solenoid close to the IP

* Magnetic shielding around the final focus quads

Luminosity counter (makes use of Bhabha e*e- & e*e’), front face at 1.0 m from IP

| Shielding solenoid |

Compensating solenoid

|Luminositycounter |

15 | Final focus quads

CAS school Ziirich, Feb 23, 2018
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FCC-ee occupancy from background particles

Occupancy in the various sub-detectors ( FECEC )

from synchrotron radiation and incoherent pairs

2000 I l I
= SR, 1cm of Ta shield

FCCee 350 GeV

Pairs

Sum

800

IIIlllllllllllllllllllllIlll

600

400

lllllllllII|I||IIIII|IIIIIIIIII

i

200

VXDB VXDE ITB ITE oTB OTE
<0.6Hits/cm?/BX ~ <2Hits/lcm?/BX  <0.05Hits/cm?/BX ~ <1.5Hits/cm?/BX  <0.02Hits/cm2/BX  <0.01Hits/cm2/BX

vertex detector inner tracker outer tracker

Maximum hit density in the hottest area of each subdetector per bunch crossing
=> Synchrotron radiation can be suppressed efficiently

CAS school Ziirich, Feb 23, 2018 41
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Dominant backgrounds
* Synchrotron radiation
* Beamstrahlung
YY =2 €*e”  (shape of distribution in figure)
vy = hadrons (0.005 event / BX)
=> First detector layer
Reasonable assumptions
Silicon pixel detector
Radius : 17 mm
Pixel pitch : 25x25 pm?

(includes safety factor 3)
Full simulation (GuineaPig, GEANT)
Estimated occupancy ~ 5x10-4 / BX
Both at the top and the Z

Needs for fast electronics ?

At the Z, one bunch crossing every 20 ns
Keep occupancy below 1% with electronics
integration time < 0.4 us

P.Janot, Acad.Training, Oct 2017

FCC-ee detector occupancy

(FES))

3 F E
> f FCC-ee 350 GeV z
Q- -
10"5— er ete™ Coee 1
10°? ;
10"
10°
7 107
—4 o
1010‘4 1
0 (rad)
s F E
. FCC-ee 91.2 GeV 02
10’15—
0 1
107 =
10° 10"
10" ol L

10"

CAS school Ziirich, Feb 23, 2018
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V experimental conditions e*e :IF
7 JLF

Linear Colliders

* Beam-induced background: m

e Beamstrahlung (incoherent pairs and yy — hadrons)
* High occupancies in the detector => small readout cells needed

* Precise (ns-level) timing required at CLIC \/-\

* Low duty cycle ( M= )
* Power pulsing of electronics possible
* Triggerless readout

* Beam crossing angle 14 mrad (ILC), 20 mrad (CLIC)

Circular Colliders
 Beam-induced background
* Beamstrahlung (incoherent pairs and yy — hadrons)
* Synchrotron radiation
e Circulating beams
 Maximum detector solenoid field of 2 T => need to increase tracker radius
 Complex magnet shielding schemes
* Beam focusing quadrupole closer to IP (~2.2m)
* No power pulsing
* High luminosity and many bunches at Z pole
 Moderate requirements on detector timing, high data rates

CAS school Ziirich, Feb 23, 2018 43



CLD detector for FCC-ee (FED))

6m

CLD is derived from the CLIC detector model
Silicon pixel vertex detector + Silicon tracker
Silicon-tungsten Ecal, Scintillator-steel HCal <= fine-grained
Superconducting solenoid, yoke with detectors for muon ID

Constraints from MDI at FCC-ee
Detector solenoidal field | 2 T
Outer tracker radius T 2.15 m
Beam pipe radius | 15 mm
Inner vertex radius | 17 mm v
Max collision energy | 365 GeV

Hadronic calorimeter depth | 5.5 A,

Layout respects the +150 mrad cone for detector

Constraints from FCC-ee continuous operation
Power pulsing not possible
Increased tracker “mass” in simulation model

CAS school Ziirich, Feb 23, 2018



\/ FCC-ee CLD detector performance

Track resolution for single muons

CLD work in progress !!!

I T T L] LI B | II L] L] T LI LI ll L] I T I I lllllll
Single -
AL © =
1 0_1 "L Single w N —e=p=1GevV =
Ten A 6=10deg * —=~p=10GeV 3
: O 6=30deg = -
. o ©8=50deg ] ——p =100 GeY .
As. % 0=70deg ..l ====a ®b/(psing) |
.. 0 ©=89deg ©-.
—2 Teel A, ====a @b/ (psino) O Seall —
g -, =
N “A.. . =
o REETo -
o ‘@, . .o Sl T 0.._.. 0 -
e ., - -]
10_3 ‘&::. e e N ) = z e . |
ML el T, . - E
~‘8:;. "’\_ . . . 3
o : T
_4 ‘:% ..... . T .‘[\_~~. -
~~~~~~~ Am=ee. |
10 b — :
. Treeallnl . AT S &
CLD work in progress CLD work in progress .
PR I T T T | ]

10—5| L L s o aaal 1 L a3 aaaaql 1 L 1 L
1 10 102 20 40
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\/ FCC-ee CLD detector performance ((FE5))

N/

Jet energy resolution

CLD work in progress 11!

) C — T T T T [ T T T [ T T T ] -
o, 7 L —=— 455 GeV Jets ]
W [ - 190 GeV Jets ]
o - 4
c” 6 %}‘_
8 CLD work in progress % :
= S
= sh 1
LJ:'; ++ —— aE 1]
(Dg 4 ':}77\7 { _(1[’_ e 4|—[ _'
=> I R e F ]
oC ) I R N N
0 02 04 06 08 1
lcos(0)I

Full Geant4-based simulation + reconstruction using particle flow
Such a plot requires a lot of calibration/tuning efforts for all detector regions
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\/ “IDEA” concept for FCC-ee/CEPC

( FCC )
hheehe
N/

IDEA “International Detector for Electron-positron Accelerator” @

Vertex detector, MAPS, R, ;=15mm
* Ultra-light drift chamber with PID
* Qutersilicon layer
* Thin superconducting solenoid 2T, R=2m
* Pre-shower
* Dual read-out calorimetry, 2m deep
* Instrumented return yoke

Optionally solenoid outside/inside 10 m ‘_ Dual Readout Calorimeter

calorimeter: '

a. Classical 2T solenoid around the
calorimeter, 7.2m bore, 8m long

b. Ultra light 2T solenoid around tracker,
4.0m bore, 6m long

Tracker

Instrumented iron yoke (muon ID)

Coil and cryostat 55 CM
Double Readout Calorimeter

Double Readout Calorimeter

Coil and cryostat 40 cm (?)

v

CAS school Ziirich, Feb 23, 2018 47



Y CEPC detector

@ |ILD-L-inspired |detector concept studied for pre-CDR

@ Shorter L* of 1.5m

[ L— 7240mm — QDO inside tracker

Yoke/Muon @ Increased cooling
infrastructure due to

[—~: 4400mm . .
continuous operation

—— Coil

- @ Thickness of return yoke

> 3380mm
L Heal reduced for both barrel and
el endcap
> 1810mm

Towards CDR:
@ Study 2+ detector concepts

J, Yoke/Muon i HCal l Qpo l.urr‘liCal IP  Vertex . . .

novel concept (— “IDEA")

CAS school Ziirich, Feb 23, 2018 48



e*e" 9 Hvv & bbvv
CLIC 1.4 TeV

same event before cuts on
beam-induced background

end of the e*e” lecture part

, Feb 23, 2018



y Detectors for High Energy Colliders
Machine Detector Interface
part 2
future pp colliders

With many thanks to my FCC-hh colleagues
Particular thank you to Werner Riegler, most of the material is his

W. Riegler, Acad.Training, Oct 2017

CAS school Ziirich, Feb 23, 2018

50


https://indico.cern.ch/event/666890/

FCC-hh, HE-LHC, (HL)-LHC parameters ((FES)

parameter

M. Benedikt, CAS, Zirich, 2018

HE-LHC

(HL) LHC

collision energy cms [TeV] 100 25 14
dipole field [T] 16 16 8.3
circumference [km] 100 27 27
#IP 2 main & 2 2&2 2&2
beam current [A] 0.5 1.27 (1.12) 0.58
bunch intensity [10'] 1(0.2) 1(0.2) 2.5 (2.2) 1.15
bunch spacing [ns] 25 (5) 25 (5) 25 (5) 25

IP B, , [m] 1.1 0.3 0.25 (0.15) 0.55
luminosity/IP [1034 cm-2s-1] 5 30 34 (5) 1
peak #events/bunch crossing 170 1020 (@ 1070 (214 (135) 27
stored energy/beam [GJ] 8.4 1.4 (0.7) 0.36
synchrotron rad. [W/m/beam] 30 4.1 (0.35) 0.18

FCC-hh and HE-LHC have very similar detector requirements (resolution and radiation hardness) !!!

CAS school Ziirich, Feb 23, 2018
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https://indico.cern.ch/event/643268/

\/ FCC-hh physics scope (FED))

N/

How to specify detectors for such a collider ?

The Higgs is still a key benchmark for the FCC-hh detector,
=> Highly forward boosted features (100 TeV, 125 GeV Higgs)

ATLAS and CMS are general purpose detectors that were benchmarked with the
‘hypothetical’ Higgs in different mass regions with tracking up ton = 2.5 (6 = 10°)

Many other physics goals (see lectre by Michelangelo), for example:
Higgs self-coupling (4), precision Standard Model, heavy resonances, SUSY, etc.

FCC detectors must be ‘general general’ purpose detectors
with very large n acceptance and extreme granularity

Detector acceptance goal set:
Muon detectionupton =4 (6 = 2°)
Calorimetry upton =6 (6 ~ 0.5°)

1<)

W. Riegler, Acad.Training, Oct 2017
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D) FCC-hh physics scope (FED))

X/~

The present working hypothesis:
: peak luminosity baseline: 5x1034, integrated luminosity ~250 fb1/yr
: peak luminosity ultimate: < 30x1034, integrated luminosity ~1000 fb1/yr

10°
103 Total cross section and Minimum Bias
10 multiplicity => modest increase from LHC to
10° FCC-hh.
10°
10* The cross section for interesting processes
= 10° => significant increase !
L 10°
o
10 —> Interesting stuff is sticking out more !!
1
10" Z Going from pileup of 140 at HL-LHC to
10 = pileup of 1000 at FCC-hh however reduces
107 this possible advantage (e.g. triggering)
10* ;
10°
10 10°

\s[TeV]

W. Riegler, Acad.Training, Oct 2017
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FCC-hh reference detector for the CDR ((FES))

4T 10m solenoid

* Forward solenoids

* Silicon tracker

* Barrel ECAL Lar

e Barrel HCAL Fe/Sci

* Endcap HCAL/ECAL LAr
* Forward HCAL/ECAL LAr

This is a reference detector that ‘can do the job’ and that is used to define the challenges.
The question about the specific strategy for detectors at the two IPs is a different one.

W. Riegler, Acad.Training, Oct 2017
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\ Comparison to ATLAS and CMS  ((FES))

N g
Precision chambers
(MDT) Bacrel toroid ‘ .
Trigger chambers coil m
(RPC) |
ygm]
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W [ T4 | | | 1 I A A o %
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A \ I -
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3

* Compared to ATLAS / CMS, the forward calorimeters are moved far out in order to reach larger n,
reduce radiation load and increase granularity.

* Forward solenoid adds about 1 unit of n to tracking acceptance.

* Alarge shielding (brown) stops neutrons from escaping to cavern and muon system

W. Riegler, Acad.Training, Oct 2017
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\/ FCC-hh cavern dimension (FED))

N/ 7

L*=40 m

\

TAS Shield | shieldTAS Q1

———

Cavern length of 66 m  => compatible with the opening scenario of the present detector
Cavern diameter of 20 m => similar to ATLAS cavern

W. Riegler, Acad.Training, Oct 2017
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y Charged particle fluence at L=30X103*cms™

(GE2D)

Barrel muon chambers: ~300 cm=2s?! to ~500 cm2s?

"_(D

o

N 0= 5

10 @

- 10 ©

i 102 8§

7 o

i 10° 3

o] ()}

104 ©

—~ =

| ¥ 10° &

L 0 &

100 &

0 500 1000 1500 2000 2500 3000 3500 4000 =
z [cm] 5

Central vertex/tracker: Endcap Muon Chambers: 10* cm?s?
first IB layer (2.5 cm ): ~1.2%X10%° cm2s!

external part: 3xX10° cms! R>1m: 5%10° cm-2s-1

W. Riegler, Acad.Training, Oct 2017
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Y 1 MeV neutron equivalent fluence for 30 ab™

N/
(FED))
NT— RO 20 o
1600 b e e | N e MUk b R 2k T . 10 8
1400 o 1 01 8 C_g
1200 = 1016 =
[
; =1000 - 1014 c—g -
~ 800 — 1012 5 S
E O W
600 5 10 @ 2
400 f 4 108 5 g
200 = 100 5 :
0 ' D = 8 & @
/@/ 500 1000 1500 2000 500 3000 3500 4000 % =
z [cm] =
Central tracker: Forward calorimeters: T
first IB layer (2.5 cm ): ~5-6X10 cm2 maximum at ~5x10%8 cm2 for both
external part: ~5Xx10%° cm~ the EM and the HAD-calo
10®* cm2at R=2 m

W. Riegler, Acad.Training, Oct 2017
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Y FCC-hh tracker (FED))

Tracker radius 1.6 m, half-length 16 m
Hit position resolution ~10 um in R-¢

P, resolution versus 7 - const p, across n

iy
o
w

dp /p %]

—_
o
™

10

Note: resolution improves as 1/\IN|aye,s,

IIIII"T[ llllllll'l T
©
_{
I i
= ;
—
(1)
<

1o° material budget increases as N_,.,.
| — 12 barrel layers, 20 endcap disks
1072 :
p, = 100 GeV \
2000 7 n=1.2 [n=1.9 ]

1000 1 —= Jrl 1[ |
F=JiAEE S SR o e e l
0 2000 4000 6000 8000 10000 12000 14000 16000

W. Riegler, Acad.Training, Oct 2017
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\/ FCC-hh tracker considerations ((FES))

— A 1.6m x 16m long detector with 10 pum single point resolution in R-¢ can
achieve a 20% dpT/pT resolution for 10 TeV tracks

— Timing information will be essential to identify the primary vertex within the
1000 pile-up events.

— Tilted layout would be very advantageous to reduce multiple scattering for
pattern recognition

— Beampipe material is the limiting factor for z, resolution at |n|>1.7
— Tracking performance in boosted objects is limited by detector granularity
— Assignificant fraction of displaced vertices will be out of detector acceptance

boosted b-jet =73,
pT(b)=5TeV "7~

E. Perez Codina, HEP Valparaiso, 2018

boosted b-jet .
CAS school Ziirich, Feb 23, 2018 pT(b)=5 TeV


https://indico.cern.ch/event/628450/contributions/2829595/

\/ Pile up and beam pipe (EED))

Az (um)
HL-LHC average distance between vertices at z=0 is Doz ™
= 1mm in space and 3ps in time /
For 6 times higher luminosity at FCC-hh (and HE-LHC) 300
= 170um in space and 0.5ps in time /
200 7

13.6 MeV 100 ,/
o= Va/Xo [1 +0.038 In(z /Xo)] / —
x=0.8mm, X,=35.28cm (Be), p=1GeV N
r=2.5cm Beampipe
-------------------------------------- Beam

For n > 1.7 the error due to multiple scattering in beampipe is larger than average vertex distance !

Timing and very clever new are ideas are needed ...

W. Riegler, Acad.Training, Oct 2017
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primary vertex reconstruction and pile up

Fraction

(FCo)

Fraction of events correctly assigned to the primary vertex
No timing, 5 ps timing, 10 ps timing

— Compare FCC-hh scenario to HL-LHC conditions (PU~140), using e.g. CMS Ph2 upgrade layout

HL-LHC scenario @ PU=140 FCC-hh scenario @ PU=1000
CMS Ph2 Upgr. tracker Tilted layout
Fraction of tracks being unambiguously assigned to PV @95% CL: <pm>=1 40 Fraction of tracks being unambiguously assigned to PV @95% CL: ‘“m>=1 000
- . _ . _ _ _ _ -5 - ' _ _ . _
- ..g 1_UUHVUBBBBEK_~p!=:;aE.; . ..........................
H400% &£ L b TARETRLN FURREERS remreanes 90%

Single particle study:

i o | Single particle study: )
0.4H p,=1GeV/c, no timing 0.4H p,=1GeVic, notiming | N N P
] ===--- p‘=5GeV/c, no timing 1 pT=SGeV/c, no timing P .
] e =10GeV/c, no timin e R imi
0.2H Pr = 5 0.2H p,=10GeVic, notiming | % 1, NNt Py
H — ot = 5ps, n reflects 520 : 1 — ot = 5ps, n reflects 520
H —— 8t = 10ps, n reflects 520 | | | | H ——— 8t = 10ps, n reflects 520
00 0.5 1 1.5 2 25 3 35 4 00 1 2 3 4 5 6
n n

W. Riegler, Acad.Training, Oct 2017
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Overall 2-4x better granularity than e.g. ATLAS

barrel ECAL, endcap ECAL/HCAL, forward
ECAL/HCAL are in LAr technology,
intrinsically radiation hard

ATLAS ECAL barrel

\/ FCC-hh calorimetry (FED))

barrel HCAL Fe/Scintillator
similar to ATLAS Tilecal

E
b Steel Stoal

y
B
(no grooves) . o
.
f Steel

w0

3 mm

L] Z

~ 11 X FCC-hh HCAL, pion resolution:
oE/E =43%/VE ®2.7%

Note : Silicon ECAL and ideas for digital ECAL with MAPS are also being discussed

W. Riegler, Acad.Training, Oct 2017

CAS school Ziirich, Feb 23, 2018
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Compare 3 options:
1. Tracker only with identification
in the muon system

the muon angle where it exits
the coil

3. Tracker combined with the
position of the muon where it
exists the coil

2. Muon system only by measuring

Assume (at n=0) :
* 50um position resolution
e 70uRad angular resolution

!

<10% standalone momentum
resolution up to 3TeV/c

<10% combined momentum
resolution up to 20TeV

within reach of ‘standard’ muon
system technology

W. Riegler, Acad.Training, Oct 2017

dpt/pt (%)
1000

muon system considerations

(FC9)

y/4
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~ FCC Tracker

—— FCC Muon standalone 70uRad Angular Resolution
~— FCC Combined M.S. Limit

~ FCC combined 25um Muon Position Resolution
—— FCC combined 50um Muon Position Resolution
- FCC combined 100um Muon Position Resolution

||

CAS school Ziirich, Feb 23, 2018
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\/ experimental conditions future pp colliders

N/
Experimental conditions for a ~100 TeV pp collider have much in common with
conditions as we know them from HL-LHC.

Challenge: preserve overall detector performance, despite huge pile up, high
energies, very forward-going physics and high radiation conditions

A few extra remarks:
e Compared to HL-LHC, radiation levels increase in proportion to the luminosity
e Particles (e.g. Higgs) have more forward boost:
e => precision tracking needed down n=4, 6=2° (n=2.5, 2.5° at LHC)
e =>calorimetry down to n=6, 6=0.5°
e Aim for track resolution of 10-15% up to p; of 10 TeV
e => central solenoid 4 T with inner radius 5 m, track hit resolution ~10 um
e Forward solenoids are needed to increase angular coverage

Pile up of 1000 events?
* FCC-hh average distance at z=0 between events is 170 um, 0.5 ps (1mm, 3 ps at HL-LHC)
e Fortracks at n>1.7, multiple scattering effect due to 0.8 mm Be beam pipe is larger

than average distance between two interaction vertices ! \e(a’io(
* Fine grained calorimetry required to help resolving pile up ; as\caccespac\f\%
* Excellent time (few ps) resolution required ‘oe“: S ach
fof

CAS school Zirich, Feb 23, 2018 65



)/ a few words on detector technologies

N/

detectors at future e+e- and pp collider face strong challenges

Vertex/tracker

Property

ete-

pp

Position resolution (3 um — 10 pum)

* %k %

% %k %k

Small cell sizes (down to 20*20 um)

* %k %

%k %k %k

Very thin materials

%k %k

* %k

Excellent timing (ps-ns scale)

* %k

%k %k %k

Large surfaces, low cost

* %k

%k %k *k

Radiation hardness

%k %k % %k

Calorimetry

Property

ete

pp

High granularity (few cm? cells)

* %

* %

Excellent timing (ps-ns scale)

* %k

%k %k %k

Compactness (thin active layers)

* %k %

* %

Large surfaces, low cost

* %k

%k %k %k

Radiation hardness

*

%k %k % %k

despite differences,
many challenges in
common

2

much (not all)
of the required R&D
points at advanced
silicon /
microelectronics
technologies

+ large area muon detection + DAQ/trigger + large superconducting solenoids + ...

CAS school Ziirich, Feb 23, 2018

66



CAS school Ziirich, Feb 23, 2018



SPARE SLIDES
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\/ status of the projects

N/
Facility Status
ILC e TDR/DBDin 2013
* European XFEL in operation using similar accelerator technology
CLIC * CDRin 2012

* Staging baseline document in 2016
* Project Implementation Plan foreseen for 2018

CEPC-SppC * Pre-CDRin 2015
* CDR planned for 2017

FCC-ee, FCC-hh, HE-LHC | = CDR planned for 2018

HE-LHC e Existing LHC tunnel
* Prospect to use FCC-hh magnet technology

XFEL in operati(;n since Dec 2016 CLIC 2- beam acceleration, 100 MV/m 11 T superconductlng dipole prototype
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https://agenda.linearcollider.org/event/7645/contributions/40123/

\/ Incoherent e*e” pairs

p. (GeV/c)

NS/
10E 10 ~ 5 10
£ CLICdp work in progress 2 :
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@ There are on average 84k incoherent pairs per bunch crossing at
380 GeV, 74k at 350 GeV, and 290k at 3 TeV

@ In all cases only around 10% of the incoherent pairs are a source of
direct background, mostly in the forward detector region, irradiating

BeamCal and LumiCal subdetectors
Dominik Arominski, CLIC2018
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https://indico.cern.ch/event/656356/contributions/2832828/

G vy => hadrons

v~y — hadrons overview
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@ Over 90% of produced hadrons have transverse momentum high
enough to reach the barrel region and thus they are one of the major
sources of direct background and occupancies

@ There are 0.17 vy — hadron events per BX at 380 GeV, 0.16 at 350
GeV and 3.9 at 3 TeV Dominik Arominski, CLIC2018
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https://indico.cern.ch/event/656356/contributions/2832828/

Y beam-induced background rejection (1)

X/~

Beam-induced background from yy & hadrons can be efficiently suppressed by applying

p, cuts and timing cuts on individually reconstructed particles (particle flow objects)

1.2 TeV

ete” > H'H™ — tbbt — 8 jets

1.2 TeV background in reconstruction
window (>=10 ns) around main physics event

CAS school Ziirich, Feb 23, 2018

100 GeV background
after tight cuts
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\/ beam-induced background rejection (2)

Beam-induced background from yy & hadrons is further reduced by
applying adapted jet reconstruction algorithms

Example: squark study at Vs = 3 TeV (with assumed squark mass of 1.1 TeV)

e'e” — qrqg — qqx‘l)fc?
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No yy - hadrons background With yy = hadrons bkg from With yy - hadrons bkg from
60 bunch crossings 60 bunch crossings + use of p,

and timing cuts
Traditional Durham-ee jet algorithm inadequate <=> use of “LHC-like” jet algorithms effective

From Eur.Phys.J. C75 (2015) no.8, 379, see also arXiv:1607.05039
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file:///doi/10.1140:epjc:s10052-015-3607-2
https://arxiv.org/abs/1607.05039

FCC-ee forward luminosity calorimeter ((FE5))

Luminosity needs to be measured to very high accuracy
*Few 10~ at the Z pole
*Few 10 at the tt threshold

Forward calorimeter to measure Bhabha scattering, adapted from ILC/CLIC design
* Placed closer to the IP (z < 1.2 m) and made smaller
* Centred around the outgoing beam

- 142 mm
- 132 mm

Depth 10 cm (1.05 to 1.15 m) = | - 2
Radius from 5.4 to 14.2 cm - - s
30 layers (1X,) of 3.5 mm W + 1 mm Si = g8 e
32 x 32 Si pads in (R,d): 3x10% channels “ s
Positioned with 1 um accuracy =1 e

Total angular coverage: 45-95 mrad
Loose acceptance: 63-83 mrad
Tight acceptance: 68-78 mrad
o(ete— e*e’) =6-13 nb

= (45, 60) mrad
= (51, 66) mrad

= (94, 109) mrad

= (107, 122) mrad
= (111, 126) mrad

= (119, 134) mrad

P.Janot, Acad Training, Oct 2017 . = (6. 141)
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https://indico.cern.ch/event/666889/
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