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- The prospective Lepton Colliders and Detectors

- Detector requirements and challenges
- Current R&D ... Next steps...future possibilities

- ldeas for the future

With thanks for input from Jim Brau, Ron Lipton, and several unknowing donors

10/12/2012 A. White CPM 2012 2



infernafional linear collider

ILC
500 GeV -1 TeV
et e
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Detector Detailed Baseline Designs and
Accelerator TDR -> Completion in 2012
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http://ilcild.org/ild-detector-systems
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“ based on an evolution

Muon Collider
<4 TeV

‘Dual Readout
' Calorimeter ~

P

- of SiD + SiLC trackers
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LE P3 A high Luminosity e*e”
Collider in the LHC tunnel

.......

Accelerator ring

Collider ring‘_

A new proposal to use LEP3
with the CMS (+ATLAS?)
detector as a Higgs factory

ECAL Muons

Detector(s) — CMS? ATLAS, SiD, ILD...?
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— Vertexing: heavy quark flavor identification, charge measurement

- Tracking: momentum resolution, track separation, efficiency
o(1/p;) ~ 2-5x10° /GeV
- Calorimetry: jet energy measurement, jet-jet mass resolution
Jet energy resolution 3% or better
- Overall: full angular coverage, minimize dead regions, dead
materials, alignment, calibration,...

- General: robustness against backgrounds, survivability

10/12/2012 A. White CPM 2012 7



- A large body of R&D exists for ILC detectors, developed over
more than a decade and solutions exist that can deliver required
physics performance —to be presented in Detailed Baseline
Designs.

- Much of this R&D is applicable to the CLIC detectors, but higher
backgrounds, more demanding timing, higher energies,...

- For the Muon Collider the backgrounds are severe and additional
R&D is needed to address occupancies, energy deposition, and
radiation hardness.

- For LEP3 initial studies have used the present CMS detector —
special case and for Higgs factory only.
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CLIC bunch separation 0.5ns !

CLIC beams are 25 nm in both x and y
-> higher level of beamstrahlung (vs.
ILC)

20x20 pm pixel size
0.2% X, material par layer <= very thin |
* Very thin materials/sensors
* Low-power design, power pulsing, air cooling
Time stamping 10 ns
Triggerless readout for 156 ns bunch train

Radiation level <10™ ncm2year™ <= 10" lower than LHC

Hits [1/mm ns]

— - Layer 1: 32 mm

------ Layer 2: 46 mm
LiC |
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Vertex + forward tracking
CLIC_ILD

Steel beds pi
10/12/2012 981 094m pips

Beryllium beam pipe
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The muon collider detector
environment is challenging:

3 x 10% pairs/bunch xing

Beam halo issues

Muon beam decays: 1.3 x 101%/m/s
for two beams of 0.75 TeV

-> high radiation dose — survivability?
-> high vertex detector occupancy
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Occupancy drives vertex
inner radius to > 5 cm.
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Examples

Chronopix
10 x 10 um?

50 ym sensors

——
-

PLUME

é rt /
SUppo
£l L Low mass flex cable -J

g : 12 cm

Transversal view Longitudinal view

Fully equipped ladder with 50 um sensors
by 2012 ~ 0.3% X,

occupancy  0.13 hits/um2/s
Frame time 25-100 us
Duty cycle  1/200

Excellent spatial
resolution (3- 5 um)
AND material budget
(0.12 % X,/layer)
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3-D

to servicing board ~ 1m

support

0.4 hits/um2/s
10 us
1

Lowest possible material
budget (0.15 % X,/layer)
Moderate pixel size

(B0 x 75 um?2)
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-Too early to decide on any given technology
- Examples are what can be achieved in short term — assuming
successful R&D
- Where will we stand when we come to build a lepton collider
detector?
- => Follow electronics/sensor developments, try new ideas
- Can we learn from other areas e.g. nanotechnology:
Ordered arrays of carbon nanotubes ?

!

Thin Silicon

i
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T nk & metal pixels
pitch 300 nm

Carbon nanotubes:
diameter 40 nm;
pitch 100 nm.

Metallic stnps:
pitch 500 nm;

| length 10 mm;
|’ area 5-10° ym?

Iﬂ ame area

R/O electronics:

50 x 100 pm?;
AccV SpotMagn Det WD Bp FH—— 1um area 5 10F um?
200kV 25 1¢ SE 88 0  A10 - -

R. Angelucci et al (2002)
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Low material budget
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o(r, ) < 100 pm
o(z) = 500 pm
2 hit resolution
~ 2mm in (r,o)
=6 mminz
dE/dx ~ 5%
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Silicon layers around a TPC
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Muon Collider

e ——————— o — —

Backgrounds very large! w————N

-> need radiation hard devices i‘ ”_"

10°

Use “traveling trigger” idea (as for calorimetry — see later)?

EM hits in time with traveling trigger
16
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TABLE IL:

Benchmark reactions for the evaluation of ILC detectors

Process and Energy | Observables Target Detector | Notes
Final states (TaV') Accuracy Challenge
Higge eg— EOW" — it X 0.5 | M .. 0wy, BRy, doy, = 26%, ABR, = 1% T 1}
ee— Z°h, Y — Bhjenfrr (0035 |Jet Aavour | jet (E,#) AMy =40 MeV, 4(gzn = BR)=1%,/T7/39 |V {2}
ee— ZORD RO WWS 0.35 Mz, My, O g W W™ dloza » BRuyw= )=5% i {3}
ee— W hw, Y — oy |10 M. d(me, » BR_ )=5% i {4}
ee— EUR R e, A" — ptp (10 M. b Evidence for My = 120 GaV T {5}
e — Z°h" R — invieible 035 |ogee 5o Evidence for BRimie=25% i {6}
ee— Rwp 0.5 Tapere, s dlgan » BRu) = 1% C {7}
g — tih” 1.0 Teeh Spuen=5"% i {a}
ee— ZUHUR", Kb er 0.5/ 1.0 | Tsrany Tosits Man 8 e =20/10% C [o}
i ee— WHW - 0.5 A, d, =2.107% v {10}
e — WW pp/E 2 p 1.0 e Aet, Nes = 3 TeV s {11}
SUsY £e— ELEL (Point 1) 0.5 E. dMzo=50 MeV T {12}
e — T F, %1%, (Point 1) 0.5 E_ E;. Es, d( Mz, — _-'ll'i.E]='3III MeV T {13}
e — tify (Point 1) 1.0 aM; =2 GaV {14}
-CDM e— TF, ;,_:,* i {Point 3] |0.5 Mz, =1 GeV, ﬁ_-'lfi?=5m} MeV, F {15}
8 — E_E;Eg: ¥:x; (Point 2) |05 My, in jiE, Mee in j500E|dogg. = A%, d[.l'lfig - "”i':]= 500 Ma) |C {16}
£E — };[}_,’;‘EEE? (Point 5)  |0.5/1.0| 2258, WWE dogr=10%, ﬁ[."lfﬂ - ."lfi?_l =2 GeV C {17}
ee — H"A" — bBbE (Point 4] (1.0 Mass constrained M A a=1 GeV i {18}
-alternative  ||ee — 777 (Point 4 0.5 Heavv stable particls dlM:, T {19}
SUSY 71 — v + K (Point T) 0.5 Non-pointing -y der =100 C {0}
breaking % — X +wi,, (Point 8) |05 Soft #* above vy bkpd |50 Evidence for Am=0.2-2 GeV F {21}
Precizion SM | ee — £ — 6 jeta 1.0 G Sensitivity for (g — 2),/2 < 1071 v {22}
ee— ff(f=ep ;b0 1.0 Tsp, Arm, ALr Ao Sensitivity to Mz, . =7 TeV V {23}
New Physics ||ee — G (ADD) 1.0 afv + K So Sensitivity C {24}
ee— KK — ff (RS) 1.0 \ T | {251
Energy,/Lumillee — € pua 0.3/1.0 A Myopm=50 MaV T {26}
Meas. e — 0y 0.5,/1.0 T {27}
\/
10/12/2012 A vErenmMoBattaglia etc al. SLAC-PUB-11877
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- Many physics processes for future linear colliders involve jets
- For precision studies, require excellent jet energy and jet-jet mass
resolutions.

- The goal is 3% AE;,/E;; (setat M, , scale by requirement to
separate W and Z bosons):

%/E
- Take 3% AE,,/E 30%/

all jet energies

jet s a general goal for

- The issue is then — how to achieve this goal

- Two basically different approaches:
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Achieving excellent jet energy resolution:

Particle flow
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HOMOGENEQOUS
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Implementing a successful PFA system is
both a hardware and a software challenge

Requires an integrated approach to
detector design: tracking @© calorimetry

-> Requires “tracking calorimeters” — follow charged
particles and associate with energy depositions

-> Requires high degrees of transverse and longitudinal
segmentation — reduce “confusion” term especially for
high energy jets

-> Requires thin active layers — contain ~40 layers inside
magnet and contain cost

Nk
-> Requires sufficient depth to restrict losses due to %\\ »
leakage B

+ timing for bunch resolution, stability, survivability,
calibration, ...
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PANDORA/PFA M. Thompson

E1UDD_----|-- S Ty [T T T T[T T T T [T T T T[T T T T[T TTT]
£ 1 = 4b ~Total - Other ]
>0 1.5 - Resolution -~ Leakage 1 Alternative PFA
500 - B uwl [ -~ Confusion
- 1 8 sk developed by U. lowa
P ] E I - Being used in a SiD
0= — — [
- ] 2f . DBD process
-s00 AN o 1F B . N
1000 1 ﬁ(/l 0: ..... |||||
500 1000 1500 2000 2500 0 50 100 150 200 250
x/mm E e /GeV
Jet Energy rms rmsgg(E;;) rmagg(E;;) /4 E;;  rmsgg(E;) E;
45 GeV | 34GeV 244GV 252% (3.74 £ 0.03) %
100 GeV 5.8GeV 4.1G=V 292% (2.92 £ 0.04)%
180 GeV | 11.6GeV 7.6 GeV 40.3% (3.00 £ 0.04) %
230 GeV | 16.4GeV 11.0GeV 49.3% (3.11 £ 0.03) %
375 GeV | 291 GeV 192 GeV 81.4% (3.64 £0.03)%
300 GeV | 433 GeV 28.6 GeV 91.6% (4.09 £0.07) %

Table 3: Jet energy resolution for Z —uds events with |cos 85| < 0.7, expressed as: i) the mms of the reconstructed di-jet
energy distribation. E,; ) mmse for E,,; Gi) the effective constant o in rmsen(E; ) Ey; = ofE,)/ /E,(GeV); and &)
the fractional jet enerpy resolution for a smgle jet where s (E;) = rmssolE,, )/ VI

10/12/2012
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We have risen to the challenge
— no shortage of ways to implement PFA |

10/12/2012 A. White CPM 2012
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ECAL

Metallization on detector from
KPix to cable

E'QP =1mm Thermal conduction adhesive

SiD Si/W ECal

Glass RPC Scintillator AHCAL SDHCAL Micromegas

DHCAL
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| cos 8 < 0.7 [] Z-uds, jetenermy:

e N i i | A  45.50e
: : : v 100 GeV
6 ................ .......... ° 250 Gov
5. : ' e 500 GeV
5, : 1 ] 1 TeV
, b e 1oL
Ly vvw bw v v o e wwn by wle v by o o 1y o
4 5 B 7 8 9 10
Number of A,'S in CLIC HCAL
CERN test beam — RPC/Tungsten plates
Jet Energy rmsgg(E;/ J.E_H rmzeglE )/ E;
35T&64 A4T&EL | 35T&64 AT &84
15 Gev | 25.2% 5% | (3.74x005% (3.74=0.05)%
100 GeV | 29.2% 287% | (292:0048% (287+0.04)%
180 GeV | 40.3% 375% | (3.00+004)% (280 =0.04)%
250 GeV | 493% 447% | (3.11+005% (283 +0.05)%
375GeV | 814% 717% | G64£009% (321+005%
S00GeV | 91.6% 780% | (4.09+00T% (349+00T)%
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Frank Simon - TIPP2011

* YY — hadrons substantial:
~ 12 hadrons/bunch crossing in the barrel region

(4 GeV / bunch crossing) [up to 50 hadrons /
50 - 60 GeV barrel + endcap + plug calorimeters]

» extreme bunch crossing rate: every 0.5 ns

= Very good time resolution in all detectors important to
limit impact of background!

. . L - [2]
e Geant4 simulation of a 30 layer Scintillator-WV calorimeter (QGSP_BERT) ; C
* Time distribution of energy deposits (no detector effects!) P — R — - 9 107
= 500 a1 o> 1z E [ CALICE T3B MC 10 GeV tile 0
z P o d‘ o \ \ 3 107 L3 F —4 5 F 1 [1QGSP_BERT
o 450/H L CNErey neutrons and photons 3 gi o1 CALICE T3B 10 GeV  waveform 3 - —QGSP_BERT_HP
E o B 108 w3 C [] original signal 5 o 10 )7 - Data
— - oosl— —— reconstructed waveform 2 E
= . H i [ identified photon signals 4 E C [
- - g10° 2 - ] @ C
1 P B B C .| o
’i Lept high energy photons and neutrons E 0,061 ] 104
.- E 10* r -3 E | #
E 004— : el M
- 3 |- —l2 [ -1
- — 10 - 4 10° ".
-decay of stopped Tr* E 0.02— = E * i [,
- E 102 C 1 = | i |
R = - ] L L | |
physics list issue? E 10 0 0 i I "
108 |
~_ charged prdles (racrons, <) e ] | I |||\||| AL LIS
e e | time [ns]

time of first hit [ns]

25
Edep [MIP]
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Energy Flow into Ecal

-

Energy Flow into Hcal

=
n

=
=

IVI C I I H d Total: i Total:
Uon O I er v=-179 TeV ch had - 3.4 TeV| 2 v-2TeV ch had - 1.1 TeV
. n=112TeV sum - 326 TeV = n-36 TeV sum - 71 TeV
WoE 1231 Tev £l n-31Tev

~100 TeV in HCAL for each
bunch crossing !

—-
=
-

=
=
e

Kinetic emergy (GeV/bunch x-ing in k.2 binj

energy (GeV bunch

Peak: ~1 GeV / 2x2 cm? cell

with og ~ 30 MeV

“Traveling gate trigger” idea (R. Raja) with pixel
(200um) calorimeter

MARS Particles in Detector Volume . o
Particle Type | Total Number | Total Kinetic Energy (TeV) I
EM 1.785E8 169.9 1 “F
MUONS 8021. 1844 A lrI | . .
MESONS 17589. 6.8 L
BARYONS 0.409E8 1774 e flax info electromagnetic calorimeter

peeudo-rapidity

Energy fox into hadronie calorimeter

Peak: ~1.5 GeV / 5x5 cm? cell
with og ~ 80 MeV

- Trigger for every crossing — timing “travels out”

atv=_c

through calorimeter and gates each pixel

- Separate EM/Hadronic energy depositions via

pattern recognition + use “compensation”.

10/12/2012 A. White CPM 2012

Particle Type | Total Number | & < 2ns | Surviving fraction
EM 1.79E+08 2.17E+06 1.21E-02
MUONS 8.02E+03 1.83E+03 2.28E-01
MESONS 1.76E+04 2.66E+03 1.51E-01
BARYONS 4.09E+07 3.93E+05 9.62E-03
26




* Design of a fully realizable calorimeter module with full
services as part of a complete calorimeter system design.

SiD
ECAL

& power
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Many other areas that are being addressed for ILC/CLIC and

need to be addressed for other colliders:
e.g. Power pulsing, Cooling,...

Also room for other ideas:
e.g. could be move some PFA functions into hardware? Local track/cluster
associations, using double-layer vectors?

For Dual readout — fiber or homogeneous — need a specific
design for a lepton collider detector — then show its physics
performance.
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New physics may well present new detector challenges!
Remain open to new technologies

Be prepared to adapt designs

Follow new materials development

Use new techniques (3D printing?)

A large body of generic and concept specific R&D has
been carried out

- essential to keep up the developments

- new CPAD in U.S. to promote instrumentation

- ECFA detector panel in Europe...

Detector R&D is the essential
enabler of experiments!
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