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The Context: Future Faciliti

e With the LHC in regular operation, the planing for future energy-frontier colliders has
intensified
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The Context: Future Faciliti

e With the LHC in regular operation, the planing for future energy-frontier colliders has
intensified

—— =
now

|
|
{
\

|

= The “no-loose” theorem of the Terascale has delivered - but now there is no
guarantee for additional discoveries in the TeV region
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The Context Future FaC|I|t|es at the Energy Frontler

e With the LHC in regular operation, the planing for future energy-frontier colliders has
intensified

= The “no-loose” theorem of the Terascale has delivered - but now there is no
guarantee for additional discoveries in the TeV region

Two options to move forward:

~ Maximise our knowledge based on things we already know
» The Higgs: Fully understand electroweak symmetry breaking

» The Top: Measure its properties as precisely as possible - use it as a potential
window for New Physics

» Other electroweak precision measurements to look for cracks in the SM
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e With the LHC in regular operation, the planing for future energy-frontier colliders has
intensified

—— )
now

= The “no-loose” theorem of the Terascale has delivered - but now there is no
guarantee for additional discoveries in the TeV region

Two options to move forward:

~ Maximise our knowledge based on things we already know
» The Higgs: Fully understand electroweak symmetry breaking

» The Top: Measure its properties as precisely as possible - use it as a potential
window for New Physics

» Other electroweak precision measurements to look for cracks in the SM

= Direct searches for New Physics - Explore higher energy scales, and regions of

phase space not yet accessible to find new particles and / or evidence for new
fundamental interactions and phenomena
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Linear Electron-Positron Colliders - ILC

* The highest degree of complementarity to the LHC is provided by ete” colliders

* Linear colliders provide the possibility to reach energies of 500 GeV and more

* |LC: Currently the most advanced concept for a future energy frontier collider
* Baseline 500 GeV - upgrade to 1 TeV

Technical Design Report completed in early 2013

w\“"\“‘c

main linacs: _—polarised electron source
superconducting RF acceleration

structures, 35 MV/m
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Linear Electron-Positron Collide

rs - CLIC

* A possible future energy frontier collider at CERN

e*e” collisions at up to 3 TeV with high luminosity (~ 6 x 103*cm=s at 3 TeV)

Staged construction 350 - 500 GeV, ~ 1.5 TeV, 3 TeV - detailed energies under study,
based on physics and technical considerations

Based on two-beam acceleration: gradients of 100 MV/m

Development phase until ~2018 - CDR completed in 2012
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Activities in the Future Detectors Group

* Main topics:
* Physics at future Linear Colliders

e Development of highly
granular calorimeters

* |n addition: Collaboration with
vertex detector activities at HLL
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nggs PhyS|cs H-> Jets @ 350 GeV -

P(e e*) (08 03), —125 GeV

400 'SM '”'f'ﬂ; ] A “sweet spot” for Higgs physics:

L T a -
—_ —Z2h 1 ¢ ZH and WW fusion both have appreciable cross-sections
:'9_,300 N — WW fusion

. ] * Z boost in ZH sufficiently low for precise

cC ZZ fusion
g reconstruction of recoil mass for model-independent
§ZOO measurement of Higgs production
9 * Performed in the context of CLIC, equally relevant for ILC
O100F| o ows
O ______
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Higgs Physics: H-> Jets @

P(e, e*)=(-0.8, 0.3), Mh=1 25 GeV

00— 'SM '”'f'ﬂ; ] A “sweet spot” for Higgs physics:
L T d 4
= —Z2h 1 * ZH and WW fusion both have appreciable cross-sections
=300 - WiWiusion - » Z boost in ZH sufficiently low for precise
cC ZZ fusion
g reconstruction of recoil mass for model-independent
§ZOO measurement of Higgs production
9 * Performed in the context of CLIC, equally relevant for ILC
2100 |  _ ome
@) H - bb
200 250 300 350 400 : :
\'s (GeV) * *
 |dentification of Higgs o 05 Bk
final states based on H - gg H — else

flavor tagging:
Separation of b, ¢ and
light (gluon) jets

# of Entries
# of Entries
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— WW — H — bb — ZH: H — bb, invisible Z — SMBKG

e The analysis: Determining

o x BR for H->bb, cc, gg for unpolarised
beams

* Separate determination of ZH and WW
fusion process for H->bb

- * Overlap of both production modes in the
Hvv final state - separation based on Higgs
pt distribution

Extraction of results via a multi-dimensional
| | | | | | template fit including flavor tagging and

20 40 60 80 100 120 140 160 i tribUti
° Higgs Candidate P_(GeV) Higgs pr distribution

Preliminary results: . . .
Resulting coupling precision

H->bb in ZH: ~ 0.8% H->cc: ~ 6 % (model-independent):
H->bb in WW fusion: ~ 1.5 % H->gg:~3.5% b~2%;c~3.5%,qg(eff) ~3%

(NB: The best channel is Hvv, can be increased with polarisation)
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Top Mass from a Threshold Scan

* Impact of collider luminosity spectrum on top quark mass measurement at threshold
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FCCee (TLEP): circular ete collider,
100 km circumference, up to ~ 400 GeV
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* Impact of collider luminosity spectrum on top quark mass measurement at threshold
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/s [GeV] TR based on CLIC/ILC Top Study

EPJ C73, 2540 (2013)

345 350 355
section, changes in sensitivity due to \'s [GeV]

steepness of threshold turn-on

» Slight differences in statistics due to cross 0

FCCee (TLEP): circular ete collider,

-1 : : it-
» For 100 fb™', no polarization, 1D mass fit: 100 km circumference, up to ~ 400 GeV

16 MeV —» 18 MeV —» 21 MeV (stat)
FCCee ILC CLIC
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%10-2 —  —ILC 350 GeV o tt threshold - 1S mass 174 GeV

& | —cLC3s0Gey fﬁ\ O N e 300 L e

I |

810° - | Differences between different collider options |
= (with identical running scenarios) are very small ;
i ‘

107 Polarization (possible only in LCs) can boost cross-sections or l

reduce backgrounds, resulting in increased sensitivity

330

In the end systematics will dominate (theory and / or experimental)

» Slig - -
section, changes in sensitivity dueto | 7 - . 's [GeV]
steepness of threshold turn-on

FCCee (TLEP): circular ete collider,

-1 : : it-
» For 100 fb™', no polarization, 1D mass fit: 100 km circumference, up to ~ 400 GeV

16 MeV —» 18 MeV —» 21 MeV (stat)
FCCee ILC CLIC
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» Understanding of systematics key to evaluate potential of a top threshold scan

* Experimental: Luminosity spectrum

* Evaluate with full simulation of luminosity spectrum reconstruction for CLIC (much
more complicated spectrum than at ILC) - ongoing, preliminary results indicate
uncertainty < 10 MeV on m
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Scan: Systematics

* Experimental: Luminosity spectrum

Understanding of systematics key to evaluate potential of a top threshold scan

* Evaluate with full simulation of luminosity spectrum reconstruction for CLIC (much
more complicated spectrum than at ILC) - ongoing, preliminary results indicate
uncertainty < 10 MeV on m
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_ , . e _ f threshold - Beneke & Piclum NNNLO - u = 80 GeV -
* Theoretical: Uncertainty of cross-section C 0.6 [ ISR + ILC Luminosity Spectrum -
o L __PS ]
 Ongoing project with M. Beneke, T [ default-m T171.5 GeV .
_ Q05 mass variations, m ~ = 0.3 GeV —
J. Piclum et al. 3 . -
(7p) = _
> Study impact of scale variations in S 0.4 E
NNNLO calculations on mass extraction 035 N
Based on preliminary calculations - still unofficial 0.2 - -
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Scan: Systematics

* Experimental: Luminosity spectrum

Understanding of systematics key to evaluate potential of a top threshold scan

* Evaluate with full simulation of luminosity spectrum reconstruction for CLIC (much
more complicated spectrum than at ILC) - ongoing, preliminary results indicate
uncertainty < 10 MeV on m
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Scan: Systematics

* Experimental: Luminosity spectrum

Understanding of systematics key to evaluate potential of a top threshold scan

* Evaluate with full simulation of luminosity spectrum reconstruction for CLIC (much
more complicated spectrum than at ILC) - ongoing, preliminary results indicate
uncertainty < 10 MeV on m
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_ . . o ~ i threshold - Beneke & Piclum NNNLO - m;® 171.5 GeV ]
* Theoretical: Uncertainty of cross-section C 0.6 [ ISR + ILC Luminosity Spectrum -
o T r .
: . : = - — default - u = 80 GeV ]
» Ongoing project with M. Beneke, o [ dclult-u=80he -
_ Q05 scale variations, u = 50 ... 350 GeV —
J. Piclum et al. o & =
7p) - |
> Study impact of scale variations in o 041 -
NNNLO calculations on mass extraction 03 - E
Based on preliminary calculations - still unofficial 0.2 - —
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Scan: Systematics

* Experimental: Luminosity spectrum

Understanding of systematics key to evaluate potential of a top threshold scan

* Evaluate with full simulation of luminosity spectrum reconstruction for CLIC (much
more complicated spectrum than at ILC) - ongoing, preliminary results indicate
uncertainty < 10 MeV on m
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_ . _ _g . — default - u =80 GeV _
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» Understanding of systematics key to evaluate potential of a top threshold scan

* Experimental: Luminosity spectrum

* Evaluate with full simulation of luminosity spectrum reconstruction for CLIC (much
more complicated spectrum than at ILC) - ongoing, preliminary results indicate
uncertainty < 10 MeV on m

. threshold scan 340 - 349 GeV, 10 x 10 fb’
';‘ 100 l | | T T | T | . I I ] | | —
i ' : e default ]
* Theoretical: Uncertainty of cross-section % Af;j: G0t . .
. . _ = 80 ... Ac, = = 0.0005 e -
* Ongoing project with M. Beneke, <a Mag=200010 e i
< 60—~

J. Piclum et al.

> Study impact of scale variations in
NNNLO calculations on mass extraction 20

l— | - I-"‘ |

s T L R L TP DT
~~~~~

Based on preliminary calculations - still unofficial

e First indications: Uncertainties up to
~ 50 MeV (+ ~ 20 MeV from as -40
assuming current WA) : May well be
one of the most important systematics
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Highly Granular Calorimeters

* Two experiments to measure the time structure with different active medium

_

JINST 8 P12001 (2013)
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nghly Granular Calorlmeters

* Two experiments to measure the time structure with different active medium
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80_ ............................................... > B | PR
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time [ns]
sophisticated event reconstruction:
timing of single photons
JINST 8 P12001 (2013)
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Highly Granular Calorimeters

* Two experiments to measure the time structure with different active medium

waveform
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Scintillator technology & readout system
currently being evaluated for background
measurements during Belle-ll

JINST 8 P12001 (2013) commissioning - “BEAST”

sophisticated event reconstruction:
timing of single photons
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* More late shower activity in Tungsten - Special neutron simulation required for
reproduction in GEANT4

* These results have prompted the GEANT4 developers to change their “standard”
physics models - Improved realism from G4.10 on - currently evaluating

JINST 9 P07022 (2014)
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2nd AHCAL Generatlon in Test Beam

* Precision cassettes for AHCAL active layers
produced in the MPP mechanical workshop,
electronics installed at DESY
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2nd AHCAL - Generation in

Test Beam

* Precision cassettes for AHCAL active layers
produced in the MPP mechanical workshop,
electronics installed at DESY
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Scintillator tiles based on MPP design, produced
at Universities of Hamburg and Heidelberg

PRSI n

E’ ° Future Detectors
MPP Project Review 2014

|
Frank Simon (fsimon@mpp.mpg.de) 13 ﬁ
F0pDynit



2nd AHCAL - Generation in Test Bea

* Precision cassettes for AHCAL active layers
produced in the MPP mechanical workshop,
electronics installed at DESY

Fnstalled in absorber structure, just finished first
test beam campaign at CERN PS
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Scintillator tiles based on MPP design, produced
at Universities of Hamburg and Heidelberg
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o Successful operation of detector - proof of principle of highly integrated electronics
and compact construction - prototype will grow in the coming years

Muons at PS

= 20r
i B
= 59 42 59 52 79 91 146 65 86 52 48 M
1 8 —_ 63 53 78 117 123 134 152 130 96 52 63 45
: 72 86 117 199 255 303 294 236 125 101 76 59
1 6 —_ 89 102 183 322 377 449 447 383 298 141 100 63
: 90 132 300 408 473 487 512 493 376 218 122 88
1 4 —_ 115 154 332 459 390 513 425 475 385 232 129 90
: 108 208 365 438 525 485 637 512 585 261 160 105
1 2 —_ 113 169 317 426 436 465 475 505 384 238 147 78
: 103 130 167 305 454 391 433 433 257 168 113 125
1 0 —_ 85 99 129 190 288 304 335 311 192 164 87 116
: 75 77 137 114 152 176 171 241 137 104 70 86
8 —_ 71 58 79 98 103 101 109 161 99 74 80 92
6 I
B | | | | | | | | | | | | | | | | | | | | | |
6 8 10 12 14 16 18 20

Beam profile visible

already for one run
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Test Beam - First Impressions

o Successful operation of detector - proof of principle of highly integrated electronics
and compact construction - prototype will grow in the coming years

y
4 Low-energy pions
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* A key feature of the new electronics: cell-by-cell auto trigger

* Enables trigger-less operation of full ILC detector

e Puts strong constraints on noise level - in particular for test beams in “DC mode”

Q Qq
N —_ —

Q
W

I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| ]
o
[
<

dark rate [100 kHz]

10

I ~ 20% crosstalk

AAMA MMM,

A A
AAAA AA A
A“AAA

B
-
> |
3
> -
> —]

A

AAAAM““A
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Dark rate measurement:
e new MPPC o
Ao standard MPPC ¢ o0

0 0.5 1 1.5 2 2.5 3 3.5 4

Trigger [p.e.]
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e Currently testing a new SiPM by Hamamatsu:

 substantially reduced (factor 10-%) pixel-to-
pixel cross-talk

e reduced (factor 5) single p.e. dark rate




* A key feature of the new electronics: cell-by-cell auto trigger
* Enables trigger-less operation of full ILC detector

e Puts strong constraints on noise level - in particular for test beams in “DC mode”

'N' [T IAIAAlAIAAIAAI‘| T 1T | T 1T | T 1T | T 1T | T T T T ° L . :
T 1E .}~ 20% crosstalk % Currently testing a new SiPM by Hamamatsu
e s P -t * substantially reduced (factor 10-°) pixel-to-
pixel cross-talk
5! ‘-\"\"'v * reduced (factor 5) single p.e. dark rate

e Trying out new ideas: optical separation of
cells in plastic scintillator plates via laser
engraving
* Would enable fast production of

“mega-tiles” to be combined with
surface-mounted photon sensors
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The “Politics”

* The strategy processes in various regions have been completed: Japan in 2012,
European Strategy of Particle Physics 2013, US Snowmass / P5 2014
* Consensus to fully exploit LHC, recognition of the potential of ILC as a medium-term future

energy frontier facility, and recommendation to support long-term R&D for very high
energies (for both ete™ and pp)
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The “Politics”

* The strategy processes in various regions have been completed: Japan in 2012,
European Strategy of Particle Physics 2013, US Snowmass / P5 2014

* Consensus to fully exploit LHC, recognition of the potential of ILC as a medium-term future
energy frontier facility, and recommendation to support long-term R&D for very high
energies (for both ete™ and pp)

* |nterest in Japan to host the ILC - support by various labs, universities, industry and
local governments

e A review has been started by MEXT - evaluation of the physics case and of technical
Issues - expect to conclude by spring 2016

* in parallel: first contacts on government level have started
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The “Politics”

The strategy processes in various regions have been completed: Japan in 2012,
European Strategy of Particle Physics 2013, US Snowmass / P5 2014

* Consensus to fully exploit LHC, recognition of the potential of ILC as a medium-term future
energy frontier facility, and recommendation to support long-term R&D for very high
energies (for both ete™ and pp)

Interest in Japan to host the ILC - support by various labs, universities, industry and
local governments

A review has been started by MEXT - evaluation of the physics case and of technical
Issues - expect to conclude by spring 2016

* in parallel: first contacts on government level have started

(DLC physics & detector activities getting more structured - with MPP participation
* |LD detector collaboration re-organisation - Institute Assembly now exists
* LCC Physics WG, Infrastructure WG to work together with MEXT process

* ILC conference coordination
e ... in addition already ongoing coordination activities in CALICE and CLICdp

= eSS s ———
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2012 MILCU

e Not surprising: An energy frontier collider is
expensive

6000

5500
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ILC Cost

e Rather solid cost estimate for the
500 GeV machine: ~ 8 Billion USD

* Biggest component: Main linac, acceleration
structures

Area-specific Systems
Other High Level RF \

Computing
Infrastructure

Integrated Controls

Dumps & Collimators —
Instrumentation

Magnets and
Power Supplies

Cryogenics

Installation

Cavities and
Cryomodules

___L-band High
Level RF

___Conventional
Facilities

1139

m Conventional Facilities: 2,055 MILCU

Components: 5,725 MILCU

4106
154
.
477
Main Linac RTML
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e The construction cost will

be spread over ~ 10 years,
and shared across the globe
- details to be worked out!

Many contributions
expected “in kind”:
production of components
“at home”, installation in ILC




CLIC Cost

Value estimates [MCHFx10’]

(00)
I

05TeVA 05TeVB

Machine control
& operational infrastructure

- Civil engineering
& services

B Interaction region
B Two-beam accelerators

B Drive beam production

© | Main beam production

For second stage: ~ 4 MCHF / GeV (scen. B)
Going beyond 1.5 TeV requires a

second drive beam complex:
cost discontinuity
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Vertex

Tracker

E.m. calorimeter
Had. calorimeter
Muon system
Coil and yoke
Other

Vertex
Tracker
E.m. calorimeter

Had. calorimeter

Muon system
Coil and yoke

Other

(50100 150 200

Detectors

Cost [MCHF]

50100 150 _200

CLIC_SiD
Cost [MCHF]

CLIC_ILD
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CLIC Schedule

2012-16 Development Phase

Develop a Project Plan for a
staged implementation in

: agreement with LHC findings;
further technical developments

: with industry, performance

: studies for accelerator parts and
systems, as well as for detectors.

CTF3 — Layout

DELAY
LOOP

4A-1.2ms COMBINER
150 MeV RING

DRIVE BEAM

150 MeV

CLEX
CLIC Experimental Area

Two-Beam Test Stand (TBTS
Test Beam Line (TBL)

2016-17 Decisions :
On the basis of LHC data
and Project Plans (for
CLIC and other potential :
projects), take decisions
about next project(s) at :
the Energy Frontier.

E’ ° Future Detectors
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: 2017-22 Preparation Phase

Finalise implementation parameters,
Drive Beam Facility and other system

: verifications, site authorisation and

preparation for industrial
procurement.

Prepare detailed Technical Proposals

for the detector-systems.

: 2023-2030 Construction
. Phase
Stage 1 construction of a

: 500 GeV CLIC, in parallel with
: detector construction.

Preparation for implementation
: of further stages.

DL delay loop
CR combiner ring l I
TA  turnaround

TBA two-beam acceleration

E dump drive beam accelerator

0.48 GeV, 4.2 A
@ )
0.48 GeV, 101 A
B 0.25GeV,10TA
—l 6.5GeV,1.2A
e~ injector TBA
0.25GeV,1.2A

819 klystrons
cccccc ferences | | | 17.4 MW, 60 ps
delay loop 73 m .

CR1293m drive beam accelerator

CR2439m 2.75 GeV, 1.0 GHz
2.5km
4 delay loop
@ deceler. t ,5 sectors of 878 m
‘ time delay line J
BC2 BC2
BDS - BDS
1.9km 1.9km
TArsosm € mainlinac,12GHz 80 MVim, 4.4km P e*mainlinac TAradi 0

N
13km v
jooster linac,
0 13

cops
BDSbade yytm
IP interaction point
] dmp

2022-23 Construction Start
Ready for full construction
and main tunnel excavation.
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2030 Commissioning

From 2030, becoming ready
for data-taking as the LHC
programme reaches
completion.




ILC Current Schedule

m 2015 2016 2017 2018

Engineering R&D ’ )

Schedule
(LCC-PreLab)

Pre-construction

(LCC-PrelLab)

Staging Scenario
(LCB, LCC) >

18} preparation 250GeV 170G¢\ 5006eV High Luminosity
——y——3 > 5.
2018 2028 2034 2040 3
construction 1TeV =2 several TeV, upgrade

iy e ———

preparation  construction, operation, upgrade * * *
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