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ILC

Energy: 250 GeV - 1 TeV
Luminosity: 1034/cm?/s
Total footprint: 31 km

Polarised beams
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Detector designs

Two experiments sharing one interaction point
with push-pull approach

SiD: compact detector with silicon tracking
ILD: larger detector with silicon+TPC tracking

Concept ILD CLIC_ILD SiD CLIC_SiD
Tracker TPC/Silicon TPC/Silicon Silicon Silicon
Solenoid Field (T) 3.5 4 5 5
Solenoid Free Bore (m) 3.3 3.4 2.6 2.7
Solenoid Length (m) 8.0 8.3 6.0 6.5
VTX Inner Radius (mm) 16 31 14 27
ECAL rpin (m) 1.8 1.8 1.3 1.3
ECAL Ar (mm) 172 172 135 135
HCAL Absorber B/ E Fe W/ Fe Fe W/ Fe
HCAL A 5.5 7.5 4.8 7.5
Overall Height (m) 14.0 14.0 12.0 14.0
Overall Length (m) 13.2 12.8 11.2 12.8
ILC TDR Vol. 4 CLIC CDR Vol. 2
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Calorimetry requirements

Requirement: Jet energy resolution of few %,

allowing to separate W and Z decays > :zgm:;g/
c B —o0,/m=5% ]
: : : : : s | —opm = 10%
Solution: Jet Reconstruction with Particle Flow Algorithm 3 |
C : I 4 )
Charged particles in tracker (65% of jet energy) Z _
Photons in ECAL (25% of jet energy) 2f )
Neutral hadrons in HCAL (10% of jet energy) NS
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SIECAL

SiD: 13 mm? pixels bump-bonded to read-out chips
20 thin + 10 thick W layers (26 Xo total)

ILC: 5x5 mm? pixels
30 W layers (24 Xo total)

/;f;
66666 I

ILC TDR Vol. 4

ScECAL: cheaper option
5x45 mm? scintillator strips with MPPC

. Cu radiator

— Base borad

— Scintillator sensor layer
— Tungsten absorber

— Scintillator sensor layer
~— Base borad
~— Cu radiator

Sc+Si option under study

\\ _________
T. Suehara, LCWS 14 K. Kotera, LCWS 13
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Absorber: stainless steel (preferred for ILC) or tungsten (preferred for CLIC)
Many options for active materials under investigation

AHCAL: 3x3 cm? scintillator tiles with SiPM
analog readout

(S)DHCAL: gaseous detectors with 1x1 cm? segmentation
Glass RPCs as baseline, GEM and Micromegas also considered
digital or semi-digital (3 thresholds) readout

) ILC TDR Vol. 4
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LumiCal

Aim: measure luminosity to better than 107
Bhabha scattering as reference process

Cylindrical sandwich with tungsten absorber
and silicon sensor planes

BeamCal

Aim: bunch-by-bunch luminosity estimate
determination of beam parameters

10 MGy radiation hardness required

GaAs or CVYD diamonds considered as sensors

R&D within FCAL collaboration

Sean Cay
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Recent developments



SIECAL: results and news

Temperature Dependence
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* Analysis of pion testbeam data from 2008 Ry
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ScECAL: latest results

c 0.08 ; c 0.1
. 2 CALICE  ° 208099 2 CALICE ScECAL
e Results from ScECAL testbeam in 2009 I o I 0
g 0.06 - D% @% o 20.3°C, T-corrected g ; ,’ T-corrected
° ° : ° M 5 © o .5°C, T-correcte o L and XT-correcte
30 layers with 1T cm wide scintillator strips & | 7 & #eerem=  goosr 00 A0 Tawxteome
§ . @D § | 0 U e [}
w/ and w/o WLS fibre : FE roeme | 20U 0 F Y Focos
© 0.02f- ﬁ.f:. .'..o. @B centre © 0.02|- DD é ° centre
& L .s.g 4 GeV/c - 4 GeVic
* Temperature dependence, crosstalk L e R
reconstructed energy [MIPs] reconstructed energy [MIPs]
° ° 'o§| 1 LLJ
* Comparison of detector configurations £ ; CALICESCECAL| o0 CALICE ScECAL
S 05 o
. . . = —-central
e Energy linearity and resolution = oLt e e
= e @ 011 —e—uniform
Q ]
. 8 o5k
arXiv:1311.3761 5 %[ =central =
-=-uniform  F-D config. F-D configuration
-1 : ' ' 0.05 ' ' '
- - 0 2 4 6 2 4 6
"""""" I\/”:)\\I:)C SCIH’U”atOr strip beam momentum [GeV/c] beam momentum [GeV/c]
! configuration | region (%)  statistical  systematic
GEJ y F-D central | stochastic | 13.24  +0.05  +0.20 79
g 8 constant 3.65 +0.05 +0.47 19 s
%\ 5 ;( 3 uniform | stochastic | 13.76 +0.07 +0.21 J_F(l).sﬁ
2 3 constant | 3.52  +0.07 404719 .,
g * D-F central | stochastic | 13.43  +0.06  40.07 M0 ¢,
; T | ! constant | 445  £0.04  +0.22 719,
.I'f 2 90 mm \\ uniform | stochastic | 13.73  +0.08  +0.07 19,
LED WLS fibre constant | 3.35  40.07  +0.22 T9..
) ; | | | | ielft
PRISMA L. Masetti - 04/03/15 12 Calorimetry for Linear Collider
Cluster of Excellence sjonannes GUTENBERG
UNIVERSITAT MAINZ


http://arxiv.org/pdf/1311.3761v2.pdf

ScECAL: design improvements

* Granularity and uniformity

e Strip width reduced to 0.5 cm, wedge shape with bottom readout

* Already implemented in prototype currently under test
e |deal SiPM S. Uozumi, LCWS 14

* Rectangular shape, 0.25 mm thin, with many pixels to reduce saturation effects

* In contact with Haomamatsu
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SDHCAL: latest results
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AHCAL: latest results
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AHCAL: shower profile studies

* High granularity allows for detailed study of shower profiles

* Longitudinal and radial shape, calorimeter response, h/e
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Time structure of showers (T3B)

* T3B: Tungsten Timing Test Beam arXiv:1309.6143
 Radial strip of 15 scintillator tiles behind HCAL

e Readout with 1.25 GHz sampling rate over 2.4 ps

» Shower time structure dependence on absorber
material (Fe or W), deposited energy and radius

arXiv:1404.6454

'!""!_!"'_'!""! 5|||||||||!||||!||||!|||| 12l!llll!llll!llll!llll|llll|llll!llll!llll!l

2 E 3 @ I @
= = : = o 3 2 C e : ; : 1 2 - : .
g F % f=A_, e G"'Aslow e+ L - i —e— 60GeVhadrons-tungsten i 4 < [ i—e— 60 GeV hadrons - tungsten $
1 Ko B @ 60 GeV-hadrons:-tungsten. ..o T = : i T i EASTUUUOUIUIE SRR R s [T .
2 0 EEQEQ ‘c* C87ns. <, - 480 nS, 6 < 5.5E-06 E: p 4 A S i — —9—--69-Gev-hadrong-v-steei--"-----~------§-—_ o 10 C 6:0 GeV hajtdrons ) $tee| ' + -
=z oL & o 60 GeV hadrons stelel e R - * 180 GeV muons, 1 i - : ¢ : -
10 =, g.. ............................ x ................................. »Cfast=77nsyrslow=7‘-6nS’C=31E_06 ..... IE: B 3 __??'I ............................... __ ..6 8 __, ................. . ................. . ................................... , ........ .._ ..................................... —
:o‘ N 1580 GeV muons | P GE’ C o ] g C i . 7]
10° e S R = e = © - 4 E 6 L SSRERRSHIRN: S I SRRSO SRRONE SRR _
: 3 c 0 SO0 OOO T OOOO OO OO SO OOt | c ° ]
i i CALICET3B; 1 & 2 CALICE TSB 1 8 r CALICE T3B | .
10 41 R0 . ................................... ......................................................................... - = C o ° ] s 4 _": __________________ _________________ ___________ .. A N 4)4) ______ !:J_
o = - » : . C : . ]
: e L} - b | SRR S -...'...-.... ................. RN — o . [} —
10 5 ‘t """"""""""""""""""" Fopnt \NO_‘_ """"""""""""""""""""""""""""""""""""""""""""" - : © e ®e: . e © ® o0 ° : 2 __. ....... . ........ . ...................................... __
T 5 3 C Ooo00000000000008000;08835: - o 5 ° ' 7
6 . P A . § — 1 e T B T T S e Aa .AAA‘A‘ ...................... A C g . o o, ©
10 I I T i . e e I = 0 | T . . e T R

1 1 1 1 1 1 1 1 1 i 1 1 : 1 1 1 I 1 1 1 1 1 1 1 1 11 | 11 1 | 11 1 1 11 1 | 11 1 | I 11 1 1 111 | I 1
0 50 100 I 5_0 ' 200 0 1 2 3 4 5 0 5 10 15 20 25 30 35 40
Time of First Hit [ns] Energy Deposition [MIP] Shower Radius [cm]

@ PRiISMA L. Masetti - 04/03/15 17 Calorimetry for Linear Collider JG‘U

Cluster of Excellence sjonannes GUTENBERG
UNIVERSITAT MAINZ


http://arxiv.org/pdf/1309.6143v2.pdf
http://arxiv.org/pdf/1404.6454v2.pdf

AHCAL: testbeams 2014

e EUDET stainless steel absorber structure

 Layers: 3 strip ECAL, 8 small HCAL, 4 big HCAL
* Fully HDMI-based DAQ
* Different types of scintillator tiles and SiPMs

* Scalable channel-wise power supply and distribution,
water cooling for power boards

* 14+12 days at CERN PS in Oct-Dec 2014 with muon, ),
electron and hadron beams H.L. Tran, CLICWS 15
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https://indico.cern.ch/event/336335/session/1/contribution/59/material/slides/0.pdf

AHCAL: testbeams 2015

e 2 (possibly 3) weeks at DESY

* Main goals: DAQ tests, MIP calibration, full dress rehearsal for CERN testbeams,
consolidation of online software

* First testbeam period successfully completed on Monday!
Air stack with 5 big layers. LED, pedestal, electron beam runs.
Stable operation with faster DAQ

» 2 periods at CERN SPS (one period with steel, one with tungsten)

* New DAQ component being commissioned:

* Scalable data aggregator (Wing LDA) designed for one AHCAL sector in ILD
geometry

TETETESEUEYE R Y 2 @ B 2 9§ .
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AHCAL: design optimisations

* Tile geometry Y. Liv, IEEE 14

 SMD SiPMs convenient for mass production

—_
[6) ]
11

30 ©

: - : - .Geant4 simulation. . Moz =

* Dimple in tiles to accommodate SiPM, I s B
. . . . E 5f 24
different shapes under investigation s F »

= OF 20 %

* Single tiles and megatile under test & s © 3
o . o 10 ' §

e Simulation studies to optimise tile size . et 0 SRR =

-5 10 -5 0 5 10

15
X position / mm Muons (1~3 GeV,

exactly vertical)

 Absorber F. Sefkov, SiD WS 15

J: Model, Static Structural

|||||

e Simulation studies to optimise material choice,
thickness and number of layers

e Mechanical structure

e Simulation of dynamical seismic stability

@ PRISMA L. Masetti - 04/03/15 20 Calorimetry f

Cluster of Excellence



http://www.npss-confs.org/nss/program/ListProgramDB.asp?session=N17#
https://agenda.linearcollider.org/event/6522/session/9/contribution/20/material/slides/0.pdf

AH CAL: new sSensors

e SiPM improvements driven by medical applications F. Sefkov. LCWS 14
* Very uniform performance over large batches of «f
devices asof 4 HBUs
o | >500 channels
* Lower noise, better temperature stability : '| - before
: L b | calibration
* Easier commissioning, less parameters to be set
channel-wise §
90
 New MPPC by Hamamatsu with low inter-pixel NI .S
o o ADC - Pedestal
crosstalk: first tests look very promising
Dark-Count Rate vs Threshold Single Photoelectron spectrum
£, - DCRat0.5p.e.=21.8kHz o0 1 an;g:shﬂﬂgﬂsgo_g
: s .Crosstalk Prob. = ~0.05 % CF RMS 8122
3 Vop = 52.8V 15002_ I
e (recommended) . 1 25um: QDC spectrum
10;_ mm? Recommended: 52.8 V
[ Trenches =
S A S 00:'j'utlzou DOAA'BCIJG"'BOIDI"D‘OG
° 10 ° 2 rhreshold [Zr?IV] ! apnc Channals
D : | | . | JG|u
PRISMA L. Masetti - 04/03/15 21 Calorimetry for Linear Collider
Cluster of Excellence sonannes GUTENBERG

UNIVERSITAT MAINZ


http://agenda.linearcollider.org/event/6389/session/5/contribution/78/material/slides/0.pdf

FCAL: sensors and electronics

e Different radiation-hard materials under test

(also for LHC upgrade) K. Afanaciev, CLIC WS 15

* Thorough comparison of
silicon, GaAs, CVD diamond, sapphire

* All show degraded performance, but are still usable

after O(MGy) irradiation

M.ldzik, CLIC WS 15

e 8-channel CMOS 130 nm chip for LumiCal read-out
with front-end and ADC for each channel, data
processing and serialisation to be submitted this year

* Intentionally non-linear ADC for BeamCal under study

* ADC resolution following energy dependence of
sampling term A. Abusleme, LCWS 14
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https://indico.cern.ch/event/336335/session/1/contribution/57/material/slides/0.pdf
http://agenda.linearcollider.org/event/6389/session/5/contribution/88/material/slides/0.pdf
https://indico.cern.ch/event/336335/session/1/contribution/56/material/slides/0.pdf

FCAL: testbeam and simulation

* LumiCal testbeam in October 2014 with 4 layers to
study electromagnetic shower development

10

—* air, Entries: 1940

+

* Synchronisation with telescope successful, data i 100um, Entries: 1940

analysis ongoing O. Borysov, CLIC WS 15

4

 Simulation of LumiCal response with 2x100pum silicon
tracker layers in front
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Conclusion



* General detector designs presented in ILC TDR and CLIC CDR:

highly-granular calorimeters for particle flow jet reconstruction
to meet jet energy and di-jet mass resolution requirements

* Many options being throughly tested for em, had and forward calorimeters

* Physical prototypes with different absorbers, active materials and readout
have undergone several testbeam campaigns

* Performance meet requirements

* Detailed comparison with hadronic interaction models in simulation
In general not so good agreement

e Strong involvement of many German institutes
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Outlook

* Technological prototypes in preparation
* Large scale production challenging
* Mechanical structures and services getting closer to final detector
e First tests in recent testbeams

 Design optimisation still ongoing

* Driven by physics performance, but also by technological improvement,
cost and mass production requirements

» Convergence towards common system

e Software and DAQ electronics harmonisation
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