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CLIC	  
•  CLIC	  =	  Compact	  LInear	  Collider,	  e-‐	  e+	  
•  High	  accelera/ng	  gradient	  100MV/m:	  	  

q  dual	  beam	  scheme	  at	  room	  temperature	  	  	  
•  Up	  to	  high	  energy	  and	  luminosity	  

√s	  [GeV]	   length	  [km]	   L	  [cm-‐2s-‐1]	  

350	   11	   1.5×1034	  

1400	   27	   3.5×1034	  

3000	   48	   6.0×1034	  

•  Small	  bunch	  size:	  σxyz(40	  nm,	  1	  nm,	  44	  μm)	  à	  beamstrahlung	  
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MoFvaFon	  for	  a	  linear	  e–e+	  collider	  

Higgs�coupling�to�mass

Lucie�Linssen,�January�20st�2015 51

model�independent

much�more�accurate�than�HLͲLHC

similar�accuracy�as�HLͲLHC

combining�all
Higgs�

information

production
+

decay

Higgs�selfͲcoupling�H=>�HH

Gives�access�to�understanding�the�Higgs�field
Requires�high�energies�=>�coupling�gHHH to��24%��at�1.4�TeV,�10%��at�+3�TeV

Note:�contrary�to�(HLͲ)LHC,�CLIC�results�are�modelͲindependent

top�physics
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ȴstat(mt)�=�34�MeV
ȴstat(ɲs)��=�0.0009

Theoretical�uncertainty�O(100�MeV)�
when�transforming�measured�1S�mass�
to�MS�scheme

Accurate�top�mass�measurement
tt threshold�scan�
10�centreͲofͲmass�points,�10�fbͲ1 each

Other�top�physics�subjects:
Explore�potential�of�tt events�as�a�probe�for�new�physics,�examples:

AFB
t (and�AFB

b)
sin2ɽW
top�quark�couplings�to�ɶ,�W�and�Z

ї�At�high�energy�and�possibly�for�the�first�stage

•  Defined	  ini/al	  state,	  beam	  polariza/on	  possible	  	  
à	  high	  precision	  studies:	  
q  Top	  mass	  and	  asymmetry	  (stage	  1)	  
q  Higgs	  proper/es	  à	  model	  independent	  	  

coupling	  determina/on	  (stage	  1-‐2-‐3)	  
•  Complementary	  info	  w.r.t.	  hadron	  colliders	  (stage	  

2-‐3)	  à	  higher	  sensi/vity	  to	  electroweak	  processes	  	  
•  CLIC	  à	  high	  energy:	  access	  to	  rare	  process,	  

	  i.e.:	  Higgs	  self	  coupling	  (stage	  2-‐3)	   Introduc6on%

•  Measurement%of%the%Higgs%selfFcoupling%gHHH%at%3%TeV%(and%1.4%TeV)%%
•  Higgs%produc:on%in%WW%fusion%"%it%gives%also%diagrams%with%

quar:c%coupling%gHHWW%

•  At%the%moment%only%channel:%HF>bb,%HF>bb%
•  Plan%to%include%(as%not%correlated%analysis)%the%channel%HF>WW%

on jet reconstruction. Event selection cuts and background reduction techniques are detailed in
Section 6, which leads to the measurement of the cross section of double Higgs production. Sec-
tion 7 describes the method for extracting the coupling constant uncertainty from the measured
cross section uncertainty. A brief overview over the dominant sources of systematic uncertainty
is given in Section 8 and the results of the study are summarized in Section 9.

2. Analysis Overview

The analysis at 3 TeV is performed assuming an integrated e+ e� luminosity of 2 ab�1, while
the 1.4 TeV analysis is performed on a data sample corresponding to 1.5 ab�1. The trilinear
Higgs self-coupling is extracted from a sample containing two reconstructed Higgs bosons and
missing energy. Figure 1 shows the Feynman diagrams for three processes that satisfy the signal
definition, but only the leftmost diagram is sensitive to the tri-linear Higgs self-coupling. After
pattern recognition, particle reconstruction and rejection of beam-induced background, events
are clustered into four jets. Higgs bosons are reconstructed by pairing two jets. Signal and
background events are separated in a neural network that exploits jet flavor tag information as
well as kinematic distributions of the jets and the reconstructed Higgs bosons. All Higgs boson
decays are considered in the analysis. The branching ratios for a Standard Model Higgs boson
of mass 126 GeV, which is assumed throughout the analysis, are listed in Table 1.
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Figure 1: Leading-order processes that produce two Higgs bosons and missing energy at a CLIC
operating at

p
s = 1.4TeV and

p
s = 3TeV. Only the left-most diagram is sensitive to

the trilinear Higgs self-coupling. All three diagrams contribute to the signal sample.

Table 1: Dominant branching ratios [6] for a Standard Model Higgs boson with a mass of
126 GeV, as assumed throughout the analysis.

Final state Branching ratio (%)
bb̄ 56.1
W+W� 23.1
gluons 8.48
t+t� 6.15
ZZ 2.89
cc̄ 2.83

3

Trilinear%Higgs%%
self%coupling,%gHHH%

Quar:c%coupling,%gHHWW%

3%

Precision	  on	  gHHH	  ~	  10%	  at	  3	  TeV	  

Δmt	  =	  34	  MeV	  
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Performance	  requirements	  
•  Momentum	  resolu/on 	  	  

	  
	  	  

•  Jet	  Energy	  resolu/on	   	   	   	   	  	  

•  Impact	  parameter	  resolu/on	  

•  Excellent	  determina/on	  of	  secondary	  
ver/ces	  for	  b/c-‐tagging	  and	  tau	  reco	  

•  Lepton	  iden/fica/on	  efficiency	  	  
>	  95%	  over	  full	  range	  of	  energies	  

•  Detector	  coverage	  in	  forward	  region	  	  

J. S. Marshall Towards a new CLIC detector model 2

Detector Requirements

• Expect interesting physics processes to have multi-
jet final states, with charged leptons or missing pT 

- Reconstruction of invariant masses of two+ jets 
important for event reconstruction and event id.

- Impact of Beamstrahlung on kinematic fits means 
rely on intrinsic jet energy resolution of detector.

From the perspective of the likely physics measurements at CLIC, the requirements are:  

• Jet energy resolution !E / E ≲ 3.5−5 % for jet energies in the range 50 GeV−1 TeV 

• Track momentum resolution !pT / pT ≲ 2·10-5 GeV-1 

• Impact parameter resolution !d0 ≲ 5 ⊕ 15 / (p [GeV] sin3/2") μm 

• Lepton identification efficiency > 95% over full range of energies 

• Detector coverage for electrons down to very low angles

2

• Aim: discriminate between W and Z hadronic decays

• Require: !E / E ≲ 3.5%, providing 2.5σ W/Z separation

W/Z	  hadronic	  	  
decays	  discrim	  

J. S. Marshall Towards a new CLIC detector model 3

Detector Requirements

• Track momentum goal motivated by Higgs mass 
determination via Higgsstrahlung process, e+e-→Zh 

- Reconstruct mass of system recoiling against pair of 
muons from Z→μ+μ- decays.

• Tagging of charm and bottom quarks important for studies including measurements of 
Higgs couplings. Relies on impact parameter resolution and secondary vertex id:

• Efficient lepton id across wide range of momenta crucial for CLIC physics analyses. Electron id 
must extend to very small angles (due to t-channel processes or boost from Beamstrahlung).

!d0 = a ⊕ b / (p sin3/2")

• Require: a ≲ 5 μm and b ≲15 μm GeVPoint resolution of 
vertex detector

Multiple scattering; amount 
of material in inner detector

• Aim: Efficient heavy flavour tagging

• Aim: width of reconstructed Higgs mass peak 
dominated by beam energy spread

• Require: !pT / pT ≲ 2·10-5 GeV-12

CLIC, √s = 500 GeV

CLIC�physics aims�=>�detector�needs

Lucie�Linssen,�January�20st�2015 22

� impact parameter resolution:
e.g.�c/bͲtagging,�Higgs BR

� jet energy resolution:
e.g.�W/Z/h�diͲjet�mass separation

� angular�coverage,�very forward electron tagging

� momentum resolution:
e.g.�Smuon endpoint

Higgs recoil mass,�Higgs coupling to muons

WͲZ
jet�reco

smuon
end�point

(for�highͲ
E�jets)

+�requirements�from�CLIC�beam�structure�and�beamͲinduced�background

CLIC�physics aims�=>�detector�needs

Lucie�Linssen,�January�20st�2015 22

� impact parameter resolution:
e.g.�c/bͲtagging,�Higgs BR

� jet energy resolution:
e.g.�W/Z/h�diͲjet�mass separation

� angular�coverage,�very forward electron tagging

� momentum resolution:
e.g.�Smuon endpoint

Higgs recoil mass,�Higgs coupling to muons

WͲZ
jet�reco

smuon
end�point

(for�highͲ
E�jets)

+�requirements�from�CLIC�beam�structure�and�beamͲinduced�background

CLIC�physics aims�=>�detector�needs

Lucie�Linssen,�January�20st�2015 22

� impact parameter resolution:
e.g.�c/bͲtagging,�Higgs BR

� jet energy resolution:
e.g.�W/Z/h�diͲjet�mass separation

� angular�coverage,�very forward electron tagging

� momentum resolution:
e.g.�Smuon endpoint

Higgs recoil mass,�Higgs coupling to muons

WͲZ
jet�reco

smuon
end�point

(for�highͲ
E�jets)

+�requirements�from�CLIC�beam�structure�and�beamͲinduced�background

e-‐e+àZHàµµX	  

single	  point	  resolu/on	   mul/ple	  scagering	  
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Detector	  Overview	  Detector  parts  “layout  frozen”

6Konrad Elsener, 2 June 2015

CLICdet_2015
(27 May 2015)

N. Siegrist

Return	  yoke	  +	  muon	  chambers	  

Solenoid	  coil,	  B	  =	  4	  T	  

Hadronic	  Calorimeter	  

ElectromagneFc	  Calorimeter	  
Main	  tracker	  +	  support	  tube	  
Vertex	  detector	  

Beam	  pipe	  
LumiCal	  (luminosity	  	  
measurement)	  
BeamCal	  

Final	  beam	  focusing	  	  
outside	  the	  detector	  	   Fo

rw
ar
d	  
re
gi
on

	  

Rosa	  Simoniello	  	   6	  



Vertex	  detector	  
•  Physics	  aim:	  excellent	  idenFficaFon	  of	  

secondary	  verFces	  for	  b/c-‐tagging	  à	  
excellent	  impact	  parameter	  resoluFon	  

•  Single	  point	  resoluFon	  of	  3µm	  
q  25µm	  pixel	  pitch	  
q  2	  billion	  pixel	  

•  Ultra	  light	  detector:	  0.2%X0	  per	  layer	  
q  Air	  coiling:	  spiral	  geometry	  to	  force	  air	  

flow	  à	  50mW/cm2	  
q  Ultra	  thin	  sensor	  and	  readout:	  0.1%X0	  	  	  
q  Low	  mass	  supports:	  0.05%X0	  
q  Double	  layers	  geometry	  to	  maximise	  the	  

number	  of	  measurements	  minimazing	  
the	  support	  material	  

•  Occupancy	  of	  few	  %	  à	  first	  layer	  layout	  
R	  =	  31	  mm	  

Vertex�detector�optimisation

Lucie�Linssen,�January�20st�2015 37

Spiral�disks
Single�layers

Spiral�disks
double�layers

Using�flavour tagging�as�a�gauge
1. Test�single�vs.�double�layers
2. More�realistic�material�(0.2%�X0/layer)
3. Vary�inner�radius�(for�4�T�or�5�T�BͲfield)
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Beauty	  eff	  

Rosa	  Simoniello	  	   7	  



Vertex:	  sensor	  +	  readout	  opFons	  
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•  50-‐300	  µm	  sensor	  bump-‐bonded	  to	  
Timepix	  chips,	  55	  µm	  pixel	  pitch	  	  

•  DC-‐coupling	  with	  amplifier	  input	  on	  
the	  readout	  chip	  

•  HV-‐CMOS	  sensor	  glued	  on	  
CLICpix	  ASIC,	  25	  µm	  pixel	  pitch	  

•  AC-‐coupling	  à	  amplifica/on	  of	  
the	  signal	  on	  the	  sensor	  side	  

Timepix assembly prototypes

6

Hardware
S. Redford

Tuesday 9:44am
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• Thin sensors (50 - 300 µm) bump-bonded to Timepix chips

• Data recorded at DESY: 5.6 GeV electron beam, EUDET telescope

50 µm thick sensor efficiency 
99.2% at operating threshold

100 µm thick sensor two-hit 
cluster resolution ~4.5 um

Track position: cluster size 2 
low charge sharing

50 µm sensor

750 µm Timepix
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depletion voltage ~30 V
•  Resolu/on:	  4-‐18	  µm	  

4 Measurements of capacitively coupled assemblies
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Figure 10: Mean ToT for single pixel clusters as a function of track intercept. The mean is extracted from
a gaussian fit to the ToT distribution for each track intercept.

4.3 Tracking performance203

Due to the charge injection issue, it is not possible to make a simple direct comparison between the per-204

formance of the single- and two-stage amplifier designs. The results are shown separately below for both205

pixel architectures, with the thresholds quoted in DAC codes (THL). In all cases the centre of the noise206

distribution is found at THL = 1220 and each DAC code step should correspond (by design) to approx-207

imately 10 electrons. For positive polarity increasing the THL DAC corresponds to a higher threshold,208

while for negative polarity higher thresholds are found at lower THL values. Threshold dispersion over209

the pixel matrix is first corrected for using a 4-bit threshold adjustment in each pixel. Efficiency meas-210

urements were performed by extrapolating telescope tracks to the DUT and searching for clusters within211

a region of 75 µm in the local x- and y-directions (corresponding to a distance of 3 pixels). A c2 cut212

was applied to the tracks in order to remove tracks with significant scattering. Noisy pixels on the DUT213

(defined as those responding more than 5s above the mean rate) were removed from the analysis, as214

were tracks occurring within a half-pixel of any such pixels. The total number of masked pixels was in215

all cases below 3 %. Tracks within 125 µm of each other were also removed from the analysis, and the216

same conditions were used to compute the residuals of the device. For multi-pixel clusters, the cluster217

centre is defined as the ToT-weighted centre of gravity.218
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Figure 11: Single hit efficiency for two-stage amplification pixels (CLICpix in negative polarity) versus
threshold (left, 60 V) and bias voltage (right, threshold 1100).
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Rosa%Simoniello%P%LCSW14%

•  Extended$tracker$implemented%in%simula;on%
!  added%2%forward%disk%w.r.t.%to%SiD%"%L/2$=$2.3m$$
!  radial%dimension%extended%to%R$=$1.5$m$
!  poin;ng%transi;on%regions%(but%not%at%the%IP)%

•  No%op;miza;on%for%modules%overlap%in%rings%and%
at%the%edges%of%layers%%

•  No%op;miza;on%for%layers%posi;on%"%equispaced%%
•  All%overlaps$solved$in%the%tracker%region%

CDR$
Ext$tracker$

Fast$simula-on$(LDT)$

R%
=%
1.
5m

%

L/2%=%2.3m%

•  High	  B	  field	  (B	  =	  4	  T)	  and	  determinaFon	  of	  
the	  overall	  size	  of	  the	  tracker	  

•  7µm	  single	  point	  resolu/on	  
•  Very	  light	  detector:	  1%X0	  per	  layer	  	  
•  Air	  flow	  not	  possible	  à	  liquid	  cooling	  
•  Technology:	  all	  Si,	  short	  strip	  or	  large	  pixel	  

à	  size	  from	  occupancy	  studies	  
	  

Rosa	  Simoniello	  	   9	  

CDR,	  B	  =	  5.0	  T	  
Ext	  trk,	  B	  =5.0	  T	  
Ext	  trk,	  B	  =4.5	  T	  
Ext	  trk,	  B	  =4.0	  T	  

Single	  µ−	  

θ	  =	  90°	  

•  Physics	  aim:	  excellent	  track	  momentum	  resoluFon	  
	  



Calorimeter	  system	  
•  Physics	  aim:	  excellent	  jet	  resoluFon	  
•  Typical	  Jet	  composi/on:	  	  

q  60%	  charged	  par/cles	  
q  30%	  photons	  
q  10%	  long-‐lived	  neutral	  hadrons	  

•  Employment	  of	  parFcle	  flow	  techniques	  	  
à	  large	  impact	  on	  the	  detector	  design	  

•  High	  granularity	  calorimeter	  
•  Forward	  acceptance	  

J. S. Marshall Towards a new CLIC detector model 4

Particle Flow Calorimetry

HCAL

TRACKEREC
AL

n

#+

γ

Traditional  
calorimetry

Particle flow  
calorimetry

Traditional calorimetry:
• Measure all energy in ECAL/HCAL
• 70 % of jet energy measured in HCAL

Particle Flow Calorimetry:
• Charged particle momentum: Tracker
• Photon energies: ECAL
• Only neutral hadron energies: HCAL

Particle Flow requires pattern recognition
• High-granularity calorimeters 
• Sophisticated software algorithms

Typical jet composition: 
• 60 % charged particles
• 30 % photons
• 10 % long-lived neutral hadrons

Jet energy resolution requirements led 
to adoption of particle flow calorimetry 

 Significant impact for detector design

J. S. Marshall Towards a new CLIC detector model 11

ECAL Optimisation

10 GeV photons 
in barrel region

• Sc (2mm thick; Si 0.5mm) offers better 
intrinsic E resolution. Side-mounted MPPC 
affects performance for small Sc cells.

• With same size cells, SiW and ScW yield 
similar performance. Cost arguments not 
yet conclusive, so stick with Si.

• Performance vs. nLayers: very flat, change 
mostly due to varying intrinsic E-resolution.

• Performance vs. ECAL cell size: intuitive 
and driven by photon confusion.

Select 
5x5mm2 cells

Select 25 
active layers

25% / √E [GeV]

16% / √E [GeV]
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HCal Cell Size

02
/0

6/
20

15
CL

IC
dp

 C
ol

la
bo

ra
tio

n 
M

ee
tin

g

13

S. Green, Cambridge

• Using  a  7.5  λ  HCal  model
• 30 mm x 30 mm (Currently used) is a reasonable option for the simulation model
• Note: suspicions for bias towards 30 mm case under investigation

𝒁 → 𝒖𝒅𝒔

30x30mm2	  cells	  



Tungsten	  Analogue	  Hcal	  
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CALICE Tungsten Analogue HCAL

I Analysis of test beam data of highly granular scintillator tungsten HCAL
I e, p, K and p at 1-300GeV
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I Study of linearity of detector response and energy resolution
I Comparison of data and Geant4, overall good agreement, but

room for improvements in shower shape description
I New: Comprehensiv study of all relevant systematic uncertainties

! Publication including beam momenta up to 150 GeV in early 2015

Linearity
Data vs. MC

Syst. uncertainty

1 / 1

•  Analogue	  readout:	  scin/llator	  +	  	  SiPM	  	  	  
•  Good	  linearity,	  resolu0on:	  	  	  
•  Data-‐simula0on	  in	  general	  in	  agreement	  

q  room	  for	  improvement	  in	  shower	  shape	  descrip/on	  
•  Comprehensive	  study	  of	  all	  relevant	  systema0c	  uncertain0es	  

�E

E
(⇡+, E = 3� 10GeV ) =

(61.8± 2.5)%p
E[GeV ]

� (7.7± 3.0)%� 0.070GeV

E[GeV ]

Test	  beam	  data	  :	  e,	  π,	  
K	  and	  p	  at	  1-‐300GeV	  	  
	  

Digital	  W	  Hcal	  op0on	  also	  considered	  à	  analysis	  of	  the	  test	  beam	  data	  on	  going	  
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Somware	  

•  DD4hep:	  Detector	  DescripFon	  for	  High	  Energy	  Physics	  
q  Complete	  and	  consistent	  descrip0on	  à	  Single	  source	  of	  
detector	  informa/on	  for	  display,	  simula/on,	  reconstruc/on,	  
analysis,	  alignment,	  etc.	  

•  Tracking	  reconstrucFon	  (under	  development):	  	  
q  Based	  on	  detector	  geometry,	  i.e.:	  specific	  algorithm	  to	  exploit	  
double	  layer	  structure	  of	  the	  vertex	  detector	  

•  Pandora:	  parFcle	  flow	  
q  Sophis/cated	  sosware	  framework	  for	  developing	  pagern-‐
recogni/on	  algorithms.	  Large	  numbers	  of	  independent	  
algorithms	  address	  specific	  event	  topologies.	  

q  Used	  also	  in	  neutrino	  experiments	  (LAr	  TPC)	  

Rosa	  Simoniello	  	   12	  



CollaboraFon	  

•  CLICdp	  web	  site:	  	  
hgp://clicdp.web.cern.ch/	  

•  CLICdp	  CDR:	  	  	  
hgp://arxiv.org/abs/1202.5940	  

13	  

CLICdp	  collaboraFon:	  25	  insFtutes	  	  

Rosa	  Simoniello	  	  

You	  are	  welcome	  to	  join!	  



Conclusion	  

•  High	  energy	  e+e-‐	  linear	  collider	  aiming	  to	  precision	  studies	  	  
•  Demanding	  requirements	  on	  detector	  layout	  and	  hardware	  

q  Intense	  (and	  successful)	  R&D	  ac/vi/es	  	  
•  Sophis/cated	  sosware	  and	  reconstruc/on	  algorithms	  	  

q  Fully	  exploit	  the	  best	  informa/on	  from	  each	  subdetector	  

Thanks	  for	  your	  apenFon!	  
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BACK-‐UP	  



CLIC�experimental�conditions

Lucie�Linssen,�January�20st�2015 23

Drives�timing
requirements
for�CLIC�detector�

CLIC�at�3�TeV

L�(cmͲ2sͲ1) 5.9×1034

BX�separation 0.5�ns

#BX�/�train 312

Train�duration�(ns) 156

Rep.�rate 50�Hz

Duty�cycle 0.00078%

ʍx /�ʍy (nm) у�45�/�1

ʍz (ʅm) 44
very�small�beam�size

- not to scale -

CLIC

1 train = 312 bunches, 0.5 ns apart

20�ms156�ns
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	  	  	  	  	  Forced-‐air	  and	  thermal	  mock-‐up	  
•  Real-‐size	  mock-‐up	  to	  verify	  simula/on	  and	  study	  air-‐flow	  feasibility,	  

vibra/ons	  and	  temperature	  	  
q  ~500	  W	  heat	  load	  to	  extract	  (50mW/cm2)	  	  à	  TSi	  <	  40°C	  aser	  power	  pulsing	  	  
q  Vibra/on	  acceptable	  at	  1-‐2	  μm	  RMS	  amplitude	  	  

•  Bending/s/ffness	  of	  low	  mass	  supports	  (0.05%X0)	  

17	  

Barrel�assembly

13

(Top�half)

11/12/2014 Update��on�the�thermal�mockup

Installed!

2411/12/2014 Update��on�the�thermal�mockup

8 

Airflow tests 

Inlet Outlet 

06/11/2014 First airflow tests 

8 

Airflow tests 

Inlet Outlet 

06/11/2014 First airflow tests 
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Cooling:	  simulaFons	  
Cooling studies for CLIC vertex detector!
•  ~500 W power dissipation in CLIC vertex area"
•  spiral disks allow air flow through detector"
•  ANSYS Computational Fluid Dynamic (CFD) 
   finite element simulation  
à air cooling seems feasible"
•   5-10 m/s flow velocity, 20 g/s mass flow"

Air	  flow	  through	  spiral	  endcaps	  

Temperature	  profile	  (FE	  simula/ons)	  

Vertex	  Barrel	  

z	  coordinate	  [mm]	  	  

Te
m
pe

ra
tu
re
	  [o
C]
	  

Mass	  Flow:	  20.1	  g/s	  
Average	  velocity:	  
@	  inlet:	  11.0	  m/s	  
@	  z=0:	  5.2	  m/s	  
@	  outlet:	  6.3	  m/s	  

Air	  velocity	  

F.	  Duarte	  Ramos	  
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Cooling:	  experimental	  verificaFon	  
•  built mock-up to verify simulations  
  (temperature, vibrations)"
•  measurements on single stave equipped  

with resistive heat loads:"
•  air flow"
•  temperature"
•  vibrations (laser sensor)"

•  comparison with simulation"

Thermo-‐mechanical	  test	  bench	  

25	  mm	  channel	  
5	  m/s	  air	  speed	  

Temperature	  increase:	  measurement	  +	  CFD	  simula/on	  

F.	  Nuiry,	  C.	  Bault,	  F.	  Duarte	  Ramos,	  M.-‐A.	  Villarejo	  Bermudez,	  W.	  Klempt	  

Stave	  with	  resis/ve	  heat	  load	  

Thermo-‐mechanical	  mockup	  
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ILCDirac	  
•  ILCDirac:	  Complete	  Grid	  Solu/on	  	  
•  Workload	  management,	  data	  storage,	  produc/on	  system,	  bookkeeping	  	  
•  Used	  by	  CLICdp,	  SiD,	  ILD,	  CALICE	  

q  Grid	  interface	  for	  users	  and	  produc/on	  to	  run	  any	  LC	  sosware	  	  
•  hgps://twiki.cern.ch/twiki/bin/view/CLIC/DiracUsage	  
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DD4Hep	  
•  Full	  detector	  descrip0on:	  geometry,	  materials,	  visualiza/on,	  parameters	  

for	  readout,	  alignment,	  calibra/on,	  etc.	  
•  Consistent	  Descrip0on:	  Single	  source	  of	  detector	  informa/on	  for	  display,	  

simula/on,	  reconstruc/on,	  analysis,	  alignment,	  etc.	  
•  Detector	  Palege	  for	  CLIC	  based	  on	  SiD	  model	  à	  example	  detector	  model	  

for	  tes/ng	  and	  to	  be	  updated	  with	  the	  most	  recent	  subdetectors	  
•  Valida0on	  of	  simula/on	  and	  reconstruc/on	  interface	  on-‐going	  
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