
ILC machine and detectors -
 Introduction and power issues

Felix Sefkow

Linear Collider Detector Power Workshop
LAL, Orsay, May 9-10, 2011



MC

ILC detectors Felix Sefkow     LAL, May 9, 2011 

Outline

• Setting the stage: physics, machine, detectors

• Zooming in: interaction region and sub-detectors

• Switching on: Power pulsing 
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Physics case

• The Higgs particle is expected 
to be light - in the SM

• If it exists, it will be 
discovered soon at the LHC

• In any case the LHC will point 
the way into the future of 
particle physics

• The ILC is the e+e- machine 
which 
– is ideally suited for precision 

physics at 0.3-1 TeV
– and is ready to be built
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Frank Simon (frank.simon@universe-cluster.de)
Linear Colliders - Physics & Detectors
Terascale Annual Workshop, December 2010

The Physics: What We expect

• Key question once the Higgs is found: Is it really “The Mother of Mass”?

• Measure mass-dependent Higgs couplings
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e
+
e
− → ZZH

Access coupling to Z via

Clean measurement via recoil (~3% level)

e
+
e
− → ZHH

e
+
e
− → tt̄H

Top-Higgs coupling via

With high precision (< 10%) over a 
wide range of Higgs masses: Needs 
energies in excess of 500 GeV

Higgs self coupling:
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International Linear Collider
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Frank Simon (frank.simon@universe-cluster.de)

Linear Colliders - Physics & Detectors
Terascale Annual Workshop, December 2010

Collider Concepts: ILC

• The International Linear Collider ILC

• 500 GeV center of mass, upgrade up to 1 TeV

• Proven super-conducting RF

• Development of cavity gradient
on track

• Goal: 31.5 MV/m
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• Luminosity: 2 x 1034 (1.45 x 1034 in top 1%)

• Bunch structure:
199 ms 1 ms

370 ns bunch to bunch spacing

Technical Design Report 
(machine and detectors)

due in 2012
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e+ e- final states at the ILC

ZHH

• Q-Qbar events are boring
• Mostly 4-, 6-fermion final states, 

eeè ttH è 8 -10 jets

• At ILC 500: Ejet = 50…150 GeV
– Mean pion energy 10 GeV 

• At ILC 1 TeV: Ejet < ~ 300 GeV

• Missing energy
• High momentum leptons
• Heavy quarks

• Relatively low rates
• Clean final states, low occupancies
• Low or moderate background
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Detector requirements

• With respect to the LHC:
• Radiation hardness not an issue (except 

very forward)
• Rate capability not an issue - triggerless 

operation

• Emphasis is on performance: tremendous 
challenge

• Vertex: 30x smaller pixels, 30x less 
material

• Tracking: 10x better momentum resolution, 
6x less material

• Calorimeter: 2x better jet energy 
resolution, 100x more cells
– drives the detector concepts
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« In a typical jet :  
s  60 % of jet energy in charged hadrons
s  30 % in photons  (mainly from                  )                       
s  10 % in neutral hadrons (mainly      and        )

« Traditional calorimetric approach:
s  Measure all components of jet energy in ECAL/HCAL !
s  ~70 % of energy measured in HCAL: 
s  Intrinsically “poor” HCAL resolution limits jet energy resolution

« Particle Flow Calorimetry paradigm:
s  charged particles measured in tracker  (essentially perfectly)
s  Photons in ECAL:                                    
s  Neutral hadrons (ONLY) in HCAL
s  Only 10 % of jet energy from HCAL 

EJET = EECAL + EHCAL EJET = ETRACK + Eγ + En 

much improved resolution

n
π+

γ

Particle Flow Calorimetry
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• large radius and length
– to separate the particles 

• large magnetic field
– to sweep out charged tracks

• “no” material in front
– stay inside coil

• small Moliere radius
– to minimize shower overlap

• small granularity
– to separate overlapping showers
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Detector concept
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Detector concept
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• PFLOW involves entire detector: 
• ECAL and HCAL inside (CMS-like) solenoid
• Highly segmented and compact calorimeters
• ILD: TPC for highest pattern recognition efficiency, B=3.5T
• SiD, higher B, smaller R, Si tracker, similar calorimeters
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ILC detector concepts
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ILD
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SiD
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ILC specifica

• Implications on power from the machine side: 

• Bunch structure: duty cycle of 1% suggests power 
cycling (“power pulsing”)
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• Additional heat load from wake 
field induced currents in the 
beam pipe

– SiD calcuclation 30 W, ILD similar
– same order of magnitude as vertex 

detector read-out 

S. Novokhastski

Frank Simon (frank.simon@universe-cluster.de)
Linear Colliders - Physics & Detectors
Terascale Annual Workshop, December 2010

Collider Concepts: ILC

• The International Linear Collider ILC

• 500 GeV center of mass, upgrade up to 1 TeV

• Proven super-conducting RF

• Development of cavity gradient
on track

• Goal: 31.5 MV/m
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• Luminosity: 2 x 1034 (1.45 x 1034 in top 1%)

• Bunch structure:
199 ms 1 ms

370 ns bunch to bunch spacing
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SiD subdetectors

• power estimates based on kPix chip
– up to 1024 channels, power pulsed, 20 µW/ch
– used in tracking and calorimetry

• VXD unknown
– aim < 50-100 W
– influences design choice

• Power distribution: DC DC conversion, x1/8
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From: "Breidenbach, Martin" <mib@slac.stanford.edu>
Subject: RE: power issues of ILC detectors

Date: April 22, 2011 18:30:14  GMT+02:00
To: Felix Sefkow <felix.sefkow@desy.de>
Cc: Harry Weerts <weerts@anl.gov>, Marcel Demarteau <demarteau@fnal.gov>, "Haller, Gunther" <haller@slac.stanford.edu>, "Jaros, 

John A." <john@slac.stanford.edu>, Andy White <awhite@uta.edu>
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EMCal 105863 1024 2168
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From: Felix Sefkow [mailto:felix.sefkow@desy.de] 
Sent: Friday, April 22, 2011 4:29 AM
To: Breidenbach, Martin
Subject: Fwd: power issues of ILC detectors
 
Dear Marty, 
 
   I have to give a talk on ILC detector power issues in 2 weeks' time, and I would like to ask you whether you could help me with some input from SiD. Appended below is a 
mail with some more detailed questions, and Harry's reply. I will also forward what I received from Marcel.  
 
I'd be grateful if you could send me something by the end of the coming week. 
 
Best wishes, happy Easter to you and your dears!
 
Felix
 
Begin forwarded message:

From: Harry Weerts <weerts@anl.gov>
Date: April 21, 2011 19:37:39 GMT+02:00
To: Felix Sefkow <felix.sefkow@desy.de>
Cc: Marcel Demarteau <demarteau@anl.gov>
Subject: Re: power issues of ILC detectors
Reply-To: weerts@anl.gov
 
Dear Felix,

 I am even less of an expert then Marcel is, so I am afraid I can not really add anything substantial to what Marcel already said.  Marty would be a good contact.
Another person who has thought at least about the vertex detector and tracker is Bill Cooper at Fermilab.

Of course the obvious comment one can make from looking at the current DHCAL is that obviously something needs to be done !

Regards
 Harry

On 4/12/2011 8:06 PM, Felix Sefkow wrote:

Dear Harry, dear Marcel,
 
on the 9th of May there will be a workshop on power issues at Orsay,

W
M. Breidenbach
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ILD sub-detectors

• Examples: 

• Vertex detector: detailed studies give 20-30 W
– based on preset design plus change 0.35 to 01.8 µ
– take switchable and non-switchable parts into account

• TPC: studies started
– 100W / m2 assumed, based on S-ALTRO chip, 1.5% duty cycle

• Calorimeters: based on ROC ASIC family from Orsay
– HCAL, scint option: 8M channels give 300 W
– 40 µW/ch, 25 µW/ch pulsed (1%), 15 µW/ch DC /SiPM bias)
– biggest challenge: ECAL, high compactness and channel density
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Tests of power pulsing

• Electronics stand-alone:
– 25 µs relaxation time

• RPC system test in 3 Tesla
– no effect on efficiency scan 
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Table 1. Power consumption of the different Power-On parts.
Power-On part consumption (mW)
Power-On-analog 132.5
power-On-DAC 5
Power-On-Dgital 5
Power-On-All 142.5
Power-On-All at 0.5% duty cycle < 7.5 10−3

and on the DAC part. It was found to take 2µs for the analog part to be operational and to provide
a discriminator output, and 25µs for the DAC part (see Figure 2) to reach its nominal value within
a few mV. The DAC is slower to settle as it is filtered internally to minimize the noise and the
inter-channel coupling.

Figure 2. A screen shot showing the ”awake” time
needed for both the Analog and the DAC Power-On to
be operational

The same test was realized with an electronics board conceived to host 24 HARDROCs. the
ASICs are arranged as a 6×4 matrix on a 50cm×33cm PCB. The board, called Active Sensor Unit
(ASU), is a 8-layer 1.2mm thick which allows interfacing the 64×24 input channels with the GRPC
detector. As shown in Figure ?? the 24 HARDROCs are connected in a linear topology, exploiting
the HARDROC daisy chain feature. Indeed, the logical token passing mechanism uses the two
already cited signals (StartReadout and EndReadout) to ensure that only one of the HARDROCs

– 4 –

Figure 5. Picture of the GRPC cast into the 3T Helmholtz coils at the CERN SPS H2 beam line.

one proposed in the ILD project. The orientation of the cassette was chosen to maximize the
Lorentz force exercised by the magnetic field on the electronics board. A trigger system made
of four scintillator-PMs was used. Two of the scintillator-PMs were placed in front of the GRPC
chamber and two behind with respect to the beam. The overlapping between the four scintillators
was chosen so that particles crossing the four scintillators cross necessarily the GRPC. Due to the
low detection rate capability of the GRPCs (< 100Hz/cm

2) the beam optics were tuned to reduce
the beam profile density to less than 50 particles/cm

2.To study the behavior of the power-pulsed
electronics on the GRPC detector in a magnetic field the DAQ was adapted to take into account
the time needed for the ASIC modules to be stabilized. Indeed the StartAcquisition command was
delayed 100 µs after the POD command is sent. This is twice the delay time mentioned previously
in the case of a 24-ASIC aiming at protecting against probable additional perturbations that can be
caused by the presence of the strong magnetic field. In addition the duty cycle was modified with
respect to the ILC duty cycle: 2 ms every 10 ms rather than 1 ms every 200 ms. This was intended
to amplify the physical effect on the electronics board due to the repeated increase and decrease
of the electric currents circulating in the board. Furthermore, to be able to compare the GRPCs
efficiency with and without the power-pulsing mode, the external triggers were limited to the time
intervals for which the power-pulsing was on.

– 7 –

field. Figure 8 shows the time structure of the data recorded in the ASICs by taking the time
difference of two successive triggers. This shows clearly that the duty cycle mentioned above was
respected. The first peak of the time distribution Figure 8 corresponds to two events being recorded
in the same power cycle, while the second one represent events being recorded in two consecutive
power cycles. Figure 9 shows the efficiency obtained for a the polarization voltage range from 6.9
to 8 kV. The efficiency obtained using the the PP scheme is almost identical to the one obtained in
the absence of this scheme. The tiny loss of efficiency observed for the 6.9 kV polarization value
could be the result of a slight increase of the threshold reference of the comparators after the POD
is established. Indeed the charge associated to a MIP for this polarization is slightly lower than the
one obtained for the reference value of 7.4 kV and thus an increase of threshold references with
respect to the assigned value of 40 fC could affect the efficiency. This hypothesis is supported by
the fact the efficiency is found to be identical to the one obtained without the PP mode when only
events arriving in the second half of the power-pulsing period (second millisecond) were analyzed.
Although this tiny loss in efficiency has no effect on the performance of the GRPC to be operated
at 7.4 kV and thus on the SDHCAL performance, we intend to validate this finding in future test
beams.

It is important here to mention that those results show that magnetic forces to which the ASU
are assigned and more particularly their variation rate has little effect not only on the ASICs per-
formance but also on the electric and physical proprieties of the electronic boards. Indeed, testing
such a board in a magnetic field of 3 T could be detrimental to the overall planarity of the PCB as
well as to the board different electrical components. In fact, a conductor of length L, carrying a
current I, is submitted to a Lorentz force having modulo F = B.I.L in a magnetic field of B Tesla
perpendicular to the current flow: it should be noted then as the dimensions of the board (50cm
length), in presence of relatively large DC currents, may lead to a force as high as one Newton
when B = 3T and I = 650mA.

Time to previous event (ms)
0 10 20 30 40 50 60 70 80 90 1000
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Figure 8. Time difference between consecutive trig-
gers.
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Figure 9. Efficiency scan over high voltage, with and
without power pulsing
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N. Seguin-Moreau

I.Laktineh
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Pulsed power distribution

• Average currents are not critical
– SiD estimates about 200A for entire 

detector
– ILD up to 600 A for ECAL

• Peak currents are 1000x higher: buffer 
charge locally
– externally only commercial DC supplies
– minimize e.m. interference
– can be done with manageable capacitors

• Still to be worked out for all subsystems 

16

!" #$ % &'()*+ %")&#,-!".#$/%0&'()*+/%")&#,-
1 ( ( 2 3 22 4 2 (5('(16-(78-(")/"2/-3#/#22"$-/8)4/2#86(5('(-0

9&-"$6 8$#/-3#/9:;%<6/-3#76#'=#6>
-3#/,".#$/#'#&-$")(&6/386/-"/$#8&-

9(7+ ?##,/2'@&-@8-(")6/'"&8''0
5#6-/()6(4#/6@5&"7,")#)-

'(7(-#4/1A;B,$"5'#76>
CD ' - - 1A; 3( '4C>D#B,'8-#6/8&-/86/1A;B63(#'4
-3())#$/,".#$/&85'#6
"@-6(4# ")'0 E%B&@$$#)-6"@-6(4#/")'0/E% &@$$#)-6
B )(&#/2"$/&"77#$&(8'/6@,,'(#6
B )"/4(6-@$58)&#/-"/"-3#$6

!#-#$/FG--'(&3#$>/E1:H>/!$8*@#/IJJKBJLBJM IM
;4#8+ N@22#$/&38$*#/()6(4#/-3#/*8,6/8)4/8-/#)4/"2/-3#/*8,P.Göttlicher



MC

ILC detectors Felix Sefkow     LAL, May 9, 2011 

Power pulsing downsides

• Detector is not sensitive between bunch trains

• Calibration: only 1% of cosmic muons available
– in a highy granular detector, cosmics are less powerful
– halo muons are still in time
– novel techniques: imaging calorimeters use tracks in showers

• Exotic physics channels:
– NLSP may be long-lived, 102 -108s
– decays in calo

17

mSUGRA scenario GDM ε
Large samples of stopping τ̃ ′s

barrel endcap Sum

HCAL 3038 1055 4093
Plug 428 428
Yoke 1584 256 1840
Fid Vol 4092 1688 5780

Detect and measure gravitino via decays
τ̃ → τ G̃

and subsequent τ decays

H-U Martyn Metastable τ̃′s and G̃ Dark Matter DESY FLC Seminar 24 April 2006 10

Detecting metastable staus @ ILC
Gravitino dark matter

Hans-Ulrich Martyn

! Cold Dark Matter in universe ΩDM ≈ 0.22

! CDM SUSY candidate = neutral LSP
– neutralino χ̃0

1 mχ̃0 = O(100 GeV)

– gravitino G̃ mG̃ = O(eV − 100 GeV)

– axino ã mã = O(keV − MeV)

! Identification of G̃ via NLSP decay τ̃1 → τ G̃

– τ̃ may be long-lived tτ̃ ∼ O(102 − 108 s)

– Expt challenge detectability of metastable τ̃ and G̃ at ILC?
⇒ Observables mτ̃ , tτ̃ , mG̃, JG̃

review: J Feng, ‘Superymmetry and Cosmology’, hep-ph/0405215

H-U Martyn Metastable τ̃′s and G̃ Dark Matter DESY FLC Seminar 24 April 2006 1

HU Martyn
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Summary

• ILC machine and detectors approaching technical design 
phase

• Detectors feature extreme channel counts and must meet 
stringent demands on compactness and material budget

• Accelerator bunch structure suggests power pulsing for the 
entire detector
– novelty in particle physics
– system aspects to be evaluated

18
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Conclusion

• Open issues:

• understand heat loads everywhere, including 
interfaces, and identify needs for reduction 

• develop cooling concepts
• identify needs for insulation between detectors

• Evaluate power distribution concepts 
• - and develop standards!
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