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ILC
▸ e+e- collider with polarized beams 

▸ First stage: 250 GeV Higgs factory; extendable to >500 GeV
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PHYSICS @ ILC & ILD

e+e− → H( → bb) Z( → qq) @ s = 250GeV
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PHYSICS @ ILC & ILD
LHC	(3	ab-1)	
LHC	+	ILC	250	GeV	(	2	ab-1)	
LHC	+	ILC	250	GeV	+	ILC	500	GeV	(4	ab-1)	

https://arxiv.org/pdf/1710.07621.pdf
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Readout technologies for ILD TPC

Pads with GEMs or Micromegas for 
amplification → Detect charge spread

Pixels readout with integrated aligned 
amplification grid  (Gridpix)
→ detect each single electron
Maximal possible information from track
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A Gridpix TPC readout for the ILC (Kees Ligtenberg)
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A Gridpix TPC readout for the ILC (Kees Ligtenberg)
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TIMEPIX3 + GRID = GRIDPIX

TimePix3: 

‣ 256 x 256 pixels 

‣ 55 x 55 µm2 pitch 

‣ 14.1 x 14.1 mm2 sensitive area 300 — 500 V



55 μm

LEPCOL

TIMEPIX3 + GRID = GRIDPIX

TimePix3: 

‣ 256 x 256 pixels 

‣ 55 x 55 µm2 pitch 

‣ 14.1 x 14.1 mm2 sensitive area 

Wafer post-processing at IZM Berlin 

‣ Aluminium grid (1 µm thick) 

‣ 35 µm wide holes, 55 µm pitch 

‣ Supported by SU8 pillars 50 µm high

300 — 500 V
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SINGLE CHIP TESTBEAM 2017

▸ Kees’ talk @ last year’s jamboree 

▸ https://doi.org/10.1016/j.nima.2018.08.012

Gridpix TPC readout (Kees Ligtenberg)

Detector setup at Bonn test beam

2.5 GeV
electrons

TelescopeGridpix

First Timepix3 based Gridpix
• Simultaneous data-driven detection of time 

and ToT (charge), allows timewalk corrections
• Higher rates and more precise compared to 

its predecessor Timepix1

Scintillator
(Trigger)

Image adapted from thesis Pascal Wolf, Bonn 2016

5/1612-12-2017 (Nikhef Jamboree)

@Bonn

Multiple scattering of ~0.7 mrad at last telescope plane

Gridpix TPC readout (Kees Ligtenberg)

Multiple scattering in setup

Use last intercept in track fit for TPC with 10 µm error

Scatter caused broadening of 
residual distribution 

6/1612-12-2017 (Nikhef Jamboree)

TelescopeTPC

https://doi.org/10.1016/j.nima.2018.08.012
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SINGLE CHIP TESTBEAM 2017

▸ Kees’ talk @ last year’s jamboree 

▸ https://doi.org/10.1016/j.nima.2018.08.012

Multiple scattering of ~0.7 mrad at last telescope plane

Gridpix TPC readout (Kees Ligtenberg)

Multiple scattering in setup

Use last intercept in track fit for TPC with 10 µm error

Scatter caused broadening of 
residual distribution 

6/1612-12-2017 (Nikhef Jamboree)

TelescopeTPC

Single hit resolution in pixel plane

Measure diffusion and grid position 𝑧0 by fitting

𝜎𝑦 = 𝜎𝑦02 + 𝐷𝑇2(𝑧 − 𝑧0), where 𝜎𝑦0 =
55
12
μm

𝐷𝑇 = 308 μm/ cm (310 μm/ cm calculated)

Note that at 𝐵 = 4 T , 𝐷𝑇 = 25 μm/ cm

Gridpix TPC readout (Kees Ligtenberg) 9/1612-12-2017 (Nikhef Jamboree)

Single Hit resolution
depends on:

• 𝜎𝑦0 = pixel size / 12
• Diffusion 𝐷𝑇 from fit

A hit resolution of ~240 µm

is ~24 µm for a 100-hit track

(~ 1 cm track length)

www-hep.phys.saga-u.ac.jp/ILC-TPC/gas/index.html

Deformations in pixel plane

Each bin displays mean of residuals from 4×4 pixels

Residuals are filled at expected row and column

RMS of deviations is 8 μm, enough to meet TPC requirements

Gridpix TPC readout (Kees Ligtenberg)

Deformations in pixel plane Histogram of all entries in diagram

12/1612-12-2017 (Nikhef Jamboree)

https://doi.org/10.1016/j.nima.2018.08.012
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SCALING TO LARGE AREAS:  QUAD

LV
 P

S

‣ 4 TimePix3 chips 

‣ Services (signal IO, LV 
power) located underneath 
detection surface 

‣ SPIDR readout 

‣ Detection surface 
extendable by adding 
QUADs on 4 sides 

‣ No limit on detection 
area

Guard
TPX3

TPX3

TPX3TPX3

COld 
CArrier

39.6 x 28.38 mm2
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SCALING TO LARGE AREAS:  QUAD
‣ 4 TimePix3 chips 

‣ Services (signal IO, LV 
power) located underneath 
detection surface 

‣ SPIDR readout 

‣ Detection surface 
extendable by adding 
QUADs on 4 sides 

‣ No limit on detection 
area

Guard
 electr

ode omitte
d

QUADs being produced in series

SPIDR
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SINGLE QUAD TESTBEAM, OCT 2018
‣ Bonn - ELSA: 2.5 GeV electrons 

‣ QUAD sandwiched between Mimosa 
telescope halves 

‣ improved track definition 

‣ Gas: Ar/CF4/iC4H10 95/3/2 (aka. “T2K” 
gas) 

‣ Ed = 280 V/cm, Vgrid = - 300 V 

‣ Typical beam height above the chip: 
~ 1 cm

TPC  
field cage Quad
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QUAD DIFFUSION MEASUREMENTS PRELIMINARY!

Longitudinal:Transverse: D⊥ = 363μm/ cm D∥ = 239μm/ cm

B = 0 B = 0
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QUAD EDGE DEFORMATIONS
‣ Due to inactive, grounded zone between 

chips 

‣ Correct “in software” or by addition of 
guard electrode 

PRELIMINARY!

Grounded zone
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PRELIMINARY!

Grounded zone
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PIXEL PLANE DEFORMATIONS

▪ Alignment (for now) assumes single rigid object 

▪ After applying fitted edge corrections: residuals << 100 μm
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SCALING UP…

▸ mounting frame 
with cooling 
channels 

▸ 4 quads => 
single SPIDR 
readout board 
(in progress)

Sensitiv
e area 68.9%

Cooling channels
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SCALING UP!
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PERFORMANCE OF GRIDPIX TPC @ ILC
▸ From DD4HEP (Geant4) simulation 

▸ Momentum resolution:  at least 1.2x improvement  (assuming 59% gridpix coverage) 

▸  dE/dx resolution: ~2x improvement

Coverage	59%

ATLAS inner detector 
DELPHI all trackers 

Momentum	resolution	for	a	50	GeV	muon50	GeV	muon	track	with	pixel		
readout

Realistic	tiling	with		
quad	module



LEPCOL

IN THE MEANTIME, IN JAPAN…

Iwate Nippon — Dec 8th

http://www.iwate-ilc.jp/eng/wp-content/uploads/2018/12/181208-%E5%B2%A9%E6%89%8B%E6%97%A5%E6%97%A5-01%E9%9D%A2.pdf
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Transverse D⊥ = 363μm/ cm
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“Experience” and “Youth”




