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International Large Detector (ILD) 
• One	of	the	detectors	placed	at	the	collision	point	of	ILC

• Mainly	charged	particles	are	detected	by	tracking	detectors,	
and	neutral	particles	are	detected	by	calorimeters

• In	the	TPC,	𝑑𝐸 𝑑𝑥⁄ is	calculated	by	the	collected	charge	to	
identify	the	particles		

International	Large	Detector	(ILD)

“Studies	on	Particle	
Identification	with	dE/dx	
for	the	ILD	TPC.”



Identification of particles
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FIG. 3. Left: Simulated momentum resolution as a function of the transverse momentum. The di↵erent curves correspond

to di↵erent angular cuts, and to di↵erent detector models. Right: Simulated separation power between pions and kaons, from

dEdx and from timing, assuming a 50ns timing resolution.

C. Calorimeter System154

At the core of each particle flow detector is a very powerful calorimeter system. Particle flow stresses the capabilities155

of separating the individual particles in a jet, both charged and neutral. This puts the imaging capabilities at156

a premium, and pushes the calorimeter development in the direction of very high granularity of the system. A157

particularly challenging part is the precise reconstruction of the neutral hadronic component in the shower. A highly158

granular sampling calorimeter for the hadronic part is the answer by ILD on this challenge. The technological and159

conceptual development of the particle flow calorimeter have been largely done by the CALICE collaboration.160

ILD has chosen a sampling calorimeter readout with silicon diodes as one option for the electromagnetic calorimeter.161

Diodes with pads of about 5⇥ 5 mm2 are used, to sample a shower 28 times in the electromagnetic section. In 2018162

a test beam experiment could demonstrate the large scale feasibility of this technology, by showing not only that the163

anticipated resolution can be reached, but also by demonstrating that a system the size of the ILD detector can be164

build and operated.165

As an alternative to the silicon based system, sensitive layers made from thin scintillator strips are also investigated.166

For the hadronic part of the ILD detector, two technologies are studies: a silicon photo diode (SiPM) on scintillator167

tile technology[14], and a version based on resistive plate chamber based readout [15]. The SiPM- on - tile option168

works with moderate granularity, of about 3⇥ 3 cm2 tiles, and provides an analogue readout of the signal in each tile169

(AHCAL). The RPC technology has a better granularity, of 1⇥1 cm2, but provides only limited amplitude information,170

equivalent to 2 bits (SDHCAL). For both technologies significant prototypes have been built and operated. Both follow171

the engineering design anticipated for the final detector, and demonstrate thus not only the performance, but also172

the scalability of the technology to a large detector. Particular challenges were the handling of the large number of173

channels, which requires the integration of a large part of the readout technology into the sensitive plane, and the174

operation of large area systems, including the handling of connected noise and timing issues.175

It has been a major success in the past years that the technologies needed for a true particle flow calorimeter have176

been successfully demonstrated in a design which is suitable for the ILD detector. With this demonstration a major177

hurdle towards the realization of ILD has been surpassed [16]. The simulated particle flow performance is shown in178

figure 4.179180

D. The Forward System181

Three rather specific calorimeter systems are foreseen for the very forward region of the ILD detector [17]. The182

LHCAL extends the reach of the endcap hadronic calorimeter system downwards towards smaller angels relative to183

the beam, and closes the gap between the octogonal geometry of the HCAL endcap and the round geometry of the184

luminosity calorimeter, Lumical. Lumical, a high precision fine sampling silicon tungsten calorimeter is primarily185

• Time	of	flight

Particle mass 𝛽 = '
(
(5	GeV)

K 494	MeV/𝑐* 0.9951

π 139	MeV/𝑐* 0.9996

Particles	have	differences	of	flight	time	
depending	on	their	mass

In	order	to	identify	K	and	π,	we	need	to	have	
time	resolution	less	than	50	psec

Ø LGAD	(Low	Gain	Avalanche Diode)

n Reach-through	type n Inverse	type
• Multiplication	layer	covered	bottom	layer
• Less	variation	in	gain

“Particle	ID	Performance	with	dE/dx	and	TOF”
Uli Einhaus,	ILD	Benchmarking	Days	2018		

• Fast	charge	collection	speed
• Insensitive	area

→	The	time	resolution	:	~30	psec (in	ATLAS	study)
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Avalanche Photo Diode

Model number Type Vbr Size

S12023-10A Reach-through 139	V ϕ 1	mm
S8664-10K Inverse 417	V ϕ 1	mm
pkg-10 Reach-through about	250	V ϕ 1	mm
pkg-20 Reach-through about	120	V ϕ 1	mm
S2384 Reach-through 159	V ϕ 2	mm
S3884 Reach-through 189	V ϕ 1.5	mm
S8664-20K Inverse 425	V ϕ 2	mm
S8664-55 Inverse 433	V 5 × 5	mm2

LGAD	prototype	(for	LHC)

LGADs	have	same	structure	as	APDs We	study	APDs	for	LGAD	development

S12023-10A S8664-10K pkg-10,	pkg-20 S8664-55
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Set up of DAQ

Testboard#6	(SKIROC2cms	is	soldered)

400	× 55	× 250	mm3

into	the	Al	box

sensor

sensor
connector	board

top	of	Al	box

collimator
(brass	5mm)

source

testboard

sensor

connector	
board

ASIC
(SKIROC2cms)

connector	board	(with	S8664-10K)

Sources
γ source	:	133Ba,	81	keV +	356	keV

(compton edge	:	207	keV)
β source	:	90Sr,	2.2	MeV	(Max)
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SKIROC2cms
• SKIROC2cms	is	an	ASIC	to	readout	

signals	from	sensors
• Time	over	threshold and	Time	of	arrival	

can	be	acquired

• Preamp	polarity	can	be	changed

Low	Gain

High	Gain

Fast	shaper	(trigger)

× 10	times

Stop	signal
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Measurement	using	γ source
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Fit	function	:

𝜇 … mean	of	error	function
𝜎 … width	of	error	function

207	keV Compton	edge	of 133Ba
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Low gain histogram

Calibration	with	207	keV compton edge	to	convert	from	ADC	value	to	Gain	value	

Gain = N
S
C TU
VWXYZW[	\]^\

C _
`

HV	:	129	V

𝑎 = ADC	output	/	Charge	[/C]
= 2.25	×10_b

𝑒 = Elementary	charge	[C]

APD	:	S12023-10A
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Set up of DAQ

Model number Type HV		 Gain at each	HV

S12023-10A Reach-through 129	V 520 (Measured	value)

S8664-10K Inverse 407	V about	500~1000

pkg-10 Reach-through 240	V about 1000

pkg-20 Reach-through 110	V about 1000

S2384 Reach-through 149	V about 1000

S3884 Reach-through 179	V about 1000

S8664-20K Inverse 415	V about	500~1000

S8664-55 Inverse 415	V about	500~1000

ØMeasurement

Hamamatsu datasheets

• S12023-10	:	The	Gain	value	is	measured	by	DAQ	
with	the	γ source

• Other	APDs	:	The	Gain	value	is	referenced	by	datasheet

APD	:	S12023-10A
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Result

threshold

ADC	value	overflows	for	all	reach-through	types
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Result
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• Large size	APDs	→	Signal	height	is	slightly	big

• Inverse	type’s	signal	height	is	smaller	than	
reach-through	type

threshold
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Result
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This	type	APD	has	a	“shoulder”	… ?	

S12023-10A	only
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Result
Due	to	the	gain	variation	inside	the	APD,	
signals	by	90Sr	will	be	landau	distribution	
for	each	gain	(such	as	black	lines),	and	the	
total	distribution	can	be	like	red	line

”shoulder”

The	active	thickness	can	be	
calculated	using	the	“shoulder”

The	“shoulder”	will	be	made	by	the	landau	
distribution	of	the	maximum	gain

The	relation	between	Charge	and	ADC	
output	of	SKIROC2cms	are	known
(such	as	right	figure)
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Result
Ø S12023-10A	(reach-through)

𝑓 𝑥 =
2𝑎
𝜋�
C D 𝑒FGH𝑑𝑡 + 𝑏𝑥 + 𝑐

L

MFN
O

Fit	function	:

= 𝑎
= 𝜇
= 𝜎
= 𝑏
= 𝑐

𝜇 … mean	of	error	function
𝜎 … width	of	error	function

S12023-10A
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Result

Active	thickness	=
N
S	
C _
cde[

C _	
	fgC`

	 µm

A	MIP	particle	makes	76	electron	and	
hole	pairs	per	1	μm in	a	silicon	sensor

Active	thickness	of	S12023-10A	:	~40	µm

𝑎 = ADC	output	/	Charge	[/C]
= 2.25	×	10_b

𝜇 =mean	of	fit	function	
𝑒 = Elementary	charge	[C]

Ø Active	thickness
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Preparation of Test Beam
ü Place	:	ELPH	(Tohoku	University)

PMT

Scintillator

PSD APD

Alminium frames

Ø Basic	characteristics
• Active	thickness

• Comparison	between	Reach-through	
type	and	Inverse	type

Ø Time	resolution
• Measurement	time	resolution	using	the	

three	identical	type	APDs	

Ø Position	dependence	in	sensor
• ADC measurement	at	several	points	in	

a	sensor	
5	m

m

5	mmCompare	the	characteristics	
at	the	center	and	corner
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Preparation of Test Beam

Testboard

connector	boards	and sensors

Scintillator	with	holes
(for	VETO)

Beam
560	MeV	positron

stacking	connector	boards

𝜙	3	mm 𝜙	1	mm

Scintillator

ØActive	collimator

Scintillator
not	hit (through	the	hole)hit

Data	acquisitionignore

Scintillators	will	be	used	as	collimator

PMT

↓ The	signal	of	scintillator	is	read	out	by	PMT	
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Summary
• Signal	heights	are	measured	with	8	types	of	APDs	for	

development	of	LGADs

• SKIROC2cms	was	used	to	take	data

• Differences	between	reach-through	type	and	inverse	type
were	obtained

• In	S12023-10A	(reach-through),	the	active	thickness	was	
estimated

• Test	Beam	preparation	is	ongoing
Ø Next	step
• Analysis	of	the	Test	Beam	data

• Producing the	LGAD	prototype	for	ILC



Back	up

2019/10/31 LCWS2019	in	Sendai 18



20.5 km

2019/10/31 LCWS2019	in	Sendai 19

International Linear Collider (ILC)
Ø What	is	the	ILC？
• Electron	and	positron	collider

• Site	:	Mt.	Kitakami,	Japan	

• 𝑠� = 250 GeV

• Length：about	20	km

→ Up	to	1	TeV in	the	future	

• Search	for	new	physics	with	precise	
measurement	of	Higgs	and	other	particles

HL-LHC	only
HL-LHC	+	ILC250
HL-LHC	+	ILC250	+	ILC500
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International Large Detector (ILD) 
• One	of	the	detectors	placed	at	the	collision	point	of	ILC

• Mainly	charged	particles	are	detected	by	tracking	detectors,	
and	neutral	particles	are	detected	by	calorimeters

• In	the	TPC,	𝑑𝐸 𝑑𝑥⁄ is	calculated	by	the	collected	charge	to	
identify	the	particles		

International	Large	Detector	(ILD)

Calorimeter

Tracking	
detector
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Measurement using β source
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Measurement using β source

0 200 400 600 800 1000 1200
ADC

1

10

210

Low gain histogram
hist_lg_file0

Entries  45528
Mean    283.8
Std Dev     159.3

S12023-10A
S8664-10K
pkg-10
pkg-20
S8664-20K
S8664-55
S2384
S3884

S12023-10A
S8664-10K
pkg-10
pkg-20
S8664-20K
S8664-55
S2384
S3884

S12023-10A
S8664-10K
pkg-10
pkg-20
S8664-20K
S8664-55
S2384
S3884

S12023-10A
S8664-10K
pkg-10
pkg-20
S8664-20K
S8664-55
S2384
S3884

S12023-10A
S8664-10K
pkg-10
pkg-20
S8664-20K
S8664-55
S2384
S3884

S12023-10A
S8664-10K
pkg-10
pkg-20
S8664-20K
S8664-55
S2384
S3884

S12023-10A
S8664-10K
pkg-10
pkg-20
S8664-20K
S8664-55
S2384
S3884

S12023-10A
S8664-10K
pkg-10
pkg-20
S8664-20K
S8664-55
S2384
S3884

Low gain histogramLog	scale



2019/10/31 LCWS2019	in	Sendai 23

Test Beam Overview

Testboard

Beam
560	MeV	positron

Active	collimator
(scintillator)

PSD PSDAPDs


