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Layout

• Signal formation in resistive (full layer) Micromegas

• Telegraph equation

• Electronique response calculation

• LTSpice modeling (included elx response)

• Elx noise studies

• Conclusion



ND280 FOR T2K EXPERIMENT

ND280: Near Detector of T2K exp. (Japan)

to quantify initial neutrino beam flavor composition

(before oscillation before T2K)

4 half-TPCTPC readout plane made with resistive Micromegas

sFGD, made with

1 cm3 cubes

(see Anton talk)



ERAM: ENCAPSULATED ANODE 

RESISTIVE MICROMEGAS

ERAM are resistive Micromegas, working very well ! (*)

They equip the two High Angle gaseous TPCs of the upgrades of the Near Detector ND280 of T2K 

36 x 32 metallic pads

Pad size (mm2) : 11.28 x 10.19 

32 of such detectors 

(Saclay’s responsability)

Resistive anode (DLC) read by metallic pads

capacitive coupling between resistive layer and pads

How the signals look ?

5(*) nothing to compare with MM for NSW of ATLAS upgrade…
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ERAM: ENCAPSULATED ANODE 

RESISTIVE MICROMEGAS

ERAM are resistive Micromegas, working very well ! (*)

They equip the two High Angle gaseous TPCs of the upgrades of the Near Detector ND280 of T2K 

36 x 32 metallic pads

Pad size (mm2) : 11.28 x 10.19

elx readout by group of 8x9 pads

Resistive anode (DLC) read by metallic pads

capacitive coupling between resistive layer and pads

How the signals look ?

7(*) nothing to compare with MM for NSW…



SIGNALS: HOW THEY LOOK

Charge deposited punctually

on a pad (X ray Fe55) 

Leading pad: highest and earliest signal ⇒ charge deposited in this pad

Next pads: lower and later signals ⇒ charge has diffused up and through these pads 

ADC signal : max 4096 counts

Time window of 511 time bins

Time bin (typ.): 40 ns (25 MHz sampling)

Peaking time (typ.) : 412 ns

Sum

Leading

How the signals look ?

8



CAPACITIVE COUPLING AND 

ELECTRONICS SIGNAL

Capacity coupling means

a pad “responds” to the total charge on the resistive layer, lying directly above it 

Electronic response: 𝐴𝐷𝐶𝑝𝑎𝑑 𝑡 =
𝑑𝑄𝑝𝑎𝑑

𝑑𝑡
⊗𝐴𝐷𝐶𝐷𝑖𝑟𝑎𝑐 ( ⇒ 𝐴𝐷𝐶 ≠ 𝑄)

where 𝐴𝐷𝐶𝐷𝑖𝑟𝑎𝑐 𝑡 is the electronic response to a Dirac pulse of current
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ELECTRONICS PULSE RESPONSE 

Ch.Amp. Pole Zero Canc.
Salen&Key

(2nd order)Filter

Laplace transform 

⇒ pulse response

𝐴𝐷𝐶𝐷𝑖𝑟𝑎𝑐 𝑡 =
4096

120𝑓𝐶

𝑓 𝑡;𝑤𝑆, 𝑄

𝑓𝑚𝑎𝑥
where 𝑓 𝑡; 𝑤𝑆 , 𝑄

= 𝑒−𝑤𝑠𝑡 + 𝑒
−𝑤𝑠𝑡
2𝑄

2𝑄 − 1

2𝑄 + 1
𝑠𝑖𝑛

𝑤𝑠𝑡

2
4 −

1

𝑄2
− 𝑐𝑜𝑠

𝑤𝑠𝑡

2
4 −

1

𝑄2

Parametrization of the electronics response with 2 parameters

ws~1/peaking time and Q quality factor

The plan: apply everywhere the “simple” model

Telegraph Equation ⊗ Dirac pulse parametrization

AFTER Chip

JFL

Pascal B. et al.
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SPACE DISCRETISATION: 

LTSPICE
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SPACE DISCRETISATION: 

LTSPICE

𝜕𝜌

𝜕𝑡
=

1

𝑅𝐶

𝜕2𝜌

𝜕2𝑥
+
𝜕2𝜌

𝜕2𝑦
⇒
𝑑𝑞𝑖,𝑗

𝑑𝑡
=
𝑉𝑖+1,𝑗 − 𝑉𝑖,𝑗

𝑅𝑥
+
𝑉𝑖−1,𝑗 − 𝑉𝑖,𝑗

𝑅𝑥
+
𝑉𝑖,𝑗+1 − 𝑉𝑖,𝑗+1

𝑅𝑦
+
𝑉𝑖,𝑗−1 − 𝑉𝑖,𝑗−1

𝑅𝑦
with 𝑅𝑥 =

1

𝜎

𝛥𝑥
𝛥𝑦

, 𝑅𝑦 =
1

𝜎

𝛥𝑦

𝛥𝑥
and 𝑉𝑖 = 𝑞𝑖𝐶𝑠𝛥𝑥𝛥𝑦

⇔ charges will diffuse in a layer of resistors

connected to ground trough capacitances
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An ERAM of 8x7 pads

Elementary cell: 

Ie locally 4 Rs and 2 Cs 

(DLC/Mesh, DLC/pad)

elx readout

(AFTER chip)

LTspice 

elements of 

our framework

(e-) signal injection at the 

capa - DLC connexion
12

Single pad made by 7x7 

elementary cells



3X3 nodes 

per pad

9X9 nodes 

per pad

 How many nodes are 

needed ?

 Preliminary X-talk study : 

Gerber routing + input  

impedance from P. Baron 

⇒ small effects found but 

would need more data

The LTspice framework is now 

complete 

Main issue/showstopper

circuits are built graphically 

nice for debugging for small stuff

really problematic for large circuit

Quickly

humanly not scalable/editable 

Possible way out (not explored): ASCII 

file - netlist, description of network 

(but then no more viewable) 

Punctual deposit

Charge vs time : LTSpice sim. compared to exact Telegraph Eq. solution

SPACE DISCRETISATION: 

LTSPICE
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CROSS TALK STUDY: 

LTSPICE

The first chip AFTER simulated uses 

theoretical elements

 impedance problem…

 Pulse timing problem for the non-

leading pads when cross talk 14

X-talk may arise from:

- elx chip

- pad - pad neighb. capacity

- PCB routing

- connector

Leading

pad



Current mirror
The input 

Impédance Zin
Version 0 AFTER Chip

From Pascal B. 

CROSS TALK STUDY: 

LTSPICE
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ASIC Circuit : 9x8 Pads

Aggressor

Victim

13/07/2022 16

Oumarghad Ahmed-Amine (M2) 

CROSS TALK STUDY: 

LTSPICE

Wrt Aggressor cross talk

• Cross-Talk ~ 0,4 %
• ΔT ~ 40 ns (like with real data?)

For a C-cross talk of ~1 pF

What’s the real value? 16M
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Ongoing study



FITTING THE WAVES 

(X RAYS DATA)

For a given pad, for each deposit  

fit simultaneously the Waveforms of the hottest pads

Extract  RC, Gain and deposit position/time

Shivam Joshi’s study (PhD)

X rays deposited punctually charge on the anode

Nucl.Instrum.Meth.A 1056 (2023) 168534
17

Due to its production process

(CERN Rui’s lab), R value is

not homogenous: +/-20% 



FITTING THE WAVES 

(X RAYS DATA)

RC

Gain

For a given pad, for each deposit  

fit simultaneously the Waveforms of the hottest pads

Extract  RC, Gain and deposit position/time

Shivam Joshi’s study (PhD)

X rays deposited punctually charge on the anode

Nucl.Instrum.Meth.A 1056 (2023) 168534
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Due to its production process

(CERN Rui’s lab), R value is

not homogenous: +/-20% 



UNDERSTANDING THE NOISE
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UNDERSTANDING THE NOISE

To understand the signal, one has to understand 

the noise. So how it looks?

Soubickchane Ramatchandirin + 

Raphaël Fourquet (M1 interns)

Fluctuations over many time bins

⇒ The frequencies of the bulk of Noise are much 

lower than 25 MHz (1/time bin = 40ns)

⇒ Low frequency noise, 

ie some correlation from time bin to time bin…

Done 10 times for all pads of the 16 Erams now in Japan (bottom TPC), 

for 4 sampling frequencies and 2 peaking times

(~1000 pads / ERAM)

Record of the baseline 

(no trigger) by D. Calvet

One record

Tp= 412 ns

Fs = 25 MHz
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Fast Fourier Transform of the baseline record: one record compared to averaged FFT over all pads and records

Data with

Tp= 412 ns

Fs = 25 MHz
Dominated by 

frequencies lower 

than 1 MHz

UNDERSTANDING THE NOISE
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Averaged FFT over 

all pads and records

Tp= 412 ns

Fs = 25 

MHz

The bulk of the spectrum is understood as the 

effect of the AFTER chip convoluted with some 

random current

AFTER chip cuts off frequencies above ~1 MHz

Bode diagram

of the AFTER chip

UNDERSTANDING THE NOISE

s ~ 1 ADC

Internal ADC noise? At low f, two populations of 

pads (2x36), due to pad routing

on the ASIC counting for ~1 

ADC only
22



𝐴0
𝑓2

2

+ 𝐴1 𝑓. 𝐻𝑎𝑓𝑡𝑒𝑟 𝑓
2
+ 𝐴2

2

The spectrum can be fitted 

quite decently with a 

“simple” analytical function 

But one wants toys events!

UNDERSTANDING THE NOISE
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𝑓2
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+ 𝐴1 𝑓. 𝐻𝑎𝑓𝑡𝑒𝑟 𝑓
2
+ 𝐴2

2

The spectrum can be fitted 

quite decently with a 

“simple” analytical function 

But one wants toys events!

Ok after adjusting/fitting 

free parameters Ai

UNDERSTANDING THE NOISE
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Very realist

simulation
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UNDERSTANDING THE NOISE:  

MAKING NOISE
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Inputs retrieved at % level

Work in progress

(to be continued)

Shivam

UNDERSTANDING THE NOISE:  

MAKING NOISE

Simulate noise on some pads + neighbourg
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 Over the last ~3 years, a consistent workplan was undertaken to test and consolidate the 

Telegraph Equation + Dirac pulse parametrization model of the T2K resistive 

Micromegas ERAM signal

 The cornerstone of the validation of the model is provided by the X-rays Fe-55 waveform 

studies (but the model was found relevant for tracks as well)

 We have all the needed tools (discretization, noise modeling) to address the systematics 

due to the RC uniformity and noise assumptions in ERAM signal analyses => to be 

implamented in T2K ND280 Monte-Carlo

( we didn’t take into account gas effects nor particular areas (pillars) , also x-talk studies are   

in progress )

S. Hassani, J.F.Laporte, Ph.Schune et al.

Conclusion
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NIM paper on elx to be published soon
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ATLAS NSW efficiency when 4 planes ok over 8 planes

~1200 m2 of resistive MM (+ sTGC = MWPC)
4 planes                4 planes
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