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HARPO PROJECT

HARPO (Hermetic ARgon POlarimeter) is an R&D program to characterize the operation of an argon-gas-based TPC as a 

high sensitivity telescope and polarimeter for cosmic γ-rays in the energy range MeV – GeV 

Instrumental method:

- Use a Time Projection Chamber for Pair Production (γZ→Z𝑒−𝑒+) & Triplet Production (γe→𝑒−𝑒+𝑒−)

- 3D reconstruction in a “thin” homogeneous pressurized argon-based gas mixture
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ST3G scheme validation : 

prototype for a balloon test
Demonstrator

Polarized γ beam test 

[NewSubaru in Japan] 

November 2014

Demonstrator: read with AFTER ASIC (same architecture as AGET without trigger part)

Spatial environment: electronics with radiation hardness against Single Event Latch-up (SEL) which can be destructive 

effect.

New ASIC called ASTRE based on AGET architecture

o ASTRE: « Asic with SCA&Trigger for detector Readout Electronics »



LATCH-UP HARDNESS

Radiation hardness tests [Cyclotron Resource Center of Louvain La Neuve]

ASIC tested at 2 different LET values: 43.2 MeV.cm2/mg & 62.5 MeV.cm2/mg.
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Latch-up test: threshold < 32.5 MeV.cm2/mg (enough for space mission)
Some digital part of the design still latch ..

Idef-X_V1.1 is another ASIC 
in the AMS 0.35 µm without 

hardened design



NEW FEATURES: PEAKING TIME

ASTRE ASIC Peaking Time: 75 ns to 8 µs [75 ns to 1 µs]
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Peaking

Time

FWHM

simulation

62 ns 120 ns

109 ns 210 ns

219 ns 440 ns

266 ns 520 ns

320 ns 610 ns

364 ns 700 ns

478 ns 930 ns

522 ns 1,020 µs

566 ns 1,030 µs

604 ns 1,1 µs

711 ns 1,31 µs

751 ns 1,38 µs

817 ns 1,52 µs

855 ns 1,58 µs

963 ns 1,8 µs

1004 ns 1,86 µs

Peaking

Time

FWHM

simulation

FWHM

measurement

68 ns 118 ns 125 ns

116 ns 192 ns 240 ns

180 ns 304 ns 361 ns

225 ns 387 ns 462 ns

343 ns 604 ns 696 ns

442 ns 785 ns 904 ns

541 ns 963 ns 1,1 µs

641 ns 1,147 µs 1,314 µs

739 ns 1,315 µs 1,491 µs

836 ns 1,496 µs 1,7 µs

943 ns 1,681 µs 1,908 µs

1039 ns 1,86 µs 2,106 µs

2034 ns 3,597 µs 4,022 µs

3985 ns 6,898 µs 7,625 µs

5770 ns 9,761 µs 10,69 µs

7700 ns 13,02 µs 14,21 µs

AGET ASTRE

Peaking time:
interval time between 1 % to 99 % of Vmax
FWHM measurement:
mean of 18 x 64 channels

FWHM



NEW FEATURES: MULTIPLICITY

Multiplicity signal unity level: x1, x2, x4 or x8 [x1 for AGET]
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AGET ASTRE

Unity level:
ASTRE n°21: 57,6; 109; 210; 412; ASTRE n°19: 60, 116, 212, 418
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Unity level:
59 bin-ADC

The 2-bit state1<28:29> permit to increase or decrease 
the value of unity multiplicity signal. 

Slope w0 w1 w2 w3

x1 50 39 60 70

x2 92 70 113 131

x4 177 148 212 246

x8 362 297 443 541
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NEW FEATURES: INTERNAL TRIGGER SIGNAL 
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 LVDS BUFFER: true LVDS buffer, needs resistor termination on pcb
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ASTREAGET

LVDS Trigger threshold: 1, 2, 4 or 8 hit channel [x1 for AGET]



CONCLUSION
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ASTRE is the upgrade version of AGET designed first for latch-up hardness purpose

This chip offers new features as:

 New peaking time range value which permits to read TPCs with a highest time window 

 A highest unity value of multiplicity signal which allow a better detection of the signal for triggering

 LVDS trigger signal for different values of hit channel number (minimum of 1, 2, 4 or 8)



AGET ASIC: ARCHITECTURE
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12-bit ADC

[ADS6422]

Serial Interface Mode CKIn Test CSA;CR;SCAin;DISCRIin(N°1)

Asic “Spy” Mode Readout 
Mode

SCA MANAGERSLOW CONTROL
W / R CK

TEST Power on 
Reset

AGET

512 cells

SCAFILTER

tpeak

CSA

1 channel

x
6
4
in

ADC

Charge range

DAC
Discri

inhibit

BUFFER

x68

Hit register
SCAwrite

Trigger pulse

64 analog channels : CSA, Filter, SCA (512 cells), Discriminator

Auto triggering : discriminator + threshold (DAC)

Multiplicity signal : analog OR of 64 discriminators

Address of the hit channel(s) 

SCA readout mode  

all, hit or specific channels

4 Gains/channel 

120 fC; 240 fC; 1 pC;10 pC

16 peaking time values  

50 ns to 1 µs

Fsampling

1 MHz to 100 MHz

Fread

25 MHz

Input current polarity 

positive or negative

Possibility to bypass the CSA

enter directly into the RC2 filter or SCA inputs

Meeting at Saclay | 01 June 2017


