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=—==a¥ PAN: enables precise penetrating particle detection in deep space!

Penetrating Particle Analyzer

PAN is a generic instrument technology for deep space and interplanetary missions

Capable of precise measurement and monitoring in real time the flux, composition, direction
of penetrating particles (> ~100 MeV/nucleon) in deep space, around moons, planets, ...

~20% energy resolution for proton at 1 GeV, “unprecedented” in deep space

PAN fills a gap in observation and technology: ground-breaking!
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Penetrating Particle Analyzer

TOF: Plastic scintillator
with SiPM readout

PAN: versatile integrated instrument concept
= Excellent rigidity resolution thanks to fine pitch thin (Str|pX ) silicon detectors
= In addition: TOF PIXEL StripX

/\

p,xe| Tracker
modu e

Magnet
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: measure the particle direction in Y
with an angular resolution ~0.2°

-

= Also provide trigger
=  Measure Z (both Strip-X and Strip-Y)

Provide a trigger = PIXEL: 3-d points with 55 pum Si pixels

= No measurement degradation even during
the most intense solar storms

Measure Z
Measure Time of Flight

Provide a low energy
particle counter

= Provide a high rate particle counter
= Improve tracking (a fraction of events)

Measure Z (a fraction of events)

' All the goodies for just <10 kg, < 30 W, 30 X 20 X 20 cm3 !!! Only partial coverage for power saving
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PAN Microstrip Silicon Sensors

1. Silicon Wafer common properties for both types of silicon

3. Strip Y sensor properties.
strip detectors.

Device type Single side AC-readout /double metal Y sensor overall size 59000£20 x 5900020 pum
Silicon Type N-type, Phosphorus doped Active area Circular with D=51200 um
Crystal orientation <100> Number of Strips 128 ch

Chip thickness 15015 pum Strip pitch 400 um

Front and back side metal AL Strip width 380 um

Full depletion voltage Max. 50 V Readout AL width 10 um

Breakdown voltage Min. 100 V Readout PAD pitch 91.2(2lines) um

Tot. leakage current (at 1.5:V_depl) max. 3 pA

X — Detector Architecture

2. Strip X sensor properties. 4x2 digitization ;
X sensor overall size 5900020 x 59000£20 pm chains [iSEEINEEEEE S s N fr[;(gll?foc\sl N
Active area 51200 x 51200 pm ‘
Number of Strips 2048 ch = i b
Strip pitch 25 um
Strip width 13 um 1x Hamamtsu
Readout AL width 10 pum sensor + routing
Readout PAD pitch 96 um

HV filters
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e SUIFIP X Beam Test in November 2021

T9 beam line (CERN, East Areaq)

| | |
1\ l.

* Objectives: . L i
e |
g.Sil‘lp prototypes GPl() and Adapter boards

* Test the performance of 6 StripX

[w QA
prototypes e PR 2 e £/
| = N » Pl - %‘Q‘_
* Test the DAQ capability to readout - N Tt T YN
| ' J‘

6 StripX boards

.;.

. -\i LA ' "‘ ‘.
A @ ™
* Perform runs with/without A 3N j;/

magnets installed. ' . ' fﬁ g

RN~

StripX detectors inside the experimental area of T9 beam line.
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Penetrating Particle Analyzer

* Beam parameters:

Particles: 7.
Momentum: 10 GeV/c.
H/V dimensions: ~1.0 cm FWHM.

Beam trigger in coinc. with 2
Cherenkov detectors for better energy
resolution

Boards: O, 3, 5

Beam and DAQ Parameters

* DAQ configuration:

StripX boards bias voltage: 40 V.

6 StripX boards read by 3 GPIO boards and 3
Adapter boards connected to a PC through USB.

GPIO software: “socket” mode, controlled via a
TCP connection.

Visualisation software: based on ROOT,
controlling the GPIO software.

Visualisation software: starts a calibration, a
normal DAQ, an offline analysis.
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Penetrating Particle Analyzer

e Pedestals from a
calibration run.

e Standard deviation of ADC

values per channel from a
calibration run (CN

subtracted): ~1.5-2.5 ADC
units.
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Penetrating Particle Analyzer

e Pedestals from a
calibration run.

Standard deviation of ADC
values per channel from a

calibration run (CN

subtracted): ~1.5-2.5 ADC
units.

Board 3: StripX-
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Penetrating Particle Analyzer

Board 5: Strle L

()4 I} Strl

Pedestals - Ladder O

e Pedestals from a
calibration run.
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e (Channel Occupancnes with Clusters

Board O Board 3
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e Tracks Fitting. Magnets NOT Installed

. Input: a synchronised ROOT file with clusters per event (CoGs, sizes, integrals, SNR
distributions)

« Processing:

. Linear y* fit Yy = Slp - Z4,, + Int,_, where Slp - a track slope, Int,_ - an intercept of
the track at the layer O.

. Only events with 1 cluster in every layer are fitted.

. Performance metrics: )(Z/NDF , p-value, unbiased residuals per layer, RMS of unbiased
residuals per track

11
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Gradient Descent Alignment

)

. Based on minimisation of a global

)(2 _ Z Z (Y{it . Yt{’]it)z/NtraCks ) Alignment convergence
S E 10°
<
P
. 18 parameters to vary: g
/ . G
YCOG — YCOG AY,i — Zdet ' QX,i’
L gor = Lger ¥ Bz + Yeoi - Ok,
+ Ay, Ay, 0y, -shifts and a tilt around X of the i-th o
[ ! ! ! R R R T ! ! ! R R R R
layer 10 102

N iterations

. Perform gradient descent for N iterations: . .
Converges after ~100 iterations!

—

—_— D—\ ——>
Xy = Xy_1 — Yn—1 VX (Xn_1), Xy - vector of

parameters, yy_; - Step size

12
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e Unbiased residuals. Layers O, 1, 2

residual = Yy, — Yg,0 015 = \/ fot+(l—f) o2

Unbiased residuals, layer 1

Unbiased residuals, layer O Unbiased residuals, layer 2

= hy 180 , ny 180 hy
120 Entries 2787 = Entries 2787 - Entries 2787
- Mean  0.001825 160 Mean  -0.003938 160 Mean  0.00145
100 :_ Std Dev 0.001678 140 Std Dev 0.001389 140 Std Dev 0.001322

n 120 120
80— ~ —

- 100 — 100 — .
sof- - - Before alignment

B 80— 80—

40— 60 — 60

B 40— 40
20— - ~

B 20— 20—

B | 1M1 | rh il i |_| 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I —:. | 1 | 1 1 1 | 1 1 1 | 1 1 1 .—I—'T‘—|—L|—|I.—.I I.—I [ I o Y B | .—l—. 1 1 = : | | L ] .—U—'—II '_L'_| | | | | | | | | | | | | | | [ '_|| i | |

—&008 -0.006 -0.004 -0.002 O 0.002 0.004 0.006 O 008 CP 008 -0.006 -0.004 -0.002 O 0.002 0.004 0.006 0.008 (Poog _0. 006 ~0.004 -0.002 O 0.002 0.004 0.006 0.008
cm cm cm
Unbiased residuals, layer O {p-value > 0.01} Unbiased residuals, layer 1 {p-value > 0.01} Unbiased residuals, layer 2 {p-value > 0.01}
hy hy _ hy
120 C Entries 2628 160— Entries 2628 1400 II\E/Intnr(]as | 2?28
: : sg0e-os : ook
B Std Dev 0.0009183 140— 2/ ndf 58.48 / 43 N 2 1 ndf 36.78 / 42
100— %2 1 ndf 75.06 / 57 o 50 6191 » 44,77 120— p0 63.61+ 31.55

- pO 99.92 £ 71.95 120 p1 ~0,0005546 =+ 0,0001618 - o] o-aoaation = .00 174

B (p2 0.0008784  0.0000286 ) u (p2 0.0005448 = 0.0000993) 100 Si 0.0005123 < 0.0000658 )
80— p3 16.41+ 67.35 100~ p3 9329 = 33.40 ~ 00002373 + 00001932

B ( p5 0.0008784 = 0.0001568 ) - p4 00002181+ 0 000287 _ (p5 0.0007105 = 0.0000617)

B = ~ - ('p5 0.0007386 = o.oooomi) 80— = =~ o
60/ 801 - After alignment
40— ~ N
oF 20— 20—

B | | lo | | | Lo L | | | | | 1 1 | 1 | ol g | | | Lol : | | | | | | | | | | | | | | 1 1 | | | | | | | | | | : | | | | 1 | | | | | | | | | 1 1 | 1 | | | | | | | 1 1 1

(P 008 -0.006 -O. 004 -0.002 O 0.002 0.004 0.006 0.008 —(53.008 -0.006 -0.004 -0.002 O 0.002 O 004 0.006 0.008 —09008 -0.006 -0.004 -0.002 O 0.002 0.004 0.006 0.008
cm cm cm

0o = 8.78 £0.29 ym o, = 6.68 £0.86 um o, = 6.40 £ 0.64 ym
13
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e Unbiased residuals. Layers 3, 4, 5

residual = Yy, — Yg,0 015 = \/ fot+(l—f) o2

Unbiased residuals, layer 3 Unbiased residuals, layer 4 Unbiased residuals, layer 5
= hy - hy - hy
- Entries 2787 u Entries 2787 il Entries 2787
160 140 160
= Mean 0.0009495 - Mean 0.002518 - Mean  -0.004559
140 Std Dev  0.001201 120 Std Dev 0.001518 140 Std Dev  0.001602
120~ JooF 120
100 : 100 .
3 80| soF- Before alignment
80 - u
60 — 0 60
40— 401 40
20 - 20— 20
| | | | | I.—.I.—.l | | | | | | | | | | | | o |.—.I | | _I | b | | Il_l I_l.—l | | | | | | | | | | | | | | | 10 o _I | | | | | | | | | | | | | | l—'J_II-.I_hl_u'I.—I-..—.I l'|_|.—l I= S M =" |.—. | P = =
—&008 -0.006 -0.004 -0.002 O 0.002 0.004 0.006 0.008 —CP.OO8 -0.006 -0.004 -0.002 O 0.002 0.004 0.006 0.008 —(9.008 -0.006 -0.004 -0.002 O 0.002 0.004 0.006 0.008
cm cm cm
Unbiased residuals, layer 3 {p-value > 0.01} Unbiased residuals, layer 4 {p-value > 0.01} Unbiased residuals, layer 5 {p-value > 0.01}
h h
L Entries * 2628 140 - Entries o 2628 L Entries ’ 2628
140 S1d Dev “0.0007364 - Mean 132008 - St D 00009353
. L L ev .
120F o 141828 1200 it w40 | 100F 5" 10762 58
oy 2.70 protr B PO 123.6 + 3.5 B 21 00001718 + 0 n-nn?w-t;
B 1 =t ; —_ ni =3 535e_08K + 2 320e_058 | +
J00F- Eg 0.00072921 : gsogﬂ%ggg ) 100 @g 0.0008185 700_502000 51 ?g ) 80— Ei 0.000869318&02010:22
— o} 0.007007 ..001193 — P . + 0. — D _ +
80 Z_ pS 0.0004356 =+ 0.00204427 80 :_ (gg 8 ggggggg + 8 8881 ’1%2‘211 B [pg o.o%ggl;ﬁ 0%88?;;:)
: : 601 After alignment
60— - B
40 - 40 — B
20— 20— 201~
1 1 1 | 1 1 1 | | | 1 1 1 | 1 1 1 | | | 1 1 1 | 1 1 1 B 1 1 1 | 1 1 1 l | | 1 1 1 | 1 1 1 | 1 l 1 1 1 | 1 1 1 B 1 1 1 | 1 1 1 l | | 1 1 1 | 1 1 1 | 1 1 | 1 1 1 | 1 1 1
—(9008 -0.006 -0.004 -0.002 O 0.002 0.004 0.006 0.008 —(9008 -0.006 -0.004 -0.002 O 0.002 0.004 0.006 0.008 —09008 -0.006 -0.004 -0.002 O 0.002 0.004 0.006 0.008
cm cm cm

0, = 6.86 £ 0.63 um o, = 7.89 £0.34 ym os = 8.34 £ 0.81 um
14
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et RMS of Unbiased Residuals per Track

After alignment

Standard dev. of unbiased residuals {p-value > 0.01}
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0.0005 0.001

Mean = 8.42 = 0.06 yum

0.0015 0.002 0.0025 0.003
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Alignment parameters
Layer: O Layer: 5
Ay : 0.026 um Ay 5:-1.4312 um
Ay y:-0.014 um Ay 5:3.301e-03 um
Ox o: 2.773€-05 Oy 3:1.315e-04
Layer: 1 Layer: 4
Ay 1:-0.435 um Ay 4: 0.012 um
Az 1:0.016 um Ay 4:-0.008 um
Oy 1:-3.944¢-04 Oy 4: -1.716e-05
La:yer: 2 La:yer: 0
Ay,:2.56902 um Ay 5:-0.394 um

A, 5 2.950€-04 um
HX,zz 2.5466'04

Layer: O - upstream

A, 5:2.869¢-03 um
Oy 5: 4.306e-04

Layer: 5 - downstream
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i® Better E d MCS Contributi
After alignment Scattering angle:
v2/NDF {p-value > 0.01}
. Corrected measurement ¢ s 7678 - .
50 Sober  o0ars g, = 2OMEV Xt |y 4o 0381 [ 2
Crrors: N3 ‘\JM ' 0 ppc “V X I X ]
20F-
. [f cluster size ==1: 15ﬂ | H
oy = pl\/12 1:5_ 'H MCS contrlbutlon per layer for 10 GeV/c pions
; | Oprcs» MM
O TT0s T 15 225 8 35 =
¥2/NDF
. Else: oy = - p/ SNR _ p-value of ftted tracks T LayerOO _______________________________________________________
L Erifies 4505 Layer 1: 0.75
StdDev 08815 |
» SNR - signal/noise I Layer2: | 050
averaged over the = Layer3. | 64
cluster oL o Layers: | oSO
: Layer 5: 13.74
1 0 oz 04 06 o8 1

. a S 1/1.5 + clustSize

P-values are ~flat.
v*INDF — 1

I'. v . Radeka and R .A . Boie, Nucl . Instr. and Meth . 178 (1980) 543 16
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e | FACKS Reconstruction Modifications

Reconstructed momentum error (p-value > 0.01)

B hmom
* Implementation of a realistic magnetic 250/ Eniries 3487
B Std Dev  0.2431
field map :
200—
* Adding Kalman filter based on GENFIT o i
package for tracks fitting :
w 3D mapping VAC Magnet sectors 3 and 5 with 3cm gap ~ + 100 :_ —
501 ﬁj
07205 206 “04 02 0 02 04 06 08

By[mT]

(p-pTruth) f p

Preliminary (!) results of the momentum resolution for 10 GeV/ic 7.
The tracks displacement due to bending is of the order of a few channels
on the last station

100

50 —

0 - MU T I I I I I I B T

-210 -180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180 210

z [mm)]

17
Magnetic field map used for tracks reconstruction
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-2 Conclusion and Next steps

. 6 StripX layers are working together producing meaningful data.

. Minimum sigma of the coordinate residuals: 6.40 = 0.64 um for a middle layer

. Curved tracks reconstructed for beam test data. ~24 % momentum resolution
achieved (preliminary!)

. Continue data taking using cosmic rays in our lab.

. Add StripY and ToF detectors to the current prototype.

. Prepare for the next beamtests in 2022.
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