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2022 Test Beam @ DESY

Test Beam'’s primary goal

= Studies of sensor response of Si and GaAs pad sensors prototype, with up-to-date
development of FLAXE FE and FPGA read-out, to electrons with energy in the range of
1to 5 GeVinthe DESY Il electron beam

Test Beam'’s questions to be answered
= readout testing with various configurations
* homogeneity of the sensor response
* signal size and signal-to-noise ratio for several pads of each sensor type
= edge effects, response between pads
= response in the positions of the routing strips, cross talk
cross-checking data with simulations results
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Sept ‘22 - test beam conditions

DESY Hamburg Facility . "}% ’
= electron beams of 1- 6 GeV/c °
= primary and secondary targets Secondary
= dipole magnet (DESY Typ MR)+ Primary Targeto ef
additional magnet (DESY Typ MB) for geometrical reasons Target Y.z~ _Qigjg_'ﬂa

= a primary collimator (tungsten)
» test beam shutter — controlled by safety interlock system..

® huts allowing user control of the corresponding beam line

Test Beam Area TB24

particle rate [a.u.]

=
oo
T

e
o
T

=1
e
T

» beam monitors — just after the evacuated beam pipe
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particle flux [kHz/em?]

= second collimator — lead insets of 5 x 5 mm2to 20 x 20 mm?
= EUDET-type pixel beam telescope —to track the test beam particles
= 2 telescope arms with 3 planes each
= each plane is a MIMOSA26 monolithic active pixel silicon sensor
» EUDAQ data acquisition framework consisting of:
» 3 EUDET Trigger Logic Unit (TLU) — timestamp information on particle
passage through 4 trigger devices in coincidence
= MIMOSA26 DAQ & DUT DAQ
" 3 x-, Y-, d-stage system providing a pm-precision
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Experimental setup

Test Beam Area TB24

o w
¥ 3 Coordinate | » collimator —lead insets of 12 x 12 mm?2
ol b I8 (Coordinate in mm) o o o 2
& 2 & I8 ~ ‘_l b = 6 Alpide Si telescope planes
x e =53]
- - - - - - T o) Syriy Sty R e * 1arm with 3 planes equally placed
53 913 * . i
I} s 1arm with 2 planes close to DUT
....................... 26.5.. (Measurement in mm) <.147. SRR ® dat isiti f k-
< 377 N 5815 & 304 data acquisition Tramework:
Telescope Telescope Collimator * Trigger Logic Unit (TLU)
DUT (Planes 3-5) (Planes 0-2) * EUDAQ for telescope

* FireDAQ for DUT / sensors
» DUT placed on x-, y-, d-stage system

DUT components

» ECal Luxe TestBeam box frame

= components included in the DUT:
* Al foil for entrance window
* sensors of various types (3 Si & 2 GaAs)
* W plates with different compositions /
thickness

= electronics for the sensors
* FLAME board
* cables, FPGA card
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Setup components

FRONT BACK
ECal
BEAM >

” Detector

Box
telescope 1 I T T T O O O A O
Wol sensor free slots in the chassis
Telescope planes
= Alpide Si sensors: Sensors under test
* Pixel pitch: 29.24 um x 26.88 um = Sj sensors:

* Pixel number: 1024 x 512

* Spatial resolution: 8.44 um x 7.76 um « thickness: 320 um
* Time resolution: 10.0 US « dimensions: g cm x 4.5 cm
* padsize: 5.5 MM X 5.5 MM

* number of pads: 16 x 8

= GaAs sensors:

W plates
= > different compositions:

* 2types, denoted Yani and Antonz

* thickness: oo um

higq

* 7with93% W * dimensions: 74.7 mm x 49.7 mm

* 8 with 9g5% W * padsize: 4.7 mm x 4.7 mm

®» Various thickness: * gap between pads: 0.3 mm

* from 3.4701t03.645um * number of pads: 15 x 10
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Data processing
» There are no ‘raw’ data samples stored for
Flame ASICs (except debug runs)
= Signal processing/extraction is made
already on the FPGA level, which includes:
« Pedestal subtraction
* Common mode subtraction

* Signal extraction

* Zero suppression

» OQutput information corresponding to each

single hit are:
+ Chanel number
* Signal amplitude (in ADC units)
* Time of Arrival
* Chanel gain (constant during whole testbeam)
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Electronics Configuration
Analogue signal —- TCP/IP & UDP/IP —
Trigger & event number - 5Gbps serial link ---=
Scintillator Adenium telescope Sensor
|] ALPIDE under test
TLU SENS0TS [Im:”:lﬂﬂ I:I
. (Trigger Logic Unit) LA S B 4x FLAME |Readout
P_ Reaadnut & DM!| asics board
l . 8x 5Gbps
| ' |oata |Cmtror g serial link
FPGA-based
1 DAQ
Telescope | (Zyng
data collector” 3 UltraScale+)
i . UDP/IP TCP/IP
. ‘ ; ) ke EUDAQ i natav Control
— TCP/TP
un Run control Sensor
control data
- collector
Credit: Jakub Moron (AGH)
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Number of triggers:
C74 18x10° scan overthe sensor
7% 108 at position—37,5, - 6.5
C75 27x10° scan over the sensor
18 x 10°® at position —1.5, - 88.5
A1 46x10° scanoverthe sensor
Y1 44 x10°% scanoverthe sensor
33 x10° atposition 1, - 94,4
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The integrated GUI

FLAME data structure

= for each run a TB_FIRE_#run_nb#.root
and .log files are created
* #run_nb# is directly taken from the
telescope run number
* .log file contains the flame settings
» flame data are stored in a .root file
* one can easily browse the file through
TBrowser
® each .root file contains:
* Tree with ,raw” data, TreeOnFire”
» Several basic plots like:
o Signal spectrum for each plane
(h_plane_charge_spectrum(x])
o Hit map for each plane

(h_plane_hit_map[x])

9/1/2023
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=A@ TB_FIRE_941.ro0t

- #¥| TreeOnFire;2

E1- % | TreeOnFire; 1

- §¢ NB_OF_PLANES
h missing_planes

- § has_SRS

$% TLU_number

- §y extended_TLU_number
-&trigg_souroe

3R SRS_0

- §wSRS_1

Ry RS2

- Apuane 0
-ﬂPiane_i

5 A]Plane_z

: |kh_total_arrn_s.pec;|
h h_integrated_hit_map;1

- h_integrated_detector_hit_map;

~|Ja h_plane_charge_spectrum0];1

N h_integrated_plane_hit_map[0];
. |khjlane_hil_rate[0]:!

---mhjlane_charge_spectmm[‘ll:l
i i h_integrated_plane_hit_map[1];1
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. Lk h_plane_charge_spectrum{2];1
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Telescope & sensors alighment
Alignment procedure with Corryvreckan Alignment efficiency indicators
n - 1 . . .
Four-step alignment = Pull function - should be a normal dist. with p =0
* Pre-alignment
ando=1
* Alignment on x-y )
. . = Residues - smaller than 1 um
* Alignment on rotation
. . = ¥2[n - ksata
* Alignment on x-y and rotation X*INpgr - peaks at
ADENIUM_O Pull X ADENIUM_Q Pull ¥
. [ GlobalpullX | Globalpully
E 1000 N Entries 50000 £ JeoE l Entries 50000
® | LUXE Preliminary || Forigee ¢ T LUXE Preliminary | Mesn 0001267
oo~ ECAL TB2022 ¢ . ECAL TB2022 F
T Run 4466 JJ F Run 4466 i
600— f 600 — { kh
400; \ 4007
L { L 1{ ‘k
| |
200__ f 200/ [‘ |
B IJJ‘r i f 11”.
0g ,‘4 ,Ia” ',IZ‘M;' 'ul' - ?\L ST ‘:l"‘ J, ] 9; 4 =37 =D {|1 [‘) Eﬂh 2‘ al ] 4‘ 5
X-Xyaeilresalution ¥ freackion
ADENIUM_Oglobal Residual X Track y2/ndof
GlobalResidualsX trackChi2ndof
3500; o Entries 50000 . % B Entries 50000
s égﬁ P;"m'”afy ven sseees w Tracking models: s b ot
g TB2022 - :
B * General broken line (GBL) 2500/ o
2005 Run 4466 . . . : LUXE Preliminary
a0k » Simple straight line (SSL) 2000/ ECAL TB2022
& . Run 4466
1500~ L
1000; 1000;
500; = Credlt . Shan Huang 500;
oot o0 aos 0 oome e 001 o2 o5 ; 3 ; ==
XX [MM] ¥2/ndof
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Sensors data analysis

Si sensors (C74, C75) GaAs sensors (Yani, Antoni)

= channel by channel gain calibration can be done by looking on the response of sensor directly exposed on MIPs deposition in Si sensor

» for each pad a (Landau & Gauss) function was fitted to energy spectrum

Amplitude per pad 66

& timeframe 3 & 4
Ampli . - _g £ Ertries w6087
. el per P4 s e Analysis conditions 5 sl -
! 20000 Erios 200616 E ey i
B 3 s = kept all timeplanes » cut on amplitude < goo ol = e
16000 F- ;im’;"' y Sf‘:;‘g ! i C Aws 6539800 426610002
aooo - woo aniom * dead channels masked * Gauss&Landau fitted in soaf e
. I i ) i
3 range [12-64] ADC s
8000 - Integrated Hit Map i
6000 x10° :—
'0002— 7000 u: 7
zuuu? 5000 . C "“[“Dé
9 100
e e 5000 Integrated Hit Map §
a0 > F [
13000 g;
8
Amplitude per pad 71 L Amplitude per pad 42
E imeframe 3 & 4
§ oo = S | szof” o
1000F- S o 0o ool e
400 F- ifoo S : = i e
mnof— Area 18950404 & 14110402 ai 80005 Area |32:=|15|(.Z!k;r:E
E 1.714 £ 0.048 E E QSgma 3.841 1 0.024
e 2 souol—
800~ E F
EQUE* ! 4000:—
= |
) » alot of channels are dead or unresponsive s
1 0 1
s » for each pad a (Landau & Gauss) function was fitted to Amp ADC]
energy spectrum
Data from run4436 - C75 sensor = The analysis showed very small deviations from Data from run4484 — Antona sensor

« Beamon pads 49, 51, 59, 61 channel to channel = Beam on pads 42,44,62,64
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Sensors data analysis
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Sensors data analysis

Signal to noise ratio
= Signal to noise ration for C74 silicon
sensor and Anton1 GaAs sensor

MPVsignaI

S / -
N Jpedesml

» Sisensor C74 - pedestal extracted using
Common-Mean-Noise + baseline and
deconvolution methods
= s/n ratio on each channel is lower when

using deconvolution
® s/n ratio has a wide spread over 10 ADC
* GaAs sensor Antona - signal-to-noise

ratio in a narrow region (around 10 ADC)

LUXE Collaboration Meeting
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Sensors data analysis

Performance near the edges of the pads
. Signal scan: pads 49 and 59 using 50 um slices

g 0r
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Sensors data analysis

Amplitude per pad 46 Amplitude per pad 66

- - timeframe 2 & 3 8 s %
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u GaAS Sensors 12; grsei:ma 3_251327;0?5’3 b GSigma __ 4.412+0.844
. . . 10 gz,
* the signals of the pads are routed to the edge via traces in i :
j 61—
between the pads. £ N
g ok
* electrons impinging on these traces may induce signals E bl (TR D )
10 20 30 40 50 60 70 Amp [ADC]

80 90 100
Amp [ADC]

assigned wrongly to the pad where the trace is connected.
Int\rgrated Hit Map
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timeframe 2 & 3
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=
* Siand GaAs sensors
. . . Amplitude per pad 32 )
* signal routing traces have a non-zero capacitance to E R —imeTame 283 i Ampltude por pad 2 e
neighbors, resulting in cross talk of signals between traces. - & ssooor 2=
* to study this effect we used runs with the beam spotinthe ™ O o ok oo
lower part of the sensors. o 20000 ]
. . . 10000[— 15000:,
* we searched for signals in pads in the upper part, not : g
5000; 10000:7
covered by the beam g 000
G[Ji B‘Cl S‘Cl 100 OE‘ Il Liias
Amp [ADC]

80 90 100
Amp [ADC]
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Simulations

Simulation setup p0s_yp0s_x
. e with5GeV
. centered on pads 64, 65, 74, 75, 84, 85

. source type: squared, 12 mm x 12 mm
« Number of simulated events: 1 000 0oo

o Similar with rung484

poS_y:pos_x

sl
oF Geant4
o Data
10—
—— Edep
- ElepiBade—l] | GOS0 SvEnvEs g WSS R RSV, SIS RS e
E —— Edep {Pad == 75}
F Edep {Pad == 84)
L —— Edep {Pad == 85}
i Edep [Pad —- 73} e T I 8 A R A S i R P A
Edep {Pad == 76}
10° £
10° & ﬂ_-—L-L-1__,jﬂﬂ1_ﬂﬂHL T TS NI - OO SRR ORI,
102 J’ I
i i
\‘\\\\‘J\\\‘\\\\‘\I\I‘\\\\‘\\\\‘\l—l\l_l"_\‘\\\\ L I 1 | |
0.3 0.4 05 0.6 0.7

0.8 0.9

Edep
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[ ] [ ]
Simulations
D
ata from run4436

. Beam on pads 49, 51, 59, 61 = Geant4: FTFP_BERT_EMZ

. MPV = 20.79 ¥ 1.07 [ADC] Data: run4y749 — C74 sensor with 1 tungsten plate in front
Energy deposition for sensor with 1W
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@ I ]
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s = 2 =N LBE
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= 4000 — Shielding
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E 3500/—
6000 ? 3000
5000 — 2500
4000 f— 2000~
3000 1500/
1000 —
2000 F
500 —
1000 = et
0= Lo Ly TR
g Pl o | e poele s 0 %2 ey
0 50 100 150 200 250 300 dep
ADC
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Simulations vs Data

Longitudinal shower development — Data

E - Geant4

27

MPV [ADC]
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22A
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21

o t+ 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
No of W
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Geant4 implementation

* placed all tungsten plates in the same
position as in test-beam taking into
account that the plates where
removed one by one starting with the
one placed further of the sensor - no
noticeable influence!

= checked the composition of each
tungsten plate and implemented in
Geant4 simulations - no noticeable
influence!

* modified the beam profile using a
Gaussian shape of the energy
distribution for the incoming
electrons - no noticeable influence!

» modify the physics list to include /

exclude some process - work in
progress.
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Our beam tests were conducted on DESY-II TB24 for LUXE ECAL sensors

= successful alignment of telescope with the sensors under test
» multiple scattering considered (general-broken-line model) except the last two planes
* small residues, nice pull functions and y2/np, ¢ distribution
= studied the sensor’s properties with the help of the telescope
= pads in one sensor are generally homogeneous
=signal sharing is observed near the boundary of two pads
= proofs are found indicating different behaviors for sensors with and without traces
= differences found when compared simulations with data for GaAs sensors
= good agreement between data and simulations for Si sensors with and without W plates in
front of it
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