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Alibava telescope setup

XYT1 XYT2

DUT XYT3  XYT4

Beam

—

Telscope + mechanics

All electronics — Alibava boards (one for each XYT
module) + Master controller FPGA baord

Chiller — cooling for peltier element + radiator
LV power supply for scintillators

HV power supply for XYT modules + DUT
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XYT modules:
* 300um thick Micron strip sensors 1cm?

* Sensors mounted back to back
perpendicular to each other

* Current design uses only 2 beetle chips

*  XYT upgrade will feature larger sensors
utilizing more beetle chips

» Additional XYT stations are planned
featuring micro-strip sensors

XYT module

Beetle chip 0
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Detector | Pitch/ Designation Description Thickness | Bulk
width resistivity

Single-charged P+
junction implant,
GLCO6 P80 W60 1E15neq #56 Liv-2935-7-1-13-L no diffusion 300um 13kQ/cm
Single-charged P+
junction implant,

GLCO7 P80 W25 1E15neq #57 Liv-2935-7-1-14-L no diffusion 300um 13kQ/cm
Single-charged P+,

GLCO8 P80 W60 5E15neq #58 Liv-2488-7-1-13H no diffusion 675um 8kQ/cm
Single-charged P+,

GLCO09 P80 W25 5E15neq #62 Liv-2488-7-1-14H no diffusion 675um 8kQ/cm
Single-charged P+
interstrip, junction implant,

GLC10 P80 W25110 1E15neq biased #48 Liv-2935-7-2-6-L no diffusion 300um 13kQ/cm

DUT’s are from Liverpool RD50 Charge Multiplication wafer
Sensors have all been pre-tested in lab — see talk yesterday by Sven Wonsak

Data taken at DESY 29™ April — 12t May, 5GeV electrons
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* Output from 100,000 evt sample

| Reco tracks per event I h_RecoTracks Track XZ I Ndof | In_RecoChi20verNdot

Entries 29854 Entries 22112
Mean  0.7407 = Mean 2703
22000 RMS  0.4383 2000 RMS 2667

* DUT excluded 20000

* Track candidates require 7 good 14000
plane hits o

* Tracking and alignment software
still under development

2 3 4 5 6 7 8 9 2
Reco tracks per event %2 / Ndof

° A||gnment has to be done by hand [ Reco track: N measurements | Eh_t'?“";z':i [ Reco track: N modules with hits | :-':@"‘"2‘:‘1‘:

-> residual dependent auto 100%F me_peal] 2 =
. ooof- g
alignment o 18000
12000} 16000F
10000 14000F
* Material and dE/dx for tracking not ek 120000
C 10000F
fully implemented 000} so0of
e 6000f
4ooo§
* Straight tracks only i 2000

e e A e
Measurements per track Modules per track
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k Visualization

800 [\ ROOT's GL viewer
File_Camera

* Track visualization possible using root GL viewer Y —

Nana

GLViewer:TGLSAViEwet
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X station Y station
BEAM EXITS [ Alzln;uovmodum(xm)mmwl

[__All hits of module 4 (XYT1) plane 501 __|

* Station refers to each
silicon sensor

201
00! 501
80!
601 001
1200 1500
- E
00 oo
00
00 00
00

All hits of module 3 (XYT2) plane 400

*  White is all hits seen by XTY
stations

- & 8 8 8 B
T TTTT

* Blue shows ‘on track’ hits

[__All'hits of module 1 (XYT3) plane 200

1800

* On Track refers to hits -
associated with tracks

[__AIl hits of module 1 (XYT3) piane 201 _|

- B 58888
T
- B & B B B B 8
T

* Usual Alibava/Beetle noise
. . All hits of module 0 (XYT4) plane 100
seen — noise suppression a—
working well

All hits of module 0 (XYT4) plane 101

T[T T[T T[T T[T

BEAM ENTERS e
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X station

Size of used clusters in module 0 (XYT4) plane 100
14000

Y station

Size of used clusters in module 0 (XYT4) plane 101

BEAM EXITS

14000 = Mean 1433 Mean 1462

C RMS 0.6613 E RMS 0.7042
12000 — 12000 F—
10000 [ 10000 F—
8000 [— 8000 [—
6000 [— 6000 [—
4000 [— 4000 [
2000 [— 2000 —

C | C L | Il

g L] L] 10 g L L] 10
Cluster si Cluster size

Size of used clusters in module 1 (XYT3) plane 200 —

 Each station shows nearly
identical cluster sizes

BEAM ENTERS
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[ Size of used clusters in module 3 (XYT2) plane 400

g
T T T T T T [TIT[TTT]T

Size of used clusters in module 4 (XYT1) plane 500

g
TTT T [TT T[T TTIT[TTT]T

1514

07178

|

0

Cluster si
[P ClusterSize? ]
iries. 050

Mean 1475
RS 07048
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Residual map — XYT stations

[ Plane 0: residuals map | [ Plane 2: residuals map | [ Plane 5: residuals map | [ Plane 7: residuals map |
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Residuals are calculated for each XTY module and each X/Y station

Inner module/station residuals calculated — 2mm?2blocks
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* Left shows XYT module averaged residuals

* Right shows inner station residuals

Residuals of module 0 (XYT4) plane 100 Residuals of module 1 (XYT3) plane 200
200 h_ResiPlane0 h_ResiPlane2
£ : i [enties at0a 200 = Entres 4105
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XYT Station Efficiency

* Each X/Y station shows excellent
efficiency

*  Some inefficiency's seen at edges
— beetle generally have more
noise at ends channels
— non perfect alignment with
respect to beam

| Tracking efficiency per plane |

-
o
o

Efficiency [%]
[
— Om

Efficiency in module 4 (XYT1) plana 501

200

M 8, M, 8, 7 8, LD [
©d.g F"OW 'ack 0d.7 F"OW ack ©d.o Fro," ack 0d.3 Ffo,,, ack
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X station Y stati
B E A |V| E X | TS Charge of all clusters in module 4 (XYT1) plane 500 Charge of all clusters in module 4 (XYT1) plane 501
4o 4o
) e [ T7 cumees. n =
% [ oan 15 %0 F woan 1254

* All X/Y stations show similar
charge collection with
respect to each other

Charge of all clusters in module 3 (XYT2) plane 400 Charge of all clusters in module 3 (XYT2) plane 401
4

* Calibration from adc to .
electrons is ~150

Charge of all clusters in module 1 (XYT3) plane 200 Charge of all clusters in module 1 (XYT3) plane 201

*each board has a slightly
different calibration

200 20

Charge of all clusters in module 0 (XYT4) plane 100

BEAM ENTERS
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X station Y station
B E A |V| E X | TS Charge of used clusters in module 4 (XYT1) plane 501 Charge of used clusters in module 4 (XYT1) plane 500

|—Q=151,B3 + 0.46

llllllllllilu|i|||||||||||||||||||i|n|i

m'|'m U LAL LL Lal L L L

* All X/Y stations show similar
Charge Collecﬁon With r Charge of used clusters in module 3 (XYT2) plane 400 Charge of used clusters in module 3 (XYT2) plane 401
respect to each other

—— Q=162.83 + 043

||||l||uillllil||||||ui|||l|u||i|l|li| iy
||||.|lui||||im I L e

* Calibration from adc to
electrons is ~150

Al

Charge of used clusters in module 1 (XYT3) plane 200 Charge of used clusters in module 1 (XYT3) plane 201

—— Q=170.71+ 0.39 WE —— Q=170.09+ 0.41
s0f—

*each board has a slightly
different calibration §3

Yields ~23,000e

Charge of used clusters in module 0 (XYT4) plane 100 Charge of used clusters in module 0 (XYT4) plane 101

—— Q=157.86 + 0.39 —— Q=162.83 + 042

LU LA L ua) U LA W L L

BEAM ENTERS
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I Seen hits map in module 2 (DUT) plane 300 I

Efficiency map in module 2 (DUT) plane 300
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Size of used clusters in module 2 (DUT) plane 300 Residuals of module 2 (DUT) plane 300
h_ClusterSized h_ResiPlaned
C Entries 9333 250 [ i i i i i [Envies 933
7000— Mean 1.243 L i |Mean  0.001883
- RMS  0.4923 ) RMS 006035
; ; 6000 N E—— '
* Cluster size increased away : Average size =124 2001 ERcoE
5000 Single strip 77.6% — ¢ =0.047 mm
from1 : 0047 mm
C 150
4000 -
’ ; 3000 100
* Don’t expect very big -

cluster due to strip pitch/ 2000 —L 50

width and low track a3 o A R R A
L L1 L I | Cloo oy rao oo ey by vy L L1
mUIﬁpIiCity 0 z ¢ ¢ & Cluster1s?ze h - - ) ) rf\m

All hits of module 2 (DUT) plane 300
* Noisy channels are S0
removed and don’t soof- i

influence DUT results

* Average DUT hit efficiency —
92.5% - for the whole
sensor

channel channel
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Charge of all clusters in module 2 (DUT) plane 300 Charge of used clusters in module 2 (DUT) plane 300
L b -u:um-.:vw:ur;m 800 :_. + hClusQ
[ |Entries 42913 ~ Entries 128
25001 ean  -87.26 700F- # +++ J[ + Mean  114.3
[ [RMS 54.3 - - Jr RMS  49.17
2000— 600 + +
- > f f
1500 - +
- 400 i
- C t +++
1000— 300—
- E f
- 200 o
500|— -t tH
- 100 oy,
B = e, g
- by gt
0 f ................. R SRS S SR SR SR SRR G S SR SUGR SR S SR SR SRR S 35 0 1 I" 11 I ) I I 11 1 1 I 111 1 I 11 1 1 +-'.l+ .'I.H:hhf".r
0 0 50 100 150 200 250 300

ADC

* Left shows full CC spectrum in white, and CC from used clusters in blue

* Right shows same spectrum but for used clusters only
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35.0
Charge collection; lab vs Telescope comparison 2
30.0
25.0
g
o
£ 200
2
3
g o Preliminary
o
10.0
—t—GLCO7 - Liv-2935-7-1-14-L 1.00E+15 - LAB
>0 —A— GLCO7 - Liv-2935-7-1-14-L 1.00E+15 - Telescope
0.0
0 200 400 600 800 1000 1200 1400 1600

Voltage, V
* Discrepancy in telescope Charge collection due to change in exact adc -> e calibration

*  Waiting for telescope to be shipped back to perform the calibration
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*  Work still ongoing

* Alignment was done manually, poor efficiency at 1200V should increase with
automatic alignment

100
Average DUT hit efficiency
95

90

85

Efficiency, %

Preliminary

80

7> —/—GLCO7 - Liv-2935-7-1-14-L 1.00E+15 - Telescope

70
600 800 1000 1200 1400 1600 1800

Voltage, V
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Upgrade roadmap

* 6 module arms instead of 4 — each fully moveable
* Larger sensors 15-20mm? for standard XYT modules
*  Micro-strip XYT modules planned

*  Firmware changes — Allow greater than 2 beetles per Alibava board
— Allow access to onboard 64mb per Alibava board for caching

* Allow multiple mounting points for DUT’s
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Summary

* Telescope performs well

* Upgrades to both sensors and mechanics to improve tracking and acceptance
for DUT’s

* Tracking and alignment software still being developed

* Next step is data analysis with inclined tracks (data exists)
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