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Two design of the straw-tube production
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Straw winding. Two films revolve and stick Ultrasonic welding of straws
together among themselves.



30 double
layers of straw
(x2 zoom)

\
\
\

M

Carbon
capsule

Carbon fiber







Layers 10x(ZUV)
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Straw layer scheme

Straw modules scheme
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‘Straws Housing Cable routing direction (black)

Cable trays (red)
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Cable trays

Signal direction

Frame
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711 ST cable frays
Blue - ST Barrel
55 850 900 850 545 Purple - ST Endcap
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PANDA Detector Overview

GEM Detectors

Micro Vertex Detector . Mini Drift Chambers

Targetsystem Muon Range System

Solenoid

Barrel TOF

TOF Wall

Muon Detection

EM Calorimeter

Barrel DIRC

Straw Tube Tracker







The PANDA Straw Tube Trackers

STT LAYOUT

4636 straw tubes in 2 semi-barrels around beam/target pipe
23-27 planar layers in 6 hexagonal sectors
15-19 axial layers (green) parallel to the detector axis
8 stereo layers (4= 2.89°) for 3D reconstruction (blue/red)
Length: 1500mm + 150mm (RO upstream)
Rin/Rout: 150 / 418 mm
Angular acceptance: near 4n
\ cool High momentum resolution: 6,/p ~ 1-2% at B = 2 Tesla
h I - High spatial resolution: o,, ~ 150 (100) um, o, ~ 3.0 (2.0)
mm (single hit)




ADVANTAGES of self-supporting straws:
lowest weight, precise geometry, maximal straw density

« Strong rigidity: pressurised, close-packed multi-layer straw modules are self-supporting
© Perfect and cylindrical tube shape thanks to inner gas overpressure
© Strong wire/tube stretching corresponding to 230 kg/3.6 t equiv.
“ No stretching of straw ends from mechanical frame are needed
© No reinforcements structure are needed along the tube length
© “Light” mechanical support frame needed (STT: 2x 8.2 kg)

3kg Pb
brick on
27um

" Material Aluminum
-'-,.‘.. : Density 2.7 g/cm?3
.',"',J,//f',% Youngs modulus 70 GPa

o Radiation length (X,) 9cm
Thermal expansion 24 ppm/°C

Full-scale prototype assembly & :
@ IKP-FZ Julich & IKP-FZ Jiilich
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Central Drift Chamber (CMU)

CDC

Straw tube chamber

1.5m long x 1.2m diameter

3522 straws, 1.6cm diameter

28 layers, 12 straight, 16 stereo




A schematic view of the ATLAS TRT inner detector.
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TRACKER MECHNICS

Boundary conditions: Requirements:
 high radiation levels e support the tracker in position, with minimum mass, low X/X0
« Inelastic deformation « provide cooling and thermal stability
« temperature and humidity variations « provide high dimensional and dynamic stability

Carbon Unidirectional Prepreg: Ready to mold or cure material in sheet
form which contains fiber all aligned in one direction. Filament diameter=11 um

Carbon Fibre Reinforced Plastics

Filaments | E1 X, /X, E2 Y, K CTE
[K=1000] | [GPa]| [MPa] | [GPa]|[MPa]|[W/mK]| [10-¢K-]
K13D2U [0] fibre 2K 935 3688 800 -1,1
K13D2U [0] prepreg 2K 563 [ 1800/34| 6 25 ~450 -1,2 /
0 61

Carbon foam: high thermal performance, properties are porosity dependent
? LJ

. K K
chn5|t3y In plane | Out of plane
[8/em3]| (w/m]

Thermal Pyrolytic Graphite: Thermal management

material with very high thermal conductivity and flexibilit . . . . .
Y yand | Y Aluminium Graphite Composites, Thermal phase change material

amecth«izrmasol Thick. | Density K K
[um] [ [g/cm3] | In plane Out of
MOMENTIVE [W/mK] plane K L i} d
[W/mK] . Density alr Thick. | Trans. T K
Amec FG5_003 | 30 1.6 1500 15 Q@ [g/cm3] I[r\mN F;IriT(e] Ou[w/f nr::(a]ne tecknowocies W | [ym] | [°c] | [W/mK]
TPG @ Tile 250 2.25 150(())—170 6-10 |ALG2208 | W) | 570 | 120 | Tpcm 580 76(-)40 50 3.8
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1.Pa3Mepsbl n Bec-He 6os1ieel00Kr
2. CerMeHTUpOBaHWe- 3 OCHOBHble cekunmn(bappenb-8 yacten, 2eHaKkana-rno 4 4yactu
3. Cnocob pa3melleHnss OTHOCUTESIbHO APYrmx CUCTeM —7?

4. TOYHOCTb pa3MelleHNa NoACUCTEMbl OTHOCUTENBHO APYITUX 2/1EMEHTOB
YCTAaHOBKWU-"?

5. Boigensemasa mowHoctb (+/-30%)- 0,1W Ha kaHan (npumepHo 1,0-1,5 kW Ha
10000-15000 kaHanos.)

6. OcobeHHOCTU MaTepmnanoB-1CMoJsIb30BaHWE yriennaacTuka
7. HeobxoanMoCTb BO3MOXHOCTU AOCTYyNa-xenaTtesibHo
8. HeobxoaAnMoCTb ANArHOCTUKN-0693aTesibHO

9. lpyrne ocobeHHOCTN NOACUCTEMbI, KOTOPblE, MO-BalLEMY MHEHUIO, MOTYT
0Ka3aTbCS BaXHbIMWU- aBTOMATUYECKUNI KIIMMAT- KOHTpob (~2 rpan)



TRACKER ELECTRONICS DUNA

Zebra Input 2
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Figure 4: VMM3a time resolution as a function of input charge. Better than ns
time resolution is obtained for suitably large deposited charge signals. [4]

(Bottom) (Bottom)

Figure 5: MMFE-8 readout board implements 8 VMM ASICs, equivalent to 512
channels, in a board with dimensions 215mm x 60mm x 2.54mm.



VMM3 Meets STT Readout Requirements

VMM3 Time Resolution

e Recadout requirements:
* Measure deposited charge &_ T . T y T ' T .
« Timing resolution << Ins; | solid line: theor. 200pF, 25ns  --®-- 200pF, 200ns
* Low threshold: charge from single ion pair; g s i T . L

* Dynamic range > 1000 on charge;

- 200pF, 25ns

- 2pF, 25ns
time walk
200pF, 25ns

timing ramp 125ns e
* Max width of readout board: 5cm; 8

&
'
10n  nominal gain SmV/AC -- A-- 200pF, 50ns
- »-
-
*

* Max length of readout board: 16 cm every 64 channels for double readout

VMMS3 satisfies required <1ns timing
Measures Q + T for each input
Built-in pulser for accurate electronic

Timing resolution, time walk [s]

response calibration

Compact 64-ch ASIC well suited to
tight spatial constraints




Signals from STRAW chambers with 35Fe

Adapter to get the signal from STRAW chamber

Adapter to delivery signal from STRAW chamber
into the VMM3 board

\ Monitor output Signal from monitor output.
55Fe is attached to the STRAW chamber 24



Test of the STRAW chamber with 55Fe

VMM3 monitor - o x de de
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Online monitor software for VMM3
e The software to monitor the online data from VMMS3 is created

e The known problem with built in 10-bit ADC non-linearity is appeared
« Nice distribution in case jointing/merging 16 ADC channels

» The resolution by peak of 55Fe is about 15%
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TRACKER ELECTRONICS TIGER

In Turin the electronics based on the TIGER chip (Turin Integrated Gem Electronics for Readout)
is developed for trigger-less readout of the GEM detectors.
Charge and time measurements provided.

TIGER parameters

5x5 mm2 110nm CMOS technology

64 channels: preAmp, shapers, TDC/ADC, local controller
Digital backend inherited from TOFPET2 ASIC (SEU protected)
On-chip bias and power management

On-chip calibration circuitry

Fully digital output

4 TX SDR/DDR LVDS links, 8B/10B encoding

Nominal 160 MHz system clock

10 MHz SPI configuration link

Sustained event rate > 100 kHz/ch




