Straw tracker




SINGLE WIRE PROPORTIONAL COUNTERS

STRAWS ARRAYS:




Detection process

:. (] ] . .'
. Anode Wire.

Principle of a straw position
measurement. A ionizing particle
passes at the distance r from anode
wire, creating ionization clusters
along Its path. The primary
electrons will drift to the anode
wire.



Drift time spectrum
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RT-relation

The r(t) relation

(“V shape”) | §
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Two design of the straw-tube
oroduction

Weld seam
(zoom x20 on
a PC monitor)

Microscope pictures of a straw cross-
section for quality control of the weld

Straw winding. Two film strips Ultrasonic welding of
are wound around the mandrel straws



Straw winding

e ATLAS

e LHCb

* PANDA
 CBM

* COMPASS
* Mu2e

* NA64

Straw welding

* NA62

* COMET
* SHIP

* DUNE



ATLAS

LAr hadronic end-cap and
\ forward calorimeters

Pixel detector
LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker

- Barrel fransition radiation tracker
b V End-cap fransition radiation fracker

End-cap semiconductor tracker

Transition Radiation Tracker

350,000 read-out channels

*\Volume 12m3

*Basic detector element: straw tube with 4mm diameter, in
the centre a 0.03mm diameter gold-plated tungsten wire
50,000 straws in Barrel, each straw 144 cm long. The
ends of a straw are read out separately

250,000 straws in both endcaps, each straw 39 cm long
*Precision measurement of 0.17 mm

*Provides additional information on the particle type that
flew through the detector, i.e. if it is an electron or pion

- Endcap modules: 248760 straw
Module of type A (PNPI) 147456 straw
Module of type B (LHEP) 98304 straw



StrawTracker
*/68 straws
*6 XY station
sstraw tube with 6mm diameter, in the
centre a 0.03mm diameter gold-plated
tungsten wire

Length straw 20 cm

*Precision measurement of 0.2 mm
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«7200 straws R
4 XYUV station

sstraw tube with 10mm diameter, in the centre a
0.03mm diameter gold-plated tungsten wire
*Length straw 225 cm

*Precision measurement of 0.16 mm




SHIP

Magnetic p-shield _ Spectrometer
Emulsion Vacuum decay-vessel

e Ultra light straw detectors, in vacuum, R =10 mm, L =5 m, ~ 1 bar
e 4 stations, each 4 views (Y-U-V-Y), 5 mx10 m, in total ~ 16k straws
e Aim: hit spatial resolution ~ 0.12 mm, efficiency > 99%
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PANDA Detector Overview

GEM Detectors

Micro Vertex Detector S L W Mini Drift Chambers

Targetsystem Muon Range System

Solenoid

Barrel TOF

T ——————

" TOF Wall

Shashlyk Calorimeter

Muon Detection

EM Calorimeter

Barrel DIRC

Straw Tube Tracker




Tor magnef RS Endcap

ENDCAP STRAW TRACKER VD

TR ECal Endcap

PID

PID Endcap
Beam pipe
Sol magnet

TR Endcup




BARREL STRAW TRACKER
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BARREL STRAW TRACKER
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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

i 8 stereo layers (4= 2.89°) for 3D reconstruction (blue/red)
| ¢ Length: 1500mm + 150mm (RO upstream)
e R../R,,: 150 / 418 mm
Angular acceptance: near 4x
‘ B High momentum resolution: 6,/p ~ 1-2% at B = 2 Tesla

a I - High spatial resolution: o,, ~ 150 (100) ym, 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)
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Material Aluminum
/ *7',‘%'uj,}y////////’///j/“l'l_'; Density 2.7 g/cm? Fike -
i ' ','!/,//'// i Youngs modulus 70 GPa
i & ]

Radiation length (X,) 9cm = / 5
Thermal expansion 24 ppm/°C SZA 4
oy /

Full-scale prototype assembly & =
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ENDCAP STRAW TRACKER

2360 3420
Central part Endcap part
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1 — Endcap = only solenoid

2 — Endcap = solenoid + toroid
3 — Barrel = solenoid + toroid
4 — Barrel = toroid




Straw stud

08.04.2019

tubes parallel to beam axis

Segment Length

/

wire

A~ |
~_ |

Two possible cases

tubes perpendicular to beam axis

particle

/ To study segment length

Space in solenoid part were divided into
slices with size =1 cm.

SPDRoot, Pythia6, Minimum bias, pp, V26,

standard magnetic map

A.lvanov




Tiubes perpendicular torbeam axis
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Tites perpendicularto beam axis: Zzoom
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Tiunes parallel'to beam axis
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100 events

25 events




0.1 GeV
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tracker is schematically shown in Fig.
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Schematic view of the MUCH straw module. 1— mother boards
for the readout and high voltage supply of the straw anodes; 2—
carbon plastic elements, and 3— Al elements of the frame.

The full size prototype of the straw detector for CBM MUCH

Schematic view of the MUCH straw chamber.
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DIStribution of cosmIC ray particle energies
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Track Tube_Layer

Track Tube_Layer 2

Track Tube_Layer 3

Track Tube_Layer 4

RT Tubes 30-33




Style E\«;lhh‘

EventiManager [MpdEventManager]
File: home/bogdan/bmnroot/macrofrunireco.
Run Id: 0. Event Time: 0.00 ns
No of events: 24436. No. of nodes: 156




VIINISFED

Scintillator

Scintillator

Generation condition:
e 100 000 events
PV (10, 10, -80) mm
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Primary vertex position X=10 mm, Y=10 mm and
100 events




Primary vertex position X=10 mm, Y=10 mm and Z=-80 mm
100 events




Primary vertex position X=10 mm, Y=10 mm and Z=-80 mm
100 events




Primary vertex position X=10 mm, Y=10 mm and Z=-80 mm
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