STRAW Setup

Future large Straw Trackers and requirements for read-out

e SHIP ~20k channels, time (~ns), optional Q (signal vs noise, signal (mu) vs BG (e))

e DUNE ~200k channels, time (~ns), Q (PID)

e SPD ~20k channels, time (~ns), Q(PID) (\ NEUTRINO
Multifunctional Application Specific Integrated Circuit (ASIC)
VMM3 [6]
> *widely used as readout of micro-pattern gas detectors
‘h *was a base for the production VMM3a version for the
'G' *ATLAS New Small Wheel readout
‘ flexible settings of analogue input circuitry VMM3

«charge measurements (nominally 10b ADC) 2015-16

SHiP «time measurements (nominally 8b TDC)

Search for Hidden Particles

130 mm?

10M FETs
time-at-threshold (T@T) (160k/ch.)
stime-at-peak (T@P)

April - May 2022, Testbeam



Studies and Setup

Track coordinates are reconstructed on the measured signal arrival time defined
by the drift time of primary electrons from the track to the anode wire.

The drift time timegarirt is measured as a difference between the time when a
particle crossed the straw and the time of straw signal crossing a low threshold.

Last testbeam showed inability of using T@T mode with VMM3a
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The distance between the track and anode wire is obtained from a measured or simulated r( timegritt )
dependence



READOUT

*Straw and reference MM tracker are read out with independent DAQs (VMM and APV based)
*No way for hardware synchronisation out of box

*Testbeam datatacking was implemented in several stages

*Stage 0 — Mu2E readout stability

*Stage 1 — Mu2E + scintillator correlation

*Stage 2 — Mu2E + APV25 double readout for one of MMs



Stage 0: Straws + scintillators, common mu2e read out (time@threshold mode)
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Stage O preliminaryresults:
reconstruction validation, event synchronization,

straw-scintillator and straw-straw time correlations
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Stage 1: Straws + scintillators, common mu2eread out at t@ t with )
the ROTATED SETUP (""jF )

(T D b 2x32
" Goal: :>=<;""\, straws
-Minimalistic (self)tracking with 32 straws - possibility to get rough(?) coordinate <===J )
informetion from straws themsdves ([N )

*Possibility to get rough R-T dependence
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Very rough estimate: O(100k) tracks for every
HV and gain settings

Data treatment requiites a quite sophisticated
analysis
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Stage 2 :

6 straws + 2 scint + 56 MM1 strips with VMM3 read out
And (MM1), MM2, MM3 with APV read out

*Goal:

*To get hits from 50 MM1 strips synchronized with hits from 6
straws and two scintillators via the VMMS3 read out

*The same 50 MML1 strips to be read-out via APV within the
standard MM1+MM2+MM3 DAQ chain (optional)

run_0240: V-shape: straw 26, 1650V, 3mV/fC, thr 225
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Offline analysis:

Merging two events from different
DAQs according to hit positions in
the “double readout” MM1 area
mapping the MML1 hits in mu2e with
MM2+MM3 APV DAQ

(minimalistic option)

Expected result:
A high precision R-T curve

Thecross-bhoard with thedouble
readout option has been produced!

4+4 | EMO inputs for Straw
and scintillator readout
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Setup tracking system

4 one-layer MicroMegas:
*3 horizontal

(same direction as straw)
*1 vertical, for alignment

Data from each MicroMegas
collected with 3 APV.
DAQ: mmdaqg3

Straw, horizontal axis

Micromegas, vertical axis
double read-out

Micromegas, horizontal axis

Micromegas, horizontal axis

Micromegas, horizontal axis

T Beam



Merging Mu2E and Micromegas data
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Very last attempt to synchronize 2 read-outs

time difference

i hdpt
| 100Hz (10ms) pulses E Entries 993638
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12bit BCID counter >> 4096 BCID x 25ns >> ~102us full circle

BinContent: 6362 events
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