
t0-less GEM-TPC

Part of the

*Karl Jonathan Flöthner, Benjamin Banto Oberhauser, Florian Brunbauer, Francisco García, Michael W. Heiss, Djunes Janssens, Bernhard Ketzer, Marta Lisowska,

Hans Muller, Eraldo Oliveri, Giorgio Orlandini, Dorothea Pfeiffer, Leszek Ropelewski, Jerome Samarati, Fabio Sauli,

Lucian Scharenberg, Miranda van Stenis, Antonija Utrobicic and Rob Veenhof

RD51 Collaboration Meeting 4-8 December 2023

*karl.jonathan.floethner@cern.ch

1

https://www.agketzer.hiskp.uni-bonn.de/en/home?set_language=en
https://www.uni-bonn.de/en?set_language=en
https://wolfgang-gentner-stipendien.web.cern.ch/wolfgang-gentner-stipendien/en/index.php
https://home.web.cern.ch
https://ep-rnd.web.cern.ch
https://indico.cern.ch/event/1327482/contributions/5697942/
mailto:karl.jonathan.floethner@cern.ch


Twin GEM-TPC
F. Garcia et al.: https://doi.org/10.1016/j.nima.2017.11.088
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Beam Setup
150GeV/c Muon Beam ïH4 Beamline in EHN2 ïRD51 test-beam
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Control measurements
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ÅField scan

- drift velocity behaves identical for both TPCs

- difference below 2% 

ÅY position dependence

- no significant variation

- constant within errors 

ÅX position dependence

- no significant variation

- constant within errors

Field can be assumed homogeneous

and identical for both TPCs in first

approximation
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Removing t0
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Self triggered hits referring to the same absolute zero time ὸ

ÅSynchronised readouts

-> ὸȟ ὸ ὸȟ is valid for all times

ÅThe absolute times ὸcan be used to get the relative times ὸ
-> Only possible if absolute times correspond to the same event

-> ὸ ὸ ὸ ὸ ὸ ὸ ὸ ὸ

ÅWith access to the relative time and the full drift time ὸ it is

possible to extract a time corresponding to a y-value (three examples)

-> πύὭὸὬὸ πȟὸ ὸ ᴼώ

-> ὸ ύὭὸὬὸ πȟὸ ὸ ᴼώ

-> πȢυὸ ύὭὸὬὸ ὸᴼπȢυώ
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Removing t0
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ÅA correlation can be checked just using the time difference of the TPCs 

-> ώᶿ ὸ ὸ ὸ Ⱦςθ ὸ ὸ

ÅLinear fit gives a conversion function f(tTPC2-tTPC1)

- y position for Twin TPC can be calculated

ÅDifference of Tracker 3 Y and Twin GEM-TPC Y can be plotted

- Sigma can be seen as lower limit for resolution

(convolution of distributions not resembling only sp. res.)

- Coordinates can be clearly correlated with a „ πȢφχÍÍ

Correlation possible without external t0

Twin GEM-TPC could be used as very low Material budget

and stand-alone tracking station

Tracker 3 Y vs tback-tfront
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Calculating tfull & t0
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Full drift time tfull is still needed to get y position without outer reference

ÅFull drift time is either known or can be checked using t0 reference

-> ὸȟ ὸ ὸȟ
-> ὸÆÕÌÌὸ ὸ ὸ ὸ ςὸ

Åtfull gives broad distribution with clear peak at 11.85 µs

- drift velocity differs by ~4% from previous measurement

ÅKnowing tfull t0 can be calculated

-> ὸ ÆÕÌÌ

ÅTime difference to tracker gives first estimate for time resolution

->  „ ρςὲίȟ„ τσὲίO„ τρὲί
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Beam Profile
150GeV/c Muon Beam ïH4 Beamline in EHN2 ïRD51 test-beam
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Showcase without external information

ÅBeam profile can be reconstructed 

ÅOnly data from Front- and Back-TPC

ÅMatching done with Front-TPC as reference

(does not work well without noise-cuts)

ÅCuts before matching

ÅCluster-size >2 & <10

ÅCluster adc value >800

Coincidence with telescope

Standalone Twin GEM-TPC

t0-less GEM-TPC - RD51 CM Dec 2023 - K. J. Flöthner



Tracking with Mean of Clusters
150GeV/c Muon Beam ïH4 Beamline in EHN2 ïRD51 test-beam ïH5V3 orientation
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mean postion of Front and Back

ÅOnly gives one point per track and no information about the angle

ÅCould be still interesting as low material budget tracker but does not cover full potential
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Detector Response nominal Orientation
150GeV/c Muon Beam ïH4 Beamline in EHN2 ïRD51 test-beam
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Clustersize distribution Beam-profile in XADC distribution
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Detector Response H5V3 Orientation
150GeV/c Muon Beam ïH4 Beamline in EHN2 ïRD51 test-beam
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Clustersize distribution Beam-profile in XADC distribution

Shift to higher strip multiplicity Higher mean and broader
Shift in relative position

between Front and Back
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Tracking within TPC

Mean Tracking

applicable

Access to horizontal

angle with dependence

on strips

Access to vertical

angle with dependence

on time
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Horizontal Tilt Calculation
150GeV/c Muon Beam ïH4 Beamline in EHN2 ïRD51 test-beam ïH5V3 orientation

distance front-back
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distance in strips distance in strips

Nominal Position Horizontal 5° and Vertical 3°

From individual Events

Shift

front-back

x

z

ÅCalculating event based 

ÅCalculate angle for individual events

ÅMean of distribution resembles tilt of

Twin GEM-TPC setup

ÅCalculating based on average position shift

ÅxFrontïxBack distribution needed for

nominal and tilted orientation

ÅAngle can be calculated with corrected shift

ÅThe horizontal tilt 4.74(15)° is observed

(fits with setting of 5°) 



Vertical Tilt Calculation
150GeV/c Muon Beam ïH4 Beamline in EHN2 ïRD51 test-beam ïH5V3 orientation
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y

z

Ɇ ὺzὨὶὭὪὸώused to

calculate y position

ÅVertical tilt of telescope:

-11.9(8) mdeg

ÅThree angles per track:

(should be identical)

ÅBack TPC

ÅFull Twin GEM-TPC

ÅFront TPC

edges
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Vertical Tilt Calculation
150GeV/c Muon Beam ïH4 Beamline in EHN2 ïRD51 test-beam ïH5V3 orientation
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Edges removed

Drift Velocity 0.9616 cm/µsDrift Velocity 0.9616 cm/µs

ÅRemoving edges results in broader distributions and increased discrepence between Front- and Back-TPC
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Vertical Tilt Calculation
150GeV/c Muon Beam ïH4 Beamline in EHN2 ïRD51 test-beam ïH5V3 orientation
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Adjusted drift velocity
Drift Velocity 0.8865 cm/µs Drift Velocity 0.9616 cm/µs
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ÅCan correct the alignment between Front/Back but distributions are slightly wider 
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-284.7ns t_0 Offset

Vertical Tilt Calculation
150GeV/c Muon Beam ïH4 Beamline in EHN2 ïRD51 test-beam ïH5V3 orientation

t_0 Offset Distribution

Drift Velocity 0.8865 cm/µs Drift Velocity 0.8865 cm/µs
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ÅBack/Front distributions show no change as expected

ÅCan correct the alignment between Front/Back

üThe offset needs to be corrected and drift velocity adjusted for better agreement of the three slopes
(Eventually different drift velocities for Back and Front) t0-less GEM-TPC - RD51 CM Dec 2023 - K. J. Flöthner



Summary and Outlook
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ÅThe drift velocity has been checked for

different fields and positions

Field can be assumed homogeneous

and identical for both TPCs in first

approximation

ÅGood detector response and resolutions

of „ ςππАÍin x and „ υππАÍ in y

Å3D tracking works but needs to be

optimized
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