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Votivation

Systematic studies of light yield and scintillation
behaviour in different gas mixtures and pressure
regimes

Investigation of scintillation in sealed detectors

Using optical readout for realising GEM-based TPC
3D event-reconstruction by combining CCD
readout and timing signals from PMT



Setup 2D+1D

Field shaper Stack of 3 GEMs
2 10 cm, length 10 cm I charge multiplication by = 104- 105

CCD camera

2D readout

8000cm3 vacuum-grade chamber
filled with Ar/CF4(80/20)

designed and developed by
D. Gonzales Diaz
3



Setup 2D+1D

Field shaper
2 10 cm, length 10 cm
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2 £ '
Time (us)

Primary / secondary scintillation

Stack of 3 GEMs
charge multiplication by = 104-10%
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8000cm3 vacuum-grade chamber

filled with Ar/CF4(80/20)

4 Optically read out a-track



kHZz

dark rate

Chamber

Low outgassing components
Allows for sealed operation and high
gas purity

Excellent light tightness
PMTs sensitive to small signals

Stable HV operation in Ar/CF4 (80/20)
Tested at fields up to 1000 V/cm
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Field shaper Triple GEM
2 10 cm, length 10 cm 10 x 10 cm?

Curings, PEEKrods 70 ym holes, 140 ym pitch



Setup - 2 PMTs
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a tracks

Signal characteristics



220RN — 216PQ

Ar/CF4 flushed through Rn source
Rn decays in chamber via a-decay
a-tracks are = 8 cm long at 1 bar

Double-a decay with A = 140 ms
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a signal

{Drift
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Maximum drift time
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Drift velocity
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Possibly lower drift velocity due to gas impurities
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a tracks

Signal origin and ion signals
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Field shaper
1 Ey =100 V/cm

A

400V
T1 1 2000V/cm
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T2 1 1900V/cm
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Signal origin - ions

T T1 1 2000V/cm

............ T2 T 1400V
— _1_1_1— m== GEM3 | 350V

Asymmetric transfer fields
main signal from electrons
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Signal origin - ions
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S — — — — = GEM 2 | 375V
cto‘ T2 Y14OOV
G — — S— - - GEM 3 1 350V

Asymmetric transfer fields
ions drift upwards, take longer in T2
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Signal origin - ions
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Asymmetric transfer fields
signal from electrons extracted by ions from GEM 2 in GEM 1

18



Signal origin - ions

T1 1 2000V/cm
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Asymmetric transfer fields
ions from GEM 3 move up to GEM 2
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Signal origin - ions
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Asymmetric transfer fields
signal from electrons extracted by ions from GEM 3 in GEM 2
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Signal origin - ions
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—— PMT 2 (below GEMSs)
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Signal origin - ions
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Signal origin - ions

—— Bottom of GEM 2
—— PMT 2 (below GEMSs)
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Signal origin - ions

—— Bottom of GEM 2
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Signal origin - ions

—— Bottom of GEM 2
—— PMT 2 (below GEMSs)
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Signal origin - ions
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X-rays

Signal characteristics

27






e signal
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OFe spectrum
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Energy (V s)

FWHM @ 5.9keV = 39%

itude 12% of amplitude of full energy peak
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e signal
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OFe spectrum
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Re-emitted x-rays sometimes contained in drift volume
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summary

Primary and secondary scintillation of a-tracks
observed

lonisation profile visible in secondary scintillation
Drift velocity scales approximately linearly with field

ke spectra show gas impurity limited energy
resolution
Re-emitted 3 keV x-rays contained
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Outlook
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Outlook

* |Improved containment
 Enhanced primary scintillation

e Event reconstruction from CCD
image and PMT pulses

o Studying light yield of different gases
and mixtures
e Scintillation in sealed mode
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e signal
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Events

e signal

1000 17— - O

1000 mbar
700 mbar
| - 500 mbar
~—— 1000 mbar (fit, lamda = 0.159 ps)
700 mbar (fit, lamda = 0.179 us)
~ —— 500 mbar (fit, lamda = 0.206 ps)

soo Yt g L

800

wof O\

2 O O N """""""""" . ,,,———mm———eey

0.0 : : : 2.0 2.5 3.0




