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•  OTPC Detector Setup:
–  Triple-thin GEMs for ~100-150 Torr
–  Double-THGEMs and Glass GEMs for ~50 Torr
–  CCD and CMOS cameras

•  Optimizing CF4/NI mixtures for an OTPC:
–  Measuring/minimizing diffusion 
–  Measuring/maximizing light and light yield

•  Results
–  Proton, alpha and nuclear recoil tracks at ~150 Torr
–  Low energy electron tracks at ~50 Torr

OUTLINE
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OTPC Detector
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•  10 cm x 10 cm GEMs:
   – Standard thin GEMs
   – THGEMs ~ 0.45 mm pitch,   
      0.4 mm  thick
   – Glass-GEMs 280 um 
      pitch, 570 um thick
•  1.5-2 cm drift
•  1D wire grid anode
•  Optical readout:
   – CCD/CMOS cameras   
   – 58 mm f/1.2 Nikon lens
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•  Determine Optimal CF4+NI Mixtures for NID

Doping CF4 with small amount of NI gas and:
1.  observe transition to negative ion drift (NID) in signal 

waveforms and alpha track images
2.  quantify and optimize diffusion as a function of NI %:
    – Estimate σL using 60 cm drift TPC with charge readout
    – Estimate σT using width of Po-210 alpha tracks in optical readout
3.  quantify effect of NI on light and light yield (LY):
    – Estimate light(charge) using optical(charge) Fe-55 spectrum
    – LY == light/charge using peaks in respective spectra
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1.  Transition to NID with increased NI content 
seen qualitatively in waveforms:
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Small TPC with ~1.5 cm drift gap
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Pure CF4 (150 Torr)

0.5 Torr CS2

5.9 Torr CS2

…and also in images of 
Po-210 alpha tracks:
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~40 Torr CF4

+ 4 Torr CS2



2a)   Quantify diffusion (σL) and find optimal 
        NI % using charge readout:

R. Lafler, PhD Thesis, UNM, 2019 

Phan et al 2017 JINST

Used to measure:
•  diffusion
•  mobility
•  waveforms
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R. Lafler, PhD Thesis, UNM, 2019 
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Results for σL in low pressure CF4/SF6 mixtures: 
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2b)   Quantify diffusion (σT) and find optimal 
        NI % using alpha tracks in an OTPC:
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150 Torr CF4
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150 Torr CF4 + 2.9 CS2
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150 Torr CF4 + 4.2 CS2
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150 Torr CF4 + 5.4 CS2



D. Loomba, UNM RD51 Collab. Meeting 6/14/22
16 

CS2 (Torr) σ (pix) σ(μm)
0	 9.21	 ~400	

2.9	 2.30	 133.53	

4.2	 2.17	 126.10	

5.4	 2.16	 125.09	

Results for σT: 

150 Torr CF4 + x Torr CS2

CS2 (Torr) σ(μm)
0	 ~550	

4	 ~150-200	

~45 Torr CF4 + x Torr CS2
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3.  Fe-55 to quantify effect of NI on light and light yield (LY):

150 Torr CF4

+4.1 Torr CS2

+0.5 Torr CS2



D. Loomba, UNM
18 

Charge Spectra

Optical Spectra
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Light Yield (LY) in 150 Torr CF4 + x Torr CS2
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Nuclear recoils in 150 Torr CF4 + 5 Torr CS2

Fluorine recoils, 
proton and CRs in 
CF4+CS2
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What about low energy electrons and NRs?
•  Need to go to lower pressures, ~50 Torr
•  Higher signal-to-noise for low dE/dx particles
Ø Double Glass-GEMs for high (>105)  gas gain at low P 

–  10 cm x 10 cm    
–  280 µm pitch, 570 µm thick 

Ø Hamamatsu ORCA-Quest CMOS camera:
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Low light – Photon # Resolving

Zero photon 

One photon 
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More light

Zero 
photon 
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Darks – 0.2s, ultra-quiet
1x1 binning, full chip
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Imaging low-energy Fe-55 electron tracks in a 
NI-OTPC  

QUEST + G-GEMs:
–  50 Torr CF4
–  45 Torr CF4 + 4.3 Torr CS2 
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5.9 keV electron tracks in 50 Torr CF4
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Low light + Darks
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Fe-55 optical spectra and SNR:

50 Torr CF4:

45 Torr CF4 + 
4.3 Torr CS2

light is 5X 
lower 

but SNR is 
only 2X lower 
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50 Torr 
CF4:

45 Torr CF4 + 
4.3 Torr CS2
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Conclusions
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•  With with G-GEMs and Quest camera high SNR 
we have shown at a negative ion OTPC can image 
particle tracks with the very high resolution

•  This enables:
–  detailed reconstruction of the particle’s trajectory
–  mapping of the ionization loss
–  particle ID, from NRs to low energy electrons
–  reconstructing the interaction vertex and initial direction
–  etc

•  Applications include 
–  directional DM and v searches (CYGNO, CYGNUS) 
–  Migdal effect (MIGDAL)
–  X-ray polarimetry
–  rare nuclear decays, and many others
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BACKUP SLIDES
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More Noise – standard scan

Zero 
photon 
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Darks – 0.2s, ultra-quiet
1x1 binning, full chip (~9.4 Mpix)

Why not 
Gaussian? 

Zero 
photon 

One 
photon 
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Distribution of Darks for a sample of pixels
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Focus
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Focus



Focus
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TINY pixels!!
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Focus


