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WHY A 252CF SOURCE?

• α decay (96.9 %) → α + 248Cm

• Spontaneous fission (3.1 %) → 3.77 neutrons per event and secondary excited
nuclei which emit γ rays

Neutron energy spectrum (most probable energy value ~ 0.8 MeV)

WHY NEUTRONS?
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MOTIVATION

International collaborations
Mexican team leaders (ICN-UNAM): Dr. Juan Carlos D’Olivo and Dr. Alexis Aguilar

These experiments aim to detect particles that present a elastic-
scattering interaction with the detectors (CCDs)

Bozorgnia, Gelmini and Gondolo. Channeling in direct dark matter detection II: channeling fraction in 
Si and Ge crystals. (DOI 10.1088/1475-7516/2010/11/028)

Energy spectrums depend on the incident particles’ direction ?
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THE CHANNELING EFFECT

Axial Planar

• Small-angle scattering

• Energy loss mainly due to electric interactions rather than
nuclear collisions → Quenching factor ≈ 1

• Studied considering continuous models (See Bozorgnia et al.)
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FRACTION OF CHANNELED SI RECOIL NUCLEI  IN A SI LATTICE

Axial channel <100> Axial channel <110>

χA is found to be maximum at E ~ 100 keV and  2°≤ Ψr ≤ 3°
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Planar channel {100} Planar channel {110}

FRACTION OF CHANNELED SI RECOIL NUCLEI  IN A SI LATTICE

χP is found to be maximum at E ~ 100 keV and  0.1°≤ Ψr ≤ 0.3°

χP  is, at least, 8 orders of magnitude smaller than χA 
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WHY SI?… THE CCDS

MOS capacitor array Charge generation (1 e-h pair → ~ 3.6 eV)

Charge collection
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PROCESSING IMAGES

• RAWI – RAW Image

• OSI – Overscan Subtracted Image

• MBI – Master Bias Image

• MADI – Median Absolute Deviation Image

• MBSI – Master Bias Subtracted Image

• MASK

• SCNI – Subtracted Correlated Noise Image

Finally, a .fits image is obtained
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EXPERIMENTAL SETUP

Vacuum: ~1 x 10-7 mbar

Temperature: ~130 K

Substrate voltage: ~40 V
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CCD USED

Manufactured by the Lawrence Berkeley National Laboratory

2048 x 4096 pixels of 15 x 15 x 250 μm each

<100> is the normal crystallographic axis to the CCD surface

<100> <110>

<111>
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EXPERIMENTAL SCHEME

252Cf neutron source

60Co gamma source



12/31

BUT FIRST… CALIBRATION

X ray source - 55Fe

T=8 μs

Total exposure time: 27 min
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DETECTOR CALIBRATION

T=400 μs

Total exposure time : 74 hrs 23 min
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• Peak 1. Kα - Mn (5.893 keV)

• Peak 2. Kβ - Mn (6.490 keV)

• Peak 3. Kα - Si (1.740 keV)

• Peak 4. Scape α - Mn (4.153 keV)

• Peak 5. Scape β - Mn (4.750 keV)

T=400 μsT=8 μs

cal = (1.631 ± 0.006) x 10-2 keV / ADU cal = (4.112 ± 0.001) x 10-4 keV / ADU

DETECTOR CALIBRATION
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BACKGROUND CHARACTERIZATION
T=400 μs

Total exposure time: 7 days 36 min

Peak 1. Kα - Si (1.740 keV)

Peak 2. Kα - Cr (5.410 keV)

Peak 3. Kα - Fe (6.397 keV)

Peak 4. Kα - Y (14.921 keV)

Peak 5. Kβ - Y (16.738 keV)

Landau curve with average
deposition of 

(5.009 ± 0.008) keV / pix
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252CF NEUTRON SOURCE EXPOSURE
3.81 μCi

1.76 x 104 neutrons / sec

T=400 μs
Total exposure time:

• 0° at 19 cm :  14 hrs 2 min
• 0° at 23 cm :  25 hrs 13 min

• 90° at 23 cm :  27 hrs
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60CO GAMMA SOURCE EXPOSURE WO PB
60Co → 60Ni + e- + νe

2 γ (1.17 and 1.33 MeV)

T=8 μs
Total exposure time:

• 0° at 19 cm :  21 min
• 0° at 23 cm :  53 min

• 90° at 23 cm :  1 hr 4 min
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T=8 μs
Total exposure time:

• 0° at 19 cm :  22 min
• 90° at 23 cm :  27 min

60CO GAMMA SOURCE EXPOSURE W PB
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QUENCHING FACTOR

- recoiling energy
- energy deposited in form of ionization

• Lindhard

• Fit to DAMIC measurements (Phys. Rev. D 94, 082007, (2016))
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THEORETICAL SPECTRUM

Neutron-nucleus elastic scattering problem

• Yukawa potential and Saxon-Woods matter distribution:

• Diferential cross section:

• Recoiling nuclei spectrum:

• Recoiling nuclei spectrum corrected by the quenching factor:
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THEORETICAL SPECTRUM
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THEORETICAL SPECTRUM
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GEANT4 SIMULATION

72 million neutrons with 7° of angular dispersion

Simulated neutron energy spectrum values:

N0 = 29178.1 ± 65.6 α = (0.871 ± 0.001) MeV-1 β = (1.907 ± 0.007) MeV-1
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GEANT4 SIMULATION
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252CF ENERGY SPECTRUM FITS
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252CF ENERGY SPECTRUM FITS
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252CF ENERGY SPECTRUM FITS
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252CF ENERGY SPECTRUM FITS
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252CF ENERGY SPECTRUM FITS
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252CF ENERGY SPECTRUM FITS
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FINAL REMARKS

• Good calibration and background characterization.

• The 252Cf energy spectrums, at 0.4 ≤ E ≤ 30 keV, have more neutronic
contribution. Gamma rays promote the appearance of fluorescence peaks.

• Gamma rays contribution to the 252Cf energy spectrums at 30 ≤ E ≤ 200 keV, is
much higher than the neutronic one.

• The corrected theoretical and simulated spectrums with the fit of the
quenching factor of DAMIC measurements seem to fit well the experimental
spectrums.

• The theoretical and simulated spectrums of recoiling nuclei seem to fit well the
experimental spectrums.

• The channeling effect is more probable to occur when 30 ≤ E ≤ 200 keV but, 
due to the large contribution of gamma rays, in this study, a directional
dependence in the experimental spectrums is not identified.

THANK YOU!


