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1. SiFAP: High Speed Photometry of variable sources
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SiFAP: Silicon Fast 
Astronomical Photometer

APDs
 Binary behaviour

(on/off)

Segmentation in pixels
 Recovery of the 

analog information
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SiFAP: Electronic chains
(Meddi, F., Ambrosino, F. et al., PASP, 2012)
(Ambrosino, F. et al., JAI, 2013)
(Ambrosino, F. et al., Proc. SPIE, 2014)
(Ambrosino, F. et al., JAI, 2016)
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SiFAP: GPS unit

Start DAQ PPS Stop DAQ PPS

ZTI – Model Z050

Custom Hardware

Custom Matlab GUI
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2. Data Analysis Methods for the search of pulsations: 
FFT and EFS
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Pulsar timing corrections

Earth reference frame system NOT inertial!!
 SSB (Solar System Barycenter)

𝑡𝐵𝐷𝑇 = 𝑡𝑜𝑏𝑠 + 𝑡𝑐𝑙𝑘 + Δ𝑅 + Δ𝐸 − Δ𝑆 − 𝐷𝑀

Isolated Pulsar

tBDT = Barycentic photon ToA (Time of Arrival)
tobs = ToA of observed photons
tclk = corrections converting local clock time (UTC) to BDT

(Barycentric Dynamical Time)
ΔR = Rømer delay (geometric)
ΔE = Einstein delay (relativistic)
ΔS = Shapiro delay (relativistic)
DM = Dispersion Measure
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Pulsar timing corrections

Pulsar in a binary system

𝑡𝑒𝑚 = 𝑡𝑎𝑟𝑟 +
𝑑

𝑐
−
𝑎 sin 𝑖

𝑐
𝑠𝑖𝑛

2𝜋

𝑃𝑜𝑟𝑏
𝑡𝑎𝑟𝑟 − 𝑇𝑎𝑠𝑐

tem = time of true emission

tarr = photon ToA (in a given reference time system)

d = distance to the system

a = semi-major axis of orbit

i = inclination angle of the orbital plane (w.r.t. observer’s plane)

Porb = orbital period of the system

Tasc = epoch of ascending node (in the same reference time system of tarr)
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Searching for pulsar spin period
1st approach: Fourier Analysis (FFT)

Searching for periodic signals… 

(continuous)

(discrete  time series)

Crab pulsar signal



Crab pulsar FFT
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Absence of pulsations (or any secular trend) 
 counts in each bin of the folded curve at 

any given trial period are Poisson distributed

Since the number of events in each time/phase bin is 
usually rather large (> 1000)

 counts xi in the bins are Gaussian distributed
with their mean equal to their variance

Searching for pulsar spin period
2nd approach: Epoch Folding Search (EFS)

(expected with noise only)

(= d.o.f.)

 counting rate at the i-th bin

 total counting rate

 expected counting rate (varying as Ti varies)

 variance of the i-th bin
Dr. Filippo Ambrosino 11



Dr. Filippo Ambrosino 12

GUIDA 2: main panel
(Ambrosino, F., submitted to PASP, 2017) 
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GUIDA 2: Timing Correction task panels
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GUIDA 2: EFS task panel
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3. SiFAP @ TNG: Crab pulsar
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SiFAP @ TNG
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SiFAP @ TNG: Crab pulsar

Experimental folded period (FFT): 0.033692942(3) s

|PExp – PJBO|≈ 3 ns

Refined analysis using EFS 
 folded period: 0.0336929416(3) s

|PExp – PJBO|≈ 3 ns 17

Experimental light curve 
February 26, 2014
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4. SiFAP @ Cassini Telescope: binary system Hz Her/Her X-1
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SiFAP @ Cassini Telescope



Binary system Hz Her/Her X-1 (IMXRB)

Experimental folded period: 1.23769(1) s

|PExp – PEph|≈ 400 ns

Light curve from literature
(Kuster, M., 2004 and reference therein)
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SiFAP @ Cassini Telescope:

Experimental light curve
August 25-28, 2016
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Experimental fitted Orbital Period: 1.70017(58) d

|PExp – Pclas phot|≈ 3.6·10-6 d

Can not directly compare measurements
 need for more points (observations)
 need for observing in B/V/R bands
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Binary system Hz Her/Her X-1 (IMXRB)
SiFAP @ Cassini Telescope:
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Binary system Hz Her/Her X-1 (IMXRB)
SiFAP @ Cassini Telescope:

Orbital Parameter Value
Longitude of periastron ω = (1.613 ± 0.047) rad

True emission frequency νem = (0.8080855 ± 0.0000063) Hz

Orbital period Porb = (146595 ± 17) s

Semi-major axis projection a∙sin(i)/c = (13.31 ± 0.19) lt-s

Epoch of ascending node Tasc = (57625 ± 13) d

Eccentricity e = (0.019 ± 0.032)
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5. Conclusions and future perspectives
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Conclusions

SiFAP @ TNG (Crab pulsar)

 SiFAP @ Cassini (Hz Her/Her X-1)

Discrepancy of 3 ns between the experimaental spin period and that expected from JBO radio ephemeris
 Reconstruction of the light curve of Crab Pulsar (shape very similar to that expected from literature)

 Discrepancy of about 400 ns between the experimental spin period and that expected from X-ray ephemeris
 Reconstruction of the light curve of Hz Her/Her X-1 binary system

(shape quite similar to that expected from literature)

 Discrepancy of about 3.6·10-6 d between the orbital period computed with a sinusoidal fit and 
that expected from BVR photometry

 Shape of the orbital light curve not directly comparable to that obtained from BVR photometry
(too few data points from observations, need for BVR photometry with SiFAP)

 Estimate of orbital parameters
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SiFAP @ TNG

Future perspectives

 Observation of fainter targets (up to V=22 expected from computation)
 Lower sky background signal &  larger telescope area

 Extend observations to targets down to about -20° dec
 not possible with Cassini telescope

 Detection of a possible optical counterpart of extragalactic X-ray pulsars
 3XMM J004301.4+413017 in M31 and ULX in NGC 5907
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