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Agenda

1. Background on HBT interferometer

2. Experimental setup

3. Results

4. Suggestions for successors
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Background

HBT interferometer

• Correlation of two photomultiplier 

tube (PMT) signals

• PMT displacement, 𝑥

Correlation

𝒙
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Experimental Setup
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Experimental Setup
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Experimental Setup
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Waveforms
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Photon

Nuclear Instrumentation Methods (NIM)
Unterminated Cable



Results and Suggestions

Results

• Need improvements

Suggestions

1. Focused light

2. PMT aperture

3. PMT-T on slider 

4. Correlator

5. Results interpretation

6. Half-silvered mirror
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Background

Interferometer

• Interference pattern

• Ex: Michelson interferometer

Interference
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Significance of HBT effect

R. Hanbury Brown

(1916 – 2002)

• Measured angular diameter of a star.

• Showed that it applies not only to radio waves 

but also to lights in optical range.

• Provoked a heated debate about the concept of 

photon.

• Solved by Glauber (recipient of 2005 Nobel 

Prize) through the theoretical development of 

coherent states (Glauber states).

• Opened the door to quantum optics and a 

much more comprehensive understanding of 

coherence.

R. Q. Twiss

(1920 – 2005)
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Details of the original HBT interferometer
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Theory

For a two-point light source, the 

correlation between the intensity of 

signals at 𝑎 and 𝑏 is:

𝐼𝑎𝐼𝑏
𝐼𝑎 𝐼𝑎

= 1 +
2 𝐴1

2𝐴2
2

(𝐴1
2 + 𝐴2

2)2
cos((𝑘1 − 𝑘2) ∙ ( Ԧ𝑟𝑎 − Ԧ𝑟𝑏))

where 𝑘1 and 𝑘2 are wave number of 

the incident light, and 𝐴1 and 𝐴2 are 

amplitudes.

For a circular light source, the 

correlation between the intensity of 

signals at 𝑎 and 𝑏 is:
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2 𝐽1

𝑘𝑅𝑥
𝐿

𝑘𝑅𝑥
𝐿
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where 𝑘 is the wave number of the 

incident light, and 𝐽1 𝑦 is the first 

order Bessel function.
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Experimental Setup (Detailed)
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Experimental Setup
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Light source information
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PMT specifications
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PMT spectral response and gain
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Experimental setup measurements

Length:

• Radius of light source aperture, 𝑅 = 100 μm

• Wavelength of light color filter, 𝜆 = 2𝜋/𝑘 = 546 nm

• Distance between light source and PMT, 𝐿 = 575.5 ± 0.5 mm

• Central position of PMT-R, 𝑥0 = 1.00 ± 0.01 inch

• Diameter of PMT aperture, 𝑙 = 6.57 ± 0.05 mm

Voltage:

• Voltage of High Voltage (HV) Supply, 𝑉 = −2.7 kV
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Expected Value
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Data and analysis
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Scenarios T R AND Prob

Light source off

(background rate)

frequency 350 Hz 720 Hz 0.09 Hz

0.0001

period 2.9 ms 1.4 ms 11 s

Light source on

with high intensity

frequency 6.3 MHz 6.2 MHz 3.3 MHz

0.63

period 160 ns 160 ns 300 ns

Light source on 

with low intensity

frequency 90 kHz 220 kHz 2 kHz

0.02

period 11 ms 4 ms 500 ms

Data and Analysis

Probability of

random coincidence =

2 × 50 ns

Min ( 𝑝𝑒𝑟𝑖𝑜𝑑 T , 𝑝𝑒𝑟𝑖𝑜𝑑 R )

AND

T
and  

AND

R
ratios are low ( < 5%), indicating a low correlation. Too high!
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Data and analysis

Correlation =
𝐶𝑜𝑢𝑛𝑡𝑠AND

2

𝐶𝑜𝑢𝑛𝑡𝑠R ∙ 𝐶𝑜𝑢𝑛𝑡𝑠T
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• See product specifications at https://www.dolan-jenner.com/hubfs/products/illuminators/mh-100-

data-sheet.pdf.

• See product specifications at https://www.dolan-jenner.com/hubfs/products/glass-fiber-

optics/flexible-glass/single-fiber-optic-cables-data-sheet.pdf.

• See operation manual at https://www.hamamatsu.com/resources/pdf/etd/R329-02_TPMH1254E.pdf.

• Image downloaded from https://en.wikipedia.org/wiki/Interferometry.
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