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Abstract: We demonstrate a technique for measuring thind-faurth-order coherences using a
multi-element detector consisting of four indepemdénterleaved superconducting nanowire
single-photon detectors, and observe strong bugdhim a chaotic light source.
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Measurements of the second-order temporal cohereffi@), are a staple of modern quantum optics, used for
characterizing single-photon sources and identifyieatures such as bunching and antibunching. tuthe
experimental complexity, coherences higher thawms#®rder are not routinely measured, even thobgl tan
reveal information not contained ig® [1,2]. Typically, g?(7) is measured with a Hanbury Brown-Twiss
interferometer, which consists of a beamsplitteig discrete single-photon detectors, and timingtedmics that
record the number of counts for time delagshetween photons registered by the two detectbrsrinciple, this
technique can be scaled to measure higher-ordereotes by adding beamsplitters and detectorsidevhat the
timing electronics have a sufficient number of ipeledent channels. However, previous measureméritsrd-

and fourth-order temporal coherences,
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have been performed with only one or two detectmd two-channel electronics, and thus have beeitetinby
detector and electronics dead times to delays dwayzero delay, and to fixed values of at least dalay [1,2].
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Fig. 1 (a) Scanning electron microscope image of-fdement SNSPD, with nanowire elements 0-3 tratetidn color. (b) Third-order
coherence data from pseudo-thermal source, whehecotor and height indicate measured valugf

Here, we use a novel four-element detector and-dbannel timing electronics to measw®(r;,7,) and
0“1, 1, ). The detector, shown in Fig. 1(a), is a muléreént superconducting nanowire single-photon datect
(SNSPD), in which four independent, interleavedaveire elements sample a single spatial mode. déisce is
held at a temperature of ~3 K in a closed-cycléunelcryocooler, and light is coupled to it via agle-mode
optical fiber whose mode field diameter is matcteethe active area of the multi-element SNSPD.t Ekestronics
record photon arrival times for the four elemenis tme-tagging events on four independent, syndazesh
channels. We post-process the time-tagged daghtan multi-start, multi-stop correlation histogrs between all
possible combinations of two, three, and four SNSfd#nents. Normalizing these correlation histogrdm the
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number of counts expected in each time bin for detafy uncorrelated events yields a good approxdonato the
second-, third- and fourth-order correlation fuant, g(n), ¢¥(n, 1) andg“ (1, &, 1), where 7., 55 is the time
delay between a photon registered by element Oaapdoton registered by elemeant Having four independent
detector elements and timing channels with no iatement dead time allows us to determine thesereokes for
arbitrary values of the time delays, including= 7, = 73 = 0, which is often the most relevant point.

To illustrate the technique, we measure coherenpés fourth order for two different sources. Guoairce is a
1070 nm-wavelength diode laser, operated well atibveshold, coupled into a single mode optical rfibed
directed to the multi-element SNSPD. The others®is a chaotic, pseudo-thermal source, in whttt from the
same laser is scattered off a rotating ground glass the resulting speckle pattern is samplethenfar field with
the fiber and again directed to the SNSPD. We exiie laser to be coherent to all orders, so ttheih™ order
coherenceg™, should be equal to one for all delays. The dbaturce, by contrast, should exhibit bunching, so
thatg®™ = n! at the origin and approaches oneras « for alli and - ;) — oo foralli #j [2,3].

Third-order coherence data from the pseudo-thesmaice are shown in Fig. 1(b). At the origiff’(0,0)= 5.8,
close to the value of 3! = 6 expected for a chasigrce. The three ridges, which intersect thgim@dlong lines at
=0, =0 andrn, = i, correspond to two of the three detectors flrlmng;taneoust?(s) reaches a peak value of
~2.0 along each of these ridges. Far from theirorapd away from the ridgeg)™ =~ 1.0, as expected for
uncorrelated events.
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Fig. 2 Slices of“(n, 1, 13) data from the psuedo-thermal source for two fixedelays, with color indicating measured valug(®f

Figure 2 plots an illustrative subset of the fowstlder coherence data from the pseudo-thermal sdorctwo
fixed values ofr;. Whent; = 0 (elements 0 and 3 fire simultaneously), gifedata appear qualitatively similar to
theg® data, but the values are very different. Hgf®reaches a value of ~23.2 at the origin (all fdanents fire
at the same time), and falls off to ~2.1 far frdrma brigin, wherer; # 1, # 3 = 0. Forzr; # 0, the features are (?wte
different: at the center of the dark blue bandsere two of the four detectors register a photadhasame timey
reaches a value of ~2. Where any two of these dandrsect, the value increases to ~4 (small lijhe areas),
where any three intersecf”’ ~ 6 (larger green areas). We have performed siiongassuming an ideal Gaussian
scattering process, using the model in [2]; thésilations reproduce all the major features visibléhe data, with
values ofg®(0,0) = 6 andy¥(0,0,0) = 24 at the origins. As a control, we heageated all these measurements with
the laser coupled directly into the fiber, bypagsine rotating ground glass, and measug@d: 1.0 andg® = 1.0,
independent of delays (not shown). This last teswlicates there is little or no crosstalk betweaty of the
elements.

The combined timing jitter of the SNSPD and elemics is ~50 ps, making it useful for characterizmmgcesses
with much faster temporal evolution than the clasturce studied here. Thus, multi-element SNS&msd
enable advances in characterizing single-photonrcesu investigating the physics of low-thresholdd an
thresholdless lasers, or exploring non-Gaussiacgsses in dynamic light scattering experiments.
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