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Polarized synchrotron images from the Event Horizon Telescope (EHT)
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High Resolution Detector & TDC

* Fast detectors: EPFL SPADs + TDC: IDQuantique ID 1000

— 3ns dead-time (configurable) resolution |ps

— ~55% PDP @ 5V/500nm — Inter-channel G <3.6ps = Measured full jitter [TDC + two SPADs]: 2.4 ps RMS

— 20Hz DCR @ 5V/20°C — 300MHz / channel correlation
— Time jitter ~5.1ps RMS — |0MHz total timestamp readout

. Broad-Spectrum from chaotic sources
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High Resolution Detector & TDC

2. Spectral lines: the g2 peak is resolved

polariser & single mode filter, |OMHz/channel

2
| ] o
m 0146 - i i —}— data —— Spectrum N D_I — — ~
Cd 508 n i i best fit —— Cdl, Ay = 508.58 nm a I neS Aﬂ’ 4 ~ O‘O3A
0.4 : : —— Jitter (0 = 12.4 ps) m ]Z-TC
p : . | . |l [ : H 1
. RS | ) 200,21 | ! ! —— data 1 | —— Spectrum
' j ' - : —— best fit i —— DI, Ao = 589.59 nm
N I I
- | ! ! —— jitter (0 = 12.4 ps) 1 DII, Ag = 589.00 nm
s021 | | 0 : i | ===~ Ar, Ao = 588.86 nm
/ S | 7 | \\ | 1
0151 o000/ 0 | S~ 200 | |
B
L
o o N o & T i
§ § § § 4 4 0.10 |
= B E
= Mk
3 0 Nk
=2 best fit !
é T ::d u—a(::ni. =249 0.05 i
-0 T T T T T T T T T e
| .
~400 ~200 0 200 400 0 100 200 300 100 s 7 :
lag [ps] v
o ! 1 ! | | 1 .
H g 545 N “dao e —t—|dta [ opectnm 0.00 - AR ['\%09:000"&? AR ANAY N A
i i best fit —— Hg, Ay = 545.00 nm A XN, DD, %0,
0.25 1 N —— jitter (o =124 pe) 1191919191919 919

0 10
0.20 E
%2}
~0.15: @ 0
a -g ___ bestfit
0.10 0 p=0.12 0 =112
—-10 s —_ resudu?ls
. ) I
e ~400 ~200 0 200 % 400 0 200 400 600 800 1000
0.00 . lag [ps]
S ~ Lamp spectrum is more

complex (e.g. traces of Argon)

best fit
=024, 0 =239

= residuals

L Perfect Poisson Noise !!!

TDC response is slightly assymetric

residuals [o0]
(=]

|
—
o




Stable Systematics can be Subtracted

wiggles are stable so the correlated noise can be 25 1
subtracted (TDC discriminator also involved)
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On Telescopes

3. Stars

515/Inm filter & polarizer

The Sun (30 min, 25MHz/channel) Vega & Capella (6.5h, 2MHz/channel)
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The jitter at the telescope was 22ps rather than 12ps because of a wrong setting of the voltage

Exposure time is 50x less than with ns detectors



Time Distribution & Synchronistion

Up to 30+ km

White Rabbit sub ns ~ 100ps
Low jitter White Rabbit ~ 20ps

Improved low Jitter White Rabbit < 5ps

— Fiber temperature (changes of alpha-value)
— Internal electronics temperature

— WR jitter, 5km fiber
-~~~ 0=5.006+0.001 (ps)
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Quantum clocks synchronised with
entangled photons

Distant clock synchronization using entangled photon pairs

Alejandra Valencia, Giuliano Scarcelli and Yanhua Shih
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second-order quantum coherence of entangled photons
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Dewar

6 QUASAR1 chips (3072x16 spads)
thermal sensors, power & timing distribution
cooling to -30C by Peltier, vacuum insulation

QUASAR1 chip

512x16 spad array, ~1.4cm x 2mm, 600mW, 60%filling factor
DCR ~ 1cps/pix@-30C, dead time quenching, cross-talk filtering,
time to digital converter, time stamps via serial interface.
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handling 8 x 8 = 64 SPADs 100ns ranae
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\ Pads 25.6 Gbps/chip

FPGA Board

3 SoC (to handle 6 QUASAR1 chips)
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Miller-dones (2010)
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