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Boson statistics was predicted by Einstein in 1925

59 Physics Nobel prizes :

+ Clarke, Devoret & Martinis (2025) Macroscopic quantum tunnelling & quantisation tentheoria des einatomigen idgalen GM.

' Aspect, Clauser, Zeilinger (2022): Entengled photons & ... : P

: Glauber, Hall, Hansch (2005): Quantum optics & optical combs Zweite Ablnndllmg.

: Abrikosov, Ginzburg, Leggett (2003) Theory of superconductors : '

:Cornell, Ketterle, Wieman (2001) Bose-Einstein condensate 5 ; Von A. EINSTEIN.

:Bednorz, Miller (1987) Superconductivity in ceramic materials E L

iEsaki, Giaever, Josephson (1973) Tunneling phenomena E 1925

; Bardeen, Cooper, Schrieffer (1972) Theory of superconductivity 5 (inspired by the derivation of Planck’s law by S. N. Bose in 2024)

:Onnes (1913) Low-temperature research and the discovery of superconductivity

<N>
Variance of the number of particles : AN> = < N > <1 + > (34)
: number of quantum phase space elements
v :
i
1 liter of air: 1022 molecules AN/N = 1071 ; classical shot noise, a 107! effect
(ambient conditions) 0
Particles per quantum cells: T A 107° a 10~'% effect
v( ka/h)

When particle wave packets overlap in phase space they become indistinguishable

Photons overlap when their position and momentum vectors are close enough

HBT 1956 : the first evidence of the quantum factor / Fano 1961: understanding g2=2



Ceciwest pas un disque d'accrétion .




 Black-hole spin as a source of energy

Process

 Electron temperatures have been measured
* The plasma is optically thin (we « see » the black-hole)
 Accretion is radiatively inefficient

 Signatures of the Blandford Znajek process
Great, because most black-holes in the Universe have low accretion rates
Observing synchrotron emission at high resolution (Gravity+, EHT+) will provide new insight

Variabilities do not match Spectral shapes do not match Retlection does not match
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mecooa Targets Size (8) |Baseline (\/tan 6)| [l B
Micro to nano structures on the Sun LUdeg to ndeg m-km
Sirius B (Robin) 8 ndeg 2.5 km
Stripped SN @ 50Mpc 1 ndeg 20 km
S s Supermassive star 1 ndeg 20 km
E‘;/'?% 1 Accretion disk of U Geminorum (CV) 5 ndeg 2 km
a
265Mo ?  |Broad line region, TDE 1-100 ndeg 0.1-20 km
Horizon in M87 2 ndeg S5km
Accretion disk of 3C 273 (QUASAR) 1 ndeg 20 km
Disk & jet connexions ndeg 20 km
Accretion disk of Sco X-1 (LMXB) 30 pdeg 600 km
0.01AU on a Centauri AB 2 udeg 10 m 101000k
1km on a Centauri 1 pdeg 10’000 km '&,,
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1. Photometer

2. Spectrometer

Ay
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SNR = 1 “v2./N
V2yae \/(1+Bl/F Y1+ B,/F,) h 12V Netan

Problems to be solved (1ps/c = 0.3mm) :

v Detector & TDC at high resolution
v Low systematic noise
Clock synchronisation over many km
v' High performance time tag correlator
mm accuracy position of telescopes

= Detector array

= Dewar & FPGA

= Synchronous optical spectrometer
= Atmospheric effects
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used now
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(20km bageline)

Simulations includes source spectra, dispersion, slit, optical and
quantum efficiencies, dead-time, fill factor, dark noise, cross-talk

10! 5 .
] N (20km baseline)
Spectrometer to reach 10°
telescopes in 2027 5 0 N Vag 10 15
— quasar S in 2030 Improvements since the original Hanbury Brown & Twiss experiment:

- 103 in mirror area
- 103in spectral channels
- 103in timing resolution

— gain of 1012 in exposure, compared to HBT
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Skinakas (Crete) C2PU Calern (France) Photometer version 2

Gilles’ talk




PCBs

6 QUASAR1 chips (3168x16 spads), 300Gbp
thermal sensors, power & timing distribution

QUASAR1 chip (at the foundry) Ivan’s talk

528x16 spad array, ~1.4cm x 2mm, 0.5W, 60%filling factor %
DCR ~ 1cps/pix@-30C, dead time quenching, cross-talk filtering,
132 time to digital converters, time stamps via 44 SERDES interfaces. ;| ||}/ ID|ID

Pixel Circuits
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Combining Logic
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TDC
handling 8 x 8 = 64 SPADs
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Dewar

cooled to -30C by Peltier, vacuum insulation

FPGA

Time stamps processing
& synchronisation

Vitalii’s talk

FPGA FPGA

Clock Clock
client client

Master \/Ita l I I S ta l k

clock
L

Correlator Etienne’s talk
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In real time

Photometer in the « laboratory » ...and mag 0 with spectrometers on ~1m telescopes
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U Geminorum

93pcC

Porb — 41 h
Companion: M4V 0.5 Mg

Miller-Jones

Vcold - Neutral gas, molecular viscosity
Vhot : ionised gas, magneto-rotational instability
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VLT + VISTA:
Resolution : 500nm/1500m = 70 pas

<SNR/observation> : 12.1 (15 minutes)

orientation (deq)

3 nights
0~2°/2%

radius factor

orientation (deq)

radius factor




photons/s m? Hz arcsec?
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12 year
precessing orbit

150 million solar »
mass secondary BH

#=18.35 billion solar
mass primary BH
spin 0.38

(my=12 during flares - 108-10 My - 1Gpc)
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(Kushwaha et al, 2018)

Lense-Thirring effect on a viscous disk

‘Warped disk’

(Abraham, 2018)
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% Photometer (22ps system jitter) could be adapted on various
telescopes now

% Spectrometer to be tested on telescopes in 2026-27

Mag 0 on 1m telescopes =SNR =~ 504/exposure 1n second



