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• Family 

• Cycling and walking 

• Nature and the environment 

• Art, film, reading, music, home wine brewing, … 

• Running old mac’s, genealogy, … 

• Fungi (especially edible mushrooms) 

• Buddhism and meditation 

• Fighting injustice 

• Scientific integrity 

• Forensic statistics 

• Statistics in the media and in popular science 

• Quantum information and quantum foundations

Interests

(Theravada; Vipassana)

Henk 
Barendregt

Daniel 
Ingram



• Twice, a main suspect in a criminal investigation 

• Once, threatened with civil legal action by most evil law firm in NL 
(mission: protect reputation of powerful people) 

• Once, subject of a Leiden University investigation into alleged 
violation of scientific integrity 

• Several powerful enemies … 

• Twice banned from editing Wikipedia

Fighting injustice; scientific integrity; forensic statistics: 

the down side
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RLFKaUG D. GLOO

RLFKaUG DaYLG GLOO (ERUQ 11 SHSWHPEHU 1951) LV D
PDWKHPDWLFLDQ ERUQ LQ WKH 8QLWHG KLQJGRP ZKR KDV OLYHG LQ WKH
NHWKHUODQGV VLQFH 1974. AV D SUREDELOLW\ WKHRULVW DQG VWDWLVWLFLDQ,
GLOO LV PRVW ZHOO NQRZQ IRU KLV UHVHDUFK RQ FRXQWLQJ SURFHVVHV
DQG VXUYLYDO DQDO\VLV, VRPH RI ZKLFK KDV DSSHDUHG LQ DQ DGYDQFHG
WH[WERRN. NRZ UHWLUHG, KH ZDV WKH FKDLU RI PDWKHPDWLFDO VWDWLVWLFV
DW LHLGHQ 8QLYHUVLW\. GLOO LV DOVR NQRZQ IRU KLV SUR ERQR
FRQVXOWLQJ DQG DGYRFDF\ RQ EHKDOI RI YLFWLPV RI LQFRPSHWHQW
VWDWLVWLFDO WHVWLPRQ\, LQFOXGLQJ D DXWFK QXUVH ZKR ZDV ZURQJIXOO\
FRQYLFWHG DQG MDLOHG IRU VL[ \HDUV.

BLRJUaSK\
SWaWLVWLcaO adYRcac\ aJaLQVW ZURQJfXO cRQYLcWLRQV
HRQRUV
RefeUeQceV
E[WeUQaO OLQNV

HH VWXGLHG PDWKHPDWLFV DW WKH 8QLYHUVLW\ RI CDPEULGJH (1970±
1973), DQG VXEVHTXHQWO\ IROORZHG WKH DLSORPD RI SWDWLVWLFV FRXUVH
WKHUH (1973±1974).

MDUU\LQJ D DXWFK ZRPDQ, KH PRYHG WR WKH NHWKHUODQGV ZKHUH KH ZRUNHG IURP 1974 WR 1988 DW WKH
MDWKHPDWLFDO CHQWUH (ODWHU UHQDPHG CHQWUXP WLVNXQGH & IQIRUPaWLFa, RU C:I) RI APVWHUGDP. IQ
1979, GLOO REWDLQHG KLV PKD ZLWK WKH WKHVLV CHQVRULQJ aQG SWRFKaVWLF IQWHJUaOV, ZKLFK ZDV VXSHUYLVHG
E\ JDFREXV ORVWHUKRII RI WKH 9ULMH 8QLYHUVLWHLW, ZKLFK DZDUGHG WKH GRFWRUDWH.>1@ GLOO VSHQW AXWXPQ
1980 DW WKH SWDWLVWLFDO RHVHDUFK 8QLW DW WKH 8QLYHUVLW\ RI CRSHQKDJHQ. GLOO FRQWLQXHG WR FROODERUDWH
ZLWK DDQLVK (DQG NRUZHJLDQ) VWDWLVWLFLDQV IRU WHQ \HDUV, KHOSLQJ WR ZULWH WKH ERRN SWaWLVWLFaO PRGHOV
baVHG RQ FRXQWLQJ SURFHVVHV, ZKLFK LV RIWHQ UHIHUUHG WR DV "ABGK" (IRU WKH DXWKRUV AQGHUVHQ, BRUJDQ,
GLOO, DQG KHLGLQJ).>2@ IQ 1983 KH EHFDPH WKH KHDG RI WKH DHSDUWPHQW RI MDWKHPDWLFDO SWDWLVWLFV DW
C:I.

IQ 1988 KH PRYHG WR WKH DHSDUWPHQW RI MDWKHPDWLFV RI 8WUHFKW 8QLYHUVLW\. GLOO EHFDPH WKH FKDLU LQ
PDWKHPDWLFDO VWRFKDVWLFV²WKLV FKDLU UHSUHVHQWHG WKH WKUHH PDWKHPDWLFDO VFLHQFHV RI PDWKHPDWLFDO
VWDWLVWLFV, SUREDELOLW\ WKHRU\, DQG RSHUDWLRQV UHVHDUFK. HLV PKD VWXGHQWV LQFOXGH SDUD YDQ GH GHHU DQG
MDUN YDQɾGHUɾLDDQ.>1@

IQ 2006, KH PRYHG WR WKH DHSDUWPHQW RI MDWKHPDWLFV DW LHLGHQ 8QLYHUVLW\, ZKHUH KH EHFDPH WKH
FKDLU RI PDWKHPDWLFDO VWDWLVWLFV. SLQFH WKHQ, KH KDV FRQGXFWHG VWDWLVWLFDO UHVHDUFK LQ WKH WKHRU\ RI
TXDQWXP LQIRUPDWLRQ, IRUHQVLF VWDWLVWLFV, VFLHQWLILF LQWHJULW\ DQG LQ ELRVWDWLVWLFV. HH KDV DOVR ZRUNHG
RQ VXUYLYDO DQDO\VLV, VHPLSDUDPHWULF PRGHOV, FDXVDOLW\, PLVVLQJ GDWD, PDFKLQH OHDUQLQJ, DQG VWDWLVWLFV

CRQWHQWV

BLRJUaSK\
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3URIHVVRU RI MDWKHPDWLFDO 6WDWLVWLFV,
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3UREDELOLW\
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6WDWLVWLFDO PRGHOV EDVHG RQ FRXQWLQJ SURFHVVHV
3K AQGHUVHQ, � BRUJDQ, 5D GLOO, N KHLGLQJ
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5152 1993

CR['V UHJUHVVLRQ PRGHO IRU FRXQWLQJ SURFHVVHV: D ODUJH VDPSOH VWXG\
3K AQGHUVHQ, 5D GLOO
7KH DQQDOV RI VWDWLVWLFV, 1100-1120

4257 1982

CHQVRULQJ DQG VWRFKDVWLF LQWHJUDOV
5D GLOO
MDWKHPDWLFDO CHQWUH, APVWHUGDP (MC 7UDFW 124)
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GG NLHOVHQ, 5D GLOO, 3K AQGHUVHQ, 7IA 6¡UHQVHQ
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PHWKRG (SDUW 1)
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ASSOLFDWLRQV RI WKH YDQ 7UHHV LQHTXDOLW\: D BD\HVLDQ CUDPpU-5DR ERXQG
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BHUQRXOOL 1 (1-2), 59-79
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5D GLOO, 6 MDVVDU
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• The case of Lucia de B 

• Martingale methods designed to fight quantum crackpots 
adopted in “loophole-free” Bell experiments 

• Major depressive episodes; heart failure; …

Life-changers

• Occasional master and bachelor project supervision 

• Occasional master exam chair 

• Participate in some seminars and study groups

At the MI

LETTER
doi:10.1038/nature15759

Loophole-free Bell inequality violation using
electron spins separated by 1.3 kilometres
B. Hensen1,2, H. Bernien1,2{, A. E. Dréau1,2, A. Reiserer1,2, N. Kalb1,2, M. S. Blok1,2, J. Ruitenberg1,2, R. F. L. Vermeulen1,2,
R. N. Schouten1,2, C. Abellán3, W. Amaya3, V. Pruneri3,4, M. W. Mitchell3,4, M. Markham5, D. J. Twitchen5, D. Elkouss1,
S. Wehner1, T. H. Taminiau1,2 & R. Hanson1,2

More than 50 years ago1, John Bell proved that no theory of nature
that obeys locality and realism2 can reproduce all the predictions of
quantum theory: in any local-realist theory, the correlations
between outcomes of measurements on distant particles satisfy
an inequality that can be violated if the particles are entangled.
Numerous Bell inequality tests have been reported3–13; however,
all experiments reported so far required additional assump-
tions to obtain a contradiction with local realism, resulting in
‘loopholes’13–16. Here we report a Bell experiment that is free of
any such additional assumption and thus directly tests the principles
underlying Bell’s inequality. We use an event-ready scheme17–19 that
enables the generation of robust entanglement between distant
electron spins (estimated state fidelity of 0.92 6 0.03). Efficient
spin read-out avoids the fair-sampling assumption (detection
loophole14,15), while the use of fast random-basis selection and spin
read-out combined with a spatial separation of 1.3 kilometres
ensure the required locality conditions13. We performed 245 trials
that tested the CHSH–Bell inequality20 S # 2 and found
S 5 2.42 6 0.20 (where S quantifies the correlation between mea-
surement outcomes). A null-hypothesis test yields a probability
of at most P 5 0.039 that a local-realist model for space-like sepa-
rated sites could produce data with a violation at least as large as
we observe, even when allowing for memory16,21 in the devices.
Our data hence imply statistically significant rejection of the
local-realist null hypothesis. This conclusion may be further con-
solidated in future experiments; for instance, reaching a value of
P 5 0.001 would require approximately 700 trials for an observed
S 5 2.4. With improvements, our experiment could be used for
testing less-conventional theories, and for implementing device-
independent quantum-secure communication22 and randomness
certification23,24.

We consider a Bell test in the form proposed by Clauser, Horne,
Shimony and Holt (CHSH)20 (Fig. 1a). The test involves two boxes
labelled A and B. Each box accepts a binary input (0 or 1) and subse-
quently delivers a binary output (11 or 21). In each trial of the Bell
test, a random input bit is generated on each side and input to the
respective box. The random input bit triggers the box to produce an
output value that is recorded. The test concerns correlations between
the output values (labelled x and y for boxes A and B, respectively) and
the input bits (labelled a and b for A and B, respectively) generated
within the same trial.

The discovery made by Bell is that in any theory of physics that is
both local (physical influences do not propagate faster than light) and
realistic (physical properties are defined before, and independent of,
observation) these correlations are bounded more strongly than they
are in quantum theory. In particular, if the input bits can be considered
free random variables (condition of ‘free will’) and the boxes are

sufficiently separated such that locality prevents communication
between the boxes during a trial, then the following inequality holds
under local realism:

S~ x :yh i(0,0)z x :yh i(0,1)z x :yh i(1,0){ x :yh i(1,1)

!!!
!!!ƒ2 ð1Þ

where Æx ? yæ(a,b) denotes the expectation value of the product of x and y
for input bits a and b. (A mathematical formulation of the concepts
underlying Bell’s inequality is found in, for example, ref. 25.)

Quantum theory predicts that the Bell inequality can be significantly
violated in the following setting. We add one particle, for example an
electron, to each box. The spin degree of freedom of the electron forms
a two-level system with eigenstates j"æ and j#æ. For each trial, the two
spins are prepared into the entangled state jy{i~ j:;i{j;:ið Þ

" ffiffiffi
2
p

.
The spin in box A is then measured along direction Z (for input bit
a 5 0) or X (for a 5 1) and the spin in box B is measured along
{ZzXð Þ

" ffiffiffi
2
p

(for b 5 0) or {Z{Xð Þ
" ffiffiffi

2
p

(for b 5 1). If the mea-
surement outcomes are used as outputs of the boxes, then quantum
theory predicts a value of S~2

ffiffiffi
2
p

, which shows that the combination
of locality and realism is fundamentally incompatible with the predic-
tions of quantum mechanics.

Bell’s inequality provides a powerful recipe for probing fundamental
properties of nature: all local-realist theories that specify where and
when the free random input bits and the output values are generated
can be experimentally tested against it.

Violating Bell’s inequality with entangled particles poses two main
challenges: excluding any possible communication between the boxes
(locality loophole13) and guaranteeing efficient measurements (detec-
tion loophole14,15). First, if communication is possible, a box can in
principle respond using knowledge of both input settings, rendering
the Bell inequality invalid. The locality conditions thus require boxes A
and B and their respective free-input-bit generations to be separated in
such a way that signals travelling at the speed of light (the maximum
allowed under special relativity) cannot communicate the local input
setting of box A to box B, before the output value of box B has been
recorded, and vice versa. Second, disregarding trials in which a box
does not produce an output bit (that is, assuming fair sampling) would
allow the boxes to select trials on the basis of the input setting. The fair
sampling assumption thus opens a detection loophole14,15: the selected
subset of trials may show a violation even though the set of all trials
may not.

The locality loophole has been addressed with pairs of photons
separated over a large enough distance, in combination with fast set-
tings changes4 and later with settings determined by fast random
number generators5,9. However, these experiments left open the detec-
tion loophole, owing to imperfect detectors and inevitable photon loss
during the spatial distribution of entanglement. The detection loop-
hole has been closed in different experiments6–8,10–12, but these did not

1QuTech, Delft University of Technology, PO Box 5046, 2600 GA Delft, The Netherlands. 2Kavli Institute of Nanoscience Delft, Delft University of Technology, PO Box 5046, 2600 GA Delft, The Netherlands.
3ICFO-Institut deCiencies Fotoniques, TheBarcelona Institute ofScienceand Technology, 08860Castelldefels (Barcelona), Spain. 4ICREA-Institució Catalanade Recerca i EstudisAvançats, Lluis Companys
23, 08010 Barcelona, Spain. 5Element Six Innovation, Fermi Avenue, Harwell Oxford, Didcot, Oxfordshire OX11 0QR, UK. {Present address: Department of Physics, Harvard University, Cambridge,
Massachusetts 02138, USA.
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this case, the null hypothesis that an arbitrary local-realist model of
space-like separated sites governs our experiment is rejected with a P
value of 0.039 (Fig. 4b). This P value might be further tightened in
future experiments.

Our experiment realizes the first Bell test that simultaneously
addresses both the detection loophole and the locality loophole.
Being free of the experimental loopholes, the set-up tests local-realist
theories of nature without introducing extra assumptions such as fair
sampling, a limit on (sub-)luminal communication or the absence of
memory in the set-up. Our observation of a statistically significant
loophole-free Bell inequality violation thus indicates rejection of all
local-realist theories that accept that the number generators produce a
free random bit in a timely manner and that the outputs are final once
recorded in the electronics.

Strictly speaking, no Bell experiment can exclude all conceivable
local-realist theories, because it is fundamentally impossible to prove
when and where free random input bits and output values came into
existence13. Even so, our loophole-free Bell test opens the possibility to
progressively bound such less-conventional theories: by increasing the
distance between A and B (for example, to test theories with increased
speed of physical influence); by using different random input bit gen-
erators (to test theories with specific free-will agents, for example,
humans); or by repositioning the random input bit generators (to
test theories where the inputs are already determined earlier, some-
times referred to as ‘freedom-of-choice’9). In fact, our experiment
already enables tests of all models that predict that the random inputs
are determined a maximum of 690 ns before we record them
(Supplementary Information).

Combining the presented event-ready scheme with higher entang-
ling rates (for example, through the use of optical cavities) provides
prospects for the implementation of device-independent quantum key
distribution22 and randomness certification23,24. In combination with
quantum repeaters, this might enable the realization of large-scale
quantum networks that are secured through the very same counter-
intuitive concepts that inspired one of the most fundamental scientific
debates for 80 years1,2,25.
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A new project?

These apps are impressive, 
and use deep learning  
… and they are lethal



Macrolepiota procera 
Parasol mushroom 
Grote parasolzwam

Amanita muscaria 
Fly agaric 

Vliegenzwam

Leucoagaricus leucothites 
White dapperling 
Blanke champignonparasol Laetiporus sulphureus 

Chicken of the woods 
Gewone zwavelzwam

Amanita phalloides 
Death cap 
Groene knolamaniet

Fistulina hepatica 
Beefsteak mushroom 

Biefstukzwam



Volvariella volvacea Amanita phalloides Leucoagaricus leucothites

Which is the odd one out?



• Volvariella volvacea : straw mushroom /  tropische 
beurszwam, rijststro-paddenstoel 

• Amanita virosa : destroying angel / kleverige knolamaniet 

• Leucoagaricus leucothites : white dapperling, white Agaricus 
mushroom / Blanke champignonparasol

Answers
Each of the three is an odd one out on a number of different criteria

For example: 

Volvariella volvacea is not native to Europe, the others are common here. 
Amanita virosa is deadly, the others are delicious. 
Leucoagaricus leucothites does not have a Dutch Wikipedia page (the Dutch find white mushrooms with white gills frightening)


