Interaction-Free Detection
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Can we detect / R /@ Yes! In 1986 we “[c]lonsider[ed] a photon exp:
an object with- Fig. 1: from [1] iment shown in Fig. 1 which results in an inte
outtransferring | J ference in the regio provided we do not knov
any energy to It? S whether it arrived to the region by pathor by path
Without touch- 1 detector | so... If we, after a photon passed the beam spli
Ing, Illuminating, BS n BS, and before it could reach poiat, suddenly in-
~_orirradiating it? | | Ly troduce a detector in the path at the pointC' and
Thatis, In such away » > / do not detectanything, then it follows that the photon must have
thatit “cannot detect”  »* S C

<! taken the patlk{—and, indeed, one can detect it In the region
thatwe are detecting.  [1] pavii¢, PhD Thesis, 1986 but it doesnot produce interference therd1]

In 1993 A. C. Elitzur and L. Vaildman realised that measurasgnregion) can be used for finding out whether
objects are or are not placed @hin Fig. [1]. The efficiency of suchnteraction-free measurements can ideally
and with a highly asymmetrical beam splitter approximat&o 50 he problem was that we need a controlled single
photon source and realistically such sources, like dowwamdad photons, reduce the efficiency to under 5%.
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Therefore In 1996 we devised a
setup that dispensed with the need

for having controlled single pho- M
ton sources. This is achieved witlas™
the help of two photon exit chan- ABS
nels from the resonator shown in 2 5 ' A
Fig. 2 and enabled by the realis- ABS " 1 ABS |D
tic efficiency of over 98%. When _ i

. . . D Dy D Dy
there is no objec in the path a —/ Pr r
destructive interference builds up Fig. 2; according td2] and|3].

at the first highly asymmetrical
beam splitter after at least 200
round trips and photons exit into
detectorD;. When there isan ob-  Sheer transfer of information

Ject in the path, photons exit Into  can change the state of a quar
detectorD,. Only 2% of them hit  tum system without any trans-
the object. fer of energy.

[2] Paul, H. and Patic, M., Res- _The way we obtain this result

onance Interaction-Free Measure- 'S SNowninFig. 3. Free falling

ment International Journal of The: ~ 2.0MS pass a double siit and
| . form Interference frin ges at

Interaction-free resonators can be used in guantum comnpueEnd communication,
however Inj4] we have already obtained the following fundamental result.
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oréetical Physics, 35, 2085-2091 /¢ p when the resonators are
(1996). noton. Atoms can absorb pho- U U
3] Paul, H. and Pagi¢, M., Non- tons of particular color and we

also tune the resonators to the

classical Interaction-Free Detectlonsa me frequency. When we switch on the

of Objects In a Monol|th|c Total- resonators, the photons wilee”the atoms ol
Internal-Reflection Resonatdour- yithout hitting them That reveals the slits ~ #¢F

nal of the Optical Society of Amer-  the atoms passed through and the interfer- fluorescent plate
ica, B 14, 1273-1277 (1997). ence fringes will not be formed. Fig. 3; from [4]
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