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figure 1:   Asymptotic kinematics in common CMS
  at about 300 GeV lab.

 nucl. emulsion track numbers indicated            CMS     variables see fig. 2

    10p – 0 - 0

  

Thick lines in plot correspond to observed tracks:
X  :    energy from multiple scattering

  ^  :    lower limit of energy from multiple scatt.
   cross hatched :    area, where tracks would appear
                 with higher than minimum ionisation

       hatched :     noise limit for multiple scattering  

Running parameters of CMS curves are:
   (for broken line is �oS = �S )
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P H Y S I K A L I S C H E S   K O L L O Q U I U M 

 

E I N L A D U N G 

______________________________________________________________________ 

Am Montag, 02.06.2014, 16.15 Uhr in W2-1-148 

spricht	
Prof.	Gerd	
Leuchs	

Max	Planck	Institute	for	the	Science	of	Light,	Erlangen,	Germany		
Institut	für	Optik,	Information	und	Photonik,	University	of	Erlangen‐‐‐Nuremberg,		

Department	of	Physics,	University	of	Ottawa		
über	
	
“Inverse	spontaneous	emission	of	an	atom	in	free	space	–	an	example	of	time	reversal		

symmetry	in	optics”	
The	coupling	between	light	and	a	single	atom	is	probably	the	most	fundamental	process	in	
quantum	optics.	The	best	strategy	for	efficiently	coupling	light	to	a	single	atom	in	free	space	
depends	on	the	goal.	If	the	goal	is	to	maximally	attenuate	a	laser	beam,	narrow‐‐‐band	on‐‐‐	
resonance	laser	radiation	is	required	as	well	as	a	wave	front	approaching	the	atom	from	a		
2_	solid	angle.	If,	on	the	other	hand,	the	goal	is	to	fully	absorb	the	light	bringing	the	atom	to		
the	excited	state	with	unit	success	probability	one	will	have	to	provide	a	single	photon	
designed	to	represent	the	time	reversed	wave	packet	which	the	atom	would	emit	in	a	
spontaneous	emission	process.	Among	other	conditions	this	requires	the	single	photon	
wave	packet	impinging	from	the	full	4_	solid	angle	and	having	the	correct	temporal	shape.	
The	state	of	the	art	is	reviewed	and	the	experimental	progress	is	discussed.	If	the	
interaction	is	strong	enough	it	will	allow	for	building	a	few	photon	quantum	gate	without	a	
cavity,	with	possible	applications	in	quantum	information	processing.		

 
 
 
 
 
 
 
 
 

Fig.:	Full	absorption	corresponds	to	time	reversed	emission		
Latest	reference:		
G.	Leuchs	and	M.	Sondermann,	J.	Mod.	Opt.	60,	36	(2013)		
	
Einladender:	Prof.	Christoph	Lienau	
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Location 

Leuchs: Inverse spontaneous emission of an atom in free space – an
example of time reversal symmetry in optics
Wednesday, March 5, 2014 - 2:00 pm to 3:00 pm

Gerd Leuchs, Max Planck Institute for the Science of Light

The coupling between light and a single atom is probably the most fundamental process in quantum optics. The best strategy for efficiently
coupling light to a single atom in free space depends on the goal. If the goal is to maximally attenuate a laser beam, narrow-band on-
resonance laser radiation is required as well as a wave front approaching the atom from a 2_ solid angle. If, on the other hand, the goal is to
fully absorb the light bringing the atom to the excited state with unit success probability one will have to provide a single photon designed to
represent the time reversed wave packet which the atom would emit in a spontaneous emission process. Among other conditions this requires
the single photon wave packet impinging from the full 4_ solid angle and having the correct temporal shape. The state of the art is reviewed
and the experimental progress is discussed. If the interaction is strong enough it will allow for building a few photon quantum gate without a
cavity, with possible applications in quantum information processing.

Fig.: Full absorption corresponds to time reversed emission
Latest references:
G. Leuchs and M. Sondermann, "Lightmatter interaction in free space" J. Mod. Opt. 60, 36 (2013)
M. Fischer, M. Bader, R. Maiwald, A. Golla, M. Sondermann, G. Leuchs, " Efficient saturation of an ion
in free space", arXiv:1311.1982 (2013)
M. Bader, S. Heugel, A.L. Chekhov, M. Sondermann and G. Leuchs, "Efficient coupling to an optical resonator by exploiting time-reversal
symmetry", New J. Phys 15, 123008 (2013)
G. Alber, J. Z. Bernád, M. Stobińska, L. L. Sánchez-Soto, and G. Leuchs, "QED with a parabolic mirror", Phys. Rev. A 88, 023825 (2013)
G. Leuchs and M. Sondermann, "Time reversal symmetry in optics", Phys. Scr. 85, 058101 (2012)
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Efficient saturation of an ion in free späce

Marri n Hscher, l' 4 :l' * Marianne Bader, I' r"r Roben Maiwald, I' a

Andrea Gotla,r'2 Markus Sonderma$n,l'z't and Gerd [-e.uehsl'2
I lwtitut* of Optht, lnformatkm and Photonics, Univenity of Erlangen-Nurenberg, 91058 Erlangen, Germany

z&fax Planck Innitatr. for th* $cienee of llgla, Guenther-Scharcrr.r&y-.trr t/llldg, 24,91058 Erlangen, (iermaty
3'l?v.se aathors cowribated equally to thir wotk

aprercnt addrcss: Fhysikalisrhe.s Institüt, Ilnivenity af Bon4 53115 Bann, Germany

'i#e rcpo* on thc demon*trati$n of a light-mattcr intcrface coupling light to a singlc lz<y6* ion in frtc spece.

Thc intcrfacc is rcalizcd thmugh a pcmbolic mirror partially surnrunding thc ion, lt transforms a l,agucrrc-

Gauxsian beanr iato a linear dipole wave converging at the mimrr's ftrcus. By.measuring the non-liaearreqxrn*e

of the atomic transition we deduce ths power rcquireil for reaching an upper-level population cf 1/4 to hc

692*20 pW at half lincwidth dctuning fnrm the atomic resonalce. Performing this me.&surement while scanning

t6e iun thnrugh the focus provides a map of the fucal intensity distribution. Fmrn the menrurerl Erwer we inlera
coupling e{liciency of 7.2 -L 0.2 % on the linear dipole lran*ilion when illuminating liom half solid angle, being

among the best coupling elliciencies reported for c single atom in fiw *pace.
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I. INTRODUCTION

Coupling light and matter is an esse*tial part in many

quantum information protocols [l]. Fcr rnany of lhese

prolocols to be implemented successfully this coupling

should be as high as passible. The scheme used ma*t fre-
quently for achieving high coupling efüciencies is to place

the matter $ystem into a high'quality rasonator. Here we

will rather focus on light-mattcr coupling in flcc space and

the measurcmcnt urd charractcrization of the coupling cf*
ficiency. When investigating this efficicncy typically three

distinct effects art rneasured:
Firrtly, efticienf coupling increates thc probability of

a photon being absorbed by e m$ter syslöm. This pro-

vide* an opponunity to use rnätter a$ * quantlnn memory in
which cne c:m stare the state af a photon. Here, a rneasure

tbr the coupling eftciency czuld be the probabilify with
which one cän $tore a single phototr in a ma(er system

[2J. As fcn all other types of experimenß described bebq
s?atially mode matching the light field to the transilian is
essential. In addition, dcpcnding on the inner structure of
the matter system involvcd. it is neccssaty to crente nn op-

timal tcmporal shapc of thc incident field 13-5]' Thus thc

absorption probability is afftctcd by two different effects

lhr:t havc to bc distinguishcd by adclitional mcäsurcmcnts.

A second effect occurring in light-mafßr interaction is

the phase shift that a light field acquires when intcracting

dispenively with a medium. Here, the phase a field accu-

mulates in comparison to a non-interacting field provides

a good me&sure for the strength of the interaction [6-91'
given the light is scättsrcd coherently. This, hcwwer, is
only the c.ase if no upper-level population is induced and

hence therc is no incoherent *cattering. This is onty thc

case if the driving field is zero. Ttr account for thc amount

of incohcrently scattcrcd light thc uppr-lcvel population

has to be dotermined. Additionally, invcstigating the phase

of a lield requires süme wäy of stabilizing the phase of the

non-interacting lield.

* martin.lischerG mpl.mpg.de
t nrarkus-sondermann@ fau"rte

üfX\ J:ls i\ -\qg'1v4, P"t{

A further eflect lhat is often invesfigated in the context
of high coupling efliciencies is the extinction of a light
fie1d traveling pa$t a matter system. This effect is related

to thc prcvious onc. txcausc both effccts originatc from
the intcrfcrence between thc impinging light and the light
scattercd by *re *miner [?, ti, l0l. In contrast to thc phuc
shift, which is maximized by itlumination fnrm full solid

angle 16, I l], optimal rcsults are obtnimxl when folusing
light from half {he salid angle I l0l. Thc depth of the dip in
the tri*smission thmugh the systern providcs a good mea'

srilr for the amount of light that was interacting [12-15].
Like in the case of the phase shift the effect is reduced by
incoherently scattered light Il 3].

Here, we will cs:abtish salurddon measuremesf.$ as a

tool for eharactedzing the coupling e{hcicncy in frec space

in an unambiguolrs wny. utilizing the very effect thet is

deüimental in the types of measurcments discussed above.

The next section discusses the advantages of sanralion
meassrements in more detail and reviews the relation be-

tween coupling efticienry and the necessary lxlwer to reach

a given upper-level poputation. The experimental set-up is

described in .Sec. In, ruherea.s the experinrental results are

presented in Sec" lV and discussed in Sec. V.

N. SATURATIONMAASU{trMENTS

In what follows we present an approach that prcvides a

meiLsure for the spatial overlap of the light lield with the

drivcn tr*nsition wtrile neglccting ternporul cffeclr. A twn-
level-system (TLS) responds to thc power of the driving
ficld in a non-lincar way. The arnount of ligltt scärtfrcd by

a TLS is dire"r.tly proportional to its upper-level popularion

p. Solving thc Blach cquations onc fintls that for strong

driving lietds the upper-level popolalion in the steady state

solution asymptoticatly reaches p : ll2 where the TLS
scatters at a rate at T 12, where I is the spontancous emi$-

sion rate of the TI-S. Thus, one can directly relate the

upper-level population to the amount ofscanered photons.

Fcn exampli, at an up;xrJevel population of p : 1/4 gt"

TLS scatters at a rate of f 14. This value is commonly as-

sociatcd with a saluration parameter S * 1 in the litera re

;>
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