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Fig. 1 (Color online) Three-level A-type system. Levels |1)> and [2)
are linked by an allowed transition, as are |2) and |3). The
transition |3)<>|1) is forbidden. A strong ‘control’ field
coupling |2)> and |3) can induce transparency on the |2)><>
|1) ‘probe’ transition. In this work we use an FEL to excite
atoms from |1) to |2), and observe superfluorescence on the
[2) to |3) transition.
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LT, WHhWdB ATBD 3HENFRAE Fig.1kﬂ<?o #EfT
[1> LHERE |2), JUHERZ |2) L HERE |3) DM OBBIIN
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TR % I 9 % EERRICBRER L 72,

EUV 5tz FfIAL T I —~[2>1c k5 FEL%@%U&
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Table 1 Some properties of the thee-level system in helium, includ-
ing the wavelengths A and transition rates A. (A, +A,;) !
gives the radiative lifetime of state |2, and A,;/ (A, + A,;)
the branching ratio to the ground state

[ Isls 1S

[2> 1s3p 'P
13> 1s2s IS

Ao 53.7 nm
Az 501.6 nm
Ay 5.6-108s7!
Ay 1.3-107s~!
(Ay +Ay) ! 1.72 ns
Ay (Ay+Ay) 0.97
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FIFAL, SASE to#ifafl » miflaobt —L v Z{LIciI L /-
FERIEI SRR 2 08)

fs) &ALV —Y—/UV A (Ffs) O jitter ICHRHAT 5 &
E2bNb, —7, ABASHEERACT, WL —F—
PIWVADZ A IVTHRHERL T hH, UL—T %
BALTWELSTh, #<, HAatoEy, 501.6 nm O
B OV ANEH, FEL 7SOV ADBEEFIC AN ™7 LA A D
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3 (Natural decay rate) Ay & Ay TP-E 5, Table 103
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The effect on fluorescence emission with increasing gas pres-
sure (number density). Solid circles represent atoms in state
|2>, open circles atoms in state |1). a) dilute gas, small
excited state population. b) increasing number density, but
still low excited state population. ¢) high density, population
inversion. d) average spacing between excited states com-
parable to wavelength of emission.

Fig. 2
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Table 2 Symbols used in equations (1) and (2), and typical values
for the 501.6 nm superfluorescence discussed in this article

A DL R 501.6 nm
p JIEIR BB =106 cm-3
Ay H AR AR 1.3x107s1 (1s3p—1s2s)
L X <40 mm
N N =0.1 mm3
8n
TSF_m )]
1
u= t(ln {27p V)2 2)
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Mo, AR CEUT A L8 TE S, FHERTO
SATOWIRD T8 ] MTrWBE GRIRRE) id, Bl
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Fig. 3 (Color online) Streak camera traces at different helium num-
ber densities. The labels show the estimated average spacing
between excited atoms. The inset shows the peak and total
intensity as a function of estimated excited state number

density.
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Fig. 4 (Color online) Average delay (orange/light-blue) and width
(blue/dark blue) of superfluorescence pulses at different gas
nozzle pressures.

L EORERSRIZ LD, SEHH S N7z 5&501.6 nm
OHOGIT TEHE] THhH EfGmfiTbns, LaLiah
5, RDKRT)ICE ST, SEIOFEBRSEMHFITHIET
%NV AlG & BRI A SR T 5 &, FEEICHIE S 7K
B & D —HREEVRHE A R L O b, E/o, Btk
LUV ARO L, tp/t=(In 27N)%/4 L7x 5, ZCT,
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Fig. 5 (Color online) a) Simulated single-shot FEL spectra
(orange and green, or solid and dotted blue), showing the
position of the 1s31 (1=s, p, d) wavelengths, along with the
FEL pulse envelope (dotted black line, not normalised). b)
expanded to show the separation between the 1s3p and 1s3d
states, their Doppler-broadened zero-field lineshapes, and
the shapes of the simulated FEL pulses in this region. ¢) the
time profile of the electric field corresponding to one of the
simulated pulses.
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Superfluorescence observed using an EUV-FEL
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Abstract

wavelengths.

We report on the first observation of superfluorescence (collective spontaneous emission) at an
FEL, using the EUV free-electron laser and a high number density helium gas cell. We introduce
superfluorescence as an example of ‘quantum optics’ experiments which can be performed at the
new generation of lightsources, and discuss future prospects, including the extension to shorter
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