Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

He R F A ZER TN E AN EFRLOFEIRILHR
Tahid EAF MLk ARHE

Theoretical study of the periodic quantum phase modulation of the dipole response in atomic He
Ding Jing-Jie Wang Quan-Jun Liu Zuo-Ye Hu Bi-Tao
5| 1% & Citation: Acta Physica Sinica, 64, 243201 (2015) DOI: 10.7498/aps.64.243201

1E28 1713 View online:  http://dx.doi.org/10.7498/aps.64.243201
AP 4R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/124

AT RERCL B B A S
Articles you may be interested in

il B PO R B AT 1) S5 1) B R e 3 4 A
Spontaneous emission field excited by an atom near the u-negative metamaterials slab
PP 22 H%.2015, 64(1): 014206  http://dx.doi.org/10.7498/aps.64.014206

BT 3 SR KT U HO A [71] T = 2K BT AR A KRS I T VAT 7T
New transverse Zeeman effect method for mercury detection based on common mercury lamp
Y 24,2014, 63(7): 074202  http://dx.doi.org/10.7498/aps.63.074202

R 84K+ B2 o GaAs L
Slow ions 8*Kr!>+17+ bombardment on GaAs
Yy 2422014, 63(5): 053201 http://dx.doi.org/10.7498/aps.63.053201

JE FH - JER 8 SR e ) — 4R GBI AT
A two-dimensional magneto-optical trap for a cesium fountain clock
YrE=4.2013, 62(6): 063201  http://dx.doi.org/10.7498/aps.62.063201

o R AR T A A 3R 2 AU R R AT

Investigation of experimental parameters of coherent population trapping with cesium vapor cell
PP A H%.2012, 61(23): 233201 http://dx.doi.org/10.7498/aps.61.233201


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.243201
http://dx.doi.org/10.7498/aps.64.243201
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I24
http://wulixb.iphy.ac.cn/CN/abstract/abstract63404.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63404.shtml
http://dx.doi.org/10.7498/aps.64.014206
http://wulixb.iphy.ac.cn/CN/abstract/abstract58421.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58421.shtml
http://dx.doi.org/10.7498/aps.63.074202
http://wulixb.iphy.ac.cn/CN/abstract/abstract58067.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58067.shtml
http://dx.doi.org/10.7498/aps.63.053201
http://wulixb.iphy.ac.cn/CN/abstract/abstract52722.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract52722.shtml
http://dx.doi.org/10.7498/aps.62.063201
http://wulixb.iphy.ac.cn/CN/abstract/abstract51044.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51044.shtml
http://dx.doi.org/10.7498/aps.61.233201

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 24 (2015) 243201

He & F& R P ER ISR B M EFHEAL
VIR 5

T wmiE

FoE xfELT

2 %

(ZEHRZEBRASHOR R, 20 730000)

(20154 7 A 14 HUEHI; 2015 4F 9 A 26 HIZ RS8R )

BT WOGIE SARRIBRL, B 5T T A VAR 7 A 42 1) He JR 704 R A6 1S e L. BFF 78 A I, JE) A v A A6
P2 FE He JE 7 MRS b BN GISL AR AG 20 2 R e A0 D S5 TRV R 1) MR ). DR Dt il (4 o 2 22 o iR
T RGP K BE RO PE R PE, FFR4 I T RAL “HoR” el B A . LB EAT & A, B nT LA
MBERIE TR R, B BUEEREL, I HoOVEE BBk B4t 1 AT RE.

RHIA): Wi, AR T, A o
PACS: 32.30.Jc, 32.70.Jz, 42.50.Nn, 42.50.Ct

1 5 7

MA LT IR, AT CLAERT T BT HER
e, AR BHYE I RIRR SR . Bl S, B TR
M2 e R A B AT R AR 28, R TR
S R B AR 5 ). R, AR A0 &R,
WA R AR T 70 5 Ao 1A R B A R
LIRS . X T B SR, RS 28 i A (14 7 %
BT HIEAZS (— BONIEE) MRS RIREE 2, TR
Wil £ R OIS TR AR 2670, 1 28 0 B8 BE X RO
& Aan.

TR Bl 3 2 AR AT B e iz -0 0 =
I T 73 B G122 BEAT AR, 1A ADoK i i
HiIE PRI BRI R A I A BT dR
AT, e Al iE AR i e 13k #E P B e, UL %%
SR &30 22l R O 5 Y B AR R T
FERA IR B AT B0 BRI A SR Jk i i o —
NETAR, Mkt s 5128 2N, HmHk
TIOR3 AL 2 32 313 iV T B0 A £ 7Y

DOI: 10.7498 /aps.64.243201

(5, 2 RONE R B AR L R P AL ] i
PR P st 988 P22 T DL S B WA e 42 R A V% A 2 1
N2 R IR (AR L e, % T AR — & dRIE, STRP S
KT T2 R DU Chind % P2 765256 B
F 7 He [T IR A (1s3p) 116 SUbE 25 17 55 72
. FIDGHEARAAR T B3 3 B % (SPIDER),
BN A58 TS A 52 )= L BRAE A A A 7 A AL
(¥ EL R & 051 R 2000 SR Bk ekt A B A
B B FL M 3 PR A T D e e AR A, PR T
A0 Ao U4 T A Ik o 1 P ] S 3 28 3847 o B WAL 1 2%
RAE E Ry D4 R BT Rk e B A1 25 1) He JRFAH
YRR, ANATBETE T B 73t T30 5t He JR 19061
Wi N (R RE I 22061 (ZLAM6) ORI B 1 (5 4h
o) WOR MIAS [ B AN R B TP S IR =R 1
o 10 R, Chen &5 U015 fif 1 K& () 21 16 B
50, JFHRH T BRI AL U] TR A 2 R
P R ARG AR

ST AL PR B, RSO R BRI T He
G A 2 10 A8 R i 2 I g ) YA AR A
], BEFC AT )i PR O e I Y R

* [H K HARIESRE G (HHES: 11504148, 11135002) FIZ R Eh R AR A R 55 2% (#L#ES: 1zujbky-2015-269) BB FIER L

T BfE/E#H. E-mail: zylQlzu.edu.cn
T #fE/E#. BE-mail: hubt@lzu.edu.cn

© 2015 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

243201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.243201
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 24 (2015) 243201

gikly. [N, ZER W HE T RME R R TR R,
BUE BB B L A 1.

2 WMAHFHCEY

6 5 W5 I AR FLAE F I, 28 48 AR B 1 )
d(t) SR IELE, AT TR AR AR T
MR A IR, d(t) T DA SRt ik Fe B 2 AT P I A
fig i 1020) R — A TR R G (FEA 1) AR
&12), RGIBRE TR 5 R o B RS
I o fFAER 2

o(w) x a(w) o« Im { Eoi(i)(w) }
B Im{FFT [d(t )]} (1)

excne(w)
H | Fegeite (W) NEOE, d(w) BT d(t) 14
B, d(w) = FET [d(t)]. BRI 0 AE
T R T BT (). () b A 1 30
Yl (1)) d (1)), Tk d oy 5 S5 BT B .
=T A R R)E A
Z(1)) = er(t)e L) +ea(t)e TE2),  (2)

Horpy 1) RE, 12) AERE; B RN A4

AEME, HHiE e T R \cl<)\2m§|¢> [IA7 S

TR AEAREE (i| d i) N, BRIT AR T

(2] d | 1) ANAFAER; AR . AR T IR 5 A7 (e A

WD, EEEZH T RER S R WA E RS
RETE. R, AR TR N

d(t) = ci(t)er (et (2] d|1) e 5t + c.c.

= ci(t)er (et (2|d[1) e 2" +cc,  (3)

EKH woy = (B — Ey)/h. R AR AT B

FETG (2| d |1) A H, 2% s (¢) 7T e i A v A4 1

PLEL R TSR E P OB Bkoh e A T A T R

SIN—NMUEEI AW (t), FH . AT B[] 386 4 1) B o 1

0

ihs |F(1)) =

FH LA N
() =3 e (B)e ), (5)

J
B (5) AN T (4), JFRH 2125 2), R
cot )TLJTE/\EVE}EH'

)\Zc

[Ho + \WW (@O [¥ (1)), (4)

st 2W(t)|j).  (6)

lthQ

A< 1, B, (t) LABIF N
ca(t) = e (1) + A (1) + NP (B) 4. (7)

e (1) FRN TR (1), FF H AR N 080 25,
T 5 2R ) (AR
fEt = OF, REALTHA D). Hik, O =
(521, Cg;) =0 (Z 2 1),
. t
) =5 [ are e wn .

0
W () 7T BLH &R G0 R B d M BOR
Eexcite(t) é%ﬁ, JH:

S (t)

.t
- _ 1/ dt’elwt’ (2] dEexeite(t') 1)
i Jo

_ / dt'eont B () 2d[1). (8)
“h

RGIUEAERE T (2|d)1) F&AREN 1, X AR B EL
ENEHL I, $ c3 () FEs RARN, B P i ik
TR W] AR E N

: t
d(t) z </ dt’e_iwﬂtlEexcite(t’)> e~ Ttelwant
h\Jo
+c.c.. 9)

HAET AL, BATHHE T — ROk ek 54 b
FEAEH, BBkt SOk SE LR 7K &R K
Wk, AN, BEJE, A A IR
ZLAN W EE (EHDE) Sk AARTER. TRk
BER I N

e(t) = cos(wrt) Y Eeontrol (t — to — jTrep),
j=0

Forh, to 9 3 — AN Bk b B R BE IR wr, 9 Bk i
B H B ZE, Eeontrol(t) = &g sech(yt) 7 B A
ik 22231 ORI R M8 Econteor 5 WO W 1E )
FHE L Leontrol TFAER R Leontrol = € - £5/(8M),
iy 0 LK i RE 2 I 8] 1) 2 & B (FWHM) 7q =
2arccosh(v/2)/y. R & MIPEROE it — N
Sk T RS R v RO, ik b 2 3 B
FEHRII A 1) A% . W B2 B IO IR 55 B e
) Aw(t) = & | Beontrol (1)[* = - Teontral(t). WOLHK
M T IR m R AT I T AR, T BUR Gi %
T HIHRG ARSI AR B

t
Ag = / At Aw(t') ~ —(1/2)ag / 2 (b,

243201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 24 (2015) 243201

o NS AHBW B 1AL A AR A
A¢ 5 WO AN IR AR AR R v
H1 (1) &r .

17|
|

I“ﬂ"ep_)
Detector
_ l@
(a)
He

2) T 1s2p Py

Iy =1.8x10%! )

wao1 = 21.2 eV
1) 1 1s2285,

K1 (MFRG) (a) 570 5 b A AR 7 22 ) SE LR
FUREE (b) He FT-H6 201 i~ RE 40 R % 0 B

Fig. 1. (color online) (a) Illustration of the phase ma-
nipulation using pulsed light to create the coherence
(blue) and temporally locked pulses (red) with (b) the

scheme of the two level system in atomic He.
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Fig. 2. Controlling the peak power density of the NIR
laser pulse to be Icontrol = 1.37 x 1011 W/cm?, the
spectral response of the system are simulated by set-
ting the time delay between the delta pulse and the
NIR laser pulse train to be (a) 50 fs and (b) 25 fs.
The gray solid line is the absorption line without the

presence of the NIR laser pulse train.
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Fig. 3. (color online) Setting the time delay between the delta
pulse and the NIR laser pulse train to be 50 fs (¢ = Ag), (a)
the dependence of the simulated spectral responses of the sys-
tem on the incremental phase steps A¢ (A¢p x Icontrol) and
(b) the spectral responses by setting the incremental phase
steps A¢ =0.1m, 0.5m, 1.0m, 1.57, 1.97.
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Abstract
Based on the laser-induced-phase model, periodic quantum phase modulation of the dipole response in atomic He

! and an

is studied theoretically. The two-level system of the transition 1s*> — 1s2p with a delay width of 1.8 x 107 s
energy difference of 21.2 eV between the excited state and the ground state is used in the calculation. The system is
excited by attosecond laser pulse from high harmonic generator, and the spectral response of the system is of single
isolated symmetric Lorentzian absorption line. After the excitation, near infrared (NIR) femtosecond laser pulse train
with a repetition rate of 5 GHz, central frequency 780 nm, and pulse duration of 100 fs, is utilized to periodically modify
the spontaneous decay of the excited 1s2p level. The incremental phase step A¢ depends on the intensity of the NIR
laser pulse, while the initial offset phase ¢ can be controlled independently by partially overlapping the first NIR pulse
with the excitation. Simulated results show that the Lorentzian absorption line is transformed into comb-like spectral
structure with equal gap depending on the repetition rate of the NIR pulse train. The line shape of each comb tooth
is symmetric Lorentzian line by setting ¢ = A¢/2 = m/2, while it is Fano line by setting ¢ = A¢ = m. The location
of the comb structure is mainly dependent on the energy difference between the excited state and the ground state,
while it can be slightly tuned by controlling the incremental phase step A¢. We develop an analytic description of
the comb-like spectral structure by Fourier analysis, depending on both the atomic and the phase-control properties.
The analytical expressions can be readily used to estimate the exact experimental parameters. The universality of this
mechanism allows the spectral modulation in arbitrary atomic system at arbitrary frequency, including the hard X-ray
regime, by using reference transitions in highly charged ions. The generalization of this approach should thus not only
enable relative frequency measurement and relevant applications at extremely high frequencies, but also open the way

for pulse shaping at arbitrary frequencies.
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