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Problem

controlling atom-atom interaction

at k= v2Me — 0

sign of the s-wave scattering length

(I-UZ—M at L — 0

Feschbach resonances induced by magnetic fields
radio frequency fields
near resonant lasers
static electric fields  ( 10° V/cm)

alternative: nonresonant laser fields

e strong anisotropy even at k — 0
e nonseparability over scattering angles 6, ¢

Melezhik & Chi-Yu Hu PRL (2003) 083202




oy,

peculiarity 1: — 21

strong anisotropy even at k — 0

polarized laser
FE(t) = Ecos(kpr — wrt)

w, 2
k:L — kLTL)( — ?Fn_)( = ﬁﬂ){

quasistatic limit = static electric field (Marinescu & You)

kp,wrp — 0: E(t) = Eng

long range

electric field

(AL — o0)
short range (~ %)
atom-atom
V(r) = V(] 2Eiey el

T ~nk, Lk~ 10"%:
(Cs-Cs)

anisotropic nature
(storng coupling [, (')

partial-wave analysis:

multichannel quantum defect

without partial-wave analysis:

—+ —}Q—"— P I cost l
fi—o — const

fizo — k' — 0 fi—0 — const

= new numerical technique

close-coupling

Marinescu & You (1998)
Deb & You (2000)

present work




peculiarity 2: = 3D

nonseparability over scattering angles 6, ¢
(finiteness of \;, polarization 0 < ~ < 1)

Cs-Cs collisions in ellipticaly polarized laser field

e Vlr 7| = —z(f‘fiz]rg { 3(324;;21"2) — 1 — y%}cos (krz) {cos(krr) + kprsin(krr)}

T~nK, k~10"%au : = A= ZTT ~ 5 x 10°nm  de Broglie
wave-length
optical laser : = A7 ~ 10°nm  "modulation” length
of Cs-Cs interaction

AL~ A

what is the effect of the finiteness of Ay 77

W (kr)
V (1)

/\ | =217k
r

| A =21k,

v




Method A Q

angular space discretization <= special 2D basis

>

/\ =

r
k=k,
=7

Y, (7)) =Ym(0,¢0) v={lm}=12.. N

N x N matrix: Y, =Y., (7))

(1) () = L2 V@)V y(r)  + O(LIND

]

2D interpolation <z27_

L-':-'(?'. T/’\.;_) = %E;}? },V(?:'\&)(}:,J)_ll‘j(ij = 3‘%(.7)
number of grid points N = number of basis functions N
2D Lagrange basis: f((FZ,Y, (8,9) (Y,;,)* ——> f,(f)=3,

( 1D Lagrange basis: Baye, Heenen 1986; 1D DVR: J.C.Light et al ~ 1980 )

v



Algorithm

H(r) = Hiy(r) = (—22+V (r,#:))05 + 5 510, Yol (+1)(Y;) ™!

boundary-value problem 0

(Nx m linear algebraic equations): C———_ o >
1 2 m r

(H(ry) — E2)ap(r,) = 0 n—12 m- |

d’(rm) o w(k)d)(TTrn—l) = g(ﬂi},) o 1

wk) =2=2ewplik(rp_1 — rm)}

m

gk, fc) = cxplilkr,, — 2kr,,)}

—=teyplilkr,—1 — k(rm—1 — 7))}

=12 ..N

") = $(r.75)

kokiyty) = exp{—tkrm }(rm, 75)
—rmexpli(kr,—kry)}

1) k=k i
LU (2) solve @ = (7
(3) calculate fi;(k): f(

[

(4) i=1i+1goto(l)

k 3 f..J

. N
SEEn k (j=1,2,...

r, ~ 104 —-10° a.u.
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1.2

0 (W/cm?)
6.0x10°
6.7x106°
8.06x108

1.01x10°

violation of the scattering length approach

A T

f(k, ki k) # —a0 atk — 0

(kp = 5.5 % 107 «—> 604 nm, ~ =0)

k < ko ~ 10 ~ 10nK the region of s-wave domination as I = 0

12105%2_- 7?___87”_&3@

o(kpl)

<~ levenlork — k!

Bmasikall .
n = 0L s keindependent value as b < kg

alkpl)




o(0. & N iy D
K @0, ¢;) = % | flka ky) |) Ww;

dependence on 6 and ¢ at & — 0 !

Z
do
df)
y
X
E(y=0)

dependence on laser polarization ~

-

£(k, ki, k;) # —ag

I =1.07 x 10055(2850)

[

kp = 5.5 x 107*(604nm)

k=10"°
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