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Electron spin dynamics in a deformable helical molecule
Albares et al., 2018; Diaz et al., 2018

Linear model for a rigid molecule

m Spin-molecule interaction — Unconventional
Rashba-like SOC

m The Hamiltonian for the system is

A2
v Pz e . _ _eh
H= o + po - (px E), with u= @mo?
= The dimensionless Hamiltonian A = % reads
- 0 e 2™(j9g + )
H= _855 — 2wy <ei27r§(ia5 - ﬂ_)
) 2
with Ep = 5> and £ = £
m 7 is the spin-orbit parameter o« SOC

m Time-dependent linear Schrodinger equation

idex(€,t) = Ax(&, 1)
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Electron spin dynamics in a deformable helical molecule
Albares et al., 2018; Diaz et al., 2018

Rigid molecule — Linear Schrédinger equation

m Time-dependent Schrédinger eq. id:x = Hx

@ | f = —0ec — 21 0 e~ (i + )
- 33 Y ei27r§(l-85 _ 71')

\T Nonlinear model for a deformable molecule
I m Electron-lattice int. — Addional nonlinearity

Hint = 2g XT(€ t) ’ X(ga t)v g constant

m Modified NLS equation in 141 dimensions for the
spinor state x = [x1, x2]"

idex (€, t) = Ax(&,t)+2g [xT(& 1) - x(& t)] x(&, t)

where g is a free parameter
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NLS equation for a deformable helical molecule
NLS eq. for a deformable helical molecule (GNLS)

Modified NLS equation in 1 + 1 dimensions for a deformable molecule

iDex (&, t) = Ax(€,t) +2g [xT(€,t) - x(&, )] x(& 1)

g > 0 — defocusing case, g < 0 — focusing case

After the following change of variables, we get

) = forg >0
—im(&+mt)
e 0 g
X(é.a t) = Ng < 0 ei‘rr({—ﬂ't)) a(év t)? Ng =
iy — for g <0

Generalized NLS (GNLS) equation in 1 + 1 dimensions

(iat + Oge — 2im0¢ — 2af - a) oy + 2imy0ccy =0
2imyOscrr + (i@t + Oge + 2im0 — 2at - a) ar =0

where o with j = 1,2 are the components of the spinor a(¢, t)
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Painlevé Property and the singular manifold method NLS equation for a deformable helical molecule

Painlevé Test and SMM for GNLS

m The Painlevé test requires to consider the following generalized Laurent
expansion for the components of the spinor ¢ = (a1, )T

oo

=Y &&= bEDBE T, BIEN

Jj=0

If we apply the PT to GNLS: 8,6 =1
m  ag, by uniquely determined
Resonances in j = —1,0 (triple) , 3 (triple) ,4 v/

Integrable,
with 1 P. branch
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m The Painlevé test requires to consider the following generalized Laurent
expansion for the components of the spinor ¢ = (a1, )T

=Y &&= bEDBE T, BIEN

If we apply the PT to GNLS: 8,6 =1
m  ag, by uniquely determined —
Resonances in j = —1,0 (triple) , 3 (triple) ,4 v/

Integrable,
with 1 P. branch

m The SMM implies the truncation of the series (auto-Backlund transfor-
mation)

Ade | o] o _ Boe
— + o, Qy = ——=
é ' : é

m ¢ obeys certain equations — the singular manifold (SM) eqs.

+ fx[zo]

ol —
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Painlevé Test and SMM for GNLS

m The Painlevé test requires to consider the following generalized Laurent
expansion for the components of the spinor ¢ = (a1, )T

=Y &&= bEDBE T, BIEN

If we apply the PT to GNLS: 8,6 =1
m  ag, by uniquely determined —
Resonances in j = —1,0 (triple) , 3 (triple) ,4 v/

Integrable,
with 1 P. branch

m The SMM implies the truncation of the series (auto-Backlund transfor-
mation)

Ade | o] o _ Boe
— + o, Qy = ——=
é ' : é

m ¢ obeys certain equations — the singular manifold (SM) eqs.

+ fx[zo]

ol —

m Linearization of the SM eqs. — Lax pair
We need to introduce three new functions {i), 7, w}

A=w/y, B=n/Y, ww+mmt —yypt =0
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Spectral problem for GNLS

Lax Pair for GNLS
—ix —(afh)f (P

0¥ = =" iV —inry |,
—a[20] —imy i\ —m)
0 . 0 0 . 0
all@)t +2X°  [(al)]e — 2ir(@l)!  [(af!) ] - 2ir(a)!

0% =i | —[a]e = 2%l —all(af”)f — 22 —af(a")f v
—[a}"]e - 20}’ —ay’ (o) —ay!(ag")f —2X°
=im(1+9%) q(eg) = (@) (el + (o))’

+ ’yalzol — a[IO] 0 0 L4
'ya[10] + a[zo] 0 0
where ¥ = (¢, w, )T is the eigenvector and X is the spectral parameter
v
= The SM reads | do = vuTde — [2a0ul + 7 (veut — vu)] ot
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NLS equation for a deformable helical molecule
Binary Darboux transformations for GNLS

m Let ol = (a[f’],a[;’])T be a seed solution for GNLS and let ¥; = (v/;, w;, n;)"
be two seed eigenvectors, with eigenvalues A\; and ¢; as the SM, j =1,2.
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NLS equation for a deformable helical molecule
Binary Darboux transformations for GNLS

T
= Letal® = (al,fY) " be a seed solution for GNLS and let ¥; = (3, ;. )"
be two seed eigenvectors, with eigenvalues A\; and ¢; as the SM, j =1,2.

T
m The first iterated solution ot = (a[ll],a[zll) can be constructed as

wr ot
(1[11] = a&O] + %7 ugl] = ago] +

173 'IT
(o3}
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NLS equation for a deformable helical molecule
Binary Darboux transformations for GNLS

m Let ol = (a[f’],a[;’])T be a seed solution for GNLS and let ¥; = (v/;, w;, n;)"
be two seed eigenvectors, with eigenvalues A\; and ¢; as the SM, j =1,2.

T
m The first iterated solution ot = (a[ll],agl]) can be constructed as

[ _ 0 wr] [ _ [0, mvf
Qy Qq o Qs Q5 +T

m Lax pair for al'! (with s.p. \;) — coupled systems of nonlinear PDEs for
alll and Wi, = W5 and ¢; 2 should follow the series expansions
Ay, 2A1 2

le—“’szlA” , Q12 =02 —
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NLS equation for a deformable helical molecule
Binary Darboux transformations for GNLS

m Let ol = (a[f’],a[;’])T be a seed solution for GNLS and let ¥; = (v/;, w;, n;)"
be two seed eigenvectors, with eigenvalues A\; and ¢; as the SM, j =1,2.

T
m The first iterated solution ot = (a[ll],aéll) can be constructed as

[ _ 0 wr] [ _ [0, mvf
Qy Qq o Qs Qy + &

m Lax pair for al'! (with s.p. \;) — coupled systems of nonlinear PDEs for
alll and Wi, = W5 and ¢; 2 should follow the series expansions

A A12A
Vip =Wy = W52 1o =¢p— —5—=

m The second iteration for the fields /@ is computed as

2] (1]

Q= + —

wi2¥] el _ [
1,2 o) o+ 1,2

which is given in terms of al’ through the T-function 71 2 = ¢1¢p2 — A1,2AI,2
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Soliton solutions

m Exponential seed solution a!® = joe=2i6t(3;, 5,)T, with

B _ 1 ((1+4s)costo+ (1~ s)sinbo - .
<52> " 2\(1—5s)cosby— (1 +s)sinby )’ s = +1, Jo, o free

m Exponential eigenfunctions for the Lax pair

img7(§—mg7t)

v = Cjekf(“cft)e 2 esfijgt, s =41, v = tan(20o)

s
cos(26o)’

m The spectral parameter is

where mg = ¢ = 2(mom — jocosb;), ki = josinf;,for j =1,2.

Aj = —% ~+ jo cos 6;, 0; free, j=1,2

m Singular manifolds

2
(bj — ;j—;nEje 7 EJ — ejosint9j[5+2(m07-r7j0coséj)t]7 j= 172
0 ]
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NLS equation for a deformable helical molecule
Soliton solutions (g > 0, defocusing case)

m A-matrix — 7-function

T12 =

, thiks (3132-1-8251 + a1 B3 + A oE} E2)

. _ 2sin 61 sin 62[1—cos(6; — 92)]
with Aj, =1— (cos 0; —cos 0,)2

1% _ .2 1tscos(20 1 | (¢1)
] = g <1_j§[ aﬂg)

m First iteration

m Second iteration

_

‘X[2] Jg 1+s c2o;(290) (1

-3 (%)

m The lower component is related to the upper component through

[

_ 1-—scos(2
X2 — 1+scos(20o)

]‘ =12
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Painlevé Property and the singular manifold method NLS ion for a defc ble helical

— Travelling dark soliton

One-soliton solution ‘Xllll

t=-1
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Painlevé Property and the singular manifold method NLS ion for a defc ble helical

Two-soliton solution — Interacting dark solitons

t=-20.
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Akhmediev breather (g < 0, focusing case)

mjo=1ihy, g €ER, 6 =7 — 01, a1 = a2 = cos by

B Ty ~ cosh [2h(2J sin(261) ] + cos By cos [2h0 sin 01 (§ + cos(290) )]

1212

t=-05 X1
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Kuznetsov—Ma breather (g < 0, focusing case)

lj0=ih0, hy € R, 02=ﬁ—01,01=i91,é1€R a; = a» = cos b,

B Ty ~ COS [2h(2J smh(291)t] + cosh f;cosh [2h0 sinh 6, (E + cof(s;éo) )}

Y22
£=-0.0012

Y
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Painlevé Property and the singular manifold method NLS ion for a d ble helical

Rogue wave | (g < 0, focusing case)

| Eigenfunct. 1: 91 = 0, A1 = —mo71‘/2 +j0, Cc1 = 2(m07r —jo)

m Eigenfunct. 2: 6, =7, Ao = —mom/2 — jo, o = 2(mom + o)

B ¢y =&+ 2mmot — 2ihot, ¢o = @1, 112 = (£ + 2mmot)’ + 4kt + &
0

[2] |2
1

t= 024 lx

S EINE
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NLS equation for a deformable helical molecule
Rogue wave Il (g < 0, focusing case)

m Eigenfunctions — product of a first degree polynomial & exponentials
m 71,2 is a polynomial in (&, t) of 4th degree

[2])2
t=-3. L

'VNiVERSiDAD B SALAMANCA Doctoral Thesis Paz Albares Vicente 21/63




NLS equation for a deformable helical molecule
Cnoidal waves & bright solitons (g < 0, focusing case)

m Ansatz a = e (& F(2)(B1, B2)T — elliptic solution of the form
km e~ e(&:t) kz e im(&+mi) B
,t) = cn ,m ir(6—m
XG0 =T " [Vam 1" et g,

where cn(-) is the Jacobi elliptic cosine and (&, t) = § (€ + §t) — k°t —
7rm0(£—|—7rmot).

m The hyperbolic limit m = 1 yields the normalized solution

x(&,t) = \/2|E| e'(w(g’t””zf))] (ems&)

iT€
e
cosh {? (5 + ct &

— generalization of the Davydov soliton

m This solution presents a well defined spin polarization

1
|SP50I‘ =

1442
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Generalization of the Davydov soliton

11,2
LM
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