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Charge Density Wave TbTe, Incommensurate CDW is sensitive to numerous excitations
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Charge Density Wave TbTe, Incommensurate CDW is sensitive to numerous excitations
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Charge Density Wave

Electronic (metal-insolator)

+

structural
e o o

I 000000 0 O O O 0000000 0 O

A.

Incommensurate CDW is sensitive to numerous excitations

2. Ultra short light pulse
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3. CDW tuned by biaxial tensile stress
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4. External currents
a. small current: strong lateral surface pinning ®=0

Curvature at the nm scale, over tens of um
Fast scanning diffraction (IDO1 ESRF)

92 ﬁ 92 ﬁ 92 75
F 2 2 2 2.0

NbSe, with the Dirichlet conditions:

L{l’ / / / L;j / / /4 L;
¢(i?,y,4>—qb(l,i?,z)—(b(a:,y,:i:?)—o |
2D guitar...

Curvature of wave fronts (shear strain)

below threshold , r

40um

v

L=14A
E. Bellec et al., Phys. Rev. B 101, 125122 (2020)

2 types of deformations: longitudinal/transverse Green function + Charge image method

(shear)

compression Curvature dilatation First order: 7 Y z
r) o< —EnpB cos(m—) cos(m—) cos(m—)

’ ; i L. L, L.
1
L. B = c2 c2 c2 w2
ng + Li + L% + 21'r02
’ E. Bellec et al., Eur. Phys. J. B (2020) 93: 165




4. External currents

b. Above the treshold: Incommensurate Charge Density Wave may slide

I-V characteristic

70

V (Volt) »

10

}(mA3

Ohm’s law

v

Threshold current g

| An excess of current
S

Nonlinearity I-V directly linked to the CDW

Depining process (usual in condensed matter):
Magnetic domain walls motion under B
Dislocations nucleation under mechanical strain
Vortices motion in superconductors with E

Differential resistivity as function of current in NbSe,

T =120K

The charge transport in CDW
it is a pulsed and collective 2801
mode which occurs
on macroscopic scale
dV 260
aI (ohm)
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Longitudinal deformation
(compression/dilatation)
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scattered X-rays

CDW phase
incident front motion

Xrays /£

D. DiCarlo et al., Phys. Rev. Lett. 70, 845 (1993)
H. Requardt et al., Phys. Rev. Lett. 80, 5631 (1998)

v {dBuv)
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NbSe Sample #1
T=44 K

v V/V.=1.75

L ;2.0 mm

“ W=30 kHz
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(Thorne et al., 1987),
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XFEl source to obtain a global picture of sliding CDW

v=120Hz (t ~ 0,015s)

> t

<50fs

Large and fully coherent beam

Sample width 40um

Sample thickness: 0.5um
Slit diffraction 10um*10um Sample-det=8m

Beam size 35um
9.5keV
High brillance

T=80k
Stable satellite intensity
| from pulse to

pulse

(T.=140K)

XCS beamline 2 B A. Sinchenko



Q(0 1+0.2410)

threshold
140 current

Is
120

100

80

0 1 2 3 4 + 0 1 2 3 4 5
current (mA) current (mA)

Diffraction patterns versus current. (A) to (K) Integrated rocking curve of the (0 1+gs 0) satellite reflection associated to the CDW in
NbSe3 with increasing currents. The threshold current 15=0.8mA is indicated in (D).
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Where p(7) is the CDW charge density and ¢(z) = —E(z - L)+ L).

' 1+i)(aF—q, 1+12)(bF—q, 2
Fitfirsttry (0) = |Agie (¢2)]? = S erfi [( ;(ﬁ q)] — erfi [( ;(ﬁ q)”

erf(iz)
)

where erfi is the imaginary error function erfi(z) =

fitsecond try (QZ) — fitf’i?‘st try (quz)

fitpla% yP3sP45P5 (q,z) — fitsecond irY;D1,P25P3,P4 (q,z) ® GCL’UESS(qz, p5)

Average over 10000 pulses at 3mA
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Fit considering a quadratic phase ¢(y)=a y*+py

a)

dly)=ay?+By

b)

0.0mA 0.3mA 0.6mA 0.8mA

Impossible
to fit the assymetry...

1.5mA 2.0mA

12,54
10.0

754

0.0+
—254

¢(y) phase (rad)
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Phase retrieval: Genetic algorithm called Differential-Evolution
(DE).

Stochastic process and iterative method: efficient for
discontinuous or noisy case (not a gradient method)

6 é lID l|5 Zb 2‘5 3b
y, transverse width (um)
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R. Storn and K. Price, Journal of global optimization 11, 341 (1997).

B. D. Keith Phil. Trans. R.Soc. A.357, 2827 (1999) (1999).
S. Das and P. N. Suganthan, 15, 4 (2010).

current (mA) current (mA) 6
¢(y) = 1 cos(m !/ ) + Z[c-n. cos(nwi) + s, sin(nm Y )|+ ay
L, L, L,
: n=2 : :
M. K. M.Wormington Matthew, Panaccione Charles and Elastic model:
L x Y 2
(1) < —Enp COS(?TL—x) COS(?’TL—y) COS(’H‘L—Z) P Waictek
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Shear component: _1
Cry = Cyx = 24,

phase (rad)
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dv/dI ()

CDW state versus current _
by,
1.=0.8m o TP

l(mA)
2D maps of the CDW state correspondlng to 6 currents, below and above the threshold field (IS:O.8mA) by using the CDW phase
obtained from the fit. Wavefronts corresponding to a constant phase are represented in yellow. The two arrows show surface step
position.

Sample image




Transverse versus longitudinal deformations:

closely linked
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Static

CDW deformation obtained by decreasing the ratio cy<c. with current.
Although this static model is phenomenological, it does reproduce the overall situation
observed here, with an increasing compression and a decrease in curvature between two

pinning centers above threshold.
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Below threshold: Optical interpretation

o=T1/2

A

Manet (1872)
Berthe Morisot
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The Fractional Fourier transform
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(# 1 )x)= (F@FN-x)= 1 (x)
(# 1 )x) = (FEFNNx)= £ (=)

a=0
Hard x-Rays 00
Dark IOOinZ Falglla) = oo K(q, x)g(x)du FracFT:  rotation de 1t/2

e o=0 identity
position=1m .
o= T1/2 Fourier Transform

a=10pm
_14 1 —2cota . qx 1 |
A=1A K(C], ZE) = \/ exp[—’& RN + §(C]2 + $2) cot Oé] V. Namias, J. Inst. Math. Appl. 25, 241 (1980)
Le Bolloc'h, D and Sadoc, Eur. Phys. J. B, 81 (4): 481-487 (2009)



Diffraction of a bent CDW
a . qx )
Fl(g) o< | exp[-i_!
—a sino 2

(i

Contraction/dilatation
of space and time

Space curvature —
A tunable electronic lens for hard X-rays ?

Not reflective lens (Kirkpatrick—Baez systems,
capillaries, waveguides)

Not refractive (Be lenses)

and diffractive (Fresnel zone plate) optics.

Continuous tunable lens, driven by a small applied
electric field (either positve/negative;
convergent/divergent lens

playing with Fresnel/Fraunhofer regime)

With restrictions

In 1D only/ Intensity ?

+ —(¢* + 27) cot a] exp[i2kpx] explif(z* — a*)]dx

cota/ = cotar + 2f

Fllq) = Fo(q) !

q'/q =
V1+ (cot o+ 2f)?
f='1 f=0 f:]_

mmmmm
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E-XFEL / MID beamline
Charge density wave submitted to an external dc current

v=2.2 MHz

L, W
\100ms 100 ms = _______ * Beam properties:

HAGET el i E=OkeV
ndulator/Photon Tunnels S .. .
T R, g B W ii. Seeding mode
o) Vet SRR Ay iii. Pink beam
— NG ~ e iv. pulse energy~0.5mJ=310
i oenchd 3 4ty *\ » photons/pulse at 10 keV.
; / Lierceleator j 5

{1.9km-17.5GeV §

oy

* Time Structure :

i. pulse duration <100fs

ii. 10 pulse trains/s (1 train each 100 ms = 0.1
s)

iii. Each train is made of pulses ( 1~60
pulses/train)

iv. Intra-bunch up to 2.2 MHz:

i.e. At =450 ns spacing between single
pulses 16

Stable from
train to train,
but ...

Q(0 1.241 0) NbSe,

High resolution obtained from a single pulse
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Heating effect ? 0245 0] :
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Same nature of the pump and probe

Split and delay ?

R_141 Pulse_6
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