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Classic free electron lasers

Why a crystalline
undulator?

Electron / positron -
source

P
4

Adu --> Undulation period
Current limit ~10 mm
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Crystalline undulators

Why a crystalline
undulator?
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Charged Vs | W4 g =
particle beam _V
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* Crys are capable ef channel charged particles imginging

atsmallja t lattice planes eling).
Y )
e If the lattice planes a , the strong e icpotential

induces channeled particles to follow the crystal curvature.

]

e A crystal periodically bent could induce a motion similar to
a conventional magnetic undulator, with lower AJ .
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Manufacturing techniques

* We decided to manufacture CU made of silicon, because it
is @ material with a high crystalline order, easy to work.

* Only mechanical techniques have been used, to study the
possibilities of such methods. The deformation is self-
standing.

* |If only mechanical means are used, no contaminating §
elements are deposited on the CUs.

Manufacturing
techniques
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Hard X-ray measurement

Measurements performed at ESRF and ILL (Grenoble, France)

Diffracted
X-ray beam
Incident
X-ray beam /
~~~~~~~~~~~~~~~~~ Diffracted
Manufacturing energy ~100keV = A =~ X-ray beam

techniques size ~10x10um | /
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Sandblasting method

X Thickness

The sandblasting
method

g an amorphized

S

e e
* The amorphized Iayer‘behaves as a thin compressive film,
causing the curvature of the substrate.

e The sandb
layer on tt

* To obtain an undulated deformation, both faces must be
patterned, with a phase shift of half a period.
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Sandblasting method

(Method | Sandblasting [ HUERNE SRNNNE TA SN
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The sandblasting Period (Adu) 2.0 mm 20
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Camattari et al. J. Appl. Cryst. 50 (2017) 145-151 Length (mm)

Riccardo Camattari 27/09/2018



Sandblasting method

Advantages

* No Contaminants

e Adjustable

e Easy and economic
* Fast

The sandblasting
method

Disadvantages

e Crystal damage
* The period (4J«) is limited to be not smaller than ~ 1 mm
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Grooving method
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Grooving method

Method | Grooving ___

. n 8 2 / #
Material Silicon (111) ;:5 + 1 }
Thickness 0.2 mm ? 0 {. % /
©
Length 5.0 mm g, _20 i 3 h‘{‘{. '
Width 45.0 mm ' /A
Period (Adu) 1.0 mm 4
Number of periods 5 = 8
c
The grooving Amplitude 4.1 nm 0
method ‘%
Analysed through hard X-rays [
at the ID15 facility, ESRF,  #°%:
Grenoble (France) _S'R_ 0
Bagli et al. Eur. Phys. J. C 74 (2014) 3114 —EEe s Length (mm)
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Grooving method

The grooving
method

15 mm

Length of the CU
(order of mm)

e

Crystalline
Undulator
(CU)
< >
10 mm
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Grooving method

The grooving
method
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Method | Grooving___

Material Silicon (111) %
Thickness 0.2 mm f
Length 3.34 mm

Width 10.0 mm

Period (Adu) 0.334 mm

Number of periods 10

Amplitude 1.28 nm
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Grooving method

Grooving
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Grooving method

Meathed Grooving .
©
Ma:te%_ : k S|I|n (1) k- & :PII— 3 N
Tl’ﬁ:kﬂ@‘g + J | J O. d.MM ] ! | ‘ ' ) l 3
L th 1 O [ e T ’ ' \
egg- 10 \J I 1 £ i " \/ ] .
ijﬂg).z | 0 mEHa : Ao
PeFiod (Adu ) 0.08 mm
= 0.1}
N@mnberiofiperiods | 11
£ 0.0
The grooving Agplitude 0.15 n
method T
o)
5A 1sed +hrn||crh hard-X-ra . .
at thqull faC|I|ty, |:25RF "94 s 1B
.J.ﬁngth (mm)
Grenoble (France)
Prelaminar results ESRF

Riccardo Camattari 27/09/2018




Grooving method

Advantages

* No Contaminants
e Adjustable
* The period can be as small as the blade width

Disadvantages

The grooving
method * Crystal damage
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Method comparison

Sandblasting method Grooving method

Manufacturing No contaminants 1 No contaminants 1
techniques
Adjustable 1 Adjustable )
The sandblasting ) ) )
method Higher period ‘ Smaller period 1
Less crystal damage 1 More crystal damage ‘

The grooving
method
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Conclusions

e Self-standing undulated crystals have been
realized.

* |tis possible to decrease the period, but it
decreases also the undulating amplitude.

* The smallest period was obtained with the
grooving method, namely 80 um with 0.15 nm
of amplitude.

Conclusions

e Test with charged particles are fundamental for
evaluating the crystal damage.
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