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R. Valizadeh et al. , Appl. Phys. Lett. (2014)

R. Valizadeh et al. , Appl. Surf. Sci. (2017)

Laser ablation 
and conditioning

Engineering the surface morphology
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Introduction 

LASE-Cu to mitigate e-cloud effects



Not only intrinsic properties of surface but 

also the effects of:

 Photons-surface interaction

 Electrons-surface interaction

 Temperature transients
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Working Pressure

(<10-11 mbar)

Beam screen 

Temperature Range

LHC

Synchrotron Radiation Power = 0.13 W/m

FCC

Synchrotron Radiation Power = 40 W/m

Independently on the substrate treatment, the vacuum stability due to the 

desorption of residual contaminant gases has to be guaranteed 

Operation Temperature
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R. Valizadeh et al. , Appl. Surf. Sci. (2017)

Engineering the surface morphology
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What about the influence of the surface 

features on vacuum stability? 

Introduction 



Low Temperature

Gas Adsorption Gas Desorption

SEY variation

Temperature variations/photons/electrons

Pressure variation

SEY, Mass Spectrometry, Thermal Programmed Desorption (TPD) and XPS (soon)

as useful techniques to quantitatively follow adsorption/desorption kinetics
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Strategy and experimental set-up at LNF

Temperature Programmed Desorption 

(TPD) and Mass Spectrometry 

measurements

Equipment : QMS (Hiden HAL 101 Pic)

Secondary Electron Yield (SEY) 

measurements
Equipment : Electron gun, Faraday cup

6004002000
Ep(eV)

• LNF-cryogenic 
manipulator

• Sample at 15-300 K

Ultra high vacuum systems

main chamber

preparation

chamber

fast-entry lock
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TPD from LASE-Cu for temperature 

induced vacuum transients study

poly-Cu
Comparative study of TPD from flat 

poly-Cu and LASE-Cu samples 

using different gases

(Ar, CH4, CO and H2 )
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TPD from LASE-Cu for temperature 

induced vacuum transients study: Ar
Single TPD peak at ~30 K corresponding to the 

desorption of a condensed thick Ar layer

Desorption temperature determined by the weak Ar-Ar

van der Waals interaction energies
Ar on poly-Cu
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L. Spallino, M. Angelucci, R. Larciprete, R. 

Cimino, 

Appl. Phys. Lett. 114, 153103 (2019)



TPD from LASE-Cu for temperature 

induced vacuum transients study: Ar

L. Spallino, M. Angelucci, R. Larciprete, R. 

Cimino, 

Appl. Phys. Lett. 114, 153103 (2019)

Single TPD peak at ~30 K corresponding to the 

desorption of a condensed thick Ar layer

Desorption temperature determined by the weak Ar-Ar

van der Waals interaction energies

TPD peak at ~30 K corresponding to the desorption of a condensed 

thick Ar layer together with a broad TPD profiles, whose peak 

temperatures and widths depend on the Ar dose

Ar on poly-Cu

Ar on LASE-Cu
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TPD from LASE-Cu for temperature 

induced vacuum transients study: Ar
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TPD characteristics determined by the 

sponge-like structural features of LASE-Cu
5 mm
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Conceptually identical to Ar results
L. Spallino, M. Angelucci and R. Cimino, to be published

TPD from LASE-Cu for temperature 

induced vacuum transients study: CH4
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L. Spallino, M. Angelucci and R. Cimino, to be published

TPD from LASE-Cu for temperature 

induced vacuum transients study: CO

Conceptually identical to Ar results



TPD from LASE-Cu for temperature 

induced vacuum transients study: H2

L. Spallino, M. Angelucci and R. Cimino, to be published

TPD of 100 L H2 dosed on poly-Cu

and LASE-Cu samples held at 

T~15-18 K

No TPD signal should be observed 

by considering the H2 vapor suture 

pressure curve!!!

The wide distribution of high energy 

adsorption sites within the inner pore is 

responsible for the H2 TPD signal from 

LASE-Cu sample
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Conceptually identical to Ar results



TPD from LASE-Cu for temperature 

induced vacuum transients study
Saturated vapour pressure from Honig and Hook (1960)

Further studies on this issue 

and on electron/photon 

stimulated desorption at low 

T are necessary to completely 

validate/optimize LASE-Cu.

L. Spallino, M. Angelucci and 

R. Cimino, to be published
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Electron desorption studies: preliminary results
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L. Spallino, M. Angelucci and R. Cimino, to be published

The concept of the study:

SEY measurement of a condensed 

gas layer induces electron 

desorption

e-dose

Ar desorption on polycrystalline-Cu substrate as a test system
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The mass spectrum shows the 

sign of such electron desorption

SEY measurements, together 

with mass spectrometry, ideal 

to study ESD

Electron desorption studies: preliminary results

FOUNDAMENTAL TO MASS 

SPECTRUM CALIBRATION
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