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Introduction

Injection Kicker Magnets

electromagnetic devices composed of 4 magnets and 4 pulse
generators

guide, maintain and focus the particle beam on its near-circular
orbit

Installed on the injection points of LHC
0,12Tesla in less than 900ns, for about 8ms.

Vacuum chamber
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Introduction

- vacuum chambers in alumina
- high SEY ~9-10
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(by F. Ruggiero)

- adverse effects:  —>Increase in pressure
—>rise of temperature of the cold magnets
—>Instabilities, loss of beam.
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Introduction

* Topic of the internship ~ FINAL AIM: SEY reduction 1,4

- Mike Barnes (TE-ABT-FPS) %[(Zlﬂf

>500°C

s e o coo) o Dr. Sudarshan, The Effect of Chromium Oxide Coatings on Surface
Sy o e e, M1202 (Pawson 7T and Elashover of Alumina Spacers in Vacuum (1976).

- Objectives:
| 1.  Establishment of analysis methods - FT-IR spectroscopy
- Thermal analysis
- X-Ray diffraction (EN-MME-MM)
- SEY measurements
2.  Heat treatments at different temperatures.
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Establishment of the analytical
methods and parameters
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Thermal Analysis

<.« Differential Scanning Calorimetry

|"* Closed crucible with pure CrO4

'/ Sample mass before analysis: 3,5mg /
Sample mass after analysis: 2,5mg

Temperature range: 20°C = 550°C

Heating speed: 5°C/min
Gaz : nitrogen, 50mL/min
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. Total mass loss: 30% > 23% (theory: 4CrO3 > 2Cr203 + 302)
| Evaporation?
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Thermal Analysis

« Thermogravimetry

T MR,

oy I e
.- | Crucible with pure CrO4 /

Sample mass before analysis: 9,4mg J 6 fam
"~ | Sample mass after analysis: 6,1mg
| Temperature range: 20°C - 550°C T L

Heating speed: 5°C/min e )
| Gaz : nitrogen, 50mL/min. H,, 7 e
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Total mass loss: 35% > 23%
Mass loss (15t reaction): =17%

~Th45

(=] 100

Evaporation?
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Thermal Analysis

~ Crucible with pure CrO, |

Sample mass before analysis: 3,5mgf-- |_.

Sample mass after analysis: 2,5mg ..

Temperature range: 20°C = 27/0°C| . |
Heating speed: 5°C/min}|

\ Isothermal duration : 5h{ |

~Gaz : nitrogen, 50mL/min
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FT-IR Spectroscopy

E@ « Attenuated Total Reflectance (ATR)
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+ Fast, non-destructive.
BB - Unsuitable for in-situ analysis in vacuum chambers.
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FT-IR Spectroscopy

Coarng:
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+ Suitable for in-situ analysis.
Characterisation of the oxides.
- Samples storage (CrVI and KBr hygroscopic).
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FT-IR Spectroscopy

ﬁ@ « Diffuse Reflectance |

\I'&:/, Coatings

o CrO3 | Cr203 M/F\

Transmittance
(%)

0.0

;‘EJ] + Suitable for analysis of residues in crucibles.
il Characterisation of the oxides.
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X-Ray Diffraction

Pure CrO;

Substrat
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(Floriane Leaux, Gonzalo Arnau lzquierdo (EN—MI\/IE—MM))

= Characterisation of the chromium oxides.
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SEY Measurements

- Alumina - Sand-blasted, nickel-coated
and glided copper

SEY du substrat alumine .
SEY du substrat cuivre sablé nickelé et doré

=t=Riesure 1

=@=Mesure 2
—i—Mesure 3 =
"
—a—Measure 4
i}
0
[i11]
300 1000 1500 200 1] HO an [T (1] 1 10 100 100 1EN M
Energle primaire [eV) Energle primabre (6V)

(Holger Neupert, Valentin Nistor (TE-VSC-SCC))
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Heat treatments
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Samples before treatment

CrO3(aq) 10% (w/w) coating (Cr(VI))
(1h dipping + 1h drying (120°C))

| FT-IR spectroscopy X-Ray diffraction SEY measurements
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> FT-IR spectroscopy

260°C for 4hours
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» X-Ray diffraction (en-mme-mm)

cm-1

[l

CrO; (240°C - 14H00)
Insoluble phase + liquid phase
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> SEY measurements

Average SEY- alumina

Average SEY- copper with sand, nickel and gold

- Decrease in SEY.
_— —> Inapplicable solution
(hydroscopic).
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ﬁéﬁi’g » FET-IR spectroscopy

= . KBr+ CrOs3 tablet
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» X-Ray diffraction (en-mme-mm)
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CrO, (350°C - 72H00)
Standard Library Cr,0,(Cr'")
Standard Library Cr,O¢ (CrV)
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Average SEY- alumina Average SEY- copper with sand, nickel and gold

: — | —> Creation of Cr(l11).
)_ “\ -
i / = Unstable solution.
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Eiiiim. > FT-IR spectroscopy
\\/Riie :

aooo 3500 3000 2500 2000
Wavenumber (cm-1)

» X-Ray diffraction En-mve-mm)

CrO, (550°C - 72H00)
Standard Library Cr,04 (Cr''")
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- Inhomogeneous coating.
- Presence of Cr(lll).

Subetrat (Fittre en ibre de veme)

Lol bad e lalylalal
% Substrat (Filtre en fibee de veme)
r;ﬁlbdmt (Filtre en fibre de vere)

> SEY measurements

Average SEY- copper with sand, nickel 3.

\ f Average SEY- alumina

L 1000 1500
Primary energy (eV) 19/22




Conclusions

§:= - Analytical methods and parameters established.
« Several solutions to control coatings in the vacuum chambers.
* Cr(lll) seems to be a stable solution.

Improvements:
« Study homogeneity of the coatings.
 ldentify intermediary oxides, create a FT-IR data base.

i  Study the influence of number of backouts for the Cr203
A concentration.
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