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Outline

� A fast look at the ELI Project and at the ELI-Beamlines Facility

� Motivation of our work: why to build an activation database 

� Structure of the database: 

type and energy of incident particles, 

irradiation and cooling time pattern, considered materials

� Selected results for activation analysis
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ELI is a collaboration of 13 european countries

A look at the ELI Project

� Accelerator  science (new and compact approaches)

� Plasma physics (diagnostics of fusion plasmas, 

compressed warm dense matter, laboratory astrophysics)

� Development of new methods of nuclear waste processing

� Ageing studies of nuclear reactor materials

� Material science

� Medicine (cancer therapy)

ELI is a collaboration of 13 european countries

ELI (Extreme Light Infrastructure) is a new scientific infrastructure devoted to the 

fundamental study of laser-matter interaction in a new regime of laser intensity,

the ultra-relativistic regime (I
L
> 1023 W/cm2 )

ELI will attain his extreme power from the shortness of its pulses,

from femtoseconds (10-15 s) to attoseconds (10-18 s)

A new  generation of compact accelerators, delivering high energy particles

and radiation beams, can be then investigated

Potential applications

and technology

transfer
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A look at the ELI-Beamlines Project
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One of the designed 4 pillars: 

ELI- Beamlines facility  in Czech Republic should complete the construction 

in Summer 2015 (July 14)
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A look at the ELI-Beamlines Project
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250 MeV protons

1012 p/shot

Rep. Rate 1 Hz

LUX

2 GeV electrons

1 nC = 6.2 109 e-/shot

Rep. Rate 10 Hz

0.1 nC = 6.2 108 e-/shot

Rep. Rate 1 Hz
HELL

10 GeV electrons

A look at the ELI-Beamlines Project
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Motivation of this work

The goal of this study is to perform an evaluation of the possible activation problems 

in the ELI experimental halls, in order to give a guide in the choice of the most 

typical materials used in the vacuum chambers where the experiments will be 

carried out (targets, diagnostic elements, chamber itself) and around

Radiation protection problems considered:

� Ambient dose equivalent rates 

at the typical position of somebody working close to the activated item

� Activity and specific activity of the activated item 

(this affects the possible removal of the item , storage conditions, and 

eventually decommissioning)

A systematic analysis with the FLUKA Monte Carlo code in on-going, 

even if activation problems in ELI are not expected to be an issue
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- Short (1 d) EOI + cooling   1 h, 3 h, 8 h 

- Intermediate ( 1 month)   EOI + cooling   8 h, 24 h, 1 w

- Long (1 y)                         EOI + cooling   1 w, 4 w, 6 months 

- Short (1 d) EOI + cooling   1 h, 3 h, 8 h 

- Intermediate ( 1 month)   EOI + cooling   8 h, 24 h, 1 w

- Long (1 y)                         EOI + cooling   1 w, 4 w, 6 months 
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Structure of the Database

� Particles considered: protons, electrons

� Energies: 100 MeV for both protons and electrons are adequate 

for the initial ELI running time

� Irradiation and cooling time patterns: 

� Size and shape of the irradiated object, characterization of irradiation:

- pencil beam of monoenergetic p, e-

- slabs of 60 x 60 cm2 section, 30 cm tickness

This arbitrary choice has been made to simplify the comparison between    

different materials
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Materials

Materials considered: structural materials, materials possibly used for 

viewports, plastics, special materials (tungsten alloys)
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Results I:    Aluminum (intermediate irradiation)

Proton irradiation

H*(10)  at 30 cm
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Electron irradiation

H*(10)  at 30 cm
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Results I:    Aluminum (intermediate irradiation)

Proton irradiation

Activity

Al 2219 and Al 7005 show the highest activities due to their higher content of Cu and Zn

from which Cu, Zn and Co isotopes (especially 58Co, t1/2 70.9 d and 
60Co, t1/2 5.3 y)

are formed
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Electron irradiation

Activity
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Results II:  W (intermediate irradiation)

Proton irradiation

H*(10)  at 30 cm
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Electron irradiation

H*(10)  at 30 cm
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Proton irradiation
Activity

The important build-up during the decay is due to many W and Ta isotopes + 173Hf and 175Hf

For Rochester Heavimet, wich contain more Copper, also 63Zn (t1/2 38 min) is important
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Electron  irradiation
Activity
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Results III:  Glass plates, Pyrex, Quartz

Electron  irradiationProton  irradiation

H*(10)
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Electron  irradiationProton  irradiation

Activity

The only notable radioisotope is 18F (110 min) in glass plates, only in limited amount in quartz
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Results IV:  Steel

Electron  irradiationProton  irradiation

H*(10)
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Electron  irradiationProton  irradiation

Activity

Most radioactive produced isotopes:  45Ti (t1/2 185 min) in all steel considered and in cast iron.

In iron (only in iron): 49Cr (t1/2 42 min) and 51Cr (t1/2 27.7 d)  
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Proton  irradiation

AISI 316L slab +  Al slab as protection (thickness from 1 to 5 cm)

Results V:  

looking for an optimal material for the chambers


