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Ion 1nstability on a screen

CLIC Drive beam and CTF3 beam

* Design of profile monitors at different location along the linac : 140keV, 20MeV, 50MeV, ..

Energy | Current Pulse Beam
length (us) | size (mm
o beam (keV) (A) gth (ps) (mm)
: {> . CLIC Drive | > 200 | 13.8 92 0.1-10
lon beam (8.5)
Ul clomeitty m, beam CTF3 | >140 | 54 1.54 0.1-10
— — — — — — — —r — — — — ! - Initial (3.5)
< d > —||||
e |
Heat of the target . 10° - “o Different beam radius E
by energy deposition »  Gas desorption G =100um
L 8 kA/cm? o =1mm
T c=1cm )

lons acceleration
by the electron beam
space charge potential

Ions production
by electron impact
ionization (~ Mbarns)

80 A/cm?

Accelerating field (MV/m)
8-—
T

0.00 0.02 0.03

v

Wrong measurement

0.01

Distance from the screen (m)
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Ion 1nstability on screen

Simple calculations of the instability

* The electron beam dynamic can be estimated by the following envelope equation

Beam size on
the target
A -

Emlttance

t
Neutrahzatlon 0 >
dependance Factor K Ly
K:f(]e9ﬂe7 19ﬂ) ) ) ) l‘ . 272-
Disruption time : ‘q KBc
ok —— 140keV I
f eq e . . . :
* Instability is present within -
h p the beam pulse duration (1us) g o'y
* Much worse at low energy

-

RMS Beam radius (mm)
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Simulations with the LSP code

e Jons are emitted at t = Ons

0 0 T 0

Electrons Protons Water ions
1= 7400 n &3 1t =173.0n X} t=7202n
TF3 test 1 th3 140 |SD — Tue Dec 17 09 184‘:". 2002 T test 01 th3 140 |SD — Tue Dec 17 09 184“3 2002 TFIE tlestl C'1|: E:t 140 |SD — Tue Dec 17 09 184“3I 2002

Protons current : 1A

s+ Water ions current : SA - ]

= 10— =10
D5 psp i
L S NI S I R S A o :
0, I 4 0, I 0, I
CathibautMewpraaviel w7 I CathibautMewpriaviel 1.7 7 CathibautMewpriavieb+. w7 7

Based on the experimental observations done in the US and in France,
two different kind of 1ons simulated : Protons 9%, OH" 91%
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Simulations with the LSP code

Evolution of the electron
beam size at 140keV

CTF3 test 01 ctf3_140.0sp — Tue Dec 17 09:18:45 200

020 -------------------- - Simulation with LSP show an electron focusing
i é : ? i 4 times slower than the theoretical model.

Probably due to ion beam oscillation which are
not taken into account in the simple theory

L I .................... ......... > | At 140keV the beam size is strongly modified
0.0 1 1 L : 1 L 1 : ! 1 L : |
Y oo 200 . Em? GO
i " * At 20 MeV the effect becomes negligible (2%
o, | Ao At over 1us)
' I Imm | 30% | 800ns
2mm | 25% lus
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Thermal calculations (1)

ENERGY DEPOSITION:

* Using thin foil to neglect the radiative stopping power in order to minimize the energy deposition

* The 'collision’ stopping power only changes from one material fo the other less than a factor 2

(Be C Al SiTiMo, W)

/

e o: RMS beam size

/ 2
1 |dE - —— * N(n,, t, f,) : time evolution of the beam
— 2 — . ’
AT (I" x4 ) - c dx Lre 7N (t p° fo) kV-VT At < n, . Number of particles, t,: pulse duration, f,: repetition rate
/p \* « Material properties :

Heating term

C o Olin g term ™ ¢, - Heat capacity, p: density, k: thermal conductivity

Material ¢, k T,..
J/gK W/mK °C
Be 1.825 | 190 1287
C 0.7 140 3527
Al 0.9 235 660
Si 0.7 150 1414
Ti 0.523 | 22 1668
Mo 0.25 139 2623
Y 0.13 170 3422

Need materials with
-  High fusion temperature

. chgh heat capacity c, N

» High thermal conductivity

(for graphite AT=12% after 1ms)

Good candidate : Be (poison), Graphite, SiC (low reflectivity)
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Possible candidates as screens

* Thermal problem : thin foil of graphite

« Electron photon conversion process: Scintillation or Optical Transition radiation
* OTR screens :
* Number of photons proportional to In(2y)
* Light emission cone is 1/y
« graphite as a low reflectivity compared to classic OTR screen (27%)

Problem of light intensity at low energy (140keV)
« Scintillation using a Phosphor deposit of an aluminum foil

Scintillation is
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Thermal calculations (2)

1.5><103 T T T T T T T
Temperature versus time in a carbon target
Temperature of the screen at 140keV P 9
I=54A,E =140keV, 0 = 1mm 5
1.0x10° I
t, | T(O)@10Hz | T (°C) @ 50Hz _
(s) | C Al | C Al L
02 |/103 | s\ | 164 | 132 a A
- 5.Ox102 cs_= lmme
08 | 272 | 104 )( 558 | 421 D o
1.56 [\440 | 434/ | 1003 | -731-
OK v . 1 1 1 1 1 1
Ions production 0.0 05 10 15
Time (s)
I=54A,E =140keV, o0 = 0.7mm
t, | T(O@10Hz | T (°C) @ 50Hz
(us) | C Al | C Al

0.2 165 138 222 188

0.6 352 194 559 469
1.56 706 -742- | 1334 | -980-
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Thermal calculations (3)

Temperature of the screen at 360MeV

[73.54, 57 360MeV, §, 1.56ps * Thin OTR foil in Graphite is ok
o T (°C) @ 10Hz | T (°C) @ 50Hz
(mm) | ¢ Al | C Al for the CTF3 beam
025 | 1730 | -1650- | 2250 | - -
0.5 - -680- - _
0.6 ] 510 | 650 * We have to find a new alternative

for the CLIC DRIVE BEAM
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Conclusions

*For CTF3 this ion instability will affect the use of beam profile monitor
for the low energy beam

*Polarizing the screen itself is not possible since the beam space charge
field is really strong (MeV/m)
« Is there any possibility to suppress this effect by :

e direct beam conditioning

«  surface and material treatment

e  specific vacuum technology
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After the discussion

*Target on a floating mass, auto-polarization ?
*Dedicated heating system of the screen. Not foreseen yet

*Looking for a other experimental facilities to understand the phenomenon :
electron microscope,....

*Use of Bore carbide suggested

* Perspectives for first test on CTF3 in may:
*Outgasing test of the foreseen material
*High temperature treatment of the screen (up to 1500 degree).
*Possible use of getter material
*Conditioning and heating the target with the beam itself
*Possible use of laser surface cleaning (penetration ~ nm)






