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CERN Accelerator overview
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LINAC 4 overview - Outline

Transfert Line

« Particles: H ions
 Top Energy: 160 MeV
« Pulsed: 400us /40 mA
* Length: 80 m

Profile Measurements:
80&107 MeV:; 50 MeV

Emittance
Measurements:
12 MeV: 3 MeV

160 MeV:
Permanent location
of instruments
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Concept of Non-destructive Emittance Meter
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LINAC 4 overview

Transfert Line

Profile Measurements:
80&107 MeV; 50 MeV

Emittance
Measurements:

160 MeV: 12 MeV; 3 MeV

Permanent location
of instruments
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3 /12 MeV Prototype Test Setup

HO Detector

T. Hofmann et al., Proc IBIC 2014
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Laser Injector - Setup

Optical fiber
Focusing lens Beam Expander
Laserwire: Q :
150 um aser
. source
diameter

Laser parameters
. A =1064 nm
* Luse =100 NS
. Epuise = 0.1 mJ
. f.,=60kHz
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CERN

HO Detection: Diamond Strip Detector

3

5 Detector Channels
Bias: 500V
’ %
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3.5mm strip pitch

0.5x20x20mm pCVD diamond |

Ref: CIVIDEC Instrumentation, Austria

~10% H%cm? radiation hardness
Nanosecond time response
~10% e-/HO sensitivity
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Diamond Raw Signal & Signal Analysis
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Diamond Raw Signal & Signal Analysis
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3 /12 MeV Prototype Test Setup

Diamond Detector
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Results — Comparison with Slit & Grid

Phase-space
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Results — Comparison with Slit & Grid

Phase-space

g 3 MeV — SLIT—GI-?ID Laser - Diamond
.E, 2__ L——-\ :
W74 v\ o
-4 \b — 7 2
8l : 8
... .= | Emittance agreement | .2
1 1 0 Slit & Grid
Beam Profile within +/' 3% t
12 MeV [ ' =™ - o Slit Grid 6
ol | @ —= Laser Diamond _ 4
% of | | [ e 82
60| .5 Phiey | E g
3 o > 5
m 40+ J
1111
6
Oﬁm@f'f T;ITFEW -4 -2 0 2 4 6 8

-7.5 -5 -2.5 0 25 5 7.5

13 thomas.hofmann@cern.ch




LINAC 4 overview

Transfert Line

Profile Measurements:
80&107 MeV:; 50 MeV

Emittance
Measurements:

160 MeV: 12 MeV; 3 MeV

Permanent location
of instruments
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50/80/107 MeV Testbench

T. Hofmann et al., Proc IBIC 2015
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50/80/107 MeV — Profiling setup

* 90° Deflection of electrons by
dipole magnet

« Effect on main
H- beam negligible

« Electron collection
with sCVD Diamond

* Resolution: 150 pm laser
diameter

Laser dump
T. Hofmann et al., Proc IBIC 2015
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sCVD Detector for Electron Detection

‘ Bias: SOOV

Ref: CIVIDEC Instrumentation, Austria
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CERN

Installation on Testbench
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Profile Comparison

' ' o SEMZ
' A #  Laser
50 MeV g % o SEM3
08 ' LR
o
a
0.6~ o 2 .
El * .
o, a
ﬂ."-]-_' ﬂ % —
nu* y
N Rk
D_ o - n =) * !* * = E* . . n ]
-10 -5 0 5 10
¥ [mm]
S. Gibson et al., Proc IBIC 2016
B oNET 20

thomas.hofmann@cern.ch



Profile Comparison
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Profile Comparison
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Profile Comparison
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LINAC 4 overview

Transfert Line

Profile Measurements:
80&107 MeV; 50 MeV

Emittance
Measurements:
12 MeV; 3 MeV

160 MeV:
Permanent location
of instruments
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Final instrument design &)

« Situation at LINAC4 top energy region

Laser & Elect
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Final Laser Setup

LINAC4 Tunnel
Laser Cabinet (in klystron gallery) Instrument 1

Fiberlaser

Focus, Scan &
Diagnostics box

Fiber 75 m->362 ns
Coupler @
LMA transport fiber
Beam -_._
— Laser Dum
Splitters - 20 m ->96 ns I °

. N\ Vacuum Window
Mirror H— _

Instrument 2

\ Copy of instrument 1

« Simultaneous measurement of horizontal & vertical plane
— Different fiber length — 266 ns time difference
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Laser Injector

EM2

EM1

Fiber 2

600 mm
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HO Detector Station

« 2 pCVD diamond strip-detectors
— 500 pm thickness
— 2sizes: 32 x 10 mm & 20 x 20 mm
— Each with 28 strips (350 pum pitch) — < 0.1 mrad resolution

 Horizontal & vertical detector one after another
— Measurement of both planes at same time
« Detector mounted on actuator to move synchronous
to laser scan (time for emittance scan: ~305s)

Detector
Y-profile
Beampipe
A Detector
| J X-profile
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Summary

What has been done?

* Prototype tests
— Robust fiber-based laser delivery — no high power laser needed
— HO Detection based on a diamond detector
— Test of Emittance Monitor at 3 and 12 MeV H- beam
— Test of Profile Meter at 50/80/107 MeV beam (based on Electron Detection)

- Design of permanent installation for online emittance and profile
monitoring at LINAC4’s top energy

What offers laser based H- beam diagnostics?

 Reliable Transverse Profile and Emittance Measurements

« Over a wide range of beam energies (MeV...GeV) and intensities (nA...A)

 Non-destructive measurement
— Beam losses < 1ppm

« No moving parts in main beam— No danger of broken wires or similar
— Automized periodically online monitoring
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