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Overview LINAC4

What do we measure, why diamond?
Prototype Tests at 3 & 12 MeV H- beam
Recent Tests at 50 MeV H- beam
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CERN Accelerator overview

CMS

~
LHC
o Ml_:n_;fth Area

LHCBH

——____TT40 TT41
SPS

1976 [7 km) : ReutHnns
T2
cwn:/;\

Gran Sasso

[ 1
1
T2 BOOSTER
1572 [157 m]] SOOI

. / East Area

S < o |

" N ] emmm )

o
nEUtPONS LINAC 4 II':-_.--'I 1!—1

LiNAL =
loms

“ L/\{:'*NET 4 thomas.hofmann@cern.ch



ROYAL

HOLLOWAY

;;;;;

e Particles: H ions
 Top Energy: 160 MeV
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What do we measure? o

« Transverse Phasespace
_ POSItIOﬂ (X,y) ; X(mm)é-X'(mradé) . r Y(mm) -gY'(mrad) ,
. Angle (X‘,y‘) ] b E 1 . : [
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Laser HO
1064 nm

Bending
Magnet

Q
Principle: H+y—>H'+e
-> ->
H- beam H9 beamlet beamlet Scan result: X
<1ppm after drift Phasespace
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Presentation Notes
ICT: new LHC transformer to replace the FBCT in order to solve the beam position dependency issue


WHY Diamond?

 What are our needs?
— High bandwidth ~10 MHz (100 ns laserpulses)
— Raidiation hardness (107 H° per LINACA4 pulse)
— Internal Gain
— Homogenity (Profile measurement)
— Size ~20x20 mm (depending on beam dynamics)
— UHV compatible

* Detector Alternatives
— Silicon: Radiation hardness
— MCP: Radiation hardness
— Scintillator: Radiation hardness & bandwidth
— Secondary Emission Grid: No internal gain
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3 /12 MeV Prototype Test Setup B

Diamond Detector

_ ] T. Hofmann et al., Proc IBIC 2014
10 m of LMA fiber
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pCVD diamond strip-detector o,

« Dimensions
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Blas 500V 5 Detector Channels
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$| 3.5 mm Electrodes R R

e 5x 200 nm aluminium strip

electrodes
" _ 500V applied on backside
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PCVD Diamond Detector

e Mounting in beampipe on a
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Raw Signal at 3 MeV H- Beam "Biibuay
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Diamond signal clearly caused by laser stripping: approx. 10> H°/channel

Very low signal amplitude
LINAC4 pulse background floor
Comparison with pulse current: Sensitivity declines during 2" part of

LINAC4 pulse
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Raw Signal at 3 MeV H- Beam

Amp [a.u.]
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Diamond signal clearly caused by laser stripping: approx. 10> H°/channel

Very low signal

amplitude

LINAC4 pulse background floor
Comparison with pulse current: Sensitivity declines during 2" part of

LINAC4 pulse
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PCVD Diamond — Particle Interaction

« Signal creation in Diamond:
— lonisation of Electron — Hole pairs

— Readout of charge with E-Field (1 V/um) 0V Polycrystalline Diamond  5go v
« 3 MeV: . Implanted p* layer

— Range: 48 um H >t

— Proton Implantation in diamond p*

. 12 MeV: Range
— Range: 540 pm
— 9.3 MeV lost in 500 um diamond HO
— Proton exits diamond material

> >
p+

Scope
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12 MeV Signal on Detector Strip

Diamond Channel
—— LINAC4 H" current
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e 2.5*10° HO particles originating from laserpulses
e Background from H°, produced by residual gas collisions
e -> Diamond capable to detect H° beamlets with high linearity and sensitivity
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LINAC4 RF system: 352 MHz
-> 2.8 ns bunch spacing
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Accident: Full LINAC4 Pulse to Diamond | iz,

e Approx 10x 10%2 H-ions in 400 ps
beam pulse to diamond

» Sensitivity 10x lower than before

e Crack in ceramics pcb found after
dismanteling

Before Damage of Diamond
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Laser - Diamond

e Comparison with Slit & Grid
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50 MeV Commissioning
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No H° detection
27 keV Electrons

sCVD Diamond
4.5%4.5x0.5mm
Single channel
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Installation on 50 MeV Testbench
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sCVD Detector for Electron Detection el
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Signal formation at 50 MeV setup Folioway

* Front electrode layer composition and energy loss

Layer Thickness Energy Loss of e
Gold 250 nm 2.3 keV
Platin 120 nm 0.7 keV
Titan 100 nm 0.2 keV
Diamond 500 um 23.8 keV

sCVD Diamond 500 V diamond bias
E.. =13eV

Gen

5x10° e 1.5x101° C

>

E,. =27 keV

40 dB preamplifier ADC
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Response of sCVD diamond
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Preliminary results at 30/50 MeV B0 | oitou
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sCVD Detector for Electron Detection el
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Detector Position Scan
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 No energy loss in edges of detector — no electrode!
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Summary — Diamond for Beam Profiling

e pCVD Diamond Strip Detector
— 3 & 12 MeV HO Detection
— 3 MeV.

* Problems due to implantation effects
* Emittance measurement successful

— 12 MeV:

« Strong signal due to high ionisation
« Test" of radiation hardness survived

« sCVD Diamond Detector

— 27 keV Electron Detection

* Preliminary results look promising
* Edge effect for low electron energies reduces usable size of diamond
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Thanks for your attention!

This project has received funding from the European Union’s Seventh Framework Programme for research, technological development and demonstration
under grant agreement no 289191.
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