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ESS in few words

Neutrography: neutrons are product by spallation reactions of a 2 GeV proton beam
impinging on a tungsten target. Then, only very few neutrons are slowed down and guided
to neutron lines for proceeding to experiments for based research.

Proton beam:

E=2GeV

| =62.5 mA

Pulse = 2.86 ms
Frequency: 14 Hz
Duty cycle: 4 %

Peek power: 125 MW
Mean Power: 5 MW
Pulse energy : 357 kJ

Tungsten target:

Rotating tungsten 23.3 r/mn
+ rastering

Cooled with He (10 bar)
Moderator: H,0 at 20°C or
LH, (20 K)

Experimental neutron lines:

44 neutron lines

21/11/2023

Project: 13 founding countries, more than 40 European partner
institutions, more than 130 collaborating institutions worldwide

End 2025: 15t beam on target — 2026: start of User progs

' mnu

European SpaIIatlth@wce
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— A bit about my IPM history

CEA - Saclay

LIPAc (Linear IFMIF Prototype Accelerator — Rokkasho, Japan)

e Jan. 2008: | left SPhN to join SIIEV (Service d’Ingénierie IFMIF-
EVEDA) - diagnostics (total neophyte)

* Design & manufacturing of 3 IPMs for LIPAc (Linear IFMIF
Prototype accelerator) in collaboration with Sédi (Philippe
Abbon, Fabien, Thomas Papaevangelou, Julien Pancin, JP Mols)

» Tests at IPHI, then validation before shipping to Japan on 2014

* Nov. 2011: | become Sédi member (dismantling of SIIEV)

- Up to now, we never see any IPM signal at LIPAc since
experimental conditions were never achieved (low current and
very low duty cycle)

ESS (European Spallation Source — Lund, Sweden)
e March 2015: invitation at ESS for giving a seminar about LIPAc
diagnostics
— Start for collaboration contract for providing IPMs
- Starting a discussion with Tom Shea (diag. manager, ex SNS
Los Alamos) about BLM based on Micromegas = nBLM
* May 26, 2016: Kick-off meeting at CEA Saclay

- Postdoc: Francesca Belloni & PhD student: Florian Bénédetti
(Nov. 2016)
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S} IPM (lonization Profile Monitor)

CEA - Saclay

IPM Electric field OFF

* Non-invasive transverse profile monitor
* Principle: based on the residual gas ionization produced by the beam
particle when passing through it

By-products e’/ion* drift under E influence to the electrodes o« O10%

€0, 10%

- collection ion signals (pixel, strip...)
* is a parallel plates detector = relevant = good E uniformity
» Degraders = to reinforce the E uniformity (avoid mirage effect...)

* lonization = quite high cross-sections (o) wrt fluorescence
* Good by-products collection thanks to E
* Ability to work at high beam energy

* High sensitivity to the space charge effect =2 profile modification

« Deviation of the beam due to E => safety
* Complicated mechanics: detector inside beam pipe or vacuum chamber
* Very expensive

Why ESS choose IPMs? They have no choice!
* Slgnal a |\Ibeam x Ntarget X0
with Npeom o lpeam = 62.5 mA and N, < 10 mbar

=>» IPMs are located above 90 MeV (cryogenic beam line) and fluorescence
profilers below (room temperature)

HV (-15 kV)

t & Presidual gas
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a NPM (Non-invasive Profile Monitor)

CEA - Saclay

Two NPM types at ESS
* INPM=1IPM X+1IPM_Y
* atESS, there are two NPM-types

» |IPM - residual gas ionization
» FPM - residual gas fluorescence

- 135221 MH2C———— > < ———704.42 MH:2C—

Dogleg Target
<25m—> €«46m> <40m> €38Im> &59Im> «—T767Tm—> <« 1789m —
Source WQLEBTUE RFQ 3l CMEST) & QI 2 Spokes Medium 3 High B =

A
75 i}ev 3.6Gl“lev 90 MeV '2I6 MeV ; 571 MeV i 2000 MeV
1 NPM - “3NPMs '~ 1 NPM
Cew | £ vev)

NPM (ionization) for ESS Spele | 272
* To be provided: 5 NPMs MBL-1 2314
* Schedule 1.6 (AIK 7.3) MBL-2  278.9
> Kick-off meeting: May 26 2016 MBL-3  315.8
> PDR meeting: January 31t 2017 HBL-1 6283

» CDR meeting: February 11t 2019
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e NPM challenges

CEA - Saclay

Go-NoGo gate:
due to the feasibility of such monitors in ESS
environment, mainly for these raisons:

* Isthere enough room inside LWU to insert both IPMs
and for insuring a good electric field uniformity?
Influence of the electric field of each cage set at 90°
to the other one?
=>» Florian

* Space Charge effect: ESS requirements is 10%
reconstruction tolerances on the profile width.
=>» Francesca: software simulation over months

* Read-out: enough signal? Which one? =»Philippe
» Effect of background particles on the profile?
=> all
Preliminary tools and answers were given at the PDR
* Ok to resume the project
* Development of a test bench with IPMs for data taking at IPHI

Results & CDR

* Data obtained at IPHI allowed us to extrapolate data to ESS
beam conditions, showing the project feasibility.

250 mm
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e IPHI* tests during 2018

CEA - Saclay

L. *Injecteur de Protons de Haute Intensité
IPHI beam test conditions

* Installation on Feb. and Sept. 2018

* Several read-out systems IPM 1 i et
> MCP + optical system read-out J )
» MCP + conductive strip readout ' l

» conductive strip readout (no
“amplifier”)
» FPM with an image intensifier
» 3 solid scintillating screens
* Bench equipment
» 3 pumping systems
» 2 pressure gauge
> 1 RGA
» 1 Faraday cup
* Test beam conditions:
» proton @ 3 MeV
»1=0.7to 60 mA
» Dty ~ 100 ps/s
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— Test bench on IPHI

CEA - Saclay
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It took us about 10 days before to
see the first profile!

We were blind, no other diags...
21/11/2023

IPHI results with a proton beam

After a while of good functioning of the IPM, we noticed that there
is a “slow” shift of the profile which come back swiftly to the main
position and so on.

We though about an electric loading followed by a charge release...
Finally, Michel Desmons succeed in repairing the BPM and we
observe the same shift behavior.

Obviously, it came from the accelerator and one day | learnt that it
was due to a power supply malfunctioning!

'——  Beam position shift vs BPM & IPM —
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MCP + constant strips

Read-Out: D. Etasse et al.,
system, LPC Caen.

Faster

Proflle p05|t|ons CMOS/Strips/BPM

—— Strips
—— Camera
BPM

Camera data vertically shifted
BPM data reversed, scaled and vertically shifted

IPM1 reference system (mm)

) T T AN T HAE U U A ERTEN AR BRI ARV
0 20 0 60 a0 0 120 140 160 180 _ 200

Time (s)
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Comparison
Strip/MCP

lpeam = 32 MA
P=107 mbar
At =100 ps (1 Hz)
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IPHI results with a proton beam
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IPHI: IPM for proton beam tests
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SMA optical
connector for
“UV” light

NPM cage with
degraders

aperture for
ions or
electrons

Read-Out
(here MCP)

HV connection
(cooper)

CF200 flange
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» Double MCP with phosphorescent
screen (Photonis)

APD 2 PS 40/12/10/8 1 60:1 MGO P43

» Symmetric HV (15 kV)

» 1SO-5

e Ceramics plates for electrodes

* Ceramics plates for degraders with
serigraphied resistors

21/11/2023

CDR summary

Location for optical
system read-out

HV MCP,,

HV MCPy;
HV IVICPSCREEN

HV -15kV
ground
HV +15kV

aluminum cylinder
holding MCP support

MCP
Signal slit (44x20 mm?2)
-15kV electrode

ilﬂ:_

Degrader

{

il

IREA= NS

/|

+15kV electrode

1\ UV slit (30x14 mm?)
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e IPMs & NPM e
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Rotating CF160 by 180° wrt CF200
allows to get IPMy or IPMy
...nice trick, Loris!

Wire | [_IPMY
scanner IPMX
beam Ii -
" T
quadruple / S ks [T aiiadtopie
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IPM integration: B. 546

CEA - Saciay  Each IPMis assembled in ISO-5 cleanroom, except the MCP, the CF16 quartz and the CF60 viewport.
Once done, the set VC+IPM is wrapped into 2 clean plastic bags and stored in our laboratory
waiting to be completed.

ISO-5 / B. 546 Y . ] ; bly of the cage

\\|

 all is mounted but MCP &
B and its Cu connections
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a Cleanroom to laminar flux room

CEA - Saclay

* All IPMs were assembled in the ISO-5 cleanroom, then inserted in
these VC.

* Then stored and transported from B.536 to B.534/43C wrapped in a
double plastic bags.

* When the 10 IPMs were completed, they are moved into the air

laminar flux room (B.534/40) for mounting MCP and inserting an IPM
pair in the test bench similar to a LWU.

Pumping system inside the laminar air flux 534

21/11/2023 NPM for ESS - Café du Dédip 15
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Test bench
inside the
laminar air

flux
B. 534/40

21/11/2023

VC for MCP stor
%

age

\\’z// "":‘ ; M’j— ‘




! Inside the laminar air flux room

Mounting the MCP on the IPM
We have broken numerous IPM due to thermo-mechanical stress during baking.

Peek pillar Peek: M3x20
MCP
MCP
spring
washer
1- spring for minimizing 2- filing the screw upper thread
axial stress part for radial thermal stress

Broken MCP under thermo-
mechanical stress
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IPM connections
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Backing

After each opening operation of the chamber, mainly for HVs
and MCP tunings, a baking process is launched.

Use of a thermal controller designed by Olivier

—> During 4-5 days, baking at 100°C for helping MCPs to
remove water from its narrow channels, allowing to
achieve few 10 mbar.

RGA scan analysis: 2023/02/22

-5
0 E —— blank + IPM5-X after MCP conditionning - 1.08 E-6 mbar - 2023/02/02
1 blank + IPM5-X after baking - 1.16 E-8 mbar - 2023/02/07
1076 4 —— after IPM5-X dismount - 1.6 E-6 mbar - 2023/02/15
3 —— after IPM5_X Feb.16 baking - 1.7 E-8 mbar - 2023/02/21

1077 4

Partial pressure (torr)
=
(=]
b
e T i =
ANl
ig [ 2

Max reached on 26/2 at 11H33

Q6856
111

10-10
P =7,336-6 mbar ]

] 10 E Hzo Hz
5 ] - 25/0.9 = 28
£ 10712 5
i Baking ending on 28/2 at 10H25 3 - 20/5 =4
© | Bakingstarting P =3,66E-7 mbar ]
i 10713 T T T T T T T
26/2-8H25 0 25 50 75 100 125 150 175 200
P = 5.44E-7 mbar AMU
Switch off teh BA
1/03 at 10H25
TP =2,83E-8 mbar
\l
g IS S —— — R—— R——— S— R ————
- 1200 16.00 00.00 06.00 1200 1800 00:00 06.00 1200 1800 00.00 06.00 1200

20230226 0226 0227 0227 0227 0221 0228 0228 0220 0228 03-01 03-01 0301
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IPM polarization

MCP polarization

MCP gain depends on AV = HV,, — HV,
Need a connection box for insuring AV

HV, -10 kv,
screen { ) (emitted light from the
HV ¢ (-14 kv) phosphorescent screen)

photons

HV;, (-16 kv) HV.

screen

HV

in

(ionization by-products)

IPM cage
Electrode (e’) 2 +15 kV
Electrode (ion*) 2 -15 kV
MCP, > -16 kV
MCP, , > -16 to -14 kV
MCP - -12to-10 kV

screen

0 250 500 750 1000 1250 1500 1750 2000
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HV Control System (ISEG)

AV = 1500 V =» HV cage = £15 kV, MCP_in=-16 kV, MCP_out=-14.5 kV, MCP_screen=-10.5 kV

&5 npm-power-supply-css-DATA opl 8

[sink 2 Prmitive exiule

slok 7 - egative madule s

L HV cage IPM

Skt 2 Megatave module ¥

- Stéphane Tzvetkov (DIS) .

“HiW seating” = SHCP_n = HY_Cage_fargst

Selected mode:  MCP settng (DAG]

Module description
Hear

Iseg, EDGCE, 04, TI00TG4, 0472°

Operating made
“HY sesting” (30 DAQ] o "MCP ssttng [DSg]

"Data taking” -+ MCP_in = HY_Cage_farget + 1 k¥
PACF Dt = WICF_In - AW0F
MEP Sereen = MOP Cut- 4R
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-10500

e

Current [A]
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File Edit

= npmUser2.opl &

Acquisition Start

Image mode Icontjnw I [ continucas |
Trigger mode | Internal - | | intemal
Nbr of Images | 2 l I
Nbrofexposures | 1 | |

Exposures counter o

Images completed

Acquire Period | awo | |
FrameRate l off .
Exposuretime | omo | |
Gain [ oo ]

ishutter (in ms) |

; 300,000
= exposure time

21/11/2023

Data (ype uintie
Enable Image ln\able - l | enavie
|

388 Jeudl 1 déce
weqy

Search  CS-Studio

Detector
e ooucronces |
image Rate

Scale mode

Seike et [orcormecrsal

S TR
Object & Lens

Ovc sostion

egtcon
Aperture

Gaussian Fit

Fit status

Scaled Result
CemerOttass  ElNTmautil|
Beam See
ale dimension

Raw Result
sscigound
I

Mu

s oo |

Camera l Fre processing (ROI) l

Notes | Gaussan fit

Window

Read-Out Control System

AV = 1500 V (same conditions as previously), checking noise with CMOS-2 shutter = 300 ms!

S P B i w2 ala ] &5 0= 1 &l @
P [ N N e e R

Counts

R A RAUR A AU RIS S

]Pmpmms%lﬂglRDI) I
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Detector
State Readout
image Rate [ 300k |
Scale mooe * Mani ©
Scale max | 2000
Seale mini [0 ]
Object & Lens
Object position [ 550,000 mm
Magnificaton | 0200
Aperure [ 1.4
Gaussian Fit
L status | Freated
Number of prs 350
Scaled Result
CemerOfMass | 281361 mm
geam Suze | 000060 mm
scaledimanson | X
Raw Result
sackground |  oceccen
Ampitude | 0000060
Mu | opccceo
Sgrna 0.0000E0

ety |

Rallng buffers

23



z Read-Out Control System (2)

CEA - Saclay

Other conditions with UV lamp switched ON: the slit aperture clearly appears

JNPM/usar/npmHOFSFile.opl
NPM:2CAMHDFS
HDFS

fesstudio]

21/11/2023

Fiepan  [omsmerran: it
File name. fcamz. [Toene | Detector
File template Jsts_%33d s State [ wamrg |
nmotnerement v | [ ] imsgeRate | oo
foe == Scale mode
Compression  [mone = || ware g =
Data Type {untte | [Gme Scale mini o
Capture Mode | < [azmons [ ors0s |
Nombre Capture | 2% | Object&lens |
Object position | ssamorm
L Record || 0 | oo Magniication | oz |
‘ P—— = = B s [11 |
Gaussian Fit Gaussian Fit
it status oican At status
Number of pts Numberofpts | sw
Scaled Result Scaled Result
i A sarmve |
Beam Size Beam Size [ acoceo mm
Scale dimension |12 Scale dimension | x
Raw Result Raw Result
Background Background | oo
Amplitude Ampiitude [ aooocco
My M [
sigma sigma [
Ve v m m m
s
| Camera Pre processing (RO/) Assembly | Camera | Preprocessing (Ro1)| |
Notes |  Gaussianie | e Rolling buffers | Notes | Gaussianfit

& [NPMfuser/n.

I
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 npa-power-supply<ss-DATA0pl

S0 Postnemoae[sit ) Hegstne modiex | S 2 N ey

Slot 2: Negative module
Hv Cage target

Ammax
=
amce
fore M2 g o

o - ~5s
I 1
Channel 0 : HV Cage IPM (Y axis) Channel 1 : MCP in (Y axis) Channel 2 : MCP out (Y axis) Channel 3 : MCP screen (Y axis)
ontron orr/on ort/on on/on
- - -
Temperature [deg C] Temperature [deg C] Temperature [deg €]
i =

Vatzage (V]

Current (A Current [A] Current [A]
Reossssanen | A ormtseaet s RosaMesaare e e
et faowezen Jemescen

A

. asoghiz 4, avon

amp spesd voliage
15 Nominst Voltage persecond] Suparvision bhavior Supervision bohavior Suporviion behavior Supervision behsvior
P — saparebemscarn
et o - e s i e e fore pe
ardar i velane & et peve = H w pEo ’
1% Nomina elzage] = o i el st e i
oot S e e e e i byt E O S
o
status
et
[ ]

Detayed tip time [ms]
Rt s

Detayed tip time [ms]

e Rt e

FLIR: BFLI-PGE-23S6M-C
sensor Sony IMX249

Navitar: MVL50M1 (50 mm)
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Survey of the IPM with
the 3-D FARO mechanical
arm

(inside Laminar air flux)

. N 3

21/11/2023 NPM for ESS - Café du Dédip 25



B
/

Space Charge

CEA - Saclay

Space Charge effect

Following Francesca’s simulation, the rms of the profile width should be below
to 10%.

We can see that this is fulfilled when ions are used, but not electrons.

Francesca Belloni et al., IBIC 2018, Shanghai, China

’? 102 =
X = Ey =300 kV/m
4 B
10 =
1E-
electrons: P ————
10| —— 90 Mev T
--a-- 200 MeV :
— = 1GeV
10°2 Hy
—e— 90 MeV
--g-- 200 MeV
—e - 1 GeV
10_3 1 | 1 ! ! | | | | | | 1 | |
1 15 2 2.5 3
G,; (mm)
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a Test results provided to ESS

CEA = Saclay Ieakage Static vacuum pressure for NPM5 X and Y

2,86-03 NPMS5_X = 0,0004x - 0.0006
NPMS5_Y = 0.0002x + 0,0003

* Reaching nominal HV values = more than 24 hours

* Leakage rate < 1019 mbar.l/s %
* Static vacuum leakage = transport Saclay Lund B /fm‘:x
* RGA before / after baking = H,0/H, < 10 el

* Degrader resistance = about 70 MQ Duration At (days)
° MCP reS|stance 9 30 to 300 MQ . NPM-4 IPM_X degrader resistances

i - :
 MCP gain (value extrapolated to AV=2000 V) - 0.0c62x+ 00453
P
* |IPM survey

10 "

HV (kV)

8

8 _aT e IPM4-X R-
4 . s IPM4-X R+
2

0

RGA scan analysis: 14/12/2022

_— Rdeg= 68.3 MQ

50 100 150 200 250
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—— MCP X extrapolation
" — G(2000V)=1339660179167.3198

J"

Mur Th v A b
| i (e P
Wi

VA

|1-
rw)f‘m Mw'r...m -

Gain

signal (AU)

10% 4 v ¥ et

Bs

400 600 800 1000 1200 1400 1600 1800 2000 2200

21/11/2023 NPM for ESS - Café du Dédip W otage »



B
/

CEA - Saclay

Transport

Wrapping company Somodem

Note: 2 NPMs took the same
truck of the cryomodule
transport to Lund.

Thanks to Nathalie & Pierre

1** NPM: Feb. 15t 2022
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Conclusion

We faced to many challenges, sometimes a bit discouraging

=» thanks to my colleagues for not giving up because it could
take a long time to get them up

Finally, we learnt a lot of things in several fields... That was fun!

Delivered to ESS Lund: 5 NPMs = 10 IPMs

>
>
>
>
>

NPM1 -> 15/02/2022*
NPM2 - 12/10/2022*
NPM3 - 23/11/2022*
NPM4 - 10/01/2023*
NPM5 - 29/08/2023*

*NPMs leaving dates from Saclay

21/11/2023
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B} Thank you very much for

your attention!

/

CEA - Saclay

and special thanks to these colleagues

Saclay: P. Abbon, F. Belloni, F. Bénédetti, M. Combet, G. Coulloux,
P. Legou, C. Lahonde, O. Leseigneur, Y. Mariette, J. Marroncle,
JP Mols, V. Nadot, F. Popieul, L. Scola, G. Tauzin, S. Tzvetkov

IPHI team: B. Bolzon, N. Chauvin, D. Chirpaz-Cerbat, M. Desmons,
Y. Gauthier, T. Hamelin, M. Oublaid, G. Perreu, B. Pottin,
Y. Sauce, F. Senée, J. Schwindling, O. Tuske

ESS Lund: A. Gevorgyan, R. Tarkeshian, C. Thomas
Thanks to: S. Berry, P. Bosland, N. Franchomme, C. Madec
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IPM characteristics

2 independent flanges
* CF200

21/11/2023

» IPM cage (cubic shape 10 cm)
» HV connectors of the cage +15 kV

* CF160

» CF63 viewport (Read-Out)

» Al cylinder (0.3 mm) holding MCP
» MCP (MicroChannel Plate)

» MCP HV connectors

IPM

HV electrodes +15 kV
- grounding in the middle of degraders

MCP working far to ground (-16 to -10 kV)

IPM working energy range: 90 MeV to 2 GeV
Read-Out: optical (MCP + Phosphorescent screen)
1 profile/pulse

lon detection for improving profile meas.
Presidualgas < 10-9 mbar

ISO-5

Cage: alumina 0.65 mm.

Degraders with serigraphied resistors

Final IPMs for ESS

ilﬂ).

IREA= NS

il

il

NPM for ESS - Café du Dédip

Location for optical
system read-out
HV MCP,,,

HV MCPy;
HV MCPSCREEN

HV -15kV
ground
HV +15kV

aluminum cylinder
holding MCP support

MCP
Signal slit (44x20 mm?2)
-15kV electrode

Degrader

+15kV electrode

UV slit (30x14 mm?)
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