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des 2 Infinis X ray compact source demonstrator,
high brillance (hospital, lab, museum,...)

ThomX : 45-90keV -
Flux ~ 10'? - 10*2 ph/s -
Brill * 101° — 10 unit
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Backscattered photon

X-tay energy (kev) 10 100

Buts scientifique :
Transfer experimental technics from synchrotrons beam line to compact source )\

Add a new compact instrument in the landscape of X ray sources
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ThomX layout
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FFabry Perot Cavity

Electron — laser interaction

extraction

size ~10mx7m

aiming F = 50 Hz, Q = 1 nC, E = 50 MeV (45 keV X ray) upgrade to 70 MeV possible (90 keV X ray) Dump
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'.b C ThomX budget and manp
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=dima Budget : National Reasearch Agency

A ANR /Equipex + 12 M€

Installation and functioning (2012-2023)
With 2 delays + 2 years

Civil engineering operation : 2,2 M€
(local Essonne funding)

8 french partners :
|IJC Lab, Soleil, ESRF, CELIA, LAMS, NEEL, GIN,Thales
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Linac : working !
(laser, RF gun, acceleration section, diags, vacuum,...)

Control&command, PSS, MPS : operational

<- Ring : all installed and tested, under vacuum 10"-9 mbar
( magnets, pulsed magnets, vacuum,
BPM, beam loss manitors, RF cavity, ...)

Université
de Paris
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- Fabry-Perot cavity : installed in the bunker
results on prototype : 200 kW pdt 30 min
(see A. Martens presentation)
final version of cavity installed in bunker (107-9 mbar)

wait for laser+ amplification installation

- X line : ready to start

FPC installation in bunker



X-line integration

Experimental X-hutch

Position&intensity

Slits Hexapode Hexapode Sample
Monochromator + 360° rotation motor




X-ray experimental hutch

Standard imaging

—> Design a modulable equipment Phase contrast imaging
in order to be able to explore Tomography
the main analysis techniques Fluo spectro

Diffraction :
Detector alignment system

monochromator slits ] /
rotative

detector arm

& 360° rotation

: -
b -
-
S -
i -

Hexapode mono
(retractable if not used)
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* Electrons out of RF gun : october 2021 !

* Touching the real start with the hand !

* Still a long way to go ...
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Home made — RF qun 2.5cell

e july : LIL section conditionning (10 MV/m, 10Hz, 3us)
* october : RF gun conditioning (80 MV/m, 10 Hz, 3 ps) [S8&

Dark current on YAG1

AL L V2 sEaV v 03 Y

B VArg: 16366 mV H VAmp: 1542mV mw
Tl soms  OEH 200w arl om 9

RF signals
6MW — 3,0 us —
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RTM3004; 1335.8794K04; 101493 (01.550 2019-07-19)

7 Norm 500 ns/ Run
26 my 2.5GSafs 915.2 ns Sample

E] vi: 2148 mv V2 16952 mV Av: 16737 mV
[+]
11
~3,4152 pe 2. us ~2.4162 v ~1,8152 ve -1,4152 us /DN15.2 ns s
] vm:m.s;‘:nv ; B VAmp: 1542 mV ) Evi2ueny V2 R66mV  O:T03EnY
5MW — 2,0 MS — 1 Hz @ somw SN 200mw ' TR |

-~ P— Ext. Trigger In Iﬂlm

6MW — 3,0 us— 1 Hz

EZ =80 MV/m
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Vacuum Trend
E
* Vacuum interlock at the begining
* Photocurrent on YAG1 | | |
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Steerer (LI/STR1) (Gauss)
Energy measurement with steerers
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* measurement of energy out of RF gun 3.6 MeV
e start LIL section
* Beam out of LIL section : 37 MeV

E{';_; 1
LIL section

* Forseeing to go to 50 MeV with full RF power (klystron > 30 MW)
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2021 2022 2023
s 6 |7 [8 Jo Jio 11 [12 J1. |2 3 & [5s [6 [7 [8 lo Jio [11 (12 J1 [2 3 & [5 |6 [z [8 Jo Jwo [11 [12
‘Phase ASN 1 AuEPhase ASN 2 PEPhase ASN 3
COMM. LINAC |
|

COMM. ANNEAU
| | % stockage e- optimisation IP

%MM LASER CFP

recherche ler RX

ASN phases to manage

1) LINAC :50 MeV, 100 pC, 10 Hz

2) RING : id.

3) RX production : 50 MeV, 1 nC, 50 Hz
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IJ:!:)zD RP Phase systéme Goals livrables Internal prerequisite durée (j) corrigée
ASN ASN Autorisation phasel 1,2
1 Ala LINAC conditioning preparation 2
1 Alb LINAC LIL section conditionning 10 MV/m, 3 ps, 10 Hz P=20MW F=1, 5 10Hz
1 Ala LINAC RF gun conditionning 80 MV/m, 3 ps, 10 Hz P=7MW
1 A2 LINAC 1st electron beam 5 MeV, Q=10% Qn = 100 pC, 10 Hz 5 MeV, 100 pC, 10 Hz laser
1 A3  LINAC 1st electron beam 50 MeV straight line 50 MeV, 100 pC, 10 Hz 5 MeV, 100 pC, 10Hz RF gun
ASN ASN Autorisation phase2a
1 A4 LINAC Electron transport to extraction line 100 pC to EL dump deviation dipole OFF
1 A5 LINAC Optimisation faisceau pour injection 100 pC, 5 ps, 10 Hz entrance Pulsed deviation dipole ON
2a ABO LIN+RING Pulsed magnets commissioning with e- beam signal on 1st BPM Ring PM comm. Without beam 4 5
2a B1 RING 1st turns : injection+beam instrum+threading 100 pC, 1 turn, ring diags diags tested 12 14
2a AB1 LIN+RING optimisation linac+ring 100 pC, N> 1000 turns 4 5
2a B2 RING machine physics : LOCO, beta dispersion, dynamic studies " measurements e- dynamics  MML ok 20 24
2a AB2 LIN+RING optimisation linac+ring i 4 5
2a B3 RING stored beam and extraction (EL), BBA, precise measurement: Nt > 10 000 Nt > 10 000
B4 RING machine physics : LOCO, beta dispersion, dynamic studies

ASN Autorisation phase3

‘1st experiment




] Université

: I .* | FACULTE
MJ CLab Noticeable events of @ ey Eoe Wi
Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

e 2021 :
* Ring : baking
May : authorization from ASN (phase 1 : linac 50 MeV, 100 pC, 10 Hz)
July : RF acc. section (LIL) (10 MV/m, 10 Hz)
September : RF gun conditionning 1Hz
October : 4/10 first beam out of RF gun 4 MeV, 20 pC
6/10 first beam@ 37 MeV (nominal 50 MeV)
18/10 conditionning RF gun @ 10 Hz
20/10 first beam 100 pC

e ———
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First electron beam in 2021
> focus put on going to phase 2 (Ring)
> full caracterization of linac beam

Electron in RING in 2022

First X ray expected end of 2023

ANR budget ends end of 2023.
What is becomming THOMX after 2023 ?
new project, new budget, new WP
Becoming a user platefrom ?

e ———
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e 2012 : Equipex budget : 10 + 2 M€
e 2015 : Igloo building declassified as NBI (Nuclear Base Inst
e 2016 : infrastucture civil engineering starts
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25 trajectories ],t| B
1

couvering £24mm
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Magnets : a too long story unIversit | pesscuvee

DP:12;QP:30; SP:12;ST: 12 total 70
+ Pulsed Magnets

a“lm

: choice SigmaPhi
. delay

- measurements @ALBA
@LAL & Solell
2017 : mounting @LAL
2018-2019 : bunker integration |
2020 : pulsed magnets@SOLEI
+integration

Université
de Paris
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* 2017 : start integration
* 2018 :sending autorisation demand to NSA (Nat. Secur. Agency)
e 2019 : Linac ready, missing Pulsed magnets on ring

* simulations of starting the machine without RF

( no ASN autorisation yet)
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Main delay origin :

* Déclassification (NBI) of bulding : 4,5y

e Call for tender global duration + integration: 3y
e authorisation ASNdelay:1y 8 m

e COVID19:~6m

S
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6a) MytuGCSPH.a overview

Lyncean 15 KeV, 1.4% bw
5.10° ph/sec

Figure 6 | Absorption computer tomography of a mouse. (a),(b) Two

0= 1 20 um tomographic views of the upper body of a mouse. (c),(d) Details of the
J Struct Funct Genomics. Mar 2010: 11(1): 91-100 head region. For 3D datasets see the Supplementary video files S2 and S3
online.
cts Fluorescence
standard absorption phase-contrast -
Physica Medica 31 (2015) 596-600

energy



http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20364333
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Back up




L~18m
t =60 ns
F=16,7 MHz

1 septum

Cavité RF

s
=

8 Dipoles

24 quadrupoles

12 sextuoles

2 kickers

1 septum

1 RF cavity

12 BPM + 12 correcteurs
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Etapes commisioning Lin
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Conditionnement RF

Durée* : 16
jours
80MV/m canon,

12 MV/m
section

Cathode (1) = entrée section (2)

Durée : 9 jours

Charge :100 pC,
Energie 5 MeV,
emittance < 5 pi
mm mrad

Orbite invariante

Entrée section (2)-> Dump Section Droite (3)

Durée : 5 jours
Charge :100pC,
Energie : 50
MeV,

emittance < 5 pi
mm mrad,

twiss sortie linac
: beta< 60m,
alpha < -15

Entrée Section (2)=> Dump EL(4)

Durée : 11 jours
Charge :100pC,
Energie : 50
MeV, emittance
5 pi mm mrad,

espread 300keV

Optimisation

*Durée : nombre de jours ouvrables estimé sans arrét ni probleme technique

Ex: 16 ] =4 x 4 semaines (4j/sem)

Durée : 32 jours
Charge :100pC,
Energie : 50
MeV, emittance
2 mm mrad,

espread 120
keV,




