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The full MEDICIS chain
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Class A Laboratory
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Workflow — one prod. per week

Work and dose planning
established with RP
2 months in advance

HSE-RP /
J.!
Involvement of logistics and —

shipping service to find the Request sent to remote

best means of transport _ handling team
HSE-RP, SCE-SSC G-spectrometry request via TREC ng
2 months in advance 1 month in advance

, HSE-RP and regular updates
BE-CEM

I During LS/when no protons at CERN: strong
interaction with external collaborators to receive
externally irradiated target materials

Irradiation defined and scheduled
3 to 6 months in advance

Interaction between MEDICIS
coordinator, ISOLDE physics

coordinator and ISOLDE
operators

Operation planning
2 to 6 months in advance
SY-STI
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Workflow — one prod. per week

Irradiation Radiochemistry

1 to several days Day D
HSE-RP, SY-STI

Sample characterized & transport
documentation established
Day D
HSE-RP, SCE-SSC

Preparatory operation file
& meeting with operators
1 to 2 weeks in advance
+ regular meetings
SY-STI MED-OP
MED-Coordinator

Mass separation performed
1to 5 days
SY-STI- MED OP _
(including laser op if required) Sample shipped to
partner institute
Day D to Day 1
HSE-RP, SCE-SSC

COLLABORATION
Project completed

COLLABORATION
Operation report
published k —
Day 1 to Day 3
SY-STI— MED Coord. K@X@

Weekly review & preparation of next mass separation
Once a week
SY-STI MED-OP, MED-Caoordinator
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MEDICIS Offline Separator FRONT-END

DIAGNOSTICS

TARGET

MASS
SEPARATOR

COLLECTION
CHAMBER
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Target irradiation
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External Sources

From partner institutes
Only mode of operation
when no proton beam
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Summary

« Beam production
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Standard ISOLDE target
unit with surface ion
source
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Beam production

Fig 1. Target tripped

& 1 - MFE10 VGP_01 Penning gauge
MFELD_VGP_01
Trends | Alarm | Event | Comments |

Other v|1:1' log[™ auto

Status
Time Range ~| YAxes v

Temperature

Rate

*Outgassing

*Visibility of desired
isotopes

*Evaporating desired
isotopes

* Avoid tripping the target

« Efficiency with time

*Maximize extraction
efficiency

*Emptying target

*Saturation of the ion
source

Allow Restart
Ack. Alarm | Select
& 1 - MFE10 VGP_01 Penning gauge .
MFE10_VGP_01 T - ﬁl gj
Status Trends | Alarm I Event I Comments I
Time Range v| Y Axes '| Other 'Il:lr |og|_ auto £

Fig 2. Optimised heating

Allow Restart

Ack. Alarm Select
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Beam production FRONT-END

>

*Electrically isolated target coupling
flange held at potential of 60kV and
ground potential electrode placed
after acceleration gap (typically
60mm) to accelerate ions

= Extraction Electrode —_—

=d Deflectors

*Deflects the beam up or down in
the vertical plane

*Required for focusing horizontally
and vertically in the focal plane

= Einzel Lens —_—

L. Lambert L
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Beam production

Why do we have beam optics?

What are some beam production limitations?
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Beam production

Parallel beam
towards magnet

Einzel lens

1 = |

Ion source/ Extraction Ton beam (17kV-19kV)
target electrode
(30 kV)

FIGURE 4 | Geometry of the MEDICIS beamline simutated with SIMION showing the electromagnetic elements included in the simulations. The black lines show the
charged particle trajectories.

450 10 T
400 Lo ™
350 . = 5 € = 177 mm mrad "y
300 * it 5 W
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100 = L
« Geometry 1 g
50
Geometry 2 6
0 -10
16.0 165 170 175 180 185 19.0 -30 -20 -10 O 10 20 30

Voltage (kV) y (mm)

FIGURE 5 | MRP vs. einzel lans voltage for geometry 1 (black circles) and geometry 2 (red squares). These geometries differ in the position of the einzel lens within the
beamiine, geometry 2 having the einzel lens further away from the ion source (Left). Beam emittance for geometry 2 (final geometry) with the ellipse encompassing
95% of the simulated events. The colorbar is the energy range of the particles: 2.99e4 + 0.0056 keV to 0.0088 kaV (Right).

Reference: Y. Martinez, et al. The CERN-
MEDICIS Isotope Separator Beamline. Front.
Med., 8 (2021), Article 689281
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Beam production — extraction electrode

60mm 65mm
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Beam production— einzel lens

22.75 kV
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Beam production — finding the limits

The importance of interlocks

+
CERN X = i
3 | @Tl, h’- agig PRISMAP
@é p eDi6i% it

L. Lambert 23




Summary

* Mass separation
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Mass Separation

MASS

SEPARATOR

Y Mass Separator

*lons bent on horizontal plane

*Modified to enable use with a
resonance ionization laser ion
source
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Mass Separation

Why do we require mass separation?
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Mass separation

Extraction optics

Mass
separator
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Mass Separation

Contaminants:
Profiles of mass 168 with different sensitivities, mass 169 centered
- cross contamination of stable Er168 on Er169 collection

168Er (n,y) — 169Er
1000 1

Less sensitivity

More sensitivity
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Radionuclide selectivity
%%,

Ho 156 Ho 157 Ho158 | Ho 159
3. 955 | 56m 126m 213m| 28m (143m| B8.30s5 [33.05m
Dy 153 Dy 156 Dy 157 D
E4h 216ms | 814k
15 y
Tb 152 Th 153 Tb 155
42m 175h 2.34d 22 532d

—)

Resonance Gd 151 Gd 153
124d 0.2 2904d 320ms
- - - 1.08E14 y
ionization
Eu 150 Eu 152
128h 364y 1.50h | D375 b 43.525 ACNgm
N
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Beam optimisation
Laser on, 20 5nA ‘ Laser off, 83nA
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Summary

 Diagnostics
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Diagnostics

DIAGNOSTICS
f

*To block out neighboring
masses

Er

= Faraday Cups

*Total and separated beam
current

’ =1 \Wire scanner —_—

*Beam profile and quality

=

| Gy Rzaicis | nmismar’ L. Lambert
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Diagnostics

Why do we need beam diagnostics?
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Slits

P > Example: 225Ac, 227Ac
———————————— L 7
||

% » Example: 44Sc, 47Sc
> 149TDb, 152Tb
» 152Tb, 155Tb

N

%
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Diagnostic box — slit system Test bench
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Slits

Window Select BSISO fec

Overview cfv-179-bsmed
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Diagnostics

: X
Motor (behind)

Amplifier |

Intensity

+
Leadscrew
Beampipe .
Position
\ P — _
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Diagnostics

T

Resolution as low as ~0.5 pA

L. Lambert 40

Gy Mzaicis




Collection

\

J

COLLECTION
CHAMBER

|

*Beam current on collimator

Sample holder

*Beam current on foil

KROMEK detector

Total activity collected
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Diagnostics
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Diagnostics
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Diagnostics

Acquisition Spectra Analysis Setup Reports Help I:I
y-ray spectra: OL |/ = -~ o — |

| -

can acquire as | ey

Al Calibration
/¥ MEDICIS-isotopes

Acquisitio Setup Time Limits Auto-repeats 11 Natural
many Spectra Juisition | ime Limi I a I:FSS;Z‘VDCC“"‘”Q

Spectra Monitors

as KROMEK
connected

View Efficiency Calibration...

Peak Area Peak Activity

Net

Energy Relative Count Activity Upper Activity Lower
Seurce (keV) Intensity %  Rate Source Activity (Ba) Confidence (Bq) Confidence (Bq)
3 (cps)
i (MED-Bi-213 440.45 2594 4613 220271 319332 139210

Real and live
time in seconds
Dead time in %
Count rate in cps

MED-Pb-212 238.63 43.60 117.3 1.03278e+06 1.06962e+06 995937

Scale ranges Cursor data ROl data

Real time Active device
Cowas P e G « Upper and lower
904 chs  Horizontal: 645 chs Integral: ~ —@ @ — chs  — chs SIN: 1534

Dead time: 639 748.06 keV 53374keV  Net ~  —W = — kev  — keV LLD:  2304keV

Dete Ctor Count rate 6342 sz SCO:

Disabled

confidences

selection

given live
Identified radionuclides ¢ Activity obtained live

z7pp|5anw L. Lambert Courtesy of C. Duchemin
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Diagnostics

™ Gaussian Fitting

Lower FWHM

Upper FWHM

+
227 232 236 241 246 250 255 260
Energy (keV)
Drag arrows to resize ROI

ROI

ROI Start 273 = (22591keV)

ROIEnd 301 51 (24908 keV)

Gaussian Stats

Centroid: 2387172 keV  Sigma:

FWHM: 10.26 keV Amplitude:

Area counts Close

Gaussian fitting done
live to give activity in
real time

O | G
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Diagnostics

 Below the chamber
e Max eff. -> 8.9E-6 at 283 keV

Device Settings - GR1 1857

General Energy Calibration Resolution Calibration | Efficiency Calibration | N ki C alibration | Efficiency Calibration

* Add Cursor Point 38 Delete Point 3 Reset Copy Calibration From... = Favourites = * Add Cursor Point $# Delete Point $ Reset Copy Calibration From... = Favourites - Linear
Peak ROl width factor: |0.9545 v Peak ROI width factor: 09545 e
Enerav Efficiencv Eff. Error ~ 9e.06 _ Enerav Efficiencv Eff. Error ~
121.78 2.3200E-006 7.6600E-008 1 'ﬁ.! 73.75 5.0200E-005 5.0200E-007 4 ﬁ
133.36 2.5700E-006 8.4800E-008 8e-06 L] 80.16 5.9600E-005 5.9600E-007 ; -
14495 3.0000E-006 9.9000E-008 1 ; * 9298 7.9700E-005 7.9700E-007 e
159.11 3.5500E-006 1.1700E-007 7e-06 h 10261 9.5600E-005 9.5600E-007 0.0002 *' 5
17500 4.3000E-006 1.4200E-007 - 1 + \‘-. 11222 1.1200E-004 1.1200E-006 . + W
182.00 4.8000E-0068 1.5800E-007 2 6e-06 ¥ \ 11543 1.1700E-004 1.1700E-006 2 | n
186.15 5.3000E-006 1.7500E-007 % 1 [ L 121.80 1.2800E-004 1.2800E-006 ‘g 1 T L]
197.74 6.0000E-006 1.9800E-007 &= Se-06 « [ L] 13479 1.5100E-004 1.5100E-006 = ; .i
20512 6.5000E-006 2.1500E-007 i 4e-06 1 + . 14778 1.7300E-004 1.7300E-006 w \
21700 7.1500E-006 2.3600E-007 i I ! b 160.77 19300E-004 1.8300E-006 0.00011
221.00 7.6000E-006 2.5100E-007 3064 |® .‘x_i 17377 2.1200E-004 2.1200E-006 s
23400 8.0000E-006 26400E-007 4 : .'"'"l-_,_._’_ 186.75 2.2900E-004 2.2900E-006 1 :
24900 84000E-006 2.7700E-007 2e-06 ""-i-.,_,' 19975 24300E-004 24300E-006 |
26300 8 7000F-00A. 2 A700F 007 4 21274 25400E-004 25400E-006 ,‘
283.00 __8.9000E-006__2.9400E-007 1e-06 4 2 = 22573 2 6100F-004 2 6100F-006 0+ . : )
300.00 8.8000E-006 2.8000E-007 0 500 1000 23873 2 6300E-004 2 6300E-006 0 500 1000
318.00 8.5000E-006 2.7800E-007 ) 251.72 26100E-004 2.6100E-006
23700l eoinnc nog | o sanac noc R Energy (keV) 9RA 71 A EANAE N4 3 EannE Ana T Energy (keV)
Order of fit 6 b Order of fit 6 b
+
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Diagnostics

Activity values
registered every x
minutes for y time

f Values

1. Acquisition parameters

Total duration of the acquisition (h) :

Time duration between measurement (mn) :
Measurement duration (mn) :

Config File name :

Experiment name :

M:-a:6:5 Dz

 Essential tool to assess
the implantation rate

224Ra-225Ra v
224Ra-225Ra-M ED1|~2024

~ Beam Observation

250000

200000

150000

Activity (kBq)

100000

30000

o MED-BI-213

Last measurement : 04/05 - 18:50 e MED-Pb-212

Time (HH:MM)

Website readout developed by C. Bernerd

o }(//@/;TI“ h" aguig “PRISMAP
‘ - eDi6i%
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Diagnostics

Activity (kBq)

— i i e~ MED-Bi-213
Last measurement : 03/05 - 13:40 e MED-Pb-212
8000 1
L d
1 d
6000 :
b d
[
4000
2000 4
0 4
O 2] o o O \eJ N \e] N \2]
) & Q ™ 2 N N 2 e
p R 9 3 4 & ® $ ® 0

Time (HH:MM)

Consistent implantation rate

Activity (kBq)

2500001 5 5 — e~ MED-Bi-213
Last measurement : 04/05 - 14:35 ° MED-Pb-212
200000
150000
100000
50000 1
0
O ) O v} O \e) o “ N )
o) ™ N % el N 5 D
S v D N3 NN > ® P N N
Time (HH:MM)

Saturation due to high dead time
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Diagnostic

& Timber

« 2 C @
~
Chart
Zoom

Crosshair

Zoom on
both x and
y axis "

Colors

Grouping
options for
data sets

Hide/shaw

a
e

Vestors

Svih

x| +

O 8 n b

ripti fextracti

cern.ch/query

Visualization Statistics

Variables

Hierarchies

1745 1800 1815

Timestamp (LOCAL time)

183

2

MEDICIS
~ Beam Diagnostics
> Collection Chamber
» Faraday Cups
scanner
v Beam Line and Separator
Aperture Slits
Beam Extraction
Deflectors
Einzel Lens
Separator Magnet
v MELISSA
> Beam1
> Beam2
> Beam3
Environmental Sensors
RP Activity Monitoring
Separator Magnet
Target and lon Source Unit
~ Vacuum
Pressure Gauges

Sector Valves

—— YMDLLINE|_MEAS ~—— PMIS203RAW  —— PAHISB0ZRAW

Choice of variables

ype%ssD=0&timeRang

Reset zoom

D= e T2

Current Configuration

Meta Data -~

Configuration Name

Configuration Description

[ Make Public
Time Selection ~
Local (UTC+02:00) -

Time Windows
@ @ 24hoursbeforeNow

Dynamic Fixed | >

+ Add New Time Range

Selected Variables -~

PAHISB02:RAW
L8112, Channel 1

PMIIS203:RAW
RAMVSES MSDA, Dose rate X

YMD1.LINE:|_MEAS

Line current acquisition

Clear

uonesnbyuo)

Time
selection
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Summary

 Retrieval and shipping
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MEDICIS laboratory
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QC and shipping

@‘ 11/24/2023  3:44:45PM Page 1 of 5
) __HApex-Gamma

7

s i 5

Analysis Report for ~ CORMED-Sm-153-3-24112023
CORMED-Sm-153-3-24112023

HSE-RP RADIO-ANALYTICAL LAB - GAMMA SPECTROSCOPY ANALYSIS

Sample Number : 344178

Sample Identification : CORMED-Sm-153-3-24112023
Sample Description : CORMED-Sm-153-3-24112023
Sample Type : CORMED

Sample Size : 1.000E+00 units

11/24/2023  3:44:45PM Page 3 of 5
Analysis Report for ~ CORMED-8m-153-3-24112023
CORMED-8m-153-3-24112023
Nuclide Half Nuclide Wt mean Wt mean MDA Comments
Name Life Id Activity Activity
Confidence g/ nits) Unc. (%)  (Bqtunits)
Sm-153 @ 1.94 d 0.999 7.39E+08 - 3.81 5.24E+05

= nuclide is part of an undetermined solution
X = nuclide rejected by the interference analysis
= nuclide contains energy lines not used in Weighted Mean Activity

Errors guoted at 2.000sigma

=
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Thank you!
Merci!

+

lllllllllllllllllll




	Slide 1: Importance of beam diagnostics: real life of mass separation, collection, and operations
	Slide 2: Summary
	Slide 3: The full MEDICIS chain
	Slide 4: Class A Laboratory
	Slide 5: Workflow     one prod. per week
	Slide 6: Workflow     one prod. per week
	Slide 7: MEDICIS Offline Separator
	Slide 8: Summary
	Slide 9: Irradiated target
	Slide 10: Target irradiation
	Slide 11: Target irradiation
	Slide 12: External Sources
	Slide 13: KUKA robot
	Slide 14: Summary
	Slide 15
	Slide 16: Beam production
	Slide 17: Beam production
	Slide 18: Beam production
	Slide 19: Beam production
	Slide 20: Beam production     extraction electrode
	Slide 21: Beam production    einzel lens
	Slide 22: Beam production     deflectors
	Slide 23: Beam production     finding the limits
	Slide 24: Summary
	Slide 25: Mass Separation
	Slide 26: Mass Separation
	Slide 27: Mass separation
	Slide 28: Mass Separation
	Slide 29: Radionuclide selectivity
	Slide 30: MELISSA
	Slide 31: Beam optimisation
	Slide 32: Summary
	Slide 33: Diagnostics
	Slide 34: Diagnostics
	Slide 35: Slits
	Slide 36: Slits
	Slide 37: Slits
	Slide 38: Slits
	Slide 39: Diagnostics
	Slide 40: Diagnostics
	Slide 41: Collection
	Slide 42: Diagnostics
	Slide 43: Diagnostics
	Slide 44: Diagnostics
	Slide 45: Diagnostics
	Slide 46: Diagnostics
	Slide 47: Diagnostics
	Slide 48: Diagnostics
	Slide 49: Diagnostics
	Slide 50: Summary
	Slide 51: MEDICIS laboratory
	Slide 52: QC and shipping
	Slide 53: From CERN-MEDICIS to the Lab / Hospital
	Slide 54

