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Why a High Resolution Separator?

e The production of the most exotic isotopes generally accompanied with a high
contamination by the less exotic isobars of longer half-lives.

Powerful selection methods are mandatory
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Why a High Resolution Separator?
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Why a High Resolution Magnetic Separator?

The important criteria are :

Magnetic
Spectrometer

+* the selectivity: the capability to separate the
ions of interest from contaminants

*» the efficiency: keep the maximum of the ions of .

interest MR-TOF-MS
¢ the rapidity: the time needed to separate the
ions of interest from contaminants

Penning Trap

Beam 3 isobars

Mass-resolving pow

M-AM M M+AM
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Performance of a Magnetic Separator

Configuration

Y

ISOLDE- 1 Dipole 70°

GPS p=1.5m 1 e Ue
TRIUMF- 1 Dipole 135°

ISAC | 5=1.0 m 2.25 22.5 1.1

It means that neighboring beams at mass 100 (+ 1 mass unit) are thus
separated by 22.5mm at ISACI and by 10mm at GPS, but hardly isobars
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Howato increase resolution?
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Howato increase resolution?
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EURISOL

Separator Configuration (x]0)
(cm/%)

EURISOL-HRS 4 Dipoles 135° p=1.0 m 8
EXCYT-HRMS 2 Dipoles 90° p=2.6 m 10.4

1D 90° p=1.0 m
1D 60° p=1.0 m

ISOLDE- HRS 4
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How to increase resolution?

o (x]om)

i 2xg0(x | x)

F
Q = R2x002a00 =_0 H. Wollnik, NIM 95, 453 (1971)
Lo

2 x,02a,,1s the spectrometer accepted phase space.

**R can be increased if accepted phase space is reduced —reduced
particle intensity.

s In order to get simultaneously a large R and a high particle intensity, it
1s necesary to have a large F, and small p,
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How to increase resolution?

2Xq0

F
Q=R2x,,2a,, =—%

Lo

Separator Configuration (x]0)
(cm/%)
SPES-HRMS 2 D'E’?'gs 80 60 :
p=t.om 2X00-M
ANL/CARIBU- 2 Dipoles 60° 20
HRS p=0.5m
SPIRAL2-DESIR 2 Dipoles 90 31
p=0.85m
TRIUMF-ISACIIl- 2 Dipoles 90° 16
HRS p=0.85m '
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Comparison of High Resolution Magnetic Separators

Separator Configuration (x]0)
leo/o

SPES-HRMS 2 Dipoles 80°/90

P=1.5m
SPIRAL2-RISP 2 Lligeles et C 31
p=0.85m
CARIBU-HRS 2 Lligeles 6 C 20
P=0.5m
EXCYT-HRMS 2 2lgolEs B0 S 10.4
p=2.6 m
EURISOL-HRS + [Rlgeles et S 8
Pp=1.0m
1D 90° p=1.0 m
ISOLDE- HRS | 6 ot 0 S 4
TRIUMF-ISACIII-HRS 2 Dipoles 90 C 1.6
p=0.85m
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Comparison of High Resolution Magnetic Separators

(m) (mm)

EURISOL-HRS 4D 135° p=1.0 m 0.0625 64000
SPES-HRMS 2D 80° p=1.5m 60 0.5 60000
CARIBU-HRS 2D 60° p=0.5m 20 0.5 20000

SPIRAL2-RISP 2D 90° p=0.85m 31 0.5 31000

TRIUMF- o
ISACII-HRS 2D90° p=0.85m 1.6 0.05 16000
EXCYT-HRMS 2D90° p=26m 104 0.2 25000
1D 90° p=1.0 m
ISOLDE- HRS 1D 60° p=1.0 m 4 0.1 20000
~ 19)
2x50(x] x)
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Comparison of High Resolution Magnetic Separators

Separator Configuration
(m)

EURISOL-HRS 4D 135° p=1.0 m 57000 20000
1D 90° p=1.0 m
ISOLDE-HRS | penecqom 4 01 19000 12000

EXCYT-HRMS 2D90°p=26m 104 0.2 25000 14000

SPES-HRMS 2D80°p=1.5m 60 0.5 54000 20000

SPIRAL2-RISP 2D 90° p=0.85m 31 0.5 29000 15000
CARIBU-HRS 2D60°p=0.5m 20 0.5 19000 12000

TRIUMF- .
ISACII-HRS 2D90°p=0.85m 1.6 0.05 15500 10000
D
R' AEy/E, = *1 x 106 R= (x| om) _
R2 AE/E,=+1.67x 105 (1 eV/60keV) 23600 | X) +2(x | OE)
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Comparison of High Resolution Magnetic Separators

(m)

EURISOL-HRS 4 D 135° p=1.0 m 4400
1D 90° p=1.0 m
ISOLDE-HRS | jgne o t'om 4 2800

EXCYT-HRMS 2D90°p=2.6m 104 5000

SPES-HRMS 2D80°p=1.5m 60 8500

SPIRAL2-RISP 2D 90° p=0.85m 31 7500
CARIBU-HRS 2D60°p=0.5m 20 6700

TRIUMF-
ISACIII-HRS

R' AX,=0.5mm, AE,/E, = * 5% 10-5 (3eV/60 keV)

2D90° p=0.85m 1.6 1300

High resolution separation requires cold beams
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EURISOL-HRS

Top view

Cross—section

| 4

radius:

N

angle: 135° r

Multiple multipolar dipoles

\ ™~

Large dispersion Corrections
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Ultimate resolution:
64 000 for 3 pi.mm.mrad emittance

eg. "% In/Cd Qg = 5.5MeV % - 20000

Town Meeting

(T. Giles, CERN)




EURISOL-HRS
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CARIBU/SPIRAL2/SPES/RISP-HRS
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SPIRAL2/DESIR-HRS

HRS
CENBG

dispersion = 8m

RFQ Cooler LPC Caen

Top view



SPIRAL2/DESIR-HRS

R ~ 31000

ocal object plane \

b4 bl
M ny DL I a
Focal image plane
QRS QQ
e Optimal per. a 1 m.mm.mrad. 1 s
eAcceptance : Trans |
o (x, \a J WY, ) \D,
e 5 t.mm.mrad (90% transmission) 36499 0.0 0.0
0.0 0.0

. . 0.50E-4
b__00 0.0 @,
. 0.0 0.0
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SPIRAL2/DESIR-HRS

15

10

a final

)

0
X_final

15

10

o

0
¥ final

)

2500

A=245c

order 5

2230

2000

1750

)

1500

1250

Counts

1000

730

500

250

I ) mm mrad R:= 30000

Am/m= 1/31000 1

TKN-montecarlo

X final

)

X (mm)

High order
Resolution of ~30000

aberrations corrected

up to

5th order allows to obtain

Teresa Kurtukian-Nieto

EURISOL-NET Town Meeting, 30-31 October 2014

20



TRIUMF/ISAC3-HRS

f_ﬁ_-n{l .
V\H - A A
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30
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=

-50 .
.02

R. Baartman, TRIUMF
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Examples of physics cases

Mass spectra calculated, for A=132 and A = 100 isobares, setting on 132Sn and 100Kr.

} A= 100 -
Sr
Slits at +0.5mm >
s 0% of contaminants
10 f\-n"
o m 100% mono-isotopic 1%°Kr beam
10’ I 1 11
x10?
" ! 1600 !
g A=132 ; Slits at £0.5mm >
10" Xe + 1400 i
o’ (\/\{ o 1 e | 13.3% of contaminant 132Sh
0 [\J\‘*” ; Transmission 132Sn = 97%*
w07 ! 1000 ]
‘E1uu_ | g . Sn
0490 In {°
10* | o | For 0% of contaminant 132Sh
10 4 .
o . 1 Send to Penning trap
F Cid E
b Ba 1 e .
1k H: ] ﬂ I
-5 1] 5 10 0 -1 0 1
X (mm) X (mm)
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What can decrease the calculated resolution?

***Aberrations
**Field inhomogeneity
** Mechanical defects and positioning precision
*** Beam quality:
**Beam emittance

**Energy dispersion
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High order aberrations

Zgoubl | Zpop Y (rad) vs. b4 (m)
0.002 o of P

{

** Octupole -« )

-.002

*_ <*Decapole 77

-.004

** Hexapole

(.

0.001

-.005 :
0’0D d I 004 003 002 /001 0.0 0.001
< odecapoie : - : : : :
* # COORDINATES - STORAGE FILE, 04-06-12 20:08:38 =

Mi-ma H/: -4.219E-03 1,327E-03/ -5.366E-03  2.317E-03
Part# 1- 10000 (*); Lmnt# 1; pass# 1- 1, [

1]; 2868

hed
Entries 200000

Mean 0.4717
3 RMS 1.292
10 ;—
10—
o \\||||\\\‘\||||||\||||\\‘\\\I'IIII'II E
-2 -15 -1 0.5 0 05 1 15
| “
1
.|||| |...|...|...|...|...|...|. |
-8 -G -4 -2 i} 2 4 1] ] 10

Teresa Kurtukian-Nieto EURISOL-NET ‘1 own wieeting, su-31 UCtODer <ui4 24



Dipoles: 2" order correction

Pole curvature R

R=4500mm R=3000mm

: £

gowiizor 7 (m) v oY ow
0.003f 80 40 0.0 4.0 80 350 a0 0.0 2.0 2
0.002f
0.001f
ok R =4 m on both side of each
7 Dipole without correction
-.001 . .
; with the Multipole
-.002f
-.003} - -
"~ -.002 0.0 0.002 0.004 0.006 O0.008 0.0l
= # COORDINATES - STORAGE FILE, 05/06-12 15:58:09 =
Mi-ma H-/V: -3.858E-03 1.042E-02- -3.526E-03 3.408E-03
Part# 1- 10000 (*): Lmnt# 1; pass# 1- 1. [ 1]: 10000
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Field Homogeneity in Dipole Magnets
Homogeneity 1.6 10~

1.0E-05
8.0E-06
6.0E-06

0.09 Gauss| =%

1Ll 20E-06

[N

0.0

-2.0E-06

-4 0E-06

-6.0E-06

Xcoord 0.0 0.0 0.0 0.0 0.0
Y coord 700.0 760.0 820.0 830.0 940.0
Zcoord 00 0.0 0.0 0.0 0.0
Component; (BMOD/0.562751-1), from buffer; Line, Integral = 8.19225606545268E-04

Maurice Duval,
Marc-Hervé Stodel
GANIL
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Positioning precision

Entrance beam to HRS

15 prrr e

10 F -

10 £ :

s baa sty

a final

X_final
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_15'|||
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1 >

1
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Exit beam from HRS

0

R

0
Y_final

plassals
Y_final

Misalignment tolerances

ZE X shift | Yshift | XTilt | Y Tilt (0]
:‘ 3 (mm) | (mm) | (mrad) | (mrad) | (mrad)
5 E Qa1 | +01 | +01 | +35 | +35 | +35
0 HQ1 | 0.1 +0.1 | +0.35 [ +£35 | +35
S E D1 | +01 | 01 | 035 | £35 | +35
TE M | =01 | =01 | =35 | +35 | +35
SE.. D2 | 01 | +01 | =035 | +35 | +35
- HQ2 | +0.1 +0.1 | £0.35 | +£35 +3.5
QQ2 | +01 | 041 | £35 | +35 | +35
B T e B B B e A B
A=245a | mmm mrad R:= 20476
& - r
order 5 Amim= 1/31000 ]
1530 = -
| :
8 j
o
-t
L P B "o e
X (mim)
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Beam Emittance and Energy dispersion

. IOOKr. .
Beam emittance
t L Rb i
1050 RD 1 o8k Rb 1 E
F 3 d |
1 © mm mrad 3 m mm mrad T mm mia
b AX =+/-1mm
J A =+-05mm| o4 Ax =+-05mm| ™"'F /- i
1 Aa =+/-2 mrad " : Aa =+/-6 mrad Aa=+/-3 mradz
w103k = mms E
B 1 402l | 107 E
K1 Kr
10 10
E:] -5 -4 -3 -2 -1 0 1 2 3 £ -5 -4 -3 -2 -1 a 1 2 3 6 5 -4 -3 2 1 a 1 2 3
X (mm) X (mm) X (mm)
Energy dispersion
105 Rb , 105 Rb
3nmmmrad 3 mm mrad
10% AX =+/-0.5 mm_ 104 X =+/- 0.5 mm
Aa =+/-6 mrad: Aa =+/-6 mrad
' AE/E = 1eV/60keV
at0? E w10’ -
102 102
Kr
10 3 10
1 | | ] 1 I
. -5 -4 -3 2 -1 0 1 2 3 8 5 4 a3 2 -1 0 1 2 3
X (mm) X (mm)
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Final remarks

“*High resolution magnetic separators are fast (no half-life limitation), high
transmission (close to 100%) and able to handle high intensity beams (no
charge space problem).

**The choice of the technical solution is a compromise between mass
dispersion and accepted phase space.

“*C-shape separator is more compact than S-shape (reduce costs)
**Less optics in the beam line make the system more easy to tune (very
important for experiments!!) but high order aberrations are a critical point.
“*Enough commissioning time is important.
“*The “working high resolution” of a separator is an engineering problem:
**Magnetic field homogeneity
“*Mechanical defects

“*Positioning precision

**High quality beams (cold beams) is required in order to get R>15000
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