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The Lecture
Series

1st Lecture: 9/30/05, 2:00 pm: Definitions, Formalism, Examples

2nd | ecture: 10/7/05, 2:00 pm: lon-optical elements, properties & design

3rd Lecture: 10/14/05, 2:00 pm: Real World lon-optical Systems
4t | ecture: 12/2/05, 2:00 pm: Separator Systems, Part 1

ot [Lecture: 12/9/05, 2:00 pm: Separator Systems, Part 2



5t |_ecture

5t | ecture: 12/2/05, 2:00 pm
Separator Systems

* Electric Dipoles in Recoil Separator Dragon & EMMA
» Wien Filter in Recoil Separators

 Recoil separators ERNA and ARES for astrophysics

* A “no-field” separation method: the Wedge

* In-flight isotope separators TRIuP and A1900
 Gas-filled separators

» Astrophysics recoil separator St. George
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Study of astrophyscis reactions
using radioactive beams:

e.g. 2'Na(p,y)**Mg in inverse
kinematics using a radioactiv
2INa beam of 4.62 MeV to

study NeNa cycle

Ref. Dragon Recoil
Separator Optics,
The Recoil Group,
1/18/1999, TRIUMF
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ical projections
of "Ne trajectories

Ref. J. M. D’Auria et al.
TRIUMF




EMMA

Recoll Separator for
ISAC-Il at TRIUMF

TARGET -,
S 40°MD

Fig. 1. Schematic view of EMMA | showing the target, quadrupole and dipole mag-
nets, and electric dipoles. The detector box is also indicated.

B. Davids, TRIUMF &
C. Davids, ANL



Study of the astrophysicial E R N A

reaction °C(a,y)'%0

in inverse kinematics Recoil Sepa rator
“He(12C y)'50 it

" atE_ = 0.7 MeV _ _
Wien Filters

4 MV <— MNitrogen
tandem stripper gas
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2.65 ERNA setup
Y
jet
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WF in beam line to remove

1°0 contaminant in *C beam ERNA Recoil Separator with
\\%__ _/

B 2 Wien Filters WF3, WF4

beam purification




a) %0™ trajectories at E = 0,70 MeV
vertical

b) "0 trajectories at E =5.00 MeV

vertical
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Telescope

Ion-optics of
140 3" and 6 ions ERNA

3td order calculations using Recoil Separator
COSY Infinity with

Wien Filters

12C beam mainly stopped in
Faraday cup between QS1 and MD

Fig. 2. Samples of 0 trajectories are shown for (a) E =
0.70 MeV (go = 37, fpax = 1.9°, AE = 0.13 MeV) and (b)
E = 5.0 MeV (g9 = 67, fpax = 1.0°, AE = 0.44 MeV).
The trajectories start at the jet gas-target (*He target density
=1 % 10" ﬂtljllll.‘i-.,."llilllgj and are followed through the filtering
and focusing elements of ERNA (indicated by square boxes) up
to the telescope (WF = Wien filter, Q5 = quadrupole singlet,
(D = quadrupole doublet, QT = quadrupole triplet, MD =
magnetic dipole)




Study of astrophyscis reactions using radioctive beams. ARES

Example: Hot CNO breakout reaction 'Ne(p,y)?°Na in inverse
kinematics using a radioactive 1Ne beam of 10.1 MeV

Recoil Separator

with a
Ref. M. Couder, PhD Thesis July 2004, Louvain-La-Neuve Wien Filter
AE - E
detector
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Tiplet of Doublet of
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Scattering
chamber

Doublet of
Quadrupoles

Dipole
Charge selector



Achromatic magnet separator

Dispersive Intermediate
focal plane, Bp =p/q
selection using slits

Exercise 4:
Assume fociat Il & F, 1.e. A;, =B, = 0.

Derive the first order achromatic condition
of the system 0 = F and compare with the
dispersion matching condition.

Achromatic Final focal
plane, small beam spot
e.g. for detector system

10



First order _
TRANSPORT Solutlpn of
b gy Exercise 4

X = A Xt A Oy + A 0 [Ap=0
= A Xg T A 0

Xp = By X+ By, 6; + By 9 1B, =0
= B, x; + B 9, | substitute x; using
= By (A} Xg T A 0) + Byg 0

= B, A xo+ (B A T By ) O
11 4311 20 1T 2716 16 /-0 Note: This is the

. .. Dispersion Matching
Condition for achromaticity: A, =- B,/ By, condition for C=T = 1




Achromatic

magnet separator

Bp = p/q selection
Ap/py range selection

for similar velocities v

AN

ey for fully stripped ions 0.1 mm AE Si-detector
. : 20 mm diameter
3 200 A/Z selection
N - . .
180 Example: Production of 2!Na via H(*'Ne,n)*'Na
-~ - N=Z1 N=Z N=Z+1 A .
S 460 Fa i Nak & A= with ?!Ne’" beam at 43MeV/nucleon using the
3 - e TRIuP Separator, KVI Groningen
H B .
.°?’ 140 - Tons after target fully stripped e.g. 2INe!0* |
g 120 ;_ 2INe beam with = 1019 jons/s with
< 400 Bp(?'Ne)/ Bp(?'Na) = 1.09 is all but
- eliminated by a slit (SH2) in front of
80 "
AIZ = [ =19 =2.0 ~ 2.1 et
60 B I I | | I | | I | | I I
-20 -10 0 10 20

TOF rel. to cyclotron RF [ns] Ions with A/Z ~ 2 are not separated !



Achromatic magnet separator with Wedge
! “Wedge” = 0.1 mm “Si=detector”

B

A E-loss in WEDGE AE ~ Z2/v?

Isotopes with different Z have
different velocities v

Therefore A/Z selection in B

3 2000 Effect of “Wedge” = [l
n 180 N=z41 N=z N=z+1 @ L 2iNag
g 160 ;_21“_-':@;_: \_"’"&?”'- | 2: Note: ‘_°ﬂ 1605_ NQQZON
D140 T ’*‘ -21 & 140 o
R - * 20 For large dp/p) the ® 120/
g 120 - % 19 degrader should be e

100 7 iy e :3 Wedge-shaped to 100

LA | restore achromaticity 8oL

60 | il effected by degrader 60

20  -10 o 10 20 with constant thickness 20 10 0 10 20 R

Relative TOF [ns] Relative TOF [ns]



TRIuP an achromatic secondary beam separator

SH = Slits

Q = Quadrupoles SH3 ——— B
B = DipOlCS \ : —— »wm

Wedge/AE-Si

Section A

.
\

Target 71—

Design parameters

Fragment Separator Gas-filled Separator
*M Beam rigidity Bp 3.6 Tm (Beam line) 3.6 Tm (Section 1) Beam '
O 1 Product rigidity Bp 3.0 Tm (Section I and 2) | 3.0 Tm (Section 2)
meter Solid angle, vert., horiz. +30 mrad + 30 mrad
|| AE-SI detector Momenium acceptance +20% +25%
” B ” F ocC al Pl ane Resolving Power p/dp =2 1000 22 2000 (no gas filling)
H ||:—: _;;FT “' T 3 Momentum dispersion 3.9 em/% 8.0 cm /%
s V=2 = Bending radins 220 em 180 cm




TRIpP Fragment Separator _ _
3rd order COSY Infinity Calculation TRI “P |On-0pt|CS

Horizontal Plane

Target 2, disp.
Final Plane, achrom.

Ray Definitions at Target ———
x = 4/~ 2mm

8 = +/- 30 mrad

dp= +/- 25%



A1900 MSU/NSCL Fragment Separator

Overwew of the Fragment Separatlon Techmque

The NSCL Coupled Cyclotron Facﬂlty A1900 Separator 8 mST

RT-ECR — &0
O“LG;& 08y, o, K50 Ap = 5%
86Kr 140 MeV/u  scee - @)
X’
trippi o -
snf;:)ﬂmg e 7
E‘j.:;;% A
%
production @ pe
. target &p
) . )
Wedge location (qS o AL
D=5 cm/% 'SN1 18
cmy7o transmitted

R = 2500 p/Ap

Ref. B.Sherrill, MSU  RIA R&D Workshop August 2003




Magnetic Field Magnetic Field
Region Region
(Vacuum Mode) (~ L mbar He)

Gas-filled separators
Concept

PROBLEM: After target, a distribution of
several charge states q exists for low E or
large Z, with Bp range typically larger than
acceptance causing transmission losses.

REMEDY: gas-filled separator

Focal Plane Focal Plane

M. Paul et al. / Heavy ion separarion
MAGNETIC RIGIDITY Bp (T-m) Rays IN 8 Magng d|p0|e field
075 080 085 090 085 090095100 105 075 080 085 090 without and with gas-filling
sock.. o FHEEROT 300_ SeNi E=350Mev | BOO B=1312T
' P 25'24" (o) | a0 5 _Bel426T & F P (9)+
looof- _10°® N2 @ |300- * ¥
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23t (00} -
il F ' J‘ | A ! !
. 22* i 1 (h)
27 12T 1
d . ] i 2001 orr ]
% L ZildsTorr A -
g 400~ (b}_ 3001 2.0 Torr (e | o "
é L {a5a- l 200_!6 Torr A (i)_
Z 200~ — - -
3 L | 100 4
o
N A 200_20T01'r 0
400+ 2xI0%Torr e} 8.0 Torr (f) i i
P |40k I e Measured spectra as function of
- orr -
T eoo- V| Sl gas pressure (e.g. He, Ar)
5% 70 80~ %8570 80" 040‘3‘-,*0'6'0 )l M. Paul et al. NIM A 277 (1989) 418
DISTANCE ALONG FOCAL PLANE (cm)




x/cm

TRIuP ion-optics

Section B

A “long” achromatic separator
system is not suitable for a
gas-filled separator that should be
“short” to reduce statistical E spread
and have “large dispersion”

|||||||||/|\||||||||||

X [mm] | © [mrad] AE JE[%] | v [mm] | ® [mrad]
1 0 30 4.0 -1.5 30
2 2 30 0 0 30
-9 3 0 30 0 1.5 0
4 0 0 4.0 0 -30
5 0 30 -4.0 1.5 -30
10 6 2 0 0
7 0 -30 4.0
T2 81 0 30 0
/ 9 0 -30 -4.0
y/cm
5 Therefore:
— The TRIUP separator was
) e Designed to be able operate

with Section A as beam line

& Section B as short gas-filled |,

separator with large dispersion




Charge state distribution in TRIuP separator with gas-filling

206pp, 7 MeV/A
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RAYTRACE
with gas-filling

Wt o< i

Mol

% mnd Ra 5000 &verts

Modified RAYTRACE code used to calculate
the separation of beam to demonstrate
particle and beam separation in the TRIuP
separator in Gas-Filled Mode

20-12-01
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anergy distribution in focal plane Mev




Recoll Separator St. George

Study of (a.,y) and (p, y) of astrophysics importance,
for A <= 40 targets,

emphasis on low energies, i.e. very small cross sections,
max. energy given by KN

An overview of reaction result in the following
DESIGN PARAMETERS

Maximum magnetic rigidity Bp: 0.45 Tm
Minimum magnetic rigidity Bp: 0.10 Tm
Momentum acceptance dp: +/- 3.7 %

Angle acceptance, horiz & vert.: +/- 40 mrad

Further design considerations:

» Two phase construction

 Charge selection by Bp analysis (typical: 50% Transmission)

* High mass resolution (Am/m = 200, 1%t phase with 2 Wien Filters)

* Higher mass resolution (Am/m = 600) 2nd phase

» Wien Filters for mass resolution (energy too low for “Wedge” method

21



Schematic Floorplan St. George

Windowless (1 (2
Gas target @4@ BP
Analyzing |
KN Slits e
beam / . .
B Momentum & B3
/ ’ charge selection
oW 3 slits
nalyzing
agnet . |
T~ ()
; a4 | I Q7 ";[\_1
- SW\JECW\WQ Wien Filters 1 & 2
MagneT
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o (p,q> table i
a < 4 Qg
e 67 T A K o h TOF & E-detectors




Horizontal ion-optics St. George

Wien Filters 1 & 2
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End Lecture 5
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TRIuP ion-optics
1st & 2nd Section

x [mm] | O [mrad] | AE/E [%]
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