MICHIGAN STATE

Wien filter revision THALERE

IS E

PV

Contents: version 8.5.43

» Setting Wien filter in LISE++ Wien filter :16

» “Transport” solution of Wien-filter
optics

o “Classical” solution for the
dispersion coefficient

¢ DisperSion as a funCtion Of fieldS, The fallowing commands are walid anly if the Wien filter has been enabled.
energies, lengths

Electric field: sets the electric field of the filter in k\/m (the user has to know the gap between the
electrodes). Calculates the magnetic field for the best transmission of the selected fragment

. ; ; and the dispersion. All these calculations are then updated on the screen.
* Revision of the Wien filter P P
. . Magnetic field: sets the magnetic field of the filter in Gauss, calculates the electric field far the best
dISpel’Slon transmission of the selected fragment and the dispersion.
Dispersion coefficient: coefiicient used to calculate the welocity dispersion in mmi% according to the
° Examples of W|en flltel’ SeleCt|0n formula: D=K*E/(BErho2*beta) where E is the electric field in kNYm, BrhoZ the Brhao of the

second section of the spectrometer in Trn, and the welocity of the particle. This coefficient
depends on the field set on the quadrupoles used to focuse the beamn after the filter.

Requests from See more for Wien-filter

LISE 3: a magnetic spectrometer—Wien filter combination for
- - - secondary radioactive beam production by Remy Anne, Alex C. Mueller
Francois de Oliveira, / P yremy
) Nuclear Instruments and Methods in Physics Research Section B
Christelle Stodel, Volume 70, Issues 1-4, 1 August 1992, Pages 276-285
http://dx.doi.org/10.1016/0168-583X(92)95943-L
and Pedja (GANIL)

The code operates under MS Windows environment and provides a highly user-friendly interface.
It can be freely downloaded from the following internet addresses:
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.

<—— Wien filter length in LISE++
(effective magnetic length of the filter taking into account the fringe fields)

account the fringe fields.

Electric length: effective electric length of the filter taking into

Magnetic length
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1%] Setting Wien filter in LISE++: Magnetic field eatry """

[ > H

el ol P ]

2]
—wien Velocity Filter setting r— Optical block properties and data
) Calculate the ¥alues using
r~ Select constant field Setting Charge state IT the Setting fragment from
for the Block [2-
" Electic field £ 155 = kwim o the Block (0] Dipele 2
i+ ic fi B d:l = - #] Cul[Slts) & Acceptances —_—
Magnetic field rea 200 —| Gauss (+ I 0 Nest
Bset =[ 217575 — Gauss " Optical matrix g
— Dispersion — Tweakl 183} b4 —
) |=| 77242 4 A e General setting of black - ° V ° L /L
15T m% — Calculate other C E B
L)_( ¢ Calibration file optic: blocks
— Separation velocity plane Filter settings domespond 4
. to a Bhro-wglue for
" Horizontal [VAMOS] the setting flagment r Lenatfis (m)
& Wettical [LISE3) 15587 Tm e 5 Block [total) [ 12
 Filter constant: — Hltilitie: ,I
Dizpergion coefficient I -3.928e-4 & W'ien-fiterlransport riatris I J QK |
) ) ) 2 |
Electric & magnetic effective 1 s H
longthe relaion (LE /LB | 1 o Dot e Jair, [4306e-t ? Hebp | X Cancel |
I

A/

B
iew file | =|  Cear |

I LISE_DFw. cal

electric field [in KV/m]

setting fragment velocity

Colurmns = I 3
o O | XCancell
Fows = l 2

—Mote

speed of light [as 29.979 cm/ns]

W < ™= M

magnetic filed [in Gauss]

The calibration file iz in ASCI farmat. The first line containg
2 integer values describing the stucture of the file :
1. Number of columns [sither 2 or 3]

2. Mumber of rows [calibrated points) R effectlve electrlc & mag netlc
The next lines are the calibration data. LE/LB i

The Columnz can be separated by a Space, a Comma or

a Tabulation. User can put comments after the data. Ie ngths ra‘tlo

st column: the Current (1) required

2nd : Magnetic field (B read) from NMR  required

id: zet Magnetic filed (B zet] optional
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Optics : matrix of Wien filter block

Wien filter length

I 1
Block length
I I ¥Yelocity filter{Comp.Dipole} block 1'
. x/d and p/d dizpersions of
= . — = * the local block matrix are
Dﬂtlcal matrix BLDCK - I 2 WF T1 l calculated by the program.
ed 3|
—wiien Welocity Filter zetting: r~ Dptical block properties and data
X \ Calculate the Values using ’
r~ Select constant field ~ Setting Charge state I— the Setting fragment from
™~ 1] -

" Elechic field E =| 1456.95 ﬂ K m i the Block (2-8) ]; —
' Magnetic field | B lead=| 200 Sl Gass o .I L coeptances ™
Bset <[ 21755 ] Gaws O fe  Dpcalmati ]

(| Dispersion — - Tweak | 05 %
; . |=| 77242 —+ A (o W General setting of block
1511 mméz Calculate other
\ L.i_" Calibration file optic blocks

— Separation velocity plane Filter settings comespond
. to a Bhro-value for
" Horizontal [YAMOS) the setting fragment Lengths (m)
¥ “ertical [LISE3) 15587 Tm ’7 “wien filter 5 Block [total) I 12

—Filter constant: Ut

Dizpersion cosefficient I -3.928=4 ‘6"\3" ‘wien-fiter transport matrix I J ak |
Electric & magnetic effective W " ?
length reletion (L_E /L B) | 1 o D o o, 43054 7 Hep | X Eancell

B ;= L , G - Dimension———— Matrices———
Block [local] (&

G - Global, L - Black [Local)

LISE++ calculates automatically the  Block mati —

dispersion for each ion based on 1 . -

filter E & B fields, ion velocity and o o --: = : 0 : E\
dispersion coefficient 5y ITITml T 2059

sf[ 0 [ o [om | o

5 L F00 [P0 [N e T e

___—[eef o Fo o T3 [o [
should be edited Mread]  Ame] Amead] Amm)] Az | 2nd

o]
order

Det=1.00000 PR import COSY map |5E|@,;| [ET" | view
S ————————— ]

S—

¥-selection
in this example

L

Oleg B.Tarasov. 02/05/10, East Lansing, MI



MICHIGAN STATE

Optics : Wien filter (“Transport” solution)  *~. ' '™

Wien filter length

Block length

optical matrix

BLOCK=T2" WF*T1

—Wien Welocity Filter zetting:

2|

r— Dptical block properties and data

— Select constant figld

7 Electric field

E=| 1456.98 ﬂ K\ m

Setting Charge state l—
far the Blodk [£-3] 0

& Magnetic field Bread=| 200 —+ Gauss (v

.I Cut(Slk=] & Acceptances

Bsst =| 217575

¥
I=| 77242 —+ A e

Gauss &

q:utical matriz

genera\setting of block

— Diizpersion
1511 mmd%

— Separation velocity plane
" Harizontal [VAMOS)
& Vertical [LISE3)

L)_( Calbration file

Calculate the Values using
the Setting fragment from

Dipale 2
@ Mext
Tweak 05 =z

Calculate other
optic blocks

Filter zettings corespond 1!

ta a Bhro-value for

the setting fragment r~ Lengths [m]

1.5587 Tm

Wi filter 3

Block [tatal) I 12 |~

- Filter constant:

Utilitie:

Digpersion coefficient I -3

928e-4

& “wien-fiter transport matrix

Electric & magnetic effective
lengths relation [L_E / L_BE]

N———

1

?
"Classical” solution for - —=pe—y ;l

the Dispersion coefficient

./DKl

? Help | X Eancell

Recommendation to use experimental
values or optical calculations for whole

http://people.web.psi.ch/rohrer u/trancomp.htm

WIEN FILTER: Type code 21.0

The Wien filter is a dewice with static electriec and magnetic fields
perpendicular to each other and to the beam axis. The B/E ratio is adjusted
s0 that the particles with the central momentum sStay on the axis. 'Short!
Wien filters are used as velocity sSeparators: Wanted particles stay on the
axis, all others are deflected by the device [7]. 'Long' Wien filters may be
used @= spin rotstors: The spins of the wanted particles rotate around the
E-field while the particles trawvel along the axis [8].

There are Chree paramecers:

1 - Type code 21.0

2 - Effective length L of the field region (meters).

3 - The magnetic field B (kG). & positiwve B-field wector points in the
positive y-direction. (For positiwvely charged particles the E-field
points in the positcive x-direction.) The B/E ratio is assumed to be
constant over the whole field region.

cos(k*L) [1/K] #*sin(k*L) 0 0 0 -(1/(k*¥gamma)l] * [l-cos(k*L))
—k*sin(k*L) cos(k*L) ooan —{1/gamma) * sin(k*L)
= u] u] 1 L0 [u]
u] u] o110 [u]
a a oo 1 a
o o oono 1

with: k = 1/ {gamma * rho), rho = 33.356 * p/B, gamma = 1/sqrt(l-beta**z)

beta = v/c, p = m*v*gammwa, L = eff.length, B = magnetic field, m = rest.mass

Wien Filter Matrix x|

— Black matri
[ 1 s [ o [ o [ o [ 0 [mm
a1l o |1 | o [ o [0 | 0 [mad
av|[ o | 0 083806 500076 [ 0 [.51123 [
4 F[ o | o [000077 (099806 [ 0 [-060381 [mrad]
sLfo o [0 o [0 m
gof o [ o [ o [ o | o [ 1 m
] Amrad] A[mm] Amrad] ] %]

Det= 1.00000 Ia-;l
=

— Dimengion
% o |

& cm

r— Dispergion coefficingt —

coef = -3.9275e-4

block to deduce the dispersion
coefficient
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Ol g . o o « - MICHIGAN STATE
Optics : Dispersion (“classical” approach)
NOCL

1e 1 S5 LA

t=L/v
F=q(-B-E)
dx=a-t?/2
a=F/M
dx=q(-B-E)-[L/v]?/ (2 M)
L=V, + 6v, where v, = E / B, then
dx=q (E- dv/v)-[L/v]?/ (2 M)

“Classical” approach (L>>dx)

Example Disp=L2-q-E-/(2-Mv?
10B (25 MeV/A) Disp = coef - E - / (B - Bp)
B=200G
L=5m
4
“Classical” solution “Transport” solution
Disp =-1.77 mm/% Disp = -1.64 mm/%
Coef = -4.28e-4 Coef = -3.96e-4

Oleg B.Tarasov. 02/05/10, East Lansing, MI 6



Optics : Dispersion

MICHIGAN STATE
UNIVERSITY

fragment (A,Q) dispersion [in mm/%]
dispersion coefficient (~ L?)
electric field [in KV/m]

magnetic rigidity corresponding to
this part of the spectrometer [in Tm]

fragment (A,Q) velocity

D)
coef
Diag = coef-E / [Bp o B eyl c
Bp
BAQ)
“Transport” solution
0.00 0.00
10.00 n?\ 100.0 ,ﬁ'z\ 300.0 400.0 0100
-20.00 \ / \ -0.20
:?'E‘ -30.00 \ / \ g Ejg
g S 0.
g -40.00 \ / \ ; -0.50
° -50.00 \ / \ 8 E:g
-60.00 \‘ } \ —0:30
-70.00 -0.90
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10B (21.2 MeV/u) , B = 400 G (E=25.2 KV/cm)
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Optics : Dispersion (B=const, L=const) ="

Tt
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“Transport” solution

108 (**** MeV/u)
B=400G
L=3m

The dispersion coefficient
Is almost constant in the
energy region of interest



e _ _ _ MICHIGAN STATE
Optics : Dispersion (Energy=const, L=const)

0000 \ “Transport” solution
0. 5.00 10.00 15.00 20.00

-0.500
s\
E 1000 1OB (21.2 MeV/u)
.E B = *** G
g -1.500
z ,//’ L=3m

-2.000

-2.500

B (KG)
- 11
0.01 0.10 [ 10.00
£ The dispersion coefficient
E + oor oz se——. is constant with magnetic
§ ' \ field change
5
g
a . J/
1-00E-B5
B, KG
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MICHIGAN STATE

Revision of the Wien filter dispersion ISR

LISE++ (version 8.5.24 and older) was using the setting fragment dispersion to

calculate transmission of other ions.

Now, LISE++ (version 8.5.43) calculates a dispersion for each ion, so called “floating’
optical matrix. It has been realized for the Distribution and Monte Carlo methods,

Corrections have been done as well for the Ellipse and Pseudo Monte Carlo plots.

Therefore LISE fragment-separator configuration files should be revised too to have

correct lengths and dispersion coefficients.

See example http://groups.nscl.msu.edu/lise/8_5/wien/wien_test.Ipp

For simulations shown in the next slides following files have been used

http://groups.nscl.msu.edu/lise/8_5/wien/78Kr.Ipp (from Pedja)

http://groups.nscl.msu.edu/lise/8 5/wien/78Kr2.lpp (thin target, small initial emittance)

Read the new LISE++ option, which has been used to simulate several isotopes in the MC mode

http://groups.nscl.msu.edu/lise/8 5/8 5 034 MC isotope group.pdf

Oleg B.Tarasov. 02/05/10, East Lansing, Ml 10
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MICHIGAN STATE

Wien-filter selection : Monte Carlo method S T

L. ol
] " ot

Isotope Group : Monte Cal'loPlot Isotope Group : Monte Carlolot

8Kr (1.7 MeViu) + He (5e-2 mgiem?); Transmitted Fragment 2Sr #* (FusRes): T8Kr (1.7 MeV/u) + He (e-2 mglcm?); Transmited Fragment #2Sr 2% (FusRes); Optics Order
dp/p=100.00% dpip=100.00%
"Wien 1" [ast ' for MC calculation; no gate; Configuration: NMM "Wien 1" - last block for MC calculation; no gate; Configuration: NMM
i 183
0.74
g e 181
all charge states
07 of the primary beam (78Kr)
T o179
. - v s 2 £ 3 :
- : G et
E : 117
_E 066 wo R it '§ '
@ T
i >
c I e L T i
¢ 062 c
2 5
:5 ) _— g 173
s :
et W
0.54
B Lo
167
05
1.65
-40 -30 -20 -10 0 10 -45 -35 -25 -15 -5 5 15
after "Wien 1": Y [mm] [AE after "Wien 1": Y [mm]
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Wien 1-Yspace
T8Kr (1.7 MeWV/u) + He (5e-2 mg/cm?); Settings on 2Sr 24+; Config: NMM
dp/p=100.00%

all charge states separ.
sum of reactions

— - — T - -
1e+10 [(input 1e+10 jeutput after slits |
1e+9 [ 1e+9 [ E
: "Erbearn) 21+ - ]
1e+8 |g bearn 1e+8 [g b
1e+7 [g Errbearn] = 1e+7 [; b
H "B rbearr] 7+ 3 H 3
1e+6 H 3 1e+6 | E
H T8 rlbear] 19 3 § §
E 'e*5h Brbearr] 2+ 1 E 1et5 H :
= H i E H E
= - 4 = - k
g_ 1e+4§ ! g_ 1e+4§ 2
=N H Brbearnr] 19+ 3 = M ]
2 te+3 |y § = 1e+3 s ]
= TER r[bearm] = H 3
1e+2 [ le+2 |4 L
H E H By 3% 3
1e+1 |s 2 1e+1 s . 3
H 3 H 3
1e+0 |3 3 1e+0 |3 1
1e-1 | 2 1e-1 | 13
1e-2 la ] 1e-2 ks
-5 5 -10 10
Y (mm)
[ statistics
Wien 1-Y=space
78Kr (1.7 MeVru)] + He (S5e-2 mg-cm2); Settings on 825r 24+; Config: HHH
dp-p=100. 00%
Flot 3
N | distribution | E-mEan | E-Max | AR | dewviation | FWHM | area |SunOfCounts| LeftPsigna|RightPsigmal
o1 825r 24+ 0.005858 0. 1062 22.21 1.525 3647 85 .88 202.3 1.631 1.486
oz 825r 27+ -0.002614 0.1898 0.1894 1.543 369 0.7424 1.678 1.723 1.411
03 825r 26+ 0.000154 0.1619 2.186 1.537 3673 8. 526 19.54 1.692 1.428
04 825r 25+ 0.002952 0.134 0.7 1.531 3.658 41.54 96.53 1.661 1.446
05 825r 23+ 0.008876 0.07832 19.55 1.519 3.638 75.31 180 1.602 1.488
06 825r 22+ 0.01192 0.05046 7.298 1.513 3.629 28.02 67.92 1.573 1.51
07 825r 21+ 0.01494 0.0226 1.152 1.522 3.621 4.422 10.88 1.544 1.531
08 825r 20+ (_EI_ME\ —0.005266 0.07732 1.517 3.613 0.2961 0.7391 1.516 1.553
09 78Kr[bean] 23+ -25.21 -25.12 1.705=+09 1.504 3.609 | 6.518=+09 1.58e+10 1.606 1.459
10 78Kr[bean] 24+ -26.31 -26.19 1.42e+09 1.509 3.616 | 5. 446=+09 1.302e+10 1.635 1.437
11 78Kr[bean] 22+ —24 .12 —24 .06 7.694=+08 1.514 3.603 | 2.93%=+09 7.225e+09 1.578 1.482
12 78Kr[beamn] 25+ -27 .41 -27 .26 4.453e=+08 1.514 3.627 | 1.714e+09 4. 044e+09 1.663 1.417
13 78Kr[bean] 21+ -23.02 -22.99 1.31e+08 1.51 3.596 | 4.994=+08 1.245e+09 1.551 1.503
14 78Kr[beam] 26+ -28.51 -28.33 5.26e+07 1.519 3.64 | 2.033e+08 4.733e+08 1.693 1.399
15 78Kr([beam] 20+ —-21 .92 —-21.92 8.407=+06 1.505 3.59 3.198e+07 8.088e+07 1.524 1.525
16 78Kr([beam] 27+ -29 61 —29 .4 2. 34e+06 1.524 3.654 9. 088e+06 2.088e+07 1.722 1.381
17 78Kr[beam] 19+ —20.82 —20.85 2.031e+05 1.501 3.564 7.71lde+05 1.98e+06 1.498 1.546
12 78Kr[beam] 284+ -30.71 -30.9 3.938e+04 1.529 3.658 1.53e+05 3.47e+05 1.393 1.714
19 78Kr[beam] 18+ -19 .73 -19.78 1849 1.496 3.579 7011 1.826e+04 1.474 1.566
20 78Kr[beam] 29+ -31.8 —31.98 249 .8 1.533 -1 971.1 2174 1.414 1.695
21 78Kr[beam] 17+ -18 .63 -18.72 6.336 1.492 3.576 24.01 63.49 1.45 1.587
)

Oleg B.Tarasov. 02/05/10, East Lansing, MI 12
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o ® 131
% 130 2
2 a
— = 130
2 3
E' 130 =
) & 129
o @
] c
% 128 o
5 128
- °
128 127
- 7
126 TKE-Y 126 TKE-Y. -
T8Kr (1.7 MeV/u) + He (1e-3 mglcm2); Settings on 82Sr 24+ Config: NMM 78Kr (1.7 MeV/u) + He (1e-3 mg/cm?); Settings on 22Sr 24+ Config: NMM
dp/p=100.00% dp/p=100.00%
Y-detector: Si ** 1st TKE detector: Si ﬁ 125 Y-detector: Si ** 1st TKE detector: Si
128 -30 -26 -22 -18 -14 -10 -6 -2 -30 -26 -22 -18 -14 -10 -6 -2
Y-position (mm) Y-position (mm)
129
128
3
<
S 127
[
Q
<
D
= 126
>
<
[
c
% 125
©
B
[
124
TKE-Y
123 [ T8Kr (1.7 MeV/u) + He (5e-2 mg/cm?2); Settings on 92Sr 24+; Config: NMM
dp/p=100.00%
Y-detector: Si** 1st TKE detector: Si @
122

-34 -30 -26 -22 -18 -14 -10 -6 -2 2 13
Y-position (mm)



