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Prod o 3ces de iones exoticos

lon estable lones radioactivos

Beam In Beam Out

Es posible acelerar, cualquier isétopo estable, desde Hidrogeno hasta
Uranio-238, para obtener un haz primario.
238U: 2109
208P; 2-10°
144Sm: 2-10° (ns, used once)
136Xe: 1010
Fuente !'**Xe: 1019 (requires enriched material)
jones 128n: ~10% (requires enriched material)
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estables | Ag ~ 410° T
86Kr: 2-1010 Y0 40 60 80 00 120 140

Neutron number N

8Kr: 2:-1010 (requires enriched material)

76Ge: 3-10% (no standard beam, needs to be developed)

64Ni: 5-10° (requires enriched material)

8Ni: 5-10°

4Ca: 3-107 (low intensity from the ECR source when used for pulsed
beams for SIS. Or very very expensive ...)
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Produccion de b

lon estable es radioactivos

EJEMPLO:

2x10° 238U/pulso

Atomic number Z

1 GeV/u Be
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Tasas prohibitivamente altas para medirlos todos a la vez: hay que
seleccionar una pequena porcion de todos ellos!




Seleccion/identificacion del isotopo de interés
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Seleccion del isotopo de interés

Dipolos magneticos:

dipole

F F

lorentz — ' centripeta

q-vxB = m v?/p

5 B:p=pycm/q
| é/ B-p=pyCcA/Z

Bp proportional to mass over charge

. 2. Ealection

1. selection

Dipoles: 15t Selection in A/Z




Seleccidn/identificacion del isotopo de interés

production
Secondary selection imp/an tation
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beam beam

identification
/ Dipole

magnet

Production : spectroscopy
target i




Seleccion del isotopo de interes

Degradadores:

fragment yield after target

v v2

dE_ 47 Z2e4 2Mm. 22 2
dx = mgv? N [In( I )'%5]

Eloss proportional to Z2
Energy Degrader - 2" Selection: in Z
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Seleccion del isotopo de interés

Bp, Bp,'
5., |\ [B ; 7
P, P e I
Be,, Bp,' —-“ % //

« ACHROMATIC MODE

* |ons lose constant amount
of energy in wedge

* All nuclei of same species
arrive at same position on
focal plane

« MONOENERGETIC MODE

« Momentum spread
compensated by different
path lenths in degrader

« All fragments of same
species have same energy

« Fragments preserve their
spacial distribution



Seleccion del isotopo de interes

production
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Separacion acromatica y monoenergética
40Ar@50MeV/u + Ta 100 um - Degradador 200 um Al
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Seleccion del isotopo de interes

Seleccion final por medio de la técnica Bp — AE - Bp

production
Secondary selection imp/an tation

Primary

beam beam

identification
/ Dipole
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Production .
target \ TOF: B,y spec ff' oscopy

Degrader




Identificacion del isotopo de interes

Identificacion por medio de detectores de tracking

production
Secondary selection imp/an tation

Primary

beam beam

identification
/ Dipole

magnet

Production . spectroscopy
target i

Degrader
Event by event identification:

lonization Chambers > AE > 72 > Z Active stopper
Scintillators S2, S4 - ToF - velocity = L/At

AlZ=m/qg=Bp/(yV)




Identificacion del isotopo de interes

|dentificacion por medio de detectores de tracking

production
Secondary selection imp/an tation

Primary

beam beam

identification
/ Dipole

magnet

Production . spectroscopy
target i

Degrader
35m

Tracking Detectors - Total Rate Limits:

Active stopper

Total Rate Limit @ S2 = 3E6 Hz
Total Rate Limit @ S4 = 1E4 Hz




Aspectos practicos del codigo:

| About LISE++

Version 9.2.106
' Last revision 27-MAY-2011 ‘-
' . O.Tarasov & D.Bazin s '

The program is intended to calculate the transmission and yields of
fragments (fusion residues) produced and collected in a fragment
separator. It allows to fully simulate the production of radioactive
beams, from the parameters of the reaction mechanism to the
detection of products selected by the fragment separator.

* LISE++ es un codigo de libre uso, se puede descargar de
internet y no necesita instalacion.

» Creado por O.Tarasov y D.Bazin de MSU-NSCL (USA).

- Util para calcular la produccién y transmision de fragmentos
exoticos de interés en los experimentos de fisica nuclear.

» Muchas funcionalidades anadidas, como calculo del rango y la
pérdida de energia en materiales, y un largo etc.

» La mejor forma de aprender el codigo, es jugar/practicar con él.



Aspectos practicos del cadigo:

*Definir las carateristicas del haz primario (proyectil isétopo, energia e intensidad)
*Definir el haz secundario (setting fragment)

A Element g+ Beam energy Emittance
B
[ = Energy 650 Meviu ? | [sig:?s
[92 TKE ¢ [ 15473301 Mev half-
T/ LISE++ [CA\Users\domingo\Documents\work\MasterFisicaNuclear2013\Pra z Bho [ 110303 Tm

File Settings Options Calculations Utilities 1D-Plot 2D-Plot d| | Stable P O] 304244  GeVie
‘ P u [ 168ess KV
yd Nuclides

IT T = Beam intensity

: ‘ TS ol IEETE7I

Plmojectile . a3 c[ 016 pa
B0V fos0ppe il G e pps
agment  °Cd & X Cance C [ ooz kw

1500 maicm2

5 0] sosity
S0_sitX

D1 Brho 3 .
7.8001 Tm Setting Fragment

S1_slits - Charge states '
-100] & |+100 A Element Z #  Table of 4I
[ ¥] s1-degrader [ [ca [s8 7 Nucides [48+ D1 ~l
afJz o

Dml D2 - | Beta+ decay & [N 2

v Ok X Cancel |




Aspectos practicos del cadigo:

L~ —

2 *Definir las carateristicas del blanco de produccion (Target)

Target

—State—— |- Di i — Angl
[ Pb Densy] 1134 alem3| mensien Aos
&+ Solid ' magscm2 & micron Calculate |
E.] LISE ++ [C:\Users\domingo\Document " Gas " glem2 & mm I 0 degrees
File Settings Options Calculations Utfl" Z Element Mass Tk 03 EEr
— Thickness at 0 degrees ective Thickness
Vv I 82 I Pb _PT | | 20719
#B[By| {Bysetup| ®9({®| | ¢ [13227513  micron ¢ [ 13227513 micron
r l I (:I [1500) mag/cm2 - 1500 mgfcm?2
[Plrojectile ~ 23892+ [
650 MeV/u 1e+9 pps .
. ’ ; Thickness defect Absorbed Dose
F| . : 42. I I 14
T Pb r IT ‘ d / Range (beam) | 0161
Vi 1500 maicm2 |I .I Cut (Sits) Energy Loss in the
= = — I 0.00303
Compound dictionary < OK 3 Cancel target box [K'w/]
Atoms / cm2 | 4.36e+21

sis

sis

Brho
7.9001 Tm

sis

| -100[&[+100 |

S1-degrader
b=l 02 L Hhe




Aspectos practicos del cadigo:

« Ajustar los campos magnéticos (Br) para el fragmento de interés (setting fragment)

£8|Ba| iBysetun| ®||%

[Plrojectile ~ 238y92+
650 MeV/iu 1e+9 pps
[Flragment 96Cd48+

laizs: 1 E(ﬁ)bn‘ qicm2

[STe] Stipper

SO_sitY Sk
S0_sitX ke
2 79001 Tm
S1_siits o

-100| E |+100
S1-degrader
b=l 02




Aspectos practicos del codigo:

» Optimizar el target de produccion (cada vez que se modifiquen los parametros
del haz primario o del haz secundario)

Goodies

[Plrojectile 23892+ Calibrations

650 MeViu 1e+9 pps Transmission and rate
[Elragment  9%6Cd

Optimum Taraet

Target Optimum Target-Wedge and Wedge-Wedge configurations

‘E‘ Stripper Brho scanning

Optimum charge state combination - —j
Is DI S0_sitY Optimal target calculation mode

Monte Carlo calculation of transmission

— Physical Calculator
D1 Kinematics Calculator

S1 slits Mathematical Calculator {* Thickness - vawing, Inclination angle - const
N Evaporation Calculator

Keep value |[E)CERE 00 v

-100] = [+100 " Inclination angle - varying, Thickness - const

S1-degrader Fusion-Residue Calculator

Matrix Calculator
|E-| D2 o T — \/ OK X Quit




Aspectos practicos del cadigo:

« Calcular la produccion del fragmento de interés (en primera aproximacion):

(¥ LISE++ [CAUsers\domingo\Documents\workiMasterFisicaNuclea
File Settings Options Calculations Utilities 1D-Plot 2D-Plot Databases Help

£2[B| Bserun| B[] ¥ T| BISE(SIE a0 @l o2k P e BV (B[ 4 =) 2|
[Plrojectile ~ 238y92+ e

650 MeV/u 1e+9 pps
[Elragment  9%6Cd48+
Target 15(1P[)bn'g4cn‘2
H’EI Stripper
“ S0_sitY sis
‘ S0_sitX 3k

@ D1 7.Sl$ur1h$m
S1_sits S

-100| ¥ |+100

§1-degrader
@ D2 7.9(?0’1"?“1

-100|  [+100

S2_sits Sk

-100| ¥ |+100
-100| V [+100

M| sonezt A %6Cd
3.2mm
1.13e-5

52_wedge 43.061%
n2 Brho

config: FRS - TA1B-54 std (2006)
option: A1900_2006
version: 9.2.106

Projectile Fragmentation

Sum=1.1e-05 [ No charge states




Aspectos practicos del codigo:

* Menus de uso frecuente: Distribucion del RIB en posiciones (X) y
en energia (E)

(¥ LISE++ [CAUsers\domingo\Documents\work\MasterFisicaNuclear2013\Practica LIS
File Settings Options Calculations Utilities 1D-Plot 2D-Plot Databases Help

28y Hsetun| B1® | ¥ T| BISIERE vl olald) &
[Plrojectile  238y92+ ¥
650 MeV/u 1e+9 pps
[Elragment  %6Ca48+
Target 15(1P[)bn'gu:n‘2
H’EI Stripper " [$] S1_slits-Xspace: output before slits - ‘ - - -
[E01 sosev
S0_sitX
@ D1 7.8001 Tm
S1_sits sis

-100| ¥ |+100

§1-degrader

S1_slits-Xspace: output before slits
233 (650.0 MeV/u) +Pb (1500 mg/cm?); Settings on *Cd; Config: SSDSWDSMWDSDMSM
dp/p=3.09% ; Wedges: 0, 0; Brho(Tm): 7.9001, 7.9001, 7.7190, 7.7190

gl " B

1
&

Brho
7.8001 Tm

sis

[+ Paf]etdlpE |

Yield (pps/mm)




Aspectos practicos del cadigo:

« Menus de uso frecuente: ~ Diseno del espectrometro: desactivar
elementos, ajustar S2-wedge, anadir una
Faraday Cup, etc

—

I Given Name l Z-0 l Length,m l Enable I: Insert Mode - Insert block
Target Target +

Target

Stripper Stripper
1500 roicn2 Drit 50_slity 0 A " after

Drift S0_sliex

Dipole D1 Move element
Drift S1_slits ﬁ Up
Wedge S1-degrader —
Material Steel pocket u Down
Material Nb foil

Material Steel pocket 5}} Edit

M aterial M1 =—
Dipole D2

] étenal MW2?| v oK
Drift S2_slits

Material  Scint21 ? Hep

= % before
Stripper after Target

Wedge

sis

Material(Detector)

sis

O

Brho Faraday cup

7.8001 Tm
sis

Dispersive (Dipole)

Wien velocity filter

Brho
7.8001 Tm

=2 =l =) = =
s || s || s || ([

X Delete Drift (space)

sis

Beam Rotation

H10C9

3.2mm

Electric dipole

LEE

— GasHilled separator

Selected block 1 Total

Enable [V | Drift (space) NET;?:irs of

Let call automatically | Block Length [m] I 0 | 86
- Length after Solenoid
Block name = |S1_sllls this block [m] | 17.458 Length [m]
Sequence number | 6 [ 73148 @ Delay (efficiency) block

Compensating Dipole

RF separator

ES 1 8 e A 3 5 i




Aspectos practicos del cadigo:

« Menus de uso frecuente: ~ Diseno del espectrometro: desactivar
elementos, ajustar S2-wedge, anadir una
Faraday Cup, etc

—

I Given Name l Z-0 l Length,m l Enable I: Insert Mode - Insert block
Target Target +

Target

Stripper Stripper
1500 roicn2 Drit 50_slity 0 A " after
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Drift S1_slits ﬁ Up
Wedge S1-degrader —
Material Steel pocket u Down
Material Nb foil

Material Steel pocket 5}} Edit
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Drift S2_slits
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= % before
Stripper after Target
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sis

Material(Detector)

sis

O

Brho Faraday cup

7.8001 Tm
sis

Dispersive (Dipole)

Wien velocity filter

Brho
7.8001 Tm

=2 =l =) = =
s || s || s || ([

X Delete Drift (space)

sis

Beam Rotation

H10C9

3.2mm

Electric dipole

LEE

— GasHilled separator

Selected block 1 Total

Enable [V | Drift (space) NET;?:irs of

Let call automatically | Block Length [m] I 0 | 86
- Length after Solenoid
Block name = |S1_sllls this block [m] | 17.458 Length [m]
Sequence number | 6 [ 73148 @ Delay (efficiency) block

Compensating Dipole

RF separator

ES 1 8 e A 3 5 i




