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Radioactive lon Beams

Primary beam —— Target > lon source

—> Mass separator

— Nuclear physics experiments

@TRlUMFARI EL

ADVANCED RARE ISOTOPE LABORATORY

50 MeV, 10 mA electron beam

BeO pellets
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Photo-production of 8Li

Converter [Radiator] l

Primary beam —— Target > lon source

« Electrodisintegration : °Be(e,p)e’8Li
« Without a converter

« Photodisintegration : °Be(y,p)3Li
e With a converter

<

~|.o

Yuly and Mittelstaedt PhysRevC.68.014601 (2003) + Krane.
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Preliminary Tests

@TRlUMFARI EL

ADVANCED RARE ISOTOPE LABORATORY

50 MeV, 10 mA, 500 kW electron beam

BeO pellets
MPNNALTO [
50 MeV, 10 pA, 500 W electron beam

e Target Adaptation
* Rugged enough to survive the Atlantic
 Fits their target oven.
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Target Fabrication

Porous enough to favour diffusion
of light isotopes.

* High speed treatment of
BeO powder + Binder

e Oily additive
* Pressing
e Sintering at 1600°C.
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Target Components

 BeO pellets

 Ta oven
* Graphite container
e Ta converteriradiator
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Geometry and Media

« Using only infinite bodies : planes and cylinders.
Using no parentheses.

e Just to be on the safe side.

BeO Target Cross Saction B=C {arget geometry
T I T
El I | | 1 |

T -

X jom)
ha
T
|

0 3 10 15 20

-0.5 (%] 05 1 1.5
% [em) Z (cmy)

° LOW-MAT Mat: Graphite Lowhat: C. Graphite bound nat. Carbon, 296K »

« Sets the correspondence between the material and
the low-energy neutron cross sections library.
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Tantalum Converter

Optimization of the Ta converter thickness,
In factors of the radiation length X, = 0.409 cm.

Lefi Endcap Ta Foil 0.4K, 0.83, 1.2¥,

-2-15-1-05005115 2 -2-15-1-050051152 -2-15-1-050051152 -2-1.5-1-0500511.52
Z {em) Z {em) Zjcm) Z {em)

Multiple setups using preprocessor definitions

Conv0.8X v
COMNVERTER thickness = 0.6*X0 = 0.328 cm
XYP encaplef 0328

Convli X »
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Primary Beam

* DEFAULTS PRECISIO v

e Detailed transport of electrons, positrons and photons
and more.

e Multiple runs using preprocessor cards
* Average beam kinetic energy E : 20, 30, 40, 50 MeV

20MeV

J0MeV

40MeV

S0MeV

20MeV ¥
Define the beam characteristics :
20 MeV e- beam (10 mA).

BEAM Beam: Energy ¥ Par: E|l ECTRON v
fp:Fat v L0:0.01 L3 Flat v Ab:0.01
Shape(X): Annular v Rmin Rmax: 0.5
J0MeV w
EEAM Beam Energy v Part: ELECTRON v
Lo Flat v £0:0,01 LT Flat v 44:0.01
Shape(X): Annular Rmin Rmax: Q.5
40MeV »
BEAM Beam: Energy ¥ Part:ELECTRON v
ApiFlat w Ap:0.01 LAd:Flat » At 0.01
ShapelX) Annular = Rmin Rmax: 0.5
50MeV ¥
BEAM Bezam: Energy v Pat:ELECTRON ¥
Lo FHat v Ap:0.01 Lo Hat Ap:0.01
shapelX) Annular Rmin Rmax 0.5
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Physics and Transport

Activates gamma interactions with nuclei
e PHOTONUC Type: v
E=0.7GeV off w A resonance off w

Quasi Doff »

TELVACUUM v

to '.':;::@LAST@

® PHYSICS Ty
PHYSICS Ty

-COALESCE »
"EVAPORAT

 Emission of fast complex particles
e Residual nuclei production.

o= L=
[a1] [11]

Set production threshold for e+, e- to 50 keV and photon to 10 keV in all materials.

;]

Actvate Om w

® EMFCUT Tyoe: PROD-CUT v
g8+ Thres 22+ BN hg-05
Fudgem: o Mat: @_ASTMAT ¥ —
Set transport threshold for e+, e- to 50 keV and photon to 10 keV in all regions.
EMFCUT Type: w
g-g+Th e-_'-“: e-&+ Ekin: 5e-05
Old bremss.. off » Bremsstrahlung: off w Pair Prod.: off »
“ompton: off w Bhabha&Moller: off w Photo-electric: gff w
EQ ID » o Fea: @LASTREG ¥ —

e Recommended to be equal.

Jodel New Evap with heavy frag v

=

L

¥-0.00001

| L=y B

=l

g Ly B

.
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Bias the decay length of unstable particles.

e LAM-BIAS Type: v « mean life: « A inelastic: Q.02

Mat: Pat: PHOTOMN ¥ to Part: w Step:

* Increases the probability of gamma interactions.
Leading particle biasing.
® EMF-BIAS Type: LPBEMF ¥ < Lihre-es+: Ethry: —

Ol bremss. off w Bremsstrahlung: On w» PairProd..0On w g+ ann @rest: On w
Complon:On v Bhabha&Moller-On Photo-electic: On v g+ ann @flight: On w

<=7 VOID v io e @LASTREG ¥ — Step:

 Region importance biasing

Flag_BIAS
Flag_BIAS v
Increasing region importances through target by factors of two.

Importance 2 : 2 regions + 7 pellets + 2 endcaps + 1 converter
BIASING Type: All particles RR:1.0 Imgf 2.0

Opt: w Reg ENDCAPL ¥ to Reg: w Stey:

Importance 4 : 2 regions + 7 pellets
BIASING Type: All particles W RA:1.0 Imy 4.0
=]

Opt: ¥ Reg:OUTOYL> ¥ io Reg: W Slep
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Activation and Residual Nuclei

Activation

® RADDECAY E-a:-:;;. Patch lsom: On v Replicas:3.0
h ,|.~:Zign1]re Y hiu LFE:ignq]re v hi W Vignore v e+ Int:ignore ¥
= LPBignore ¥ =2+ Wi ignore v Low-n Bias:ignore Low-n WW:ignore v

= +10.0 prompt cut: £10.0 Coulomb comr: v

 Request decay of produced radloactlve nuclides.

Definition of irradiation profile : 10 days 10 mA = 6.24146E16 part's

e [IRRPROFI At: =10*day p=62415E16
Definition of decay times
® DCYTIMES l:=-5"day 2:0.0 t3: =B*day
t4:=10*day t3: =20*day 15:=1*month
 Requested with DCYSCORE.
Production rate in nuclei/primary
® RESNUCLE Type: All w Unit: 54 BIN w Name: ResNuc_0
Max Z: Max M: < Fe0 @ALLREGS v Vol:1.0
Residual Nuclei after 5 days of cooling
DCYSCORE Coo -~:_| ii=5'da1,r Y Kind: RESNUCLE ¥
e ResMuc_5 r to Det: v Step:
RESNUCLE ‘:-:e Al w C _UNiE5BINY D Name: ResNuc_5
Ma Rea: @ALLREGS v Vol:1.0

leen In [Bg/cm3] When linked to DCYSCORE.
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Scoring with USRBIN

Beam particules 0 heam particle/cm?/primary

® USREIN Unit:51 BIN w Name: BeamPart
Type ¥-Y-Z w Xmin: -2 Xmax: 2 0 MNX- g0,
Far: BEAMPART Ymin:-2.0 Ymax: 2.0 NY: B0.
Zmin: -2.0 Zmax: 22.0 NZ:240.

e Confirms the beam is hitting the target.

Coaoling time for all detectors

® DCYSCORE  Coolng :0.0 ¥ Kind: USRBIN v
Del:EneDep v to Det: AllDose O w Step:
Dose conversion coefficients for all detectors
AUXSCORE Type: USRBIN ¥ Part: ALL-PART ¥ Ee
Del:EneDep w to Det AllDose_5 v Step:
Energy deposition jn GeV/cm3/primary
USRBIN Unit: 52 BIN » Name: EneDep
Tyoe ¥-Y-Z ¥ Xmin:-2 .0 Xmax: 20 M- 80.
Part: ENERGY ¥ Ymin:-2.0 Ymax: 2.0 NY: 80.
Zmin: -2 0 Zmax: 22 0 NZ:240.
Equivalent dose at 1 meter from all particules | pSV/S
® USRBIN Unit:53 BIN w Name: AliDose_0
Type: X-¥-Z ¥ xmin: -50.0 Xmax: 50.0 N¥:B0.0
Part: DOSE-EQ ¥ Ymin: -50.0 Ymax: 50.0 NY:50.0
Zmin: -50.0 Zmax: 50.0 NZ:50.0
DCYSCORE Kind: USRBIN ¥
Det: AllDose 5w to Det: Step:
Equivalent dose at 1 meter after 5 days of cooling in pSV/S
USREIN Unit: 58 BIN Name: AllDose_5
Tyoe: X-Y-Z v Xmin: -50.0 Xmax: 50.0 NX:50.0
Par: DOSE-EQ ¥ Ymin:-50.0 Ymax: 50.0 NY:50.0
Zmin: -50.0 Zmax: 50.0 NZ:50.0

o Given in [pSv/primary] when not linked to IRRPROFI.
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Run Fluka

Run Fluka +=Y A

‘(Override Options

e START RANDOMIZ
Cmaries 5000005 wssus > @ . Different random

Time |0 Hﬁ
Defines Default Defines | number Seed fOI’

Sel | Narme | Value |

20MeV ] | each run.
S0Mev * Energy of the beam

S0Mev —
Convl.2X
Convl.lX
Conv].0xX .
comosx fo Thickness of the conyerter
Com.6x
Conv0D.5X
Conv0.4x
Conv(.3X
Conv(.2X
NoConwv

Flag_BIAS o B|aS| ng .

Cycles: Continue |Previ0u5 0 @cles 10 Dst 10 =
A Run

X

[
[
[
[
[
[
[
[
[X
[
[
[
[
[
[
[
[

e e e e e e e e e e e e e e e e
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e Forab5b0 MeV
e- beam.

 For a 0.8X,
(0.328 cm)
converter.

8Li Production Rate

8Li Production Rate [ions/s]

6.0E+11

55E+11

5.0E+11

4 5E+11

o
¥
/

Beam Energy [MeV]

4 0E+11
f/ R” = 0.800
35E+11 T T T T T T T T T T T T
0 01 02 03 04 05 06 07 08 09 1 11 12 13
Converter Thickness [*Xo cm]

1.0E+12
7
@
c
2
@ 10E+11 .
©
o
s 2
7 R*=0.9835
=)
3 1.0E+10 . —
e —e—With Biasing
E —a—No Biasing
=
Loy Linéaire (With Biasing)

1.0E+09 . T T T
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8Li Production Rate

1.0E+12
» For 2506 o
c - 2
primaries. s roEn
E
t R?=0.9734
J 1.0E+10
E Y —e— With Biasing
P_' —=—No Biasing
d Linéaire (With Biasing)
1.0E+09 , ’ . .
10 20 30 40 50 60
Beam Energy [MeV]
v 1.0E+12
w
@
. . '© 10E+11
primaries. g -
S R? = 0.9835
é 1.0E+10
e —e—With Biasing
E —a—No Biasing
d Linéaire (With Biasing)
1.0E+09 ' . . .
10 20 30 40 50 60
Beam Energy [MeV]




Production Rates Summary

Residual Muclei fion's) Residual Nuclei (ion's)
20 — | . E— 18+15 20 — T T T T T T fe+15
18 - 1 12+14 1B [ - 1e+14
16 C — 1e+13 16 — 12+12
14 B i . 1e+12 14 F - Te+i2
4 Y
; 12 F B - 1e+11 ; iz b - e+
=0k A - _ 1e+10 =0 ' _ 1e+10
1]
E LI =
E
a 0
s S

g L _ 12403 . 4 12+023
4 b H . 1e+07 4 n 1e+07
2 - ﬂ - 12406 2 | ﬂ N 18+05

1 I 1 I 1 I 1 1 I 100000 | I | 1 | I I | 1 100000
o 1 2 2 4 S 5] 7 =3 a 10 o 1 2 3 4 =1 ] T =1 a 10
Atomic Charge (Z) Atomic Charge (Z)
Residual Nuclei (ion's) Residual Muclsi fion's) Residual Muclei (ion's)
20 T T T T T T T 1 18415 20 — 12+15 20 N B B — 18415
16 |- . 1e+14 18 | - 1e+14d 16 |- 1 Te+1d
16 | . 12413 15 . 1e+12 16 - - 18413
id - 1a+12 14 _ 1a+12 14 } - 18+12
< z =
m 12 | . el s | - 1e+11 w12 | - Te+11
i 8 i
f 10 b - 1e+10 ﬁ 1o F a 1e+10 ﬁ 10 F - - 1e+10
E E E |
o g5 - 12+0% H | a 12409 =] - - 1e+09
2 S 2 ==
B[ E= 1 B 5 |- il R 5 b il BN
1e+07 1e+07
4 = - = 4 b -. | 1e+07 4 -_ i
a | 12+0& 5k | i 18+06 2 ] 1e+06
1 T T TR TR NN S B 100000 H B - ; [T N RS MR S S N 100000
0 1 2 2 4 S5 B T & 8 10 g 1 2 2 4 =5 B 7 &8 8 Ao 01 2 2 4 S5 & T & 8 10
Alomic Charge (£) Atomic Charge (Z) Alomic Charge [Z)

(c) 30 MeV (d) 40 MeV (e) 50 MeV



Alomic Mazs [A)

Residual Nuclei after 5 days

Aesidual Nuclei (Bgicma)

Alomic Maas [A)
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Beam Particle Fluence

Baam paricula fluance (beampariclaicm: Bzam paricule fluance (beampariicleic

e+l Fid £ 12+10

1e+09

¥ fem) Y

(a) 20 MeV — No biasing (b) 20 MeV

Beam paricule fluance (beamparicle/cm Beam parlicule fuence (beamparlicledc ) Baam pariculs flusnce (beamparicl
18+16 2 7 18+16

le+10 . i 1 1e+10

1e+03 12409

Y fzm) Y jem)

(c) 30 MeV (d) 40 MeV. (e) 50 MeV.
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Beam Particle Fluence

Beam particuls fluence (beamparicle/ema/s) Beam pariculs fluence (beampariclelema's)
2 T T T 1a+16 T T a+i16
e ] 18+15 N 18415
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Energy Density

Enengy densily (GeWicmais) Enengy densily [GeVicmais)
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Energy densily (GeWilemais)
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Energy Density: 2E06 primaries

Energy density Energy density
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Further Study

e Results
* Production rates before diffusion
* Penetration depth and Target Length
e Estimation of the minimum shielding required.

o Still in progress
e Optimization of Biasing
e Final target pellets composition
e Target chamber configuration
 Real data at Orsay.
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2506 primaries : Beam particle fluence

Beam pariicule fuence Beam parlicula fluence
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2E06 primaries : Beam particle fluence
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2E06 primaries, No Graphite Cap :
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