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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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Calculation of Lifetime of Charge-Exchanging Carbon Targets
in Intense Heavy Ion Beams

B.N.Gikal, G.G.Gulbekjan, V.I.Kazacha, D.V.Kamanin
P9-2005-110

Abstract: Influence of the radiation damage and sublimation effects on the lifetime of carbon targets used for
the accelerated ion beam extraction from cyclotrons by the charge-exchanging method is considered. The
theoretical models permitting evaluation of the carbon target lifetime depending on their and ion beam
parameters are presented both for the radiation damage and sublimation effects. It is shown that for the U-
400 cyclotron carbon targets 50 ugicm’ thick and for the ion beam flux density up to 100 pud/em’ the main
effect defining the carbon target lifetime is the radiation damage. If the carbon target thickness and the ion
beam flux density are greater, the target lifetime is defined alreadv by the sublimation effect. In this
connection “casting pipes” can be formed in the target, affecting on the mean energy and the energy
distribution dispersion of the ion beam lied through the target. Comparison of measured and calculated
target lifetimes is carried out.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions, JINR.

Communications of the Joint Institute for Nuclear Research. Dubna, 2005

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 11, 020401 (2008)

Calculation of the lifetimes of thin stripper targets under bombardment of intense pulsed ions

S.G. Lebedev! and A. S. Lebedev?

'Institute for Nuclear Research of the Russian Academy of Sciences, 60th October Anniversary Prospect, 7a, Moscow, 117312, Russia
2Lomonosev Moscow State University, Faculty of Calculus Mathematics and Cybernetics, Vorobievy Gory, GSP-2, Moscow, 119992,
Russia
(Received 10 June 2007; published 11 February 2008)

The problems of stripper target behavior in the nonstationary intense particle beams are considered. The
historical sketch on studies of radiation damage failure of carbon targets under ion bombardment is
presented. The simple model of target evaporation under intensive pulsing beam is supposed. Lifetimes of
stripper targets under intensive nonstationary beams can be described by two failure mechanisms:
radiation damage accumulation and evaporation of a target. At the maximal temperatures less than
2500°K the radiation damage dominates; at temperatures above 2500°K the mechanism of evaporation of
a foil prevails. The proposed approach has been applied to the description of stripper foils behavior in
Brookhaven National Laboratory linac and Spallation Neutron Source conditions.

DOI: 10.1103/PhysRevSTAB.11.020401 PACS numbers: 29.27.—a, 81.40.Np. 85.70.Kh

OT. 04/18/08, East Lansing

Proceedings of the 1999 Particle Accelerator Conference, New York, 1999

CALCULATION OF THE MAXIMUM TEMPERATURE ON THE CARBON
STRIPPING FOIL OF THE SPALLATION NEUTRON SOURCE

C.J. Liaw, Y.Y. Lee, I. Alessi, J. Tuozzolo, BNL, Upton, NY 11973

pafem® foils. A 225 pgfem® thick carbon foil was tested to
verify the analysis result. More testing to determine foil
lifetime is planned.

Abstract

The maximum temperatures expected on both 220 pg/em’
and 400 pgfem’® carbon foils, used 1o strip the | GeV I
beam at injection into the accumulator ring of the
Spallation Neutron Source (SNS), were determined by
finite-clement analysis.  This beam will have a pulse
length of 1 ms with a repetition rate of 60 Hz and an
average current over a single beam pulse of 18.2 mA. The
foil size will be 10 mm x 30 mm and will be mounted in a
20 cm dizmeter stainless steel beam pipe in the injection

2 THERMAIL ANALYSIS OF THE
CARBON STRIPPING FOIL
The carbon foil (10 mm x 30 mm) will be mounted in
a 20 cm diameter stainless steel beam pipe in the injection
area of SNS. Fig. | shows the layout of SNS injection
foil and the model that was used for the thermal analysis.
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displacement energy = |25 &
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Heat capacity 000 300 © X Data from the handbook [8]
Heat capacity (symbol: Cyj—as distinct from specific heat capacity—is the measure of the heat energy re
valug is proportional to the amount of material in the object; for example, a bathtub of water has a greater heat 2500 250
- e 4
Heat capacity is usually expressed in units of J K" (ar JAK), subject to the caveats and exceptions detailed i c=12.?-&2.8721'—.001451'21-3-121(107 T3-2.38){10" T

S5-gallon drurn has an average heat capacity of 347 ki

The uncerainty of an object's measured quantity is rarely better than one percent and this places an upper li 2000 200
to specify the defined state at which the measurement was made; e.g. "(25 °C, 100 kPa)." In most cases, it is
relative uncertainty that it renders this detail moot. An exception would be when an object has an accurately k
exception would be when the defined state varies significantly from standard conditions.

1500 1501
Table of specific heat capacities
Yolumetric 1000 100
ke241,54-, 4 72 578
Substance [ Phase _1Cp_1 (_:f‘m_1 _(1:" -1 heat capacity 241.54- 241T+41.088x 10 T-2.144x10° T
Jg 'K Jmol” KT b dmol™ KT [ Jem®K' +1.531x10712 T4
Air (Sea level, dry, 0 °C) gas 1.0035 29.07 20.7643 500 50— ’
Air (typical room conditions®) | gas 1.012 29.19 20.85
Aluminiurn solid 0.897 242 2,422 o I ; | I I
Armrmonia liquid 4.700 80.08 3.263 . 00 500 1000 1500 2000 2500 GOI[)D
Antirnony solid 0.207 252 1.386 Temperature {K)
Argon gas 0.5203 20,7862 12.4717 .
Arsenic salid 0.328 245 1678 C.Liaw et al., Proceedings of the 1999 PAC, New York, p.3300
Eerylliurm solid 1.82 16.4 3.367
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Range to plot (sec)
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MIgEs SO (30% on-off time ratio)
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S1 7.82E+02 2.69E+02
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Lifetime 6.80E+03 ~ 3E+04
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E Calculation of the lifetimes of thin stripper targets

— Set-up
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Intensity = I 1000 end
Thickness = I 0.5 mgfem2

— Beamn options — Pulse structure
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&

Fepetition rate = |3 Hz

ationaty beam &
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i— Material propertie:

epzilon [emissivity factor] = ID_4 0.1
target's atom

displacement energy = |25 e
fime = Iy K;jm exp [— i IT)
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? Table |
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O rotating target
— Shaps
 2-D Gaussian length "L"* = I 1 i
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Calculated beam characteristics
Beam power lost at the
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Influence of submlimation (Pulsing beam [1])

1125n Projectile Energy: 10.86 MeV/u
Pulsing beam On-off Ratio = 30.00% Pulse length = 0.1 sec;

Foil: C (0.5 mg/cm?)

Beam current=7.2e+03 W/em?2 or 5.9 pullem?;  epsilon=0.40

Repetition rate = 3 sec™’
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— Subrnlimation influence [Stationary beam' case [2]]- Integration by Euler’'s method exp{ -B
dlpha em K142/ sec with exponential step dh(1) _ . B yh(n)
[eq.13 far[2] ] = I?‘.838+1D defaul 7.83210 @ dt STt |
[Carbon] \ “@ @
“Stafionary beam" [ 775508 4. ) N _
F.;}: Iﬁg{?ﬁe ;S.;n e where ¢=0,242 ~ A He 11 the case of carbon foil (ue=12 g/mol, p= 2 g/em’) is
sublimation = I B.9e+02 haur p»M
l-l’ Height [time] & Lifetime [Bearn Current) X | o783 1010[67’}1 -K}é/s], B =4 P [K . cmi}{‘ /s].
\ hy-8-Gy-2

Influence of submlimation (Stationary beam [2])

Projectile Energy: 10.86 MeV/u Foil: € (0.5 mg/cm?)
Left plot: power lost= 1.6e+02 W/em?2 corresponds to current = 7.2e+03 W/em?2 or 5.9 puA/iom?
epsilon=0.40 Method [2]: alpha=7.8e+10 cm K12 sec!

Foil thickness ; T T =" 15133 Plifetime

24} 1 1e+30

7 H ' |——j = beam powe;

22 L 1e+26

1.8} 1 de+17

1.4} g

Thickness (micraon)
Lifetime (sec)
@
+
w0

08} J

06 E

PEOODODDO
=00 00~ ) U LORD —

—

PP S=taiotatoiaioi
v

-

8] 2 4 (5] 8 10 12 14 16 0.5 05 1.5 25 35 4.5 55
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P )

o Dialog : Sublimation[2] V:8!3.6' ©/e/08) TRRA AL

— Submlimation influence [“Stationary beam" caze [2] ] 1.00E- T o
alpha em K7[142) 4 s HoE S T -
[eq. 13 for [2] 1 = |?838+1|:| default 7.83e10[C) 100808 / A T For agreement with [1]
1.00E+18 =

( LISEcoef= [1.7 0.1 ...m[deﬂn.?]) ~
"Stationary beam" .
Foil lietime dus to [823e415 sec 1 0005
sublimaticnn=| 23e+12  hour § 1000 /, /f
1.00E+03 1]
hl Height [time) & Lifetime [Beam Curent] | S o ot Lsceost 1 LISEcoef=1.7
= 1.00E+01 i
£

1.00E+00 T T T T T T T T
/EIZ 0.4 06 0a 1 12 14 16 18
1.00E-01 *

1.00E-02

b\» 1.00E+07

1.00E+06

= B 4;' P - LISEcoef
\'lho 0,2

Lifetime, sec

Epsilon (& Epsilon reduced)

Influence of submlimation (Stationary beam [2]): Lifetime(epsilon)

Projectile Energy: 7.68 Meviu  Foill C (0LB mg/erm®)
Lefttop plot: powst lost = 41 Wicrmn? corresponds to current= 8.7e+02W/em? or 0.53 pua/em?
epsilon=0.20  Method [2] © alpha=7.8e+10 cm KVE gpe-
==

15}

14
n
@
w
— 1o}
o
£
=
=3
=
g
a 8f

21

2t

0 04 0z 03 04 0.5 06 oy [k} 08 1

epsilon

OT. 04/18/08, East Lansing 17



Dialeg: Radiation dameages

MICHIGAN STATE

UNIVYERSITY

L IS B

P )

— Radiation damages
Fd [atom

dizplacement rate] = I 5.27e0d 1 /cm2 e—

[1]’s algorithm was used

Target warming Lp

Foil lifetime due ta | 1466408 o
radiation damagez = [ 4 1a+02 hour

l-l Lifetime and Temperature from Beam Eurrer;J

temperature=| 24452 K [e] e

S,¢ —(5/4) 870
K;,=-"2=, = 50K exp[ ———|.
—> 4T3, d F'( T )
\A T P T 4' Y where P [W/em?] is the beam power lost in a target,
= —+
2-¢-0, calculated by means of the LISE++ code

Influence of radiation damages

OT. 04/18/08, East Lansing

Projectile Energy: 10.86 MeV/iu

Foil: C (0.5 mgfcm?)

Beam on-off time ratio Left plot : Pulsing beam On-off Ratio = 30.00% Pulse length= 0.1 sec; Repetition rate = 3 sec!
is applied for the epsilon=040 Displacement Energy=25.0 k1=50.0 k2=870.0
Radiation damages F————— T T T T p— y T T —
e Lifetime | Temperature for stationary beam ./ - 7 B
lifetime as the le+10 ¥ — =N reme Y S e
normalization factor - T I S T
1/ Ratio 1e+9 3 R —--— T8Kr rd S T8y
E . - I
2 A
i\\ ‘\‘ Vi K
1e+8 b e 1 5 s /
E A E S Vi
3 N N 3 | .
1 [ - NN ) P
e+i § Ny 1 SO S
E . 3 R J
[ RSN ] | g
lev6 b AN S S
g 3 RNEN 1= P
@ [ AT ] o S
o TR = A7
1e+5 k e 41 3 2} . S
o E SN 15 Ao
E o RN E R /
= L R N T 3 . ' /
:g Te+4 E \~_\ el \ 1‘ E s /
i 3 e I A
[ ST \ 1 = ’f/’ -
Te+3 § \\\ SN 1 ,r/'f S
E BN N 3 tesd | 0y
[ NN N ] L /
1e+2 | R L S
E RN \ C
C o T
le+1 \\\1\ 1‘ L
3 SO 7
5 . 5 E
1e+0 ] 3
-1 4] 1 2 3 4 5 -1 0 1 2 3 4 ]
Log10( ]/ [pudicm?]) Log10( ]/ [pudicm?])
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MICHIGAN STATE

“PAr @ Dubna: Radiation dameages

405r5+ 5 Meviu Emiss. = 0.8
Beam size = 0.5 cm?2 thick=50 pgfcmz

1.0E+03
+ Actual Lifetime
— LISE
1.0E+02
v
=
o
g f
o 1.0E+01
E
Z
a
1.0E+00 . . :
10 100 1000 10000
1.0E-01

Average current (pA)

v.8.3.6 http://groups.nscl.msu.edu/lise/8 3/Dubna_40Ar.Ipp
v.8.3.11 http://groups.nscl.msu.edu/lise/8 3/Dubna_40Ar.foil

OT. 04/18/08, East Lansing 19
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MICHIGAN STATE

“Ne:' @ Dubna s Radiation damzaoes

20Ne (5 MeV/u) Emiss. = 0.8
Beam size = 0.5 cm2 thick=50 pgfcmz

1.0E+03
+ Low Limit Lifetime
— LISE
1.0E+02
A
-
=]
<
o 1.0E+01 "
E
2
a
1.0E+00 | ! .
10 100 10 10000
1.0E-01

Average current (pA)

v.8.3.6 http://groups.nscl.msu.edu/lise/8_3/Dubna_20Ne.Ipp
v.8.3.11 http://groups.nscl.msu.edu/lise/8 3/Dubna_20Ne.foil
OT. 04/18/08, East Lansing 20
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MICHIGAN STATE

UNIY

ERSITY

2SNt 1086 meviu @ IVISU : CompEetition

1

112Sn 10.86 MeV/u
Beam size = 4 mm2 (rectangle) C-thick=600 ug/cm2
LISE++ version 8.3.6

-3 i
I _.‘_‘_’J -_l’ ror

1.00E+29
1.00E+27

T —&— Sublimation[1] e=0.8

1.00E+25
1.00E+23

N - = = Sublimation[2] e=0.8

v Radliation damages k1=50

1.00E+21
1.00E+19

v —{0— experiment

1.00E+17
1.00E+15

1.00E+13
1.00E+11

1.00E+04

Lifetime, sec

1.00E+07

[F‘

1.00E+03
1.00E+03

L~

1.00E+01
1.00E-01

“'L..‘.L
DO “\
--\_

1.00E-03
1.00E-05

i-q-”"'x

1.00E-07
1.00E-04

-'q.__,x

OT. 04/18/08, East Lansing

0.5 0 0.5 1 15 Z
Log10( j I [puAlem2])

25 3

v.8.3.6 http://groups.nscl.msu.edu/lise/8 3/MSU_112Sn.lpp

v.8.3.11 http://groups.nscl.msu.edu/lise/8 3/MSU_112Sn.foil
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MICHIGAN STATE

2SNt 1086 meviu @ IVISU : CompEetition

I [y

—t I,y

112Sn 10.86 MeV/u
Beam size = 4 mm2 (rectangle) C-thick 600 ug/cm2
LISE++ version 8.3.6

1.00E+29 "
1 00E+27 L = Cublimation[1] e=0.8

1.00E+25 = = = = Sublimation[2] e=0.8

1 00E+23 -

1.00E+21 x

1.00E+19 “- = cxperiment (4mma2)
L

jl] ggg E “\“ —d— cxperiment {(1mma2)

1 00E+13 L

1.00E+11 -,

1 0DE+09 .

1 00E+07 ™

1 0DE+05 [

1 0DE+03 ———

1.00E+01

1 00E-01

1.00E-03 e

1 00E-05 e

1.00E-07 —._."’<_

’][:I[:IE_DQ T T T T T T 1
-1 -0.5 1] (1.5 1 1.5 2 2.5 3

Log10(j [ [puAlcm2])

Fadiation damages k1=50

Lifetime, sec

OT. 04/18/08, East Lansing 22



Lifetime, sec

OT. 04/18/08, East Lansing

1.00E+29
1.00E+27
1.00E+25
1. 00E+23
1.00E+21
1.00E+19
1.00E+17
1.00E+15
1.00E+13
1.00E+11
1.00E+09
1. 00E+07
1.00E+03
1. 00E+03
1. 00E+01
1.00E-01
1.00E-03
1.00E-05
1.00E-07
1.00E-09

112Sn 10.86 MeV/u

Beam size = 4 mm2 (rectangle) C-thick 600 ug/cm2

LISE+ version 8.3.6

MICHIGAN STATE

UNIVYERSITY

S
s 1 S A

= 1blimation[ 1] e=0.8

= = = Sublimation[2] =03

Sublimation[2] e=04

—— Radiation damages k1=2

—{—cxperiment

Radiation damages k1=50

0.5 1 15 P 25
Log10( j I [puAlcm2])

F.Marti: radiation damage has proved experimentally 23



MICHIGAN STATE

UNIVYERSITY

238 76emevin @ MISU ;2

238U 30+ 7.68 MeV/iu 1euA
C-thick 600 ug/cm2
LISE++ version 8.3.6

T.00E+29 45

1.00E+27 1—

1.00E+25

= = =Sublimation[2] e=0.8

1.00E+23

—— Radliation damages k1=50

1.00E+21

1.00E+14

Y @ experiment

1.00E+17

1.00E+15

1.00E+13

1.00E+11

1.00E+09

Lifetime, sec

1.00E+05

T.00E+07 ===

1.00E+03
1.00E+01

hour F
minufe E

;
|

1.00E-01
1.00E-03

4mm2 fmmz2

1.00E-0%
1.00E-07

rectanale rectangle

or Jmme

1.00E-09

OT. 04/18/08, East Lansing

bausg Elsﬁ I I I I
-0.5 1] 0.5 1 1.5 2 2.5 3

Logﬂl{J [p“‘ﬁ”'c“ﬂ“ v.8.3.6. hitp://groups.nscl.msu.edu/lise/8 3/MSU 238U.Ipp

v.8.3.11. http://groups.nscl.msu.edu/lise/8 3/MSU_238U.foil
24
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238 76emevin @ MISU ;2

MICHIGAN STATE

UNIVYERSITY

238U 30+ 7.68 MeV/u 1euA
C-thick 600 ug/cm2
LISE++ version 8.3.6

1.00E+29
1.00E+27 4

1.00E+25

= = =Sublimation[2] e=0.6

1.00E+23

—— Radiation damages k1=2

1.00E+21

1.00E+14

@ experiment

1.00E+17
1.00E+15

1.00E+13
1.00E+11

1.00E+04
1.00E+07

Lifetime, sec

1.00E+05 F——

1.00E+03

1.00E+01
1.00E-01

1.00E-03
1.00E-0%

1.00E-07
1.00E-09

-1

OT. 04/18/08, East Lansing

-0.5 0 05 1 1.5 2 2.5
Logl0{j/ [pulicmz])
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MICHIGAN STATE

IHF 750kev: 20ma @ BNIL 3 Sulslimation

P 1 S B

— P ) T F

TABLE 1. The parameters of /™~ beams

Energy Duration of an impulse Frequency The maximal current The beam size

BNL linac 750 keV 0.5 ms 6.7 Hz 2.02/2.2 mA 3 mm diameter

Influence of submlimation (Pulsing beam [1]): Temperature
"HProjectile Energy: 0.75 MeVA1  Foil: C {0.23 mg/icm?)
Left plot : Pulsing beam On-off Ratio = 0.34% Pulse length = 0.0005 sec; Repetition rate = 6.7 sec!
Beam current = 2.2e+04 W/cm? or 3e+04 puAfem?;  epsilon=0.80

aﬂm T T T T T T T T T L :
Ref [1] 2.88*3 — Power Last (% to t=0
LISE**
ZR00+ |
24e+3)
2000+ | s
¥ 3
> 2
5 ‘E 1.86+3
T 1500 15
: :
E - 1.2e+3}
1000+ |
500 |
SO0 5
400 |
0 I ' . . ! L L 1 ! 0 | | | | ]
g 01 02 03 04 05 06 07 08 058 1 0 01 02 03 0.4 05 06 07 0s

) Time (sec)
time [5&c)

FIG. 1. A temperature field of a BNL linac target in the first

SECDI](I Df Wﬂl‘k ata pUISE current Df2 ]]]A' v.8.3.11 http://groups.nscl.msu.edu/lise/8 3/BNL H 750KeV_2mA.foil
OT. 04/18/08, East Lansing 26
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MICHIGAN STATE

sma @ BNIL : Sublimation THLAvILS

3.6e+d
o7 LIS E++ 32043
015 28043
]
$ L gens
E 013 g ‘
@ ]
H 5 2843
c o
T o £
£ F 1gen
0.09 ‘
12043 ‘
007 ann ‘
200 | I Iy sttt .--”... fl I I
0.05
10 2 30 40 50 0 70 0 90 1ne o
Time (sec) o 4 8 1‘; (se) 16 20 24
ime (sec
35‘:’:‘ T T T T T T T T T
0,00020
'l".
0,00018 | \
14
0000164
Fonon] \
S 0,00014 \ =
2 \\ e
0
£ 0,00012 4 Ref [1] E
@ L") 2
3 ~ :
£ 0,00010 e .
3 1 S~
[ e
0,00008 T
4 -\-H_Hq_"‘“— —
-\_‘_\__‘—\—_
0,00006 - — |
0,00004 . T . T r . . T . 0 L L L L ! ! . . !
i} 20 40 &0 80 4] 10 20 30 40 50 &0 70 80 90 100
" time [sec]
time [sec]

FIG. 3. (Color) Deformation of a temperature field in a target of
BNL linac, caused by the decreasing of the foil thickness due to
its evaporation.

FIG. 2. Nonlinear foil thickness decreasing caused by the
recluction of temperature at the BNL linac pulse current of 3 mA.

OT. 04/18/08, East Lansing v.8.3.11 http://groups.nscl.msu.edu/lise/8 3/BNL _H_ 750KeV_3mA foil 27
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CHIGAN STATE

v.8.3.3.  Plot dialeg: button “INzZ chart™

P 1 S B

P )

Choose a Plot Type

" TWi-dimensional # M2 chart |

"Dimensinn of the plat

Set the next parameters:
"2D", X="N", Y="Z", "N"=0-200

transmiszion characteristic to draw a plat

IDS Surn of all reactions [pps) -
—Flot typg————— Fhifn = IT nction of ————
% |zotopes. Z=cohst s = IT / € Z [pratons] al0l

[3] Sum of all reactions (pps)
“0ar (140.0 MeViu) + Be (500 pm); Settings on 7°S; Config: DDSWDDMMSMM
dpfp=1,00% ; Wedges: 0; Briio{Tm): 34571, 3.4571, 34571, 3.4571

|sobars, A=const & A [nucleons)

|sotones, M=const & Al N [neutrons)

|zospin, N-Z =const

h-ZZ=conzt

' Even CN-2Z 19
Gl
sumfwalue]; Z=canst ] 17
sumfwalue]; A=canst s K x Quit | L
Bs.
g

C 0dd = N-Z [isospin]

i Nte Nia Nt Mg Nia Nie Nie

MEREE t
sumfualue]; H=cornsl 15

Choose a Plot Type

13
Dimetizion of the plot .
il
’7(_. OME-dimensional & Tw/O-dimensional w 1
2
transmisgion characteristic to draw a plat o 9
|D3 Sum of all reactions [pps) j
7
—Plot typg————— il = IT —Yertical Agis
" lsotopes. Z=const Mrnas = IW (¢ Z [pratons] 5
" Isohars, &=const & [nucleons)
&+ lzotones, M=caorst J & Al j N [neutrons] ,
T lsospin, N-Z =const - Dod " NZ [izospin) .
& N-ZZ=const
" Ewven O NE 1
& <Ne/2
2 4 & 8 10 12 14 16 18 20
) sum(value); Z=const el Meutrons (N)
£ sumfvalue]; &=comnst WS | X out |
) sum(wvalue); M=const

OT. 04/18/08, East Lansing 28



MICHIGAN STATE

v. 8.3.2. Raysigenerator @ IVienterCariodiaion

BER -

Rays generator

LISE** MC output rays file can be used for other Setting Fragment -~ File Format
32576+ 16+ Wurber of fields = IT
programs as COSY, MOCAD', MOTER Prajectile Fragmentatian W2 e (it o = 1.10
Header [zettings, figld namesz) I~
Gate Field zeparatar Itab j
[ e gate
Monte Carlo calculation of fragment transmission | Field Parameter
o-coodnate—————  ~V-coodinate—————————— -
A Element £ /- Table of After BLOCK, After BLOCK ! IX[CI‘H] J
[E [ [= Muciides [os = | | Jos =l 2 [Ri(Theta) [rorad] =]
)z =
I Stable =l = 2 mim £l mm 3 |Y [=m] =]
T mrad R mrad ——
¥ mm &y i aher BLOCK. (RN 4 |Y'Phi [rrad] I
— Charge states P mrad O R mrad 5 Ide‘lP 5] j
Im et & drip % & drap %
_I Dutput R ay file & IH[ ] j
C R [f4Y)]  mm COR[AXY)]  mm L
8 T mrad & T mrad By MC_LISE.rap |
— Reaction mechanism =
IF'roiectiIe Fragmentation j " Energy el C Enengy Ll
" TKE e " TKE Met
" Marnentum Meii/c  Marmenturn Met e
 Brho T*m  Brho T*m /
MC transmisgion optiong |  Velocity cmihz 7 Welocity e a
i Run
 Energy Lozs el “ 033 Mes
® B mn_=" ¢ Fange o X » Mumber of Rays = 100 1..10 000
Energy e\ Energy b LIk
1 “Miskibtont i W " Depostion  /particle I™ Make Defaul
g
. )  Time of fight ~ ns  Time of fight ~ ns
By D/ 9 9
( = MC zalculation to file £ Length " £ Lengh "
\—/
IStlipper ﬂl == Start - IStrippel j
% Monte Carlo calculation IFP_PPAED ﬂl < Stop > IFP_PP'AED ﬂ Fized Races
2D-plat
M ¢ param * Theta e I Phi Length unuzed Delta Fimasz
I~ &ddin the previous MC plot window Gate 1 i} 1] 1] i} i} 1] 1
no gate £y Settings | 2 0 175 0 0 0 0 0 1
! 3 1] 175 1] 1] 1} 1} 1] 1
Quit
5 1] 0 1] 1] 1} 1} -4 1

Cancel Help

OT. 04/18/08, East Lansing M.Portillo’s request ”



V. 6.5.2.

Rays generator @ VienteCarlerdiziog

32S : Monte Carlo Transmission Plot
40Ar (140.0 MeV/u) + Be (500 pm); Trasmitted Fragment 32S (Fragmentn)
dp/p=1.00% ; Wedges: O; Brho{Tm): 3.4571, 3.4571, 3.4571, 3.4571

MICHIGAN STATE

UNIVYERSITY

L IS B

— P ) T F

Continue

"D3" - last block for MC calculation; no gate; Configuration: DDSWDDMMSMM

09}
0.7}
Be patient, I'm working ....
Generating Ray file
0.5¢ - i SUM )
Tonbko cnokoACTBMe... - - - = ) 1.000e+02

— Bcé byner npocro samevarenbHo! = - - M
5 03} Restez calme...... Tout va bien! " . - _’/Q-P-PG-\
o -n
o .
Pyt 0.1} B et B
o ot
@ -0.1 LI B 500
£ N 321
© = - 206

0.3 e = —

- = < The gate condition works also in this mode
05 - - < The status dialog appears
' < “Xvs.dp/p” plot for block selected in the dialog
07 < Stop after passing the set number of rays
' < User can see fragment transmission
0.9 < It is possible to continue calculations
s I
-30 -20 -10 0 10 20 30

16-04-2008 15.56:04
LIS E++ [Monamel

after "D3": X [mm]
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MICHIGAN STATE

v. 8.3.2. Raysigenerator @ IVienterCariodiaion

4L
L 1 A

Mumnber of figlds = I G 1.10 =l eeperdr Itat| j
Default : “ Lise / files” directory Header [zettings. field names) v semicalan
: H “ ” camma
File Extension: “ *.ray space

Murmber of Rays = 100 110000

g4 Microsoft Excel - MC_LISE.ray

J@ File Edit Yiew Insert Format Tools Data Window Help  Adobe PDF

DEHEBR $RBRB I %[0 -

L W e

| arial -0 - BIUSE=E|8%, WS EE D -
= j =| FParameter
& [ = [ - [ O [ F IX[CITI] =l
¥ | after block "D3", setting fragment: 32516+ 16+ (Projectile Fragrmentation); N_fields=6; N_Rays=100 ' )
I [crm] W(Theta) [mrad] ¥ [cm] Y¥'(Phi) [mrad] dPeP (%] R [cm] ﬁ[[m?‘a] [rorad]
ERERLEET -2 6050 O 04TEEE PN 036005 TUaE2 (Phil [rrad]
4 062407 21149 0071354 -35.464 016432 -0.62314 dP/P %]
5 |-0.45322 £.2097 0061536 36,609 -0.062179 045735 R [em]
B |-1.1834 4.7951 0.055015 43,229 -0.38254 -1.1847 A [mrad]
7 |1.3138 1.6404 00441 18.405 0.48319 1.3145 Energy [Mel//]
TKE [Mev]
8 |0 85640 12187 0.0R3159 11979 032617 083915 Mamentum [Gev/c]
9 |.031787 55579 0092923 55669 -0.037499 033117 Erho [T#m]
10 0R1817 221843 10.0R9R35 25 022156 0 62208 Length from T arget [m]
11 11,5034 35325 0.07518 32167 0.47211 16053 Tine from Target [ns]
12 052688 13857 0.0034279 13.961 0.09457 052689 < [atomic rurmber)
[ [ion charge]
13 |0.19008 5.6746 0.051224 £2 402 0.005442 0.21054 Mass [amu]
14 1.0425 2.4159 0.085673 472017 0.39235 10461 0 [empty]
15 |0 43877 5041 0049054 .37 954 014265 0 44151
16 |0.061641 8.5607 0.040272 -30.947 0.046527 0.073631
17 |-0.8519 -2 3RA1 013151 19 545 -0.40507 -0.BF199
18 |1.3544 2 3048 0.018947 40,326 0.43535 13845
19 |-0.1149 -3.1566 -0.044549 3067 -0.043274 012334
20 |0.72907 £5.06511 0018035 25 555 0.15504 0.725932
21 |1.1621 20187 0036332 39,993 0.43229 11627
22 |-0.56236 2433 009753 10,679 023207 057075
23 |0.46248 2019 012158 26,767 0.20971 0.47519
24 |1 0R22 2 (58 0075115 -39 593 -0 40481 -1 0848
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MICHIGAN STATE

v. 8.3.1. 2D plot Contour: : new calculatedNValIERIXY RNt ies 1

SCL Ly 1 O I
E 325 : Monte Carlo Transmission Plot i I [m] 5
328 : Monte Carlo Transmission Plot L
40Ar (140.0 MeV/u) + Be (500 um); Trasmitted Fragment 2§ 16+ 18+ 16+ 18+ (Fragmentn)
dp/p=1.00% ; Wedges: 0; Brho(Tm): 3.4571, 3.4571, 3.4571, 3.4571
Contour
Sum 1 16e+03
MWlax 3
08} <X=-0.1889
by <=0 22e-05
1 dx 2.501
06| dy_0.2902
7 =X¥= 01002
SU
| 1.1608+03
— 04 CPU speed
5= 0 pps
o 0.2¢t
o
=
35.559-17
T
5 02}
04}
-0.6 |
-0.8
-1t
-10 -6 -2 2 6 10
R after "D4": X [mim]
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LISE** development steps in the near future

| .y

by A W AN

< Densities in LISE.xls (D.Morrissey)
< Stripper foil lifetime utility : keeping parameters in LISE** foil file (*.foil)
< Finish analysis with the Stripper foil lifetime utility

Comparison with experimental data
1125n @ MSU
238y @ MSU
H- @ BNL
H @ SNS

Analysis of some parameters

Current, Interaction area
Foil thickness

Beam energy

Emissivity factor

Heat capacity

Alpha

k1, k2

rotation target frequency

0
0’0

Q3D configuration file (S.Lukyanov)

.0

Solenoid block (D.Morrissey)

% LISE** site

FSEMO8 presentation
Stripper foil lifietime utility
MOTER

*,
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