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Introduction. Settings

Use this checkbox to make the
code to consider this material as
secondary target
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Pink background shows that
reactions will be calculated in
this material
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|5l statistics 34Ne

J4le Beta- decay (Z=10, N=24)
Q1(D1) 10 10 10
Q2 (D2) 10 10 10
Q3 (D3] 10 10 10
) ) ) Q4 (D4) 10 10 10
% The “Secondary reactions in wedge” task can be considered as [ production Rate {pps) 2.3%e-8 _2.05e7  4.12e-3
) ) Reaction (SecTargZ SecTargl) Fragmentn
the secondary target option of material block. Sum of reactions (pps) T T2e-3 4,123 4.12e-3
C3 in the target [tk ) T7.97e+0 1.24e+1 S5.33e-10
o . Total transmwission 1% 1.559e-13 3.95e-15 24,4185
“ Any material block can be used as secondary target Target (%) 7.27e-11 7.27e-11 92.8
X space transmission (%) 100 100 100
0 T T i i (%) 100 100 100
< Fragments produced in the secondary target for next LISE | puceacred in marer.  (5) o o) 2.0
calculations assigned to “Secondary Target #' production | jasteeeed inmascer. [} = R SETIT:

i e 1 i X oa i3 21 - = 100 pRuln] 96.01
mech.amsrlr), where “#" is the target order in the secondary z aﬂﬁ’%ﬁﬁﬁsﬁt Filfb]ec“le o o o
reactions list. 100 52.18

g 100 52.18
i i 100 76.66
% The “Secondary target” production mechanism can not be set as | z space transmission () 100 100 76.71
. . . . v space 1000 iFaRsmMission _oe— | 100 100
primary production mechanism in LISE - ang‘ﬂ?tﬁwnﬁndafytarget 100 100 100
¥ angular transwisn. (% 100 100 100
< The “Secondary target” (ST) production mechanism is based on | Siae cranemission o) s o e
2 : : 2 2 12 wedge (%) 100 100 98.65
the _ Prt_Jjectlle fragmentqtlop _reactlon mechanlsm_ (gngular Urreacied in water. (1] o e e
distribution, momentum distribution, EPAX parameterization for Unstopped in water. (t%; 100 e
production cross sections). Unreacted in mater. (%) 100 33.73 33.73
Tnstopped in mater. 1% 100 100 100
o 0 o 0 . D3 (%) 2.45 4.79 99.51
% Slits of a material block are disable if the “Fragment production | x space transmission (%) 25.32 47.55 100
0 o ” 2 E T space transmission (%) 100 100 100
In mate”al Opt|0n IS turned on. ¥ angular transmisn. (%) Z3.41 23.9 100
o » o7
sion: ¥.10.5 beta : : : : : b N g : JTY :

’ [ |

@m * * ] L L) L e

N qc L 0 . [ = Ly = L L) st - o Ll - = * pt ) L)

* - - - - - - - "

Prajectile Fragmentation L]




The "Options of Fragment Production
in Material (Wedge)” dialog

st |

Ophions  Calculations  Ulities  10-Plak 2D-Plot Dats

Preferences

Production Mechanism

Prefragment Search and Evaporation options
Excitation energy of prefragrment

Cross Seckions

Options of Fragment Production in Material (wedge)

Zriss Section File
Qptions of Fragment Produckion in Material (wedge) )

Secondary Reackions in target
Isotopes

Dimenzion of distributions used for o
fragment production calculations in
b aterial or Wedge

Lze fragmentz produced in Matenal [edge] for fragment
production in the fallowing b atenal or Wedge with the Yes 0 " Mo
"Calculate fragment production' option turned on

Method ta calculate kinematics of

g " Py e " < "Dizpersion"
fragment produced in katenal or Wedge Distribution & £ "Gaussian £ [spegial case]
Riate Threshold for the Tof s o setallto zet ll to
/ parent-daughter link = /4 Acourabe ﬁ Faszt
Q Show statitistics of fragment ‘ Calculation Rectangle of fragments produced in Material

" praductian in Materials Mwedges)

*DAUGHTER regaon *

i M
firzt cormer =» 1H | mir |1 0

gecond corer =3 48Ca max | 20 28

important option
to decrease a link number
for heavy primary beams

[ Make default

Ok X Cancel

Calculation rectangle of fragments
produced in Material (version 7.10.10)
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Yield of fragments
produced in materials

[3] Sum of reactions  (pps)
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III 4
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M Al

Class PARENT
Class LINK (connect parent with daughter)
Class DAUGHTER {LIST of links}

Each secondary target has PARENT LIST
and DAUGHTER LIST

If transmission calculations are cleared than
Parent and Daughter lists
(for each secondary target)
will be celared too.

The LIST template is based on the Standard
Template Library.
(Not fast, but no problems with memory
allocation)




Statistics of fragment production in materials

Calculations  Utilities  1D-Plot  2D-Flot  Databases Help

Tune spectrometer for sekting Fragment on beam awxis
Tune spectrometer For sekting Fragment at middle of slic
Goodies
Calibrations

smission and rate

Opkirmumn Target

Optimum Target-Wedge and Wedge-Wedge configurations
Brho scanning
Cptimum charge state combination

Phyysical Caloulator
Kinernatics Calculator
Mathematical Calculakor
Evaporation Calculator
Fusion-Residue Calculator
Platrix Calculakor

Cne nucleus

Area of nuclei

All nuclei

Prewvious calculated area

Transmission statiskics

Secondary production target statistics

Clear rake calculations

Clear all &8,FR,FF,CF,AF, and Sec.React calculations Choose the material from the list

if them more than one

Secondary Targek Statistics El

Secondary , -
targer | H1:12_wedge =]

— Partial analysiz

{* Parent [outcoming]

g2 12 5C

TALTILET O areTT I [m]a]

Murmber of daughtersl 194
M urnber of Iinksl /OO0

Taotal intensity of parent nuclei
before the secondary target I 1.91e+06  pRs

T atal intenzity of daughter nucle
after the secondary target I 1.36e+03  pps

x it

" Daughter [incoming)

/' Chooze fragment |

l 40kq
Mumber af daughters: 150

#  Showlinks |

p Generate the alklink table
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Secondary production target statistics
x ﬂ

: : Secondar ) - = ;
Seco::rlga::ﬂﬁz 12_5C1 LD |'F'alt|al analysis targe!': [[nz. 12 50 _J St
[ + Parent [cutcoming] ] ™ Paent [outcomingl
Number of parents 260 " Daughter fincoming) T B parerts 250 + Daughter [incamingl

Mumber of daughters I 194

/' Choose fragment |

Murber of daughters I 194
Choose fragment
Mumber of links I 193324 Q

Mumber of links 19334
l 158 l 158
Tatal intensity of parent nucle - Total intensity of parent nuclei .
befare the secondary target l T.91e+lE pps MNumber of daughters: 43 before the secondary target I 1.31e+08  pps MNumber of parents: 131
Tatal intensity of daughter nucled - 1| Tatal intensity of daughter nuclei )
after the secondary target l 229e+02 pps Shaw links I after the secondary target I 223402 pps 5’ Show links |
Q Generate the all-ink table X Ouit | F Generate the all-link table X it I
-E-'::l""userl""cl""lise—p p_84resultsiparent_158B_links_target2.txt 'E'c:"-.,user"-.,c"-.,lise _pp_8hresults’ daughter_15B_links_targetZ.txt
Fragment: 15B 5+ G5+ rgment' daughter
Humber of dauwghter links for all 15E charge slates and reactions = 48 . _ _ H -
Humber of daughter links for concrete 15B ionfrsaction = 24 Eséiigénégnslt? _ gzgz_'_gs EES reac“?n 9=>it mea_ns
Reaction = PrDjECtll? Fragmentation Energy = 119 774/-15 63 MV u reaction prﬂducts in
Charge state order = 2 E-position = 21.284--62 95 mnm the secondary target ~1
Intensity = 1. 19e+04 pps Y—position = 0.00+--0.79 mm
Before target: Energy = 135.37(+ -3.38) HeWV-u ig:zggiz : E%gijﬁiéés?gsmizz‘j
After target : Energy = 135.11(+--3.38) MHeV.u Numbeg of parént links' - 19
1]\-1‘ D?Egh' (5:539 oo H* Parent [ Rea-n ) Energy dEnergy F_Inten=s S I=CS
-3det 1 17B g 12636 10.12 1762e-01 1.83=401 2.97e+00
% gﬁ ég%e’fgé 2 17B 0 105.33 1.06 2.892+02 1.83=+01 5.29e+03
i £ 5-?38+DD 3 19E g 104.71 5,98 €. 33e-03 1.36e+0l 7. 25e-02
= -7det 4 198 0 8341 484 £ 96e—-02 1.36e+01 8. 11e-01
5 e 1.12e+01 5 16C g 12306 1489 9.37e-01 5.90e+00 5.53=+00
& EHe 3. &let0l & 17C g 126.10 .89 1. 01e+00 5.74e+00 5. 80=+00
7 SHe 2.97=-01 7 17C 0 14981 4.79 E.12e+02 G§.74e+00 2.94e+03
8 6L1 1.17s+01 B 18C g 123.03 12.55 1.42e-01 6.03e+00 2.06=+00
3 7Li 1.21e+01 g 18C 0 134,30 5. 40 2.06e+03 6.03e+00 1.24s+04
10 8Li 6.91s+00 10 19C g 10781 1234 L. 44202 5.93=+00 3.23e-01
11 3L1 3.09=+00 11 19C 0 120.10 E.75 7.972+02 5.932400 4.73e+03
1z 11Li 4.39s-01 12 20C g 122.30 £.96 2.08e-02 G§.63e+00 1.17e-01
13 7Be 4.08es+00 13 20C 0 107.78 E.95 8.38e+01 §.63e+00 4. 71le+02
14 9Be 1.54e+01 14 22C g 102.14 14,44 1.40e-03 4.81=400 6. 73=-03
15 10B= 1.382+01 15 22C ] 87 45 6.07 E B0e-02 4 81s+00 2 79=-01
1s 11Be 9.53e+00 16 17H 9 121.82 12.32 8 182—02 G5.06s-01 4 142-02
%g ﬁgz i%g::gg result filename. 17 18N 3 134.29 17 44 9 62002 9.27e-01 8.32e-02
: 18 19N g 115,37 13,96 1.14e-01 1.33e+00 1.5le-01
18 8B 4.61e-01 file can be used by 19 20N 9 121.80  6.64 1.22e-01 1.64=400 2.01=-01
<0 10B 5.84s5+00 other Windows applicaton 20 208 0 143.74 .84 6.70e+01 1.64=+00 1.10e+02
21 11E 1.14e+01 21 218 g 114 .85 a.70 §.77e-02 1.86e+00 1.07e-01
22 1B 1.66e+01 22 21N ] 131.89 £.97 2.07e+02 1.86e+00 3. B4e+02
23 13B 1.98=+01 23 228 3 102.09 14 .51 1.03e-02 1.98=+00 2.05e-02
24 14E 2.66e+01 24 228 ] 119.52 7.02 1.24e+02 1.98=+00 2.46e+02
25 23N g 123.30 16.10 2. 13=-03 2.052+400 4. 37e-03
26 23N 0 108 .56 7.02 2 04e+01 2. 052400 4.19e+01
5 113.91 1238 £ 5 2

27 180 .07e-03 .44e-02 .76e-04
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in materials

| = [=] 3
M . dEnergy F_Intens CS m ﬂ
1 1H 2H g 129, 61.43 3672402 4. 032+00 _
2 18 20 i 267 75.02 2.Che+02 4. 03=+00
3 18 30 g 142, £3.41 1.38e+402 4. 83=+00
— 1 1H 30 0 130, £9.37 8. 21e+05 4. 83=+00
c 1R Ahe 3 111 25 35 4 hleidi £ tleinn
econdary . - — 3 ; b 1H 41He 9 138. 56.73 1.95e+02 & 7Z2e+00
( ey |2 125C) Tl) [Fatialanabsis 7 1" £He 3 132 5861 377401 & 20e+00
@ P e a 1H &He 0 132 .98 59.90 6.70e+05 6. 20=+00
9 1H SHe g 128 96 £3.52 1.06e+01 & 312+00
Mumber of parents l 260 & Daughter [incaming) 10 1H 8He a 77 .84 45 .10 1.17e4+03 &.31=e+00
11 1H 6Li g 13216 58,36 6.11e+01 6.27=+00
Murnber of daughters 1394 /' (S — 12 1H 7Li 9 1320.84 58.86 8.7%+01 6. 33=+00
Mumber of ks | 19334 13 1H 8Li g 103.17 55,95 8.182+01 6. 322+00
= 14 1H 8Li 0 168 64 £2.41 3.94e+04 & 322+00
Total intenzity of parent nuclei 12 1% 3%1 3 i%g ’ Zg gg . g; g ’ ggmgg g ’ §$B+gg
+ g . 1 . . .bde+ L27e+

befo the socondary target | 1915406 PP Humber of parents: 131 17 1" 1171 3 116 63 G5 &0 2 95e+00 & O06e+00
intensity of daughter nuclei 18 1H 1111 0 91.01 1984 1.46e+03 & 062+00
ol Semﬁdaw e [228es02 pes [  Showlinks | 19 1H 7Bs g 130.04 53.52 4. 65e+00 6. 342+00
20 1H 9Bs g 125 .22 5342 2.03e+01 6. 272+00
21 18 10Bs g 12290 55,28 249401 6. 17=+00
* O | 22 18 10B= i 182 .39 63.60 326401 6. 17=+00
23 1H 11Be g 115 .99 5533 2.10e+01 6. 05=+00
24 0 2.15e+04 & 052+00
25 g 1.49e+00 5. 91=+00
26 i 6.78e+04 5. 91=+00
27 g 6.27e—01 5. 57=+00
28 0 7.96e+02 5. 57=+00
29 g 1.24e-01 & 332+00
a0 g 1.55e400 6.152+00
a1 g 2.94e+00 6. 02=+00
32 g 4.05e+00 5. 88=+00
13 g 4.73e+00 5. 73=+00
a4 0 2.85e+01 5. 73s+00
a5 g 4282400 5. 562+00
36 i 4.11=+403 5. G6=+00
. . . 37 g 3.13e-01 5. 39=+00
The size of this file about 1 MB. 28 0 1.19e+04 5. 39e+00
a9 g 1.62e-01 5.02+00
40 0 2.892+402 5. 02+00
41 g §.332-03 4. 64=+00
icti i i 42 i §.962—02 4. 64=+00
All statistics files are located in iz : 3 3ge-02 4 Gdethi
: 14 g 1.468-02 & 152+00
the <LISE/results> directory 1e ; AT TR F
46 g 1.962—01 5. 54=+00
17 g 1.092-01 5. 68=+00
48 g 6.41e-01 5. 522+00
ﬂ_l =] 2 NE=_n1 C 2f=ann
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Kinematics of fragments
produced in materials

Just transmission of two

. reaction target #1
nuclei was calculated

reaction target #2

dil reactions sepdar.

Energy after secondary target #1 | Energy after secondary target #2 | —
Te+3 Eoy) Te+3 21y
le+2 Te+2
24 r

1o+ Te+1
& 35 —
- e+l
%1E+|:| 3
z z
% P
g Se-1
ole-1 hnt
° ®
> =1p.7 just one link 24R-> 220 (ST)

1e-2 /

just one parent

1e-3
/ 20 SecTarg

20 SecTarm]

1e-3

130 134
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Tield (pps/mrad)

Tield (pps/mrad)

e+l

e+

1e+d

1e-1

1et

e+

e+l

x'angularl

=01

24 FAO0MEE

Targ 1M 0%

-250 -2580

-150

-50 &0 150 250 2R

Angle {mrad)

weangulard

Z20 1m0

Z¢ FA00DF

2| SecTang 1 000%

Yield (pps/mm)

Yield (pps/mm)

Kinematics of fragments
produced in materials

le+Z [ space OU
1a+1 :

Tetl|:

1e-1

1E-4§

=
e

Z0:i000oE

20 = cTargl-1m

-10a0

Yield (pps/Tm)

v space OU

ZoimoE
Tet+3|,

TetZ |;
! Z4F 1O
Tetd|;
1e+d |
1e-
1e-

i 0 cTarg 1000
1e-3 |

;agfter secondary target #

=Treld (pps/(MeViu))

1e+d

1et+d

1e+3

1e+2

1a+1

e+l

1e-1

1e-2

e+l

e+l

1et1

1e+0

1e-1

1e-2

Momenturm QC

20, SecTang

Brho {(Tm)

45 454 452 462 4668 47 474 472 482 4856 40

Energy OC

Just transmission
nuclei was calcu

20 _secTang

ZsF

N

of two
lated

122

126 120 124

128 142




Kinematics of fragments produced in
materials (wedges)

Secondary Target Statiskics il

with Secondary Target option

All fragment transmission

- 5 eu:otndar_l,tl — Partial analyziz
‘ arge
L After secondary target #2 O o Gt
. Murnber of t I . .
o’ 1Be AL Cinil=] @ [RElEE EG = Daughter [incoming]
— 143 I_
S ke X Humber of daughters 134 /" Chooze fragment
E Be j9n ) & Humber of links l B000
= g oBe 40k
g Y B aH l g
=y Ae Taotal intenzity of parent nuclel )
% i befare the secondary targst I 191e+06 Pps MHumber of daughters: 150
> il Total intensity of daughter nuclei )
Z a ( after the secondany target l 1.36e+03 P2 F Show links
| Generate the allfink table | X Qui
angy Secondary Target Statistics ﬂ
ecu:updaryt Im — Partial analysiz
argel -
120 60 700 740 780 & Parent [outcoming)
+ Parent [autcomin
Energy (MeViu) MHumber of parents I 2E0 . .g
o[ FP slits. I ) out " Daughter [incoming)
_shits-Energy: outpu MNurnber of daughters I 194 .
Te-1 : /" Choose fragment
i ( Mumber of links l 19327 ) I po
3 g

with Secondary Target option
All fragment transmission

a0

110

120 150
Enerav (MeViu)

Tatal intenzity of parent nuclei
before the secondary target

1.97e+06 PP=

MHumber of daughters: 300

= lelf Total intenzity of daughter nuclei )
§ of ( after the secondary target l 2 28e+02  PPS p Show links
@
g 2| T Eﬁenerate the: all-link table | x Cuit
2 sl A :
& E e

5t

2 i 10Be

et b 18 File “06506_40Mg_AI300 SR.Ipp”
5t
2 hO
T70 90




I2_wedge-Energy: output
#BCa (140.0 MeV/fu] + Be (7568 mgicm?); Seftings on #Mg; Config: DDSWDDAMSMMM
dp/p=5.07% - Wadges Al (300 mg/om?): Brho(Tm): 5 3665, 5 3665, 5.2305, 5.2305

12Be

Parent contribution
(Kinematics)

Yield (pps/(MeViu))

12Be: SecTarg1
mostly 14Be > 12Be  All parents -> 12Be

mostly 15B -> 12Be

N

J
75 85 95 105 115 125 135 145
/ Energy {(MeViu) /
output H H H H H | ¢= output H H H H H b
Te+d 250 Te+d 1250
i 1
1e+3 E. -; Te+3 E S
: 4Bea : :
_ le+2 E J_ ez E
5 : 1= :
3 : 1z -
= =
— 1Te+1 —
- E- _; = Te+1 E
o - 1=
= - 1= o
= - 1= N
2 1a+0 2
= E 1= e f 15B -> 12Be
C 14Be -> 12Be 3 3
Te-1 E. -a 1e-1 E
N ZBe SecTargl ] o 1ZBe_SecTargl
1e-2 i
E i 1e-2 E
=10 an 100 110 120 120 140 140 ‘]1'0 1&0 ‘]éo ‘]«;10 15.0 1éO
Energy (MeV/u) Energy (MeV/u)
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"Distribution” method - fast copy of
processes in the primary target

Parent LINK Daughter
5 distributions (dimension NP=8)
X — horizontal spatial X = Xparent Sum of all link X distributions
X'- horizontal angular X' = X' parent ® X' reaction Sum of all link X" distributions
Y — vertical spatial Y = Yparent Sum of all link Y distributions
Y’ — vertical angular Y’ =Y’ parent ® Y’ reaction Sum of all link Y’ distributions
E — energy distribution E = Estraggling ® Erectangle ® Sum of all link E distributions
before target Egoldhaber ® Eparent
Erectangle — due to energy loss difference in All distribution areas are
target between projectile and fragment normalized on link intensities
Egoldhaber — contribution due to reaction

Properties

| — intensity (pps) | = Iparent * ¢ (EPAX) * Thickness(atoms) | — sum of all link intensities
o — reduced cross section

No correlation between X & E

East Lansing. April 16, 2007



"Gaussian” method: fastest way to calculate
fragment production in material

s
Parent Intermediate result Link Daughter
X — horizontal spatial X = Xparent <X>, o(X) Sum of Gaussians (<Xi>, o(X;))
X’- horizontal angular X' =X parent ® X’ reaction <X'>, o(X’) Sum of Gaussians (<X’;>, o(X’))
Y — vertical spatial Y = Yparent <Y>, o(Y) Sum of Gaussians (<Y;>, o(Y)))
Y’ — vertical angular Y’ =Y’ parent ® Y’ reaction Y, o(Y’) Sum of Gaussians (<Y’;>, o(Y"))
E — energy distribution E = Estraggling ® <E>, o(E) Sum of Gaussians (<E>, o(E)))
before target Erectangle ® Egoldhaber ®
Eparent
All Gaussians are normalized on link
Erectangle — due to energy loss intensities
differenece in target between
projectile and fragment
Egoldhaber — contribution due

to reaction

Intensity (as for “Distribution” method) I

No correlation between X & E

East Lansing. April 16, 2007



"Dispersion” method: X & E correlation

Parent Link Daughter
Input parent
DistrFour” class Sum of all “DistrFour” links
Set of correlated distributions weighted by Intensities.

(base vs. Intesity) Link “DistrFour” class

(Ease VS. é) Result : E vs. X matrix
(base vs.Y) DistrFour \nk =
Ebzzg xz \P(g Reaction v -

. P), DistrFour parent For the next transmission

calculations the code transforms

where the base of set can be changed the matrix to E(X) distribution.

for anyone from X,Y,P,E

Content of the “DistrFour” class can be visualized in Debug distribution plots

I2 wedge-Debug
43T (140 0 Med i) + Be (B82 .2 mgfocnmi), Setings on 4980, Config: DD SWDD RS MR
dpdp=5.07 % Wedges: Al {2000 pum), Brho{Tm): S.3065,5 3065, 429091, 4 9091

StDew(Pd) = 5 4 MMeWic StDewiPul= 384 MMeW/c Sthew>) =233 mm StDew(y)=0 532 mm Wikt chorge i
- - 200
oos lintensity - x:space w7 as |-dP x
160 |- 7R g
ap, B e mam e e
024
120 |-
75
o2 80|
65
oy =
= 016 —_— 40 |- -
= E 5 ss
= £ | =
a > o 4.5
2 o1z =
-40 |- 35
008
=50 25
004 ~1za | 15
=} 50| s
1.7 ze+d 1.7de+d 1 .TGe+ 1. Taerd 1 Ge+d 1.7ze+4 1.7 de+d 1. 7Ge+ 1.Tae+d 1 Ge+d 1. T2erd 1T et 1.7Ge+d 1.7Ge+d 1 Ge+d
P (MeV/c) P (MeVic) P (MeVic)




E & X matrix after Fragment Production Material
Fragment: 38Mg Intensity: 3.66e-05 MNumber of parents: 5 Secondary target #1: 12_wedge
48Ca (140.0 MeV/u) + Be (1000 mg/fcm?); Settings on 4°Mg; Config;: DDSWDDMSMM M
dp/p=5.07% ; Wedges: Al (500 mgfcm?); Brho(Tm): 5.0576, 5.0576, 4.7921, 4.7921

" . . 20 114
Dispersion” method [
1 1 11 ¥ r |
° . 110
(version higher 7.10.15 ) : I N I O
o o LJ *
TRl
main aim is creation of L S T 1T T 1T 11
he E & X lati 2 ) = NN NENENENNNEDEDEDEE
=
The correlation matrix 2 ool - o
B 1 1 1 1 18 &8 0 17 1|
g w I IrIrrrre
Secolndal_l,tl Iiﬂ: Erimes j - | - - - - - - |
argel = — Partial analysi
artial analysis o | - - -
MHumber of parents I 65 " Parent [outcoming) - - | :
Mumber of daughters I 187 (+ Daughter (incoming] a0 -
Mumber aof links I 4143 /' Choose fragment 38Mg [ ]
. . . 86
ittt Eroat S
Tiafel itetin o et el Iﬂ ops Mumber of parents: B -160 -120 -80 -40 59@’; ] 40 80 120 160
. - 15+ 1 Ha)
[with links] befare the ST : F & X matrix after Fragment Production Material
Tt Lliziacy of €ufa il I 272e+03 pps F Shot links Fragment: *H Intensity: 421 Number of parents: 58 Secondary target #1: [2_wedge
after the secondary target | = : 48Ca (140.0 MeViu) + Be (1000 mg/cm?); Settings on “0Mg; Config: DDSWDDMSMMM
< @E&Xmalrm dp/p=5.07% ; Wedges: Al (500 mg/ecm?); Brho(Tm): 5.0576, 5.0576, 4.7921, 47921
Eﬁenerate the: allink table x Cluit | /
300
HEEEEEENE =
260 . N § §F § =
. 11
: : _ _ 20 [ 1 § B -
This button is enable only for “Dispersion” 5 [ B B R R B 1 B
=
method when : 2 EEEEEENE -
= 180
) HENENENENEN
* Option “Daughter (incoming) is chosen & I B B B B e
. . . 140
in the “Partial analysis” groupbox N I I
e number of parents more than zero.
I I
The E & X correlation matrix is applied for
e S 60 EEEEENEN -
Monte Carlo transmission calculations -
20
. . -160 -120 -80 -40 0 40 80 120 160
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Monte Carlo method to estimate transmission
of fragments produced in material

120 38Mg : Monte Carlo Transmission Plot
48Ca (140.0 MeViu) + Be (1000 m emy: Trasmited Fragment Mg (SecTargl)
- . .

- TEELTS R

118

—#-coordinate —f-coordinate
A Element Z /- Tahle of After BLOCK. After BLOCK.

I ] I ha I 1 Muetdss |I2_wedge j |I2_wedge j 12
<z o ~— -~ g
| Unbound =N = (S i K il B
R mrad R mrad 108} E,
s oy mm iy T =
Charge state v rrad falan mrad g
[11+ D1 2 [ C i % C dsp % 1041 G
— Reaction mechanism——————— £ Energy M 9 Em eV 100 gn
| Secondary Target ~1 =l  TKE Mel 1 TKE LY ¢
= Momentum GeWic " Momentum Gevic o
" Brho T*m " Brho T*m 96 =
IE iemsmltsian erliams | = Welocity cming 1 Welocity omfng g

© Energy Losz el " Energy Losz ey -

© Time of fight s © Time of fight ns
1{3 ""Digtribution' calculation | " Length m " Length m 88
%g tonte Carlo calculation | IStripper ﬂl <~ Start > IStrippe[ j
g = 84
X i | [12_wedge =l Ismpl > [12_wedge I -250 -150 -50 50 150 250
after "12 wedge™: X [mm]
311 : Monte Carlo Transmission Plot
48Ca (140.0 Me\fu) + Be (1000 mgfem?); Trasmitted Fragment “H (SecTargl)
dp/p=5.07% ; Wedges: Al (500 mg/em?); Brho(Tm): 5.0576, 50576, 4.7821, 47821
Using the E & X correlation matrix produced

by analytical “Dispersion” method the code
calculates transmission of fragments
produced in material.

ge": Energy [MeViu)]

Transmission can be calculated only for
blocks beginning from this material .

after "12_wed

Compare these E-X plots after materials with
plots on the previous slide.
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"Fragment production in Material” methods
comparison: correlation E & X

No correlation after material between fragment’s energy and position in “Gaussian” and “Distribution” methods.

In the case of “Dispersion* method using the E & X matrix (NxN) for each X; the code calculates <Ei>. After this curve E(X)) is fitted by a line.

E & X matrix after Fragment Production Material 200F A
Fragment: 38Mg  Intensity: 1.44e-05 Number of parents: 4 Secondary target #1: 12_wedge Iz—wedge_Debug ° X_Space
“48Ca (140.0 MeV/u) + Be (1000 mgfcm?2); Settings on 40Mg; Config: DDSWADDMSMM M ey BT
dp/p=5.07% ; Wedges: Al (500 mg/cm?); Brho(Tm): 5.0576, 5.0576, 4.7921, 4.7921 160 | 9
160 - -
. 120
1
- [ | 80 |- primary fragment
80 | from
wedge
- 10l g
= 40 L £
£ E
;_g o] — = S N S | 0] »
<
[=5
o)
a0 -40
-80 | _80|
-120
-120 |
- 38Mg
-160 |- E (MeV/u)
86 20 94 98 102 106 110 114
TS E e (Chsanilise_sp_oiissisesondTargetnewisss_reac_bug_iorat Ma_win_s=sEDEGEGM[MeV/u] 100 102 104 106 108 110 }
I12_wedge-Debug: x-space I2_wedge-Debug: x-space
200 | 1 200}
160 A 240 24OT1 ] 160l i—'\ J-‘}‘{"
- "
rimary
120 | 1 120} \.\-. P 'y _/-f/
\ fragment -/_/
80| 80| H\ from -
wedge =
-
a0l fragment 40|
T from primary 3 \
-, b
ol E wedge ol E -
= = ’/s-‘
-
-40 =40
-
-80 -80 | ’XR
-
120 | {-120 3H /‘r .\-.
160 | E (MeViu) {160} e E (MeV/u) N\\

113 115 117 119 121 123 125 127

120

124

128 132 136 140



Yield (pps/(MeV/u))

"Fragment production in
Material” methods comparison:
energy after material

101 /_\
Fragments
10° v
produced
10" In target Methods:
Distribution
10-2 - = -Gaussian
- - - - Dispersion
10-3 —v— "E"-projection
(E&X matrix)

“Ca+Be —» *** + wedge (Al) > *Mg

Fragments produced in wedge

(AL IRURALLL BRI BRRALLL BUELLLL BRI BRRRLLL BRI BRRLLLL BRRLLL B

Z 1 L 1 L | s 1 L | s 1 L 1

100 105 110 115 120
Energy after wedge (MeV/u)

Yield (pps/(MeViu))

Yield (pps/(MeV/u))

Fragments
produced
in target

.

Methods:

Distribution

- — -Gaussian

- - - - Dispersion

—+«— "E-projection
(E&X matrix)

“Ca+Be —» *** + wedge (Al) —» °H

Fragments produced in wedge

50 100
Energy

150 200
after wedge (MeV/u)

“Ca+Be » *** + wedge (Al) - 0

Fragments
produced
in target
Methods:
Distribution
- — -Gaussian
- - - - Dispersion

—+— "E-projection
(E&X matrix)

LELEALLL LR AL LR AL LR LD B B AL B ALLL L ELLLL

.
| 1 1 1 | 1 1 1

90 100 110 120

Energy after wedge (MeV/u)



“Fragment production in Material”
methods comparison: transmission

st |

block transmission dispersion(N=16) distribution(N=16) distribution(N=8) gaussian MC
dipole D3 5.6% 10.3% 9.8% 12.1% 4.4%
38Mg dipole D4 51.8% 60.5% 59.9% 69.0% 57.4%
FP slits 25.0% 27.6% 28.7% 30.9% 24.4%
Result 0.723% 1.719% 1.677% 2.586% 0.622%
block transmission dispersion(N=16) distribution(N=16) distribution(N=8) gaussian MC
dipole D3 3.4% 5.9% 5.6% 6.4% 4.1%
240 dipole D4 48.9% 58.7% 58.0% 61.8% 60.3%
FP slits 25.9% 29.9% 29.3% 33.1% 30.3%
Result 0.428% 1.031% 0.946% 1.308% 0.746%
block transmission dispersion(N=16) distribution(N=16) distribution(N=8) gaussian MC
dipole D3 0.28% 0.45% 0.31% 0.40% 0.49%
3H dipole D4 5.6% 48.3% 48.0% 47.5% 43.9%
FP slits 20.4% 25.2% 24.9% 25.0% 28.8%
Result 0.003% 0.054% 0.037% 0.048% 0.062%
block transmission dispersion(N=16) distribution(N=16) distribution(N=8) gaussian MC
dipole D3 0.012% 0.012% 0.005% 0.023%
2H dipole D4 47.4% 46.6% 41.6% 39.6%
FP slits 24.8% 24.4% 22.3% 27.3%
Result 0% 0.0014% 0.0014% 0.0005% 0.0025%
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"Fragment production in Material” methods
comparison: calculation time and use of memory

Case methods dimension f;rrhlrf_sg](l)il:k t!gi’ Ncalc S;Ln Me:(n;ry, d—; ien;e, d_Ncalc d_pSpuSm, d_mlir;ory, d/_r(;lNe(r:r;(IJ(zy

no FPinM 46 71 1.2E+03 11,288

gaussian 1E-10 62 289 2.3E+03 41,652 16 218 1.1E+03 30,364 139

A gaussian 1E-03 60 210 2.3E+03 21,844 14 139 1.1E+03 10,556 76

Distribution 16 1E-03 58 239 2.5E+03 43,480 12 168 1.3E+03 32,192 192
Distribution 8 1E-03 55 219 2.4E+03 35,196 9 148 1.2E+03 23,908 162
Dispersion 16 1E-03 72 187 2.2E+03 97,196 26 116 1.0E+03 85,908 741
no FPinM 100 132 2.3E+02 11,740

gaussian 1E-05 152 570 1.5E+03 89,996 52 438 1270 78,256 52
gaussian 1E-10 212 840 1.5E+03 209,572 112 708 1270 197,832 112

5 Distribution 16 1E-10 292 992 1.9E+03 616,524 192 860 1670 604,784 192

Distribution 8 1E-10 252 901 1.5E+03 496,824 152 769 1270 485,084 152
Dispersion 16 1E-10 swapping

Dispersion 8 1E-10 1965 675 1.4E+03 swapping | 1865 543 1170 1865
Dispersion 8 1E-05 217 593 1.4E+03 507,124 117 461 1170 495,384 117

FPinM = Fragment Production in Material
FPM = Fragment Production Material
case A => 86Kr->78Ni (one FPM)
case B => 124Sn->78Ni (two FPMs )
background for recommended method
d_time(**) = time(**) - time(no FPinM)
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"Fragment production in Material”

RECOMMENDATIONS

methods:

Conditions

Recommended method

Calculate total yiled of
fragments produced
in material

Primary beam Z < 30, one FPM

Distribution 16

Primary beam Z < 50, one FPM

Distribution 8

Primary beam Z < 50, two FPM

Distribution 8 or Gaussian

Primary beam Z > 50

Gaussian

Calculate intensity of
ternary beam *

Primary beam Z (<50) , Ternary beam dZ(<10)

Dispersion 16

Primary beam Z (>50), Ternary beam dZ(<10)

Distribution 8 or Gaussian

Primary beam Z (>50) ~ Ternary beam dZ (>10)

Gaussian

FPinM = Fragment Production in Material
FPM = Fragment Production Material
Z - atomic number of primary or ternary beams

dZ = Z(primary beam) - Z(ternary beam)

* - Use the "Calculation rectangle of FPinM" possibilty to make calculations faster
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Comparasion with experimental data

58Nj, 160 MeV/u + NalNij, 811 mg/cm?2 — 46Fe

LISE++ simulations

target :
image-2 focal plane
dE-TOF
| 28Ni (160.0 MeV/Au) + Ni (811 mgfecm?); Settings on 40Fe 20+ 20+ 26+ 16+
dpfo=1.66% ; \Wedges: Al (450 mg/cm?2); Brho(Tm): 2.7596, 2.1165
Al 450 Start: 12_SCI; Stop: FP_PIN:

degrader @ image-2 only 70

pr il g | 650

= s550|
o
[ n.l
0 o

E" i o E 450/
>, .. fragment Pl

E} : |.'.¢___ Sk d . 2 3501,
& e '~ production 5
= X : 2o g

o | . 'In degrader s

= : 7 150

i ']" . ] 50| — - ; -
ti me-Df-fIig ht 215 205 195 185 175 165 55
RIKEHo& sholz@nsclmouedy 2005-05 Time of flight (ns)
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Comparasion with experimental data

Time of flight (ns)

J ke NSCL experiment e LISE++ simulation: -
. ThEES £y o 3 .
i i i . 15t step e
- 550
P 2
w : T
7] _ &
O i & = 450
— : ©
>, - fragment £
m |.-'.'¢: ’ X k § 150
e | . production =
g | R, &
... in degrader |a
@© | e - g " 250
i g 150 N0 charge states
e A aries i No fragment production in material
T 1 .
i - - i 215 205 195 185 175 165 155 145
o time-of-flight R — ’ e thant (s
ISE++ . -
750| with charge states LISE++ simulation:
with fragment producﬁoﬁ' »-_material 650
650 4
Z 550
— o
= 550 o
o S
& S 450
= =
E 450} E
— Q
® 5. 350
2 3s0|, &
- (]
3 2
o 250
250}
R T
150 e
150} .
with charge states
L S *I'Mo fragment production in material
215 MMEBS 195 185 175 ]}55 15g 215 205 195 185 175 165 155 145

Time of flight {ns)



Ellipse 2D-plot : from target up to the FPM characteristics of
the more probable parent fragment are taken.

Monte Carlo 2D-plots: it can not be plotted correctly due to
limitations of LISE MC plot method: LISE reconstructs a
trajectory in that case from last block.

3H : Monte Carlo Transmission Plot
BCa (141.2 Mebiu) + W {1160 molem?; Trasmitted Fragment *H (SecTargl)
18 dp/p=5.07% ; Wedges: Al (350 mgfen?); Brho(Trm): 5.1000,5.1000, 48160, 4.9160
Configuration: DODSWWDDM ShhM

14f o
z
12 ﬁ
-
B
-
w
z
08 :‘
& Monte Carlo
ag .
E . . T T A
transmission ~iidEatic
04 PRI i e~ Tat a e
SR T S
method i PR
02 s TowE
"I2_we(lge"-v_s “F;'_PIN": Time Of-f;l oht [ns]
0 116 120 124 128 132 136 140
=l 3H : Monte Carlo Transmission Plot

2_wedge"vs "FP_PIN": Time offlight (3] window praje ctian --- ¥Ca (141.3 Mewiu) + W (11 60 mofere); Trasmitted Fragment *H (SecTargl)
dp/p=5.07% ; Wedges: Al (350 moicrr?); Bmo(Tm): 5.1000,5.1000, 4.91 80, 4.9160

MO nte Carl O Configuration: DOSWDOMShbM
*I transmission
method

.| from FPM up to PIN

"12_wedge”vs :FP_PIN":Tine of flight [ns} window projection
LY

116 120 124 128 132 136 140
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30

G0

40

20

120

100 |

80|

GO

401

201

- < .
dE-TOF -Ellltpse 2D-plot
48 Ca (141.3 MeW/u) + W (1180 mo/iom?), Selings @@ Si; Config: DDSWDDRMShbAhA
dpde=5.07% Weddes: A (350 mafcm2d; Brhoﬁ): S.1000, 51000, 4 9160, 4. 9160
Start: Target, Stop: FP_FRACT, ACQ_start Detector ™™ dE: FP_FPIM - 51 (470 pm)

Energy loss (MeV) /[FP_PIN/

. gy e LE]
g gy P e
v " s
200 e 220 240 % 260 280 300
Timn_a of fliaht fns‘_i ] ]
dE-TOF *Monte Carlo 2D-plot

Config: DDSWWDDMSMMMM

2dfpgteitfirtion” method)

48Ca (141.3 MeWiu) + W (1160 mgicm2);
dp/p=5 07% ; Wedges: Al (350 mgfcm2); Brh I
Start: Target, Stop: FP_PRPACT, ACQ_start: Detectgy '

Energy loss (MeV) /[FP_PIN/

19 210 270

Time of fliaht (ns)

290 310



=
=

F.P. in M. : underproduction of light elements
EPAX should be modify?

- j j j j j j —0- Abrasion/Ablation w7 |
Te+dk: 1. EPA&X 100 K Summerer et al.Fhys.Rew, Caz 1000 2645
- — 2 - ERFAX2.15: K Summerer et al ., Phys. Rev. 0612000024607 48C8. + Be —>1t
1e+4 ; due tu multifragmentatiun —— 3 - EP&L 2 15 + uzer modifications
1e+3 | (break-up channel) S copy = 1.9 Mb
la+l .
= levl _}__,_
£ n .
S =J } ] From AA calculations
c There are two additional channels
S el ] to produce tritons:
g',': break-up and fragment de-excitation
& 1e-2f ' by emitting light particles
E] X
T tedf 48Ca+ Be ~
: =
° el ] For 48Ca+Be

AA
with break-up channel

22 26 30
Mass humber (&)
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N5
o)o
U
Pro dg = d D
I 404r140.0 MeV/u) + Be > 31F
Prefragment and E vaporation options | Excitation energy for Abrasion-Ablation model

— Cross Section

|3 - EP&X 215 + user modifications

"FAST" mode far = this rode only for heawy prajectiles as Uraniunm.
Abragion-Ablation calculations™ E vapiggtion distribution dimension iz equal to 8.

— Coefficients for modified EP&x< 215

hormalization prich slope

U_naren [1.0] I‘I Ut [1.79] Use comections

v for HHe Li
rerich slope U2 [4.72e-3]

prod_uction CI03S
Un[1.65] [1:85 U3 [1.3e-9]

0.004721
-1.303e5

zections

[~ Make default

¢ 0K IannceI ? Help
a g. Ap 0, 200

); Z=const [mb]

sum

(1€ [ 0l@® 0 U 0 AlS =
= () = [
[ 0|@® [ U = 0
Cross sections (Projectile Fragmentation)
Bizg + W= sum Z=1-20
Exct. Energy Method:= 2= =E*=13.3%A MeY sigma:8 60
MP=32; SE"DEO+Cal2" Density"autn” Georm . Corr*On" Tunlgauto” FisBar=1 Fac=1.00 Modes=10101000 110
: — O - Sbasiond@blation v 6.7
1e+6 r —1- EP&H 1.00: K. Summemr & al., Phy s Rew 4] 2072545
H . . . - --2- EPAX 2146: K. Summemr & al., Phys Rew  CH (2000 034507
; using corrections for H He, Li — 3. EFAH 315 + user modifications
le+s | :
j CS production |
Tesd | |
.
1e+3 - |
Tesz | S |
Teet [p &R I
1e+0 |
Te1 |
1e-2) |
1e-3 |
Te-4 |, I
185 |
1e-6 |
1e-T | |
Te8 |
1e-al |
1 3 5 7 ] 11 13 15 17

Protons (Z




« Transmission results of fragments produced in
secondary targets can be saved in the file. The
code does not keep all information (LISTs of
parent and daughters) in the file. It means when
you open this file you are not able to plot results.
You can just see transmission statistics.

“ If you are opening a file which contains
information about transmission results of
fragments produced in materials, then the code
warns you and proposes to clear all calculations
(see figure). If you want to plot the data then you
need to recalculate.
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Some remarks to Fragment production in materials

Clear all calculations???

Thiz file containz fragments

They won't be plotted until
new tranzmizsion calculations
are performed.

produced in zecondary target.




I 7

X3

*¢

Next Steps

Optimization for speed: ----- DONE
Develop “Gaussian” mode to calculate fragment production in secondary target (fast)
Option to limit a number of parents for one daughter (keep just more intense)

Correct transmission calculations for a reaction target located in the
dispersive focal plane ----- DONE

Develop “Ellipse” mode

in the case of fragment production in materials for 2D-plot ----- DONE

Develop “Monte Carlo” mode

in the case of fragment production in materials for 2D-plot ----- DONE

Improve EPAX modification to increase light particle production due to contributions
from multifragmentation (break-up channel of AA) and deexcitation of heavy fragments
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