MICHIGAN STATE

Wedge “Curiosity” KARILR

version 9.0.23

Contents: 1328p : Monte Carlo Transmission Plot
15 238 (228.8 MeV/u) + C (200 mg/cm?); Transmitted Fragment '32Sn (Fragmentn); Optics Order: 1
dpfp=4.66% ; Wedges: Al (1400 pm); Brho(Tm): 5.6015, 5.6015, 5.1727, 5.1727
Py . . 1 "S1B_2_slit" - last block for MC calculation] no gates; Configuration: DSDSWDDSM
DistributionX” classes 5
. o T
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>
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» Modifications of transmission 3 S
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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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MICHIGAN STATE

Class “distribution” .

Each integral is now independent and corresponds to a

convolution product
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Finally, the result is given by the convolution product of
all P; functions

—+—stragglingintarget,
MeV/fu

Pi(g))=—L

[P®P,® - - 8P, g . (10)

For example the energy distribution
after the target:

Where P, is I,(x) (intensity distribution),
where Xx; = X+ i*h,
h is the step,

. <ig o . .
Input: e 0 <i < N (distribution dimension)
1. Beam emittance, ——from P, MeV/y
12
2. Energy straggling in target \"'T”g‘ﬂ’ MeVfuwith negatie
\1-
3. Momentum distribution after reaction s ™ result
3 -0 - S 7
4. Energy distribution due to energy 0. 1
loss difference in target between \ coms | X1 carresquare, Mevyu
beam and fragment aors 04 -
oo 0.2 -
0.072 [1] T T T
o 50 70 20 110 130 150
. 50 150
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ration of distributions UNIvERS Ty

L 1S HAare
http://groups.nscl.msu.edu/lise/4 5/lise 4 5.htm

2.1. Transformation of distributions

EB = (Brho == Energy)
Yip BBy )

¥i EB(Xi )

Brho, [Tm]|

must be

Sp;= Sg;

¢I—1 ¢'i SEI

—
[ ¢Oj_1=??

- E_ = Energy, [AMeV] =22

Yia Y

Fig 4. The scheme of conversion of one distribufion in ancther

In a basts of conversion of one distribution i ancther (the scheme represented in Fig 47 lays saving of squares between every eachi-J and i pomts. In the last versions the given task was solved rather simple way that had an effect for quality of conversions at

such small dimension of distributions (TP=128).

The edge effects were especially appeared in distnbutions of energy, ranges in matter as they may not be negative. We shall assume that the nucleus with the certan distribution passes through substance and the i-pomnt of distribution stops i matter, and following
passes. Then function appropriate between i~/ and § pointspoints for preservation of the area should aspires to infimity. Rather complex mechanism of soothing was appled. But all the same 1t 15 ideal to solve this problem it was not possible!

In the last versions the area between points was determmined by the next primitive expression:

G (ﬂ—1+ﬁ).

i 2 |‘x1' - ‘xz—l |

We may use now correct caloulation of area is next:
X
5= (£ .
LR

because we have infinite finction §2) due to mtroduction of procedure cubic spline.
The condition of equality of the areas in both distibutions between in an interval can be presented in the following kind:

% b7
S5 =55 = If(x)dx = J"qb(y)ciy

Fi1
Dioing substitution y=55(x) it possible to get sumple and good solution with application of the first dertvative of the finction fix):

¢[y(X)]=f(«'f)'[ﬁ—B]_l'

dx

Thiz denvative can be talien with the help of cubic spline procedure having constructed distribution x from y. Taing firther cubic spline procedure for £00) distribution can be proceeded from complicated distribution with a variable step between points to more
sitnple with a constant step accordingly.
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MICHIGAN STATE

Class “distribution2” IR

Version 4. / /=== === -
class distribution2 : public distribution ({

If the “distribution” class has just one array double I[N], public:

distribution?2 (double a, double b, int n ,char
*un, char *dim);

whereas the “distribution2” class

double y[N] distribution2 (distributions) ;
double X[N], distribution? (distribution2&) ;
~distribution2 () ;
What allows easily create x=f -1(y) from y=f(x) void operator = (distributions);
void operator = (distribution2¢&);

' ' ' ' ' ' —Enercy ater of

DA (1400 MeViuy + Be (457.04 mgfem?). Settings on 325, Config: DDSWDDMMSMM | oo™ 0

q38 | dp/p=5.07% - Wedges: Al (5 mm); Brho{Tm)" 3.2579, 32578, 2.0913, 2.0913 ]
Searching Mode - Al Events - 2. 53e+05; Optimum - Be 457 0 mgfcm?2 (2470 prm)

134 |

130 F

126 |

122 1

118

Energy after stripper, MeViu

114 |

ot

106 F

102

98|

50 150 250 350 450 550 650 750

) Thickness (mg/cm2)
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MICHIGAN STATE

UNIVYVERSITY

Class “distribution2” : example

:E:Reaction's Kinematics

= . .
Reaction's Kinematics
40Ar + YBe => 4UAr + YBe 9Be(4VAr,40Ar) 9Be; Reaction at the "middle" of the target
I Projectile Energy at the reaction place: 20.00 MeV/u Grazing angle in CMS [40Ar+ 9Be] = 4.63 deg
Q reaction : -50.00 MeV (Excitations 0.0+0.0=>50.0+0.0); Plotted Energy option is "after reaction"
solA_CM & A_lab - A_CM & E_lab 1
Residual - Be 451 Residusl - *Be
=
X S0}
L] —
=
7|8 z
7 40 =
o o
-] -]
= =
5 20} 5
< 2
w Fragment - “Odr
20
15| 7\
0 Fragment - 0o »
/ 5l /
OO 20 A0 B0 30 100 120 140 160 0 20 A0 50 30 100 120 140 160
Angle 4°Ar [CMS-ded] Angle 4°Ar [CMS-ded]
A_lab & A_lab = A_lab &|E_lab =
50| 45| _Resial- 5
g 5
e 401 % a5)
© =
< §
o i}
=] 30} -
® & 251
=) @
c =
= w Fragment - ¥y
201
| 15}
10} S
5
0 2 8 n 0 10 20 30 40 50

0
28-04-2010 13:23:92
LISE++ [MWMoname]

4 6
Angle 4°Ar [Lab-deg] Angle [Lab-deg] 5



@&7 Class “distribution4” P

NSCL|FRIB
Version 6. x| enum edistrFour {
~Ch bseiss axis———————— eal,
class distrFour{ FOsE SRS AR e4P,
. - Can be e4dE,
public: E et “Base” e4X,
distrFour(int Ninit=Ndistr4_XY, int mode_init=em_XY); " X-space mm) ej;a
. . e ,
distrFour(distrFour&); £ V-space [mm] "y
...distrFourO; £ "Fasion!" mode e4Ed:
e4Eu
distribution2 **d4, };
UK | X i |
void ChangeBase(int BaseNew, bool MakeUniformOpt=false);
20 12-wedge-Debug: x-space
12 wedge-Debug: momentum — .
1.26e+4 | “OAr (140.0 MeViu) + Be (sogo m); Settin%s on 32 Config: DDSWDDMMSMM VA (140.0 Te.wu) + Be (500 (m); Settings on ’S; Config. DDSWDDMMSMM
2 e 07% - Wargo: A (5 mm): oty 34601, 34801, 2,463, 25483 1801 dpfp=5.07% ; Wedges: Al (5 mm); Brho(Tm): 3.4601, 3.4601, 25483, 2.5483
StDev(Pd) = 221 .MeVI;: StDev.(Pu) -2 0 MeVie .StI.)ev(Xy) o ) 31* m'm étﬁev(Y)=0 r— - StDev(Pd) =22.1 MeV/e StDev(Pu) =22.0 MeV/e  StDev(X) =2.31 mm  StDev(Y)=0.83 mm
1.24et4 | : : : :
? 140 |
1.24e+4 |
100 |
1.22e+4 |
g __ eof
2 £
S 122004 £
s = 20}
1.2e+4 |-
=20
12e+4 | -60}
1.18e+4 | 100k
1.18e+4 | -140 |-
1.16e+4 180
-160 -120 -80 -40 0 40 80 120 160 1.2e+4 1.21e+4 1.22e+4 1.23e+4 1.24e+4 1.25e+4
X (mm) P (MeV/c)

Probably X’ and Y’ should be included in DistrFour and be used as “Base” to solve MH effect
OT. 04/30/10, East Lansing, Ml 6



& Two solutions for one variable R -

NSCL| FRIB LIS B

B Kinematics calculator (relativistic) o ] 4|
- Reaction; — Participart
[mg\/] ng":gﬁn E(CM] = 107816 Mev T W
TWwi0 BODY
i BRI & Beam |[eme [E0r [ 0 Beam snergy - | [ T0.0Mevu BO— LI
B(4.C=h]0<E B Target I 9Ee I 11.35 0 Intensity = l Tpnd Fssidual. Y
- BREAKUP . C* || Fragment I 404 I -36.04 1} T arget thickness = I Te-1 micron "-.._-“‘
FISSION wla, b M
Egamma_elmimm D= FAesidudl |[T8Be [7135 Ol Tvae < D00 MeY &f)
I Use Mot's scattering Reaction kakes place at th
" EMTRAMNCE of the targst @ MIDDLE of the targst " EXIT of the target ?
40
i Setup .q
fragment [C] residual (D] =]
Search an angle in CM R=[ 1m0 cm |00 1—— -> >
@ from O degrees and up e |1— - i1—
" from 180 degrees and down el z [ z !E' an
c c o c Lo
For Kinematics Plats use energy values dngle [deg) - | 5433 | B2EEE | 50 RED
& after reaction fragment C] residual 0] fragment [C)  msicusl D] 20
= Ch
st entrance of detectars Calculation: | Lae 1
Counting n moritor = [ 7.1352 | | 51e -
h_ Kinematics plots Differential Cross Section= | 7.29 | 033 Joz3 [ 0203 mbist Fragment - 5
Energy afterreaction = [ 12355 | ga6l | | 4864 | G041 Mevir 10 e e
h Fiutherford piot Eneigy al the entrance e "
e of detectors = | 12655 | 68,51 MeAu [ far garma [Mev] ) e ""'-—-._.,_‘_HHH
2D fragment plot —
h, {Morte Carlo) Masimum ngle = [ 1303 | S0.00 deg -F'-__.d___,_,_:-'_ “«‘HH
Soiddngle=| 02 | 02 [ 737 [ usE e ] e
i y | 3 Tl
X it | P Hep | delaTheta= [~ 057 | 067 [ 33 | 11 deg 0 £0 4l o ‘33! 108 120 140 168
Angle “CAr [CMS-deq]
18
132Sn : Monte Carlo Transmission Plot
14

2381 (228.8 MeV/u) + C (200 mg/¢m?); Transmitted Fragment 132Sp 50+ 50+ 50+ 50+ (Fragmentn);
dpfp=0.28% ; Wedges: Al (1400 um); Brho(Tm): 5.6015, 5.6015, 5.1727, 5.1727
"S1B_1" - last block for MC calculation; no gates; Configuration: DSDSWDDSM

For transmission calculation (material and optical block

passing) “distribution2”s are transformed to simple £,
intensity “distribution™s for convolution. 2o
Two solutions for one variable are not acceptable in this : .

case. This situation was used to happen in the case of
monochromatic wedge, so called “wedge curiosity.

22
26
-3
-80 40 0 40 80 120
o after T$1B.1X Imm]
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UNIVERSITY

“Wedge curiosity” v.8.5 Aty

—d

Wedge degrader in dispersive focal plane - |EI|1| ; =
3.2 [Energy A
Dizperzion Plane |
% [horizontal] Black I WEDGE |
. 28
Y [vertical) Diegrader F'ronlel wiedae degrader
Setting fragment I 32516+ /Jﬁ
— Mod ) 5 >4 |
ade 180 <-- gltg(mm] > +150 =
Chooze the bloc:kg ta calculate an 239 <eangle [mrad) <> 2397 % |
angle for the setting made after it e — = )
D4 j — For the central trajectary m :
Thickness A1 (555144 mi =
rmade Wedge andle [mrad) I [ i 2707 g 1.5 |
E before the degrad 134.88 I &t
@ Achomatic 297 Fix ety BEIE e CEArEtE =H & |
— Energy after the deqgrader BE.71 Mevu
Monochromatic -4.65 m 2y g 1.2
— N
Fixed in the code | 29737 Dimension of wedge angle T = >
— - distributions [default 16] o0& |
hl Ta plot a dependence from angle I
- Wedge angle calculations from formulae [mrad]———
0.4
o Ok | X Qui 2 Help | ’i&chromaticl 287 | Fix | [Monochrornaticl A3 tix |
o |
=35 -25 -16 5 5 15 26 e

Wedge Angle [mrad]

YWedge degrader in dispersive focal plane I s Energy

Dizpersion Plane =
* ¥ [horizontal] Black I WEDGE

]

|

|

0 [wertical) Degrader Profilel Wedge degrader |
Setting fragment IW g |
|

|

|

|

5
r Mode -85 <~ slitsfmm] -> +B5 =
Chooze the block: to caloulate an 4939 <-anglefmrad) > 41938 [
argle for the setting mode after it ) min max ' E, 4
S1B_2 j — For the central trajectony w
=
Thickness A[1400 i []
mode ‘wedge angle [mrad) I [ micran) 9 3
. . E before the degrad 196,69 el w
-~ Achmma-tlc 1138 Fix nergy before the degrader e u
Energy after the degrader  169.93 Melfiu
& Monochromatic 1285 ] T = . 5 |
" Fised in the code | -15.3554 Dimension of nedge angle—T== |
_ 3 diztributions [default 16) -
hl To plot a dependence from angle I \1 |

Wedge angle calculations from formulae [mrad]————
'? Help |’7At:hr0malic| 1166 Fixl Monochromaticl 18,36 Fin |

-20 A5 -1z -5 -4 o 4 8 12 15 i
Wedge Angle [mrad]

o Ok |x Cluit

OT. 04/30/10, East Lansing, Mi



MICHIGAN STATE

“Wedge curiosity” solution v.8.5 AR

The worse case is zero transmission for the setting fragment ®

_ _
1328n : Monte Carlo Transmission Plot al S Scl(%?ﬂgg-lg)elsm& v-$pace
758 (228.8 MeVifu) + C (200 mg/em?); Transmitted Fragment '32Sn (Fragmentn); Optics & MeViu) + C (200 mglen); Settngs on ““Sn; Config: DSDSWDDSM
dolp=466%; Wedges: Al (1400 um); BrhoTm): 5.6015, 5.6015, 5.1726, 5.1726 (plp=4.86%  Weciges. A (1400 Biho(Tm): 56015, 5,601, 31726, 51728
ey Mgy 1y 139
60 70f
- 50}
E
E
x 20 al
3 £
3 3
!.\,', x 10f
;'-_-3 20
[ 10}
30
-60
if "wedge curiosity",
0 then linear fit was applied ol
7.74e+4 1.75e+4 1.76e+4 1.77e+ 7.78e+H TTet4 172+ 1.74eH 7.76e+ 7.78e+4 7.8e+4 7824
After,7$1, wdg”:. Momentum [MeVic] o F (MeVic)

OT. 04/30/10, East Lansing, Ml 9



MICHIGAN STATE

“Wedge curiosity” solution v.9.1 AR

1328p : Monte Carlo Transmission Plot
238U (228.8 MeV/u) + C (200 mg/cm?); Transmitted Fragment '32Sn (Fragmentn); Optics
dplp=4.66% ; Wedges: Al (1400 Lm); Brho(Tm): 5.6015, 5.6015, 5.1726, 5.1726
50 "S1_wdg" - last block for MC calculation; no gate; Corli_jhguri_lt_ieni_DSDSWDDSM
£
In DistFour distributions the “base” has been changed x o
gl
Passing Materials from P to X(Y) -
Passing Optical blocks from X(Y) to P 5
-60
StepS if "wedge curiosity”,
then parabolic fit is applied
1. Parabolic fit 100

7.74e+4 7.75e+4 7.76e+4 7.77e+4 7.78e+4
1::3fter 1§19, wdg”;.Momentum [MeV/c]

2. Search a turning point

1328n : Monte Carlo Transmission Plot
3. Search more intense point e lont 65%  Viedges, A (1400 sy Brao(Tmy: S 6015, 36015 51728, 51725
50 "S1_wdg" - last block for MC calculation; no. gate; rCt?rviglljri_lt_itznE_DSDSWDDSM
4. Combining this parabola with line. -
E 20
More Intense point should have 2
. H
the same X and P values after these operations 5
% -20
-60 T
-100

7.74e+4 7.75e+4 7.T6e+4 7.7Te+4 7.78e+4
1+-3fter 751, wdg";-Momentum [MeVic]

OT. 04/30/10, East Lansing, Ml 10



“Wedge curiosity” solution v.9.1

“HIGAN STATE

UNIVYVERSITY

Wedge degrader in dispersive focal plane ] 5 S1_wdg calculations for S1B_2: Energy
22| (228.8 MeViu) + C (200 mg/em?); Settings on '32Sn; Config: DSDSWDDSM
Dizpersion Plane . dpf=4.86% ; Wedges: Al (1400 pm); Brho{Tm): 5.6015, 5.6015, 5.1726, 5.1726
Horizontal drection
% [harizantal) Block I WEDGE
Y [vertical Dregrader F'rofilel wedge degrader
Setting fragment I 1325na0+ 5
- Mode B5 < slitslmm) > +E5 )
Choose the block: to calculate ah 1938 <-angle [mrad) > +19.33 H
ahgle for the setting made after it min max £ 4
S1B_2 j — For the central trajectony %
Thickness A1 (1400 mi a
mode ‘wiedge angle [mrad) [ micten) a 5
E before the degrad 196.69 b el
© Achomatic 1169 Fis I D D R Y S
- Energy after the degrader  169.93 Mt fu
& Monochiomatic -15.35 ) Fix & g
" 5 2
 Fised in the code | -15.3522 Ditmension of edge angle  [————
- distributions [default 18]
EuTo plot a dependence fram angle I
= Wedge angle calculations from formulae [mrad 1
¢ Ok | x Duit | 2 Heln | ’i&chromaticl 1166 Fin I Monochromatic | -15.36 8 Fix
0 -20 -18 -12 -8 -4 0 4 8 12 16
. Wedge Angle [mrad]
779044 F e
S1_wdg-Debug: momentum
238 (228.8 MeV/u) + C (200 mg/cm?); Settings on '32Sn; Config: DSDSWDDSM
dp/p=4.66% ; Wedges: Al (1400 pm); Brho(Tm): 5.6015, 5.6015, 5.1726, 5.1726 w05
StDev(Pd) = 20.7 MeV/c  StDev(Pu) = 29.7 MeVic  StDev(X) = 0.25 mm  StDev(Y)=0.92 mitv =
iy
7.78e+4

T77eH |-

P (MeV/c)

7.76e+4 |-

7.75e+4 |-

7.74e+4 |

130Sn

-70

OT. 04/30/10, East Lansing, Mi
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“HIGAN 3 E

Comparison (X & P) TR

LIS B

S1B 2 slit-Moment: output S1B 2 slit-Moment: output
Z) (2288 MeViu) + C (200 mgen’); Sedings on 'S, Confg: DSDSWDSM T 2 288 el + C (200 mgler; Setigs on 25 Corg: DSDSWDDSM
2 dpip=4.66%; Wedges: A1 (1400 um); BT} 5 6015 56015, 51726, 5 4726 dplp=4 65%: Wedges: A (1400 um); Brho{Tr): 56015, 56015, 5173815 1726
13131 5
fe2p
[ ) :
L0 - Isotope Group : Monte Carlo Yield Plot
g § 2 238 (228.8 MeV//u) + C (200 mg/cm?); Transmitted Fragment 122Sn (Fragmentn); Optics Or|
g ol g dp/p=4.66% ; Wedges: Al (1400 um); Brho(Tm): 5.6015, 5.6015, 5.1726, 5.1726
T by 5 "S1B_2_slit" - last block for MC calculation; no gates; Configuration: DSDSWDDSM
] i 7.8e+4 :
E Ie-a: £
: i
S 5
e 786+
2 S
[]
§ 2
fed} E
b ) 3 78e+4
c
5 o
r £
Te4 g
2t e
T2 Tlett 17664 1784 8 5 7824 TT3H TTheH 7.75e4 1764 T1TeH 9 1 T3] 2. 76e+4
. P Mevic) . P (MeVie) . :,
3 i ] - 2 TR : n =1
i S1B 2 slit-Xspace: output after slits 0 asmle\,lém_)%ESé:xtn ;‘;ﬁ:‘;ﬁgﬂ’ﬂfﬁﬁ;’ﬁsWDnsm a
L 8 (228.8 Mel) + C (200 mglem?); Sektngs on 1281, Confi: DSDSWODSM e o f 0 o
olp=466%  Wedges: A (1400 i, Bho{Tr: 54015 56015, 54726, 5726 T o4 65%: Wedges: A (1400ym): EtolTm: 6015, 56015, 5529, 5728 [ T6erd T
I 25 5 %
fedf
i ) 7.74e+4
E -
E E fe2
u b}
2 2
L2} g, 7.74e+4
T L
g s 1: 80 60 40 20 0 20 40 60 80 100
[ 4 2\_9\0345210 [l 1\u“sae.ru\g\\\se_duc\B_U\v\/edge_cur\uusn\/\hse_ﬂ\es\ZSBU_a:’ﬂ&r_é‘ﬁa\,gs:ag:uﬁut_l\::_vagdgm;m]
2
o
fe3k 163
5 5
24
2
fed|
-100 -80 -60 40 -0 0 2 40 60 8 100

K {mm) X (mm)
OT. 04/30/10, East Lansing, Ml 12



MICHIGAN STATE

Comparison (X & ToF) SRS

TOF-X Isotope Group : Monte Carlo Yield Plot TOF-X
B8 (228.8 MeViu) + C (200 malem?); Sektings on 'Sn; Confiy: DSDSWDDSM 2560 (228.8 MeVi) + C (200 mglem?); Transmitted Fragment. 1225n (Fragmentn); Opties Ord B2 (226.8 MeVu) + C (200 mglem?); Seffings on '“2Sr; Config: DSDSWDDSH
tplp=L 66% ; Wedlges: A (1400 ) Brho{Tm): 5.6015, 5.6015, 5726, 51726 dnlp=4 66%  Wedges: A (1400 um): Brho(Tm): 56015, 5.6015, 5.1726 5.1726 ofp=4.66% ; Wedges: & (1400 um); Brho{Tm): 56015, 56015, 5.1726, 51726
Start: Target, Stop: Sk1; ACQ_start: Defector ™ X-detector: Sk1 ‘ "5i-1"- last block for MC caleulation; no gates; Configuration: DSDSWDDSM Start: Target, Stop: SH1; ACQ_start: Detector ™ X-detector: Sk
” : : : - X ' _ . . . . — : .
120 10
|
]
0
40 "
: |
2 ¢
; o
X &
X
4 2
4
B o .
L 40
42 o |
7 %9 m m 215 m m 268 i _272 _ 274_ _ 26 18 20 % T m I T T %0
Tllng_d[f}dqﬂ tl'lsl ==_HM§I;1I‘J’_SCJ§1'3‘_[I_I'IM? of 'ﬂld'l[ lﬂSl JJFH& druldﬂ tns]
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