MICHIGAN STATE

LISE++ beta v.9.2.7 NI SIAR

LIS B

FRIB separator group (MH,MP) requests
due to the next problems:

1. Increasing of a spatial spot in some case for
Distribution method calculations

2. Increasing of angular distribution widths in some
case for Distribution method calculations

3. "Issues" with rotation blocks.

new beta-version is available via the LISE-ftp site (subdirectory "beta").
This version will be installed in directory "Program files ***\LISEbeta"

Group "LISEbeta" in folders, as well as MyDocuments\LISEbeta.
It means there is not overcrossing with the official LISE-version.
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1. Increasing of a spatial spot in some case MICHIGAN STATE

UNIVYVERSITY

for Distribution method calculations

(=] s2.FP-Xspace: output after sits ‘ - ]-—' o — = [ B [
Example for version 9.1.13 S apace: outpat after st
[ ] 48Ca (265.0 MeV/u) + C (2844 mg/em?2); Settings on 40Mg; Config: ODDDSDSWODSWSDSA
dp/p=2.86% ; Wedges: Al (10000 um), Al (6000 um); Brho(Tm): 7.1354, 7.1354, 7.1354, 7.1354, 6.3865, 5.8400
without charge states
. i I - - - . um of [Eaciions
http://groups.nscl.msu.edu/lise/9 _2/9 2 7/V1 _40Mg_incomplete.lpp 0%
0.46
“ H « H ., H —
Distribution”; Sig = 16.21 mm
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EwMg:MumeCal\DTransmmsl;nPlul- > DU W . G YU QRS AT R o & s E
. . @ 026
40Mg : Monte Carlo Transmission Plot 2
after "S2_FP": X [mm]: window projection —48Ca (265.0 MeV/u) + C (2844 mg/cm2); Transmitted Fragment 4OMg (Fragmentn), Optics ;’ 022
dp/p=2.86% ; Wedges: Al (10000 um), Al (6000 um); Brho(Tm): 7.1354, 7.1354, 7.1354, 7.1354, 6.3865, 5.8400 s
"82_FP" - last block for MC calculation; no gates; Configuration: ODDDSDSWODSWSDSA >
T T T - - 0.18
1e+3 . H —_
Monte Carlo: Sig = 1.03 mm
[l
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EEEor o s o 5 o B et
= Envelope for 40Mg: x space
48Ca (265.0 MeV/u) + C (2844 mg/em?2); Settings on 40Mg; Config: ODDDSDSWODSWSDSA
( )+C( glem?) g g g
400 dp/p=2.86% ; Wedges: Al (10000 um), Al (6000 um); Brho(Tm): 7.1354, 7.1354, 7.1354, 7.1354, 6.3865, 58400
‘without charge states
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1. Increasing of a spatial spot in some case pliehlis ANE PRI

for Distribution method calculations (2) LIS E

S2 FP-Debug
“Ca (265.0 MeViu) + C (2844 mgicm2), Setiings on *Mg; Config: ODDDSDSWODSWSDSA
dplp=2.86% ; Wedges: Al(10000 ym), Al (8000 pm), Brho{Tm):7.1354, 7.1354, 7.1354, 7.1354, 6 3865, 5.8400

StDev(Pd)= 1835 MeVic SDev(Pu)= 1803 MeVic  StDev(X)=054 mm  SiDev(Y)=039 i oz sas : . - :
— e = - = = Local dispersion coefficient has been used to produce this
05 .
N o - dPX component for the convolution.
o Itis important in the case of large straggling and
o defocusing values.
3 g T | e et O It has been corrected in the new official version 9.1.19
s E = ue to defocussing and straggling
E 0z * %
0.1 0.004 «
0.002
20
o o
2ﬂem1uzeﬂ1um1l;n:;;$;mmeuw1m1wﬁ:: e e e e s T e
552 opoce: ovtpt aier s 1 o - =) e e P T e o
= S2_FP-Xspace: output after slits 8 Envelope for 40Mg_Fragmentn: x space
48Ca (265.0 MeV/u) + C (2844 mg/cm?); Settings on 40Mg; Config: ODDDSDSWODSWSDSA 48Ca (265.0 MeV/u) + C (2844 mg/cm?); Settings on 40Mg; Config: ODDDSDSWODSWSDSA
dp/p=2.86% ; Wedges: Al (10000 um), Al (6000 um); Brho(Tm). 7.1354, 7.1354, 7.1354, 7.1354, 6.3865, 5.8400 dp/p=2.86% ; Wedges: Al (10000 pm), Al (6000 um); Brho(Tm ). 7.1354, 7.1354, 7.1354, 7.1354, 6.3865, 5.8400
_ _ _ _ W\mnu‘} ys‘h.ﬂa'r%eam w\thnuj cha'rgeezsé‘z‘es
[13 . . H ”., H — 120
. Distribution”: Sig = 0.6 mm
1 “Ohg 80
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T Il > mean
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LTS E e 1o a0ti_incomptes o) X(mm) LTS E e 161 40U _incompiete Length [m]
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Class “distribution” .

Each integral is now independent and corresponds to a

convolution product
PHYSICAL REVIEW E VOLUME 50, NUMBER 5 NOVEMBER 1994 1
P;(q;)= P - f e f Fl(q;""tz)ﬁz{tz_"ra)"'
Transport integral: A method to calculate th i istributi 1o
j)] gral: A me o calculate the time evolution of phase-space distributions IT Ry
k=1
D. Bazin* and B. M. Sherrill > X[P,_1®@P,1(t,_;)
National Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, Michigan 48824 " e
(Received 7 February 1994; revised manuscript received 22 August 1994) Xdty - -+ at,_q.

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

—+—stragglingintarget,
MeV/fu

1

Pi(g)= n
IT Ry
k=1

[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 N“'T”g‘ﬂ’ MeVfuwith negatie
\1-
3. Momentum distribution after reaction s ™ result
-—éuo -20 -10 o 10 20 §b Z
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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MICHIGAN ¢ E

Transformation of distributions AR

. 1 S EW.

http://groups.nscl.msu.edu/lise/4 5/lise 4 5.htm

EB = (Brho == Energy)

Yy EBGxy)
¥i EB(Xi )
Brho, [Tm]
must be

Sp;= Sg;

[ ¢, ,=??
_E_ S Energy, [AMeV] G =2?
Yiu 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” EEED

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)
OT. 04/30/10, East Lansing, Ml 6


http://groups.nscl.msu.edu/lise/9_0/9_0_23_WedgeCuriosity.pdf
http://groups.nscl.msu.edu/lise/9_0/9_0_23_WedgeCuriosity.pdf

Angle [Lab-deg]

Angle 9Be [Lab-deg]

0
28-04-2010 133302

MICHIGAN STATE

UNIVYVERSITY

Class “distribution2” : example

Reaction's Kinematics
40Ar + YBe => 4UAr + YBe 9Be(4VAr,40Ar) 9Be; Reaction at the "middle" of the target
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"

so[A_CM & A_lab A_CM & E_lab q
Residual - *Be 45| Resicual = “Be
501
£}
2> 35
40 =
o
-]
=
aol a 241
=4
@
=
w Fragment - “Odr
201
151
0 Fragment - 0o »
/ 5l /
OO 20 A0 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 s
sol 45 | Residual - %
e
)
401 % a5)
=
o
]
30} =
P 25|
=t
@
=
w Fragment - ¥y
201
— 15
101 [
5
0 2 4 5] g an 0] 10 20 30 40 50
[Monarme] Angle 4°Ar [Lab-deg] Angle [Lab-deg] 7
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MICHIGAN STATE

Class “distribution4” .

Version 6. x| enum edistrFour {
— e4l,
. — Choose absciss axis edP
class distrFour{ e
& v Can be e4x’
[=R0rN | “ ” e
. Base '
pUpllC. . .. . . L. { ®-space [mm) edyY,
distrFour(int Ninit=Ndistr4_XY, int mode_init=em_XY); 4Pd
! : _ — — = Y-space [mm) e !
distrFour(distrFour&); P e4Pu,
~distrFour(); S e4Ed,
e4Eu
distribution2 **d4; g
UK | X umtl
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); Settinggs on 32 Config: DDSWDDMMSMM VA (140.0 Te.wu) + Be (500 (m); Settings on ’S; Config. DDSWDDMMSMM
2 ol 07% . Vidges. AL (5 . (. 34601, 340012 5485, 2 6485 180 dp/p=5.07% : Wedges: Al (5 mm); Brho(Tm): 3.4601, 3.4601, 25483, 2.5483
StDev(Pd) = 221 lMeVI;: StDev.(Pu) -2 0 MeVie .Stll)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 |
§ - 60|
3 E
S 1204} £
s = 20}
1.2e+4 |-
=20
12644 ol
1.18e+4 |- 00}
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
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MICHIGAN STATE

Distribution meodel (v. 9.1) IR

NSCL| FRIB

Passing spatial slits

bc->0U_disS->convolute(6,d);

/! X-object X->X /I transmission through slits
distribution thisX(*bcc->currS);
thisX.product(Gss); /I G — global coefficient if(bc->slit. GetWork())
bc->calc_s = bc->0U_disS->relation(
1 X-object (inverse Y->X) be->slit.M(),

distribution thisX_i(*bcc_i->currS);

bc->slit.P
thisX_i.product(Gss_i); 0.

false, true);

Il T->X
distribution thisA(*bcc->currA);
thisA.product(Gsa);

Il P->X T !
distribution thisA_i(*bcc_i->currA); ‘XA [ .
thisA_i.product(Gsa_li); : f

1 momentum -----dp/p - > X -==------- N
distribution thisP ; // lately

*kk

i accumulated straggling---------------- ‘
distribution thisPX: |

Kkkk - -

d[0]=&thisX; =
d[1]=&thisA; _ i .
d[2]=&thisX_i: | m 1
d[3]=&thisA_i;

d[4]=&this_dPX; - ii
d[5]=&thisP; .

I_[ result [

OT. 08/20/10, East Lansing, Ml 9




MICHIGAN STATE

Cut of Initial distributions after passing slits Y

NSCL
_i_

a | ~
X sk | ] NV I T
+ mE [ e Ry i | [@“‘f s | Get A1)
1 ¥p _ 1 | | Lol ¢
B | T &ept P GuTe| = R - _1|_3/7|( AT Gt =
T HEERE ! B
= 7R, —
x N "/, 3 I | ?d'
_ at |— — ’ = ""“._j*\ _:_ fi J/ I |
AP 1 A e EENES |
1 i : _ — BN /A &e1e N
- S 7 777/ S A R ' ]
I JRNE e -
[ res _—}t ] HE lf 1 — _r | /r ] Avcire | = KL |
=l 5 e | ’ﬁp Py \ | !
\ Sk 2 ,ev‘r ]l a8 | "—I—,{ﬁ;ﬁ ff" N : —
Area ratio (green/pink) B | -' Wi —— :‘_“IH__A_:?E‘EFE 7 i
is transmission —[‘ A FHe? Ged P B
| T i |
L ey A p = | (et | Ly
“r : i WA 7/ AR
R - — . J ?1 — | o | |
— ) = o | I
_ | | 9—-“_-_“ | {
grptd=e —glegt | P xlB-c
— 1 i : I
XA new ? - A ne ] Z
A_new? - S SN 1 RN
- Aest 2 R _ i
1 ) F _T_.__ o i -d_*: f‘u | _
XP_new? - - 1 I | K
—_ . N . XP_ hew
P_new? NN ] I T
T ‘ I | ! —I» _l_“_ i I l I !
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Momentum: Class “Distribution4” in v.9.2.7

MICHIGAN STATE
UNIVERSITY

[ - ol
Ay A I AT

@ . N
NSCL| FRIB

enum edistrFour {
edl,

[ e4P,

e4E,

e4X,

edy,

e4AX,

Canbe —
“Base"

e4Ed,
edEu

e4AY, ‘--~§§\§§§\§§\§§§\§§\§§§\§* o
"~ e4Pd,
e4dPu, N [Xa

®Win 9.2 7

OT. 08/20/10, East Lansing, Mi

— Choosze absciss anis — Chooze D4 class
& Current
i E [Metdiul i Previous ]
i H-space (mm)
| i -space (mm)
i {~ ¥-angle [mrad) ¢ (0] 4
[ " *-angle [mrad) ]
| € "Fizzion'' mode

Passing spatial slits

distribution2 *d4P = DF4->d4[e4P]; /I P(P)
distribution2 *d4X = DF4->d4[base]; // X(P)
distribution2 *d4A = DF4->d4[baseA]; // A(P)
distribution2 *d4X_i = DF4->d4[base_i]; // X'(P)
distribution2 *d4A_i = DF4->d4[baseA_i]; // A(P)

for(i=0;i<=NP;i++)

{

X
o

(d4P->ff(i) - TauliseMomentumBlockSetO[direct]) * Lsd_coef;
d4X->ff(i) * Lss_coef;

d4A->ff(i) * Lsa_coef;

d4aX_i->ff(i) * Lss_i; ]

d4A i->ff(i) * Lsa i;

X X
D X

if(KickerUse) /I Kicker stuff
xk = d4P->ff(i)*Kicker->Taulise_kP + Kicker->Taulise_bP;

axis_ X[i]=xP+xk+xx+xa+xx_i+xa_li; /l'in mm

}

kK

int Curios = Wedge_Curiosity_Analysis(d4P,
axis_X, axis_X_new, i_lmax);

DF4->ChangeBase(base,true);

It

thisP = *DF4->d4[e4l]; // to transform distribution2 -> distribution1
thisP2= DF4->d4[e4l];
thisP.normalization();

11



MICHIGAN STATE
UNIVERSITY

Class “Distribution4” in v.9.2.7

Passing anqular acceptance

I ANGLE----- T->T
distribution thisA(*bcc->currA);

double g_aa = B->gom->0_aa(direct);
thisA.product(g_aa);

I ANGLE----- P->T
distribution thisA_i(*bcc_i->currA);

double g_aai = (direct == edirect_X ? B->gom->0_tp : B->gQg
thisA_i.product(g_aai);

->0_pt);

I X-OBJECT--------
distribution thisX(*bcc->currS);

double g_ax = B->gom->0_as(direct);
thisX.product(g_ax);

Momentum : D4-distribution

istribution2 *d4Pprev = DF4prev->d4[e4P]; I P(P)
distribution2 *d4Aprev = DF4prev->d4[base]; I A(P)
distribution2 *d4Xprev = DF4prev->d4[baseX]; Il X(P)
distribution2 *d4Aprev_i = DF4prev->d4[base_i|; // Y'(P)
distribution2 *d4Xprev_i = DF4prev->d4[baseX_i]; // X'(P)

for(int i=0;i<=NP;i++)
{
aP = (d4Pprev->ff(i) - MomentumBlockSetO[direct]) * Lad_coef;
aa = d4Aprev->ff(i) * Laa coef;
ax = d4Xprev->ff(i) * Las_coef;
aa_i= d4Aprev_i->ff(i) * Laa_i; new
ax_i= d4Xprev_i->ff(i) * Las_i;

axis_Afil]=aP +aa+ax +aa_i+ ax_i; /l'in mrad
[[-mmmmmmmmmm e XOBJECT -------- Y->T }
distribution thisX_i(*bcc_i->c
double g_axi = (direct == gdirect_X ? B->gom->0_ty : B->gom->0_px); 1l

int i_lmax = DF4prev->d4[e4l]->max_i();

Il MOMENT----------- P->T Wedge_Curiosity _Analysis(d4Pprev, axis_A, axis_A_new, i_lmax);
Fokkk /
for(int i=0; i<=NP; i++)

1 Result convolution d4A_temp->input_fn(i, axis_A_newfi]);

d[0]=&thisX;

d[1]=&thisX_i;

d[2]=&thisP;

d[3]=&thisA_i;

d[4]=&thisA,;

bc->o0_disA->convolute(5,d,2, FlagLogTrue);

OT. 08/20/10, East Lansing, Mi
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MICHIGAN STATE

& Cut of distributions after passing angular acceptance ' —

__.l'_.v

NSCI|FR
Primary beam case with large energy emittance.

— http://groups.nscl.msu.edu/lise/9_2/9_2_ 7/beam_test.lpp
A Element o+ Bearn enargy — Emittan:
=i Erey @ [ 288 MV Beam CARD
20 . eam respect to spectrometer
TKE ¢ | 12707.42  Mev [sigma] Bl .
— Block matrix
2 Bho O [ 60058 Tm 1% 0% dx [0
I Slable Gy 2T 1 d a1 10 d
A T 1A |124629 |-00002 | o | 0 | 0 | |-62798
¢ Tableof U el E35e+5 RV ay 0.25 dy 0
7 Mucides —— SR T mad | fap[ @ mad 27 |020291 [08oz41 | o | 0o | 0 | |-42237
aljz = o[ L[ 10 wm dT [T 0 degees
a7 = o so[ ¢ x| Jer [T oo zvf o | 0 |qe%e| ez | 0
® 1 prd \_
[z 4F] 0 | 0 |051??9|nu? 0 | o
¥ Ok @ o 2= o
0mare  Kw
5 L 033897 | 05036 | o | 1 | -05674
x Cancel
Energy Loss in the
I target b [Kw] l 13Fe7 RF frequency 83 Hz E D I 1] I 1] I 7 I 1] I 1] I 1
N
=¥ v2 01D ;E.Ll
V2_01-Debug
= 8Ca (2650 MeViu) + C -1 n'gfcmz); Seftling on 4ECa; Config- DSDSWDDS
¥ dp/p=027 % , Wedges: Al (8800 pm), Brhgefm) 6.0057, 6.0057,51787,51787
T StDev(Pd)=0.0 Me DeviPy)=0 0 e SN0 T _SiDvY o StovEA 1.0 mrad StDVAY)=1.0 mrad ;nﬂé;,g;;am
= [intensity i o ksmac‘e‘i"ﬁ X angle i i i i A ! dP i i i
e 100 R T[] \ o8
r 1| os
. =
" I o7
= 08
Tz =
O ‘;‘ E o.e
[¥ES] 5 20 =
Fe E os E e 0.5
713 =
= =< 10
0.4 -20 0.4
a3
20
0.z -5 0.z
50
o1
o 100 T 42cabeam)
2e+4 2. 2e+4 3.4e+4 2.6e+4 2.8e+4 4e+d 4. 2c+4 2e+4 32.2e+4 .4e+4 3.6e+4 2.8e+4 de+d 4.2e+4 2e+4 3.2c+4 2.4e+4 2.0e+4 2 Be+d de+d 4.2 3?‘-4 2.2e+4 2.4e+4 3.6e+4 2.8e+4 de+4 42e
P (MeVic) P ‘Me\ﬂcl P ‘Me\ﬂcl P {MeVic)
Troray - - - - S| %y epade - - - = T angle - - - - — e ] . . . ~
=20 aBe&bieay 0.0008: )iy os
sscapelm)
2340
2505 o8
300 Ge-5
.7
a0 1.5e5
_ — S oe
->=\l 220 E Ses E Ze5 %
2 E E = os
= 1s0 > = 5
w -5 =< F o=
-2e-5
140
1.5e-5 o=
100
-Be-5 oz
a0 -2.58-5
o1
20 -2.5e5 | 0.0001 L 43cajbesm)
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Benchmarks have been done with the new version with a beam inclination
using matrices with non-zero x/d, t/x, and t/d elements.

Projectile fragmentation case:  py://groups.nscl.msu.edullise/9 2/9 2 2/9 2 2.pdf

Abrasion-Fission case: http://groups.nscl.msu.edu/lise/9 2/9 2 5/9 2 5.pdf

Comparison from Mauricio :  http:/groups.nscl.msu.eduflise/9_2/9 2 _7/20100819_FRIB_discussion1.pdf

The new version should be checked more for some specific cases as
* huge values of some optical matrix elements

« with all LISE++ blocks

« with all reactions in LISE++

etc
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