New Utilities in LISE++ (v.7.8.87 beta)

* Twinsol (solenoid) utility
ray trace and matrix solutions

* the Kinematics calculator: Mott scattering
and (A*, A+tgamma) mode

* Wedge-wedge optimization

Version 7.8.87 beta from 06/06/06
June 9, 2006, NSCL/MSU available through LISE sites
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Find analytical solution to include the SOLENOID block in the LISE++ transmission calculations

I. TwinSol in LISE++
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Development stages
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. TwinSol utility dialog (1st stage - DONE)

RayTrace source transformation into C++
TwinSol-solenoid class library development
Relativistic solution for the RayTrace model
TwinSol matrix solution : main part (Transport)
TwinSol matrix solution : soft-edge corrections
TwinSol dialog construction

Solenoid dialog construction

Calculation results plot

Scratch file for multidisplay

TwinSol utility dialog (2nd stage)

Electrode dialog
Midplane absorber dialog
Gas filled solenoid

TwinSol optimization utilities
in the TwinSol dialog (3rd stage)

4. Research of TwinSol properties using the
TwinSol utilities to develop a fragment
transmission model through solenoids.

5. New blocks: round slits and beam
stopper??

6. Solenoid block development to be used
in LISE++ block frame

a. Solenoid block optimization in LISE++

b. Transmission

c. Solenoid block setting for the fragment of
interest

d. Optimization utility for Solenoid block

e. LISE transmission plots with Solenoid block
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class o_solenoid

{

0 _solenoid electrode electrode;

double CalculateOM(Cproj *beam, int Direct, bool
EdgeCorrection, OPTICAL MATRIX *om, double z);
OPTICAL MATRIX *OM;

bi

class o_twinsol

{

o _solenoid sl, s2;
b

class G_twinsol : public o twinsol

{

OPTICAL MATRIX* CalculateOM(int k);
OPTICAL MATRIX* CalculateGOM (double z);

int RayTrace (distribution **d);

Cproj *Proj;

OPTICAL MATRIX *GOM;
BEAM *BeamSigma;
BEAM *BeamRay;

i

RayTrace source transformation into

C++

Fortran Source:

GX=V1*DT+.5*AX*DTS
GY=V2*DT+.5*AY*DTS
X=X+GX

Y=Y+GY

Z=DZ*FLOAT (STEP)
TO = TO + (SQRT (GX**2+GY**2+DZ**2))/ (1.0E-09*V0)
F7=AX*DT

F8=AY*DT

FO9=AZ*DT

HE7=.5*F"7
HF8=.5*F8
HEO9=.5*F9

VX=VX+F7

VY=VY+F8

VZ=VZ+F9

C++ equivalent using the “Vector3” class

v3 shift = v3 VelocityWork * deltaT +
v3 Acceleration * (0.5 * deltaT*deltaT);

v3 position += v3 shift;
v3 position.p3 z = this->Step * double (II);

Vector3 shift step( v3 shift.x(),
v3 shift.y(),
this->Step) ;

TOF += shift step.r xyz() /(1.0E-09*V0);

v3 Velocity += v3 Acceleration * deltaT;
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Relativistic solution for the RayTrace model.

Substitution by LISE++ library functions

Substitution expressions like that
V0=1.389E+07*SQRT(E/M)
by LISE++ relativistic functions

V0 =vc_m_s * E_to_Beta (energy);

0184 40Ar (800MeV)

8'12 ] difference between classic and relativistic

0.12 3
0.10 3
0.08 3
0.06 3
0.04 3
0.02 3
0.00
-0.02 4
-0.04 3
-0.06 4
-0.08 4

X,Y.R (m)

.10 +proemreor—-———————

SN = SN * ATRHO * .
IF (ION .EQ. 1)CALL
PSTOP(ION,M1,ABSORBER,M2
IF (ION .EQ. 2)CALL
HESTOP(ION,M1,ABSORB
IF (ION .GT. 2)CAL
ER,M2,VELSQR,ENFERMI,
OEF,SE)
ATRHO *.001

& LFCTR,

Using LISE++ library the substitution was done:

double StoppingPower ( Celement *p,
Compound *cp,
double Energy,
int option);
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http://people.web.psi.ch/rohrer_u/trantext.htm#Solen
CH-5232 Villigen-PSTI,

Urs C. Rohrer, PSI (SIN),
Switzerland

SOLENOID: Type code 19.0

Inside the solenoid, particles possessing a transverse velocity will
describe an orbit which is helical in space. In order to study these
movements, the beam centroid may be shifted and traced through
the solenoid.

For B * L > Brho , the solenoid has to be divided into a sufficient
amount of smaller elements in order to get an accurate image of the
particle rays. But the R-matrix used in transport includes the fringe
field effects at the entrance and exit of the solenoid. Therefore the
slopes (x'ly') computed at the different segments are incorrect.
Cubic spline interpolation used for the graphic display of the particle
rays or the

envelopes need the correct slopes for a decent picture. Therefore
provision has been made to do correct slope computation inside a
solenoid by separating it into three regions: a) entrance face, b)
homogenous region and c) exit face.

19.0 0. B. [ENTR/;
19.0 L1 B. /HOM1 /;
. (L1 to Ln unequal 0.)

19.0 Ln B. /HOMn/ :
19.0 0. B. /EXIT/ :

If the code encounters for the first time a 19. type code with zero
length, it takes the R-matrix for the entrance fringe field. For all
subsequent 19. type codes with Lx unequal 0 the R-matrix for the
homogeneous longitudinal field is taken. If a 19. type code with zero
length is encountered for a second time the R-matrix for the exit
fringe field is selected. Other data entries between the sequence of
19. type codes are allowed ( e. g. I/0 control or RMS addition to
beam ), but no checks are made if these entries make sense or not.
In order to divide the solenoid into segments of equal length, the
automatic segmenting feature of the space charge card may be

June 9, 2006. NSCL/MSU

TwinSol matrix solution : main part (Transport)

strengths of the dlfferent segments may be adjusted through
coupled vary codes.

Note: The original default is still available. If no type-code 19. card
with zero length is present, then for all solenoid cards the matrix
with entrance and exit fringe fields included will be taken.

First-order matrices for the solenoid:

1) Entrance face

1 00O0O00O
0 1 KO0OOO
Ri =0 01000 2 * K =B / Brho
-K 00100
0O 00010
0O 00O0O01
2) Exit face
10 0O0O0O
01 -KO0OOO
Ro=00 1000
KO 0100
00 0010
00 O0O0OT1

3) Homogeneous field:

1 S*C/K 0 S*S/K 0 0
0 2*C*C-1 O 2*S*C 0 0
Rh =0 -S*S/K 1 S*C/K 0 0
0 -2*S*C 0 2*C*C-1 O 0
0 0 0 0 1 0
0 0 0 0 0 1
C = cos(K*L)

S = sin(K*L)



TwinSol matrix solution : soft-edge corrections

Alex Bogacz, Workshop on Muon Collider Simulations, Miami Beach, FL December 15, 2004

» Non-zero aperture - correction due to the finite length of the edge

® [t decreases the solenoid total focusing — via the effective length of:

Bi ]iBZ(S) ds

® [t introduces axially symmetric edge focusing at each solenoid end:

1 (" o 5 5 N kza
q)edgezi‘ .[Bz(s) dS_BDL ‘:_? kZEBOl’pC
\ o J
® axially symmetric quadrupole

1 0 0 0 |

® _ |- ®pe 1 0 O

Msoftsol - Medge Iws'r::l Medge Medge - 0 ’ 0 1 0

0 0 Dy 1
N ) _

—_(Jfferson Cfal  ummmm—m’ Thomas Jefferson National Accelerator Facility num— B

Muon Collaboration
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The TwinSol utility dialog in LISE++

Twinsol global matrix

Det= 033335

r Dimension

r— Block matri — Beam [zigmas]
1% | 09785 | -06216 [ -25774 6408 | 0 [ O IEREERLL
2 7[00 [01823 [0z2843 [-05075 [ 0 [ o [1088E [mrad]
3y | 25774 | 16408 [-09765 [-0626 [ 0 [ 0 [ 36133 [mm]
4 F[oz43 [osors [0100r [o1s3 [ o [ o [10886 " [mrad]
sLf o | oo | o [ o | 1 | @ [0 imm]
gof o [ o [ o | o | o [ 1 [0 =

A[mm] Amrad] Almm] Amrad]

x|

Distance to plot rays

Length of 1-st
solenoid block

Length of 2-nd

; Length of defecusing
solenoid block

solenoid block

Distance from the
target 1o the absorber

\

— Twinzol settings

¥ Use the second solencid
Twinsal  Antiparallel
operation mode g5 Parallel

¥ Use the defocusing solenoid
™| Wse the absarter

Uze the “soft-edge" comections
far solenaid matrix calculations

& Twinzol optical matrix |

~ L
Twingol Length = | 5862 m
Distance to plat rays = IT m
Integration Step = IW m

Twinzol scheme |

File Settings

Cptions

Calculationfl | Utilities MD-Plot ZD-Plat  Databases

Help

oo @sotvn| &

@ . peckrametric Calculator by J.Kantele
= The code "CHARGE"

Erojec‘tile 404,18+ The code "GLOBAL"

140 MeYiu 1 pnas Units Corverter

agment 32§16+ BI (search of 2-dimensional peaks)

Target Be ! PACE# {fusion-evaporation code)
SO0 migro  Plot PACE4's calculations
IE Stripper Converter of FORTRAN-files ta C-files
Brho Reaction's Characteristics
w. 3.4821 T Radiation length
02 Brho Electromagnetic excitation plots
34521 Tn

s itz Flot of Fragment Range in material versus Energy

9.5 H |+i9.5

Flot of Fragment Stopping Power (dEfdx) in material versus Energy
Plot of Angular Straggling in material versus Energy

12_wedge

\ Plat of Equilibrium Thickness versus Energy

03

Range optimizet

Brho \
34821 Tm Gas pressure optimization For gas-filled dipale

D4

Brho

34821 Tm Erho Analyzer

FP_PPACO

Calculation of Angle on the LISE3 target

FP_sits

‘ -5 H |+E5

Al )
2 e AMSP-144 wtilt
=itz Twinsol {solenoid) wtility

User cross-sections analysis using Abrasion-Ablation model
Rate & transmission calculation: batch mode

13t zolenoid block

{&} 1-st zolenoid block settings |

EAbsorber

&

— defocuzing solenoid

]

Settings | Absorber zettings |

ga™ Optical Matrix for setting fragment

& Optical b atri |

Block Length = | 1.954 m

[istatze from
Larget ta absolberl 21 @

[Eharge state atten

Length=| 1.954 m

r—2-nd zolenoid block

&

ga™ Optical Matrix for setting fragment

Block Length = | 1.954 m

B=|24539 T

BE= 35389 T BE=| 1.8 T abizarber (2]
ml 1 =
’ o current file '
2-nd zolenoid lock settings | I AL
@é Save file as |
s Load file

6

 Initial Beam
Frojectile |
Beam Initial ray
emittance values

1.X’f B
21 & [
sv[ 1 [ 5
sF[ @ [ B
w3 R[ 14 [ 707
2t4.4[ 2828 3202

I 404r18+ [10.00 Meiu)
03033

mrad

GeW/c

F tsprt

— Beam tracking
| 2:nd solenoid: %0 R

"Transport” [matix solution]

E Save for multidizpay

r— Plot optiong. Show:

——————

™ Transport; Beam Sigmas

R I TV R T
4F |

153 |

1514 17.73

Beam Fiay IRy V' Transport: Ray Yalues
? TRACE
zigmas Values ¥ Rau Trace

‘I.><| 10.71 17.79 19.41 £ Calculate | ¥ .

27 944 [4183 [ 78 W EEEETEE)

. Pl | 1%

Selected plot

| |
| |
| |
941 [ 1286 |
| |
| |

1335

Energy [MeVfu] = 10
& Matr |
Time of flight [ng] = | 45.1

2. 4 |

W Gave Bt |
X it |

Under construction (2nd stage)




Solenoid
SENG A NA e (40.0 MeV/u) o Optical matifor
. zetting fragment R ,
Length of the solencid block :
—Magnetic field——— == o
........... ze the Electrade setings Ny ;
B 4l U B l0.25 | Length of 1st half Length of 2nd half ;
L BE162 A ™ Fill byigas M Bl Gassettings & -'i* T
Under construction {2nd stage —WI LT{E
— Geometrny 10.20 = Cr::l'l
(PR I '
lsthalf= | 22964 m Block Length = [ 57028 m . length :
Zrdhalf=| 34064 m l0.15 _ : g
Coillength= | 03128 m  Solencid length = 1 m i : B
Effective radius = [ 0.2123  m Boe=| 015 m || |g104 i £
f i £
- Solenoid =] i
—MA length S
< Ok Maconstant = | 003636 T4 10.05 - - | =
=0
Mé = MAconstant *| Ma= [238827 T Lx0) P :
X Qi BI0) = M& * CoilLenath / sart| EffRadius * EffRadius + o - [ED @ L
CoilLength * CaillLength / 4 | 0 2 z
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Calculation results plot: 1 solenoid, L*B(0)/Br < 1

:E:Twin Sol

Twin Sol
WA (E=40 00 Meviu or Ptrans=0613 Gevrc) Emittance: 1,20,1,20  Init Ray 5,20-5,25
1st SOL L1=2.3m L2=3 4m Coil=0.8m BO0=4.200T Efield=Mo

70 [select: ¥ - i S 7o | Spatial i :ﬁEEEE 4 v plana i — o e
L ! Naufa,
b | | EiEE |
!"1
| | |
| | |
ﬁ s | = | |
S| E | £ | E |
2 o = , £
SE | < = : |
=1 \l\ i =
] =
0.3 fyelocity = o 7 |angular | T
““““““““““ B i o e
0.26 | | — - P RayT=ce
0.2z | |
| |
oz | § |l e + ..........
= 3
© | g O] et R ®
g o | : e r :
2 m
0.1 | ~ |
e Y [ S O T
0.06 | |
0.0z | :
el | |
1A 155?515 ! = 2 4 s & i " 4 5 G Bl A o 1 H 3 4 5 & 7 a
LISE++ Moramg £ (m} Zi{m) Z (m)
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tial cross

b. Identical

Quantum-mechanical scattering. Mott’s approaches have been realized in LISE++ to:

a. Relativistic case: &(3)dw=¢,(9) [1— B -sin*(9/ 2)+....]da) , where &,(9) is the classical differen-

section.

9.9,

o

particles: do(6)= [ 4

E Kinematics calculator (relativistic) _I- _|D il
— Reachions — Farticipal s
Spin [0 =] [ms\,] EESESE” | E[CM] = 434 23 M
Tw/0 BODY B(A.CID
reaction A Beam 208Pb -21.75 I 0 Beam energy = || 4.2 Meviu
& SCATTERING B[4, C=A|D=E ” Target I 208Pb -21.75 I 1] Intensity = || 1 pné.
. EREAKLF - C= | Fragment I 208FPb -21.75 I ] T arget thickness = || 0.1 micron
[FISSI0N) il b D= Fesidus| BfZ08F0 2175 | O T
[t - | mesicyal | | Q-value = 0.00 Me
PO o
= Set-up
. fragment [C) residual [0
Search an angle in Ch R- I 0 o I 00
o
fram 0 dearees and up - I 1 m I ]
-
fram 180 degrees and down e I 5 - I 3
o i o e
fngledeq)= | 24975 [ B4875 | 50 o[ 130
fragrent [C] rezidual (D] fragment [C]  residual (D)
el
— Calculation | LAR ] Chd
It iz supposed. that the reaction takes
place it middle of a target Counting in monitar = I 1.48e+1 I 6.9e+0 pps
Differential Cross Section = [ 464e+04 [216e+04  [1.78e+04 [1.282404 mb/er
E'_.\_ Kinematics plots |
Energy after reaction™ = | 343 | 075 Jo1o4 | 104 Mevar
lf_?_-\' Rutherford plot | Energy before detectars = l 342 I 073 Tl A
h’ 20 fragmfnl p!-:-t I aximum Angle = I 90.00 I 90.00
Wleris Bt SeidAnge=[ 016 [ 0718 | [ET] e
delta Theta =| 057 | 057 | 1.1 | 1.1
XOui‘tl?Helpl . . ) i
. - the reaction takes place at the middle of target; - [Mef] for gamma
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2 1 ;
j Lin“(&/2)+ cos4(n9/2)+6'j (25 +1) cos?(6/2) sin*(0/2)

cos[n log tan*(6/ 2)]] do

=10l |

|5 Rutherford scattering

Rutherford scattering
208Pb + 208Pb =» 208Pk + 208Pk

Projectile Energy © 4.
Z0BPR(Z08RE, Z08PE 20EPL

Q@ reaction: 0.00 MeV; Use Mott's scattering =No

dSigma‘/dOmega[mb/sr]

o 20 40 Ch) 20 100 120 140 180

Angle[deq] =

23S

Coulomb scattering 2°8Pb (873MeV)+2%8Pb (classical case)



Rutherford scattering
208Pb + 208Pb =» 208Pb + 208Pb
Projectile Energy : 4.1 MeV/u
208PB(208PL, 208P0)208P  Q reaction : 0.00 MeV; Use Mott's scattering =Ves

YOLUME 71, NUMBER 16 PHYSICAL REVIEW LETTERS 18 OCTOBER 1993

Search for Color van der Waals Force in 2°8Pb+28Ph Mott Scattering

A, C. C. Villari,? W. Mittig,! A. Lépine-Szily,"? R. Lichtenthiler Filho,® G. Auger,! L. Bianchi,® R.
Beunard,' J. M. Casandjian,? J. L.Ciffre," A. Cunsolo,® A. Foti,® L. Gaudard,* C. L. Lima,? E. Plagnol,}
Y. Schutz,! R. H. Siemssen,!? and J, P. Wieleczko!

LGrand Aceélérateur National d'fons Lourds, Boite Postale 5027, 14021 Caen Cedex, France
2 Instituto de Fisica, Depart to de Fisica Nuclear, Universidade de Sdo Paulo,

Caira Postal 20516, 01498, Sio Paulo, Sio Pauvle, Brazil
3 Dipartimento di Fisica and Istituto Nazionale di Fisica Nucleare-Sezione di Catania, 95129 Catania, Italy
4 Kernfysisch Versneller Instituut, 9747 AA Groni . The Netherlands
(Received 15 April 1992)

dSigma/dOmega[mb/sr]

E. 873,40 MeV

COUNTS
2

70

=z
60 ] 20 20 60 80 100 120 140 180
HO4E008 23331E e

' TUHEIEE e Angle[deg] 1t

1 Rutherford scattering
50 1 i 208PL + 208Pb == 208Pk + 208Pb
Projectile Energy : 4.18 MeV/u
208Pb(208Pb,208PE)208Pb @ reaction : 0.00 MeV; Use Mott's scattering =ves

40

30¢

r

20¢

dSigma/dOmega[mb/sr]

10t | | | |
28 284 288 292 296

elub

Experiment: Mott scattering of identical particles gt
208pp (873MeV)+298Pb, LISE++ calculatlon Mott scattering of identical particles

June 9, 2006. NSCL/MSU 208pp (873MeV)+2%8Pb.




Feactions II'C'I:'C" a t ME Exc:ltatlon B:rd—ste—p—
T BODY B(4.CID ep [Mev] g == H0&r + gamma
reaction . A Beam || l -35.04 Beam energy = l 140.0 MeVfu
 SCATTERING B(&,C=410-8|| LB %e_ | [ - sy 1 pré 0 reaction :
C#  Fragment 404 -35.04 4 Target thickness = || 0.1 micron
EREAKLP (A.0D] —“ l—] e
& [FISSION) wLA. " D*  Fesiduzl || gamma Ienergy= I g I O-value = 0.00 M
[gamma-emission] <
|
= —Setup -
P W ﬂ:a mMma- ray-Maitl €esd p)
hb Search an angle h I 100 i I 100
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—— r
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il C C o
Wi bngle (deg)= | 0008 | B0.384 | a0 a0
fragment [C] gamma (D] fragment [C]  gamma (D]
It iz supposed, that the reaction takes =050 lation T LAE | CH
place in middle of a target !
Counting in monit0r=| 1.62e-1 I 2.04e-1 pps
[ II:-\- Kinematics plats Differential Cross Section = [3.05e+13 | 132 I 100 [ 100 mb./rad
u o Energy after reaction® =| 139.99 I 3451 I 3e-06 I 3.000 [LETET
i utherford plo
T e T Energy before detectaors = | 139.99 Mt A H"‘\
2D fragment plot Mawimnurn &nale = I 0.0 M\
B ek the tp get gy e
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Wedge shape degrader in the Target-Wedge optimization utility

Before it was assumed that only curved profile degraders can be used for optimization.
Now you can assign the wedge operation mode (Fig.1) in order to use in the Target-
Wedge optimization dialog (Fig.2). Wedge angle of a wedge shape degrader will be
recalculated according to chosen mode during optimization calculation.

M ode

Wedge degrader in dispersive focal plane - |EI|5|
Dizperzion Flane
i Block | WEDGE
£ (vertical 'k hetfg.. Prefile | ‘#edge degrader
Setting fragment I 32516+
295 ¢ slitglrm] - +29.5
Chooze the block: to calculate an . s--angle [mrad] -
e dle for the zetting mode after it or 2.4 rﬁin [ rna:-:] 24
ﬂ j S| Far the celtral trajsctom
Thickne | A [800 ricron)
[l ad]
E b the degrad 91.23 bl i
Fichromatic 04567 _Fis | eIy BETye e cedracer =
. - Energy aftlr the degrader 80.24 G
hromatic -2.2195 FI:-:I

Dimemszi edge ahale
distributi [default 16]

|32 "'l

new

f

YWedge angle u:alu:!l A

Fig.1
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b formulae [mrad]
Monochromatic| -2 246 |

Target & Wedge optimization
| 40&[140.0 Met'fu) + Be -» 325

" wwhedge & 'wWedge

gE

— Material thickness

MinWalue MaxYalue Mumber of

Material [mafzm2]  [mgdcmz] Points
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wedge | 203  [142e3 [ 10

# Calculate Min & Max values I

Keep walue InD keep value ;I Properties
Wedge Block ||2_wedge LI ‘wiedge-Achr

—'wedge shape calculation

The utilities automatically
recalculates an angle of
wedge shape degrader if
the wedage mode waz sat
ta achromatic or monocr.

Curved praofile degrader
rermains invariable

WIP=| 01

—weights far the Combined plot

WI=| 1 Ylrtensityt' Ir=logl O[]
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Output
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‘g Make Anabysis I

~ Calculate the primary

beam transmiszsion

wedge_achrom_ T fit

X Cancel

Presz "Ezcape’ to interrupt analysis

e} .
3 Browss

[~ Make default




Calculations  Utllities  1D-Plot  20-Plot  Datsbases

Help

Tune spectrometer for setting fragment on beam axis | 4040(140.0 M) + Be - 325

Tune spectrometer for setting fragment at middle of slit

Calculation mode

Keep value |nokeep value i FProperties

Goodies
Calibrations [ Jaget & Wedge edge Block 1 |12_wedge - “wedge-Achr
- | * Wedge & Wedge e e, 2 | [E—— j | et
Transmission and rate k
Dl:ltil'l'll_ll'l'l TEIFEIET — Material thicknesz —'wiedge shape calculation
: - - i Min%alue Maxalue Mumber of The utilities autarmatically
Optimum Target-Wedge and Wedge-Wedge configurations Materisl  mgicm2]  [molemZ]  Points B e
h . wedge shape degrader if
Brho scannng Wwedgel | 10 | T11e+3 I 1 the wedge n_'nocle wasz zet
Optimum charge state combination wedge2 [ 10 | 11es3 | [ 11 (e el
Curved prafile degrader
Ph'[.l'Sil:Ed Calculator 5 Calculate Min & Max values I oo

Kinematics Calculator

—Weights far the Cambined plat

W’I=| 2 "Intenzity Ir = log10[) +PROTOMS I 2 from the
; zetting
‘-.-\.-"F'=| 1 "Purity”* P +/- MEUTROMS I 2 fragment

wiP=| g1 "Product" [IFP

— lzotope rectanale far calculationg
Mathematical Calculator

Evaparation Calculator
Fusion-Residue Calculator

v Calculate the priman

[Comb="1%11 + WP*P + WIP*[1*F beam transmiszsion

Matrix Calculator

Output
statistics file

| double AT300 T fit E‘é Browse
The wedge angle of wedge-shape degrader is taken

I ake defaul
from the formula (not from scan) I Make default

£ Make Analysis | x Cancel

Presz "Ezcape’ to interrupt analysis

Mo charge states | DG=0.00mm/ % HP=32
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Wedge? thickness {mgfcm2)

Wedgel & Wedge2 plot: Combined

T & W optimization: 208Ph {85 0 MeW/u) +Be -> 2020g optimization  Config: DDSWDDSDDSWDDMShhihg
MNofT=20; Mof=15, dP=4, dN=4, ‘“Weights: 1.00 2.00 1.00
dp/p=3.38% SecReact "off" Wedge: 12_wedge

40 - . R - . But this optimization now can
be used with two wedges only

3 = : T : for charge states analysis, and it
o " D is not so effective without
32 | LI R R secondary reactions in wedge.

The next important step
in LISE development:
secondary reactions in
wedge!!!

Different charge state combinations
June 9, 2006. NSCL/MSU



Morris’s Optimized Tracing of Enge’s Rays

“MOTER” ray trace code for MS Windows

(FORTRAN and C++ versions)

@ 19 ] IEEE Peraoral e of i nodern] pamiial Flowerrer, pamnisin io sprint‘epablsh e okl
for schariimng o proamiiond papos o for aaire ew cobeciire works for reake or eddnhdion o sren
o Baix, o b s sarp copryrighied cormponen of ihis work: n ciber weeks wusi be cbissad from e TEEE

Prof.B.Sherrill

Prof.D.Morrissey Optimizer Package

Using MOTER To Design PILAC*

Transformati H. 5. Butler, £ Li+ and HL A, Thieggen
H‘ Los Alsmes National Laboeatory
P 0 Row 1AAT, Mail Srop HEAT
Los Alamos, New Mexico 37545

RAYTRACE

Stanley Kowalski
Harald Enge

PHYSICAL REVIEW C VOLUME 47, NUMBER 2 FEBRLUARY 993 MIT

Morris Klein
Arch Thiessen
LANL

Reconstructive correction of aberrations in nuclear particle spectrographs

M. Berz, K. Joh,* 1. A Nolen®* B. M. Sherrill, and A. F. Zeller
Depariment af Physics and Astronomy and Naltonal Supercopdycling Cvelalron Laboralory,

Michigan State University, Easl Lansing, Michigan 48824 Figure 1. Strusture of MOTER -- an optimizer package built
(Received 24 August 1992) around the RAYTRACE kernel.

Data and executable files are in the directory
FORTRAN Crt moter_root = \\ projects \ proj4 \ temp \ Tarasov \ Moter
. fort.12 K8ts.mag
data file
. . fort.14 K8ts.dem
assignment is
fort.19 For019.dat -
the next: fortl6 K8t " C++ version moter root\ CCMoter
fort.8 K8ts.0ut executable file moter_root\
ort. S.0p CCMoter\Moter.exe
data files in the directory moter root\ CCMoter\data
Next Steps
1. C++ classes and source optimization, search for Bugs -
2. Substitution by functions from LISE++ library (for FORTtRﬁ‘IN f};ersmn mo:er_roo: t Emo;er\ Debug |
example energy loss, straggling) executable file anla etr_roo moter 1 bebug
3. Documentation, Manual data files in the direct to er.ex?\ Frmoter \ deb
4 Shell construction ata files in the directory moter roo moter \ debug

. Graphical output of calculation results
June 9, 2006. NSCL/MSU



Thanks for the
collaboration :

Beam

A.Z Energy
emittance
(v, %"y, dp/p)

Drift Length

Radius

Thickness Radius 1

4

Aim: define catch efficiency of projectile fragmentation products
for different geometrical and material configurations.

Monte Carlo solution

June 9, 2006. NSCL/MSU



282 oG setun| m(8)]

[Plrojectile  40ar18+
140 Me¥iu 1 pnA

[Flragment 32516+

Target the e
S00 w crc

E Stripper

]3!—_:} o1 Brho

B | 2.4821 Tm

s
12_slts el

-25.5|H |+25.5

12_wedge

m L
LA,
FP_PPACO ﬂzﬂ\,; .
FP_sits e

-25|H |+25

FF_PIN

section mode.

=d LISE ++ [Cluser\c\lise_pp_ 76\files\Dubna\11_b_ &he.lpp]
File Settings Options Calculations | Utliies 1D-Plot  2D-Plot Datsbases Help

Access to the ISOL

catcher utility

Spectrometric Calculator by 1.Kantele
The code "CHARGE™

The code "GLOBAL™

Units Converter

BI (search of 2-dimensional peaks)

PACE4 (fusion-evaporation code)
Plot PACES's calculations
Converter of FORTRAM-files to C-files

Reaction's Characteristics
Radiation length
Electromagnetic excitation plots

Plot of Fragment Range in material versus Energy

Plot of Fragment Stopping Power (dE/dx) in material versus Energy
Plot of Angular Straggling in material versus Energy

Plot of Equilibrium Thickness versus Energy

i~ Files —
Catcher cumert file bie
l SOpimrad  Reaction place
" Fragment stopping place
EI% Save file as | * Prajectile stopping place
AZEnergy
amittance —— It Load fil |
2,10y dplp) DUEEs = sheik — Options =
Radius.
Thickness Radlus 1 o Radius 2 — falr s
Material (A.2) Material (A2) L & Z&REY) -
Be (2mm) | CZRAKYZ) gy
— Set-up
Radius = I 5 mm

Projectile

| 11B [35.00 Mevu: Tpnd]

= Fragment | EHe m

Distance from source to target = I 10 mm

Distance from target to catcher = | [3 mm

— Catcher

5 Caloulate |
C {10 mm} |
& Save & Bt |
x Quit |

Fadius 1= i B mm
Radius 2 = I 7 i

Range optimizer
(Fas pressure optimization for gas-filled dipole
Brho Analyzer
Calculation of Angle on the LISE3 target
MSP-144 utility

i 't ittt
ISOL catcher utility

asion-Ablation model

Rate & transmission calculation: batch mode

ISOL catcher calculations are performed for the “Projectile
fragmentation” reaction mechanism set to the EPAX2 cross

Other options (Energy Loss mode, Velocity and momentum
distribution width) are taken from LISE current settings.
It is recommended to load a LISE file with your settings
before to use LISE ISOL catcher utility.

Do not use the Convolution model: it takes a lot of time for
Monte Carlo calculations.

June 9, 2006. NSCL/MSU

ISOL files®
L8t S304aRiIe5490988a At thahaginning?
Defaat irEREs R LISEIEES
ExtRSFOR" « iddp!

Savein: | 2 files j = cF ER-
3103034 CIGANIL save2.isol san
iDaveMorrissey Camatrices saved.isol | sa
i DissiaptionEE [CIRF_kicker saved.isol scr
ChDubna 30pimradisal save5.isol zer
herrors 60pimrad.isal saved.isol

Jexamples catcher_origin.isol saved.isol

1| | i

File: name: |33|:|im|ad.isol|

Save I
j Cancel |

Save as type: IISDICatcher files {*.isol)




A Element g+ — Beam energy C Ermittance Y
I 1 I g I : Energy IT MEWJ 1. I'I— mm
? TKE ¢ [ 38533 Mev 2T [ 0 mad |
Bhoe | 1833 Tm av [ 1 mm
| Stable P e S aam Gev/c i E IT rad  om
e u O 7Tes KV 5L [ 0 wm
—Beam intengitp——— E.D I 1 =
E : e B Angle: beam - spectrometer
. {* I‘I— P .:-c' n'
e | E26e+9  pps I I rhrad
I ¢ [0000385  Kw J 0 J 0 degess

Erergy Losz in the
target box [kiw] I RF frequency I 20 tMHz

First simulation step is determination
of initial coordinates ’ ’, E) using the beam emittance

ity is always equal to 1 pnA
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Ou LS EE%

NSLL

Reaction place

E Reaction place =] x]
Reaction place Continue

Projectile: 1B (35.0 MeV/u);  Fragment: fHe
Target : Be (2 mm). Radius : 5.0 mm; Source-Target distance: 10.0 mm

< | 0

|
It

Catcher : C (10 mm), Radius : 15.0-20.0 mm; Target-Catcher distance: 50.0 mm
% 20
16
=1
m 12
7] SUN
9.000e+04
8 Speed
0 pps
4
E
E
e 0
=
4
-8
-12 1 15
-16
-20
i 10 20 30 40 a0 60 7n
‘_-;;_- :’_:.-_5:: ze pp_TEfilesiDubna'11_b She lpp] Z [mm]
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On LS XS

st |

Fragment stopping place

E Fragment stopping place 18] x|
Fragment stopping place - Continue |
Projectile: "B (35.0 MeV/u);  Fragment: ®He

Target : Be (2 mm), Radius : 5.0 mm; Source-Target distance: 10.0 mm
Catcher : C {10 mm), Radius : 15.0-20.0 mm; Target-Catcher distance: 50.0 mm

20

SUM
1.4858e+04
Speed
0pps

9 05 o (15 e <l |

R(XY) [mm]

20
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:"gl-\:l £ [y
On L 1 S B
T |

Projectile stopping place

E Projectile stopping place I ;lil.)ﬂ

=] .- ; . : . Continue

= Projectile stopping place

= Projectile: "'B (35.0 MeV/u);  Fragment: fHe

E Target : Be (2 mm), Radius : 5.0 mm; Source-Target distance: 2.0 mm

Catcher : C (10 mm), Radius : 15.0-20.0 mm; Target-Catcher distance: 2.0 mm

g 20

E‘: 16

=1

m 12

m SUN

i 1.050e+05

8 ] Speed
0 pps
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Fragment stopping place
Frojectile: "B (35.0 Medfu);  Fragment: FHe
Target : Be (d mm), Radius : 2.0 mm; Source-Target distance: 10.0 mm

Continue |

=101 x|

ER:N

321

28t

R(XY) [mm]

Sum 3.82e+03
hlax 3

| =x= 27.07
== 1.153

dx 2523

dy 0.564

Contour

S1LhA
7.243e+03
CPU=zpeed

0O pp=s

1] 4 ] 12 16 20 24 28 a2

m-I-AD5 155502
LIZE++ [Mowame]
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Li (35M6V/LI) + Be => %He (A.Rodin et al. Acculina, Dubna)

100 < -
. " = Cross sections (mb)
1= EPAX =7.09
10 4 AR =2.16
E Exp =117
- i
£ 14
'E ] —— LISE+EPAX
= i —m— Experiment
2 014
© 3
© ]

1E-3

0.01
j 'Li (35.4 MeV/a) + Be (555mg/cm’) -> “He
0 | S 10 15 20 25 30

0, degrees
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0.1
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ISOL Catcher development

Next steps

New modes

Secondary reactions

»  Rate analysis

> Intensity loss due to reactions > Energy loss plot

» Cross sections: Emin=Vc

»  Cross section: user file

> Re-direction: modification >Angular distributi
>  Angular straggling > Momentum, veloc
» Angle: beam-target distributions

» Intensity variation > Simulate dipole ¢
>  Calculation speed optimization (angular and mome
>

>

Other reactions?
(for example: fission => SPIRAL2)

June 9, 2006. NSCL/MSU



LISE physics:
Production mechanisms,
energy loss etc

A la “LISE” shell to
construct a spectrometer

X

[| Boactions | Erevgy Loss. Svagolng | Chavge sfes ] Dol Masses. lsomess
I 40500 MeVhal + Ta > 36Ar

% Finactors: s
‘s foe the et
vl e
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!
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S 150U mede

™ Moke defsit X Cancel| 7 Helo

AlrA2aad

Tagut:
(8]  nettmal CRRYA o,
Pz = 2 L

§ Cooudae
o SeelEa
X o
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Optimizer Package

RAYTRACE

Arch Thiessen

Figure 1. Strusture of MOTER -- an optimizer package built
around the RAYTRACE kernel

NSCL/MSU
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MOTER:
optics and

Stanley Kowalski

Harald Enge
MIT

Morris Klein

LANL

optimization

SE graphics
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LISE_RAY file can be adapted by
LISE++, but in other side?

i
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