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Reverse configurations in EISE UNIVEREITY
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e Application
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» Reverse technique and detector resolution

e 5800

e A1900

» Fission mechanism study with reverse configurations
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Reverse techmaue

« The Reverse technique is widely used in Spectrographs, so, to get a
momentum vector at the S800 target, the COSY procedure “RR” based on
measured X, A)Y, B values and the “global” spectrograph map reconstructs a
trajectory (initial A,Y, B) with energy computing.

« The LISE** reverse technique approach is assumed to applied for extended
(elemental) configurations, that makes it more useful for beam dynamics and
benchmarking.

» Therefore, local maps are used in reverse configurations, which can be
calculated by LISE**, or be entered by the user directly or linked to COSY
maps (up to fifth order).

» There are two methods can be used in the LISE** reverse technique:

v LISE++ type — turnaround & go forward

v COSY type — go backwards

OT, 21-Mar-2016, East Lansing 2



LISE** type

HE

target

turn around & go forward

» The coordinate system is changed
(Xn = X, y’n: “Yns I—n: 'I—)

« Matrices are calculated by LISE**

MICHIGAN STATE

Reverse methods in [LISE:S UNTVERSITY
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COSY type

go backwards

The coordinate system is not changed
COSY matrices are imported (linked)

These maps are inverted from the “direct”
maps by the COSY procedure “MI”

Ideal case : invert matrices inside LISE



MICHIGAN STATE

Reverse technigue application R

Momentum vector after reaction in target (for example standard S800 technique)
» Reaction mechanism study
» Beam spot

» Angular acceptance vs emittance

Beam emittance measurement (X,A,Y,B,E)

> Study of correlations between beam emittance components '

Determination of location of new ions production

> BIigRIPS case : production in the beam-dump

« Benchmarks®Y based on LISE** MC apparatus and spectrograph segmentation

» Beam dynamics visualization
» Beam optics calculation verification

» Experimental analysis and calibrations test

Experiment set-up feedback ¥ with LISE**
» Obtaining experimental information by detecting devices in some (or one) locations
» Retracing up-stream (or down-stream) from detection locations based

» Analysis, minimization
Y will be demonstrated here

OT, 21-Mar-2016, East Lansing Y in future 4
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Creation of: reverse configurationimitiSE CXIVERS Ty

File Options  Experiment Settings  Physics Medels  Calculations  Utilities 1

Open...
Append blocks from file...

Save

Save As...

View

Comments

Configuration > Load
COptions 3 Save
Results 3 WView

TRAMSPORT code: Import (beta-version)

Create reverse configuration (beta-version) 3 LISE++ type : turn around & go forward

COSY type : go backwards

1. Blocks behind the stripper up to a last optic block (or Faraday cup) will be inversely located in a new file

2. The New Primary beam will be set to after the Setting Fragment in the direct configuration with energy corresponding
to its energy in the last optical block of the direct configuration

3. New “tuning” dipole will be inserted behind the stripper with rigidity corresponding to the new primary beam energy
4. All materials will obtain corresponding negative thickness

5. Optical blocks with “element” properties:
* LISE** method :  dispersive block bending & sextupole field signs will be changed,
entrance and exit dipole faces will be swapped
* COSY method : all standard drift blocks will be set to drift with beam-line properties,
and their dx/dt and dy/dp signs will be changed; old links to map files will be destroyed

6. The separator scheme will be rotated on 180 degrees
7. Matrices of Optical blocks with the “Element” property in the case of the LISE** method will be recalculated

8. The New file name will be based on old one with adding substring “_Lreverse” or “_Creverse” to the end

OT, 21-Mar-2016, East Lansing Note: Not all blocks can be used in reverse configurations: So no RF-blocks, FIT-constraints, Compensated dipole, Gas-filled separator 6
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COSY-type reverse configuraton CRARA A

Courtes : :
of y Example of COSY-file to create simultaneously
_ S800 direct and reverse 5 order maps to use in LISE**
M.Portillo
& http://lise.nscl.msu.edu/doc/e12006/Brl/invmap Brl.fox
D.Bazin

m; zeroing”

rotation

FRINGEDZ :

DI RHODZ ANGLEDZ APERDZ EDGEDZ 0 0 O ; secohd dipole {D2}

retation =
ISE "5800D2 COSY.TXT' : dlrECt map

5M MAP1 ; MT MAP1 MAPT & F _IER NO NV NMI

oH; &M MLPI ; FM LISE 'I_5800D2 COSY.TXT' » |nuerSE map

Important! Do not use “FR3.0” & “CB”. Use “FR2.5” for this purpose

Experiment Settings | Physics Models  Calculations

All optical (except drift standard and rotation)

Projectile

S should be linked or manually entered
Stripper after Target
(Optics ) » Tune spectrometer for setting fragment on beam axis LISE++ [G “el2006~Bri~Bpl COSY bean.lpp]
Gamma registration Tune spectrometer for setting fragment at middle of slit 10-03-2016  16:08:43
Setting Fragment OPTIMIZATION (optical element parameters fitting) Block Hams Humber of Linss ~ Status Filenames
Tune spectrometerforthe primary beam Drift tolt 198 G:nel2006~Br1~580001_COS5Y TET
1 - 1 | Drift "2 194 G:nel2006~Brl~580002_COSY TET
Manual recalculation of e-blocks matrices (only for Experts!) Dipole "B Se00" 323 GinC13006-De1 B800DL COST TAT
(Update matrices linked with COSY files ) / Dipole DZ2_5800 2582 5:~el12006~Brl1~5800D2_COSY TET
Envelope plot Munber of links: 4 Number of good links: 4
OT, 21-Mar-2016, East Lansing umher ot Links ihsr ot good Links: 7



http://lise.nscl.msu.edu/doc/e12006/Br1/invmap Br1.fox
http://lise.nscl.msu.edu/doc/e12006/Br1/invmap_Br1.fox

MICHIGAN E

LISE® Input ray file LERAL EAE A

LIS K

http://lise.nscl.msu.edu/9 6/9 6 23.pdf#page=10

MICHIGAN STATIH
Input ions rays from file emitted from target in MC mode (1) “M'V:F°'"

I’
L.r _l-'.'J ot

DJM's request

I Mante Carlo cakculati ST =
—What izobope branzmission to calculste? —————————— Hoenordinate ecoardnate
- ) Adter BLOCK. Adter BLOCK, [ Gate1
(e fragment of intanest. Chosa manually hene: [D‘I &% Im J 55 r
=% bd (I8
G f leotopes aready calculzted — T
L by"iﬁﬁﬂm.ibﬁmﬁ } [Ncalc = 0] &% men % mm Jate E View file
Listol i Tram il . T X' (T mead C X' miad
¢~ List ol izotopes from fle I ry - g oy
& B TR miad
‘emitted fiom r 5 T
&P/ 3 AP % Gate 2 Number of rows
Chose fragment of interest ' Radid [f<Y¥] mm © Fadisl [fp<y)  mm r o
| gl [ ] mead " Angle [ <] miad I mogge ata
A Element Z & -
Sn - Eneargy ediu Erergy e
I L 2  TKE Mey C THE Meh
A [ D E F G H 1 J K L M N o The Isotope list file is in ASCIl format.
101 2 3 4 5 & 7 8 El 10 11 12 13 14 15 Comment string begin with 1" or ;"
21z N q X d(X) X' d(x') Y d(Y) \s d(Y') E d(E) t d(t)
3 |2 mm mm mrad mrad mm mm mrad mrad  MeV/u MeV/u ns ns The Bolu'_nns can be 85Dﬂ'd&:| b" a Spm— a Comma or
a| 18 20 18 059 1 -0.409 4 -1521 08 -4046 5 9520 1  -0.891 2 a Tabulation. User can put comments also at the end of
5 18 23 18 -0.509 1 6.557 4 0120 0.8  7.029 5 102.66 1 -0.463 2 data line
6 16 19 16 -1.603 1 -1.041 4 -1.435 0.8 8.051 5 97.17 1 0.869 2 At least 13 colurng should be in the spedfied arder
7 15 19 15 -2.177 1 4.244 4 1317 0.8  -0575 5 104.09 1 0.683 2
8 15 19 15 0.209 1 -2.225 4 1.561 0.8 1.710 5 98.53 1 0.004 2 Three first columns: "Z" , "N", "'q", where Z is atomic
9 14 15 14 2412 1 -4.756 4 -1.051 0.8 0.530 5 102.42 1 -0.095 2 number, N is number of neutrons, g is ionic charge
10 14 17 14 2.288 1 0.295 4 0.992 0.8 4,415 5 95.77 1 -0.173 2 \
11, 14 15 14 1495 1 1112 4 0580 08 -0343 5 10213 1 0455 2 The nest ten are X, dX, X, dx'. Y. d¥.¥".dv". E. dE.
12 17 20 17 1533 1 4954 4 0862 08 6794 5 9828 1  -0404 2 means StDev. Set 0if you do not want to use it.
13 15 17 16 2452 1 -5620 4 1105 0.8 -1494 5 10495 1 0.424 2 KYinmm, XY inmrad, E in MeY/u
4 13 15 13 1.185 1 -4.911 4 1.873 0.8  -1.027 5 39.03 1 -0.504 2 Two addional columns can be used for time [t.dt) in ns
15 18 22 18 1.373 1 7.311 4 0.105 0.8 -9.834 > 93.95 1 0.191 2
16 16 19 16 0.710 1 5.501 4 -0.534 0.8 -6.920 -] 98.37 1 -0.057 2

OT, 21-Mar-2016, East Lansing 8
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O MICHIGAN STATE

Rays file generation in [LISE for FEVERSE CONTIGURAtIONSERIE IV EEs 1y

[i--

NSCL] LIS B

Besides experimental data the LISE** rays
can be used for benchmark purpose

| | IP[D\ECII'E Fragmentation ;I || ‘ r El;t;lng

" Time

ﬂ MC transmission options |  Leng
il 'g "Digtribution” calculation | Im

Monte Carlo —> Monte Carlo Rays ~ — i

. H E% calculation to file ‘elocity
dialog Generator dialog i N
X au | Eg Mumezgﬂz‘calcu\anon | (Lm;a:r

LISE** approach COSY approach

[ — Field
Fields Mumber of Rays = I 100 eI MHumber of Rays = I 100

Mumnber of fields = I 15 1.1 000 000 Mumber of figlds = I 15 1.1 000 000

Lol — Output Mode Ul — Output Mode
] Field M Field
0 User mode - 0 User mode

1 IZ [atomic number) ;I

1 IZ [atamic number)

— Compatible with LISE++ MC input format Compatible with LISE++ MC input format

2 IN [meutran number] ;I ) 2 IN [neutran number] LI ’ " ;
- ~ 1: no coordinate spstem - o 1: no coordinate spster

3 Iq [ion charge) LI ificati 3 Iq lion charge] LI i modifications ¢
4 [Rimm ~] O A Al 4 % [rom) - 2 wn=-%X  Yn=-v [UT)
5 [0 (empty) =] [ T AR 1) 5 [0 (empt) =l £ 3 Xn=-X. Y= M)
B [#(Thet d - E |« w2

I Wizt fnere) —I — Paszed/Unpazsed rays IX[Theta] [mrad] —I — Pazzed/Unpaszed raps
T ] I - 7 i k o

I (empty) _I % wihite only passed rays I (empty) _I % “wirite only passed raps
8 IY [mrn] LI £ Wwirite all ravs [including unpassed) B IY [rrrn] ;I  wirite all raps (including unpassed]
3|0 [empty) =] _ - 3 |0 (empty) =l , o

- — Unit of Spatial fizlds — nit of Spatial fields

10 |'Phi] [mrad] =l CE o 10 |Y[Phi) [mrad] =l A
110 fempty) | 11 |0 [empty) ~|
12 [Energy [Meviu] =] | [Fieformat 12 [Ernergy MevAd ~] | [ Fiefomat
13 ID [empty] LI Field separator = |tab - 13 ID — ;I Field separator = |tab -
14 ITime from T arget [ns] ;I ¥ Header [settings, field names) 14 ITime from T arget [re] ;I ¥ Header [settings, field names)
15 ID[empty] =] ™ Columnn for event number 15 |U[empt_|,|] | [~ Column for evert mumber

OT, 21-Mar-2016, East Lansing 9
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LLISE-type reverse file creation

direct reverse

ragment

|

LF Jragment =heam=
Target
. Brh
femy| wing | o507,
siandard
2015 17582 Tm
QUAD
m QDI7TA 11.4038 kG
siandard
2018 17582 Tm
QUAD
m QD13-1TE -10.5876 kG
siandard
32582 Tm
QUAD
7.6243 kG
siandard
9 AC
Load 3.2582 Tm
Brho
Save 32582 Tm
View

TRANSPORT code : Import

Create reverse configuration

(beta-version)

Target

IE Stripper

(beta-version) »

| UISE++ type: turn around & go forward |

COSY type: go backwards

= o

12582 Tm

tuning 12477 Tm |§
- slits =

-150| ¥ |+150

-150| v |+150
FP_PPAC1 f’zln'c-cn'z
|d_EI| z104 s:a;zdacrlﬂ
FP_PPACD -ﬁzln'c-cn'z
z103 S3?.15 acrm
Qioz8tc TUAD.
} Q100-8TB -1u_$515‘?+96
] e
@Tﬁ E.EE]EIJ; }PG
o,

Brho



MICHIGAN STATE

First order matrix elements: R/IR; RIA; R/D

A
8 71 } L\ 5 °f - e e
X Al g g
“ N = .
3 ('LJ L . |
« » J »? 0
: i
A5 #
25l R0
% % % a5 T 4 8 12 % 2 2 2% 0 4 8 12 % o # 28
Length [m] Length [m] Length [m]
" RR | i ' RIA RD
REVERSE i
10 o &
- o
b " t [ » 5
i |
14 ¢ ’ £ g w0
2 o | e £ :
" | <
10 t(- '
| 0
A4 Y
18 il ?
0 48 12 16 0 4 28 ® 0 4 8 12 1 2 24 28 0 4 8 12 16 2 4 28 2

Length [m] Length [m] Length [m]



MICHIGAN STATE

First order matrix elements: AR, AIA; A/D UNIVERSITT

2t DIRECT o
18 T
o E_ﬂ
Em " { | ?\ g
g g .hj | b | R S T
£, f L S . £
¢ ' ! 5 i Q
<2 _WJ ll-_ J || L
Tl e
5 i GE
" oy
4 b 1
18 . f i ) ) i ) A 25 : g : ! ; ] g A . i I l ) ) ) A
0 4 8 12 16 20 2 28 ¥ 0 4+ 8 12 1% 2 u4 8 ¥ 0 4 8 12 % 20 2 25 ¥
Length [m] Length [m] Length [m]
3 = = = S oareonm OmN M=
«/ REVERSE |
14 | -“L
1 'A'IA [
E - [\ A
3 T el 3
= 6 ) | J [ - &
E f'fu\ ILHL ; | 2
y 2 ’ f I E
- S | 3
8 = it @l
BB
) i L
14 °l
B S T R R R VRN TR 0 4 8 12 16 2 24 28 2 0 4 8 12 16 20 4 28

le ngth [m] Length [m] Length [m]



—Emittance [#1]

2

1.%
2T
a
4. F
AL
E.D

Initial’'emittance to generate an array. ofiray/s torenchmeark

Beam CARD 1D - shape a0 2D - shape

fsigma, ssmi-swis,  (Distribution mode  [Monte Carlo C"[L'
half-width...] rethod] method)

mm | 3 IHectangIe unifarm LI r

mrad I 50 I Rectangle uniform LI r i n iti al

mm I 3 Rectangle uniform LI r

mrad I 40 Rectangle uniform LI r Ta rg et
mm I a0 IGaussian LI r

E4 I 248 I Rectangle uniform LI r

~Gate 1
I~ @ Settings
| "NOTY [0, -0.4]

‘ < % [mm] > after Stripper

~Gate 2
v @ Settings
| "MOT" [0.4,0.7]

‘ <Y [mm] > after Stipper

~Gate 3
Ird @ Settings
| "NOT" [20.-15]

< = [Theta) [mrad] > after
Stripper

- Gate 4
I {&} Settings

| "MOTY [-20.-15]

‘ < Y'[Phi] [mrad] > after Stripper

70

-90

70

50

30

initial
Target
X!

MICHIGAN STATE

UNIYERSITY

: X'(Theta) [mrad]

after "Stripper”

after "Stripper": X [mm]
]

-5 -3 -1 1 3

initial

Target

<

T
©
£
£
£
=3
>~
i
[
a
=3
=
n
.
&
©
after "StripFer": Y [mm]
-5 -3 -1 1 3 5

Pay attention to the optics order



MICHIGAN STATE

| ISE-type reverse ray file creation CNIvERS T

With reverse configurations it is possible to use

« experimental rays from the final point
« LISE* rays generated for current reverse mode (LISE or COSY)

Setting Fragment - Location,  Field:

Mumber of Rays = | 10000
1245n50+. 50+
Projectle Fragmentation Mumber of locations = 1 Mumber of fields = I 15 1..1 000 000

1.10 1.15

—Gak M Location 3 Field
- 0 User mods
| "NOT"  [07.-0.4] 1 I\mage4[1 05) 'I Z [atomic nurmber] vl
| < ® [mm] > after Stipper J

i Compatible with LISE++ MC  input Format

~ Output Mode

— Output Maode

M [neutron number) it ) X r |:| USE[ I'I'IIIIIjE
oo =1 | L "mcieutar " 200m
_F ‘d b P| b — . . . . .
>< 0|—_[><[mm] = Pl = 02 Breai ; Foectf @ - 5 — Compatible with LISE++ MC input format—
(| Y-ais |%(Theta) [mrad] -

31T heta) [mrad] |
1} b 'l
(empt) & wiite only passed rays
¥ [rorn] jv € wiite all raps (including unpassed)
. . 1 1
0 [empty] vl F 2 :“:r'|=-:“: P I\Ihllllr-|='l%|lll [I:IT]
10 [Firr e Unit of Spatial fields
Output Ray file 1] v ~ ’7 mm & oem r . LW [
e * o G Rn=K; Y=Y (D)
= _LISE.
12 lﬁnerg}l (Ml - — File format
x Qut 13 [0 [empty) ,l Field separator = |tab hd

Z Fi 14 | Time from Target [r] vl ¥ Header [settings, field names)
I~ Make Default 15 [0 [empty] vl ™ Column for evert number

1: no coordinate system
rodifications

~Pazzed/Unpassed raps———————————

after BLOCK. | Imaged{105) ‘I

["INTO" this Block for Range and Energy Loss]

M
1
2
3
4
g lm 3 ®n=-®: Yn=-v (MP)
E
7
8
|

OT, 21-Mar-2016, East Lansing 15



target

7

reverse

X

Thn=-Y

xn=-x

beam

intial . 15t order
DIRECT
o} Target ,
Target->Final
El] 0
g
s §
91§ £
E ]
-~ [
10 % 10 E
H :
5 )
o A3
9 E
§ i
f 8 H
b
n
) mr"stipfer":)ﬂmm] 0 afor"maghd105]"; X [mm)
B 3 A 1 3 0 £ 2 2 [ 10
k]
1st order
1st order
, Reverse
o} Final > Target Final > Target
reverse af _
! g
5
) E 3
: o
10 § X
E
_x g.
i g
8 A0f b
E [
5
B
;] 2b
o after "2015" X [mm] A after "Stripper" X [mm]
5 3 - 1 k] -0 il 2 2 fi ]




©

15t order optics Direct and Reverse envelopesst ALS00NSISE=PE

MICHIGAN STATE
UNIVERSITY

[
NSCL
0 1st order
200 DIRECT
160 Tﬂl’gEt->Fina|

. 1st ord
direct | orecr
= Target->Final

T

| —

160

120

80

Wf .

X [mm]
L]

4f

-80

-120

-160

-200

1st order ]
Final -> Target
reverse

1st order

w} Final -> Target
reverse

reverse

Length [m]

I -1l
0

24 28 32

12 16 20 24 28 32
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LLISE-type Blocki BENCHMERKS IR SR

Block 1st order 2nd order 1% mm | 1 |Rectangle unifom |
2T mradl a0 IHectangIe unifarm ;I
_ Y mm | 15 IHectangIe unifarm ;I
Drift + + :
4 F mrau:ll a0 IHectangle urifarm ;I
B L mm I 1] IFiectangle unifarm ;I
Quad (M) + + D % | 1 IHectangIe uniform j
Sextupole + * e
p with opposite field sign =Y Initial @ target
15
Wien-fiter + %
05 E‘
. + £
Dipole: no faces + _ o) B
very good, but not ideal &
+ A5
Dipole: empty faces +
good
25
| after "stri?por‘: X [mm]
_|_!_ / ET) =) E 06 02 02 06 1 ]
Dipole: S800 + fai —
air : f T
" 2"d order
Y
” Reverse @ target
25_5_ :
Bendng magnet sellings (impastantit -5 USE IT only i extended corfiguanons) ke
bu:eirwmmdtﬂlwdm_@g_uhmg' iy ﬁ
o
05K 8
T 2o : %
? Hep | Cﬁ Desception Value Dimension "
165 /2 -Vertcal half-aperture of bendng magnet | 5 cm 25
BENDING .
167  K1-aninergal related to the extent of the -
L af g led of a bendrg magnet 07
168 ﬁ-q%ﬂ:gdleldedtohmﬂd [T

OT, 21-Mar-2016, East Lansing
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—

RN

direct

120

80

Of £
o[

40
80

-120

-160

-200 1

160

120

80

40

-40

-80

-120

5th order :

reverse excellent agreement !

Length [m] T Length [m]

-300

X [mm]

400, 7 2 5 8 10 7 2005 > 2 5 3 m m



Operations with secondary maps
In Excel



MICHIGAN STATE

Operations with secondary maps in Excel LERAL EAE A

Lise.xIsm Yrow =A1* V™ Spou
MatrixVectMult (Matrix,Vector,Index)

-
Function Arguments M
lise xddsmiMatricectorbult
Matrix | math = {1.1154,2.1213,0,0,0,8.7868;-0.09962
Vector | Vectl = [3.37033415004634; 12 9537880651
: - = | || Row s - 3 |
Inzert Function I 1 = 7348025961 |
Search for a fundtion: No help available. I
Type a brief desaription of what you want to do and then Go Row
dick Go
Or select a category: User Defined 3 |
Select a funclion: || Formula result = 73,480
|
| liseodsm!Matriceshult - Ok | [ Cancel
lise.xdsm!Matri2OrderyectoriMult — —
I | lisesdsmMatrivElement I
lise.xdsm!MatrinVectorbult |
lise.xlsmiMatrixVe ctorSumSquare | Viow = Tl,mw *\
Fsedsmil i - Matrix2 OrderVectorMult (Matrix,Vector)
lise xism!MatricesMult{M1. M2, row,col) r 2
No help available. f Function Arguments L“
lise xism!Matro2 OrderVectorfult
Matrix | matT28 = {0.00002921,0,0,0,0,0:-0.00016782,0.
| tieto on this function o] emad | | Vector | Vel = (337033415004634;-12 98376880681+
e | = 1.056222783
| Mo help available.
Vector
Formula result = 1.056222753
|
[elp on this fundion) ook J[ comcs ]|

OT, 21-Mar-2016, East Lansing - 21
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Operations with secondary maps in Excel .

1y 1 o I

http://lise.nscl.msu.edu/doc/e12006/Dipole MatriceMulipl%20v3.xlsx

. Where A is the set of 1st and
— d
V2 = Adirect Vl 2" order maps

V,r = rotated (v,)

— *
Var = Areverse * V2R Minimization of | v, - v,
1 3
Vg = rotated (VSR) YING Areverse
A cverse 1S COrrect if v, = Vy
e ) R A
row vi ) D matr 2nd V2 1st V22nd V2 Total V2 Reverse Rmatr 2nd W3 V3 2nd V3 Total |V3 Reverse |l d |
1 3.37 matTl -42981 -151E+00 -44.493 44 493 matT1B8 -3.90 6.2E-01 -3.29 3.29 : 0.08 i
2 -12 98 matT2 -244966 -756E-01 -25722 -25.722 matT2B -13498 | 10BE+00 | -1294 -12.94 : aas 1
3 -1.40 matT3 73480  -485E-01 73.015 73015 matT3B8 -1.26  -1.1E-01 -1.37 -1.37 : 0.03 :
4 31.53 matT4 32.352 | -2.60E-01 32.092 -32.092 matT4B8 -31.30  6.4E01 | -30.86 30.66 : 0.88 :
5 -41.75 matTs -28.161 -1.25E-02 -23.174 28174 matT58 4217  -B.3E-01 41.54 -41.54 : 021 :
=] -2.18 matTe -2.185 0.00E+D0 -2.185 -2.185 matTeB -2.18 0.0E+00 -2.18 -2.18 I 0.00 :
1 124
1
I 1
g | ]
5 Y T o T « £ P
g °F 3 5 } £ pes 8§ 5§ 9 i B )
= 2 g £ £ & o T 35 g £ o @ ;= 1
= L = — [ = ] c g = fis o= = ] 1 a1
= g < < = e g = E = [ = o = 1
= c < = e < < = | - :
\ / g. w w ;} ‘\____1

OT, 21-Mar-2016, East Lansing
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http://lise.nscl.msu.edu/doc/e12006/Dipole_MatriceMulipl v3.xlsx

Dipole with faces

MICHIGA
UNIVE

http://lise.nscl.msu.edu/doc/e12006/Dipole MatriceMulipl%20v3.xlsx

Direct 15t & 2"4 order maps

\

Reversed 15t & 2" order maps
used in calculations, and varied

/‘

9 random initial vectors compared with their

S

/

OT, 21-Mar-2016, East Lansing

- /

. L reversed images
in the minimization
delta's 3 random beam vectors
Dl_SSOO Matrices: LOCAL “REVERSE BENDING MATRIX vl v2 v3 vd v5 V6 v7 v8 V9 sum
11154 21213 0 0 0 8.7868 070711  2.1213 0 0 0 27868 |1 0.08 0.02 0.04 0.12 0.01 0.03 0.03 0.00 022 054
-0.03962  0.70711 0 0 0 70711 -0.09962 11154 0 0 0 8721 |2 0.05 0.16 0.18 0.02 0.14 0.03 0.03 0.23 016 098
0 0 057914 2.3582 0 0 0 0 10183 23582 0 0o |2 0.03 0.23 0.00 0.21 0.18 0.03 0.05 0.11 002 085
0 0 -0.17411  1.0183 0 0 0 0 -0.17411 057914 0 0o |2 0.83 0.21 0.25 0.23 0.43 0.03 0.07 0.00 0.03 213
-0.87621 -0.87868 0 0 1 -2.3487 0.70711 0.87368 0 0 1 -23487 |5 0.21 0.33 0.85 0.25 0.13 0.00 0.04 106 093 3.81
0 0 0 0 0 1 0 0 0 0 0 1 |e6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
transport format  [mm-mrad] 1.24 0.95 1.32 0.82 0.88 0.12 0.23 1.40 1.38] 8.32 /
N
minimized
T1 -1.49E-05 M 1.11E-04 Tlir  1.11E-04
7.95E-04 3.11E-04 -4.17E-04 -6.07E-05 -4.17E-04 -6.07E-05
8.99E-05 1.04E-04 (—| Opposite signs |—) -1.04E-04
-5.50E-04 -1.36E-03 520604 3.94E-04 -5.20E-04 -7.94E-04
21103 6.21E-03 -7.50E-02 4,65E-03 5.13E-03 7.93E-02 4,65E-03 5.13E-03 7.93E-02
B 1.05E-05 -3.54E-04 " -:::;E-i 7.90E-05 o -:::;E-i 7.90E-05 Reversed 2"¢ order ans
-2.59E-05 @<-—| Opposite signs -2.73E-05 calculated by LISE*™
-1.54E-05 -3.54E-04 8.93E-05 8.93E-05 6.41E-04
9.96E-04 -7.07E-02 2.58E-03 -1.02E-03 9.43E-02 2.58E-03 -1.02E-03 9.43E-02
T3 138 T3ir
__ __
4.46E-05 2.42E-03
ALE0 235603 LEEGS 235603 L8EGS 235603

)
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Reverse technique
and detector resolution:

S300

OT, 21-Mar-2016, East Lansing
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NSCL

S800 reverse simulation with detector resoltutionmanciophics

http://lise.nscl.msu.edu/doc/e12006/S800 reverse resolution.pdf

— 3
S s i
.
& Elsment g+ EBeam energy Enmittance
- Beam CARD 10 - shape 20 20 - shape -
i Eregy @ | 4428123 MeW/u ? | (gma, semiais,  (Distibution mode  [MortsCa oM mm &m
92 TKE 10534 765 Mey half-width...] methad] method) beam respect to spectrometer
z Eitha 334308 Tm 1% mm 2 Fectangle uniform dx 1] T
| Stable P E9.1539 Gevic 2T rmrad 100 Rectangle uniform dT 1] rrad
- Tableof U 1.527eds KV Y mm 2 |Rectangls uriform dy 0 mm |
” Nuclides - 4. P mrad 100 Rectangle uniform dP 1} mrad |
= BEeam intensity | |
e e Vore oo e AT e
. T | e ! aussian . onte Carlo calculation of fragment transmission
BE.D % 2 Rectangls urifarm i
498e5 4 What izotope transmission to caloulste? #-coordinate ‘f-coardinate Gate 1
After BLOCE, After BLOCE, B
v Ok + | 20883=+5 pps * One fragment of interest. Chose manually here - as - as v % Settings
E L o Drift compenzate | Drift compenzate | %
5.205e-7 KW MEIQY -03E In ek 1] Group of lsotopes already calculated WOTY 1A E
X Cancel target box K] b the Distibution method [Mcalc = 0 Ol mm by mm (AT il 5. 40
M trans; i n options - | - - \ ] List of isotopes_ from file ®'T) mrad =T mrad < ¥ [rm] > after Stripper
High Drder Oplics Calculations for the Isotope group case only to produce inside target v : i v : e
W ol thiough 3rd order H‘gheslth-u'der Input iors rays from file YR =t Y IP) =t |
inthis ! . g
iy <1 orden thiough 4th order configuration emitted from target = d7/P S + dPP 4 Gale 2
|
| thiough 2nd crder (% thiough Sth erder 5 (ol rass sections equal | Radial [{<Y] mm Fadial [ <] mm v 5 Settings
|| ~Stessing i matetia— - Detecor eslton R T ingle [f{ Y]] rorad Aingle [ <)) mrad T L

v Angular

v Energy

Anqular Acosptance & Bounds
| Use fired angular acoeptances

Use physical mits [sperture) inside blacks

v
o caleulate fragment bansission

For block apertures LISE-++ uses the sit limits
sccessible from the Block Cut & Acceptance
dislo. [Pay sttention thers for the checkbax

arily for the ENVELOPE mode.

Show hisfecteries of al fragments (inchiding
unsslected by agment ssparator]

% orientation
+ "Absoluts” - Laboratory frame

“Local® - Follow Rotation blocks

‘width ta plot Integer Waluss [4Z.q .

H-doma=| 01 0,001 ¢ Sigma< 05
- st [N defauit 0.1

Use energy and fime resalution
| ¥ ol delectors for TOF, Energy
fass, and TKE valuss

Use spatial resolution of
detectors for % and Y valuss

Mo resolution will be taken into sccount
if the selected block is optical or wedgs

* Only energy resolution of first detector
after the selected black will be taken
intor ancourt for TKE valug

v Take into account thickness defect of materials

¥ Take into account losses due ta reactions in materials

Include charge state salculations
i the total transmission =

v
time: carsumed options

Assume the 1eaction takes placs at the middis of target

* these two distibutions
ate comelated for fusion
and fizsion reactions

for Angulsr ditributions

for Momentum distributions:

Options for the “Input file of ion rays” mode

Make
v
Rz et (s bk
¥ Use standard deviations from the file
' 0K
“Radial" & “Angualr’ values sign
Al piie e X Cancel
+ Usex-coordinate sign ? Help

OT, 21-Mar-2016, East Lansing

& Element 2

s Table of Energy Met'fu Eneray ME
a3 [ u a2 Suckdes TKE Mey TKE Mev
Z Momentum Melic Momenturn Mew/c
Statile M Brha T*m Brha T*m
Erhao MJ/C Erha MJiC
Charge states
E3+ Turing - Set Energy Loss hetf Energy Loss et
Range mim Range i
Fieaction mechanizm Ervelope m Envelope m
Frojectile Fragmentation - Erergy Me\"’{'lmm Energy t et mm
Diepasition /particle Diepasition particle

Time of flight ns Tirne of Fight hs

| =

MC transmission options Lenath m Length m
< Gtart >
¢ Stop --»
1§ "Distribution™ calculztion
By MC calculation to file Welocity Welocity

Monte Carlo calculation
2D-plot

lon parameters [M.Z.9... lon parameters (M 2.9...)

< [mm] > after Stripper

Gate 2
v i

O

Settings
[-40. -30]
< ¥/[Theta] [mrad] = after
Stripper

Gate 4
v i

“NOT

Settings
[-70, -50]

<7'[Phi) [rrad] > after Stripper
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Imitial’ @ SS00Marget

[ 50 v coe T ot - T -

3 2350 - Morte G Trammision Pt

238U : Monte Carlo Transmission Plot
2381 (44.3 MeV/u)
dp/p=3 08% ; Brho(Tm): 3 3431, 3 3431, 3 3431

Transmitted Fragment 236()63+.63+ (beam), Optics Order §

Bounds: ON, "Stripper” - last biock for MC calc, Gate 1: 'NOT" (X [mm]); Config DSSSSSSDSSSDSSSMSMSMSMMMM

T
2 100
5 E
= 60
=
[=
& 20
2 20
o
£
a 60
s
& -100
-140

15
£
o E
A 05
3
g
- 05
¢
15
25
35
35 25 5 05 05 (5
# after "Stripper”: X [mm]

AngAccept Off: Bounds: ON; "Stripper" - last block for MC calc; Gate 1: "NOT" (X [mm)]); Config: [

2387 : Monte Carlo Transmission Plot
238 (44.3 MeV/u) + ; Transmitted Fragment 23869+ 69* (beam); Optics Order: 5
dp/p=3.08% ; Brho(Tm): 3.3431, 3.3431, 3.3431

SD.

Contour
Sum Ges04
Max
<X> 181703
<¥> 362021
586513
dY 571599
XY_15010-01

25 35

OT, 21-Mar-2016, East Lansing

-140 -100 -60 -20 20 60 100 140
0 o1 ooy oo after "Stripper”: X'(Theta) [mrad]

) 2380 Monte Culo Tamsmasion ot

238U : Monte Carlo Transmission Plot
238 (44.3 MeV/u) + ; Transmitted Fragment 23869+ 69+ (heam); Optics Order: 5
dp/p=3.08% ; Brho(Tm): 3.3431, 3.3431, 3.3431
- last block for MC calc; Gate 1: "NOT" (X [mm]); Config: [

Suadhew X11.70- €

-25 -15 -0.5

05
after "Stripper”: X [mm]

£
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MICH

1G
UNIY

AN S
R S

Simulation With detector: resolution\V:2s (OKCERS=2)

1,

NSCL

I e Lol |
. = ~ Continue |
Ions rays after target : Monte Carlo Yield Plot T e s e — -
Input rays file: "'v2_o5_L"; Number of rays: 30000; Optics Order: 2 . B
e dp/p=7.71% ; Brho(Tm): 3A3431y_ 3,3431,33231 Tons rays after target : Monte Carlo Yield Plot
Sounds: Off: "Drift 1a” - last block for MC calc: no gates; Conﬂg' DSSDSSSDSSSSSSSSM X Drift 1a™ X [mm]: window projection --- Input rays file: "v2_o5_L"; Number of rays: 30000; Optics Order: %‘
— : - - Contour dp/p=7.71% ; Brho(Tm): 3.3431, 3.3431, 3.3431 |
Sum 3e+04 Accept: ON; Bounds: Off, "Drift 1a" - last block for MC calc; no gates; Config: DSSDSSSDSSSSSSSSM |
6 5 0623225 480 1
<> 0.208433 i
oX 219851 |
oY 149947
L1 - 4 XY_88740-04
E SUM
34 £ 3.000e+04
= CPU speed
> 2
w©
-
& 0
=
a
S 2
&
4 80
40
€ 0 5 7 5 7 3 3 5 7
9 7 5 3 A 1 3 5 7 q 05-11-2015 17:38:54 ) - b 3 y ) 3
5-11-2015 "Drift 10" S E ++ [G1012006\8r1\COSY\Quadiew X11 70- GOO 21 iAfter “Drift 1" X [mm]: window projection
Ul x‘:: |}U-‘t \‘(!xﬂmmum;m.vuuuauuuw %11 70- GOODV R imverse @fter TDrift 1a"™: X [mm] - e ————————— O L

e s e o Ve a1 % MIDET LAPEEE T Miomie Larie Yichd et I
‘ Tons rays after target : Monte Carlo Yield Plot

after "Drift 1a" Y [mm]: window projection -— Input rays file: "v2_o5_L"; Number of rays: 30000; Optics Order:
dp/p=7.71% ; Brho(Tm): 3.3431, 3.3431, 3.3431
Accept: ON; Bounds: Off;, "Drift 1a" - last block for MC calc; no gates; Config: DSSDSSSDSSSSSSSSM

Reverse @ Target
2nd order (5->2) 250 ]
With Ideal detector resolution

200 1

320 1

160 1

120

Fair.. 80 |

40 ]

I 0
| ) 3 4 2 0
05-11-2015 17:38:99 - . .

LIS E oe (6612000 BA COS Y Quadiew K11 70 GooD R invafter  Drift 12" Y [mm]: window projection

OT, 21-Mar-2016, East Lansing 27



% Toms ray afes target - Monte Carlo YieW Flot & T |

Tons rays after target : Monte Carlo Yield Plot
Input rays file: 'v2_o5_L"; Number of rays: 30000; Optics Order: 2
dp/p=7.71% ; Brho(Tm): 3.3431, 3.3431, 3.3431
Bounds: Off; "Drift 1a" - last block for MC calc; no gates; Config: DSSDSSSDSSSSSSSSM

5
j- g 100
A
1E .
=
e 20
<
© -20
s
E=
=
5 60
5
-100
5
4140
-180
§ ET) 70 50 30 0 10 30 50 70 an
Ll B 008y Quadtien X1 70- coon R after Drift 1a: X'(Theta) [mrad]

160 1
120 1
80 .
i
40 1
0

Reverse @ Target
2nd order (5->2)
Ideal resolution

Good!

OT, 21-Mar-2016, East Lansing

55 toms raps afes et Morae ke el ot [=len

Ions rays after target : Monte Carlo Yield Plot
after "Drift 1a": X'(Theta) [mrad]: window projection --- Input rays file: "v2_o5_L"; Number of rays: 30000; Optics Ord
dp/p=7.71% ; Brho(Tm): 3.3431, 3.3431, 3.3431
X, ept: ON; Bounds: Off, "Drift 1a" - last block for MC calc; no gates; Config: DSSDSSSDSSSSSSSSM
240 |

200

e ey 0 70 -50 30 ET) 10 30 50 70 an
LIS E+e G 212006\Br1\COSY\QuadNaw X11.70- GOODIFR1 safter Drift1a’: X)(Theta) [mrad]: window projection

160
120 .l
80
!
40
o ]

i -180 -140 -100 -60 -20 20 60 100 140

A T [ il

Ions rays after target : Monte Carlo Yield Plot
after "Drift 1a" ¥'(Phi) [mrad]: window projection --- Input rays file: "v2_o5_L"; Number of rays: 30000; Optics Orde
dp/p=7.71% ; Brho(Tm): 3.3431, 3.3431, 3.3431
pt: ON; Bounds: Off, "Drift 1a" - last block for MC calc; no gates; Config: DSSDSSSDSSSSSSSSM

9] fon rys afestarget : Monte Cara Vied Plot

05-11-2015 174225 . "y .
LIS E e (6200808 e0SY Quadilaw X1 1 70- coon e after " Drift 1aty Y (Phi) [mrad]: window projection

28



NSCL

| Lons rays e target : Monte Carlo Yield Piot "

lons rays after target : Monte Carlo Yield Plot
Input rays file: V3 05_S", Number of rays. 30000, Optics Order: §
dp/p=7.71% . Brho(Tm): 3.3431, 33431, 3.3431
AngAccept: ON; Bounds: Off; "Drift 14" - last block for NC caic; 1o gates; Config DSSDSSSDSSSSSSSSM

MICH
Simulation with detector: resolutioniV.3 (OrGer S=>5Si& nonzero resolution) 1 *

1G
v

AN S
R S

(@ P sy

after “Drift 1a™: Y [mm]

after "Drift 12": X [mm]

L | 5 on rays afier target - Mante Carla Yield Plot ~u - (=] -y
Continue | lons rays after target : Monte Carlo Yield Plot
sfter "Drift 1a" X [mm]: window projection — Input rays file: "v3_05 5" Number of rays: 30000; Optics Order 5
dp/p=7 71% ; Brho(Tm): 3 3431, 33431, 33431
AngAccept: ON; Bounds: Off, "Drift 1a" - last block for MC cale; no gales; Config: DSSDSSSE
3 z E] [ 7 z 3 [
after "Drift 1a": X [mm]: window projection
ES—— — =)

-8 0 Y

Reverse @ Target
5th order (5->5)

Resolution
dX=0.25mm
dX’=0.25 mrad
dY =0.50 mm
dY’=0.50 mrad
dE = 0%

V3_05_S.ray

OT, 21-Mar-2016, East Lansing

160

120

Tons rays after target : Monte Carlo Yield Plot

after "Drift 12" ¥ [mm]: window projection — Input rays file: "v3_05_S", Number of rays: 30000, Optics Order: 5

AngAccept ON;

dp/p=7.71% ; Brho(Tm): 3.3431, 3.3431, 3.3431
Bounds: Off, "Drift 12" - last block for MC cale; no gates; Config: DSSDSSSDSSSSSSSSM

- ] T
after "Drift 1a": ¥ [mm]: window projection

29




MICHIGAN E
Simulation with detector resolution v.3' (order S—5 & nonzero rEsolttion)y UN!YERSITY

NSCL

9 fons rays sher target s Motz Carlo Yield Plot - % » T | % lons rays aher tasget : Mote Cario Yield Pt - == )
Tons rays after target : Monte Carlo Yield Plot Contlnue | lons rays after target : Monte Carlo Yield Plot
Input rays file: "v3_05_S", Number of rays: 30000; Optics Order: 5 after "Drift 1a": X'(Theta) [mrad]: window projection — Input rays file: "v3_05_S", Number of rays: 30000, Optics Order: 5
dpp=7 71% , Brho(Tm): 3 3431, 33431, 33431 dpip=7.71% ; Brio(Tm): 3 3431, 3.3431, 33431
gAccept ON; Bounds: Off, 'Drift 1a" - last block for MC calc; no gates; Config: DSSDSSSDSSSSSSSSM AngAccept ON; Bounds Off, “Drift 18" - last biock far MC calc; na gates; Config DSSDSSSDSSSSSSSSM
XvsY
100
E 60
E
8 =
£ 20
=
i
< 20
g 120
-i- 60
-100 o
-140
40
-180
100 80 20 20 60 [
- after "Drift 1a": X'(Theta) [mrad] 0 i) ) =) 20 80 o0
R e haid e— after "Drift 1a™: X'(Theta) [mrad]: window projection
1% loms rays after taeget | Monte Cario. Yield ot Lol
Reve rS e I ar et Tons rays after target : Monte Carlo Yield Plot
after “Dnift 18™ Y'(Phi) [mrad]. window praection Input rays file. *v3 05 5"  Number of rays: 30000, Oplics Order. 5
h dp/p=7.71% |, Brho(Tm): 3.3431, 3.3431, 3.3431
5t O rd er (5_>5) AngAccept ON; Bounds: Off, “Drift 18" - last block for MC calc; no gates; Config DSSDSSSDSSSSSS55M
-
dX’=0.25 mrad
} J— a0
dY’ =0.50 mrad
dE = 0%
40
V3_05_S.ray o5 T i -

OT, 21-Mar-2016, East Lansing 30



MICHIGAN STATE
The S800 case s Sumimeary/. e’ | !

Quality of reconstruction

Reverse . Spatial
Optics

. Global
resolution

Case 3: current analysis for #12006 experiment (S800)
Case 2-1 (inverse 15t order LISE*™) & 4 (E from ToF): non-acceptable

We need MM for this S800 particular case*

(1) at least 2nd order,
(2) good spatial resolution,

(3) an energy measurement that is clearly better than a

. * for A1900 (achromatic case) the
typical TOF measurement. conclusions may be different

OT, 21-Mar-2016, East Lansing 31



Reverse technique
and detector resolution:

A1900

OT, 21-Mar-2016, East Lansing



MICHIGAN STATE

Reverse technigue forr ALS00 —

http://lise.nscl.msu.edu/doc/e12006/A1900 reverse resolution.pdf

1. LISE-type reverse file creation

2. Optics (1—1)

3. Optics (2—1)

4. Detector resolution for optics (1—1)
5. Contribution of straggling in wedge
6. Some remarks: charge states

7. Summary

Direct file: http://lise.nscl.msu.edu/9 10/reverse/A1900 direct.lpp
Reverse file: http://lise.nscl.msu.edu/9 10/reverse/A1900 Lreverse.lpp

OT, 21-Mar-2016, East Lansing 33


http://lise.nscl.msu.edu/9_10/reverse/A1900_direct.lpp
http://lise.nscl.msu.edu/9_10/reverse/A1900_Lreverse.lpp
http://lise.nscl.msu.edu/doc/e12006/A1900_reverse_resolution.pdf
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NSCL

X (horizontal) direct & reverse envelopes for 15 & 214 Order Ophcs

240

200

160

120

80

1st orcler
DIRECT

Target->Final

direct

MICHIGAN STATE

UNIYERSITY
I

. i
-t - — 11

Direct
et ->» Final

100

60

X [mm]

-60

-100

-140

-180

-220

2 order

N \Lenglth [m]

4

16~

N

80 i ;.rfe.-.-,ﬁ‘( =

120 \\\

-160 \\\
8 12

1st order

20 1st order

| Final -> Target

reverse

200

160

Reverse

Final -> Target

2->2

revers

e

Length [m]

0oL
0

16

28 32



MICHIGAN STATE

Y (vertical) reverse envelopes for different OFCER OPHCSs oy v ies
NSCL Sl ©

1st order reverse
w} Final -> Target e Final -> Target
reverse

100

60

20 =
= 7L E
E
: |
> 20
-60
-100
-140
150 Len_clth [m] 200 Lenqth [m]
0 4 8 12 16 20 24 28 32 0 4 8 12 16 20 24 28 32
reverse
" Final -> Target
2->2

Y [mm]

-120

Length [m]

-160 I
0 4 8 12 16 20 24 28 32




MICHIGAN STATE

Using detector: resolution (y) with 15t orderoptics i XEVSEXE CCIREL TR

d(X), d(Y)=1mm, d(X’), d(Y’) =2mrad, d(E)=0% manually been entered in the ray file X VS Xa

! 01-Z (atomic01-N (neutro01-g (ion chal01-X [mm]  01-0 (empty) 01-X'(Theta) [01-0 (empty) 01-Y [mm]  01-0 (empty) 01-¥'(Phi) [mi01-0 (empty) 01-Energy [M 01-0 (empty) 01-Time frol

50 74 50 -0.57374 1 -20.595 2 -1.7892 1 9.0715 2 78.559 0 304.34 1St order
50 74 50 -2.3107 1 -15.824 2 1.3066 1 -17.313 2 82.128 0 293.
S 7A S -4 2871 1 = NARR 7 7 RERAR 1 q N8R 7 21 N2 n I 29 n
. .
i size £3 mm '
® 1st order 1 - 1
»| Final -> Target 1 |
reverse 1 1
50 1 1
1
® E 1 :
o] 2 1 1
§ 1 1
wf & 1 1
A ! !
s I 1
N 1 1
& . 1 1
“ldeal resolution” case .
20 after “z015": X [mm]
g 100
—
T
©
1
______________________________ £ I
T
-
E %
o c
S E
o >
D o x
+H zZg :
q) ® E #
N ®O, S
(n ____________________________ N -. _____
= =
1 1
2 1 1
® | |
1 1
1 1
" ",
= -100 : -After;"z015": K jmm] !
T 1 1
OT, 21-Mar-2016, E & 8 = = = = = . 6 -4 1 -2 0 2 1 4 6 36



MICHIGAN STATE

Using detector: resolution (y) with 15t orderopticsi YA Vs Y2 CCIREL TR

d(X), d(Y)=1mm, d(X’), d(Y’) =2mrad, d(E)=0% manually been entered in the ray file Y VS Y!

! 01-Z (atomic01-N (neutro01-g (ion chal01-X [mm]  01-0 (empty) 01-X'(Theta) [01-0 (empty) 01-Y [mm]  01-0 (empty) 01-¥'(Phi) [mi01-0 (empty) 01-Energy [M 01-0 (empty) 01-Time frol

50 74 50  -0.57374 1 -20.595 2 -1.7892 1 9.0715 2 78.559 0 304.34 1St order
50 74 50 -2.3107 1 -15.824 2 1.3066 1 -17.313 2 82.128 0 298.
S 7A S -4 2871 1 = NARR 7 7 RERAR 1 q N8R 7 21 N2 n I 29 n
1 H 1
60 1st order 1 Slze i3 mm 1
Final -> Target 1 1
40 reverse : :
1 1
ol § 1 1
£ 1 . Band 1
IE 100 ! 0.3 mm !
% 1 1
] 1 1
ol E 80 1 1
1 1
P 1 1
. 1 1
“Ideal resolution” case 60 X X
o after “2015": Y [mm] ! :
5 ) ) T 3 5 40 1
1
©
S =78
€ SE
o Te)
J
+l
(O]
N 1
(7)] 1
___________________________ 1 ————
1
B 1
1 1
1 1
1 1
X after "z015™:1Y [mm] !
= -80 . . !
= = = = = = = -6 4 " -2 0 2 | 4
1 1

OT, 21-Mar-2016, East Lansing 37
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(9]
o
= E
o~ El” E
7 > -
> i D |
o~ 5 R
N ..r
L) lr m
=
2 £ |-
=
z
=
o) 0
=
[peaw] (1ud).A 15102, 1oye o [peiw] (1ud).A 5102, Jone
S 8 8 2 2 8 8 R g 8 8 @ = 8 3 =

Contribution of straggl

o @
s O > 2

©
mr W.._I
25 o
C o 2
=) O
g3 - S

YvsY’
1st order
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MICHIGAN STATE

Contribution of straggling iniwedge s Xt vs Xe CrivERSITY

Xvs X’ Thin wedge: 10% of range

1st order
: : size 3 mm :
ke 1st order a0 1 |
»| Final -> Target 1 |
reverse 1 1
© 80 1 Band 1
ol § . 0.3 mm '
ol 70 [ [
£ 1 1
wf & 1 1
‘ 60 : H
20 § 1
i 50
8 “Ideal resolution” case, no wedge 40
20 after “z015": X [mm]
30
1
20 |
1
10 :
1
0 1
-7 5 -1 1 3 5
1
1
1
1
1
1
"""""""" [ —=sEsEEsEsE== Fl‘,!. -
ko]
S
P -
e
3
H 28 -
o SE
N Q5
7
1
1
;after "z015"] X [mm] .
-1 1 8 5

OT, 21-Mar-2016, East Lansing 39



MICHIGAN STATE

Contribution of straggling iniwedge s Xt vs Xe CrivERSITY

Xvs X Thick wedge: 40% of range

1st order
100 .
size £3 mm
1 1
", 1 1
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MICHIGAN STATE

Charge states In reverse techmaue URIVERSITY

512

., Focal plane : X vs

504

Negative thickness material do not
change charge state distributions!!!

50

4986

488

484

I
B
9

after "Stripper”: q (ion charge)
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478 :
a72f
168 after "Stripper”: X

-320 -280 -240 -200 60 -120 -80

Ions rays after target : \\ C Yield Plot - Envelope (only passed)
Input rays file: "wi1_chgrge"; MNumber of rays: 30000; Optics Order: 1
dp/p=5 07% - Wedges 0||Brho(Tm)- 31345, 3 1458 3 1458 3 2582 3 2582
AngAccept: Off;  Bounds: Off; "z015" - last block|for MC cale; no gates; Config: DSMSMSSSSSSSDSSSSE5558888S. .

0 4 8 12 16 20 24 28 32
Length [m]
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The A1900 case: Summary/

MICHIGAN STATE

UNIYERSITY

. The A1900 LISE-type reverse configuration has been created, its

benchmarks have been done

. High order optics is important in the reverse A1900 case.

COSY-type reverse configuration should be tested.

. LISE-type second order optics operates well in the reverse A1900 case

. Energy resolution at the final focal plane detectors is not a key factor in

the reverse A1900 case comparing to the S800 case

. Use of thick wedge destroys reverse resolution quality in the horizontal

spatial plane

OT, 21-Mar-2016, East Lansing

42



Reaction mechanisms,
Abrasion-Fission



MICHIGAN STATE

238J(8oMeV/u) + C reaction scheme asimpact parameter funCtonEs v x v ERs i1y

S LISE** calculations based on
J.-J.Gaimard, K.-H.Schmidt, J.Gosset et al.,
o Nucl.Phys. A531 (1991) 709-745; Phys.Rev. C16 (1977) 629.
X E* =27 * AA,,
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1
2381)(80.0 MeV/u) + 12C
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Partial cross section [mb] 0 500 1000 1500 180 200 220
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O MICHIGAN STATE

Fission Kinematics and Abrasion excitation eneray.

Monte Carlo method Distribution method

Stripper: x'angular

238U (79.96 MeV/u) + C 238J (79,56 MeV/u) + C (33.5 mg/cm?)

Transmitted Fragment 83Kr (AFmid) Settings on 83Kr
special case: d(E*)=0 & thin target -
P (E%) g 5| E*=27 MeV/dA
o) 3.5e61 E*=13 MeV/dA
120 =
@
g 2.5¢-6|
°
80| ;_:
E 1.5e-6|
&
£
Q 401 Se-7
=)
& -160 -120 -80 -40 0 40 80 120 160
- 0 Angle (mrad)
% Stripper: Momentum
= 238y (79.56 MeV/u) + C (33.5 mg/cm?2)
@ 40 Settings on 83Kr
@ 0.0015 A
% =21 wmeVid
_ao} 0.0013
0.0011
E
-120} Y 0.0009
o
k=]
< 0.0007
=
>
265 275 28 295 305 315 325 335 0.0003
after "Stripper": Brho [T*m] 0.0003
0.0001

2.4 25 2.6 2.7 2.8 2.9 3 3.1 3.2 3.3 45
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3D fission kinematics

“°U @omevin) + C — PKr oo
after target

LISE™

Bp=3.1743 Tm,

Target C (33.5 mg/cm?) FaSt Half

Y1Ph) frmrad)
Y(Ph) frmrad)




MICHIGAN STATE
UNIVERSITY

3D fission kinematics

238 83
U goMevi) + C — “Kr . o

after target

LISE™

Bp=3.1743 Tm,

Target C (33.5 mg/em?)

gated on the FP slits (x10mm)

gated it
on the S800

2™ dipole exit
\

\

Yi1Phy) froracy
Y 1Py frmraaj
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\elocity-Z Vs Tineta plot

Monte Carlo calcul

Monte Carlo options

'~ What isotope iansmission to calculate? |- %-coordina - Y-coordina
F hi After BLOCK After BLOCK
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i
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b8 g tation - " i "
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Ions rays after target : Monte Carlo Yield Plot
Input rays file: "Bp1_raytable_v10_random"; Number of rays: 144895; Optics Order: 5
dp/p=3.85% ; Brho(Tm): 3.3431, 3.3431, 3.3431
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Velocity-Z vs X, Y-Angles

NSCL
238 83-92
Bpl_COSY_Creverse.lpp U o meviu) + C — = Kr Bp1_COSY.lpp
LISE™
Bp=3.34308 Tm,
Target C ﬁg;) ' Vs Ny 1N \ \\1 -
i 1‘, : . ™
2381 (80 Meviu) + C — B Kr b . 50
g S ‘40
. |
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12006 -, fiex % R
— : E A \0 §
Bp=3.34308 Tm, }2_’ \ g
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‘ .\‘40
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> :,&‘30
5
X
8
§
N
L
/76‘
LISE** direct calculations are
gated on the Scintillator position
Pay attention that in LISE** calculations the isotope
range is 83-92 instead experimental 83-90
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NSCL

Bpl COSY_Creverse.lpp

28 80 Meviu) + C — B%%Kr

12006

Bp=3.34308 Tm;
Target C (33.5 mg/cm?)

OT, 21-Mar-2016, East Lansing

Velocity-Z vs X, Y-Angles SD-plots @ SS800Margetposition

LISE™

Bp=3-34308 Tm,
Target C (33.5 mg/cm?)

Bpl COSY.lpp

238 (80 Meviu) + C — B%Kr

LISE** direct calculations are
gated on the Scintillator position

Pay attention that in LISE** calculations the isotope
range is 83-92 instead experimental 83-90

YtPhj) [mragy
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