MICHIGAN STATE

LISE™ & RESOILUNNSERaratOrS N upaate02/25/1s) EIRELETRA
LISE** version 9.4.90 From 30.01.2013 block “RF buncher” —link to v.9.4.24
Q Initial RESOLUT scheme Note: RF-buncher block is

effective in MC mode

Angular acceptance of the Solenoid block
Calculated RESOLUT values for 2°Al (5 MeV/u) beam
1-st Solenoid tuning

Three gaps RF-buncher in COSY

Three RF-bunchers in LISE++

2-nd Solenoid tuning

Three RF-bunchers in LISE++ vs. Reaction (separation, transmission)

RESOLUT : 1 gap RF-buncher solution

o 0000000 o

RESOLUT (1 gap RF-buncher) : optimization
O Summary, Outlook
+ update

LISE** version 9.4.103 From 28.02.2013

The code operates under MS Windows environment and provides a highly user-friendly interface.
] It can be freely downloaded from the following internet addresses:
OT, 30-Jan-2013, East Lansing http://lise.nscl.msu.edu 1



http://lise.nscl.msu.edu/9_4/buncher/9_4_24_buncher.pdf
http://lise.nscl.msu.edu/9_4/buncher/9_4_24_buncher.pdf
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L1 S Eee

[P fruning Dipole 270 <—— Tuning dipole to define magnetic rigidity of the separator,
: —— Unitary matrix, no slits, zero length
_DI Dritt 1 0.35m
L solencid1 .5 S Initial drift+solenoid+drift
sfandard configuration to define angular acceptance
|B_.|HFb“"°her? T <«—— 3gap Rf-buncher was realized as 3 RF bunchers
Ph 215 deg
] 118 KV
Bo|Rrouncher3 b 20
y slandard
lS_DI Drt 3 0.54 m
quadrupo'e
MI Mat 0.38 m ‘\
. {andard
5 O] o4 032 m
I quadrupao'e
e S QQDQQ spectrometer
; fandard
5 O] o5 04T m
) Brh
E‘ Bipole 0617 Tm
. slandard
E Dt & 0.48 m
quadrupo'e
E MQ3 041 m
- slandard
E Drt 7 0.2Zm
I T
- slandard
Drt 8 0.74 m
slits1 S s
-200| H [+200
-50| W |43
. B
Solenoid 2 52888 T
slts2 =
-200| H [+200
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Angular acceptance ofi the SelenoicioloCka 7
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__solenoid

— Solenoid setting:

Field Direction
& B, max field ﬂ T @& " positive
1, curent I 34597 ﬂ A " negative

I Usge the "zoft-edge’ corections

for solenoid matrix calculations h Solencid Block Scheme

VIL*B/PI)=| 08127 Tm F———
W /Biho= | 06273 [/l TwinSol Uiy
— Geometry
1-gt half = 03 m optional [estimation of Ang.Accept. ] —
- = 03 ——
&ndhal ™| Scencidlengh=| 0B m
Collength=| 05 m Boe-| 0045 m
jus = I m
Effective radius 0.05 Anghooet £ 9 —
B m

Block Length = 0

M = MAconst *|

— Optical block properties and data -
I a

.I Cut(Slits) & Acceptances
&

Setting Charge state
far the Black [2-3)

Optical matrix

-
Solenoid 1

MAconst = | 003933 TA4 M = I 13607 T

B(0] =Ma * CoilLength / sqrt{ EffRadius™2 + CailLength™2 / 4 ]

+ Drfitl & Drift 2 (before and after the solenoid

——— ~ i —
~ANGULAR ACCEPTANCE ——— ~"Solenoid 1" block : Apertures [throughout), Sits [after]
- | horizontal
Shape Left it Right it -
© Rectangl [aperture] |— [aperture] Help
r,e”:"ge 45 mm " 0 80 0 000 00000000 oo 45 mm 2
i Leit 30 | ——}
_mad <> e | T — 17 T -
Horizontal + lT ad Slitz shape [zee *] Top limit
= i~ Shape [see %] & “El [aperture]
. Rectangle Ellipse
Wertical + 47 rrad 45 mm

General setting of block Solid o st € Rectangls  Horizontal Sit Ell
rSet———
@ Elipse - -
—Horizontal plane fol I™ Usein Calculations o -
Tweak 01 b4 . j& Sononly . i - -
[~ Use in Calculations T separately ™ Show in schematics - i
dispersion i~ Use in Calculations | N N
— Setting fragment parameters [mrad/z] - Vertical St |
tean StDev w ' -momenturn[ %] 100 ¥ Horizontal rSet . : :
[accept./disp.] X = conjointly [~ Use in Calculations - -
1% | 000 20.26 o wetical ) ) = =
 separately I Show in schematics - -
2T 0.00 57.90 ||| Vertticalplane \;j g z
av [ oog 2026 | I Usein Calewlations = - =| =
4F a0 5740 r* — Horizortal plan — Werlical plans - -
. ¥ : dispersion Only the Monte Carlo d i 7% di S
5 E E0 00 Trrad] I 0 mode ees "Eligae” ispersion [mm/%) ispersion [mm/ %] R
B o Shapes and Aperture I 1] I—U _I
y [-momel?l::jm[/,} 100 settings Battor it
SCCEPL FIsp. e #-momentum[%] w-momentum(%] [aperture]
¢ QK x i The D\SltﬂhuFl;Dn me“’;Dd (glit/dispersion) (litdispersion) -45 mrn
uses only "Rectangle”
total tatal
o 0K X Concel | gl ol 700 el 770 LT el
= =

: ellipse apertures +/- 50 mm)

A Element g+ Beam energy ~ Emittancs
Beam CARD 1D - shape
B I Al I 13 Energy (+ IT Med'/u ? | [sigrna, semi-axis, [Distribution
IT TKE 1288 Moy - half-width...] method)
z Bha O [ 0B13%7  Tm 1% mm [ 001 |Gaussian -
| l Beta+ decay P el 2415 Gebic 2T mrad | 100 IHectangIe unifarr =
/' Table of u | GFles3 KV Y mm I 001 |Gaussian _V
Nuclides e 4 P mrad I 100 |Rectangle uniform hd
eam intensity —
ajz = 5L mm I 0 IGaussian ha
a N = C e 6D % | 0001 [Rectange uni E
= ectangle uniform i
“ I 1 pnts s —
‘ s £.25e+9  pps -
Energy Loss in the I_
' O o00omzs kW target bax [KWw] 1.72e-10
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Angular acceptance ofi the ' SolenoitioloCkS#2

-
Mante Carlo calculation of fragment transmission
-

===

- -

S
/. )
—what isotope transmission to calculate? - w-conrdinate - T-coordinate Gated
. After BLOCK, After BLOCK, cliz
* One fragment of interest. Chose manually here &5 5 v {a} [ —
ISllippEr |y ISlripper d v g
¢~ Group of lsotopes aleady caloulated = =
by the Distribution methad [Meale = 0] o o o o [ ‘BMD [-100, 100]
7 List of lsotopes from file l!‘:"@ no file @) mrad XM mrad < ¥ [mrn] > after Diift 3
I8 mm o i
— - \(" Y'IF] mrad Lo (] i
Chose fragment of interest———————————————— T = —FT = CGate?
A Element Z o7 T  Radil [fY] mm © Radal [{XY]  mm O
ngle ; mra nale A mra no gate
= [a |13 ucides O Angle [ 4 ] mrad © fngle [ mrad
)z =
l Beta+ decay =N = " Energy Mev/fu " Enerngy Meviu
" TKE Mel  TKE Mel
Charge stat  Momentum et  Momentum Mevic —=
’7|13+ Turing Dipale vl Set ‘ " Brho T*m  Brho T*m de
 Velnrity cm/nz  Velority cméns i
Haa.cllon mechamsm.  Enengy Loss Mey  Erergy Loss el no gate
IF'n:uecl\Ie Fragmentation ;I ® Fare o ® Rl o
 Erwelnpe m " Erwelope m
Energy Met//mm Energy Met/dmm
ﬂ;l'l Mcmnsm'“@ options | o Depasition ‘particle C Deposition /particle Gate 4
€ Time of flight ns  Time of flight ns r
" Length m " Length m M _— -
Addin the 'g "Distribution" calculation MC transmission options -
I previous MC " = = "
Ponrdow B MCccustentome | | INgee ol S e High Order Optics Caleulaton
w || < Sh - i - - . .
. [Maten =l < Stop > [hdateia = Useincalculations: ¢ though i order
Monte Caro calculation
X Qut | "6 2Dplot * ‘only 1-st order € through 4th order

OT, 30-Jan-2013, East Lansing

¢ thiough 2nd order € through Bth order

for the lsotope group caze only

Highest Order
in this

caonfiguration

M

Hezechions independent
calcualtions

[all cross sections egual]

— Straggling in material Dietector rezolution

Uze energy and time resolution

| V' Angular v of detectors for TOF, Energy

* Mo resolution will be taken into account
if the: selected block is optical or wedge

|z phyzical limits (aperture] ingside blocks
to calculate fragment transmission

I

For block apertures LISE ++ uzes the shit imits
accessible from the Block Cut & Acceptance
dialog. [Pay attertion there far the checkbox

|| ~Assume the reaction takes place at the middle of target

* these two digtibutions
are correlated for fusion
and fizsion reactions

[~ far dngular distributions

[~ for Marmenturn distributions

e

[~ Make default

time consumed options

logs, and TRE walues
W' Eneray " Only energy resolution of first detectar
m |lze spatial resolution of after the selected block will be taken
i I Laterdl v detectors for ¥ and ¥ values inta account for TRE walue
N
N Bounds

W Takeinto account thickness defect of materials
¥ Take into account losses due ta reactions in materials

r Include charge state calculations
in the total transmiszion

e

only for ENVELOPE mode

Show trajectories of all fragments
[ (inchuding unselected by
fragment-separator]

v OK I X Cancel

‘?Helpl
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Angular acceptance ofi the'SelenoItioloCKke s

25Al1 : Monte Carlo Transmission Plot
25A1 (5.0 MeV/u) + Be (1e-4 pm); Transmitted Fragment 25Al (beam); Optics Order: 1
dp/p=21.51% ; Brho(Tm): 0.6197,0.6197

Bounds: Off, "Drift 3" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSLSBBBSSSSSDSSSSSSLSM

Bounds OFF

-100 -60 -20 20 60
. after "Stripper": X'(Theta) [mrad]

100

For analytical solution or MC method without

bounds it is necessary to set this value

(or 47 mrad from geometry without fields) to

— Geometry

the Solenoid block acceptance

0ER optional [estimation of Ang.Accept,]—

Solenoid length = I 0E m
Bore = I 0.045

1-st half =
2-nd half = 151

Eoillength=| 0.6 m

140 180

MICHIGAN STATE

UNIYERS.I
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LIS E

-:-El-u

[%] 25A1 : Monte Carlo Transmission pm‘ -
=i

dp/p=21.51% ; Brho(Tm}: 0.6197, 0.6197

25A1 : Monte Carlo Transmission Plot
2A] (5.0 MeV/u) + Be (1e-4 pm); Transmitted Fragment 2°Al (beam); Optics Order: 1

Bounds: ON; "RFbuncher 1" -last block for MC cale; Gate 1: "AND" (X [mm]); Config: DSLSBBBSSSSSDSSSSSSLSM

Continue

Effective radius = I 0os m
Block Length = 216 m

[.-’-‘n.ng..-’-'«ccept. + | 473 mrad '

OT, 30-Jan-2013, East Lansing

Contour
Contour
@ | < Bounds ON
<X>-0.387 tﬂ)e(]: 091 18
<Y>0.0576 <Y>025
d:(( g;’-g X 407 I
d 4 dy 407
XY 6.6e-01 XY 1.5e+00
SUM ? SUM
3.072e+04 5.185e+04
CPU speed 5 CPU speed
7.68e+03 pps © 0.00e+00 pps
E
£
=
T
i
[
-3
2
= 500
o 321
H 206
%
-100
+/-80 mrad
-140
-140 -100 -0 -20 20 60 100 140
29-01-2013 1245:83 ngpri ..yt
LISE++ [Cusencise_pp_ ounresoLuT 0. ATEE. SirpRer: X'(Theta) [mrad]
- T -—
Solenoid 1 — o
~BNGULAR ACCEPTANCE ——— r~"Solenoid 1" block : Apertures [thioughout), Slits (after]
— | harizontal
Shape Left limit Right linnit.
" Rectangle [aperture] '— (aperture] ? Help
° -45 mm [ R R R AR 45 mm
@ Eliipse — .\ P T T T T
L slit: -30 —} R slit: 30
vettical
\ _mrad ¢ deg | APERTURES 50T r
Slits shape [see *] Tap limit
~\§Hnnzuntalt IT mrad - Shape [see [aperture)
= Rectange & ¢ Elipse I
Vertical + 47 mrad Ly
Salid angle I B934 msr " Rectangle i~ Harizontal Slit u
[~ Get
1 Elipse - s
—Hoizontal plane & conjairtly ™ Use in Caleulations - -
¥ e in Calcuations £ separately I~ Show in schematics - o
dispersion 7 [~ Use in Calculations | - -
[mrad%] —Wertical Slit = = |
. =, B S - -
' -momentum(%) |_1 ] ¥ Harizontal - -
[accept.Adisp.) & conjairtly ™ Use in Calculations z z
[V verical = =
& separately [T Shaw in schematics - -
| | Vertical plan 3 N
¥ Use in Calculations . i—I_ z "
= - Harizantal plane  Yertical plane = = (l
dispersion I_ Only the Monte Carlo d /% di L
[mrad/%] | mode uses "Ellipse" e e TR ER (e B slit: 30 0|
. 5 Shapes and Aperture l i] I_D
y* momenlun{Z] [ settings Baitom it \
laccept /disp ] wemomentur(%] y-momentum|%] [aperture] l
The D\s:ﬂbuFl\mn metP‘vod [slit/dispersion] [slit/dispersion] -4 mm fl
uges only "Rectangle"
i total | tetal | [ |
v 0K I X Conce | shape slits. otal | 100 otal | 100 e
(l
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Angular acceptance ofi the ' Seleno1tioloCke 4 ARAY]

Z,
2
@

] 2540 MC Trarsanizsion Plot:
E racsmission o Continue
!%ML - 8 o —ce 2 25A1 : MC Transmission Plot - Envelope (only passed)
>Al : MC Transmission Plot - Envelope (all) % 251 (5.0 MeV/u) + Be (1e-4 ym); Transmitted Fragment 25AI (beam); Optics Order: 1
% 25A1 (5.0 MeV/u) + Be (1e-4 ym); Transmitted Fragment 25Al (beam); Optics Order: 1 e dp/p=21.51% ; Brho(Tm): 0.6197,0.6197
g-% dp/p=21.51% ; Brho(Tm): 0.6197, 0.6197 }%‘, Bounds: ON; "RFbuncher 1" - last block for MC calc; no gates; Config: DSLSBBBSSSSSDSSSSSSLSM
% Bounds: ON; "RFbuncher 1" - last block for MC calc; no gates; Config: DSLSBBBSSSSSDSSSSSSLSM % Contour
Contour Sum 3.52e+06|
i ow A =2 3 *| Envelope only passed
Envelope ALL s B o
_7) <X>0.956 .
<Y>0.0386 dX 0.653
60 dy 13.9
XY 1.1e-02
80 SUM
7.984e+03
40 CPU speed
Opps
40 20
_ E
-
E off x
>
. -20
40
-40
-80 60
-80
-120
0 04 08 %2 16 2 24
S—— i A L e 2 bR TeEBoT i D RS TRnChet AYE L [l
_LISE ++ [Clusericlise_pp_04\fles\exampies: RESOLUTRESOLUT 3gap_ang .mfke&.x,.ﬁﬁhvnch“ 1": L [m] -
MC transmission options & - - u
r—High Order Optics Calculation: for the |sotope group casze only——
Use in calculations : € through 3rd order High_estth_Drder
s ¥-sections independent
* only 1-st order € through 4th order configuration caﬁsﬁalﬁigilsn S
€ through 2nd order € through Sth order | 1 [all cross sections equal]
r— Straggling in material— Detector resolution
Use energy and time resolution - Mo resolution will be taken into account
I ¥ angular ¥ of detectars for TOF, Energy if the selected block is optical or wedge
1 1 1 lozs, and TKE values
L I n k to th I S fl | e I ¥ Eneray * Only energy resolution of first detectar
o Usze gpatial resolution of after the selected block will be taken
il LfLatere = detectors for ¥ and v values inta account for TEE walue 1
http://lise.nscl.msu.edu/9 4/buncher/RESOL B
UT 3q ap _anqgqu I ar%ZOacceDtan ce. I pp v Use physical limits [aperture] inside blocks ¥ Take into account thickness defect of materials
to calculate fragment transmission
I For block apetures LISE ++ uses the sit fimits ¥ Take into account losses due to reactions in materiak:
accessible from the Block Cut & Acceptance Include ch. tate calculat
dialog. [Pay attention there for the checkbox r ;;Ctﬁe'atoc;aia{r?aissr;;ig: Cxuxa 1ons I
|| [ Assume the reaction takes place at the middle of target only for ENYELOPE mode
I~ for Angular distributions * these o distributions 0w trajectanes of all fragments |
are corelated for fugion cluding unselected by
I~ far Momentum distributions and fission reactions qment-aeparator]
*time consumed options [ Make default

OT, 30-Jan-2013, East Lansing 6


http://lise.nscl.msu.edu/9_4/buncher/RESOLUT_3gap_angular acceptance.lpp
http://lise.nscl.msu.edu/9_4/buncher/RESOLUT_3gap_angular acceptance.lpp

MICHIGAN STATE

Calculated RESOLLUT valtes for=2AINGEINEN o) vEam UNIVERSITY
Abeam= 25 c_speed= 3.00E+08 m/sec
Mbeam= 24.990428 beta= 1.03E-01
Zbeam= 13 tof= 7.62E-08 sec
Ebeam= 5 Mevu dedt= 3.28E+09
turns=7
LISE++ Brho= 0.619938 Tm
Hz RFF=119.623 (4"
Freg= 9.70E+07 1/sec Voltage in_LISE++= 0478 MV
omega= 6.09E+08 4 x V for one gap
length= 2.36 m
MaxXGain (V*Q)= 6.22 MeV
TKE= 124.95 nel MaxGain/TKE= 5.0%
Brho (FCU COSY source) = 0.6204303 Tm phase= 217.9 degrees
they use TKE in source
COsY LISE++ calc
coef value, T value,T
51 4.364 2.7054 268  make a small spot at the RF-buncher
52 3.933 2.4382 2.29  make a small spot at the detector
al -0 A8933 -0.3034
Q2 0.21589 0.1338
Q3 0.21192 0.1314
Q4 -0 A8933 -0.3034
51 2.2 make parralel after the solenoid

OT, 30-Jan-2013, East Lansing 7
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l=st'Solenoiaittimng UNIVERSITY

. 1 S EPe

: : Brho
PR ftuning Dipole 27577,

FOl o1 o )
LY solenoid 1, 00,0 <« Initial drift+solenoid+drift
o standard configuration to define angular acceptance

B L
I—.IF{Fb“”"herz Ph 215 deg

B u 119 kv
Bo|Rrouncher3 b 20
1 slandard
Ei-gﬂ Drift 3 0.54 m
quadrupo'e
MI Ma1 038 m ‘\
1 slandard
Ei:iﬂ Drft 4 022 m
quadrupao'e
E Ma2 0.41 m
. slandard
EE:Eﬂ Dt 5 0.47 m
’ Brh
E‘ — 08187 1m
: slandard
EE:EH Drift 048 m
quadrupo'e
E Ma3 0.41 m
. siandard
EE:EH Drift 7 022 m
MQ4 quagruraie y 10st solenoid values from
Dt 8 siandard the previous slide:
0.74 m
. 5 1=
sts FSU COSY : 271 T
-z00|  |+200
-50 v [+50
Solenoid 2 . LISE++ small object
22683 T
= at the RF buncher : 268T
slts2
-z00| ¥ |+200

LISE++ makes parallel
after solenoid : 1.83T

OT, 30-Jan-2013, East Lansing
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1-st Solenoid tumng s paral el aiterselenocid LNIvERS T

Block Tuning
Tune Solencid Length of the solenoid block

using the
Setting fragment

r~ Solenaid setting: r~ Optical block properties and data
Field Direction

i ﬂ a0 Setting Chaige state
B. max field I 183066 —/( 7T 4" positive far the Black 2.0) 0

1, cument I 235941 ﬂ A " negative

-| Length of 1st half Length of 2nd half
Take into account the 0.25 A stha 9 nend

[V GLOBAL mahix of the

‘I Cut(Slits) & Acceptances

Use the "zoft-edge" commections L 4 H
v for zolenoid matix calculations u Solencid Block Scheme P Optical matrix previous block 95 EE
W(L*B/PI)=| 03436 Tm Tuning i minimisation of 0.20 - ail
_ TwinSol Ltility G | setting of block Coil
W /Brho=| 0.5642 _”.nl_”_ General setfing of blo 06 beam sigma: & 75+ J Ien;m
~ Geometry Tweak | 01 % [k PR I A 2
-zt half = 03 m optional [estimation of Ang.Accept] 1 : §
! [ oz om = 0.10 i ;
2-nd half S olenaid length = IT m Setting fragment p i . E
Cail length = I 0.6 D Bore = I 0045 m b= A=y ME_thD‘_j L Solenoid g w
Effective radi om | m 1% | 000 225 "Distribution’” o length
setveracus = Anghccept ¢ [ 748 mrad 27 [ 000 579 M5
Block Length = 06 m Y 000 225 Setling fragment
AF 000 579 distribution parameters
before Salenaid T — — —
~ M& = Maconst * | 5. E 5.0 oo 2 z
Maconst = [ 003933 T4 Ma= [0592796 T
B(0) =M * Coilength / sqitf EffRadius™2 + Coil_ength™2 # 4] v oK | X Cancel | ? Hep |

¥ Solenoid block tuning: mead e ‘ [.- =

Solenoid block tuning: mrad
Tuning parameter is <Beam Sigma>: 02 beam sigma: T (X)

25A1 : MC Transmission Plot - Envelope (only passed) Mi

| 25A1 (5.0 MeV/u) + Be (1e-4 um); Transmitted Fragment 25Al (beam); Optics Order. 1

Al (E=5.00 MeViu or Plrans=0.186 GeVie) Emittance:225,5.79,225579  InitRay:0,0,0,0 dp/p=21.51% ; Brho(Tm). 0.6197, 0.6197
SOLENQID: L1=0.3m L2=0.3m Coi=0.6m Eff.R=0.05m B0=1.831T EdgeComect="Yes" Direction="+" GlobalMatrix="Yes" Bounds: ON; "RFbuncher 1"-last block for MC calc; no gates; Config: DSLSBBBSSSSSDSSSSSSLSM
19 02. beam sigma: T (X') ! Contour
04. beam sigma: P [v) Sum 2 26e+06|
a: A (P: Max 5.12e+03|
<X=1.14
17 <Y>0.0155
dX 0653
40 v 123
XY -2.6e-02
SUM
5120e+03
Il CPU speed
I 0
20 Py
‘".
"s. i I
*

°
g
E

X'(Theta) [mrad]
)

-40

. 35 45 55 6.5
e oo e e, B_field max

-60

0 0.4 0.8 1.2 1.6 2 T 20.4
29-01-2013 14:12:49 . e+
<us E‘ﬂ Ic: ﬂua-i \ma,pp,gm\-:s'u-:xamp\asﬂE5oLu‘raRESoLuLagap,angﬁﬂ?!g;plgfb}!m:her 1L [m] 4.8037e+1

OT, 30-Jan-2013, East Lansing 9
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2nd half = 15 m

Coil length = 0e m
Effective radiuz = 0.0s i
m

 Solenoid setting: r— Optical block. properties and data— | — Block Tuning
Field Direction Tune Solenoid
i 7 * T o o8 Setting Charge state "
* B, max field 1T & " positive for the Block Z-0] I 0 ;:m%tgh;agmm
3 1, curent I 34 5406 ﬂ A " pegative -
DrlftS h ave b een .I Cut(Sits) & Acceptances Take into account the
et " = ¥ GLOBAL matrix of the
. ~ Uze the "zoft-edge” comections
m p I em ented for solenaid matrix calculations h Solencid Block Scheme Py Optical matrix
. WIL*B/PI)= 05118 Tm ) N Tuning iz minimisation of
to the Solenoid VBibon 00 TwinSol Uiy General setting of block 5. bear siome: F 0008
block - S
Geametry Tweak 01 b4 hl. Plot v=H(B) |
1sthalf=| 065 m optional [estimation of Ang.Accept.]—

Solenaid length = 0.& m el e -
ey

Mean

Bore=] 0045 m 1% [ 000 ]
21

Ang.Accept. & 47.3 rrad 0.a0 17.37
. Block Length=1 215 3y [ 000 0.93 S etting fragrment
Global . After the solenoid block (B=2.68 T) b 4F D00 1737 istgbl;tionspallam%ters
— 2f0re o olenon
obal matns WA = Miconst * | 5EE &0 oa

I-D.EDD2?‘ -I 212804 -l ] I n [rinrm] Maconst=[ 003933 T/a Mé = |1.35848 T
Bil) =M * CailLength # sqif EfRadius™2 + Cail_ength™ / 4 ] f 0K I Cancel | ? Help

|-055992 | 011874 |1.98499 042095 | 0 | o0 [rwad]

[212804 |HEGHEEEN [ 0coccr JEEGEEE]| o [ o (om)

| 199499 | 042095 |-055932 (001674 | 0 | 0 [mwad] T =9 = —
I i} I 0 I 0 I 0 I 1 I 0 (] Solenoid block tuning: /mm
Tuning parameter is <Beam Sigma>: 05. begfh sigma: R (X&Y)
0 0 0 0 0 1 [ A3 (E=5.00 MeViu or Prans=0.186 GeV/c) Emittance:0#9,17.37,0.99,17.37 InitRay:0,0,0,0
I I I I I I 4 SOLENOID: L1=0.7m L2=1.5m Coil=0.6m Eff R=0.05m B0=2.677T Edgglomect="Yes" Direction="+" GlobalMatrix="Yes"
01. beam sigma: X
3 beam sigma ¥
¥ e 05, beam sigma: R (X&Y
= : MC Transmission Plot - Envelope (only s
g (5.0 MeV/u) + Be (1e-4 ym); Transmitted Fragment Al (beam); Optics Order. 1 _.l""
- dp/p=21.51% ; Brho(Tm};: 0.6197, 0.6197 &
g Bounds: ON; "RFbuncher 3" - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM .
i Contour -
ﬁ Sum 3.03e+06 | 7
Max 6.88e+03] ,.'
53 <X>129 "
<Y>0.00691 "u
dX 0.736 2
% dy 41 - I
? XY 12003 -
e - |
| 6880e+03 E yoog
i CPU speed E v
0pps H :p'
"
¥ |
T
h -
£ 7
E
>
i
5 9 n
£ Je s RESOLUTRE ence e B_field max
-25
0 0.4 0.8 12 16
after "RFbuncher 3": L [m]

OT, 30-Jan-2013, East Lansing



MICHIGAN STATE

l=st'Solenoiaittimng UNIVERSITY

. 1 S EPe

: : Brho
PR ftuning Dipole 27577,

FOl o1 o )
LY solenoid 1, 00,0 <« Initial drift+solenoid+drift
o standard configuration to define angular acceptance

B L
I—.IF{Fb“”"herz Ph 215 deg

B u 119 kv
‘r.lﬁFbunchera o A
1 slandard
Ei-gﬂ Drift 3 0.54 m
quadrupo'e
MI Ma1 038 m ‘\
1 slandard
Ei:iﬂ Drft 4 022 m
quadrupao'e
E Ma2 0.41 m
. slandard
EE:Eﬂ Dt 5 0.47 m
’ Brh
E‘ — 08187 1m
: slandard
EE:EH Drift 048 m
quadrupo'e
E Ma3 0.41 m
. siandard
EE:EH Drift 7 022 m
MQ4 quagruraie y 1-st solenoid values from
Dt 8 siandard the previous slide:
0.74 m
. 5 1=
ste1 FSU COSY : 271 T
-z00|  |+200
-50 v [+50
Solenoid 2 . LISE++ small object
22683 T
= at the RF buncher : 268T
slts2
-z00| ¥ |+200

LISE++ makes parallel
after solenoid : 22T

OT, 30-Jan-2013, East Lansing 11
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Three gaps RE-buncher infCOSY: = hihree RE=DUNCHErSHNN SIS BT UNTVERSITY

- H
Lo Iir

GAPIIT  OQO01% 005 001 001 035 01% 01 01 0083 003 -l.;

T THREEGAP -0.2 0.2 RFF 9.7E7*L*PIPHI*DEGRAD 0.019;
RREES
ROy
1}_11 M J_
- _— - Rl= Q019

RO= 0.05
A RE= 0.01
RE RD= 0.01
RLRES= 0.35
“ RRES= 0,198
. — — RLDT1= 0.1
RLDTZ= 0.1
[ | Z0T1= 0.088
— — T — — ZDT2= 0.088
E-l" g=0 (ke In meter) s PAR= -1 odd
GAPIINL Rl RO BE RD RLRES RRES RLDTL BLDTZ ZDT! ZDTI PAR | (gemerates strocture fils) 551= 0.2
THREEGAP 551 852 SCL W PHL RIEST; (caleulsies mep) 552= 0.2
Cavity voliage, ¥ = SCL*cos{ W*i+ PLLD)
SCL - max veltege (kKV) ol 0.037 RLRES/2-RLDT1-o4
W= el Srouancy () oz 005 RLDT1/2
PHI = relative cavity phase {rad) :
RIEST =RI (sel the same ar smaller) a3 0.05 RLDT1/2
ZDT 1 = center poaition of tube 1 melative to 8 =0, o4 0.038 ZDT1-ao3
ZIT2 = center position of tube 2 relative In 8=10 o5 0.025 551-RLRES/2

PAR = +1 for even, -1 for odd voltage symmetry between fubes L
dla 0.025 o5 0.025
Figure B3,  Diagram illustrating the parameters of subroutine THREEGAP. gapl 0.037 ol 0082
dlb 0.05 o2 0.112
0.112
dia 0.05 o3 0.162
gap2 0.076 204 0.238
dib 0.05 o3 0.288
reduced one gap Eeometry 0.282
od2a 0.162 I3 - ol d3a 0.05 dib 0.332
ogap2 0.076 Eapl gap3 0.037 ==pl 0.375
od2b 0.162 odZb d3b 0.025 dia 0.400

OT, 30-Jan-2013, East Lansing 12



MICHIGAN STATE

Three gaps RE-buncher in COSYs>ahinreer REDUNCAErSANMISIS 3= UNIVERS)

L 1S HAare

RESOLUT _3gap.lpp

COSY 3gaps

Gap Gap Size Bias
1 D +V

2 2D -2V
3 D +V

LISE++ 3 bunchers:

Buncher Gap Size Bias Phase

. 1 D V
First buncher > 2D 2V Z+180

RFbuncher 1 3 D V a

RF buncher

25A1 (5.0 MeV/u) + Be (1e-4 uym); Settings on 25Al; Config: DLBBBSSSSSDSSSSSSLSM

Setect method Setling Chage st [~ Caloulle e RF buncher
for the Block (-
" Electic field E=[ 3262 :I K o the Block (Z-0) using the Setting fragment

p. #T Cui(Sits) & Acceptances Tuning mode : "d5"  minimum at Phase = 32.00 deg
Voltage U= s ﬂ K D e cosptances | Solenoid 1 | RFbuncher: U=0.12MV Gap=004m RF=97.0 MHz
& Optical matrix :: Final E‘\ergy =1 (phase) e Energy(t) = f(Xgap); phase=35 deg
@]  General sefting of block Tweak 01 # 55 ‘

T

~  RFbuncher plots:
E =fiphase x). V =f{x). dE =flphass)

culations far the setting fragment
he bunchergap  (py g <E> «Ey~+dE

[Metu] 4.92 5.00 512

Geometry

La=| 0025 m
Ligap) = 0037 m

Energy (MeViu)
Energy (Meviu)

1= I o Time o fight [ns] 7z [ e ! -
FIF seftings Phase Phase [deg] ?/I5 | 3293 i »
P (LD shift After the RF buncher

* use Beam seftings 97 ’732 Energy [Mev/u] 491
€ manually e [deg]

HF [transit time factar) turing “ oK

RS 0 o L Toos oo 001z 0ot 00z 00 ooz oom o=
Phase shift [deg] Gap ZPosition [m]

0 a0 20

V(0 = f[Xgap); phase=35 deg

Final d Energy =1 [phase}

V{t)= Vo " 1 sinft + phase_shifl) chose optmzsion ity . ‘
% parameterization 0993 dmEst X Cancel 2 Local : Phass & V . |

€ manually 1 d5 i~ 2 Hep \ _ } ~

g 5 o2 s

| :

ENoe i g

u, g

® |
012N : B sz

o
20-01-2013916.09.83% e iz 760 £ = £ E E Too:  oo0s  9@1z 0016 002 0023 G928 o0z Aeem
LISE++ [Clusenclise_pp_94\ilesiexamples\@iaseshitiieg)T_3gap ipp] Gap Z-Position [m]

OT, 30-Jan-2013, East Lansing 13




@ MICHIGAN STATE

Three gaps RE-buncher infCOSY: = hihree RE=DUNCHErSHNN SIS BT UNIVEKSITY

NSCL

25A1 : MC Transmission Plot - Envelope (only passed) HContified]

25A] (5.0 MeV/u) + Be (1e-4 um); Transmitted Fragment 2°Al (beam); Optics Order: 1
dp/p=21.51% ; Brho(Tm): 0.6197, 0.6197
Bounds: Off; "Drift 7" - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSS5LSM

Contour
4 | Sum 3.36e+05)
Max 39
=KX= 233
<¥=5
dx 0.258
4| dY 0109
XY -3 5e-04
SUM
7.580e+02
CPU speed
0 pps

Bunchers

5.25

| 5.15

5.05

Energy [MeV/u]

4SS

4.85

1

2

4650 Solenoid1 |

1.9 2 2.1 2.2 23 24 25 26 27
29-01-2013 16:15:17 " - ",
LIS E++ [Clusericlise_pp_o4ifilesiexamples\RESOLUTIRESOLUT_3gap.Ipp] after "Drift 7": L [m]

— —= o

File: RESOLUT_3gap.lpp

OT, 30-Jan-2013, East Lansing 14




MICHIGAN STATE

Three gaps RE-buncher in COSY = inreetREEDUNCAERSAMSIS S UNIVERS

N~
1 1 S Iy
% Z5A1: Mante Carle T -t T
25A1 : Monte Carlo Transmission Plot 25Al : Monte Carlo Transmission Plot
21 (5.0 MeVIu) + Be (1e4 pm); Transmited Fragment Al foeam}; Optcs Order. 1 after “Solenoid 17 Energy MeViu} window projection — Al (5.0MeViu) + Be (1e-4 um); Transmited Fragment %Al (beam): Optics @
dpip=21.51% ; Brho(Tm}: 0.617, 0.6197 dpip=2151% : Brho{Tm}. 0.6187, 0.6197
Bounds: Off. "RFbuncher 1" -last block for MC cak: nogates; Config: DLBBBSSSSSDSSSSSSLSM Bounds: Off; "RFbuncher 17 - last block for MG cake; nogates: Config: DLBBBSSSSSDSSSSSSLEM
- - -
360
Before Buncher #1
z o =
T 52| 3+
£ 280
5 S
5 51 (8]
i < 240
= 5 &)
£ c e 200
5 e >
F]
s m 160
T e8|
€ 120
80
40
a7 48 49 5 51 52 53 54 55
% i Afler "Solenoid 17; Energy [MeViu] piisita]
- = - %5 [ a7 28 (] 5 EXl 52 53 54 3
dplp=2151% ; Brho(Tm}: 06167, 06197 warm 7oem fter "Solenoid 4% i o 549940
a5 Bounds: Off; "RFbuncher 2" -last block for MG cak; no gates; Config: DLBBBSSSSSDSSSSSSLSM c 3 2541 M o Trrsmision Pt R L R |
oo - .
Sumbe04 25Al : Monte Carlo Transmission Plot
s o5 after "RFbuncher 3" Energy [MeV/u]: window projection — Al (5.0 MeViu) + Be (1e-4 um); Transmitied Fragment %Al (beam): Optics
X5 dp/p=21.51% ; Brho(Tm}: 06197, 0.6197
e Bounds: Off, "RFbuncher 3" - last block for MC cak; no gates; Config: DL LSM
53 XY 6703 480
ER B e
: ,_ After Buncher #2
§ s (D] o5
i c g 360
& 5 (&)
2 [ 320
§ 4o > -
g m 280
T 240
%
47 200
48 160
453 75 (5] 75 ) s ] 52 53 54 55 i
o R _after "Solenoid 1": Energy [MeV/iu] 0
us Bounds: Off, "RFbuncher 3" - last block for MG cak. hogates, Config: DLBBBSSSSSUSS SS5SLSM
16 . 5..ms'$e{'m 40
. Max 42
54| X5
¥ o 0 14s e 3 AT ) [X] B 51 52 53 54 B
? . 62 e -1\ 1= after "RFbuncher 3": Energy [MeV/u]: window projection
2 sz (9p] ol
: H*+
§ - 5 StDev
&
t 15 Before Buncher#1 0.144
5
I After Buncher #1 0.111
i
3
R e After Buncher #2 0.0474
After Buncher #3 0.017
4'{} 4 X 1 51 52 .
T, 30-J&-2073, "ERSEL Ak mew 15




@ MICHIGAN STATE

Three gaps RE-buncher infCOSY: = hihree RE=DUNCHErSHNN SIS BT UNTVERSITY

-~

— Ly 1 S Iy

m:m’w '-H [E )
i 5A1 : Monte Carlo Transmission Plot O 25A1 : Monte Carlo Transmission Plofentinue
% Aum): i % - O : ‘
5 AlINeViu) + Be (fe t{um), Tra.{nsmmed Eragment Al (beam); Optcs Orcer 1 A1 (5.0 MeViu) + Be (1e-4 um); Transmitted Fragment Al (beam); Optics Order:
dp/p=21.51% ; Brho(Tm): 0.6197,0.6197
ﬁ S OF: “RFncher -t bockbr Nk o gels;Cang DLBBBSSS5SDSSSS5SLM dplp=2) 1% ; Brho(Tm): 06197, 06197
i ' - ) . geres. oy . : — Bounds: Off, "Drift 8" - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSS
B 1 o] o o00f ' ' ' ][ Contour
3 i £ 1| Sum 6.25e+(] |1X ‘ |
i dP/P=50% R
o g K54
7 ’ <Y>54
# iX 29
o dY 289 |[%
A XY 8400
ol . s
g , 6.249e+04| -
CPU speed
s £ 1816030
s 300
> . I 'E‘
] 7 |
6 i | E
c Tt =
w x 100
L %
g £ 100
PSP Y N T.
5 g ‘, 5
E 5t : S 500 E 500
E: 321 3
b '\__7,-_ ________ / 0% @ -300 206
g I
= 500
3 N
-700
-900
1 5 ]
N 1 3 5 T g " 20-01-2013 1.7121235 ’ " 5 N, ! ? "
/I\DSQIJ: Zgzléez':clse_as_ﬁi fles!examples RESOLUT QE.SCLIJT_Bgepgﬂer "Solenoid 1": Energy [MeViu] (- LISE [C:wusencwhse_pp_%ﬂ\eswexaﬁt@hétm%wg nergy [MeViu] J

OT, 30-Jan-2013, East Lansing 16
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Three gaps RE-buncher infCOSY: = hihree RE=DUNCHErSHNN SIS BT UNIVEKSITY

NSCL

Three RF-bunchers in LISE++

Advantages:
* |t Can be use for all velocities

* Realistic simulation

Disadvantages:
 Difficult to find a phase
* It is necessary manually to set this phase for all bunchers

* Itis impossible to make simultaneously optimization for all three bunchers.

Solutions:

* Creation the ThreeGap block

» Creation configurations with one RF-buncher* which can be reproduced main properties

current configurations and used for optimization

* it has been realized. See RESOLUT _1gap.lpp slides

OT, 30-Jan-2013, East Lansing 17



MICHIGAN STATE

2-ndiSolenoiditunming UNIVERSITY

. 1 S EPe

. . Brh
PR ftuning Dipole 27577,
; slandard .
5 0] it 0.35 m
. B
L'.'I Saolencid 1 5 GRd4 T
Dirift 2 siandard
B U 238 bV
I—.IF{Fb“”"herz Fh 215 deg
B U 118 kY
‘r.lﬁFbunchera o e
[ ] slandard
5 0] o3 0.54 m
quadrupo'e
1] v 3 n )
[ ] slandard
E Drft 4 022 m
Q quadrupo/e
T e 041 m
g DI Drift 5 slandard
0.47 .
Em;‘ 2nd solenoid values from
Lipal i i .
5] Dipole 06157 Tm the previous slide:
3] DI Dirift 6 slandard
048 m
Q [I]I MQS quﬂdrupog FSU COSY 2.44 T
0.41 m
o Drft 7 sia"ndard .
5 Ol 025 m LISE++ small object
Ma4 NET, at the solenoid : 229T
. slandard
Drt 8 0.74 m
sits1 =18
-z00] 5 [+z00
-50| 7 [+50
. B .
Solencid 2 29688 T < 2nd - solenoid
slts2 e
-zoo[ = [+z00

OT, 30-Jan-2013, East Lansing 18



MICHIGAN STATE

2-nd Solenoiaitunng TR SRS

-3

— Solenoid settings — Optical block properties and data—| — Block Tuning R
Field Direction = L b of th lanold block
. + A Tune Solenoid ength of the sclenoid bloc
G omaied | 229 4 71 & "4 positive el [ w using the |
Setting fragment
1, cument I 31.925 :+I A " hegative 0.25 | Length of 1st half Length of 2nd half
- .I Cut(Sits) & Acceptances Take into account the : ) g
= Use the "soft-edge" corections - v GLOBAL matrix of the ] ERD GE
for solencid matrix calculations u Solencid Block Scheme e Optical matric previous block ! "-&.gm _____________ ;
VIL*B/PI]=| 04374  Tm TwinSol Utiity G | <cttine of block Tuning iz minimization of 0.20 C:nil ;
- eneral settin o :
wiilaies ) T - g 0%, beam sigma: A [t w 1 length
— Geometry Twaak 01 b4 Ai 0.15 4 S [T ) 5
) o ot w=f(B) : 5
1-3t half = I 1.06 m optional [estimation of &ngAccept.]— = 1 : -g.
’ SRER o 0.10 - i '
2-nd half Solencid length = IT m Setting flag:\:’nent param:t;rs | . E
p Dev i = 1]
Cooil length = I 0.6 i : I an - Solenoid
Effecti i IW m Bore 0.0 m 1.3 | 0.00 115.79 005 length 3
peveradus=] Anghcoept £ /7 mrad 27| 589 5977 U9 :
Block Length = 295 m 3v [ om 17 Setting frAgment Ele] '
4 F [ 0o 2015 A% solenoid biocuning: mm — i | [~ P )
~Ma = MAconst * | E| 51 ng Solenoid block tuning: mm
= I - Tuning parameteris <Beam Sigma>: 05. beam sigma: R (X&Y)
Mécanst 0.03636 R M I HEREDE N 2513 (E=5.11 MeV/u or Ptrans=0.188 GeV/c) Emittance:115.79,99.77,4.2120.15 InitRay.0,5.89,0,0
B(0] =MA * CoilLength / sqrt{ EfRadius™2 + CailLength™2 / 4 | “ 0K | x Cance| SOLENOID: L1=1.1m L2=1.9m Coil=0.6m Eff R=0.05m B0=2.290T EdgeComect="Yes" Direction="+" GlobalMatrix="Yes"

—— 01. beam sigma: X
03. beam sigma: Y
------ 05. beam sigma: R (X&Y)

9000

8000
7000
l 6000

i 5000

mm

4000

3000

2000

1000

0
0.5 15 25 35 45 55 6.5 75 8-592086 5
29-01-2013 17:24:52 e+
LISE ++ [Clusenclise_pp_94¥ilesiexamples\RESOLUTRESOLUT_3gap.Ipp] B_field max 7.0214e+3

OT, 30-Jan-2013, East Lansing 19
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File: RESOLUT_3gap_reaction.lpp

& Element g+ Beam energy r~ Emittance ——
[2¢ Mg [Tz Enegy & | 62 Mevu il [S,SSZT"S?Q,F.LE,S, Distibuton
IT TKE ~ 13871 Me half-width...] mithad]
z Bhoe | 0777  Tm X omm | 15 IGaussnan |
I Stable P o 2502 GeVie 2T rmrad I 20 IGaussian ;I
I o Tableof u O 124048 KY AY mm | 15 |Gaussian |
rd MNuclides B intersity 4P mrad | 20 Gaussian ;I
Z eam Intens -
2 - g e IT - 5L Tm I 0 IGausslan ;I
& |1— oh ED % | 0.5 IGaussnan ;I
v Ok [l BT IO,
rojectile  24Mg12+
5.2 MeViu 1 pn&
[Flragment  25A113+
T®] Targe de
1 mgicm2
Two body reaction
. : Brho
1395 [Tuning Dipole
- 0.6187 Tm

Primary beam is taken into account, but
Think about other reactions.

EPAX cross section have been used
for Two-body reactions

OT, 30-Jan-2013, East Lansing

Energy [MeV/u]

after "Stripper™:

Three RE-bunchers in LISE++ Vs Reaction (Separations trarismmssion)

Al IGAN E

UNIVYVERSITY

After target

25A1 : Monte Carlo Transmission Plot [astinme ]
2Mg (6.2 MeV/u) + Be (1 mglem2); Transmitted Fragment 2°Al (TwoBody); Optics Order: 1
dp/p=21.19% : Brho(Tm): 06197, 0.6197
Bounds; Off; "Stripper” - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM

5.2

48

44

36

3.2

281

24}

0.8

Contour
Sum 2.59e+04
Max 15
<X=-0.0717
<¥»32
dx 162
dy 1.06
XY -28e-01

SUM
2585e+05

CPU speed
16.99e+03 pps|

-350

29-01-2013 17:49:10

-250 -150 -50 50 150 250 350
lesIRES LunREsoﬂﬁﬂa:ﬁtﬂHH&ﬂ X(Theta) [mrad]

LISE ++ [Clusericlise_pp_94iile

20



MICHIGAN STATE
O Three RE-bunchers in LISE++ Vs Reaction (Separations trarismmssion) UNIVERSITY

NGCLl Ly 1 S b
st i i . .
angular acceptance angular acceptance
B3A1: Monte Carlo Transmission Plot Mo Al : Monte Carlo Transmission Plot e
#)g (6.2 MeVlu) + Be (1 mg/em?); Transmitted Fragment 2Al (TwoBody); Optics Order: 1 #\g (6.2 MeV/iu) + Be (1 mglcm?2); Transmitted Fragment 2°Al (TwaBody); Optics Order: 1
m dplp=21.19% ; Brho(Tm} 06197, 0.6197 dplp=21.19%: Brho(Tm); 0.6197, 0.6197
P Bounds; Off. "Solenoid 1"- last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM Bounds: Off, "Solenoid 1"- last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM
E Contour 7 Contour
Sum4.15e+05 = Sum 1.79e+03)
E Max 89 i Max 7
2 X>0207 <X 0685
By 5 <¥=319 R <¥>413
el dx 186 IMC| X 222
.ﬁ dY 1.06 -ﬁ 6 dy 1.54
bt wasen || (12 XY 150400
? SUM ? SUM
5 475 || [T 1768¢+03
S 5 CPU speed 3 5 CPU speed
% 000e+00pps |l || B 0008400 pps
| £ | &
|3 | B
§ 4 g
| € —— 4
w w
| i- il i-
T T
(Hl Ig 3 [l .E 3
] 500 ] 500
[ 21 I 321
o 206 o 206
i % 2 [ 133 | i -a-’ [ 133 |
[ £ 2
| ® il ®
15 15
1 10 1 10 ]
[ [ 0|
4 4
2 2
1 1
[_] ) -700 -500 =300 -100 100 300 500 700 l?—140 -100 -60 -20 20 60 100
Lt e g g e, AREE Solenoid 17 X' Theta) [mrad] s v s AR Splenoid 17 X (Theta) [mrad]
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&

NSCL

Energy [MeV/u]

Three RE-bunchers in LISE++ Vs Reaction (Separations trarismmssion)

After the 3 gap buncher without
angular acceptance

[FET =)

5A1 : Monte Carlo Transmission Plot ZCoutiaset]
Mg (6.2 MeV/u) + Be (1 mg/cm2); Transmitted Fragment Al (TwoBody); Optics Order: 1
dp/p=21.19% ; Brho(Tm): 0.6197, 0.6197
Bounds: Off; "RFbuncher 3" - last block for MC cale; no gates; Config: DLBBBSSSSSDSSSSSS

Contour
5.5} Sum 1.66e
Max 259
=X>-0.284
<Y=3.21
dxX 186
dY 109
XY 22601
SUM
1.661e+06

500
k7l

[

after "RFbuncher 3":

o

B r\JIbII

0.
-%00 -300 -100 100 300 500
29-01-2013 18:03:28

LISE++[C ﬂuser‘.c‘.\|sa_pp_ﬂ4mIas‘.examplesﬂﬁg[ul;ﬁf£l‘!ﬂ%[ré;ﬁ\¥p‘;jThEta) [mrad]

OT, 30-Jan-2013, East Lansing

MICHIGAN STATE

UNIYERSITY
[ -

4
- 1
T A

After the 3 gap buncher with
angular acceptance

Al : Monte Carlo Transmission Plot [ Couion |
XMg (8.2 MeVlu) +Be (1 mgicm?); Transmitted Fragment 25Al (TwoBody); Optics Order: 1
dp/p=21.19% ; Brho(Tm}: 0.6197, 0.6197
Bounds: Off, "RFbuncher 3'-last block for MC cale; no gates; Config: DLBBBSSSSSDSSSSSSLSM
7 Contour
Sum 1.32e+03)
Max 13
<X>-0.56
=416
6 dX 213
dy 192
XY 1.2e+00
1= SUM
e 13226403
> 5 RS CPU speed
s : 0.00e+00 pps
>
2]
-
£y
u
Y
-
Z
0 3
E 50
Kyl
r
g 2
&
15
1 10|
L |
4
2
) 1
__-120 -80 -40 0 40 80 120
LLQI-DS?Pj'[01";L\;§r;clxuse_pp_EI:i‘.ﬂIes‘examp\asxRESOLUT\RESOLUT_,@HE!BWH”MI}H Ep XI(Theta) [mrad]
+/- 47 mrad acceptance,
Transmission 1.6% 22



© ] . ] . MICHIGAN STATE
Three RE-bunchers in LISE++ Vs Reaction (Separations trarismmssion) UNIVERSITY

After the 3 gap buncher without
angular acceptance,
But taken bounds into account

=1 =)
Tsotope Group : Monte Carlo Yield Plot ot 25A1 : Monte Carlo Transmission Plot “Continue
!_3 Mg (6.2 MeViu) + Be (1 mglem?); Transmitted Fragment ZAl (TwoBody); Optics Order: 1 Mg (8.2 MeV/u) + Be (1 mg/em?); Transmitted Fragment 2°Al (TwoBody); Optics Order: 1
dplp=21.19% ; Brho(Tm): 0.6197, 0.6197 = dp/p=21.19% ; Brho(Tm): 0.6197, 0.6197
X Bounds: ON; "RFbuncher 3" - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM Bounds: ON; "RFbuncher 3" - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSY
i Contour L I Contour
[@ Sum 5.06e+ | Sum 1.93eH
= Max 59 ; 2 Max 5
] =X=-0.0193 uidf =X>-0.0394
- ©  All products Only 2Al
dX 441 6 dx 212
dy 0.107 = dy 0.0136
XY -4.3e-03 i XY 2.8e-03
- SUM = SUM
Izl 2 10 5065e+04 I— 2 1.930e+03
| > CPU speed | > 5 S ——— = T %gip:m
3 Rat |3
ate (pps) 5
| s 8 5.888e+09 | 5
c c 4
I w . I w
= Primary beam |
| ': | ;
¢
|5 ¢ | E 3
s 500 3 500
| 2 321 |2 321
o 206 x
= fl H
lf E 4 E 5
| -
15 15
2 10 | 1 10 |
] [ o |
4 4
3] -
2 2
0 . 0 :
70 50 30 10 0 0 50 70 -80 -60 -40 -20 0 20 40 80 80
A 2013 18-07-E 29-01-2013 18:07:16 " n, yr
‘Lg\-gg?j'[(31'ﬁ\.gé;;.Ilse_pp_ﬂ4ﬂﬂI9s'examp\esuRES&Lt%ém@Hﬂ%\q:é X'(Theta) [mrad] LISE+[C ﬂus9nca\i5efpp,Q4ﬂﬁ\-35'exampleg‘%&lﬁf&@anggshiaw%I!;rheta) [mrad]

Transmission 4.0%
OT, 30-Jan-2013, East Lansing 23



MICHIGAN STATE
Three RE-bunchers in LISE++ Vs Reaction (Separations trarismmssion) UNIVERSITY

IS E

PV

After the MQ4 without

After the MQ4 without
angular acceptance,

angular acceptance,

%) 2500: Mo = = |
B3Al: Monte Carlo Transmission Plot ) BAl: Monte Carlo Transmission Plot cotiel
ﬁ \g (6.2MeVilu)+ Be (1 mglem?); Transmitted Fragment 2Al (TwoBody); Optics Order. 1 Mg (6.2 MeViu) + Be (1 mglem?); Transmitied Fragment 22l (TwoBody); Optics Order 1
dpip=17.35% ; Brho(Tm}: 0.6197, 06197 dplp=17.35% ; Brho(Tm}: 0.6197, 0.6197
F‘ Bounds: Off; "Drift 8" -last block for MC calc; no gates; Config: DLBBBSS558DSSSSSSLSM Bounds: Off; "Drift 8' - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM
[FE Contour Contour
= Sum4 T7e+04) Sum 989
E Max 29 300 Max 11
8w X230 X 205
<>-164 <= 151
'7% X 218 dX 356
I av 23 R dY 265
20 XY 1.4e+04 ~ 100 XY 93e+04
7 SUM |7 SUM
[ ‘~ 4767e04 | e 9890e+02
3 CPU speed 5 CPU speed
| 0.00e+00 pps | ® 0.00e+00 pps
L 0 £ -100
£ | E
| E | :‘-!-
0 0
| £
L W B
X X
: :
| oE 400 e S
T 500 T 500 s 500
| ? 1 a : 21
5 — | 5 | 26 |
L& 4w | &
1]
-700
| I
-800 15 15
= S
4 4
1000 - -
w i
-1100
o @112?50 400 500 400 200 0 0 400 -1000 -800 -600 -400 -200 0 200 400
U-Sé** [C\USEHCV\SS_DP_W‘9S\SXWP‘ES\RESOLUT\RESOLUUQﬂﬁ_femmmer rft 8°: X [mm] [I_QI-DSEZPJ 3[(31\?\::r:c‘?us;e_pp_w\ﬂ\-3s;‘.-'sx:am;c\:ssuRESOLUT\RESOLUT_SQ:;;c_reammn IEI' "Drift 8": X [I'I'IITI]

+/- 47 mrad acceptance,
OT, 30-Jan-2013, East Lansing Transmission 1.6% 24



© ] . ] . MICHIGAN STATE
Three RE-bunchers in LISE++ Vs Reaction (Separations trarismmssion) UNIVERSITY

NSCL

After the slits1l without
angular acceptance,
But taken bounds into account

Tomeptmeewin . se JIE T cdee
£l N\ s  Conie | Bl - TR | | . "
F Isotope Group : Monte Carlo Yield Plot T ——
él g (6.2 MeVlu) + Be 1 mglem?; Transmited Fragment 25Al (TwoBody); Opfics Order. 1 Al: Monte (,allp Transmission Plot .
| dol=17 35% BT 06107, 06167 Uhlg (6.2 MeVilu) + Be (1 mglem?); Transmitied Fragment Al (TwoBody); Optics Order: 1
i L e SRS dp=1735%  Biho{Tm) 06197, 06167
# Bounds: Of, "slits1" - last block for MC cale; no gates; Config: DLBBBSSSSSDSSSSSSLSM i pp=1l2ok, P
iy o Bounds: ON; "slts1"- lasthlock for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLM
B Contour
% a“a“; iﬂ L " SUm247e403
Max 3
: K723 ]
§| 1 <Y>55 O I 25 AI :)v(: gg'g
g dX 612 16 n y 710
& 0% I oY 513
XY 156401 : XY 208401
SUM 7 1 T : SUm
gm SO 23720403
—- 8 - " ' CPU speed
g 0.00e+00 pps v 8 10102 pps
s R ) E
= 23656402 |7 4
z» - |
0 6 o =
c e },%{ | = 0
E % . | \‘5 4
- - -
[ 500 [ gg;x
: . 7y | & ol
g b3 iy
E i
| 1
16 15
2
L
20 -
2
2 :
0 25 -15 -5 5 15 1922654 1
_ K : 20012013 182113 Welad 9264e+
. 20 10 0 — 0 120 ??255232 LQ\USWDDj [C!\?\s;r‘jculwse_pp_gim\es‘examp\esNRESOLUT\RESOLUT_Sgap_readmnﬂ!_ier slitst 'X[mm] 1.7537e+1
LISEw [ b 4 FESOLT LT g i AT it X [rm] £.2%5¢40

OT, 30-Jan-2013, East Lansing Transmission 1.6% o5



MICHIGAN STATE

UNIVYVERSITY

LIS E

sotope Group : Isotope Group : Monte Carlo Yield Plot
24Mg (8.2 MeV/u) + Be (1 mg/cm?2); Transmitted Fragment 2°Al (TwoBody); Optics Order: 1 24Mg (6.2 MeV/u) + Be (1 mg/em?); Transmitted Fragment 25A1 (TwoBody); Optics Order: 1
dp/p=17.35% ; Brho(Tm): 0.6197, 0.6197 dp/p=17.35% ; Brho(Tm): 0.6197, 0.6197
Bounds: Off, "slits1" - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM Bounds: Off; "slits1" - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM
with angular acceptance I no angular acceptance
10
8
_ )
8 § 2
2 =
= >
S °fl &
b7 — BN £
'_f, B - 4 =
.._ D
“f B B
©
> 2
 @fter "slitsl1": X [mm] after "slits1": X [mm]
1
0 N -250 -150 -50 50 150 250 o 250 150 50 50 150 250
with angular acceptance no angular acceptanc
bound on 10 bound on
10
5 8l
8 % 2
z 3
> 3
5 | 8
f=
6| W 2
i.—. . "u e o BN
k7 i oren =G ) Y -
= i £
=‘- 4 ='—n
[]
4 2 E
©
5 2
After slits1": X [mm] after,"slits1™: X [mm]
1 0 L

0 =0 70 -50 -30 -10 10 30 50 70 a0 -90 -70 -50 -30 -10 10 30 50 70 a0



ey
3
800
Ly
3
?
£
E
>

-900

(n(=a|

25A1 : MC Transmission Plot - Envelope (all) IR
24Mg (6.2 MeV/u) + Be (1 mglcm?); Transmitted Fragment 2°Al (TwoBody); Optics Order: 1
dplp=17.35% ; Brho(Tm): 0.6197, 0.6197
Bounds: ON; "Material 1" - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM

Contour
Sum 6.85e+06)|
Max 1.88e+04|
<X> 145
<Y>-0.169
dx 147
dy 88.7
XY -7.7e-02

SUM
6976e+04
CPU speed

0 pps

[%¥] 25A1 : MC Transmissis

(n(=a|

25A1 : MC Transmission Plot - Envelope (all) IR

24Mg (6.2 MeV/u) + Be (1 mglem?); Transmitted Fragment 2°Al (TwoBody); Optics Order: 1
dp/p=17.35% ; Brho(Tm). 0.6197, 0.6197
Bounds: ON; "Material 1" - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM

=3

800

0
29-01-2013 18:24:28
L 18 E++ [Clusericlise_pp_94Wilesiexamples\RESOLUTRESOLUT_3gap_reaci

4 6
After "Material 1": L [m]

2

Y [mm]

-200

-600

Contour
Sum 2 45e+06)|
Max 6.54e+03]
<X»144
<Y=>-0.481
dx 1486
dYy 88.9
XY -1.6e-01

-1000

20-01-2013 18:2

0

B
L 18 E ++ [C:lusericlise_pp_94iilesiexamples\RESOLUTRESOLUT_3gap_reacti

4 6
Aafter "Material 1": L [m]

2

Ly
2
100
=
2
60
E
£
>

-100

29-01-2013 18:2
LISE++ [Clus

[%] 25A1 : MC Transmissis

25A1 : MC Transmission Plot - Envelope (only passed) “Continiet]
24Mg (6.2 MeV/u) + Be (1 mglcm?); Transmitted Fragment 26Al (TwoBody); Optics Order: 1
dplp=17.35% : Brho(Tm) 0.6197, 0.6197

Bounds: ON; "Material 1" - last block for MC cale; no gates; Config: DLBBBSSSSSDSSSSSSLSM

| Contour
Sum 6.38e+05
Maix 1.45e+03|
<X>523
<Y¥=>-0.0585
dx 299
dy 155
XY -1.3e-01
SUM
1447e+03
CPU speed
0 pps

Solenoid 2

0

4 6
After "Material 1": L [m]

2

se_pp_94\files\exampleS\RESOLUT\RESOLUT_3gap_react

25A1: MC Transmissi

25A1 : MC Transmission Plot - Envelope (only passed) “Continiet]
24Mg (6.2 MeV/u) + Be (1 mglcm?); Transmitted Fragment 26Al (TwoBody); Optics Order: 1
dplp=17.35% : Brho(Tm) 0.6197, 0.6197

Bounds: ON; "Material 1" - last block for MC cale; no gates; Config: DLBBBSSSSSDSSSSSSLSM

90

?

Y [mm]

| Contour
Sum 6.82e+05
Maix 1.55e+03|

Solenoid 2

Solenoid 1

29-01-2013 18:2!
LISE++ [C

m
M

2 4 6

After "Material 1": L [m]

se_pp_94\files\exampleS\RESOLUT\RESOLUT_3gap_react

T

7 =]




MICHIGAN STATE

Three RE-bunchers in [EISEFEE e/ MrANSITISSIONMEN v v cas 11

&

NSCL LIS E

23A1 : Monte Carlo Transmission Plot “Al : Monte Carlo Transmission Plot
Mg (8.2 MeViu) + Be (1 mglem?); Transmitted Fragment Al (TwoBody); Optics Order 1 %Mig (8.2MeViu) + Be (1 mglem?); Transmitied Fragment 2Al (TwoBody); Optics Orcler. 1
dplp=17.35% ; Brho(Tm): 0.6197, 0.6197 .. Gplp=17.35% Brho(Tm) 06197, 0617
Y Bounds: ON; "slits*"- lastblock for NC calc; no gates; Config: DLBBBSSSSSDSSSSSSLIM Y Bounds: ON; "Sclenoid 2" - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSI
slits 1 0 slits 2
16
30
12
20 HE : ;-'\-\.-E"'
: _ o,
: Ry
E = 0 g
E ¢ . LR
> N = e
. 0 0
H T T
- 0 5 W -
s g T
! 3 -0
L -4 ]
£ o
] [7]
. E
. 30
42
4| transmission 0.8% “U transmission 0.8%
bounds ON X bounds ON
220 -50
-30 -20 -10 0 10 20 30 -35 -25 -15 -5 5 15 25 35
SI_DI-%EZPJS[C!'LZ-;'\SC?‘MSB pp Odifilesiexamples\RESOLUTRESOLUT 3gap reaction ﬁﬂer "slits1": X [ITIITI] LDl-DSWé"UJN[CW'I;;?C?USE_Ep_giﬂﬂ‘9S'Mmp"ES'RE5OLUWRESOLUT}DGPJNﬁHEE "Solenoid 2°; X [mm]
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MICHIGAN STATE

RESOLUT: One gapREDUNCRENSSOIUGONNINN SISESSEN st

l.i s
—r L St

RESOLUT _1gap.lpp

Should be used factor 4
relatively nominal voltage Click this button to set

the phase corresponded
to smallest d-value

RS

RFbuncher
RF buncher zettingz Optical block, properties and data
Select method Setting Charge state ,— Caldulate the RF buncher
: 0 ] .
 Electic fild £-[Gazios _| Kvm for the Block (23] uzing the Setting fragment
' # ] Cut(Slts) & Acceptances
[ Woltage U= ITil Ky 1 -H Solencid 1
" Optical matrix
unin Dipole ILE = ]
aLip 0.6197 Tm 1 . RFbuncher plots: Wy General setting of block Tweak | 01 %
+  E =flphasex), V =ffx), dE =fiphass)
Solenoid 1 S 16e T
e Calzulations for the zetting fragment
m Dt 1 =landard Geometry T | Before the buncher gap <Es-dE <E3» <Ev+dE
121 m La=[ 0182 m J Energy [Mev/u] | 488 | 500 | 812
Llgapl =| 0078  m La -:::m Lb | “alues comesponding ta Eneray in middle of the gap
5 O] slandard Lb=] 0182 m | Tmeoffight[ns] | 772 | 763 | 754
Dinift 2
054 m FF settings Phase Fhase [deq] | 326 | 0z | 327.8
5 ARRITEE ) shif After the FIF buncher
M1 038 m {* use Beam settings 97 16 Energy Mev/y] | 500 | 500 | 500
" marwally 93 [dea]
i i ttf [transit time Fachaor] tuning
Main advantage of this o _ v oK :
figuration is possibility to use VIO =Ho U st + phass_siY phose ;7 Optimization vty
con L
g . p . y . ("~ parameterization 0999 St x Cancel g Local : Phase &V
the LISE++ built-in optimization —hF " — =] =
* manually )
procedures 7 Heo

Z

¥

See the next slide

Pay attention for the factor

in this configuration
OT, 30-Jan-2013, East Lansing 29



MICHIGAN HT\TE

RESOLUN = optimization

RF buncher optimization (Phase & Voltage)
25A1 (5.0 MeV/u) + Be (1e-4 pm); Settings on 25Al; Config: DLSBSSSSSDSSSSSSLSM
Tuning mode : "d5"  minimum = 1.900e-03 at Phase =216.0 deg & Voltage = 488.00 kV
RF buncher: U=488.00kV Gap=7.60cm RF=97.0MHz

e 488 kV

1400 216 degrees

1200

S
= 800
@
3
S 488 kV in this mode
600
corresponds to
122 kV nominal value.
400
From FSU COSY file
200 V=119.6 kV
(see page 7)
]
o] 40 80 120 160 200
EI}_OI’USEZE: 3;[;\?1:292;\2(3Is9709794\11\es\examp\es‘RESOLUT\RESDLUTJgap.lpp] Phase {deg)

OT, 30-Jan-2013, East Lansing 30



RESOLUT & RE BUNCAERPIOLS

Tuning mode : "d5"

Final Energy = f (phase) gy
R
=

=

Energy (MeV/u)

160 200
Phase shift [deg]

Final d_Energy = f [phase)

d_E (MeV/u)

xi“"v_ ﬁ » .
e SN -

30-01-2010301210223340 80 120 160 40
L1SE ++ [Clusenclise_pp_84¥iles\examples\Eimse shitt ™ oap.Ipp]

OT, 30-Jan-2013, East Lansing

minimum at Phase =216.05 deg

Energy (MeV/u)

=
=
&
=]
[&]
=
o
=

RF buncher: U=0.49 MV 5Gap=0.08m RF =97.0 MHz

MICHIGAN S

UNIVYVERSITY

B o e— e N e
RF buncher

25A] (5.0 MeV/u) + Be (1e-4 um), Settings on 2°Al; Config: DLSBSSSSSDSSSSSSLSM

¢ Energy(t) = fiXgap); phase=21

6 deg

002 0.04
Gap Z-Position [m]

V(t) = f(Xgap); phase=216 deg

Gap Z-Position [m]

31

E



MICHIGAN STATE

RESOLUT - One gap RE=DUNCNERSOIUUOMMNMEISESSEN s ees

NGCL Ly

Al : Monte Carlo Transmission Plot
25A1 (5.0 MeV/u) + Be (1e-4 um); Transmitted Fragment 2°Al (beam); Optics Order: 2
dp/p=17.35% : Brho(Tm}): 0.6197, 0.6197

1200
A Element g+ Beam energy — Emittance . befo re SI Its 1
l_ l_ | Beam CARD J - shape 20
Al 13 Energy % I 5 Met/u ? [sigma, st_ami-axis, [Distribution mode n o bo u n ds
[13 TKE O [ 12835 Mev half-width..) methed) 800
z Btho O 06197 Tm 1% mm | 15 IGaussian ~|
I Beta+ decay P [ 2415 Gev/c 2T mradl 20 IGaussmn j r ?
i - T u | aptess K 3¥ mm | 15 |Gaussian - = g 400
Nuclides 4P mad [ 20 |Gauss -] b=
C:I = :) Beam intenzity e I aussian J 8
I o 5L mm I ] IGaussian j r £
SN 2 = 8D % | 50 |Rectangle unif - <
. 4 ectangle unifarm hd > 0
I & | 1 oy =
©
£
S
5 -400
. . . =
25A1 : Monte Carlo Transmission Plot ®
25A0 (5.0 MeV/u) + Be (1e-4 um); Transmitted Fragment 25Al (beam); Optics Order: 1
dp/p=17.35% ; Brho(Tm): 0.6197, 0.6197
Bounds: ON; "Drift 8" - last block for MC calc; no gates; Config: DLSBSSSSSDSSSSSSLSM -800
70 -
before slits1
-1200
50 bo u n ds O N -1000 -800 -600 -400 -200 ] 200 400 600 800
: ?{?EE:E[C?D? EE e_pp_ ples\RESOLUTIRESOLUT_1gapipp] after "Drift 8": X [mm]
= 25Al : Monte Carlo Transmission Plot
E 30 after "Drift 8": X [mm]: window projection — 25Al (5.0 MeV/u) + Be (1e-4 um); Transmitted Fragment 2°Al (beam); Optics Order: |
E dp/p=17.35% ; Brho(Tm): 0.6197, 0.6197
= Bounds: Off; "Drift 8" - last block for MC calc; no gates; Config: DLSBSSSSSDSSSSSSLSM
= 10 3600 - o ; ; i ; i i
= projection
>
o .10 3200
=
=
[=]
= 2800
]
=30
®
2400
-50
2000
-70 L
1600
-90 -70 -50 -30 -10 10 30 50 70
. jcmEan meean 1 1ean e a@fter "Drift 8”: X [mm]
1200
e
800
400
—?000 -800 -600 -400 -200 1] 200 400 600 800

OT, 30_‘]an_2013! East LanSIng Isfja‘[cwagsr\ajn;e o SamesiemmpiesREsOLUNRESOLUT 1q20 pATEET "Drift 8”2 X [mm]: window projection



RESOLUT (One gap RE-BUNCHER) S Tragmenttransnmssion

MICHIGAN STATE

UNIVYE
[

I
'

After the Slitsl with angular acceptance, Bounds OFF

I ——— >~ ' Lo | )
] I @ZSA\:MonteCaﬂoImnsmwssmnPlut _. v — u@g
Isotope Group : Monte Carlo Yield Plot e BAL': Monte Carlo Transmission Plot e
g (6.2 MeViu) + Be (1 mgicm?); Transmitted Fragment %Al (TwoBody); Optics Order: 1 g (6.2 MeViu) + Be (1 mgicm?); Transmitted Fragment %Al (TwoBody); Optics Order: 1
" dolp=17.35% : Biho(Tm): 06197, 06197 dolp=17.35% : Biho(Tm): 06197, 06197
F‘ Bounds: Off; "Material 1" - last block for MC calc; no gates; Config: DLSBSSSSSDSSSSSSLSM Bounds: Off; "Material 1" - last block for MC calc; no gates; Config: DLSBSSSSSDSSSSSSLSM
Contour ' i i : ' Contour
E e Sum 1.33e+03) E Sum 303
& Max 8 & Max 7
f %07 ||| B x> 00926
O I ; G wig ||y ¥ 3%
I X 541 I X 441
L i SO Ope I‘Oup a5 Onl 25A| oY 0953
2o xt36e ||| 8 y XY-28400
1= S| N SUN
Iz E 1327403 || T E 3030e+02
2 CPUspeed (|| @ O speed
F 000e:00pps ||| F 275:01 pps
% 345 % M5
0 Rate (pps) 0
£ 2101e+0? £ %i
F - F w
Do B N o)
- . -
[ [
£ 325 £
2 500 2 500
p N p N
) )
? 35 2 35}
s s
2 2
| 2 2
| T o T
] ]
: 15 : 15
10| 10|
29 — 295} —
p p
285 1 85 w
-250 -150 -50 50 150 250 -250 -150 -50 50 150 250
L g gLt s v AT ST X ] | e [ T————— ] L)
OT, 30-Jan-2013, East Lansing Transmission values are identical in RESOLUT_1gap & RESOLUT 3_gap 33
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MICHIGAN STATE

Summary; OuitiooKS R

0 The RESOLUT separator configurations can be used in Monte Carlo mode to
simulate experiments, fragment transmission and separation

O Analytical solutions for optimization of RF-buncher in RESOLUT separator
configuration (1 gap solution) can be used to tune Three-gap RF buncher
(Bias, Phase)

O Itisrecommended in the case of fragment velocity beta~0.1 to use the
Separator configuration with 1-gap solution in order to have optimization
tools working properly

0 1 gap RF-buncher “Distribution” solution will be done soon
(now it is acting as a drift block for transmission calculations)

0 MC solution for the RF-buncher should be checked for large angles

O ? Consider creation of blocks “2gap RF-buncher” and “3gap RF-buncher” by
analogy with COSY

O ? Consider implementation of V=V0*f(R,Z) in MC calculations

O Apertures, acceptances should be checked

OT, 30-Jan-2013, East Lansing 34



MICHIGAN STATE

Finally... version 9:4.87

FSU'’s request (Prof.l.Wiedenhoever)

Information from Prof.l.Wiedenhoever and discussions
with Dr.M.Portillo and Prof.G.Rogachev are very appreciated.

configurations:
config/other/RESOLUT _1gap.lcn
config/other/RESOLUT _3gap.lcn

example files:
examples/RESOLUT/RESOLUT _1gap.lpp
examples/RESOLUT/RESOLUT _1gap_reaction.lpp
examples/RESOLUT/RESOLUT_3gap.lpp
examples/RESOLUT/RESOLUT_3gap_reaction.lpp

This file http://lise.nscl.msu.edu/9_4/buncher/9 4 87 buncher.pdf

OT, 30-Jan-2013, East Lansing 35



MICHIGAN STATE

version 9.4:1038F ==ipcaite

» configurations revision
Do not use angular acceptance for a Solenoid block!
Angular acceptances +/-47 mrad moved to the “tuning dipole” block

* RF-buncher transmission
analytical calculations
RFbuncher-Energy

25A1(5.0 MeV/u) + Be (1e-4 um), Settings on 25Al; Config: DLBSSSSSDSSSSSSLSM
dp/p=7.33% : Brho(Tm): 0.6329, 0.6329

without charge states
sUm of reactions

input | ' ' ; : . output |
1.3e+10
2.2e+11
BAlbeam] 25Aﬂ£‘>eam]
1.1e+10
1.8e+11
— %e+9 1=
2 3
> 2 de+11
=S =S
B 7e+9 1@
o o
= K=
° o
T < le+11
> 5e+9 1>
6e+10
3e+9
1e+9 2e+10
4.7 4.8 4.9 5 5.1 52 53 4.7 4.8 49 5 5.1 52 5.
e hee . Energy (MeViu) Energy (MeV/u)
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MICHIGAN STATE

version 9.4:103 RSN

[

i
-y sy, ..
Lo 1 S A

* Graph_goodies (ellipse plot)

TKE-TOF
BAJ (5.0 MeViu) + Be (1e-4 pm); Settings on 22Al; Config: DLMBMSSSSSDSSSSSSLSM
dplp=7.33% : Brho(Tm): 06329, 06329 TKE-TOF
Start: Target, Stop: Material 1; ACQ_start Detector * 1st TKE detector: Material 1 ! %A1 (5.0 MeViu) + Be (1e-4 pm); Settings on 5Al; Config: DLBMSSSSSDSSSSSSLSM

dplp=7.33% ; Brho(Tm): 0.6329, 0.6329
Start: Target Stop: Material 1; ACQ_start Detector * 1st TKE detector: Material 1 v

before RF-buncher
after RF-buncher

128

126 |

Total energy (MeV) /before Material 1/
Total energy (MeV) /before Material 1/

124
122
120 82.64 82.68 82.72 82.76 82.8
28-02-2013 15:44:33 -
120 69 69.2 69.4 696 69.8 70 702 704 706 11@F 4u IMcandlica nn OAfilaclavamnlaciBESNI TMBERN T 4asn Innl Time of ﬂlght (ns)

28-02-2013 15:44:39 . .
LISE++ [Cluserclise pp 94\filestexamplesRESOLUTRESOLUT 1oap.Ippl Tlme Of ﬂlght (ns)

Pseudo Monte Carlo plot is under construction
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Next Steps 1o VErsIonSio ARLSIAR

LIS E

» develop the Timing component for the Distribution4 class

OT, 30-Jan-2013, East Lansing 38



