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Introduction

This tutorial follows the one from Dr. Bazin for a summer school in 2003 at NSCL (link) and the one from Tom
Ginter (link). The NIM paper can be found here (pdf, black/white), and the publication on sciencedirect is here
(pdf, with color) . The LISE++ demonstration here uses version 9.10.280. If you spot mistakes or have
suggestions, please feel free to let me know, and | am very appreciative of your help. The goal of this tutorial is
to help a beginner, such as me, to get familiar with LISE's GUI and the basic understanding of the procedures.
(Date: Aug 31, 2016) (Date: Jan 15, 2018 -- update)

The brief story is that we want to produce 22l and study its B-decay. The requirement is 1000 pps (particle
per second) for the beam intensity, 80% for the beam purity, and the momentum of 2l is small enough to
stop in a 100-pum Si detector. One can also directly jump to Part 8 for a quick guide.
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Part 1. Select the Primary beam and fragment

Before staring any calculation, we should use the latest configuration.
menu bar --> File --> Configurations --> Load.
Here we select MSU --> A1900 2015.Icn
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Go to http://nscl.msu.edu/users/beams.html, to see what the primary beam options we have.

PRIMARY BEAM LIST

A Element Energy (MeV/nucleon) Intensity (pnA)
16 o 150 175
18 o} 120 150
20 Ne 170 80
22 Ne 120 80
22 Ne 150 100
24 Mg 170 60
36 Ar 150 75
40 Ar 140 75
40 Ca 140 50
48 Ca 90 15

If we would like to have 22Al as our secondary beam, it has 13 protons and 9 protons.

Let's try to use 36Ar as our primary beam, which has 18 protons and 18 neurons.

When 36 Ar hits °Be, we can create the 22Al fragment, along with many other nuclei as contaminations.
As listed above for the 36 Ar beam, we will have 150 MeV/u as beam energy and 75 pnA for beam intensity.

We input the 30Ar beam information into LISE.

s Utilities  1D-Plot  2D-Plot  Databases  Help
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Then setup the fragment as 22Al.
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We have calculate the °Be optimal thickness for producing 22 Al when using 36Ar as the primary beam.

(how many 22 Al ions will be created and pass through the 9Be)
At the menu bar --> "Calculations" --> "Optimum Target"

[TTSE++ [Nonam -
File Options  Experiment Settings ~ Physics Models

Calculations | Utilities 11

Goodies B
-

Calibrations

-
Transmission and rate |, a**"
Optimum Target
Optimum Target-Wedge and Wedge-Wedge configurations
Brho scanning
Optirnum charge state combination

Monte Carle calculation of transmission

L

Calculators

| use the default options "no keep value".
Personal note: "keep value D4"

—
Optimal target calculation mode

Keep value

f* Thickness - vaing. Inclination angle - const

(™ Inclination angle - varving, Thickness - const

v ok | % an |

key in the 22 Al information again.
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We will see a plot with x axis is the thickness any y axis is the rate
The optimal thickness is 1070.5 mg/cm?, and we have 1.23 x 102 for the 22Al ions.
Next, we return the optimal thickness value to LISE, just click the icon on the left.
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e
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Part 2: Spectrometer setting

After setting up the primary beam, fragment, the 9Be thickness, then we should tune the spectrometer.
Just click the following button, and we will use this button several times.
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Erojectile 318+ Tune spectrometer for setting fragment on beam a
150 MeViu 75 pnA
[Elragment 228113+

4
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s

At the left hand side, there is a panel show the parameters of the spectrometer. By default configuration of
A1900 spectrometer, the Aluminum wedge thickness is zero. It results in magnetic rigidity B, for dipole
magnet D1, D2, D3, and D4 is the same.

D1 Q.EEEEF:‘?IHI

1_siis slits
-100| 5 |+100

D2 2.EEEET?Im

12_slts =

-zc 5[ E [+z5.5
12_wedge
D3 2.EEEET?IHI
D4 Q.EEEET"JIHI

Note: B, = = %, a quantity to describe how stiff when we want to turn the beam.

For observing the yield (total events) and the transmission efficiency in %,
use the mouse to double right click the nuclei in the chart.

255§

4 24 264

5.11¢ 011 0

20Mg 21Mg Z2Ng ZiMg

part 3 : Momentum acceptance setting

The goal is to change Image2 ( 12_slits) setting to adjust the dp/p such that 22Al beam range of spreading in
detector within 100 um. So we will image that the FP_PIN detector, which is a silicon detector, is thick enough
to stop all the 22Al ions, and the proper 12_slits setting can let the range of the 22Al ions within FWHM
~ 100um . So let's use "Goodies" to calculate the 2l jon's range in a silicon detector after magnetic dipole
D4.

menu bar --> "calculations” --> "Goodies".
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Set the spectrometer after
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Thickness defect

Let's check the range distribution plot of 22Al in the PIN detector.
menu bar --> "1D Plot" --> "Range distribution".
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Choose material I FF PIN Sl

v ok | X an |

By click the button on the left-hand side, we find the FWHM is around 267.2 um.

. change x and y axis

This is the current value, and we will change the "I2_slits" to make it ~ 100um.

Range distribution in FP_PIN
®Ar (150 MeViu) + Be (1070.5 mgicm?); Settings on ZAl, Config: DSDSWDDMMS MM
dp/p=100% - Wedges- 0- Brha(Tm) 25354, 2 5364, 2 5364, 2 5364

Material- Si (5000 pm) StragMethod: 1 (% stopped in detector [100% incomed into it])
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Adjust the Image2 (12_slits)

I2 slits are horizontal slits at the dispersive focal plane, it is to change the momentum acceptance

dp

b Its

default horizontal slits are set to = 150mm (fully open), and let we change it to 7. And we can see the

9P _ 0.94% now. Redo menu bar --> "1D Plot" --

P
the 1D range plot.

> "Range distribution”, we can see the FWHM ~ 100 pm in
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Now we done with our momentum acceptance setting, we should reset the thickness of "FP_PIN" detector, so
that it would not stop the 22 Al beam anymore. Let's use 300um.
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Part 4 : AE-TOF identification plot

Before having the plot, we need to calculate the transmission and rates, and then we can have data to plot.
menu bar --> calculations --> transmission and rate --> all nuclei.
Of course, we can manually "double right click" the elements in the chart to do the calculations.
then menu bar --> 2D Plot --> Plot dE-TOF.
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3 Clear all rate calculations

Transmission statistics dialog

3 Statistics of Fragment Production in Material (Wedge)

Clear rate calculations of selected nucleus

Clear All A& FR FF,CF,AF, and Sec.React calculations

The result will look like the following figure.
Y axis is the energy loss in FP_PIN detector (300m Si detector),
X axis is the TOF is the time of flight from target to FP_PIN in ns.

Maunie Carlo

run Monte Carlo

0

& getor e
dE-TOF
Ar (150 MeViu) + Be (1070.5 mg/em?); Settings on #2Al; Config: DSDSWDDMMSMM
dp/p=0.24% ; Wedges: 0; Brho(Tm): 2.5364, 2.5364, 2.5364, 2.5364
Start: Target; Stop: FP_PIN, ACQ_start: RF  ** dE: FP_PIN - Si (300 ym)
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We can Run the Monte Carlo simulations, by press the upper right button.

Time of flight (ns)

One of useful thing is to do the channel calibration.

5364, 2.5364

Plot dE-TOF
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Plot -10
Plot dE-TKE
Plot dE-dE2
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=| dE-TOF —
dE-TOF _ Continue_|

38Ar (150 MeV/u) + Be (1070.5 mg/cm?); Settings on 22Al; Config: DSDSWDDMMSMM
dp/p=0.24% ; Wedges: 0; Brho(Tm): 2.5364, 2.5364, 2.5364, 2.5364
Start: Target, Stop: FP_PIN; ACQ_start: RF ** dE: FP_PIN - Si (300 pm) without char ge states

all reactions Separ,

SUM
5 774e+06
CPU speed
0 pps

1373
820

Energy loss (MeV) /FP_PIN/

Time of flight (ns)

The rest of our jobs is to get rid of these unwanted contaminations in the secondary beams.

Part 5: Al Wedge setting

To eliminate or reduce the contaminations in the the secondary beams, one good idea is to use an achromatic
wedge at the dispersive plane of the fragment separator. Because each nucleus will loose a different amount
of energy in that wedge (Aluminum). Before setting the thickness for the Al wedge, we need to have some
reference to know how good or bad our setting is, so we will use B, selection plot.

menu bar --> 1D Plot --> Brho selection plot.

nt Settings  Physics Models  Calculations  Utilities [IlD—EIot
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Isomeric Gamma spectrum 3
Transmission characteristics
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The results are like the following graph, x axis is B,j, and y axis is yield (in log scale).

The red line is for 22Al.

EAr (150 MeV iu) + Be (1070.5 mglem?); Settings on ZAl; Config: DS DSWDDMMS MM

D1-BrhoPlot

dp/p=024% : Wedges: 0: Brho(Tmj): 25364, 25364, 2 5364, 2 5364
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According to Dr. Bazin, a good rule of thumb

is to set the wedge thickness to roughly 20% of the total range of

the desired fragment. So | think that is the 20% of the total range for a 22l in the Aluminum. Again, we can
use Goodies to calculate its range. And | select after 12_slits. (This part | am not 100% sure). The calculations
show the range around 5110um, and 20% will be 1022m.
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frer 12_shit hd
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i Stop of TOF [FP_PIN -]
X Qui 1380.596  mofem2
&0 E109532  pm Time of Fight | 273.783  ns
fint i T
Erergy Loz to J Si 100 micran sig (TOF) ; 0:492, i
? Help .2é:58l§ " M Length | 35643 m
calculated by "Ellipse" method
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So let's set the thickness of wedge. And then we need to press the button of "Set the spectrometer after this
block using changes”. Then check the box of wedge profile, then press the button of calculate angle.
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We can see a new wedge icon appears, and then we press the button to re-calculate the spectrometer setting.
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Re-plot the AE-TOF plot, we will see the difference.
5] deToF - \

http://peiluan-tai.com/Tutorial /L1 SE++.html

dE-TOF
36Ar (150 MeV/u) + Be (1070.5 mg/cm?2); Settings on 22Al; Config: DSDSWDDMMSMM
dp/p=0.24% ; Wedges: Al (1022 pm); Brho(Tm): 2.5363, 2.5363, 2.3711, 2.3711
Start: Target; Stop: FP_PIN; ACQ_start: RF ** dE: FP_PIN - Si (300 pm)
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Part 6 : FP_slits seting

As being mentioned in part 4 to tune the "I2_slits" for momentum acceptance, we can also tune the "FP_slits"
to do wedge selection for only allow our interested fragments to come through. So let's see the wedge

selection plot first. Make sure you have done "transmission and rate" calculation.
menu bar -> 1D-plot -> Wedge selection plot.
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File  Options Experiment Settings  Physics Models  Calculations  Utilities 2D-Plot
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The result is the following graph. The x axis is the fragment position and y axis is the yield.

We want to move the green bar (the slits setting) as close as to the red curve.
T R . T |
=

= FP_slits-WedgePlot
X 36Ar (150 MeV/u) + Be (1070.5 mg/cm?); Settings on 22Al; Config: DSDSWDDMMSMM
= dp/p=0.24% : Wedges: Al (1022 pm); Brho(Tm): 2.5363, 2.5363, 2.3711, 2.3711
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Now | set the horizontal opening of the slits to 17mm .
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Then we re-run the "transmission and rate", and then re-plot "wedge selection plot" to check our setting.
Note: the graph is in the log scale.

%] FP_slits-WedgePlot

FP_slits-WedgePlot

3Ar (150 MeV/u) + Be (1070.5 mg/cm2); Settings on 22Al; Config: DSDSWDDMMSMM
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Part 7 : adding new blocks
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The next thing to improve our beam is to add a Wien filter and a compensating dipole (for re-focusing) before
the "FP_PIN" detector, in order to separate the isotones.

menu bar icon-> set-up -> check "FP-PIN"
And then insert the "Wien velocity filter"

Options  Experiment Settings  Physics Models.  Calculations

.5@1@%]@!@ @s.at-Up] J_.j -HTJ
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1D-Plot  2D-Plot
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]
.
[}
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and " compensating dipole".

Help

.
.
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Let call autornatically W Black Length [m] L 28 _
Length after RF separator Delay (efficiency} block
Block name = ‘wien 1 this block [m] 45,643 Length [m]
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canfig: A1800_2015 i Charge State 28] = | 0 Lpcaer ing constraints i

cle] iR EIASIYIEIS 1 1e,) o

Sequence number | 20

EEEE

verslon: B.10:280

After adding the new block, we set the Electric filed to the "Wien velocity filter”

The E field is in the y direction. Now the fragments will have some y-direction deflection after the Wien filter,
and hence we can close our slits of compensating dipole to allow 2l to pass.

16 of 24
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Let's see the fragments into the compensating dipole.
By 1 D pIot then select "Block selection distributions", and then "compDip1".

Expenmm Seﬂmgs Physics Models  Calculations U‘Lrhbes

Options O-Plot
aw —
Target I Block selection distributions Ié TR A 3
Stripper » Angular distributions 3
D1 .: Herizontal (X) space distributions 3
O _slits +  Vertical (¥) space distributions 13
.
I _wedge .' Momentum distributions 3
D2 Energy distribution 3
12 PPACD - Total Kinetic Energy distributions 3
12_slits :- Electrostatic rigidity distributions 3
12_wedge - Beam and Setting fragment charge state distributions »
.
.
D s Debug distributions 3
e .
psa i~ Debug information
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B slits L Brho selection plot
B_wedge .: Wedge selection plot
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)

The results are following. Check the Y-space graph in the middle since our E field is in the y direction. Next
thing is to close the slits to proper length. Its process is very similar to closing the 12_slits or FP_slits, and

hence | skip this demonstration.
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Quick guide

This demonstrate here follows from the guide written by Tom Ginter. The main point here is to set specific
beam energy. The main difference is the order of "9Be target thickness optimization' and "Al wedge
thickness". Here we set the thickness of the Al wedge first, then optimize the thickness of 9Be target.

For convenience, we keep discussing the same 2.
(1) set 30Ar for the projectile and 22Al for fragment.
(2) click 12_slits and set 800 mg/cm”2 for Al wedge.
Note: according the guide, for 1 < Ztqgment < 15, use 800 mg/cm”2 for Al wedge.
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Suppose we want 40 MeV/u for our beam, which is the energy after magnetic dipole D4.

http://peiluan-tai.com/Tutorial /L1 SE++.html

(1) We call "physical calculator" to convert MeV/u to magnetic rigidity (momentum/charge) in the unit of Tm.

And then (2) Copy this number to D4.

5/7/2019, 4:03 PM



LISE++ tutoria http://peiluan-tai.com/Tutorial /L1 SE++.html

File Options Experiment Settings  Physics Models  Calculations  Utilities  1D-Plot.  2D-Plot  Databases  Help

222 1% servn|ar| "o ¥ T| B 3@@1@1] Elr\-lcill ied] £ Lot ﬁimimmm 24

[Plrojectile  ¥6p18+ ]
150 MeViu 75 pnA
[Flragment 22a113+

T ‘Be | 3 : : . i
et 470 maicr2 "= Physi = @ 7 S|
Strpper i — B : —— -
e | & Element Z 7] - Tahlaof &= )2 | = afterdinta ! | 51 513 micran
& 12480 T — 2 [a [13 [ 7 Nuddes | @ [0 = _
= Energy Femain 2798587 Meviu
; it T—" — —!
. |1_?|¢§ it Beta+ decay lonmass = 220124 amu Erergy Loss 264,46 Pehf
[ -1o0]® b1on | : -
’ d E Enengy Strag.[zigmal 0070814 Meviu
Brho {’6‘1 ) Ahkdey ;
D2 32490 Tm I Eiergy 4 v ' Ensigy A = Angular Strag.[sigmal E5125 [T:Ege]
[ o
12 slits slits - Brho‘.J Eu e 80437 MeV Lateral spread [sigmal | 036705 micions
[ % [+20.5 | "EM & ] 132853 MJC Velocity r“] 2.5139 /s Btha [far B=2) 12993 o
Al i = ] hdehs s i | LT
800 moco2 \ v i H EHE 5 bR — Equilibriurmn values far material "5
p_trnzpt ] 04E7167  GeWic Gamma | 1.042942 Charge State <35 ]“_“-Tg_
i Biter FEEEE I = ] dtl {sigmal 004
3 nergy Remain, || E-Loss '
- 15583 T Thick D44252  molom?
— Elock [ Z 5 Thickness [Meviu| Mev | Mev | <o | [ |
[0 FRPPACD 2 w2 'L BJFP_PIN  5i513 micron 2796 61603 26445 1300
1| fp_ppact o FP_SCI  C9HT0100 mm D 0 G603 000 Fiange and Enery Loss to || i '
maicr? |
zlite Range dRange [zigmal
: [ zmaier [ D7zE? moremz
' S - [ imess [ an7s  micon
M| rePin S
6;;;‘{;“" Energy Remmain, 0000 Mebidu
FP_5CI ]_“—"““— s
= 100 x Material thickness 25918 ma/cm2
=orTin: A 19002015 4T far energy rest 1 11166 rmicran
A 1800 2015 1o | ;
AR | C;|Cl;l|‘ali0n metl".{od"of -~
Erergy Losses |_2" Energy straggling 1_1“
&3 Print J ? Hebp ‘ X Guit Charge States I_3- Angular stlagglingrr

ps. the D4 is good approximation, maybe in your beam line, you have some other stuffs (ex. object scintillator )
which can reduce your beam energy. The NSCL beam physicists will tell you more. Your LISE++ calculation
can provide a preliminary simulation.

Now, (1) run the target thickness optimization, and

(2) keep to D4. Copy the optimal thickness to the target. Then,
(3) run rigidity calculation (to tune rigidity).
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YOu can further play around the horizontal FP_slits. =25 mm is is appropriate for experiments taking place at
the A1900 focal plane, and =25 mm is appropriate for simulating rates. You can make the slit opening smaller,
then you have smaller momentum spread (dp/p).
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Just for checking. We should not have an appreciable correlation between position and total kinetic energy. To
check it (1) 2D-plot -> Plot TKE-X (2) run Monte Carlo.
If the correlation appears, we need to adjust the wedge (its angle).

Continue

TKE-X
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For example, let try to mess up the setting, for example set the angle to -5.
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we see the correlations between position and total kinematic energy.

Options _ Experiment Settings  PhysicsModels  Caleulations  Utiities  1D-Plot  2D-Plot  Databases  Help

220 mlig| s o] ] #|T| BISYE]

= g

Filte

[Plrojectile  38Ar1e+ i
150 MeV/U 75 pna . i
[Flragment  22A113+ ¥ TKEX - Do
Target
Fpr (150 MeV/iu) + Be (1343.9 mgicm?); Settings on ZAl; Config: DSDSWDDMVSMM
dplp=1.00% ; Wedges- Al (800 mgicn?): Brho(Tm) 2 3602, 23502, 15622, 15622
K-detector: FP_PPACO ™ 1st TKE detector: FP_PIN
940 |-
920 |
|2
= ﬂ.l
o
% 900 -
2
2| '@
2
| 880 |-
5
S
=
2 860 [
b}
fol
o
=
Z
el 840 [
Gorifig A1860_2015
ption: A1800_2015 .
version: 510 230 1 3
820 |- -
"3 800 |
1 -240 -200 -180 -120 -80 -40 o 40 80 120 180
+ 2w X-position (mm)

12y 13y 14y 15y 16y 17y 13y 19y 20y 21y 2y 21y

[ Heale=T il Sur=19.4 =1 Mo charge states

note:

The parameters we frequently change are:

(I) Al wedge thickness (angles),

(I 12_slits and FP_Slits setting,

(1) Be target thickness.

Thinner wedges lead to smaller spot sizes for individual isotopes;

thicker wedges lead to a wider position separation between different isotopes.

Larger 12 slit settings give higher rates (up to limit of 5%) but scarifies the isotopic resolution on the basis of

AE-vs-TOF measurements; settings of 1% or less are usually necessary to maintain particle identification
resolution without resorting to particle-by-particle momentum correction techniques.
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Barney printout

The NSCL Barney printouts are the beam setting data, and they are available at here.

The following is an example from the beam line to the S3 valut with the S800 spectrograph. We can see the
rigidity setting for each beam line segment. These are real setting, not the simulated ones. The last one, Set 8,
is the rigidity setting inside the S800 spectrograph. It is usually optimized for the recoils after the reaction of
experimentalist's interest. The rigidity in Seg 7 should be the beam energy before the target.

Beam: 86 Kr 14+ 0.37 MeV/nuc (K500) 34+ 100 MeV/nuc (K1200) Chpr off

<Att 10k= ECR, Apertures: 5USI 150.0; 15.0; 15.0 mm SHVBI: 19.8400 KV

K500 a,b: 597 A, 499 A K1200: 671 A, 62 A RF: 20.23790 MHz
A1900 Optics: L1953 Focusb0x30.data

Rigidit Field Radius (live) Difference (Field*Radius)

eg 1: 2.40800 Tm JO.77889 T 3.09161 m 3.09158 m 0.00084 % (2.40802 Tm)
eg 2: 2.40800 Tm J0.77844 T 3.09327 m 3.09336 m -0.00267 % (2.40794 Tm)
eg 3: 2.40800 Tm J0.77974 T 3.08818 m 3.08821 m -0.00100 % (2.40798 Tm)
eg 4: 2.40800 Tm JO.77970 T 3.08819 m 3.08837 m -0.00580 % (2.40786 Tm)
eg 5: 2.34690 Tm
eg 6: 2.34690 Tm
eg 7: 2.34690 Tm
eg 8: 2.30271 Tm

The rigidity changes between seg 4 and 5, since there is a plastic scintillator there (called XFP) so that the
beam energy changes. Meanwhile, there could be another plastic scintillator between Set 5 and 6 (call object
scint.). We can put the rigidity at Seg 4 into the D4 value in the LISE++.

Contact: pt10f@my.fsu.edu
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