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How to Make Rare Isotope Beams at Home
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with afl iy deep respect for my scientific superviser,
whe has a ' great sense ?f humor,
whe knows the story and seme details of this presentation,
whe helped'me with the preparation,
but has not seen yet it.

S hope ke Il have fun.




How to Make Rare Isotope Beams at Home
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ARTICLE — From the November 1998 issue

The Radioactive Boy Scout

When a teenager attempts to build a breeder reactor

By Ken Silverstein
B orsaror

There is hardly a boy or a givl alive who is not keenly interested in
[finding out about things. And thats exactly what chemistry is: Finding
out about things—finding out what things are made of and what
changes they undergo. What things? Any thing! Every thing!

—The Golden Book of Chemistry Experiments
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Our case with rarve beams at home will wot create
a danger to Yyou, Your housemates, Yyour pets,

Your property, even your neighbors 1!
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mzoay be the next time....
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%cfeoo:}/nt/;ewi& and stelfar evolution in the cosmos

Nuclear reactions in stars and stellar
explosions generate energy and are
responsible for the ongoing synthesis of the
elements. They are, therefore, at the heart of
many astrophysical phenomena, such as
stars, novae, supernovae, and X-ray bursts.

Sorry, | could not find the "original”
voice, but at least this voice sounds
without my Kirghiz accent
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"« Around 260 stable isotopes found in nature (>1Gy) \‘

» Less than 1000 known isotopes in 1966, currently
about 3000 (blue) know isotopes

» New territory (Terra incognita) to be explored with
next-generation rare isotope facilities as FRIB

» They will produce more than 1000 NEW isotopes at
useful rates (4500 available for study)

& " British accent.. Surprise!
il Note, from slide to slide
the cat is moving to the TV...




8Ca @ ASCL ‘
fﬁﬂw e o °
/ + Whatis last particle neutron-rich calcium isotope? olele
: » How do we produce rare isotopes? i : °e
* What isotopes can be first observed in FRIB? E : L
» Let’s consider *8Ca isotope production as an example. ot S
« Why is *8Ca isotope? Magic Z=20, subshell at N=34 : ﬂ
- 58Ca is the last* particle-bound neutron-rich calciumisotope, | | | [ L
and furthermore was observed at the first time several =
years ago at MSU. (* officially) o —

. NSCL (2007)

o KT

™ Al Pl i"~"i measured prod.
: [} § cross section
= "
Mg @ Mmeasured

momentum distr.

May be it will useful to change the voice to
a more pleasant one on the next page?
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Learn how to make rare isotope beams. N

Do you know how to use email?
Then you can learn how to make a rare isotope.
It is that simple.

| Learn how. RAE

ISOTOPES

By the way, Brad came up
with these phrases.
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o Ming
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 To estimate >8Ca isotope production we will use
our powerful tool to prepare an experiment with
rare isotope beams: the program LISE**

 The LISE** code has been developed to
calculate the transmission and yields of fragments
produced and collected in a spectrometer.

ﬂ 9.87e+0
@n o 0.001%
L 3ap)
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Projectile Fragmentation
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This is the last animated slide.
Sorry for the following inconvenience ....
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LISE* : Introduction MEoAN SIAT

¥ About LISE++

Welcome to LISE++ Setup

This will install LISE++ 10.1.82 on your computer,
Click Next to continue, or Cancel to exit Setup.

Copyright © 2018 NSCL / Michigan State University

==

« LISE** is maintained by LISE** group @ Michigan State University and is freely
available and distributable through the LISE** website: <http://lise.nscl.msu.edu>.

* The LISE** package (including codes PACE4, Global, Charge, MOTER, ETACHA4,
Spectroscopic Calculator) operating on MS Windows environment

« Currently the LISE** software suite is undergoing a major transportation to a new
graphics framework in order to support modern compilers and computing methods.

= use-- |ise.nscl.msu.edu

from 09-02 -2018 Exomic Beam PRODUCTION WITH FRAGMENT SEPARATORS

CISERE b

Range of application

The program LISE** has been developed to calculate the transmission and yields of
fragments produced and collected in a spectrometer. This code allows to simulate an
experiment, beginning from the parameters of the reaction mechanism and finishing with the
registration of products selected by a spectrometer. The program allows to quickly optimize the
parameters of the spectrometer before or during the experiment. It also makes it possible to
estimate and work in conditions of maximum output of studied reaction products and their
unambiguous identification. Wedge and Wien filter selections are also included in the
program. The LISE** package operating on M3 Windows environment is a freeware software
product with the LISE™™ user license.

LISE** is the new generation of the LISE code, which allows the creation of a spectrometer
through the use of different "blocks™. The number of blocks used to create a spectrometer in
LISE** is limited by operating memaory of your PC and your imagination.

Built-in Energy loss, Time-of-Flight, Position, Angular, Charge, Cross-Section distribution plots
and dE-E, dE-TOF, Z-AlQ and dE-X two-dimensional plots allow to visualize the results of the
program calculations. An application of transport integral lies in the basis of fast calculations
ofthe program for the estimation of temporary evolution of distributions of phase space.

The LISE*™ code may be applied at medium-energy and high-energy facilities (fragment- and

v. 10.1.77
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LISE*™ history : DOS-version

Named after the LISE separator @ 3561990 1990-1992 1994-1997
— A N - I DLEEEr, St L oDéEfaarllziir? ’c'\)ﬂrigy GANE/Eubna
C yAN J-— V1017 v2123 V23-29

GRAND ACCELERATEUR NATIONAL D'IONS LOURDS

LISE — Ligne d’lons Super Epluches (fr) (Line of full-stripped ions)

LISE REFERENCE MANUAL

B4 O bemp! L TSE.EXE

Version 2.2 - June 8, 1992 ....

LISE is a DOS-based software running on any IBM compatible
PC. It runs under DOS 3.1 and following versions, and only needs
640 kbytes of memory. The speed of the program depends greatly
on the CPU type, speed and configuration. The use of a co-
processor is greatly recommended: the program uses FFT (Fast
Fourier Transform) algorithms which contain extensive floating-
point operations.The last version has been developed on a 386-
SX at 16 MHz with a co-processor which provides a reasonable
speed (about 1 second per transmission calculation).

In 1998 the MS-DOS version with 14 C++ files and
less than 10 000 lines of code,

and grew on MS Windows (2016) to
615 files, about 400 000 lines,
and size of ~69 MB after Installation.

Setting fragment : P 36

Heap OK - 379440 hytes free
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LISE* history : MS Windows

e ULMNIYERSITY
1998 2001 Active development of the LISE code
O.T, - stimulated by B.Sherrill.
GANIL/Dubna LISE operates under MS Windows NMEELE I Abrasion-Ablation model construction
V31 v.4.10 -5.12
E:rfe Gl oeof;r;e;si'aﬁhﬁeptg::bfefgui:etshe ;p " 2003 LISE++ IS the new generatlon Of the
Bl A e LISE code, which allows the creation of
NSCL / MSU a spectrometer through the use of
i different “blocks”.
H .
- RF separation system.
TR S W Abrasion — Fission.
'I‘=ﬂ
1999-2000 Active development of the LISE 20... Fusion — Fission
OQT&%_S-':I\&I;IL 8085 SLlEiEe |y Rl Eslenie NSCL / MSU Monte Carlo calculation of fragment
e transmission
Optics calculation up to 2nd order
LISE** . N
f s \ Beam Optics Optimization (incl. 2" order)
%e/ the
f[%ﬁ[érenca . NSCL / MSU ';”/aiﬁr gafortunz'tz'e&
K J v.10.1
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LISE™

All years
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Application : Energy region and Facilities

DRAGON,
Canada

PRISMA,
Italy

N

MARS,
TAMU, USA

SHELS,
Russia

BigRIPS+ZeroDegree,
Japan

S3,
France

SuperFRS_HEB,
Germany

UNIVERSITY

The LISE** code may
be applied at low,
medium, and high-
energy facilities
(fragment- and recoil-
separators with
electrostatic and/or
magnetic selections).
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= with different sections called "blocks" (magnetic and electric multipoles,

Fragment Separator Construction

solenoid, velocity filter, RF deflector and buncher, material in beam, drift,

rotation element, and others).

= auser-friendly interface that helps to seamlessly construct a fragment

separator from the different blocks.

= T B
T ==
Block ] Given Name I 20 I Lenglh,ml Enable ] - Insert Mode Insert block
Q O|<Ouad>  Q041-3TB 0812
> .ua * * before Materials
d 1] drift 2042 0136 +
9 Ol<quad>  00433TC 0.43 + © after Wedge | Target |
d ] dift 2044 0563 +
— i Stripper after Target
'K L Dok D2 0 243 . IE Material(Detector) J\ Stripper after Targe | s
Move element
d 0] ait 2052 0552 . Fay o |
9 Ol<ausd>  O0534TA 043 | & ﬁ_“"l
: 1] drift 2054 017 + Il Down - Y
©|<Quad> Q055-4TB 0732 + £ —_—) Optical
d [ drift 2056 0.176 +
@ O|<Quad> Q057-41C 0.526 + {ﬁ} Edit dispersive non-dispersive
d O] aitt 2058 0.658 - —X == il
S ]I]_slits_ Image2(059) 0 + —e Dispersive (M-dipole) I Drift {muttipole sits) 'l\
] R
Yiwedge  Wedge £ Wien velocity fiter l Beam Rotation I
d [ drift 2060 0.658 +
9 &|<0uads Q0B2-5TA 0526 + Electrostatic dipole | Shift of Optical Ads I
d 0 it 17 ? Hep
] L (L17e i B3| Gasfilled separator | Solenoid I
Q Ol<Quad>  00B45TB 0732 +
d I dift 2NRR niz + Y. Compensating Dipole l
Selected block Total -
— - specia
Enable v I Dispersive (M-dipole) Ng?;?:irsof dispersive RF-based (no beam dinamics changes)
Let call automatically |~ Block Length [m] | 0.0001 [ 82 »
: Larotiae RF separator | Delay (efficiency) block I
Block name = |tuning this block [m] 0 Length [m] —
= RF bunch | Fitti straint: I
Charge State Q)= | 0 Sequence number | 3 | 35821 =hShed bbb

Fig. 1. Updated view of the “Spectrometer Design” dialog window.

MICHIGAN STATE
UNIVYERSITY

Configuration: A1900_S800BL
(2nd order) 164 blocks



.59 LISE** package MICHIGAN STATE

Besides analytical calculation of the transmission and yields of fragments

Built-in powerful tools:

u Monte Carlo simulation of fragment transmission,
u Monte Carlo simulation of fission fragment kinematics,
u lon Optics calculation and Optimization (new),

u LISE for Excel (MS Windows, Mac OS - download)

LISE™ Utilities:

LISE™ calculators: « Stripper Foil Lifetime Utility,
u «Physical Calculator», u Brho Analyzer,
u «Relativistic Kinematics Calculator», u Twinsol (solenoid) utility,
u «Evaporation Calculator», u Units Converter,
u «Radiation Residue Calculator» (new), = ISOL Catcher,
w «lon Mass calculator” (new), w Decay Analysis (includes Proton, Alpha, Cluster, Sp.Fission half-lives calculation),
w «Matrix calculator” w Reaction Utilities (Characteristics, Converters, Plots),

u «Bl»- the automatized search of two-dimensional peaks in spectra

Implemented codes:
w «PACE4» (fusion-evaporation code), Databases:
w «MOTERD» (raytracing-type program for magnetic optic syste| , Nuclide and Isomeric State databases with utilities,
u «ETACHA4» (charge-state distribution code) (new), w Large Set of Calculated Mass Tables (includes FRIB mass tables),
u «Global» (charge-state distribution code), u lonization Energy database (used with the lon Mass calculator),
u «Charge» (charge-state distribution code), u Decay Branching Ratio database (used with the Radiation Residue calculator),

u «Spectroscopic Calculator” (of J.Kantele»)

permit to work well below this energy limit, and this makes the program very attractive for all
users dealing with physics of heavy ions from 10 keV up to some GeV per nucleon.
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NSCL

O Production

1. Fragment of interest %8Ca
2. Choice of place for the experiment A1900 @ NSCL
3. Settings
v" Reaction mechanism Projectile
fragmentation
v’ Beam
v' Target
v Charge state model no charge states
v Energy loss model default
v Secondary reactions in target no

MICHIGAN STATE
UNIVYERSITY

default configuration

> 95% experiments @ MSU

assumed at these energies in this Z-region
ATIMA
assumed at these energies
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target |
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1.1e+03 1.3e+03 2.0e+02
excited fragment r
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71Ge jzg_& f-JEj “g.. T?Ge m& 7969 MGe “Ge BZGe
 9e+05 4 0e+04 53e+03 19e+01 30e+01 80e+00 46e+00

ﬁ D TZGa T."»Ga 7@ TGGa WGa 78(;a TQGa WGa 31Ga
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31| ™3z WEa W@ HGa

rE-E “ Potential beams

--------_'
Eow  ECu TCu TGy MOy TCu TCu TCu MCu  TCu  TCu Moy g

BNOTHI O OWW T OTW T T T MWL M TR TN T TN
WW“N%%%'W%'W'W‘DDW"DDWI‘

s | %Fe  ™Fs  Fs Fs =Fs =Fs ™Fs TFa TFs TFs AFs 'io TFa T

Protons (2)

“Mn  *Mn M0 TMn TMn TMn "Mn "M "'n ""n 1“ "In "In " -10p _10p

Beam should be a stable isotope -6n
with more neutrons and protons
TETEIRYTRTTT W .
B B = v What is more probable:
oy L L —— > 58Ca (38n+20p) To strip 10p and 6n or only 10p?
S _ What factor?
28 32 36 40 44 48

Neutrons (N)




On Primary beam choice MICHIGAN STATE

NSCLE v

What is more probable: .

TO Strip 10p and 6n or Only 10pf) 6.9e+02 28+02 53e+04 45e+03 1.38+05 728412 3de+0)
/ / figy T T 17 & 8
3 o UBr Br

1.0e+07

7.3e+05 2.6e+04
w| s s Phs s RIS 75As "As 7@ [ U "ZAs 83ﬂ.s

Z Np 24e+05 94e+04 69e+06 1.5e+06 BN de+03 54e+02 15e+01 33e+01 1.9e+01 1.3e+01
e Thes e Tl
— A 9.9e+05
p
31
a

7@ G iga TG 'h@ bm Tga Tiga T8ga Gy %63 %G

1.3e+03 50e+04 17e+04 49e+02 13e+02 33e+01 13e+07 51e+00 28e+00 19e+00 1.2e+00

(2]

(3]

3

B

Protons (Z)

oGen B77Ge T@ TGa Mg Sge Ge

[0g+04 53e+03 1.9e+01 3.0e+07 8.0e+00 4.6e+00

[\¥]

0 |f;f| I ™ " T B T T T P ¥
3.4e+0 5e+02 1.7e+05 24e+01 96e+01 1.0e+01 57e+00 21e+00 15e+00 7.5e-01 56e-01
a4 6 48 50
Neut N
Ge (38n+32p) — -10p — P=21e-5 Ly

http://www.nscl.msu.edu/users/beams.html

°Ge (44n+32p)  — -10p-6n — P=13e-2 NATIONAL SUPERCONDUCTING

CYCLOTRON LABORATORY

P(6Ge) / P("°Ge) = 600 Il

What beam from the

CCF PRIMARY BEAM LIST NSCL list of available
I . . ) b A Element Energy (MeV/nucleon) Intensity (pnA) beams is more favorable
Conclusion: a primary beam 5 ce 130 25 to obtain a 58Ca beam?
should be more % = 140 “5
&6 Kr 100 15

neutron-rich

86 Kr 140 25




o7 Primary beam settings MICHIGAN STATE
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_ for all icons in the toolbar and in the production panel e o B ey S
What beam from the NSCL list of there are corresponding commands in the menu Sl Developed PrmaryBeams
. . — S Particle ) cVinucleon) (pnA)
available beams is more favorable Floeciic %507 ooon &
to obtain a °8Ca beam? 140 MeViu_35 pnA e e = 22
F t bﬁ{: I"EII Projectle ] 22ne 150 100
= T & T =m0
R eitwaens | B Steeershraet Zoom
Spectrome sigring “Sca 30 15
Answer: 82Se & 75Ge are even [Sza] stoper \ A, canmaregsaton s u
o] o 2371 ;I [Tq Settnofragment - o 755 i >
. Tune spectrometer i
We observed 2 events in the = =Pty Besm p”
NSCL experiments with a 82Se beam, B s
and with a 7°Ge beam. 1 b
129%e 140 10
T2exXe 120 2
82Se beam is more preferable w0 o1
to explore nuclei above calcium,
below calcium a "°Ge beam.
Beam ﬂﬁl
& Element g+ =Reamepagi | —Emittance
2o [0 Veww o [ 0 vl | 2] oo, G D g S
But, recently the MSU & RIKEN collaboration has 2 G EENCT et T el - reted = el
observed two 6°Ca events even with a 7°Zn beam. —— i""” : % ol ”‘md: . IEE'““TE” ﬂ - o "
82 76 . . able . EY/C . mra auzian it mras
No 8Se and °Ge beams available currently in RIKEN. —————— |y c[TEms W R I e Sl &[T m
/ Muclides  Deam irtensiy 4P mradl g IGaussian j [ dP I 0 rirad
g 3 ;):) | nz né, 5L mm | 0 [Gaussian = 4T [0 degees
M (=]
ED X% 007 |Gaussian | dP a degress
So, let’s select a 82Se beam T = = | oo | M J :
v Ok | (21875611 pps
for our purpose i e ] RF hecuercy | 20 iz
X Cancel | ' barget bos (K] ; Bunch length |1— ns
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Onfa Target settings UL 3

NSCL

Projectile fragmentation case:

[Elrojectile  825e32+

140 MeVfu 35 pn&
|Flragment  56Ca20+
> Heavy target . |arger Cross sections Target Be

443607 maicm2

> Light targets have more nuclei per electron, hence larger
nuclear interaction probability at fixed electronic slowing

down than heavy target x|
I Be Den&ityl 15 aem — State — Dimension - Angle
. [ I * Solid % mglcm? & micion Calculate
> Overall case for projectile fragmentation: o | oo D—dj
(G Nt ) light > (G Nt) h Z Element e _ . .
g eavy o IT IE I—ELD12 —r'-l'hhml;r;n;&:;;fadegrée& (EHEC;;;T:;?:ESS -
> Chemical and physical properties of material ::E C [0 nenz | | [ 35078 mgjond
. . .. 14
as melting point, thermal conductivity etc, [ Thicknesscefect | pbsabedDose |

so lifetime of Be target >> lifetime of equivalent Ta target [T T d/Range beam) [ 0345
- _ Compound dictionary o | xCamﬂ'l gt bos [w] | 0.0802
» Charge state distribution after target: ttoms ¢ em2 [256ev22
light targets provide higher average g of ions
* using strippers after heavy targets
> Dissipation process larger with heavy targets Ratio between target thickness and projectile range (in target)

. . (range = thickness required to stop a particle)
so 4°Mg and #*Si been have observed in ©¥Ca+W

 d/R ~ 0.3-0.35 for maximum fragment yield
_ _ *  Special utility “Optimum target”
This favors light targets (NSCL uses Be)
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140 MeWiu 35 pnA

[Plrojectile  825g34+
[Flragment 58Ca20+

T iBe
10 447 607 moicm2

[Sza] strpper

[ @ FaradayCup 1 v

enab e

v

2D-Plot  Databases Help

ifoifo]:51

Sum=2.14e+11

Yield after target

Menu “1D-plot” — “Transmission Characteristics”

LI | EEEEE N N
e N [ 1 [ [ [ [
L | EEEEEEEEEENE N =
" - m N EEEEEEEEEEE -
LI ll.........ll ]
30 - - =smm EEEEEEEEEEEN m -
LI | EEEEEEEEEEN L
 mm N EEEEEEEEEN EEE=
LI | EEEEEEEEEE EEEE o
26 | == EEEEEEEEN e
L | EEEEEEEEN LR
=am EEEEEEEER T
— ] EEEEEEEN LN
N 22 | " E EEEEEEEN EmE o=
— m EEEEEEN L 0
m = BN ........ H A= D
- LI | EEEEEEN L 58
o 18 san FENEEEEN " . Ca
- = EEEEEN I
E [ | ==...I [ |
n [ 1] EEE =
o 14|} NN EEEEE "-m
= EEEEEN LI
| EEEEN LRI
EEEEN L
10| EEEEE =m= -
EEEN LI . Rate after target
EEEN LU [particles per second)
EEENR L
6| EEEE - m ) 3Bca 4.6E-05
[ J | = "
= . All products 2.1F+H11
[ ] | ] Ratio 2.1E-16
2 mm
EEE
0 10 20 30 40
Neutrons (N)

How do we select °8Ca?

MICHIGAN STATE
UNIVYERSITY
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o Fragment-separator A1900 T RS Ty

NSCL

magnetic
. dipole

v o Separation device | Changeable field Strength Selection by
production R ™ focal plane

Magnetic

Magneticrigidity ~ Bp = = [T-m]
dipole a

Magnetic B[T]) | Fz =¢vxB

Momentum slits

Changing the 12 slits size,
we change the momentum acceptance

82Se (140 Meviu) + Be 443mgicm?) = “Ca

After target

° 2 2 2 T T oe o2 @
O—‘NW#U’IS?"‘»IOG@

Yield (pps/Tm)

1e-1

1e-2

1e-3
1e-4
1e-5

1e-6

1e-7

A4
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Onfa Bp (magnetic rigidity) selection SHEICT S
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Tune separator for setting fragment

34}

tiings  Physics Models  Calculations

)| sol o) B 0|

After Image2 slits

A Bc.34s
Er{)]ectlle Se 26 |

140 MeV/u 35 pnA
[Flragment 58Ca20+
[T®] Targe 443.E:E?rg;crr2 ﬁ 22| :
IE Stripper “u'; - B
] o 45732 - g 18} - - SSC‘A
I1_slts slits 5 .
b2 4.5?Ezr2h?m ﬂh. 14} s am : : ' )
12_slits slits = B EEN -
EEDoE. 1ol Lt _

6 I - . | I |
: 2D-Plot  Databases  Help o = :
€@l 2| ~ M
2 6 10 14 18 22 26 30 34 38 42 46 50
@ Neutrons (N)

Rate after 12-slits It corresponds to 2 events/day,
[particles per sacond) / but in reality it will be less

*8ca 2.4E-05

All products 9.5E+04 \ ) )
Still very high.

| Sum=9.54e+04 Ratio 2.5E-10 DAQ rate should less 1000 cps
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“Wedge” selection (energy loss difference)

Stopping power at intermediate energies :

The mean rate of energy loss by moderately relativistic charged heavy particles,
M; /dzx, is well-described by the “Bethe-Bloch” equation,

=

Atomic
number of
fragment

Brho
45722 Tm

| D2

dE 1 [1 2,2
_ Kzgg_ L 2me® B2 Tinax

— g2 22U

AR2 |2

Y

Fragment
velocity

12 slits glils

-150) H |+150

[2_wedge

Al

280 mgicmw2

8(87)
I? 2

Then higher Z or smaller velocity,
then larger dE/dX (in 10-100 MeV/u energy region)
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& Curved profile I = internal profile = 5 Curved profile dialog |
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Tune separator for setting fragment

tiings  Physics Models  Calculations Mg
)| 6| J@II B = = ,o| After Focal Plain slits
[Plrojectile  825g34+
140 MeViu 35 pnA 26} :
[Flragment 58Ca20+ I
TS| Tarset 443.E:E?rg1crr2 u_ 22} -r I :
IE Stripper g 53 | |
B o Lo g 18 o g
1_slits slits o B
o
= 14 )
BT s xe
[mso[z [siso_] 10 e I I
12_wedge ES%IWQJCFFZ | |
D3 ety 6 N
D4 PP I I
FP_PPACD jl|l2Irrg;crr2 2 | |
FP_PPACT glngjmz 26 30 34 38 42 46
slits Neutrons (N)

Rate after FP-slits

[particles per zecond)
2D-Plet  Databases Help

*ca 2.2E-05
All products 2.6E-02
Ratio 8.3E-04

| Sum=0.028
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Selection summary
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*ca
All products
Ratio

Rate after target

[particles per zecond)
4.6E-05
2.1E+11
2.1E-16

Rate after 12-slits

[particles per zzcond)
2.4E-05
9.5E+04
2.5E-10

Rate after FP-slits

[particles per zzcond)
2.2E-05
2.6E-02
8.3E-04

Total *°ca
selection gain

3.0E+12
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O varticle [Dentification

NSCILl ¥
Courtesy by A.Stolz

What do we want to know?

1 A pr?gr”g(:'to” focal plane

2. Z img-2

3. 0

Image-2 Focal Plane
4 Energy (property of incoming ion in detectors)
PPAC PPAC scintillator
wedge PPAC PPAC oI scintillator

What do we measure? @

1. Total kinetic energy AE

. . . e g . » D sition x, sition x' Etotal, TOF start
2. Magnetlc (electrlc) I‘Igldlty position x, y posifon .y AF, TOFsiop n y o
3. Energy loss in detector
: : . dE
4. Velocity (time of flight)

Magnetic rigidit i
In our case (low Z, E=140 MeV/u) we assume J giaity Time of flight
Q=Z, so we do need only 3 values to measure TKE
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@ Obtaining A, Z, ¢ MICHIGAN STATE

ULNIYVERSITY

The atomic number is determined from the

combination of energy loss (AE) and time of flights 7 ~ |AE 1 In 5930 1
(TOF) values according to the Bethe formula: ~ ,82 1/,82 1
The fragment mass can be extracted in TKE

atomic units from the relativistic formula:

where TKE is calculated as a sum of the energy loss values in
each of the detectors in a multilayer telescope stopping the

TKE x
products. The charge state (Q) of the ion evaluated from a Q=3.33x10"° —,By
relation based on the TKE, velocity and magnetic rigidity values: B,O(}/ —1)
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dE-TOF dE-TOF
“0Ar (140.0 MeV/u) + Be (500 pm); Seftings on '°B; Config: DDSWD DMMSMNM “0Ar (140.0 MeV/u) + Be (500 pm); Settings on '°B; Config: DDSWDDMMSMM
dp/p=1.00% ; Wedges: 0; Brho(Tm): 3.5404, 3.5404, 3.5404, 3.5404 dp/p=5.07% ; Wedges: 0; Brho(Tm): 3.5404, 3 5404, 3.5404, 3.5404
Start: Target: Stop: FP_PIN: ACQ_start Detector ** dE: FP_PIN - Si (516 pm) Start: Targef, Stop: FP_PIN; ACQ_start: Detector ** dE: FP_PIN - Si (516 pm)
220 - ' : B v i d i
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+dE PIP=1701 | 4E
. 180
2 5
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E 140 %
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B 100} 2
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G e o o
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Q o » *
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- < o © .
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» 1 e -
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, AlQ
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Onfa 6Ge(130MeV/u) + W,Be : PID, resolution RATFIRA]

NSCLE v

L ' ma;_{rla) :Q:In'[(ll}=lﬂ.ﬂl?3l S

aQM&«** ()Mn ] 10'E
241 il | - ?m

R AL | NSNS AR
22- #WQ*Q*‘“?_”' : 10°L (b) Z; of2) = 0.098

miim
AR,

Yield

20+ 3
£ 1
18-
16
16 18
. * oty g 1,*# & '. g .
14 - M - w1 For all particles stopped in the Si-telescope in the production runs
121 o . S
1 o . @ e This means, the probabilities of one event misidentified
1 Pl & Age i i as a neighboring charge state or element are equal to
10 P € W ®,(0.5) = 3.7 1072 and $(0.5) = 1.7 10", respec-
| L ,. S o g tively.
81 CHERLN B -
e e e anncl (2 BR OT et al. Phys.Rev.Lett. 102, 142501 (2009)
-14 12 10 8 6 -4 -2 0 OT et al. Phys.Rev.C. 80, 034609 (2009)

A -3q



G L E . . . . . NCHICAN ST/
O e Particle identification assignments UNTVERSITY

NSCL

 Calibration with the primary beam (or other reference line as sources)
 Unbound nuclei in the table of nuclides

« Stopped fragment tagging with isomeric gamma-rays



.59 Calibration with the primary beam LICHICAN ZRE

dE-TOF dE-TOF
“OAr (140.0 MeV/u) + Be (500 pm); Seffings on “?Ar; Config- DDSWDDMMSMM 40Ar (140.0 MeV/u) + Be (500 pm); Settings on “?Ar, Config: DDSWDDMMSMM
dp/p=1.00% ; Wedges: 0; Brho(Tm): 3.8683, 3.8685, 3.8085, 3.8685 dp/p=1.00% : Wedges: 0; Brho(Tm): 3.8685, 3.8585, 3.8685, 3.8585
Start: Target, Stop: FP_PIN; ACQ_start Detector ™ dE- FP_PIN - Si (516 um) Start: Targef, Stop: FP_PIN; ACQ_start Defector ** dE: FP_PIN - Si (516 um)
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Unbound nuclei in the table of nuclides

38

30

26

22

(MeV) /FP_PIN/
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@

dE-TOF

40AT (140 0 MeV/u) + Be (500 pm); Settings on 1°B; Configr DDSWDDMMSMM
dp/p=1.00% ; Wedges: 0; Brho(Tm): 3.5404, 3. 5404, 3 5404, 3 5404
Start: Target, Stop: FP_PIN; ACQ_start Detector ** dE: FP_PIN - Si (516 pm)
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El e Stopped fragment tagging with isomeric gamma-rays UNTY ERSITY

NSCL
PHYSICAL REVIEW C YVOLUME 55, NUMBER 3 MARCH 1997 e
O -
—_ e
. D £2=z 8
New s isomers in 7,=1 nuclei produced in the "?Sn(63.4 MeV)+ "Ni reaction S zo l; S5
) . _ S5 -
R. Grzywacz, '* R. Anne.? G. Auger.? C. Borcea,” I. M. Corre,? T. Dorfler, A, Fomichov,” S. Grevy.® H. Grawe, ’ ‘§~‘§~
D. Guillemaud-Mueller.® M. Huyse.® 7. Janas,” H. Keller,” M. Lewitowicz.? S. Lukyanov.’? A. C. Mueller.® N. Orr.” m
A. Ostrowski.? Yu. Penionzhkevich,” A. Piechaczek,® F. Pougheon.® K. Rykaczewski. """ M.G. Saint-Laurent,
W. D. Schmidt-Ot.* O, Sorlin,® 1. Szervpo. ! O. Tarasov. ™ 1. Wauters.® 1. Zylicz
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NSCL #05120
208ph (86 MeV/u) + Be

101“0 {B+) 2 5 7, M
new

1157
Run 2065-2068
14l
92y

206H$
— 1l %Y | ony
| 1034
— 25 S| a 208Hg (7-) 2ABE.E e
— 9o 1068 364
— 94y I

N
=

[==)
i

i 21024 215 ps
77 10342

10645 2 <21 NS

2+ bl
10682

———
|y —

p2.01 152.01 252.01 352.01 452.01 552.01 652.01 752.01 852.01 952Z2.01 1052Z.01 1152.01

0+ = 00832 M pB-: 100 %
Gamma Information
206
Nucl Elmvel(key) | J T Ey{kev | .| ¥ Mi. ¥ Conv. 80"19126
ucleus levellkey) T 142 yikew) T L R it
208HG 1068.54 10 2+ < 21 n= 1068.54 1O 100 Ez2
206HG 210z.6 2 5- Z2.15 ps =21 1034.01 1@ 100 E3




A link on this presentation ca
the home page of the

Almost finished!




Next Laboratory
Wide Meeting

OT@SIM.NSCL.MSU 04/04/18

Questions?

Questions are
always good!

62Ca at FRIB.

Where | can find § A u planning
a FRIB fragment M ;5 “Rare isotope

separator |\ rap” sequel?
configuration for JREEN

N LISE* 7?2

48



Theatrical Release poster

0'99 Tarasov Staff information talks

are given on the first
wscus st FRIBINSCL (et

STAFF INFORMATION TALK o FEE el et by,

staff, and students.

How to Make Rare
Isotope Beams at Home

Covering a range of topics,

WEDNESDAY, APRIL 4, 12 P.M. from accelerator physics

Staff information talks begin at noon, and to safety and homeland
are located in 1200 FRIB Laboratory security, these talks provide

information about research,

Speaker: topics of interest, and the

.r&*‘ ; Oleg Tarasov, progress of the faboratory.
A NSCL Research Physicist

Learn how to make
rare isotope beams.

Do you know how
to use email?

Then you can
learn how to make
a rare isotope.

It is that simple.

Learn how.

Participants should feel free to bring their lunch!

SRe FRIB.MSU.EDU  NSCL.MSU.EDU

UNIVYERSITY



