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Introcduction

U The LISE** program is designed

experiments with in-flight separators

to predict intensities and purities for the planning of future

is also essential for radioactive beam tuning where its

results can be quickly compared to on-line data.

B LISE«+ [GAt\tIpp]

The LISE** code geography
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40Ar (50.0 MeV/u) + Ta (100 pm); Settings on **Ar; Config: DWDMMMMMMM
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1st TKE detector: Material 3 ** dE: Material 3 - Si (350 um)

Continue

without charge statss
al reactons separ

%] Physical calculator

650

75

Srm | 7 e | X o |

3A5 E\Tem 12B 1na P ilz = after/into 51300 mcien
. Nodides | 42 [N = Enercy Remain [ MeViu
Stable lonmass= 359577 amu Energy Loss 319 Mev
Energy Sten [sigma) | 0.0080436 MeWru
c . Bbisy
Eneigy 1206 MVl Eney 11,8978 o g Satine) [T I
Biho & [ 10000 Tm TKE C [ 4351 Mev . f
ateral spread (sgma) [ 016122 microns
Erho [ 477486 MG Velosky [ 476848 cméns A - T
P o[ 53WB  MeVic Beta | 01530585
"~ Equibrum values for material S
ptmspt C | 0299792 GeW/e  Gamma | 1.012895 Chaige State<d> | 17.23
After i) (sigma) 066
Eneigy Fleman | [ELoss |
/o2
Block [ 2 Thickness [Mevau | Mev | Mev | co> | Thickness e
Material 1 i 300 micron i 0 @18 om
Material 2 5i 250 micron i i 0 Range and Energy Loss to Si
Material 3 51 380 micron i i i Rorge  dRange fsigma)
Material 4 5i 500 micron i i i

o [ 343819 0077788 mglem2
| 148038 033glz  micon
EnergyFeman. | 0000 Mevi
Motoral thickress | 34362 mavem?
for energyrest [14804 micron

Calculation method of
EnergyLosses [ 2 Energy staggling [ 1

Chage Staies [ 3 Angularstagging [ 1

Neale=38 | Sum=1.4e+03 ]

Mo charge states
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MICHIGAN STATE

Reaction Mechamsms SIS 1Ty

Ly 1 D AR

Projectile Fragmentation, Fusion-Evaporation, Fusion-Fission,
Coulomb Fission, and Abrasion-Fission models

I- Reactionz ,!' Energy Losz, Straggling ,!' Charge states_,l' D atabazes: Mazzes, lzomers ,!'
I 48Ca[140.0 ket iu) + Be -» 425

— Reactionz
additionally calculate
yields for the next
o i reactions

Settings i Projectile Fragmentatiod [+

Settings " Fusion -» Residual r
Sethings " Fusion -» Fizzion
Settings " Coulomb fizsion
Settings " Abrasion-Fizsion

" Two Body Reactions

Projectiie

Al=AZzAS

[~ Make default v OK
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MICHIGAN STATE

Fragment Separator Constrtichion P

= with different sections called "blocks" (magnetic and electric multipoles, solenoid, velocity filter, RF
deflector and buncher, material in beam, drift, rotation element, and others).

= a user-friendly interface that helps to seamlessly construct a fragment separator from the different blocks.

Block | Given Name | 20 | Lengthm | Enable | »  —Insert Mode- - ~ Insert block
Q Ol<Quad>  GQ041-3TB 0812
d O drift 2042 0136
Q Ol<Quad>  Q0433TC 043
& 03 arif 2044 0563
DMy |-Dipole D2 243
d ] diift 2052 0552
2o Q053-4TA

<Quad> 0.43

* before Materials :
e FY e |
IE Material(Detector) | @ Stripper after Target
~Move element—

ﬁ Up I @ Faraday cup |

R
s

"

+

+

+

A

a0 dift 2054 017 +
Q Ol<Quad> Q055478 0.732 +
d [ diift 2056 0176 +
&

.

.

~

=

,

~

e

+

Optical

Q O|<Quad>  QO57-4TC 0526
d ] dift 2058 0.658

|S “ I_sﬁ!s_ Image2(053) 0
Wy

& Edt [ dispersive [ nondispersive
[ Deex | Dispersive (Mdpole) | Dt mutipoe sits)
[Vam|  Wien velociy fiter | Beam Rotation
[E=S] Eectrostatic dipole | Shift of Optical Axis
|
|

Wedge Wedge

d [ drift 2060 0.658
Q Ol<quad>s  00B25TA 0526
d ] drift 2063 0176
Q Ol<Quad>  0Q0B45TB 0.732
d M dift 2NRA ni7
-~ Selected block

Gasfilled separator Solenoid
Compensating Dipole

special

Enable v | Dispersive (M-dipole) e [ o deiaics charges)
Let call automatically [ Block Length [m] [ 0.0001 E
A Length after
Block name = [uring tris block [m] | 0 Length [m]
B ! RF bunch | Fitting constraint: I
Charge State (2-0) = I 0 Sequence number I 3 I 35.821 - = @ s =

RF separator | [Zl] Detay (efficiency) block |

Fig. 1. Updated view of the “Spectrometer Design” dialog window.
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Application
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Includes extended configurations of separators at NSCL/MSU, RIKEN,

GANIL, GSI, FLNR/JINR, TAMU, TRIUMF, ANL and others.

&

DRAGON, Canada MARS, TAMU

SHELS, Russia

BigRIPS+ZeroDegree, Japan

PRISMA, Italy
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MICHIGAN STATE

ILISE = package i

e The code is distributed free e Version 10 will be released soon

with the LISE** user license
» Current operating system : MS Windows

« Official site : lise.nscl.msu.edu

» Currently porting to new framework :
+ Current version 9.10.342, 09-Aug-2016 cross platform & parallel computing

Built-in powerful tools:

uw Monte Carlo simulation of fragment transmission,

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

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

LISE** Utilities:

+ :
LISE™ calculators: u Stripper Foil Lifetime Utility,
u «Physical Calculator», u Brho Analyzer,
u «Relativistic Kinematics Calculator», u Twinsol (solenoid) utility
w «Evaporation Calculator», 4 Units Converter
w «Radiation Residue Calculator» (new), « ISOL Catcher
u «lon Mass calculator™ (new), u Decay Analysis (includes Proton, Alpha, Cluster, Sp.Fission half-lives calculation),
u «Matrix calculator"

u Reaction Utilities (Characteristics, Converters, Plots),

u «BI»- the automatized search of two-dimensional peaks in spectra
Implemented codes:

u «PACE4» (fusion-evaporation code),

u «MOTER» (raytracing-type program for magnetic optid
u «ETACHA4» (charge-state distribution code) (new),

u «Global» (charge-state distribution code),

Databases:
w Nuclide and Isomeric State databases with utilities,
u Large Set of Calculated Mass Tables (includes FRIB mass tables),
u lonization Energy database (used with the lon Mass calculator),

w «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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MICHIGAN STATE

Access to Internal and external dataldases R

Throw the Table of nuclides Throw the Menu
[m Help

AME & properties: View, Edit

AME & properties: Plots * S1n
Isomer database >2n
Iznization energy database >1p
Decay Branching Ratio database >2p
() alpha
Beta- decay
Beta+ decay
T1/2
Mass Excess
5| statistics: 415 [E=NEE Binding energy
_I - Binding energy per &
415 Beta- decay (Z=16, N=25) Enlfur | I_ 5 d
LISE++ database
___________________________________________ 53He
IMEZ01Z index 16025 error | Decay analysis IE St
Ma==z exces=, [MeV] -15.0086 0.0041 | Branching Ratio I ]
Binding energy 337.4136 0.0041 9 Stabilty” plot
Beta- decay §.2986 0.0688 | Zwallet NNDC | P (pairing energies) -
Beta+ decay -14.0288 0.0802 _ o
5(2n) 11.9889 0.0502 | A.Z NNDC I D (separation energy derivatives) 4
s (2p) 35.9069 0.0805
0 (alpha) 14,8392 0.0831 | A,Z JAEATD I
s (n) 4.2421 0.0057 | A,Z TOr (Se] I
Sip) 18.2231 0.1113 :
T 1/2 1.39 sec 0.05 | Chemistry - 3 |
Q-reaction (b+t -> £1+4f2) -9.13 MeV {error=0.0041 HMeV) | ]

""""""""""""""""""""""""" | Discovery I

Ho user cross sections were found for this isotope
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O Databases used (produced): i (Wwith): LISE™ M

NSCL] LIS EPS

« Atomic Masses S
« lonic Masses ©
* |someric states database ®
« Fission barrier database S
« Experimental production cross sections ®
« Decay branching ratio database ®
* Compound material database ®
» Discovery database S
* ..... (ranges, model parameterization, and so on)

» Set of separator configurations /LISE/ ©

* NSCL & FRIB secondary beam rates /LISE/ ©

OT@Data.Workshop.ND 08/10/16 8



MICHIGAN STATE

UMNIYERSITY
MI2sses BER .
« lon mass for optics settings, isotope selection LISE** built-in mass
_ _ o _ _ _ excess files
* Production rates with built-in reaction models (separation energies
in the case of abrasion-ablation, fusion-residues, all fission reactions) \AME2003 Ime
SO o
« Half-life calculation, decay analysis \AME2011+GXPF1B Ime
VAME2011+GXPF1B5 Ime
 Plotting isotope properties (energy separation, binding energies, T,,,) \AMEZ2012 Ime
\FRIB_mass \SKM5 Ime
_— _ = \FRIB_mass\SKP Ime
E o e - \FRIB_mass\SLY4 Ime
Reactions g' Energy Loss, Straggling g' Charge states ; Databases: Masses, lsomers j |'I-FI:“B_"'l35--5-1%5"\'.."!"'I-Il'l'lﬂ
[ 48Ca[140.0 MevA) + Be -> 425 WFRIB_mass\UNEDF0 Ime
‘FRIB_mass\UNEDF1 Ime
— Mazzes u_ll:h -I?'-II_“E
{* Database + Calculations D ataBaze IEI - AME2012 [database] ;I Wb & Ime
" only Calculations Formula |1 - D Mypers & W Swiatecki. Wucl Phys 81[1 SBEj \hfb3 Ime
! \Uduy Ime
Uszer's MassEwcess File | FRIB_mazztSkKMS. Ime i Browse | wMoller9s lme
—lon mass \Zero .II'I'I-E

v Take into account electron binding energies for ion mass calculations (R ecommended) [

— |zomer databaze —USER databaze |
l izomer. dbf Browse | I il Browsze |
- | ' What is about fast
Make defaul QK Cancel .
rosad £ s experimental masses update ?

OT@Data.Workshop.ND 08/10/16 9



lonization energy database & lon mass calculator:

O lon mass for E-M device precise settings and

isotope selection 2381992+ {01 mass
O Generation of X-ray spectra ® v.9.8.114 atomic mass was used 238.0508 amu

(In future with ETACHA4) ® v.9.8.117 correction for e- masses 238.0003 amu
u sing ® v.9.10.131 correction for e- binding energies  238.0011 amu
«  AME2012 (or other Mass model)
* lonization Energy Database

(NIST Atomic Spectra Database lonization Energies)

IrIon Mass Calculator / Ionisa EE.L'

Element Z U - Z=82 - Lranium

&
[238 [u [e2 # Table of |%IZ%I
IW Nuclides =10

~ Abom & lon Ma:

[e] | |s0elSeq | Ground Shells | loniz Energy | Total EE
O [Fnl53.64.7s2 0.0062 781513
1+ [Fnl&3.752 0.m1s 751507
2+ [Pl 54 0.m3s 751495
3 [Pl &3 0.0367 781476
4 [l &2 0.045 751439
5+ [Fr]5 0.0 751393
B [HalEp6 0.9 78133

[RnlSi26d.7s2 | 751513 | 238.05079 | 221.742606 a4 =~ (o] Bea W 8 2%
g HalEp4 0118 781143
% B [HalBp3 0123 781027

Hal6o2 0,158 750898

11+ Halp 0173 780.740

12+ Mel4a5ding2 021 750567

13+ [¥e] 4114.5d10.65 0.227 750357

T4+ [¥el 4145470 0323 780130

15+ [¥e] 4114509 0348 759,807

16+ [¥e] 4114548 0378 759.459

17+ [¥e] 414,547 0402 759,064

18+ el 4114505 0431 758,662

¥l 4714505 0.458 758.251

20+ [¥e] 414,504 0437 757,793

[¥e] 414,543 0525 757,29

22+ [Xe] 414542 0557 756,771

2 [¥e 411454 0585 756214

24+ [Xel 414 073 755,629

#+ [Cell 4114505 077 754,899

%+ [Cell 414.5p4 08 754129

27+ [Cell 4114.5p3 084 753.329

2 [Cul 4114502 033 752489

n
|

=d|in

Charge Ground shel Total binding

i i energy
State configuration ke A Gev

152

[Ha] Bp& TE1.244 23804695 | 221.733319

23800114 | 221.696645

Q=2
full stripped

~ Comment

lonization energies are taken from the MIST Atomic Spectra Databaze
hittp £, ist. gow/prl/datadasd. oim with in-house extapolation far
heawy ionz. Their configurations are marked by the symbal "7
The databaze range iz 1 <=Z <=110.
Far heavier iong no electron binding corections. Deszignations uzed in the
Binding energies are detemined by summing up ground shell lists
all relevant ionization energies.
Mil& Z,0] = MaaZ] - U Me+TBE[D-TEE[Q) [Me]=1:2 252 2p6
lselSeq - lsoelectionic sequence L] = [Me] 3:2. 30
Grnung Shells - Grnund-stqate [HS DA 0
b [Cd] = [Kr]. 4d10.5s2
electronic shells _
X Fi [*&] = [Cd] 5pE
loniz. Energy - lonization energy [ke] _
Total BE - Total binding enerqy [kev] L= il BRilniEsE
5 e [Rin] = [Ha] 6

?Linkleu'rtl
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Experimental Production Croess SECHIONS

— & e | coaem | LISE** built-in cross section files

I BEKT_AI_70AMEV os

View | Eé. Save As |
' Load cross sections from file - Operations with Lser [memon) C5 \"Im—ﬂ —mv'
é@ Load CS to memory | ‘ l‘l 20-Plot of Userimemory) CS I \.IBEIE H ?Emv-
W A o0 Cony A4 Fus Fs) CS o memory_ | W203PbM\208Pb_1H_1AGeV evap.cs
v siiegcs PR — \208Pb\208Pb_1H_1AGeV fission

Mumber of User CS for this reaction = l B2

Total Murber of User CS = IT uuﬂ%uuﬂm_z“_l”‘ﬂv_w.m

- Method to keep User C5

" ittached CS file ¥ Show User C5 in Emss.sectinn plots EUBPh\EUEPb_EH_IHﬁV_ﬁsﬁm_cs
€ Inside LISE++fle o e e R e \218 29U Be V fissi
2 70AMeY _fission.cs
\238U\238U_d_1AGeV fission cs
[ Make default The C5 file is in ASCII format. Comment stings begin with 1" )
v 0K There are five columns: "Z", "N", "CS value'", "CS enor™ "RH" umm%u—d—lﬁvjmjlm'm
T A e (T e \2380 238U _p_ 1AGeV fission.cs
NGt space, tabulation sign, or comma. R# - reaction order number _
2 el where C5 - cross sections; "User is identical to "memory CS"; ummmu}_l”‘ﬂv_mlﬂlm.
Calculated CS: AA [NAb rAbl "), Fi -E “LisFus"],
: > Egjzri:fﬁssim,Ak[nlasirnans—llgigsinnahon] R 1233' I\ EBBU Fm, IN"EV fiﬂm_m

W38UM238U_Pb 1AGeV _fregmentation.cs
. “10Ar Be_ 1AGeV .c=

Cross-sections \A0Ar C 24DAMeV cs
Pfaff-96 Thesis : Isotopic cross sections from 86Kr + 27Al at 70 MeV/nucleon “H:E_Tﬂ_mv.ﬂs

Z N CS dCS React \SEH_BE_MV_BS
W78Kr_Ni_/HAMeV cs
39| Yooy oy My oy “WB25e Be 140AMeV cs

7.86-02 1.1e-01 1.8e-01 13e-01 3.6e02 —
W25 W_140AMeV cs

33| Tigr  80§r  Blgr 82§y 8§ Mgr  Wgr

28602 42601 80e-01 1.32+00 24e+00 17e+00 1.32+00 5 ‘ekr_Al_70AMeY .cs

& 37| ™Rb 7Rb TRb Rb °Rb
= 116-02 48602 10801 9.0e-01 242+00 ;
@ S0z doez 10e0 900t 2o + user can enter his own data
3 3 6 73Kr 74K|- 75Kr TSKr
] 13602 19e01 58e-01 16e+00
o

35 T1Br TBr  TBr

26002 30801 826-01 24e+00

* Need more! (installer size?)
« External link?
« Data format

34| 928e T9Se TiSse | TSe
39e-02 532-01 1.3e+00 34e+00
33 68fg 63pg
7.6e-02 1.3e+00

32

35 37 39 41
Neutrons (N)
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A lot of complains...

Compounds

HNuclear physics
materials

Compound dataibase

Common Name

Aluminum Oxide alpha

Ltomic Stoich.

Plastic-Polimers IBakElitE

HS3 C5 01 1.45 j
Liquidsli—z — Ethanediol H& CZ2 02 1.1088 _:J
GESESII—E Diflucrethane H4 CZ FZ 0.0012 i
1-2 Difluorethane H4 CZ Fz2 0.0012 -
1-2 Diflucrethene HZ CZ FZ 0.001z -
1-3-Butadiene H& C4 0.001z
Leoetylene Hz C2 0.001z
Rir 023 N7& Arl 0.001z
2llene EBropadiene H4 C3 0.001z
Ammonia H3 N1 0.001z
Butane H10 C4 0.001z
Carkon Dioxide Cl 02 0.001z
Carkon Tetrafluoride Cl F4 0.001z =
Cyclobutane HE C4 0.001z
Cyclopropane Hs C3 0.001z
Cyclopropens H4 C3 0.001z
Ethane H& CZ 0.001z
Ethane - Hexafluoride CZ Fa 0.001z
Ether Dimethyl H& CZ 01 0.001z
Ethylene H4 C2Z 0.0012
Ethylene Sulfide H4 CZ 51 0.001z i
Hydrogen Sulfide Hz 51 0.001z
Methane H4 C1 0.001z
Methane Chloro-Tri.Freongas Cl F3 CL1 0.001z
HMethane Dichloro-Di. Freon-—-12 Cl FZ CLzZ 0.001z
Methane Dichloro-Fl. Freon—Z1 H1 Cl1 F1 CLzZ 0.001z S

Should be paid more attention for gases including pressure & temperature

values for the next user recalculation as it was done for the molecular case.

OT@Data.Workshop.ND 08/10/16
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MICHIGAN E
UNIVERSITY

[FISSIon BarrIers )

S I
T A

Fission Barrier

A Element 2 Cahen barier information ~Formodels #012——————————————— S ee Wa I te r ’ S tal k
|_254 IT IW = Barrier vanishes at = I B4 hbar Befme IT tﬁgtﬁos[stignm;gliﬁg

I S pontaneous fizsion L= ﬂ e | [default value 1]
e Al v Usze LISE shell comections far LDk S H E VS barri e rS

¥ Use odd-even comnections far LDM

i Fission Barier | Fission Barier | 3 5 Energy Odd-Even Delt P —
Uze in the code wen Delta parameters
at L=0 atLx =| 10 at Lx [Mev] default

for Pratans 9 9.0 MeV
for Meutrons 25 2.5 MeV

- "Banfit" -» invalid For this istopelt, Z] | 378 | |

-"FisRot" - 5.Cohen et al An.P 82(1974) | | 4.88 | 032

-LDM - W.Myers \w.SwiateckiNP1(1388] 556 ~For models §3.4

- FILE: A Mamdouh et al MPABTI[2001)337 53 ((: in if FILE data are absent then uze LDM model #
ot

- FILE: Experimental barriers I - & max (in,out) 1-"FizRat" - 5.Cohen et al_ An.P 82[1974)] LI
-FILE: P.Maller et &l LANL-UR-03-4190 5.87

-FILE: P.Moller et al., PRCI1[2015)024310 I 5.87 1 Fission Barier Plot: (L)
2 Yrast Line

v 0 | X oo | 7 e | m e Fission barrier

Z=104
Barfac=6.00 Corrections [Odd-Even: "yes" Shell: "yes"] Mode="max"

—"Barfit’ - A.J Sierk

12} — FiRa - ALDM(Cohen)
—LOM (Myers & Swiatecki)
—A.Mamdouh &t al. NPAGTS - "max"
== Experimental barriers - "max’

125| <6- FILE: P.Moller et al, PRC91(2015)024310>

15|

=]

—P.Moller .. PRC31(2015)

105|

[==]

Protons (Z)

Fission barrier, MeV
[=>)

65} h 21
55 0
100 120 140 160 180
Neutrons (N)
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MICHIGAN STATE

Isomeric states database: (107 = 10:Sec) UNIVERS Ty

| & H

L_._J_.v

New gy isomers in 7.=1 nuclei produced in the "Sn(634 MeV)+"™Ni reaction

R. Graywace. "' . Anme.® G Auger,? € Borosa,? ). M. Corre,? T, Dofler,! A Fomxchov,* S, Grevy.® . Grawe,”
D. Guillemaud-Mucllor,* M. Huyse,® 7 Janas” 1. Keller,” M. Lewitowicz® 8. Lukyanov.>® A. . Mueller.® N. Orr,*
A, Ostrowski.? Yu. Pemonzhkeyich.® A, Picchaczck, ® F. Poughecn,* K Rykaczewski, """ M.G. Saint-Laurent.*

W. D Schmidi-0ne® ©, Sorlin,® 1 Szervpoc' O Tamsoy, ™ 1 Waers,* ) Zyvlice!

Atomic Number 2

A

15 2 25 3 a5
2 > A-2q)/2
y—-registration )
. Color identification plot of all nuclei observed (left panel) and those in comrelation
Semngs with gamma radiation (right panel). The (A-2q)/2 variable is equal to the T of the

nucleus for fully stripped ion (g=2Z). A symbol “ %mpd45*" denotes 9mPd nuclei
transmitted and detected as a hydrogen like ions.

(A-2q)/2
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HIGAN STATE
UNIVERSITY

=
-

:
“Sn beam.
15

Time of flight
radiation (right panel) simulated by analogy to the work of [24] with a

LISE** simulations
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Fig. 2. LISE++ identification plot of all nuclei produced in the reaction '**Xe + Be (left panel) and those

in coincidence with gamma-
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LISE isomer database

i i- - f 3 'I; B to el o e Epricanic | bt | Ec Bargr e mmged N el puji
i Mudear Levels and Gammas Search i i o) B !
5 B B ————
| oy C oechews [ Fa: B3ETH oreea3e o pa Thcr H 27 o R 13 E‘:r\.- n T
L i T} ] 17 i) ] [T
= M E & %] T R LE
CipgFl m = n | S .: ] n i |
- | = il i ~ [2T i [ e
Comeal] canciton i:'f sratled © daeded [i00 P T T ) l 8 il Fo] [ ]
0 ] = i Fi]
CEday MME (RSO anplisd ¢ :lnn:-:Luﬂu g | A ﬂJ 1] o Pza FIT] il TR
o [ ™ | W | O T
Tnila ] [ peciied B dmased 1 s | Twder 1 [All = iborings [#007 2] &7 E o T e L LT 4
Tossbael nmdtnn Irﬂ' wrabbel T datted T [ Ty ufi _|__|_} FE [==] 3 | E: IE-- ;IEE:
¥ mnaiam &1 {_"‘" wratbal U deaded [im <n.-:|u-v:| AT Pttt | s - 6 4 4 [Tl 1o N V5
- il Pt :l.| Jia
okt #5 ¥ wokind P dedied « B} o HEwd ol ilpalaiiy: | abl @ Dld GANIL d tah : :: = T TR s )
Internet database (NNDC) - T | ™
A ; available through LISE !
region of stable isotopes I T Wi T
0 I u T i
O TILES & I =]
u T T ETET TN AT
I, 450, T, M 11Tl
L] Tidg i [T ] T
] r £ [T ] T
] E & oI Ok ==
B i ] OB e R T
i
g i iy bot el PO ] k.
5 o iy FEY: .
" I o [
Wit | 117 L Tn iy
k] ;] ]
E] I T R T T T
T, W, T, KO, T
0 WA & 1% T8 T
] g ] [LUE LR 1] e ]
] £l L, 'll‘t":l:.-:-:u i gm
Ll
o L L) —| L Tow
a4 L T Tow

LISE++ database (dbf-format)

Prwate communications

Isomer Datab:

A Element 2 N

[ [x [ [z

v

e
z
Beta- decay C:I ,_ I:>
a v =
for this izotope

Curment isomeric Total number of
gammaray |1 T isomer gamma ays

Database Index | 43190738
Value Ennor By
Save
Giamma eneigy 7381 0z ket =l

b [ e, o « The database should be updated!
Level energy ,T 01 (= .
T « Think about new database format and
v i [ | non | corresponding tools (search, edit, plot, import)
e | o « Non-convenient import format
UserName [0T ﬂ’?ﬂ 16

New experimental data




Decay branching ratio dataase mrlEISE+

P, for 2 <Z <28 are taken from

Nuclear Data Sheets 128 (2015) 131-184

Evaluation of Beta-Delayed Neutron Emission Probabilities and Half-Lives for
Z=2-28

M. Birch,! B. Singh,»* L. Dillmann,? D. Abriola,® T.D. Johnson,! E.A. McCutchan,” and A.A. Sonzogni?
! Department of Physics and Astronomy, McMaster University, Hamilton, Ontario L8S 4M1, Canada
2TRIUMF, Vancouver, British Columbia V6T 2A3, Canada
3 Department of Physics, TANDAR Laboratory, C.N.E.A., Buenos Aires, Argentina
* National Nuclear Data Center, Brookhaven National Laboratory, Upton, NY 11973-5000, USA

‘We present an evaluation and compilation of -delayed neutron probabilities and half-lives for
nuclei in the region Z = 2 — 28 (*He — ®'Ni). This article includes the recommended values of these
quantities as well as a compiled list of experimental measurements for each nucleus in the region for
which S-delayed neutron emission is possible. The literature cut-off for this work is August 15",
2015. Some notable cases as well as new standards for S-delayed neutron measurements in this mass
region are also discussed.

Chlorine
/.-' Tablgof
& Element 2 ——
& [o [7 ez =
o i =

IBeta+ and Beta- decay ;I Change |

— Brahching

Beta +

Beta -

Generate Z-wallet
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Other branching ratios and P, for 38<Z are
taken from NNDC

Ratios for higher Z will be entered soon.

Z=17 (Chlorine)
A decayl branch. ¥ decay? branch.® T 1-2, = |Abundance.
30 Tnknown TR I e 8.430e-13 | ... ... ..
31 Beta + ool oo 1.800e-01 |...... .. ...
3z Beta + oo oo 2.980e-01 |.... .. .. ...
33 Beta + ool oo 2.511e+00 | ... ... ... ..
34 Beta + ool 1.527e+00 | .. ... ... ..
35 Stable B 1 e ot .. 75.760.
36 Beta + 1.90 Beta - 98.10 9.803e+12 | ... L.
37 Stable B 1 [ 24 240
38 Beta - oo oo 2.234e+03 | ...
39 Beta - oo oo 3.372e+03 | ...
40 Beta - oo oo 8.100e+01 | ... ... .. ...
41 Beta - R 1 T [ 3.840e+01 | ... L.
42 Beta - R 1 T [ G.800e+00 |...... .. ...
] 43 Beta - R 1 T [ 3.130e+00 |00 L
44 Beta - oo oo S.600e-01 |...... .. ...
|l 45 Beta - 76 .00 Beta - n 24 .00 4.130e-01 | ... ... .. ...
46 Beta - 40 .00 Beta - n 60.00 2.320e-01 |...... .. ...
i 47 Beta - R 1 T [ 1.010e-01 |...... .. ...
48 Beta - R 1 T [ 2.480e-02 |...... .. ...
49 Beta - R 1 L [ 1.890e-02 |...... .. ...
il 50 | Bsta - T P B R 4.400e-03 | ... ..
51 Beta - oo oo 6.180e-03 |...... .. ...
Wl 53 Tnknown oo 270003 ... .. .. ...
1= Tnlknown e I 8.600e-04 |[.... .. .. ...
T 172 : compilation of experimental and calculated wvalues.

lSee the AME dialog for details

« No recommended values for P,?
* Non-convenient format to import

« Compilation for beta-delayed proton emission? .



v.9.10.331. No Decay Branch Database

Radiation residue calcul

= designatior

- Mods ta implant

“ield = Mumber of atoms: N of DI = Mumber of Different |sotopes;
Final Time [FT] = Inadiation Time (IT] + Decay Time (DT]

1. One nucleus to implant. Chose manually here

‘ I
‘ 2 Listof isotopes to implant fiom file 8 nofie | N of sotopes =0 |

" 3. Select detector ko obtain the list of isatopes stopped in IFF,PPAED >| | Befresh N of isotopes =0 ‘

7. Chase fragment to implant

- liradiation {Implantation]

A Element I i _[ 1om
34 na ‘H < Table of _
s NolDl @tme(T=[" &
[ Betardecay
_ -~ Radiation Residues 25 Function of time (DT)——|
T, = 550e03 sec
172 Irnplantation Fate = Te+ll pps DT : Decay Time

Sfter iradiation (sec) = [
N of DI (@ time (FT) = B
Tolal Vield @ time [FT)= [ 1e+d

X oou | P Uk

Elapsed time is 00:00:00.71
of 071 sec

‘rield of this nucleus @ Iiradiation time (IT) = | 7.68e+7
“rield of this nucleus @ Final time [FT) = | 7.68e+7

{10 - Residues as function of time
Calculate
h 1D - Activity a5 function of time

Options Lﬁl 20 : Final Residues (@ TF)

Radioactive decay residues
Initial isotope: *Na
Irradiation Time (IT) = 1.00e+03 sec; Decay Time (DT) = 1.00e-06 sec; Irr Rate = 1.00e+10 pps; Plot Allisofopes
N_Implant=100, N_Resid=1000, Abs Error=1.0e-11, Rel Error=1.0e-03, Threshold=1.0e-10, Model="ODE"

155

145

135

34A]
8.1e+08

Protons (Z)

125

2.9e+08
115

34Ng
7.9e+07

10853 5 75 85 195 705 715 75
Neutrons (N)

15.5

14.5

Irradiation Time (IT) = 1.00e+03 sec;

- designatior

- Mode ta implant

+ 1. One nuclsus to implant. Choss manually hers

Yield = Number of ators; M of DI = Humber of Different Isotopes:
Final Time [FT) = Inadition Time (IT) + Decay Time [DT)

2 List of isotopes ta implant from fle éﬁ

no file | N of isotopes = 0 |

" 3 Select detector to obtain the list of isatopes stopped  in IFF’_PPACU ~| | Fefresh M of isctopes =0 ‘

1. Chose fiagment to implant

A Element
A W + Table of
" Nucldes _L—
[ Beta andBeten

e 5.50 03
172 T ilanistionRate= | 1e410 pps
“Yield of this nucleus @ lradiation time [IT] = T.93e+7
“Yield of this nucleus @ Final time (FT] = T.93e+7

~Inadistion fmplantation] |
I _[ o0,

N of DI @ time (IT] = 17

{\_ 1D - Residues as function of tine

& Calculate
{7\, 1D Activity s function of time
83 Options | D : Final Fesidues (@ TF)

~ Fiadiation Residues as Funetion of time (DT)——
DT : Decap Time

sfter iadiation [s=c) = 0

N of DI (@ time (FT) = 17

Tatsl Yield @ time FT)=| 1e+13

X o | P Lk

Elapsed time is 00:00:01.50
or 1.50 sec

Radioactive decay residues
Initial isotope: 3*Na

Decay Time (DT) = 1.00e-06 sec; Irr.Rate = 1.00e+10 pps; Plot All isotog

N_Implant=1000, N_Resid=1000, Abs.Erroer=1.0e-11, Rel.Error=1.0e-03, Threshold=1.0e-10, Model="ODE"

5.3e+07 5.3e+04

32p

32A| 33A|

71.0e+07 3.7e+08 2.9e+08

34A|

2.0e+08 2.5e+08

7.9e+07

16.5 17.5 18.5 19.5

Neutrons (N}

205 215 225
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Link to the discovery. database KIRZEI Ay

Sometimes it is useful for experiment planning how nucleus has
been discovered: beam, target, reaction, energy (even place!)

Discovery

™~

1.'!-5’1)'}r

Xu et al. first identified *®Dy in 1999 and reported the results in “New SB-delayed
proton precursors in the rare-earth region near the proton drip line” [I]. A 176 MeV
3 Ar beam was accelerated with the Lanzhou sector-focused cyclotron and bombarded
an enriched '"Cd target. Proton-¥ coincidences were measured in combination with
a He-jet type transport system. “A clear 221-keV ¥ peak and a tiny 384-keV ¥ peak
in the proton-coincident y(x)-ray spectrum in the *Ar+'%(Cd reaction were assigned
to the 2+ —=0* and 4 —2* y transitions in the ‘daughter’ nucleus #Gd of the Bp
precursor 12Dy

[1] S.-W. Xu, Z. K. Li, Y.-X. Xie, Q.-Y. Pan, Y. Yu, J. Adam, C.-FE. Wang, J.-P. Xing,
Q.-Y. Hu, S.-H. Li, H.-Y. Chen, T.-M. Zhang, G.-M. Jin, Y.-X. Luo, Y. E. Pe-
nionzhkevich, Y. Gangrsky, Phys. Rev. C 60 (1999) 061302.

Adapted from

C. Fry and M. Thoennessen

arXiv: 1205.5844v1

Accepted for publication in At. Data Nucl. Data Tables
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Atomic Masses

Isomeric states database

Fission barrier database

Experimental production cross sections
Decay branching ratio database

Compound material database
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