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« USER cross-section files from current model
« Convolution model corrections (high energy)

* AA-minimization:
-- Cycling local line to overcome local minima
-- Diagonal scaling (DSCL) in Levenberg—Marquardt minimization

» Abrasion recommended-values plotting




Relevant versions: 17.17.19,17.17.20

USER cross-section files from current model
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1 H H “2Ca (140.0 MeV/ Be — 5
« Added option to generate a USER cross-section file from the current 2 (1400 M)+ Be
1 ' ' Fragment velocity Momentum distribution Cross section, Excitation energy and etc.
model in d MechanismFragmentation / V V \
. The file is produced d"'ectly from the active abrasion—ablation Prefragment and Evaporation options Excitation energy for Abrasion-Ablation model
calculation (current project settings, model parameters, and Grass Sections
f| |te I’S) Default Mode! to use in calculation: Models to plot in "All methods”
173 3y . 3 - EPAX 2.15 + user modifications - No : 3 - EPAX 2.15+user v
« Added a toggle “Include unbound” in the USER CS file generator
o i - i 1 Use O.T.'s manual corrections for light charge partilces
When enabled, particle-unbound isotopes are also written to the Use 0TS manual corections [ g harge partice Plo
user cross-section table
* When disabled, only particle-bound isotopes are included, giving Fst mode
"FAST" mode for * use this mode only for heavy projectiles as Uranium,
a Cleaner table for many experimental analyses Abrasion-Ablation calculations® and for AAin Secondary Reactions
0. NPevap=8, velocity: fast 2. MPevap=16; velocity: fast
1. NPevap=8; velocity: qualitive @ 3. NPevap=16; velocity: qualifive
Coefiicients for modified EPAX 2.15 (user) FRACS 1.1 parameters
This User CS file can be used normalzaton e cope v/ Apply OES (staggering)
> Cross section file & Browse Cross-Section data dialog @ Use built-in energy dependence
for AA benChmarklng U_norm [1.0] 1 u1p7s0s | 179
& Use fixed enel
) | e [ RIS SheE e & Savehs | | & Clear n-fich slope U2[4721e3] | 0.00472 et
Cross Sections - T -
48Ca_Be_LISE_E2s Load cross sections from file——  OperationSw{h User (memory) CS Un [1.65] 1.65 U3 [-1.303e-5] |-1.2000e-05 TEEEIES i LB
Thresholds 1.000e-10 1.000e-02 No unbounds — 20-Plot of U cs
- | £8 LoadCStomemory | | | —— of User (memory) ] ]
e N ‘ Generate a USER cross-section file using the currently selected mode
22 e o % i E ;:: < Append o existing CS 4 Copy AAMNEus,Fiss) CS to memory Primary side CS threshald (mb) | 1e-10 Include unbound
T f§§======.§§§ ©) Overwile existing CS & Remove all CS Opposite side CS threshold (mb)  |1e-02| [ Generate
18 *EENNENENEEE Number of User CS for this reaction = 4
E2ERR BERRREREE = —
sEEEEEEEEES R ey datnodio)aenilie=nza Total number of User CS = Make default | v ook Cancel ? Heb
=EEN RRBRE 2R r Y Attached CS file | Show User CS in Cross section plots -
14 ER LLLERES B3 FE N

Calculate and show Chi2 between

O [[EiBlUEE =G User and Calculated cross-sections

HMEEEERN B
i mERamERRNE 2
BEBEEEEER Ry
= Brmmpwwen
10 i i R e e The e e e e

- BEmrrrnE o

@ Cross Sections Saved

Frotons (£)

Cross section file format

MERSE 2Ry X % . 5 .
2o 5 16 6 6 6 5 0 0 0 70 % ’ The CS file is in ASCII format. Comment strings begin with " 1", 281 cross sections were written in
EREER E 2 'ES’ ,j.c’: 58] e There are five columns: "Z", "N", "CS valug". "CS error”, "R#" C:/Users/OneDrive/Documents/LISEcute/CrossSections/
EERERECLEE X where Z is atomic number, N is number of neutrons. CS value error 48Ca_Be_LISE_E2s.cs
[ 1] BE 2 2 / OK is equal to 0 if fourth column is absent. Columns can be separated
HREE = by space, tabulation sign, or comma. R# - reaction order number | oK |

=t
# Cancel where CS - cross sections; "User” is identical to "memory CS";
Calculated CS: AA ("Abrasion-Ablation"), Fusion-Evap.("LisFus"),
10 14 18 22 26 30 ? Help Coulomb Fission, Abrasion-Fission.
Neutrons (N)




° ° ° C %’ Alc = Ty
Convolution model corrections (high energy) ! T R o

@ Convolution of Gaussian (Fragmentation) and Exponent (Friction) distributions

= ‘ 120 (800.0 MeV/iu) + Be — 50 Settings for G distribution
Relevant versions: 17.17.22, 17.17.23 . Pofeviy= | 21662
o [p] o [p -p +%_ Shift‘t]:| Ve v from settings = ’W
. ' P) s eXp ; | 1= ferr| —JE o Mom_distribution = [11D.J.M.
« Corrected the convolution model behavior for low iy e o[ & mewe
. . o = (g 5y } 2 AP k F I:Tm oF | 2799 MeVie(?)
separation energy Using DJM model ;-
. . . . . . instead at S=0 PR
o Fixes truncation / shape issues in the tail region T~ o Eneray e e wn S ogy wm i
of the excitation-energy distribution at low S - e e e
() 0. Energy from Qg 0 915 || 3344 ||0.1581 || 280 0 21872 | 0999 | 0999
() 1. Excitation from dSurface ]T_ 915 || 3 ||o14s7 || 2225 [ 408 21882 | 1 | 1
. i ‘@) 2 Excitation from | 279 [[ w0 | 1 4 || 2884 | 251 [21881 0999 | 1
» Fixed the energy-dependent function for
Convolution Method #2 at high projectile energies J—— ] P
. N se a Gaussian model (DJM) if E_separation in the Convolution model <=0
o Removed a bug that produced incorrect widths i

at high E ﬂ Plot 1D ‘ ﬁ Convolution Analysis Make default v OK X Cancel ? Help

o The oy(E) dependence is now smooth across
the full energy range Momentum distributions T T T —

"#0 (800 MeV/u) + Be, Settings on '*0 80 (800 MeV/u) + Be, Settings on >0
Velocity: Convolution #2 — u/us(mean)=0.993 and Calculation(DJM) — u/up=0.999 Velocity: Convolution #2 — u/ug(mean)=1.000 and Calculation(DJM) — u/ug=0.999
Momentum width: "Convolution” & "[1] D.J.M."; 04w=87 0; Correction: Coulomb energy=No; Projectile mass=No Momentum width: "Convolution” & "[1] D.J.M."; 6,=87.0; Correction: Coulomb energy=No; Projectile mass=No

—— Convolution #0 - SO(FWHM)=108, S0(right side)=62 —— Convolution #0 : SO(FWHM)=172, SO(right side)=167
le+2 L ——~ Convolution #1 - SO(FWHM)=137, SO(right side)=131 ——— Convolution #1 : SO(FWHM)=137, SO{right side)=131
el S Convolution #2 - SO(FWHM)=74, S0(right side}=44 le#2¢ Convolution #2 : SO(FWHM)=159, S0(right side)=155
—-— Gaussian SO(FWHM)=172, S0(right side)=176 _ —-—- Gaussian : SO(FWHM)=172, SO(right side)=176
Ter1y ; Te+1 |
v.17.16.2 v.17.17.23
1e+0 ¢ 1e+0
= —
2 ted) correctedi.|
P P g
k] y —— »
°© le-2¢ A o 1e-2 ¢
> e >
e3¢ 1e3 7
."’ /' /
1e-4 ¢ le-4 ¢ / //
/ YA,
4 s
1e-5¢ "." 1e-5 1 / //
Based on DJM feedback for extreme cases )
19500 20000 20500 21000 21500 22000 22500 23000 20500 21000 21500 22000 22500

P [MeVic] P [MeVic] 3
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AA-minimization: cycling local line to overcome local minima (1)
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Relevant versions: 17.17.21,17.17.24,17.17.25,17.17.26, 17.17.27,17.17.28, 17.17.29

AA-minimization: cycling local line to overcome local minima

In AA-minimization the target function combines four contributions:
. X forallisotopes (global X°)

. log,,—difference “LoD” for all isotopes (global LoD)

« X’ forthe localline only (local %)

. LoD for the local line only (local LoD)

The user chooses the local line (for example Z =24, or N = 36) and
the four weights.

Because the local line can have large weight, the minimizer may
“lock” into a local minimum that describes only this line very well
while the surrounding Z or N region remains poor.

To help escape such local minima, version 17.17.21-25 adds an
option to cycle the local line during a single minimization run.

= User Cross-Section analysis using the Abrasion-Ablation model : MINIMIZATION ==> 64Zn_C_userCS_E3.mfit

Te UNIVYERSITY

AA minimization ExE <T=, model #4 Common 5 Break-up channel
Settings Exponent AA X-sections— dR comection— Odd-Even—— | | Limiting
K ka2 Knz Amplitude "manual” delta Tim @ im @ Tim @
(base) (BAR (AN - A7) factor EfCB Evapin A=050 A=15D A=250
Variable 14.93928 03244 0.17567 0.7889 6.0094 7811 8.3351 6 48369
' v v
Use in Fitting process
Use Bounds constraints v v v v v v v v
7 -2 -2 2 6 3 2
Lower bound
Lzl 30 2 2 65 15
f Local line to analyze: Fitting O Cascade Info & Dialog operations
T This utility can be used if
@ Change Z=16 N iterations = 50 ty P s
— Make items 1-3 e
Local line scan range ‘ 2 - | ST " b i the number of sbraded nucieons
3 ) &5 Fit options inga
Evaluations per line cycle 50 conditions 1_"Projectile Fragmentation” reaction mode is sslected eEs
2. Abrasion-Ablation is the selected GS method modl User's ME file [nfb22] + LDM#3
Restore previous Generate 3. "File" cross section option is sét fo "on”
values chi?-table 4. There are more than 2 user G5 in memory
Calculate down fo 2 = 16
v Plot Product values from the chi2-table decay Np=64: Modes=1010 1000 010; 2t
Universal analysis value £? Load Settings B3 save Settings channels odd-even delta-s 7.8, 14.0
Weights v Use Diagonal Scaling (levmar::dscl)
. ¢ Evaporation Settings
Analysis X2 LoD
value Target value = =
& Prefragment excitation energy E* model 4 - Exponential distribution
Local 3 2
Global 05 1 Mumber of user CSs = - BT
Show Log-File after analysis is complete
| Use experimental CS errors in analysis NS S AT
ow intermediate resul B
| Use Reduced chi-square (divide by "n-p" & Browse L) & CearAA| | fu CSplot W Save Ipp-file
if exp.emor is absent, then FIT 64Zn_C_userCS_E3
emor=coef*CS, where coef is 1 # | v OK K Cancel 7 Help
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Concept Scan pattern
Instead of keeping one fixed local line, LISE** can periodically move it Let Z, be the initial local line chosen by the user.
to neighboring lines and then return to the original one. The For a given scan range A the internal helper function

parameters are always updated continuously; only the definition of int TDataFitMinimizationDlg::currentLine(int Z_init, int eval_index)

the “local” subset is changed.

returns the Z (or N) value that is treated as “local” at a specific

Two new options are introduced: .
P evaluation number.

1. Localline scan range (dN_cycle) For example, with A = 2 the pattern in one full cycle is:

o Integer A=0...5selected by combo box . stepgroupd=0:2Z,

o A=0->no cycling, behavioridentical to old versions d=1:7-1>7.57 +1
¢ - I-%0 0 0

o A=1>scantheinitial line and its immediate neighbors . d=2:7.-257 5742
(Zy=1, Zo, Zo+1) 0 (Ng=1, No, Ng+1) ° °

So the scan orderis:
o A=2->alsoinclude Z,=2 (or Ny*2), etc.

Zy,Zy-1,2y,2y+1,2,-2,2Z,, Zy+2
2. Evaluations per line cycle (Eval_cycle)
Each “slot” in this sequence is held for Eval_cycle evaluations; then the

local line is advanced to the next value. When the sequence is finished
it wraps around and starts again from Z,,.

o Number of objective-function evaluations performed
before the local line is moved to the next value in the scan

sequence

- If a shifted line goes outside the allowed range (for example below the
o Onlyvisible and used when 4#0 minimum Z with data), it is skipped.
Together, these options define a scan patternin Zor N during the

The same logic is used whether the user selected a Z-line or an N-line;
Levenberg—Marquardt (LM) iterations.

internally only the index of the line changes.
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Interaction with LM and parameters

« The fit parameters themselves are never reset when the
local line changes.
LM continues from the current best parameter vector p.

. Every time dlevmar_bc_dif_function_CSmin() is called,
LISE**:

1. Determines the current evaluation index
2. Computes the active local line with currentLine()

3. Rebuilds the local contributions X°_local and LoD_local
for that line

4. Formsthe total target value using the user weights

« This way one continuous LM run “feels” several slightly
different landscapes, which helps the algorithm climb out of
shallow or narrow minima centered on a single Z or N.

The cycling is purely internal:

o  Output.mfit file still reports one final “Local line Z=...;
Last Z =...” header using the originally selected line.

. Log messages such as Zcurrent changed! (used for
debugging) can be disabled in production builds.

Practical use
1. Simple fits

o Leave A =0 (no cycling).

o This reproduces the behavior of previous LISE** versions.
2. Difficult cases (strong local minima)

o Choose A=1or2toinclude immediate neighbor lines.

o Set Evaluations per line cycle to a small number (for
example 10-30) so that LM samples several lines during
the run.

3. Largescanranges

o A=3-5are possible but may slow down each iteration
because the “local” partis recomputed more often.

o Useonly when the minimum clearly jumps between more
distant Z or N values.

Cycling the local line does not guarantee finding the global
minimum, but in practice it:

« Smoothsthe target landscape seen by LM

. Reduces the chance that the fit is fully optimized for one Z (or N)
row while neighboring rows remain poorly described
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Diagonal scaling (DSCL) in Levenberg—Marquardt minimization (1)
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{introduced in v17.17.28)

Why D5SCL was added

In A& minimization the fitted parameters live on very different numerical scales:

» Hole energy E,... tens of Mey

*  Toesn and limiting temperatures: about 1-20 MeV
«  AA cross-section factor (G_aA factor): around 1
» Odd-even A and dR: roughly 0.1-10

If you feed these directly into Levenberg-Marguardt (LM), you can get:

= Bad conditioning of the normal matrix I
» ‘ery small steps for “large” parameters and too aggressive steps for "small” ones

» Stalls in shallow valleys or “singular matrix™ wamings

To reduce these effects LISE++ now supports a diagonal scaling (DSCL) option that uses LM's dscl array to

normalize parameters internally.

When DSCL is enabled, every active fit parameter is scaled according to its allowed range before LM sees it

This improves conditioning and makes step sizes more comparable.

Basic idea

The LM library accepts an optional diagonal scaling vector dscl{m]:
For every parameter p; LM works with scaled variables
O = di- [

where di = dscl[i].

-Ablation model : MINIMIZATION =

AA minimization ExE <T=, model #4 ‘Common 5 Break-up channel
Settings: Exponent: AA X-sections dR correction— Qdd-Even— Limiting
ki k2 Knz Amplitude "manual" delta Tim @ Tiim @ Tim @
(base) (DAY (AN - AZ) factor EfiCB. Evapin A=050 A=150 A=250
Variable 1447727 027622 0.00321 0.6665 6.859 6.522 13562 6.0791 47053
v v v
Use in Fitting process
Use Bounds consiraints v v v v V| v v v v
7 2 2 0.5 2 6 3 2
Lower bound
Upper bound 30 2 2 5 6.5 15 5
Local line o analyze Fitting: ] ‘Cascade Info & Dialog operations
y This utility can be used if-
i@ Change Z=16 N iterations = 100 ity Prass Excape’to she. =
Make items 1-3 T
Local line scan range 0 - i Y abe" & the number of abraded nudleans
S ow initial
Fit options e
Evaluations per line cycle 50 & P conditions P o
. "Projectie Fragmentation’ reaction mode is salected e
2. Abrasion-Ablation is the selected GS method model Users ME file [nfb22] + LDM#3
Restore previous Generate 3."File" cross sechion option is set to "on”
values chiz-able 4. There are more than 2 user CS in memory
Calculate downto Z = 16
v Plot Product values from the chi2-table - - decay Np=64; Modes=1010 1000 010; 2t
Universal analysis value £® Load Setiings F3, Save Settings channels odd-even delfa-s: 6.5, 14.0
Weights l v/ Use Diagonal Scaling (levmar::dscl)
[ . LoD & Evaporation Seftings
value * Target value = ‘ 7.566-01
@& Prefragment excitation energy E* model 4 - Exponential distribution
Local 3 2
Global 05 1 Number of user CSs = 14(58) Analysis Log-file
Show Log-File after analysis is complete
V| Use expenimental CS errors in analysis U — Make default
0w intermediate resul B
V| Use Reduced chi-square (divide by "n-p") & Browse LINES & ClearAA | Jo CSplot |kl Savelppfie
if exp_ermor is absent, then FIT 48Ca_C_userCS_E3
error=coef*CS, where coef is g | v 0K ¥ Cancel ? Help

I LISE++:

« Foreach parameter with active bounds [pi_min, pi_max] we compute the span

Api = [pi_max — pi_min|

s Then we set
di= 1/ Ap;

« |f the span is zero or invalid, we fall back to

di=1

S0 in LM's internal space all bounded parameters have a typical scale of order 1, no matter what their

physical units are.

This:

* Reduces anisotropy in parameter space
« Makes J7J less likely to be close to singular

s Allows LM to choose more reasonable global step sizes and often converge faster
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How it is implemented 2. Passing DSCL into LM
The main LM call in cmrit(} now looks like:
1. DSCL storage and setup

In createarrays() anew array is allocated: S
» Im_dscl = new double[m]; forall m fit parameters FitResult = dlevmar bc_dif(
» [t is initially filled with ones: dlevmar_bc_dif_function_csmin,
1m dscl[k] = 1.e forallk Im_p, 1m_x, m, n,

Im_1b, 1m_ub,

For each parameter where bounds are active, LISE++ calls a helper like Levmar fit_options.UseDSCL ? Im_dscl : nullptr,

Levmar_fit_options.N,

cpp
Levmar_fit_options.opt,

void TpataFitMinimizationDlg::setDsCL{int m) infao,
i 1m_work, 1m_covar,

double span = gFabs(lm_lb[n] - lm_ub[n]}; nullptr};

if (span <= 8.8) span = 1.8; A7 safety )

Im_dscln] = 1.8 / spam; s |f Levmar_fit_options.usepscL is false:

— - - ¥
} dscl = nullptr and LM behaves exactly like older LISE++ versions
» If usepscL is true
This is used for (when bounds are enabled): dscl = 1m_dscl and LM applies the diagonal scaling internally

* E-coefficients and o-coefficients The log header prints whether DSCL was used, for traceability, for example:

& Toen parameters

i . dscl=
* Log-normal median and variance parameters PEEYes
= Hole energy or
« AA factor, thermalization coefficient, odd—even &, dR
dscl=no

s Tim pGIITE

* dR_auto coefficients on the first line of the .mfit file.

Parameters without meaningful bounds simply keep dscl = 1.
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User control and recommended usage

s GUI has a checkbox/option: Use DSCL (exact label as you implement if)
* When enabled: all bounded parameters are scaled using their current limits
» When disabled: behavior is identical to historical LISE++ fits

Recommendations:

s Keep DSCL on when
s The parameter set mixes energies, factors, and small corrections
+ You see “Singular matrix A..." messages during fits
s The target value decreases very slowly or behaves irregularly
= Turn DSCL off only if
+ You need to reproduce an old result bit-for-bit
+ You are debugging LM internals

Practical impact

From first tests in A& minimization:
= “Singular matrix A in dAx_eq b_LU_nolapack()” appears less often
= Fits remain more stable while you cycle the local line (Z scan)

» Target value tends to decrease more smoothly in difficult fits

DSCL is not magic: it cannot fix a completely under-constrained problem or perfectly correlate parameters.
But it gives the LM engine a numerically healthier problem and noticeably improves robustness of AA

rinimization in realistic LISE+4+ use cases,
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Abrasion recommended-values plotting Bre/UnvERs Ty

Relevant versions: 17.17.18

*Fixed tiny issues in plotting the Recommended abrasion-reaction
settings values

*Ensures that the curves and markers for the recommended
settings are consistent with the underlying numerical values used
in calculations

10



	Slide 1: subscript base , LISE , sub open paren , bold italic c bold italic u bold italic t bold italic e close paren to the open paren , plus plus close paren  :  v.17.17.29
	Slide 2: USER cross-section files from current model
	Slide 3: Convolution model corrections (high energy)
	Slide 4: AA-minimization: cycling local line to overcome local minima (1)
	Slide 5: AA-minimization: cycling local line to overcome local minima (2)
	Slide 6: AA-minimization: cycling local line to overcome local minima (3)
	Slide 7: Diagonal scaling (DSCL) in Levenberg–Marquardt minimization (1)
	Slide 8: Diagonal scaling (DSCL) in Levenberg–Marquardt minimization (2)
	Slide 9: Diagonal scaling (DSCL) in Levenberg–Marquardt minimization (3)
	Slide 10: Abrasion recommended‐values plotting

