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1. PID introduction
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Rare Isotope Beam Particle IDentification

http://lise.nscl.msu.edu/paper/Euroschool2013/4_Identification.pdf
Lectures at the Euroschool on Exotic Beams 2013

August 26-31, 2013, Dubna, Russia

What  do we want to know?

1. A

2. Z

3. q

4. Energy (property of incoming ion in detectors)

What do we measure?

1. B: Magnetic (electric) rigidity 

2. dE: Energy loss in detector (material)

3. ToF: Velocity (time of flight)

4. TKE: Total kinetic energy

RIB case
“C

la
s
s
ic

a
l”

“fast”
“stopped”

http://lise.nscl.msu.edu/paper/Euroschool2013/4_Identification.pdf


stopped beams fast beams

The atomic number is determined from the combination 

of energy loss (Е) and time of flights (ToF) values 

according to the Bethe formula:
dE, ToF

The fragment mass can be extracted in atomic units from 

the relativistic formula:
TKE, ToF

ToF, B

Where TKE is calculated as a sum of the energy loss 

values in each of the detectors  in a multilayer telescope 

stopping the products. The charge state (q) of the ion 

evaluated from a relation based on the TKE, velocity and 

magnetic rigidity values:

TKE, B
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Obtaining A, Z, q

q = 3.33 × 10−3
𝑇𝐾𝐸×βγ

𝐵𝜌 𝛾−1

𝑍 ≈ ൗΔ𝐸
1

𝛽2
ln

5930

1/𝛽2 − 1
− 1

𝐴 =
𝑇𝐾𝐸

𝑚𝑢𝑐
2 𝛾 − 1

A/q=
𝐵𝜌

βγ

𝑐

𝑚𝑢
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PID assignment
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Particle identification assignments

7

• Calibration with the primary beam (or other reference line as sources)

• Unbound nuclei in the table of nuclides

• In-flight  fragment  tagging with prompt gamma

• Stopped  fragment  tagging with isomeric gamma-rays (more common)

• A,Z -identification based on known A/q-lines (new)

• X-ray from ions passing material

• Laser induced fluorescence

• Precise isobar selection with known masses

See for details http://lise.nscl.msu.edu/paper/Euroschool2013/4_Identification.pdf

http://lise.nscl.msu.edu/paper/Euroschool2013/4_Identification.pdf
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Identification with 

ms-isomers
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Stopped  fragment  tagging with isomeric gamma-rays

9
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Example of Stopped  fragment  tagging with isomeric gamma-rays  

10

Be 9 mg/cm2

No wedge

Brho=3.1Tm

NSCL #05120
208Pb (86 MeV/u) + Be
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Stopped  fragment  tagging with isomeric gamma-rays :  LISE++

11

LISE++ identification plot of all nuclei produced in the reaction 124Xe + Be (left panel) and 

those in coincidence with gamma-radiation (right panel)

Nuclear Instruments and Methods in 

Physics Research B 266 (2008) 4657–4664

http://lise.nscl.msu.edu/paper/isomers.pdf

http://lise.nscl.msu.edu/paper/isomers.pdf
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A,Z -identification based 

on A/q-lines
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A,Z -identification based on A/q-lines (Elaine’s formula)

𝑍 =
∆𝐴

( ൗ𝐴 𝑞)1−( ൗ𝐴 𝑞)2

(A/q)1 isotope – should be belong to  A/q line  as 2, 2.5 or 3

(A/q)2 isotope – should be the element as the first isotope

A – isotope mass difference 

• For Light Z

• Non-wedge settings

• ToF-calibration should be 

done to have A/q

(A/q)1 (A/q)2
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New PID capabilities and features : timing resolution

All calculations were done for 

• A1900 separator

• No wedge

• E(1st fragment)=120 MeV/u

• I1_slits =  1mm 

Under current conditions,

the identification above 

Calcium is possible
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New PID capabilities and features : extracted Z-value

All calculations were done for 

• A1900 separator

• No wedge

• E(1st fragment)=120 MeV/u

• I1_slits =  1mm 

Pay attention: 

An extracted Z value won’t be 

integer cause we are using in 

calculation an integer shift 

between the isotopes, but the 

second experimental  “A/q” 

value  is in reality equal to 

“Mion/q” , where Mion is not 

integer value
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PID 

resolution 

calculator
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PID resolution calculator

F11

The new sheet "PID resolution calculator"

allows to estimate resolution of ion

identification values as Z,q,A,A/q and

others in the case of regular in-flight

separation technique with magnetic rigidity

measurement. The user should provide

resolutions of timing, position, energy

detectors, input ion properties (Z,q,A,E),

length of flight, and optical properties of

dispersive plane where Brho-

measurements take place. The PID

resolution utility calculates final ID values

and their errors, and provide information

for partial contributions of measured

components (time, energy loss, total

kinetic energy, magnetic rigidity).

http://lise.nscl.msu.edu/excel.html

Only 32-bits MS Office

Based on analysis 

of derivatives

http://lise.nscl.msu.edu/excel.html
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Resolution criteria for “integer” distributions

Let’s assume

 = 0.35
for integer values A,Z,q

Two neighbor peaks with the same Amplitude (=1) and Sigma (=0.35)

Log Lin
0.86 of (<x>=0)  peak with sigma = 0.35

goes to gate [-0.5, +0.5].

0.14 are coming from neighbors

0.76 of (<x>=0)  peak with sigma = 0.35

goes to gate [-0.4, +0.4].

0.08 are coming from neighbors

If original peak area is equal to 1, then
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Systematics

A – n  q 

Z – q 



Systematics “A – n  q”   &   “Z – q”
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Z

Z - q

Z vs. Z-q plot allows to 

select a charge state

Z vs. A-nq plots represent deduced mass values, 

and allow to improve mass resolution for isotopes close to corresponding isospin 

lines



A – n  q :   mass resolution
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• LISE PID resolution calculator 

• 208Pb experiment preparation analysis (discussed here later)

• A-nq analysis in work of H.Suzuki et al., PRC96, 034604 (2017)



A – 2.5 q : “improving “Z-separation”
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The best representation for Z-separation, 

and the best mass resolution for ions around A/q=2.5

A-2q

Z

A-2.5q

Z

OT private communications from Eur. Phys. J. A (2018) 54: 66
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2. “Stopped” beam 

experiments
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Nineties  @ GANIL

Identification plots of fully 

stripped fragments in the 

reaction 
112Sn(63MeV/u)+Ni. 

OT: Private communication

Alpha + LISE3

100Sn experiment

• Length 118 m

• Timing : Si - RF

• Si-telescope (4 detectors)

• No wedge

• Ni-target 

• Stripping foil against light-Z background

• Small momentum acceptance (0.29%)

• Large angular acceptance

“Isomers” experiment

• Momentum acceptance (1%)

• MCP at Disperse FP for T and B
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238U experiments #5048 (A1900) &  #9063   (S2-vault)

Good Z, short length of flight (moderate A) 

Courtesy by J.Pereira
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Experiment #5120 : 208Pb @ A1900
NSCL research discussion 

http://lise.nscl.msu.edu/paper/208pb/2009_208Pb_RD.pdf

Good TKE

No wedge, small dp/p, RFstop With I2-Sci as wedge, short length

AIP Conference Proceedings Volume 1224, ISBN: 978-0-7354-0768-8 

Preprint MSUCL1409, NSCL/MSU 2009; http://groups.nscl.msu.edu/nscl_library/nscl_preprint/MSUCL1409.pdf

http://lise.nscl.msu.edu/paper/208pb/2009_208Pb_RD.pdf
http://groups.nscl.msu.edu/nscl_library/nscl_preprint/MSUCL1409.pdf


e09063 : Projectile fragmentation of  238U

2016:  E.Kwan – spokesperson

• Small Momentum acceptance 

• Non-cooled PIN-diodes (50x50 mm2 0.5mm)

B measurement is still a huge issue: 

Location, detectors, charge states

Preliminary.

Courtesy by E.Kwan

2 & 3 detectors

3 & 4 detectors

OlegTarasov@MSU  12/16/2020 27



e09063 : Projectile fragmentation of  238U

Preliminary.

Courtesy by E.Kwan
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Z Z q
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Experiment #12006 :  238U @ S800

No TKE for fission fragments, 

Short length

dE with IC, moderate

M.Bowry, J.Berryman, A.Gade et al.

Diamond target – T signal

To reproduce results I used  sig(ToF) = 175 ps, that according to A.S. 

is reasonable in the case of ToF configuration of e12006 experiment 

due to mostly Sci-scintillator resolution. No q, poor A/q
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E12006 :   Cross section and charge state distributions

F11

We know 

• A/q locations

• Peak width is unique for all peaks

A/q sigma ~ 0.005

We were being able to deduce cross sections

and charge state distributions

Will be finally published in 2021? ☺



Fusion-Fission in inverse kinematics @ LISE3,  GANIL
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Eur. Phys. J. A (2018) 54: 66

• Beam was inclined 3 deg. on target 

• ToF: Good

• TKE: Good

• B: moderate [dispersion 19 mm/%, FP-X corrections]

• dE : moderate [thin dE detectors, middle Z]

96Zr



198Pt experiment :  

fragment-separator  &  spectrometer
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Working in High-Z region at intermediate energies
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NSCL E15130

“Search for isotopes and isomers in the Hf region”

PIs:

• Partha Chowdhury (UML)

• Oleg Tarasov (MSU)

• Andrew Rogers (UML)

Working region 

dP/P ~ 0.8-1.0% 

• Working between primary beam charge states

• Try to avoid in-flight detectors (charge state production)

• No in-flight detectors in Dispersive plane (“wedge” property)

• “Separator + Long Spectrometer” method

07 / 2019



Layout of  the e15130  experiment at NSCL / MSU  (07/2019):

“Search for isotopes and isomers in the Hf region”
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e15130 experiment : from dE, ToF, TKE, B to A, Z, q

OlegTarasov@MSU  12/16/2020 35It is possible to suggest about ten isotopes from dE-ToF-TKE plots. No.. More than hundred (5*6*4)! 



e15130  experiment : PID
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• ToF: Excellent

• TKE: Good

• B: moderate [strip detector (3 mm), dispersion 50 mm/%]

• dE : moderate [thin dE detectors, high Z]

• q: good

• A: good

• Z: moderate - poor
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RIKEN



RIKEN 2007
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1. We brought the PID subroutines to implement into BigRIPS acquisition software

2. Si-detectors for dE and NaI for TKE

3. Good PID at first, then NaI detector 

has been destroyed (not due to high rate)

A/q

Z - q

A - 3Z

Z - q

X
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RIKEN 2017

1. Mostly performing PID with Z vs. A/q plots 

without TKE measurements

2. Attempts with TKE-PID in 2010-2011 failed 

3. 2017 : using TKE for PID

B: outstanding 

b: excellent

• Advanced detector development

• Optics & detectors :

o B & trajectory reconstruction 

• A/q-value : separator record

• New PID techniques:

o Identification Z based on E-loss in wedge

o Using “range” technique for PID 

Thursday 17 December 2020

6.00 am – 6.45 am: Fukuda Naoki

Particle identification at BigRIPS Separator

TKE: good

dE: moderate
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ARIS @ FRIB 

Wednesday 16 December 2020 

10:10 am –10:55 am: Marc Hausmann 

FRIB Fragment Separator Overview and 

Opportunities for Advanced Detector Systems
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“Stopped” beam experiments:

filtering with TKE
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76Ge(130MeV/u) + W,Be :  PID, resolution

For all particles stopped in the Si-telescope in the production runs

OT et al. Phys.Rev.Lett. 102, 142501 (2009)

OT et al. Phys.Rev.C.      80,  034609 (2009)

q-resolution is used to be 

always better than Z-

resolution

Good filter for new 

isotopes search, 

because in this region at 

these energies Z=q
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60Ca: Experimental setup and particle identification at BigRIPS

TOF(b) : 
Plastic, PPAC

B : Plastic, PPACs

(position measurement)

F0 F5

Wedge 2

Thick Fe 

collimator

Target:

Be, W

Slit

E : 6 x Si (1 mm)

TKE : CsI

Veto: plastic

F3

F2
F1

F7Wedge 1

Slit
Slit

1st

stage

2nd stage

PPAC x2

Plastic

PPAC x2

Plastic

PPAC x2

Plastic

BigRIPS

Discovery of 60Ca and Implications 

For the Stability of 70Ca

OBT et al., PRL 121, 022501 (2018)

• Double position (Sci, PPAC) @ F3, F5, F7

• Double timing signals (Sci, PPAC) @ F3, F5, F7,

• Advanced techniques against pile-ups at PPACs & Sci,

• Six PIN diodes (6 cross checking Z-identification), 

• TKE measurement (CsI)

• Additional veto detector after CsI

Filtering
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Spectrometers
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Spectrometers

VAMOS, SAMURAI, PRISM, 
MAGNEX, S800,  HRS, MSP144, …

Wednesday 16 December 2020

238U @ S800 experiment example was shown

6.55 am –7.40am: Masaki Sasano

“Particle identification of RI beam in Sn region with 

the SAMURAI spectrometer

7.40 –7.55 am: Salvatore Calabrese

The MAGNEX spectrometer at INFN/LNS and its 

challenges within the NUMEN project

9.25 am –10.10 am: Jorge Pereira

Particle identification with the S800 Spectrograph –

Current status and future plans

F.Farget et. al,Eur. Phys. J. A (2015) 51: 175

238U (6.1MeV/u) + C @ VAMOS

A,q – good

Z - moderate
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3. “Fast” beams

experiments



OlegTarasov@MSU  12/16/2020 47

When and where we can separate charge states?

F11

A/q rms=0.005
238U @ S800

No separation
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A/q resolution 0.00314 : Hg (Z=80) isotopes



OlegTarasov@MSU  12/16/2020 49

A/q resolution 0.0024 : Hg (Z=80) isotopes
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A/q resolution 0.0014 : Hg (Z=80) isotopes
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A/q resolution 0.0074 : Hg (Z=80) isotopes
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RIKEN

A/q resolution ~0.001

Thursday 17 December 2020

6.00 am – 6.45 am: Fukuda Naoki

Particle identification at BigRIPS Separator

reconstruction

F3-F7

Probably, it’s not enough.

On the limit.

Increase flight length,

Decrease energy

Good!

On the limit
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4. PID features

Charge states 

“cleaning”
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E12022 :  PID

PI: M.Famiano

• Mass measurement

• Disperse mode 

• PIN-telescope at the 

S800 FP

• B measurement at the 

S800 TP by MCP

• Intermediate  energy,

Long flight length, 

very high dispersion 

F11

Excellent

F11

(A/q) = 0.00064

It’s almost one order better 

than in e12006 (only S800)
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Resolution : Z 

F11

Average of |Zcalc - Zpeak| = 0.057  in Z=32-50 region

(Z) = 0.157 for all Z=42 isotopes, (Z) = 0.153 for 108Mo

Good!

All “bananas”
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Resolution : TKE & q

F11

BAD !3rd and  4th PIN-diodes not well depleted

Average of |qcalc - qpeak| = 0.29 (!) in Z=32-50 region

qmeasured = 42.24 with (q) = 0.27 for 108Mo42+, for all Z=42 full-stripped isotopes (q) = 0.274*

Actually (q) is not so bad, but 

charge state overlapping was 

observed in the Z-q plot. 

So, the “banana” selection 

method can help.

See next slides
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PID plot without filtering  

A/q

Z
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Charge state separation with “A-3Z” integer values

This method can be used only in the case of  

• perfect Z and  A/q resolution 

• far from integer values of A/Z (2,3) 

• Only to separate  Z-q =0  and Z-q=1.

So, in our case we are working  around 2.5, and no helium-like products

Zi = int(Z+0.5)

Am3Z = (A/q – 3) * Zi

Am3Zi = int(Am3Z + 1.5) 

dA3mZ = Am3Z - Am3Zi

(A/q-3)Z A-3Zd(A-3Z)

d
(A

-3
Z

)

ZSelect “full-stripped” 

peak
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Final PID plot of full-stripped ions passed to the 4th detector

A/q

Z

A/q

Z

Initial plot without filtering Final plot
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Region to cut charge states using the “integer” method

The red color shows  

that charge states will 

be cut for specific 

isotope of Z=42

For “fast” beams 

In RIKEN and MSU

to get clean A-xn plots,

which are more convenient to

use for counting and gating
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32S (14.5MeV/u) @  MSP144 : “tricks” with charge states

MSP-144 magnetic spectrometer with

dE-E ionization chamber

@ FLNR (Dubna)

Assuming q=Z

for the identification matrix
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Inverse technique. Reconstruction (e12006)

http://lise.nscl.msu.edu/paper/2016/Reconstruction_with_LISE.pdf

238U @ S800 experiment 

M.Bowry, private communication

LISE++ MC

Fission 

ellipsoid

Will be finally published in 2021? ☺

http://lise.nscl.msu.edu/paper/2016/Reconstruction_with_LISE.pdf
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“Global” (net)

calibration
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“Global” (net) calibration

Finally, it has to be published….  

Or at least documented

1. For all energies

2. For all particles

3. No energy loss models

4. Dead layers are taken into account

5. Help to find discrepancies in data, calibration

DATA

Calc based on PID and Brho

T
o

F
s

d
E

&
 T

K
E

Z

Why global?

It is necessary to use

LISE for Excel
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5. Detector system 

requirements
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Detector systems for incoming experiments (#5048 & #5120)

F11

http://lise.nscl.msu.edu/paper/2006_february_detectors.pdf

http://lise.nscl.msu.edu/paper/2006_february_detectors.pdf
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Detector systems for incoming experiments (#5048 & #5120)

F11

http://lise.nscl.msu.edu/paper/2006_february_detectors.pdf

http://lise.nscl.msu.edu/paper/2006_february_detectors.pdf
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Universal dE-TKE system for HI beams  

1. PIN-diode telescope : good resolution, but large numbers for high energy,  

radiation durability,  dead (non-depletion, windows) layers

2. Scintillators : moderate E-resolution, but thick

3. IC : relatively thin, E-resolution?

Assume the 238U beam → fission (Z=25-75) and fragmentation (Z=75-92) 

2-4 PIN diodes
It’s good for a fragment-separator, but for 

HRS we need detectors with larger area

IC

Sci

Sci (Veto) : 

Multifragmentation,

reactions in detectors

TKEdE

Liquid Xe

different ranges: where and how to get qualitative dE &

TKE measurement for both reaction  product types?
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Pay attention for

Spectrometers

1. ToF detectors (spectrometer case) : start(where?) & stop 

2. X, X’,Y, Y’ detectors in the Dispersive focal plane 

(B-resolution, inverse reconstruction)

3. dE, ToF, TKE for full identification (A,Z,q,E)

4. Wide Z-range of products

5. Radiation resistance

6. PID confirmation (isomers) – Gamma detectors vs. Large size PID detectors

7. Multi-particles registration

Separators

1. Signals Doubling  (filtering)

2. Si-detectors: Depletion issue 

3. Optical trajectory reconstruction (Isochronous term (L/)
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6. Irreplaceable helper for PID

LISE++

LISE𝒄𝒖𝒕𝒆
++



LISE++ : Irreplaceable helper for PID
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Thank  you  for  

choosing  our  

company!

We appreciate  your  

business

Comfort

Speed

Quality

Large Variety  of destinations

Would like to thank  

colleagues

for Inspiring, discussions,  

feedbacks,  requests,  advices,  

collaborations 
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LISE 𝒄𝒖𝒕𝒆
++ : DONE!

72



LISE𝒄𝒖𝒕𝒆
++
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1. Next week : announce to experts about the new version to 

benchmark and update their configurations

2. LISE𝒄𝒖𝒕𝒆
++ version can be downloaded free from the LISE site 

next week

3. The official version will be released at the end of January

4. A lot of new features. Some old bugs were solved.

Hope, that new bugs number is small ☺

and they will be fixed during the next month with your help.
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Thank you 

for your attention!

Be healthy!

Do not forget to download  LISE𝒄𝒖𝒕𝒆
++


