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History for G4LifeTime

Starting point:
original Code from P. Adrich et al. (NIM A) (2009) e Sk ~ MysicsResearch A
Geant4 /C++ -

Si n ce 20 10 - U pg ra de of th e Cod e : A simulation tool for Recoil Distance Method lifetime measurements at NSCL
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— Cleaning up, removal of GUIROOT dependencies o s im s e s s s oo
— Rewriting of the output/storage and analysis
— More realistic Geometry :

(Improvement on Caps, Dead layers, ...)
— Additional feature (Cascade decays, ...)
— Long term maintenance :

Compatibility with upgraded version of G4 (4.9.4p04, ),
Git Version control

— Documentation
Wiki + Doxygen / Simulation Database
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Lifetime measurement oriented
(RDDS, Line-Shape, DSAM)

S800 + SeGA (Plunger / Barrel )
experiments at NSCL
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To date : Version 0.4-RC3 (Sept. 2012) .



Main Features

Incoming Beam / Outgoing Beam properties

Basic reaction mechanisms modeling

of Knock Out and fragmentation
to reproduce S800 measured
outgoing momentum (phenomelogical)

Basic S800 Acceptance cuts on :
Momentum (dta) and scattering angle (ata, bta)

Single target or Plunger (Energy loss)
y-ray decay in flight (also cascade decays)

&

A brief do:umentation
of GalifeTimeG v0.4
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G4Lifetime event timeline

— Shoot Beam

— Track Beam (Energy Loss)

— Reaction

— Track Outgoing reaction product (Energy Loss)
— Decay In flight (Optional)

— Track Gamma rays

— Track Outgoing reaction product (Energy Loss)
— End of Event :

* Analysis : Sorting events from Hits Collections
— observables for outgoing ions to S800,

— Gamma Rays : Ey, interaction points,
Segment energies (SEGA), Doppler Correction

* ROOTRecorder to store in Tree/Histograms

Primary
Generator

Energy Loss

Reaction

Decay

Hits Tracking

Analysis

Root Recorder




Root Output

G4 Data Tree (List Mode)

— Positions (reaction, decay,
y-ray interaction points, ...)

— lon Energy (Gun, E Loss in
target and degraders)

Eile  Wiew Options

Help

[3 G4_Datart = N = <l |el v Option [ -
All Folders | Contents of "/ROOT FilesA7C_0.4_5eGA.root'G4_Data;1"

(root % CosThetaC §% Phi Alaun

[CIPROOF Sessions 3§ Decay KE R Hlreaction

[ sprojectsifetimedemassonigdu
[ ROOT Files

242317604 _SeGarot
R G+ Dato |

D Histos

-I:I.l'prowects.ﬂifet\mefLema,sson.

[N I o

% Decay.LevelE & Fiirg Mr
% Decay. LevelID & SegDetPir
& Decay beta & Seqh
& Decay . globaltime & Seqhr
3 Decay labtime g% SeyPhi
% Decay . phi & SegQ
& Decay.theta & SeqyS

& Decay time & SeqgTheta
% Decay x & Theta

% Decay.y &dPh\

& Decay.z & dR

& Decay & dTheta

3 DetE Bhon

& DetEDC Bov

5 Dethn oz

& DetMr .ﬂdegraﬂer_back
% Max Seghr ﬂdegrader_fa}:e

,ﬁstopper_baﬁ:k
ﬂstopperjace
ﬁta.rget_back

ﬂtarget_face

track_D

By track_E
B track_N
& track_0l
By track_R
By track_G
.ﬁ track_x
& track_y
% track_z

106 Ohiects.



Root Output

G4 Data Tree (List Mode)

— Positions (reaction, decay,
y-ray interaction points, ...)

— lon Energy (Gun, E Loss in
target and degraders)

Relevant Histograms
— S800:
e ata, bta, dta, yta
— SeGA : y-rays spectra
 Egamma (lab)

« Egamma Doppler Corrected
(various options ...)

Eile  Wiew Options

Help

[ G4_Data;1 =l 2[5 v 15 P NN Option [ -
All Foldars [Contents of YROOT Files/17C_0.4_SeGArootGe_Datal”
(oot % CosThetaC §% Phi Alaun
[CIPROOF Sessions 3§ Decay KE R Hlreaction
((oraiectsifetimed smassonigds 3 Decay LevelE g Ringhir Hstopper_back
a ROOT Files % Decay. LevelID & SegDetPir ﬂstopperjace
E-E317C_04_seGAroot 5 Decay heta, 5 seam Altarget_back
. 1 & Decay . globaltime & Seqhr ﬂtarget_face
-I:I.l'prowects.ﬂifet\mefLema,sson. % Decay.lab.tlme & SeqPti % frack D
% Decay . phi & SegQ % track_E
& Decay.theta & SeqyS .ﬁ track_M
& Decay time & SegTheta & track_0Q
% Decay x & Theta % track_R
% Decay.y & dPhi % track_S
& Decay.z & dR .ﬁ track_x
& Decay &dThela & track_y
3 DetE Bhon By track _z
& DetEDC Bov
5 Dethn oz
& DetMr .ﬂdegraﬂer_back
q I ﬂ % Max Seghr ﬂdegrader_fa}:e
106 Obiects. [ 4
File Xiew Options Help
£317C_04_seGAroot 7] B Qlo|el w| Option | -
All Folders |C0ntents of "/ROOT Files/ 1 FC_0.4_SeGA root"
((draot |da CoreEDC_00;1  |fa CoreEDC_141  |Ja DetE_Ri;1
[C1PROOF Sessions |da CoreEDC_01;1 |fa CoreEDC_151  |Ja DetE_Rz;l
(CiorojectsAifetimesLemassoniadu | g CoreEDC_02;1 |G CoreEDC_1E;1 ] G4_Data
@HDDT Files |da CoreEDC_D3:1 | CoreEDC_17:1  %|G4_Data;l
E'a I7E G |lda CoreEDC_04;1 [ CoreEDC_18;1  (CHistos
- E-(0ce Datat ks CoreEDC_ 05,1 |hy CoreEDE_18;1  |ja S800_aTa
T |lda CoreEDC_08;1 g CoreEDC_20;1 [ da SBO0_BTA1
S [:I.l‘pr0|ectsmfetlmeILemasson.;
|lda CoreEDC_07;1 | CoreEDC_21;1  |ja 5800_Beta;!
|lda CoreEDC 081 |fg CoreEDC 231 |Jg 5800 DT
|da CoreEDC_08:1  |fa CoreEDC_231  |fa SEO0_Phi1
|da CoreEDC_10;1 | fa DetEDC_Ri;1 |da 5600_Theta;1
|da CoreEDC_11;1 g4 DetEDC_R1_MI;1 [jg S500_vTa,1
|da CoreEDC_12;1  |fa DetEDC_R2;t

KN —

|da CoreEDC_13;1

|

|da DetEDC_Fz_Mi1;1

40 Ohiects.

| DetEDC_RI
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Root Output

G4 Data Tree (List Mode)

— Positions (reaction, decay,
y-ray interaction points,

— lon Energy (Gun, E Loss in
target and degraders)

Relevant Histograms

— S800:
e ata, bta, dta, yta

— SeGA : y-rays spectra

 Egamma (lab)

« Egamma Doppler Corrected
(various options ...

Modular Beyond ROOT :

any body should be able to write its
own output format (GEB centric ?)

)

..)

Eile  Wiew Options

Help

[3 G4_Datart = & 2 = @& v Option [ -
All Folders |Cuments of " J’ROOT Files17C_0.4_SeGA.roolG4_Data;1"

(oot % CosThetaC §% Phi Alaun

(CIPROCF Sessions 3§ Decay KE R Hlreartion

[ sprojectsifetimedemassonigdu
[ ROOT Files

242317604 _SeGarot
R G+ Dato |
[ D Histos

-I:I.l'prowects.ﬂifet\mefLema,sson.

% Decay.LevelE & Fiirg Mr

& Decay beta & Seqh
& Decay . globaltime & Seqhr
3 Decay labtime g% SeyPhi
% Decay . phi & SegQ
& Decay.theta & SeqyS

& Decay time & SeqgTheta & track:

,ﬁstopper_baﬁ:k

% Decay. LevelID & SegDetPir ﬂstopperjace

ﬁta.rget_back
ﬂtarget_face
By track_D
By track_E

track_M

% Decay x &Theta % track_R

% Decay.y & dPhi % track_S

& Decay.z &dﬁ .ﬁtrack *

& Decay &dThela & track_y

3 DetE Bhon By track _z

& DetEDC Bov

5 Dethn oz

& DetMr .ﬂdegraﬂer_back
q I ﬂ % Max Seghr ﬂdegrader_fa}:e
106 Obiects. [ 4
File Xiew Options Help
S17c04 secanat ¥ @ 2|l E <0 E] A Option | -

All Folders

| Contents of "/ROOT Files/17C_0.4_. SeGA root"

(Cdroot

[_IPROOF Sessions

F_AROOT Files
Ea 7C_0.4_Se
BG4 _Datal

L[ Histos

KN —

------ [:I IprolectsmfetlmeILemasson

CoreEDC_0O0;1
|da CoreEDC_01;1

D.l‘proiects.l'lifetime.l’Lemasson.l’gél\A CoreEDC_02;1

|da CoreEDC_03;1
] CoreEDC_04;1
& coreEDC 0551
||l g Cor=EDC_08;1
|l CoreEDC_07;1
: CoreEDC_08;1
|da CoreEDC_nE;1

CoreEDC_10;1
|4 CoreEDC_11;1
|da CoreEDC_12;1
|da CoreEDC_13;1

|

CoreEDC_14,1
|da CoreEDC_15;1
|da CoreEDC_18;1
|da CareEDC_17;1
|da CoreEDC_18;1
|da CoreEDC_18;1
|da CoreEDC_20:1

CareEDC_21;1
|da CoreEDC_221
|da CoreEDC_23:1
|da DetEDC_R1;1
|da DetEDC_R1_M1;1
|da DetEDC_R2;1
|da DetEDC_Fz_Mi1;1

|da DetE_R1;1
|da DetE_R2;1
| G4 _Data
% |Gd_Data;l
[dHistos
FA00_ATA;1
|da S800_BTA;1
|da SEO0_Fieta;1
|da 5800_DTa1
|da SE00_Fhi1
|da 5600_Theta;1
| da 5800_vTa,1

40 Ohiects.

| DetEDC_RI
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Root Output

* G4 Data Tree (LiSt MOde) |§Gi;:ta;1gpﬁons J _I ‘al".’:- P EE Ql | |_| Optiunl ﬂelpl

All Folders |Cuments of " J’ROO:FDFHBSH TC_04_SeGA.rootG4_Data1”
P .t. to d [Eroot §hCosThetaCM B Fhi Ao
- OSI I Ons reac I O n’ ecay, (CIPROCF Sessions 3§ Decay KE R Hlreartion
. . . g’b ectsifetimesL smassonfadu % Diecay. LevelE & Riirg M ,ﬁstopper_baﬁ:k
ROOT Fles
y-ray interaction points, ...) i TR et el
B4 Data

& Decay . globaltime & Seqhr ﬂtarget face

— lon Energy (Gun, E Loss in e | B Wi i

1 % Decay . phi & SegQ % track_E

& Decay.theta & SeqyS .ﬁ track_M
target and degrade rs) Wowyims  Rowmn R
% Decay x & Theta % track_R

% Decay.y &dPh\ % track_S
& Decay.z &dﬁ .ﬁ track_x
& Decay &dThela & track_y
. ; DetE :ux By track _z
DetEDC oY
* Relevant Histograms T

& DetMr .ﬂdegraﬂer_back

— 5800 5
* ata, bta, dta, yta

— SeGA : y-rays spectra
* Egamma (lab)

« Egamma Doppler Corrected
(various options ...) oo

Help
ation

v0.4

A brief document
of G4L|feT|meG

«

Antoine LEMASSON

0D O L L e

 Modular Beyond ROOT :

any body should be able to write its &
own output format (GEB centric ?)




Practical examples ()

2+ state lifetime 7°Sr :
A.L. Phys Rev C, Rapid Com (2012).

— vy-ray peak line-shape method
— 2% state lifetime : T,/, =205 (25) ps

Oy 1.6

150 g 14p -
- =12l
-
< 1F
g 19 750 780 230 270
3 Ti/2 (PS) -
© 50}

O 950 280 350 450

E, (keV)
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Practical examples QIIQ

TRIPLEX campaign in Dec 2011
(TRIPLE PLUNGER for EXOTIC BEAMS)

1. Br exp : shape coexistence at N=Z
2. Cr exp : collectivity at N=40

62Cy —— 4"
729 keV

Y 2+

446 keV o+

Online spectra compared
with preliminary simulations

Online Spectra

Simulations were made
“” before the experiment “”
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G4LifeTime(G) v 0.4 (beta version)

* Including Gretina geometry description
from Chris Campbell into G4LifeTime(G)

 /I\ No comparison with “real” data so far !
/!\ Position Resolution 3D Gaussian ! FWHM is input

/!\ Geometry into the existing Code, no advanced
feature for Add-Back, y-ray tracking ...

NNSA-NSSC program (2011-2016)
improve modeling of advanced y-ray tracking array
(Chris Morse, Kenneth Whitmore, H. lwasaki, PD(?) )

15



Outlook

Our vision to improve/complete G4LifeTime(G) simulation :

Improve the description of geometry for Gretina
(position, and size of crystal, dead layer)

Incorporating surrounding materials in the geometry
(Sphere, Dewar, Pipe, Plunger, ...)

Comparison with data:

— The highest priority of the group is to have spectral shapes which are good
enough to be used for lifetime measurement and not much on absolute
efficiency for now.

— Plunger data/lifetime from coming experiments (Oct 2012)
— Efficiency, Peak to Total for single mode (One crystal)

Challenges : Understand the effect of Pulse Shape Analysis and Tracking
— Peak-to-Total, Position resolution, efficiency
— and incorporate them in GEANT4 simulation ...
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