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Outline

* Testbeam setup:

setup description, Lumical configuration,

code check: geometry construction and overlaping
» Data collection, .root file structure
e Results
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Testbeam setup
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» LumiCal configuration:

15 sensor layers (S1 - S15)
glued to tungsten absorbers
(W1 —-W15) ->config. A

Additional tungsten layer in
front of the stack (W0) ->
config. AA

Kapton-copper fanout

LumicCal Silicon sensor

Carbon fiber support

LUMICAL

» Sensor components:
kapton fan-out
LumiCal sensor
high-voltage kapton
carbon fiber support

» Sensor position:
only sectors R1 and R2 are

equiped

» Regular configuration:

direction
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Testbeam setup: visualisation @

Geometry construction for testbeam configurations

AMHHHIIN

Lumical detector configuration A (15 sensors)

Lumical sensor components
sectors R1 and R2

64 pads edch
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Geometry construction for testbeam configurations
Q Derive own concrete class from G4VUserDetectorConstruction abstract base class
Q Implement the method Construct()

1. construct all necessary materials

/ Absorber
rial®* W z W (54 ial(name="Abs_93 density .T*g/cm3, ncomponents=3);

or

|1- |—|"|”rDJ|3rD]'_:
or() ,worldLog, "worldPhys™,0,false,8);

/2)*mm), AlfoillLog,
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Geometry construction
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4. define shapes, logical volumes

and position of the telescope
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5. define shapes, logical volumes
and placed the scintillators

Telescope - 2 before and 3 after magnet

telescope plan dimensions
t

cope planes to the Lumical coverage
distance from Lumical to Telescope plan 5

= new G4B

distance from Telescope
distance from Telescope
distance from Telescope
distance from Telescope

// 14.mm; - 2 dimensions used in previous experiments

intil

distances from scintillators to telescope planes

- - 1=

6. define shapes, logical volumes and
placed the tungsten absorbers

plan
plan
plan
plan

5
4

3
2

to Telescope
to Telescope
to Telescope
to Telescope

, tranTy,
false,
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kapton fan-out

7. define shapes and logical volumes of
silicon sensors with all their components
starting with kapton fan-out

KtotaAngle);
str 11
! adhesive 1
Tu b L t W , artangle,

artingle,

strat
¢ adhesive
Tu ¢

8. define shapes, logical volumes
and placed the silicon sensor

d SenzorZone inside Sensor

> silicon sensors are GATL one = new GATubs ( fone, KRint, KRe T —
constructed using . e(sol o )
G4PVReplica method to

identify easily the pads



9. define assembly
of an entire
silicon sensor

> placement
of all 15 silicon
sensors using
Makelmprint
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Geometry construction s

, Carbon_fiber .... (all but absorber plate)

10. define a region for sensors
/1 polyimide 1 in order to apply various
// adhesive 1 Condltlons on |t

// copper 1

/ polyimide 2
adhesive 2
polyimide 3
epoxy glue 1 - Araldite
luminuim foil in front of Si semsor

// Si layer

// aluminuim foil behind Si sensor

/ conductive glue

/{ copper
polyimide
epoxy glue 2 - Araldite
arbon fiber support
isualization

Invisible world volume
1'|L q-

11. visualization of all Mescope Sttt 3 S magnet
constructed shapes for( int ¢ ¢

magnet
/magnetLog->SetVisAttributes (G4Colour::Red());
=== Al foﬂ.

wil);

O Instantiate sensitive detectors and
set them to corresponding volumes
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Each one of the geometry element constructed had the option for the checking of the volume overlaps activated

» tungsten absorbers

"berPh

i)*mm) ;

rldLog, Tm, @, O, pS

» Outcome of the overlap checking

r 1
1
1c
1
1
1
1
1
1
1A
1
1
1
1A
1C
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» Geometry construction:

» tungsten absorbers:
> telescope: > scintillators:

> sensors:
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Data are collected using Sensitive Detectors which has the goal of creating hits objects through the following virtual methods
Q Initialize()
Q ProcessHits()
Q EndOfEvent()
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» Intialize() - create a hit collection at start of an event

/ Hit collecti
for(G4int plan

zone, pad));

tTouchable());

position in mm

pyNumber(3);
licaNumbe ;

hit->fEdep += edep;



Processing hit information s Fte

Data are retrieved using EventAction:EndOfEventAction() class
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» get the index number of the hit collection - which is unique and don’t change during a run

G4HCofThisEvent
if ('hce) return;

// Get hits collections

LumicalHit le n* lumicalHC = static_cast<lumicalHitsCollection*>(hce->GetHC(fLumiCalHCID));

if { 'lumicalHC ) return;

» loop through the entries of hits collection to access individual hits

for (unsigned long 1 = 0; 1 <
i static_cast<Lu
<= 0.) continue;
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Output datafile

Data are collected using Sensitive Detectors which has the goal of creating hits objects through the following virtual metods:
Q Initialize()
Q ProcessHits()
Q EndOfEvent()
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// Default settings
analysisManager->SetVerboselevel(1);
analysisManager->SetFileName("fcal");

»RunAction class

// Creating ntuples
if (fEventAction ) {

analysisManager->CreateNtuple(" ", "Calorimeter data");

Create analysis manager, Creatie ntuples

analysisManager->CreateNtuplelColumn("nHits"); //1d=0
analysisManager->CreateNtuplelColumn("Plan", fEventAction->fCalPlan);  //Id=1
analysisManager->CreateNtuplelColumn("Sector", fEventAction->fCalZone); //Id=2
analysisManager->CreateNtuplelColumn("Pad", fEventAction->fCalPad); //1d=3
analysisManager->CreateNtupleDColumn("Energy", fEventAction->fCalEne); //Id=4

analysisManager->CreateNtupleDColumn("pos_x", fEventAction->fCalX); //1d=5
analysisManager->CreateNtupleDColumn("pos_y", fEventAction->fCalY); //1d=6
analysisManager->CreateNtupleDColumn("pos_z", fEventAction->fCalz); //d=7
analysisManager->CreateNtupleDColumn("px", fEventAction->fCalPx); //1d=8
analysisManager->CreateNtupleDColumn("py", fEventAction->fCalPy); //1d=9
analysisManager->CreateNtupleDColumn("pz", fEventAction->fCalPz); //1d=102

stringstream nameformat;
G4String edname;
for(G4int k = 1; k < 16; k++){
» Energy deposited in each plane  —g GAString columname = "Ldep”;

nameformat << k;
columname += nameformat.str();
nameformat.str("");
edname = columname;

analysisManager->CreateNtupleDColumn(edname);

}

analysisManager->FinishNtuple();



carm

caru

Collaboration
High precision desizi

Edep 4

energy deposited spectrum from different Xo
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Results

Longitudinal shower developnent
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THANK YOU!
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0X, 1Xo
_ htemp htemp
4000 — _ Entries 10000 ~ Entries 10000
= Mean 0.148 Mean 0.7341
3500 StdDev  0.1241 1400 SidDev  0.6493
3000 - 1200 —
2500:_ 1DDU:—
2000 — 800—
1500 F 600 [—
1000 = 400 —
500 200
allllll IIIIIII_I_lllllllllllllIIIIIIIlIII :
0 02 04 06 08 1 12 14 16 18 2 22 o I Lo b L v b 1y
Edep [MeV] 0 2 4 [ 8 10 12 1
Edap [MaV]
htemp
= Entries 10000
450 — Mean 2095
= Std Dev 1.321
400
350~
300 —
250
200
180 5
100
50
D I A 1 J_l 1 1 1 | 1
0 2 4 [ 8 10 12
Edep [MeV]
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Testbeam setup

layer Thickness
[mm]
1 -

LumiCal Module components Plansse 2 3.520
odule Componer Thickness (um)
tred ,L,,i_,.p ™ bpan m e 2 52 Plansse 3 3.470
3 51 MGS3 3.542
Brand Density Chemical composition
L — 4 29 Plansse 1 3.505
Ni Cu
S 5 59 Plansse 5 3.490
Plansee 18 95% 3.5% 1.5%
(estimated) (estimated)
T o— 6 10 MGS1 3.584
) MGS 17.7 93% 5.25% 1.75%
e e et o e 20 AL ' 7 57 MGS2 3.521
JINR 18 95% 3.5% 1.5%
Epoiy gt praldie A Bisaenol A coamy resn (estimated) (estimated)
Fatan e 8 Free MGS5 3.645
e e A g 53 MGS6 3470
Carbon-fiber support* T00-750 um thick outside sensar area —
. ) 10 60 A2 3.55
o <
—_ = -
. o — faz 11 64 A8 3.588
Q = L ) 58 mm
@ 5 o o3
£ 0 2 i 8 12 425 B24 3.543
= oo 5] @] w
S - g T
En = 13 Old T2 B23 3.543
(3]
=
14 0old c3 B12 3.55
Beam
e- 2167 mm 15 61 B17 3.55
16 Old c4 A5 3.538
estimated
Trigger 2 ->Telescope 1 =30m 17 58 Plansse 4 3.474
Trigger 1 -> Trigger 2 = 40mm 173
Collimator -> triggerl = 920 mm mm

89
mm 18



Part I

19/
17



‘ | INSTITUTE or
. SPACE SCIENCE
Collaboeration Www.spacescience.ro
High precision desizi

Suggestion 1: to apply the same bin for Edep 1 and Edep 2

—— Edep1
htemn

i — Edep2 Entries e 10000

Edep3 Mean 0.149

Std Dev 0.1241

4000
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Suggestion 2: to simulate a configuration without the first 2 W absorber
in order to studied the behavior of sensors 2 and 3
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Confaaaa - 2 3I 4I
11
11

Conf AA S

NI
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Energy deposited in sensors
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Edep1 conf aaaa
Edep?2 conf aaaa
EdeEIS conf aaaa - hiemp
3500 — Entries 10000
- ——— Edep4 conf aaaa
- Edep5 conf aaaa Mean 01411
C Std Dev 0.1098 1
3000~ un-normalised
2500 —
- I Edep1 htemp
L 4000 — Entries 10000
2000 — = — Edep3 conf aaaa Mean 0.149
- 3500 — Std Dev 0.1241
1500 — 3000
C 2500 —
1000 :_ 20002—
C 15002
500 — =
C 1000 =
o : : ! =t ; ; 500
0 0.2 04 0.6 0.8 1 1.2 1.4 16 C
' I L | L | P T R
Edep IMEV] 00 ‘ 0.4 0.8 1 1.2 14 18 2 22
Edep
— Edep4 conf aaaa Fomp _ — Edep3 htemp
Entries 10000 = Entries 10000
— Edep?2 Mean 0.7638 450 — — Edepb5 conf aaaa Mean 2.096
i Std Dev 0.6583 = Std Dev 1.321
1000 400?
i 350 —
8001 300
s00l 2502
I 2005
400 H— 1505
C 100
200 — -
C 50 ;—
o) IR RRRRRN I [ BTSN RN RPN RN oE N N
(0] 1 2 3 4 5 6 7 8 0 2 4 6 8 10 12
Edep [MeV] Edep [MeV]
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Suggestion 3: to move beam in pad 27 (like in experimental data)
to implement all 4 sectors
to increase statistics at 50000 events

— Edep1 S

- Entries 50000
— Edep?2 el
H Std Dev__ 0.1309
30000 HH
25000 HH
20000 HH
15000 HH
10000 HH
Sector.Sector ull
x10° htemp H
C Entries 5192587 5000
2500 — Mean 2.499 H
L Std Dev 0.5 H
= D- 1 L I L 1 I 1 L 1 1 I 1 1 1 L I
s000F— 0 1 2 3 5
L Edep [MeV]
1500
1000:—
500
L PR I T TR T AN N SRS AN T N S S NN T N S N E SR N R
1

(=]

1.5 2 25 3 3.5
Sector.Sector
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energy deposited spectrum from different Xo - config. AA
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Eqe,[MeV]

Longitudinal shower developnent
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Suggestion 4: to plot energy deposited in each pad for each plane

Pad:Edep 1 Pad:Edep 3
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Conclusions

e Still needed further investigation on energy deposition
* Ghost hits at boundary mistaken as real hits;
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3D representation of energy deposited in each plan for each sector/pad *

Edep 1:Sector:Pad {Plan == 1} Edep 2:Sector:Pad {Plan == 2} Edep 3:Sector:Pad {Plan == 3} Edep 4:Sector:Pad {Plan == 4}

Edep 1

Edep 5:Sector:Pad {Plan == &} Edep 6:Sector:Pad {Plan == 6} Edep 7:Sector:Pad {Plan Edep 9:Sector:Pad {Plan == 9}

W
e

o
Ray

* For a configuration where energy deposited was collected in all 4 sectors
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