APV and AMORE, test beam and
laboratory data analysis

on behalf of
Lari KOPONEN
HIP and Aalto University



FIT (Kondo Gnavo, Michael Staib *) : AMORE-SRS
(*) Mike help us during all the June beam period in H4

RD51 lab:
Detector and Services
PCs, lab, beam,...

HIP(Francisco Garcia):
-FEC-ADC APVs
-Lari (Summer Student for three months)

Hans Muller:
- FEC-ADC APVs

All the contributes have been fundamental.
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Starting point

Raw data from

The detector

AmoreSRS
- Zero suppression
- clusterization
- tracking

Fragmentation of the process with relative outputs

Raw data from
The detector

PEDESTAL ROOT FILE
(for pedestal run)

l

Zero suppression
- finding hits

Clusterisation
- finding clusters of hits

Physical

—> interpretation

by user

Physical
interpretation
by user

BEAM Analysis File

Tracking
- finding path from one cluster to other
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PEDESTAL ROQOT FILE
(for pedestal run)

E| ':itg FunAugustzem09feS5-631uf.root

----- {k apwMol_Maoize;q
..... Lk apwNal_Dffzet;1

----- {k apwhol_Maize;1
g apvNot_Ofiset
{k apvNoZ_Naoize;1
g apvNoz_ofiset1
{k apwhNo3_Naise;1
| apwNo3_Oriset;1

TTREE

10/2/2012

':_']g FunAugustezem0Sfess-631ui. oot

um )

----- ﬁ Event_number
,ﬁ MbOfHits

----- FlaneMame
_ﬁ StripHumber

ﬁ Fozition
ﬁ MaxCharge
_ﬁ Max=TimeBin

o & TimeBinCharges

BEAM Analysis File

= Hithdap:

-l SEMOHitMap2D;1
[—]-aHltDlsH

..... Lk B EMOXHItDistd 01

..... Lk FEMOY HitDistd [;1

-3 Cluster

[—]-aSpectrum 1

..... _i GEMOChargeSharing2D;1

- Byl GEMOKSpectrumD ata; 1

il By GEMOYSpectrumi D
| GEMOY SpactrumData:1
Crostalk;1

----aTrad-:ing;*l

a Fedestals;1

----- GEMOChargehap2l;i

----- ZEMODete ctorEfficiency; 1
----- GEMODete ctorlnefficienoy;1
Lk. GEMOEffHithMultiplicity;1
| BEMOEfR adiusS can;1

( )
Byl track; 1

% eventiumbear

\—Led—ﬂaﬁ-l-@eﬂugation Meeting, Stony

Brook University

|_:_| ﬂg BEAMANALYSIS_RunAugustsemO9fess-681 us oot

~\

- ] EmOHits; 1
% eventMumber

% ¥_loeal

{k FEMOXClusterSize 101
{k GEMOXResidualzlobal;i
| da FEMOXResiduallocal:1
|t SEMOXResidualvax; 1
|t GEMOXResidualvsy: 1

| da GEMOVECluste hult! D;1
{k GEMOYClusterSize 101
{k GEMOYResiduallobal;i
| da FEMOVResidualLocal;1
| BEMOYResiduanax; 1
| GEMOVResidualvey: 1
{k GEMOZR esiduallobal;1




apvNo0_Offset T&% apvNo1_Offset pogNet Offeat |

Mean 61.9+ 3.278 Mean  6245: 3.271
N RMS 37.05+ 2.318 E RMS 3699+ 2.313
1400 Integral 1.649e+005 1480 Integral 1.767e+005
- 1460
1350 — E
1300|— =5
1250 — F
1200|— =
e TR I R N N T T P R T R R R =
0 20 40 60 80 100 120 0

apvNo2_Offset Tﬁ% apvNo3_Offset Emriaepavﬂuii Offset -

Mean 6241+ 3.275 Mean  62.71: 3.28
1620 — RMS 37.04+ 2.316 - RMS 37.1% 2.319
Integral 1.914e+005 Integral 1.887e+005
1600 1560
1580 1540 |-
1560 — C
- 1520 —
1540 — C
1520 1500 —
1500 1480 —
1480~ 1460 —
1460|— C
- 1440 —
1440 — C
1420/ Mo, A
0
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apvNo0_Noise

24

2.2

1.8

-
-]

Entries
Mean
RMS
Integral

apvNo0_Noise

128

63172 3.341
3748 2.362
209.8

-
-

°~r‘\u‘\

]
o
<
Z
=]
N
Z

Entries
Mean

w
B

3.2

RMS
Integral

apvNo2_Noise
128

63.39 £ 3.353
37.59 23N
245

10/2/2012

apvNo1_Noise

apvNo1_Noise
128

63.65+ 3.348
37.34+ 2.367

Entries
Mean
34— RMS
E Integral
32—
3
2.8
26—
24—

apvNo3_Noise

Entries
Mean

3.2

3

238

26

24

22

2

1.8

RMS
Integral

apvNo3_Noise
128

63.35+ 3.356
37.64+ 2373
244
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htem|
| MaxCharge.MaxCharge | S LT B—
Mean 561.5= 1.022
— RMS 399.9:0.7224
7000 — Integral 1.532¢+005
6000 —
5000 —
4000 —
3000 —
2000 —
1000 —
u:lw\\\l\\lw\llw\\lw\lw T R R L
0 200 400 600 800 1000 1400 1600 1800

MaxCharge.MaxCharge

[ MaxTimeBin.MaxTimeBin |

Entries
Mean

35000

30000

25000

20000

15000

10000

5000

RMS
Integral

153240

7.862 + 0.006419
2.513 + 0.004539
1.532e+005

15

)
3]
-
=]

10/2/2012

|
20 25
MaxTimeBin.MaxTimeBin

NbOfHits htemp
Entries 19877
- Mean 7.709
C RMS 145 |
10000 —
8000 —
BUDO;
4000/
2000 — —L
D_" AT M TR B BRI B
5 10 15 20 25 30
NbOfHits

[ StripNui

mber.StripNumber |

4500
4000
3500
3000
2500
2000
1500

1000

o
1=}
=)

7000

6000

5000

4000

3000

2000

1000

Entries

Mean
RMS

153240
167.5
29.95

|
200

Entries
Mean

RMS
Integral

250
StripNumber.StripNumber

17.01+ 0.0306
11.98 = 0.02164
1.532e+005

60

Position.Position
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Srowser |Ele Eolt Yisw Qutons ook Help
A A Files | Edier 1 5/ Carvas | (X]
BEAM Analysis File —— Fec 140 e
ool = [ FECICHIRawData10 | -
L3FAOTF Basarss = Eriries A0 El
SFa0T R & o e 2038 -
5 Blrens UBRAANALYEIZ_Furn0S2 g g
B ] §
I " z
| = 2500 .
P £
|- W s
=-Eno 000 T o
[l p——— H
)
! g e
wea
. "
E, I I I
Default Plot and hlstograms .. : -~
L 6o Dt e harge sum in X stnp chister [ADC Courts]
GEM2X Cluster Charge Distribution with 3528 Good Events GEM2Y Cluster Charge Distribution with 9383 Good Events
E Enires 2407 I Exires TETE
H Mean 1266 - Mean 27
Ll RMS 1304 e RMS 2107 |
c L
-
E
I o
],l‘ =
WeiiEpssinm! 1 a0 i
Wit 11 L‘]
o, E .
! b g
MEE I
S s
gy E
| FEC HO::;: ;.D...i.Ln...h\“..‘iul-...lm'[-nnwa’mqwb'g_:.m.#_h‘_;’iim.én._ﬂan ° S T
aEe— Tersl Chustr G [ADC Cons] otal Chtter Chargs AT Courts]
el
AW Sl ) Carmand |
' * SR Dot B
' Ef. - E 101 = | comeend gocal) [ =
L Iy o E—| I

ROOT Object Browser — O x
ROOT Object Browser — @ X
i Browser | File Edit View Options Tools Help
Browser | Elle Etit ¥iew Options TIools He|
B Eile Edit Wiew Op I Help Files | Canvas_1 ) | Eaitor 1 [
Files Canvas_1 Editor 1 istibut :
I ® I EI =T A7 @ Draw Option, - ‘GEMOX Cluster Charge Distribution with 9824 Good Events
Bl Y @ Draw Option - GEMOY Cluster Charge Distribution with 9826 Good Events GEMOXSpectrumiD
= GEMOYSpectumiD [root - g = Entries 10168
roat ~ 1| & s Enirles 10369 g e Mean 2658
CIPROCF Sessions g E Mean 4826 (ZIPROOF Sessions 4 r RMS 7246
- RMS 1416 {ZAROOT Flles & E
(SIROOT Fies = E £ @ BEAMANALVSIS_Funsugustd2 raot 00—
BTG BEAMANALYSIS_Fundugusti2 rost . 2 Hithtep:t E
[ Hithap;1 E 400 —
(COHiDist;! a0 N £
gtluslerﬂ > - E, -3 Spectrum; ] ol
-4 Spectrum1 : E B cEMOChargesherning2D; E
1 cEMOChargesharing2D;1 E C
L = 200
Uda EMONSpectrum D1 E 8 GEMOX SpectrumData;1 o
) GEMOSpestrum Data; : 00— |l GEMOVSpectrum1 D1 £
4 s ] GEMOV Spectrum Data;1 i e
% GEMOVSpectrumDat 50 Crostakct r
Crostalk;1 g
= a [ Tracking;1 9, 'SDO0 G000 7000 8000 @G0 1
DTFECK\"Q,I 1000 2000 3000 4000 5000 B0O00 7000 8000 8000 10000 Total Cluster Charge [ADC Counts]
[ Paclestals;! Total Cluster Charge [ADC Counts] [0 Pedtestals; 1
g ; _ _ R GEMIChargeanzD;1 EESESSSSS =
i GEvoChaetianers i GEMDDetestor Eficiency;1 Carfimand I
I GEMODetectorEiciency;1 Commang | -
1§ SevoDmtetonneticmner B | e——— =l s 1" DEMDDelentnr\r\afﬂc.\er\.Dv,l + [ Command local): | |
) —] D S — r |
Filter: [All Files ) = | Filter: | All Files () =
\ | 4
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BEAM Analysis File

GEMOX Cluster Size Distribution with 19876 Good Events GEMOXClusterSize1D GEMOY Cluster Size Distribution with 19839 Good Events GEMOYClusterSize1D
B‘ O Entries 20094 5\14000 — Entries 20009
g 14000 — Mean 3.923 £ 0.004365 § : Mean 3.715 + 0.004192
c::..}- : RMS 0.6187 + 0.003087 g12000 ; RMS 0.5929 + 0.002964
12000 — integral 2.0096+004 o r Integral 2.001e+004

100001 10000 —

BUUU:— 8000 —
6000 — 6000/
4000; 4000;
2000/— 2000—
U_ s L P b1 07 o b b Py
0 6 7 8 9 10 0 6 7 8 9 10
Number of Strips in Cluster Number of Strips in Cluster
GEMOX Cluster Multiplicity Distribution with 19876 Good Events | ampaChaID GEMOY Cluster Multiplicity Distribution with 19839 Good Events | FcEMDYClustertiuliD__
Mean 1.011+ 0.0008966 Mean 1.009 £ 0,0006773
g RMS 0.1264 + 0.000634 2 RMS  0.0954 + 00004789
g Integ 1.988e+004 -4 Integral 1.984e+004
E_ 10* 2 1w
; £
10° 10°
1w 10°
10 10
1 1
7 PRI RS R R A R R R

5

8 9 10 10
Number of Clusters per Event Number of Clusters per Event
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BEAM Analysis File

Hit map for detector GEM0

10/2/2012

| GEMOX Hit Distribution with 19876 Good Events | ——CEMOXHItDIstiD__
1638+ Ooss - Mean  16.34+0.04271
17.85 + 0.08425 RMS 11.99 £ 0.0302
JJras. oosot 2 1200 — Integral 7.885e+004
Intagral 1.857e+004 g =
= L
&£ 1000 —
800 —
600 —
400 —
200 —
0,
=50 30 40 50

| GEMOY Hit Distribution with 19839 Good Events |

Position [mm]

GEMOYHitDist1D
Entries 74365
Mean 17.66 = 0.04353

RMS y
intagral

1000

Frequency

|

800

400

200

plrrar Lol o]

-50 -40 -30 -20 -10

10th RD51 Collaboration Meeting, Stony
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RMS 11.86+ 0.03078
Integral 7.428e+004

30 40 50
Position [mm]
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Having a TTree the data, event by event are available

BEAM Analysis File - .
and additional analysis can be done

charge_y:charge x| [charge_y:charge_x |
5080
o
g
©
L
4080
3000 5900
0’
48bo
2000 g
3000
1000 2000
1000

50%arge_y 4000
ge
0 1000 2000 3000 4000 ¢pyarge5G00 d 2000 1000 0

|charge_x:size_x [charge_y:size_y |




BEAM Analysis File

sqrt{pow(fmod(y_local+259.035,2.5),2)+pow(fmed(x_local+260.15,2.5),2))

htemp

500 — Entries 101940

B Mean 1.91

B RMS 0.6885
400:—
. . 300[—
Example of post processing analysis: -
pillars in umegas for a Fe55 run 200(—
100;

C'0 I‘O.‘SI"I‘1HH1|5|||‘£I"|2.‘5HH|3||| 3.|5|‘|

sqn(pow(imod(y_local;259.035,2.5),2)+p0w(im0d(x_local+260. 15,2.5),2))

2] canvas 1 _[=l.

File Edit ¥iew Options Tools Help

fmod(y_local+260.3,2.5):;fmod(x_local+261.3,2.5)

y_local:x_local {x_local>-10&8x_local<108&&y_local=-108&y local<10}

y_local
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The donkey test

| (Eraldo) took data with DATE and
| tried to do my specific
analysis/plots using ROOT on the
TTree of the root output files
produced by AMORE.

| don’t know absolutely nothing
about the AMORE-SRS code. |
wanted to check the feasibility of
doing what | needed directly in
ROQOT.

I’m not an expert of ROOT but,
MakeClass and MakeSelector
provide me automatically the
structure of the code that | need
for looping the events...

10th RD51 Collaboration Meeting, Stony
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Spectrum and Correlation

Set Up

=60cm

Trigger from Bottom GEM

TRIPLE GEM

X&Y APV readout

10/2/2012

| charge_y:charge_x |

cfiarge_y
(=]

4000

3000

2000

1000

0
chargé y:charge_¥°° 5000  charge x

3
5800
¥
4800
3000
2000
1000
3000 5000 charge_x
Men Oct 1 01:24:53 2012 -
10th RD51 Collaboration Meeting, Stony 14
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Spectrum vs Cluster Size

| charge_x:size_x |

§;
a2

0
Mon Oct 1 05:32:50 2012

9

LU 1000

Mon Oct 105:36:04 2013 0th RD51 Collaboration Meeting, Stony
Brook University

2000

10/2/2012



charge_x:size_x Entries 127763

Mean x 5.015 + 0.000T242

Mean y 3553 + 0.9324
RMS x 0.7689+ 0.0005121

"] RMS y 989.9 + 06593

Integral 1.127Te+06

charge_y:size y Entries 1127763

Maan x 4.758 + 0.0006505
Mean y 2345 + 0.7081
RMS x  0.6908 : 0.00046
RMS y 752 + 0.5007

... | Integral 1.12B0+06

Mon Oct 100:54:38 2012

Mon Oct 100:54:38 2012



Uniformity Test

Entries 127763 Y Hits Entries 127763

Mean -0.7031= 0.02706 Mean -0.5466 = 0.02699

14000 14000

RMS  28.67:001914 RMS  28.51=0.01909

12000

Integral 1.1150+06

Integral 11220408

10000

%o 40 -30 -20

950 -40 =30

Mon Oct 1 01:05:17 2012 Mon Oct 101:05:54 2012
. Emes v . N —
x10
6010 60

Mean -0.5451 = 0.000451 - Mean -0.6536 = 0.000561
RMS 28.52 = 0.0003189 - RMS 28.85 = 0.0003967

50 50—
Integral 3.999e+09 - Intagral 2.6440+09

a0

30—

0 -40 0 -40 50

Mon Oct 101:07:10 2012 Mon Oct 1 01:07:14 2012
X Normalized Charge Entrios 361830
5000
4500
4000

Entries 232882

Mean 0.7186 = 0.04732 Mean 0.3175 = 0.05884

RMS  27.88 = 0.03346 RMS  2B.08 = 0.04161

Integral

Integral 34720005 22770405

3500

Mon Oct 101:02:08 2012 Mon Oct 101:02:53 2012
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Uniformity Test

XY Hits

50
40
30

Mon Oct 100:56:28 2012

Entries 127763

Mean x-0.7138 = 0.02721
Mean y -0.534 = 0.02706
RMSx 28.67=0.01924
RMSy 28.5:0.01913

Integral 1110406

XY Charge

50
40
30

Mon Oct 100:56:38 2012

[ XY Normalized Charge |

Mon Oct 100:54:28 2012

Entries 127763

Mean x-0.4851 0.0003514
Moan y.0.8837 + 0.0003534
RMS x 28631 0.0002485
RMSY 28791 0.0002489

Integral 6.6370409

Entries  6.0861B1e+07
Meanx 0.8217:0.003712
Meany 0.1264 £ 0.003718
RMSx 2757+ 0002625

RMSy 28024 0.00263

ntegral 5.6750407

XY Hits

127763

Entries

Mean x-0.7138 = 0.02721
Meany -0.534 = 0.02706
RMS x  28.67 =0.01924

RMSy 285001913

ntegral 1410406

HITS

Mon Oct 1 00:59:23 2012
XY Charge Entries 1127783

Maan 04851 0.0003514

Maan y.0.8837 + 0.0003534

RMS x 28631 0.0002485

1200
1000 RMSy 279+ 00002as
800
500 egral  saroens
2004
50 4
40

CHARGE

Mon Oct 1 00:57:55 2012

[ XY Normalized Charge | Entres 80881816407

Meanx 0.8217: 0.003712

Mean y 0.1264 + 0.003719

14000 . . ) . . '_ . ¥ Tl Rmsx 2ra7 s 000625
12000 . ™ . awsy  amazs aouss
10000
2000 T —
6000
4000
2000 i
40 ’
" NORMALIZED
20
10
0
CHARGE
-20
-30 1o 20 30 40
-40 o S0 20 0 0

Mon Oct 100:57:02 2012



Stability Test

\ Y Peak Position

\ Y Peak Position | Entries 127763
6000 Mean x 7.035e+05+ 376.7
800— Mean x 7.035e+05 + 376.7
- Meany 23451 0.7077 Meany 2345+ 0.7077
700
= RMS X 4.001e+05 + 266.4 5000 RMS x 4.001e+05+ 266.4
600—] RMSy 751.6+ 0.5004 RMS y 751.6 + 0.5004
500 f Integral 1.1280+06 4000 Integral 1.1280+06
400—
4 3000
300—
200 2000
100—]
- 1000
0 — —r ;
4000 5000 6000
Mon Oct 1 01:16:54 2012 o

| Y Peak Position

10th RD51 Co
Brook University

10/2/2012 Mon Oct 1 01:17:55 2012

il
i !
i i
FI T
. i
|||“| mllﬂ.1

Mon Oct 101:15:51 2012 Ti e a

Entries 1127763
Mean x 7.035e+05+ 376.7
Mean y 2345+ 0.7076
) RMS x 4.001e+05* 266.4

RMS y 751.4 + 0.5003

1.128e+06

S Integral

I
Il
| 1400
1200

\(QQ/
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One open question...

e Calibration pulse:

 We tried once but we had to retry because the
output was completely non-sense



Calibration Pulse... something wrong on the data that we took

X
1800

1600 pumegas
1400
1200
1000
800
600

400

200

0 50 100 150 200 250 300 350

e \/3lue

1600

1400

1200

1000

800

600

400

200

y

50 100 150 200 250 300 350

Pulsing different numbers of channels

1800

1600

1400

1200

1000

800

600

400
200

0 !
0 50 100 150 200 250 300 350 400
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e \/alue 8

e \/alue 2

Value 1

1600

1400

1200

1000

800

600

400

200

0
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Calibration using the source signal (mistake by definition but...)

Lmegas
1200

1000

1000 ~ 800
800 i . i""‘"'T 600 -“\.P 4 ™
600

400 —gain 400 gain
200 200
0 0
0 200 400 0 200 400
Lmegas
25 20
20 15 I
15 10 W |
10 variance —variance
5
0 0
0 200 400 0 200 400

10/2/2012
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Documentation about the Lari activity available

B codebase_doc,pdf
B docurmentation. pdf

B insktallation_doc,pdf

[

B output_doc. pdf
B usage_doc,pdf

B zerosuppressionfile_daoc. pdf

| YPeak Position
6000

5000

4000

3000

2000

1000

1000

Mon Qct 101:15:51 2012

10/2/2012

Entries

Mean y

RMS y

1200

Mean x 7.035e+05 + 376.7

RMSx 4.001e+05+ 266.4

Integral

1127763

2345+ 0.7077

751.6 £ 0.5004

1.128e+06
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Example Code for analysis available

Projection of the signal versus time

[} Time progression, events 0:100, detector: GEMO

File Edit View Options Tools

g
HI‘I\I‘I\I‘I\I‘HI‘HI

time fns]

..........................
T
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