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e Root tree with variables for reconstructed data

e Filled from CalorimeterHit objects (slcio) after reconstruction
e Used for data analysis
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=-2@run0B0836_20180520_192802 raot
B % |bigtree;25

3 runhlumber

August 2018

Root file: runrunnumber_date time.root
Name: “bigtree”
43 variables in total

Each branch (each variable): info for all events
=  Each event contains several objects
= An object can be one value or an array of information for each hit or layer

Information available for every single hit in every event
= Information in arrays is important, not histograms
= Binning of shown histograms not relevant

Example run: 60836 (May 2018), 40 GeV pions, no PP
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Calorimeter for |

N runNumber
><:1 2 s'nh'iesmempl 28250
‘20__ S:’a;ev 6.084e+0;
e runNumber -
o Each event: one value E
o  Same for all events in one run oF
TR e e =
e eventNumber eventhiumber
1400~ Enuiesmemplzszso
o Each event: one value - ean 6383001
o Rather confusing -
1000 —
=  Needs to be clarified W
=  Messes up number of entries E
=  38*Entries # Entries of per-layer distributions  E
2005—
0:...I...I,..I...I...l...l..x105
il 20 40 60 80 100 120

aveniNumber
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) eventTime
10° htemp
- Entries 128250
I Mean 1.527e+18
. 1200 Std Dev__1.023e+12
e eventTime s
100 —
o Each event: one value o
o  BIF timestamp in unix time oF
o
205—
. 00— — 5(;0 — 10‘00 — ISIOO — .20]00 ’ ; d
e ahc_IiEvt aho_iEw
- = .shtemp
o Each event: one value r0f Vesr 1508020
o Summed up number of hits up until that event -
= Is this what we want? 200
1000 —
soof—
eoog—
4oaf—
200 —
o: 1 1 | 1 1 |]. <10°
0 5 10 15 20 25
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A
. 700;_ Std Dev 9‘.8819-&11

e eventTime ]

o Each event: one value soof-

o  BIF timestamp in unix time ook

300f—

2005—

100;—-

1536.84 1526.8405 1526.841 1526.8415 1526.842 1526.8425 1526.843 1526.8435 1526.844

. eventTime
e ahc iEvt aho_iEvt
- = .shtemp
o Each event: one value 1800 fF §De 528
o Summed up number of hits up until that event -
= Is this what we want? 200
1000 —
soof—
eoog—
4oaf—
200
e I I I | 1 |]. «10°
] 5 10 15 20 25 0

3
ahe_iEvt
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. ahc_cellSize
XIO& i mesnc:famze,m
o -}
e ahc cellSize W
o Each event: array of size of ahc_nHits entry Z:
o Side length of hit scintillator tile in cm aF
o Has now been adapted to current prototype iE
e
2F
0:. PR I I P S B S
1 1.5 2 25 3 35 4 4.‘::\c¥ce|ISize
ahc_hitCelllD
. htem
e ahc hitCelllD ' IR
o Each event: array of size of ahc_nHits entry | [ ' 1
o Encoded IJK information of the hit oY
10t
10°
i i 1 : ] i i i o x10°
0 100 200 300 400 500 ahtf_or?ilGeIIID
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. ahc_hitl
e ahc_hitl, ahc_hitJ o
o Each event: array of size of ahc_nHits entry mg_
o Number of hit scintillator tile in x (1) and y (J) direction m_
o Tiles numbered from 1 to 24 in each direction o
o  Gives the hit position perpendicular to the beam axis 10005_
ahc_hitk e
e ahc_hitK i
o Each event: array of size of ahc_nHits entry “F
o Number of hit scintillator tile in z direction “°°;—
o Corresponds to the layer number 0|
o Numbered from 1 to 38 of

August 2018
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Calorimeter for ILC
ahc_hitEnergy

e ahc_hitEnergy [Fetreted = IC/Gain » MIP

o Energy of single hit in MIP
o From ADC value, pedestal subtracted
O

htemp
f saturation [(ADC = Pedestal) x IC / Gain] E::EE:V élmaz}}
o Each event: array of size of ahc_nHits entry
For future reference: ahc_hitEnergy = E
ﬂll'l,.l'l.l....l....l..
250 300 350 400
ahe_hitEnergy

e ahc hitPos
o Each event: 3 arrays of size of ahc_nHits entry
o Hit position in x, y and z in mm (accuracy: one tile)
o W.r.t. the center of the detector (z: first layer)
o For future reference:
= ahc_hitPos[0] = x
= ahc_hitPos[1] =y
= ahc_hitPos[2] =z
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e ahc hitPos
Each event: 3 arrays of size of ahc_nHits entry

August 2018

(@)

(@)
(@)
(@)

Hit position in x, y and z in mm

W.r.t. the center of the detector (z: first layer)
For future reference:

= ahc_hitPos[0] = x

= ahc_hitPos[1] =y

= ahc_hitPos[2] =z

for(int n = 0; n < bigtree->GetEntries(); n++)
for(inti = 0; i <ahc_nHits; i++)
TH1F->Fill(ahc_hitPos[0]); etc.
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hitPosZ Histo
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Entries  3.028332e+07
Mean -16.58

Std Dev B7.34
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Entries  3.028332e+07
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Std Dev 87.65
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ahc_nHits
htemp
9000 | Entries 128250
E Mean 236.1
H 8000 — Std Dev 102.7
e ahc_nHits ~E ‘
o Each event: one value sono-
o Total number of hits above threshold per event e
4000 —
30005—
2000;—
!000%—
00:‘ * IIO(!I = I200I = I3(I)DI = I4[)0 * ‘51;0‘ = l1:‘:(‘)0‘ = I7(;0I Ihcj 'at;c
e ahc_energySum ahc._ energySum ]
htemp
o Each event: one value ool Vo oerd
! I Std Dev 435.1

o  Summed up MIP energy of all hits in one event

8000 T

ahc_nHaits -
ahc_energySum = >  E; ol
'L:1 2000

PR T R TR AV | )
OO 500 1000

i | iy Gl e oy ] ng g giey Gl g
1500 2000 2500 3000
ahe_energySum
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e ahc _cogX, ahc _cogY

o Each event: one value

The variables

o Center of gravity of event perpendicular to the beam axis
o Only if ahc_energySum > 0, otherwise standard value

ahc_nHits

X,

1=1

ahc_nHits

>

=1

ahc_cogX =

ahc_nHits

2

1=1

E;

ahc_energySum

e ahc cogZ

August 2018

o Each event: one value

o Center of gravity of event in beam direction
o Only if ahc_energySum > 0, otherwise standard value

Status of the analysis root tree for the AHCAL testbeam data - Saiva Huck
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Calorimeter for |

ahc_cogX
htemp
Entries 128250
Mean -19.13
Std Dev 193.2
L ﬂ poogoon € g M P PO (N, 1
~10000 -8000 -6000 -4000 -2000 [}
ahc_cogX
ahc_cogZ
oy htemp
o Entries 128250
n Mean 486.9
B Std Dev 264.1
E
‘”...I..I..I..I...I.].
-10000 -8000 -6000 —4000 -2000 o 2000
ahc_cogd
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i ahc_hitRadius
%x10° htemp
2500 _— Entries 3.028%32e.07
e ahc hitRadius ok
o Each event: array of size of ahc_nHits entry ool
o Radial distance from cog of event in x and y in mm I
1000 —
. : 2 2 3
ahc_hit Radius = \/ (ahc_cogX — x)” + (ahc_cogY —y) e
OO_ .A.IOO. ...200. ‘..3(;0. * 400 ..SOIOA.A.G(;O...}(;O.A.lBDIO.
ahe_hitRadius
ahc_hitEnergyDensity
htemp
e ahc_hitEnergyDensity e

o Each event: array of size of ahc_nHits entry
o Hit energy divided by tile surface

E

ahc_cellSize?

ahc_hit EnergyDensity =

It 45 "
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ahc_hitTime

Oln

htemp

2500 Entries 3.028332e.07
Mean 2348

Std Dev 3245

e ahc hitTime | tlns] = TDC * slope + Offset — Treference

2000

o Each event: array of size of ahc_nHits entry

o Time of hitin ns
o From TDC value il
o Calibration constants to follow, not yet correct w0
B e
ahe_hitTime
ahc_hitType
o o
: w00 N . N
e ahc_hitType ]
o Each event: array of size of ahc_nHits entry a0~
o  Definition: Gainbit*100 + memoryCell E
o Information on high (1)/low (0) gain and memory cell w500
10003—
500%
P IR PO N (U RN LR I, S|

o

20 40 80 80
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e ahc _nlLayers

(@)

(@)

@)

Each event: one value

The variables

Should be 38 for all events
Has now been adapted to current prototype

e ahc_energyDensity

(@)

(@)

(@)

Each event: one value

Energy of all hits in event divided by tile surface
Used to not weigh hit distances more in larger tiles

ahc_energyDensity =

ahc_nLayers

>

=1

ahec_nHitsPerLayer;

D

j=1

E;

ahc_cellSize;

2

August 2018
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oln

ahc_nlLayers
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Calorimeter for |

1
B htemp —
120 — Entries 128250
I=: Mean 37.85
E StdDev  2.356
100 —
80—
60—
40—
20[—
o= ] e gl e ey I IR IR R
0 10 15 20 25 30 35 40
ahc_nlLayers
ahc_energyDensity
htemp
4 Entries 128250
10t B Mean  2.751e+04
E Std Dev_ 2.717e+04
105E
107 =
IO_E
1 -
E..l. Pl AP EUPRTEN EPRRTIT RPN EUPEETE ST EPRFIrS IFUEra e [ P B 2 [
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ahe_energyDensity
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ahc_energyPerLayer
htemp
Entries 4854690
Mean 25.39
StdDev _ 34.18

e ahc_energyPerlLayer
o Each event: array of size of ahc_nlLayers entry
o Energy sum of all hits in one layer per event

| I_!-II.LI.H[HH.“.I..H..I
500 500 7

PR P ISR B
0 100 200 300 400

ahc_energyPerLayg?
e ahc_energyPerlLayer err ah_energyPerLayer_err
- - = __htemp
o Each event: array of size of ahc_nlLayers entry §d0 "‘??:?82
o Information not yet saved in slcio files i

=  All entries: standard value

T IIIII|T|

10

T IIIIIII

N P VAR e R | o R S L. U S T R
10001 -10000.5 10000 -9999.5 -9939
ahc_energyPerLayer_err
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e ahc_energyPerlLayer

(@)
(@)

@)

August 2018

Each event: array of size of ahc_nlLayers entry

Energy sum of all hits in one layer per event
for(int n = 0; n < bigtree->GetEntries(); n++)
for(inti =0; i <ahc_nlLayers; i++)
TProfile->Fill(i+1, ahc_energyPerLayer(i]);

Mean energy sum in MIP

40

35

30

25

20

15

10

Calorimeter for |

The variables CAL'@

Status of the analysis root tree for the AHCAL testbeam data - Saiva Huck

energy_vs_layer_Profile
- s Entries 4873500
= e & Mean 19.5
= e - . Mean y 25.45
= = = StdDev 1097
= e = Std Dev y 34.22
1 1111 l { S P [ | I L= l 1 1 1 | I | S et | l { I et e | I | ] [ [ | I 1111
0 5 10 15 20 25 30 35
Layer number
17




UH

L2 ¥ Universitdat Hamburg
DER FORSCHUNG | DER LEHRE | DER BILDUNG

ahc_energyPerLayer

htepp

Entries | 4854630
Mean 25.3
Std Dev 18

| |
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P,

ahc_energyPerLayer

700

Mean energy sum in MIP

40

35

30

25

20

15

10

The variables

Calorimeter for IL

t

IIIIIIIIIIIIII[IIIIIIIIIIIIIIIIIIIII

}

T
energyﬁvs_lgﬁr_ProﬁB

Entries 4873500
Mean 1
Mean y 25.45

Std Dev 10.97
Std Dev y 34.22

IIIlIIIIIlIIIIl[IIIIllIIIIlIIIIlIIIIllI

O—I-IIII

Layer number

18



Universitat Hamburg The Variables CALI<69

DER FORSCHUNG | DER LEHRE | DER BILDUNG C_z;lbrimeter for |
ahc_nHitsPerLayer

e ahc_nHitsPerLayer s T
o Each event: array of size of ahc_nlLayers entry 00
o Number of hits in each layer per event =

r IS g g g gir B g Go G G Gy

50
ahe_nHitsPerLayer
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e ahc_nHitsPerLayer

(@)
(@)

@)

August 2018

Each event: array of size of ahc_nlLayers entry

Number of hits in each layer per event
for(int n = 0; n < bigtree->GetEntries(); n++)
for(inti =0; i <ahc_nlLayers; i++)
TProfile->Fill(i+1, ahc_nHitsPerLayer[i]);

Status of the analysis root tree for the AHCAL testbeam data - Saiva Huck

Mean number of hits

—_
N

—_
o

The variables CAL'@

Calorimeter for |

x107*

nHits_vs_layer Profile
Entries 4873500
Mean 19.5
- Meany 8.762e-45
Std Dev 10.97
s S Std Dev y8.416e-45

I

|

prve v v v v by v b v v v b by

5 10 15 20 25 30 35
Layer number
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ahc_cogXPerLayer

htemp

Entries 4854690
Mean -15.86
Std Dev 60.52

e ahc_cogXPerlLayer, anc_cogYPerLayer
o Each event: array of size of ahc_nlLayer entry

=  Only layers with ahc_energyPerLayer > 0

o Mean center of gravity (x,y) in each layer per event

107
ahc_nHitsPerLayer
1=1
ahc_energyPerLayer

I-—Illlllﬂl IIIIIIII| IlIlIm'l lllllml_

-
8

-300 -200 -100 0 100 200 300 4
ahe_cogXPerLayer

ahc_cogX Per Layer =
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(@)

ahc_cogXPerlLayer, ahc_cogYPerlLayer

Each event: array of size of ahc_nlLayer entry
=  Only layers with ahc_energyPerLayer > 0

Mean center of gravity (x,y) in each layer per event

for(int n = 0; n < bigtree->GetEntries(); n++)
for(inti=1; i <ahc_nLayers; i++)
TProfile->Fill(i, ahc_cogXPerLayer]i]);

ahc_cogX Per Layer =

ahc_nHitsPerLayer

b

i=1

ahc_energyPerLayer

August 2018
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Mean center of gravity in mm from the detector center

The variables

40

30

20

C A‘u@

Calorimeter for |

—_ B ik . _’__'__—_‘—_._—.— = = G —0—+
:_ cogY_vs_layer_Profile cogX_vs_layer_Profile
= Entries 4873500 Entries 4873500
C Mean 19.5 Mean 19.5
= Mean y 32.48 Mean y -15.86
C Std Dev 10.97 Std Dev 10.97
- Std Dev y 60.36 Std Dev y 60.51
—_l' L _1- 1 I | B S | I L5 ) I | et I | I | I (N o | I | I ey I | I | b I I | I | I |
0 5 10 15 20 25 30 35

Layer number
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DER FORSCHUNG | DER LEHRE | DER BILDUNG Galorimeter for ILC.
5 x10
g “F 7000—
= — -
@  — e, —— - <
(&) & o = T B
% 30— - B g 6000 [, hitPosY_Histo_noZ
£ ~ C Enties  3.028332e+07
2 20— cogY_vs_layer_Profile cogX_vs_layer_Profile 866 C Mean 324
g = Entries 4873500 Entries 4873500 - Std Dev 87.65
S — Mean 19.5 Mean 19.5 — > .
= = - hitPosX_Histo_noZ
e 10— Mean y 32.48 Mean y -15.86 4000— e T
E E Std Dev 10.97 Std Dev 10.97 - aii W
o Std Dev y 60.36 Std Dev y 60.51 : Mean -16.58
g o— 3000 :
@ — - Std Dev 87.34
o | =
S 10 2000(—
‘0_.‘) — -
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(6] — ——— T ————— ey e —— t—t— —
Q L > o ———— :2:
€ -20— 1000 —
m  —
= — e
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0 5 10 15 20 25 30 35 -500 0 500 1000 1500
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ahc_radiusPerLayer

htemp

Entries 4854690
Mean 58.08
Std Dev 54.18

e ahc _radiusPerLayer
o Each event: array of size of ahc_nlLayers entry
o Mean radius of the hits in each layer in each event

ahe_nHitsPerLayer

\/(ahc_cogXPﬂ'Layer—;m )2 +(ahc_cogY Per Layer—y;)?

=1

ahc_radiusPerLayer =

ahc_nHitsPer Layer ,".,n,,.,,,,.,.,,.,,..|.4..

7ATEET SRR SRS SR
0 100 200 300 400 500 600 700 800 900 1000
ahe_radiusPerLayer

ahc_radiusEwPerLayer

htemp

Entries 48546390

e ahc _radiusEwPerLayer ) o W

o Each event: array of size of ahc_nlLayers entry
o Energy weighted mean radius

ahe_nHitsPerLayer

= Fp— -\/(ahc_cag.\'PerLayer—-;r.-)2+(ahc-cog)"PerLayer-—y.')2

ahe_cellS

i=1

ahc_radius EwPer Layer = e ey T Yoo Jp—

E;
ahc_cellSize; 2

i; ,...|....|‘...|....1....|....|....|....|I-l7|-.|l;l50

0 50 100 150 200 250 300 350 400

ahe_radiusEwPerLayer
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CAl.l@

Calorimeter for |

radiusEw_vs_layer_Profile

Entries 4873500

Mean 19.5
Mean y 46.15
Std Dev 10.97

Std Dev y 48.35

e ahc _radiusPerLayer, ahc _radiusEwPerLayer
o for(int n = 0; n < bigtree->GetEntries(); n++)
for(inti=1;i < ahc_nlLayers; i++)
TProfile->Fill(i, ahc_radiusPerLayer]i]); etc.
E F E [
E 70:_ __“‘_—‘._ T g 60—
HE = = g +
c 60— = T = S0 e
3 F - — 2 [ -
= 50— — e ____
- — radius_vs_layer_Profile i 40 - el
= et Entries 4873500 S r e
40— = Mean 19.5 & ~ L9
[ . Mean y 58.16 S 0 == -
30— — Std Dev 10.97 2 C s
55 s Std Dev y 54.18 = -
S 20_—__"‘
20— &
10— 10:_
0-_1' | I T | I | I T | I L1 1 1 I L1 1 1 I L1 1 1 I | I | I 11 1 1 I 11 1 1 0-_[
0 5 10 15 20 25 30 35 0 5 10 15
Layer number
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The variables

C A‘u@

Calorimeter for |

ahc_radiusEw =

ahc_radius
htemp
16000 [— Entries 128250
- Mean 79.64
H 14000 — StdDev _ 34.06
e ahc_radius |
o Each event: one value 10000 -
o Mean radial distance of all hits in an event from the cog  =xF
6000 [~
ahc_nHits :
. . 4000 =
E ahc_hit Radius; s
. 1::1 0 Il TERP TN [ T (S (R TR [T TR LS LS U L L
ahc_radius = . e wem
ahc_nHzts ahc_radiusEw e
Emriesmemp1 28250
SerBow 4576
e ahc_radiuskEw
o Each event: one value
o Energy weighted radius
i e (ﬂ I e T T -\/(ahc_cog.\'PcrLaycr—;r,)2+(ahc_cogYPrrLaycr—yj)g)
ahc_energyDensity s E | 1 | rﬂ,.l-\, mﬂ] ORI
Q 20 40 60 80 100 120
ahc_radiusEw
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ahc_nHitsSLayer

htemp

Entries 128250
Mean 0.7057
Std Dev 2.568

e ahc_nHitsSLayer
o Each event: one value
o Number of hits in first 5 layers
= BUT: only counts hits outside a radius of 280 mm
=  Measured from center of detector

‘ﬂT\H..ﬂu.ﬂﬂ.u....u..ﬂ.
70

] 10 20 30 40 50 80

a0 1
ahc_nHits5Layer
ahc_energySumSLayer

htemp

Entries 128250
Mean 2.319
Std Dev 13.32

e ahc _energySumbSlLayer
o Each event: one value
o Energy sumin first 5 layers
=  BUT: only counts hits outside a radius of 280 mm
=  Measured from center of detector

400 500 800 00

ahe_energySum5SLayer

0 100 200 300
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Calorimeter for |
ahc_cogX5SLayer

htemp
E Enries 128250
- Seibov 4647
e ahc_cogXdlayer, ahc_cogYb5Layer wk
o Each event: one value -
o Mean center of gravity in first 5 layers in x and y “E
o Averaged over ALL hits in first 5 layers L
ol
e e e e e
ahc_cogXSLayer
ahc_cogZ5Layer
htem)
e ahc _cogZb5Layer e
B Std Dev 17.32
o Each event: one value =l
o Mean center of gravity in first 5 layers in z r
o Averaged over ALL hits in first 5 layers ol
Wil
10 — .ZIOI I I4|!)I ! IGIO‘ ' .BIOI ! -“;0- ’ Ia:léoc;gl;laly;;w
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The variables

Calorimeter for IL

bif_StartAcq
htemp
~ Entries 128250
Mean 1.58e+15
. . 10° = Std Dev  9.834e+13
e bif StartAcq, bif StopAcq :
Each event: one value each -
Trigger times w.r.t. the time the BIF was switched on “E L
- Finerbinning |~
N «— vkt
: start :...1...|...|...|...|...|...|...|...|...|...1xm‘2
e Entries 128250 Q 200 400 600 800 1000 1200 1400 1600 1800 ZSgOS’aﬁAQgg
| Mean 1.586e+15 blf_StopAcq -
- Std Dev 6.41e+11 htemp
N T = Entries 128250
L stop L Swi0el aheia
L Entries 128250 §
- Mean 1.586e+15 E
— Std Dev 6.41e+11 -
_ 10* =—
i “—————Finer binning |
- = [ ——
— 103 E—
B ‘ H H “ ‘ | 102 :...I...I...I.‘,I...I...I...I..‘I...I...I...Ix10‘2
1585 1585.5 1586 1586.5 1587 1587.5 gAY BTN U IR TR T R eaite
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bif_nTrigger
Enlriesmemp1 28250
- W als
e bif nTrigger
o Each event: one value
o Number of triggers per event
e Dbif source bit_source o
— x1 emp
. . . 140 ntries
o Each event: array of size of bif_nTrigger value e 2770
Up to 4 devices connected to BIF
100

80

O
o Info which input was used
o Can be >1 trigger in the same source for the same event

40

20

III|III|III|IIIIIIIlIIIlIII'

1) AP E——— P T

0.5 1 15 2 25 3 35 4
bit_source
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bif_BXID
htemp
10* Entries 166516
. g Sbov c296
e bif BXID g
o Each event: array of size of bif_nTrigger value gl
o Bunch crossing ID of each trigger event -
10°
¢ e TR0 30 2500 50 900 4000
bit_BXID

bif_Time

e bif Time
o Each event: array of size of bif_nTrigger value

H . htemp
o Time of each trigger event Eries  TG6STE |
800 Mean 1996
Std Dev 1151
500
400
200
o L L L L L L 1w by
500 1000 1500 2000 2500 3000 3500 4000
bit_Time
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e Information in physics units (radiation length, ...)
e Errors in slcio objects
e Module/Chip/Channel info in addition to IJK
e RMS/skewness for entire runs?
o Also layer-wise?

Keep/adapt SLayer variables?

Adapt ahc_iEvt?
[
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