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AHCAL

Each AHCAL cell hit by particles provides energy deposition and time information.

Main datasets available by Lorenz for this study (May-July 2019):.

pionNS reco_pion_n40GeV.root uncorrected time
reco MC 40GeV-Pions scan Ons.root old format

muons reco runo60382.root uncorrected time
reco run60382 testNewConstants.root corrected time

electrons reco run60512 testNewConstants.root corrected time

“End User” type of analysis: investigate the data contents.
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Functions
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Muon Hits — Time vs Energy per channel

(integrated over modules and chips)

38 modules
16 chips/module

[

36 channels/chip
16 cells/channel
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all plots very similar.
Ly

For single channels:
(38x16x36=21888), done
but not enough statistics.

AT

channels:

[0-20 MIP] M OYsT all (T




aho_hiFTimacsho, HitEneegy (sho_nbites21 88 she_nHits 5 88motulseeS Lo s S Sch armsb)

Single Channel Fits with Largest Statistics

ahc_hitTime:ahc_hHEnergy {ahc_nHits>21&&shc_nHits<53}

sho_kitTimecsho_hitEnsegy (sho_nbites2 1 & & she_nkHis 5388 modulee 285 0kip s w8 b ohanms i)

hot_pix
Entries 4546843
6 nderfiow [}
Orvarflow —a.Ta
4 Imtagral —-258.5
2 nef 469.1 /95
po —3.25 + 0.05
2 p 16.75 4+ 0.13
p2 —0.141 + 0008
o p3 1.514 + 0.011

IR

. e + i

i Timarab, HES (i1 bl B R mOGh et il
ho3_pix
— Entries 6436
8 _ Underfiow 0
— Crwvarflow -1.8
4k Intagral _98.6
_ ¥ ndt 101.8 /33
po —5.197 + 1.187
2 - p1 12.87 + 1.28
— p2 —0.06428 + 0.04513
ol - p3 08728 + 01696
_\2 —
_4 —
+ )
[ 1 1 1 I 1 1 1 1 _I 1 1 1 1 I 1 1 1 1
o g 10 15 20 25 30

aho_ifTimecaho,_itBneegy (aio_nbites2185she_nHits <53 58modulee (S ohip s i i chanms b

sho_itTimacsho_hitEneegy (sho_nbite-2 1 & &ahe_nkHis 588 modulses 1 S80kip sseei i b ohanms i)

hos_pix
Entries 5432
& Inderfiow o
Cwearflow [}
4 Imtagral —~149.3
= ndt 65.69 /32
po —3.882 + 0.534
2 p1 12.94 + 3.1
p2 007186 + 0.22923
o 095918 1 03828

++__ %

=
th
E
i

sho_hitTimecaiw,_hitEneegy (sho_niiie=2 i & &ahe_nHits 5388 modulsws 3088 0hipss w2 S8 chanmsweb)

hoa_pix
Entries B3T2
& nderfiow 0
Cweartflow o
4 Imtagral 1107
¥ f nelf 33.21 /31
po —3.85 &+ 0.72
2 Pl 14.66 + 1.73
u p2 —0.1132 + 0.0762
ol— p3 1.306 + 0.215
£ H+ :
~ 1 Il i
o= | i [~ + -
£ |
T R T TN AN TR TN S SO NN MY MO NN N NN IR T R T | I T T R
1] 5 10 15 20 25 30

ho2_pix
— Entries 6447
8 Inclerfiow 0
Orvarflow o
4 Imtagral 1243
2 nef 7B.06 / 35
po —4. 617 + 0.727
2 p 15.07 + 1.3
— p2 —0.1011+ 0.0504
ol p3 1.157 + 0.151
N _ SPTR
£ | :
_G —
[ 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1
o 5 7] 15 20 25 30
mhn_hifTimecabo,_hitEneegy (sho_nkites21 S8 ahe_nFis <538 moculsee S8 ohip st A chanmsees)
hoE_pix
Entries G3BT
6 ncderfiow o
Orvarflow o
4 Imtagral _A6.41
= nef 41.47 /33
po —4.158 + 0.B88
20 p1 17.56 + 2.09
= p2 —0.1419 + 0.0913
al— p3 1.413 + 0.200
N3 il !
- |T
_G —
[ 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1
o g 7] 15 20 25 30
aho_birTimecshe, FitBnesgy (sho, riiors2 | & & she_nHits 5458 moduless A S rbipssee At chammeeB)
h10_pix
= Entries 6343
6 Indlerfiow 0
— Orvarflow o
ah Imtegral _128.7
¥ nelf 100.1 4 31
po —8.245 + 2,345
2 - p 16.28 + 2.09
n p2 —0.0289 + 0.01890
al— p3 0.5258 + 0.1203
Ml -
A
_G —
[ T T A T N | | 1
(] g 7] 15 20 25 30

ho7_plix
& Entries G388
Linderfiow o
Owartlow o
4 Intagral —110.7
¥ ndl 1728/ 34
po —3.079 + 0.285
20 P 13.54 + 3.92
- 'I' p2 01388 + 02816
ol p3 117 + 0.52
_2: h‘l II+ | |
41— Jr J[ J{]T ][‘ H+ -
o o
[ 1 1 1 1 I 1 1 1 1 I 1 _I 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1
L] 5 10 15 20 25 30
aho_RitTimacahn,_hitEneegy (aho, i3 8 hahe_nHis 5358 modules 4Eohipssee2 i ihanns b
h11_pix
& Entries B361
Underfiow 0
Owartlow -7.B
4 Intagral —_A9.81
¥ ndt 47.69 /36
po —3.405 + 0.358
2 P 13.91+ 3.66
u p2 0.04361 4+ 023337
ol — p3 1.223 + 0.438
P —
- len ”| | |t _
| 1
<= T hitl!
_G —
I T T KNS TN SRS SN WO NN NI SN T N TR SN SR S NN SN NN L1 11
/] 5 10 15 20 25 30

ho4_pix
— Entries 6420
81— Underfiow o
Owartlow o
4 - Intagral -108.5
- ¥ ndt 110.6 /31
po —2.984 + 0178
2 pl 11.85 + 2.30
— p2 03142 + 01782
ol 1 p3 0.8548 + 0.3514
= [ | --I- ‘ l Il L
~ Jr_|_ J[ |Jr' T
= ﬂ ‘ H _
= |
[ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 g 10 15 70 Z5 30
shno_hifTimecaho_hitBneegy (ako_niibs=2 & &ahe_nHls53 58 modulsesf G5 0hipesee S Echanmseeb)
hoB_plx
— Entries 6404
8 Underfiow o
— Owartlow o
4 Intagral —166.4
=4 ndt 64.47 /32
po —4.614 + 1.336
2 B 13.85 + 2.10
L p2 —0.08411 + 011179
o - - p3 1.142 + 0.195
_\2 —
—4— - =
_G —
[ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 15 70 5 30
aho_ifTimecsho, hitEnesgy (sho. it & Aahe_nHis-<53 58 modulsesoSiSohip srei st ohanns b
h12_pix
Entrles 6311
8 Lnderfiow 0
Owartlow o
4 Intagral -70.94
B | =1 et 4225 /31
po —Z.688 + 1.028
2 - B 18.35 + 6.93
K p2 —0.1435 + 0.5250
ol— H 1[ 1 p3 1.837 + 0.640
21— "1, - '
u I J[
I ]l H Wl ﬁ
_G —
[T T TR T AN TN TN NN NN NN NN SR TN TN (NN TR SR SR SO NN SO NN ST SO N S SR N
0 E 10 15 0 Z5 30

(muons)




ahc hilTime:ahe_hitEnergy [ahe nHits=21&&ahe nHils<53}

energy dependence

h01_pix
s— Entries 2872834
— Linderfiow o
iz Overflow 3,145
. Intagral _PBE
2=
o :—_1
) S, _-PT""-u- ‘|;
— i T +
o i ++J‘{r“rH HHHWWH J‘H
o
I I 1 IR i
0 5 10 15 0 25 i ]
ahe_hilTime:ahe hitEnargy {ahe_nHits=21&&abe nHits<53)
o5 _plx
ol Entiles 2072034
| Underfiow i
= Ovarflow -3.145
4 Irbagral ~265
= nall ZE58 | 96
po —2.141 + 0010
2 pi 72305 + 0017
= p2 08506 + 0.0046
n .
_e:_ e # + + Jlf J[ L]
S~
£ R MH WW}H
&
E ] ] | R |
LI 5 [I7] 18 20 25 30
ahg hilTime:ahe hitEnergy {ahe nHits=21&88ahe nHils<53}
ToE_pix
= Entries 2872234
& Undarfiow o
Owartlow -3.145
4 Iﬁu}w;l -265
¥ n 393585
éﬂ -3.293 ¢ 0081
2_ pi 16883 + (L4
— pz 01418 L 00104
ol p3 1.526 + 0.011
D :_
o
&
[y gy e Py geng ooy B ety e pmy gn oo e g0 gty

ns — Time Correction

ahe hilTime:ahc_hitEnergy {ahc_nHits=21&8ahe nHils<E3}

le IIIIIII" II'"' e : Enfriee 3018398
a1 T R T
zoHHITNITIR 18 LT L e I g - 0 $o7203d 30
ST '|l:!:::._ s 0| B7ra 5
SAHHIHIIN R R e de, = 2« - :
o L OI I st vy s 2 L i
A e his e & e
Huglt| T, S
& it -" i ||I RTINS PR
R ————— b
: (1) LR ) PHH e
o EHTRETTITEIAON ||||||||||||||||!|||||!l!!!=i||!|!i!u-:l:g:,.'|:;g '
ST T T T T PR e azes, e 2o oot =
m R T T R R '
-m—“ T LT TH A
J‘I’IIH!. IEI' I_-I". LEhe :..-- =
i [ TR -
il :
S . | %

hit time vs energy

(0-30 MIP]

cortim:ahc_hitEnergy {ahc_nHits>218&8&ahc nHits<53}

sl Entriag e 2872308
- Linclerfiow 0
. ool i
C = nd 5873/ 98
F po 0.006432 + 0.002066
= i =)
[+] = """""—-.n—u..,.,.—v'-l-.u- #-|..|.++++ 4t .l. # ~|~ ~|~
- ettt T 1 ]l J[w J[HHHH
I IR
e
-G:_ | | | PR B | |
4] s 10 15 20 25 3D
cortin:ahc_hitEnergy {ahc_nHits»21 &&am_nHits-:SS}m
hi1
Py Entries =+ 2972311
- Underflow i
C Owverfiow -0.3702
‘= o 257968
sl po 0.01069 = I].IﬂUEEI?
n: - m-ﬁﬂ#}l - Jer — .I.Ir!'l |T " H Ilhl
= i ++
£ H H{ H Ul
_E:_l o b by b o b b

15

after correction

ahe_hifTime {ahe_nHits>218&ahc_nHits<b3}

e

raw data

f()l(.CC) = a + be

) he4d
20— Enlrles 301336
s Linderfiow g775
= Cwverflow 3.802e+04
200 = Intagral 2.873e+08
180 — 2 ndi 1.033a+05 /57
= Constant 2.124e+05 + 1.7330402
8o — Mean 0.1383 L 0.0020
140~ Sigma 2.233 + 0.002
=
100 —
o
e
o
20E-
— | i | i
05 £ 10 ) 10 ) 30
cortim (ahe_nHits>21&&ahc_nHits<53)
M hoH
= Enlrles 30168336
250 — Undacfiow 9796
= Charfleaw 3.893e+04
— Irtegral 2.8973e+06
200 — # ndt 1.34Bw405 / 57
- Congtant 2,31 28+05 4 1,92%402
& Mean 02708 ¢ 0.0018
— Slama 20391 0002
150 =
100~
sof—
[ fhit-]=—h | L
) =) 10 0 0 o) 30
cortin {ahc_nHits>2148ahc_nHits<53)
10° hig
Entries F0tE336
] Linderfow 8800
Charflow 35338404
Intagral 287384086
20 ¥ ndt 1.349e+05/ B7
Canstant 2.3148+05 + 1.9418402
haan ~0.287 + 0002
i Sigma 2536 + 0.002

4

0 (1]

resolution ~10% better to ~2.9 ns

fiolx) =a+ be VT




Occupancy and Cell Number

occupancy = hit density per single chip
cell number = position in channel at readout time (i.e. how full was the channel)
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Time Dependencies - Electrons
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Electrons: Hit Time vs Hit Energy

even vs odd
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Muons: Hit Time vs Hit Energy
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Muons: Time Walk Correction + Resolution
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Event Display: Electron nicTime
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Muon Data: hit time vs position

VS X VS Y VS Z
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Summary

e very strongly dependent on hit energy (due to time walk / threshold), but
similar for all types of particles, modules, chips, channels.

AHCAL hit time response Is:

 somewhat dependent on memory cell number within channel at readout,
especially for busy events such as in electron showers.

e almost independent on occupancy/hit density within a single channel ?

e Vvery dependent on beam crossing (odd or even), especially for electrons,
which leads to low time resolution. Is it an electronic effect ?

Correlations with other event infos were investigated: no clear pattern emerges.

Time walk corrections improve resolution by 10% (for muons).

This study shows limited usabillity of current time information/resolution.
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Time Walk for muons: low/high gain
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time vs energy

time vs chiplD

time vs channellD

time vs channelD

Muons: Low vs High Gain
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time vs energy

time vs chiplD
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Electrons: Low vs High Gain
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