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Reminder on time measurements with the AHCAL for upcoming SPS test beam:
e Effects seen in 2018 data sets

e Calibration

e Performance

e Expectations and plans for SPS in June 2022

Slides include references to talks with detailed reports
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For details see: Utrecht2019 CERN2019

Time shifts in reconstructed data

Depend on the termination of the read out cycle:

e [erminated by timeout

O 0 50 0 20 40 69 80 e Terminated by full ASIC (memory cell 16 filled)
Hit Time [ns]

E— . e — = —_— —_— — = = — —_— — = — — —
g P p— e ————— — == — == E— —— e ————— e e e e — - _ _ -
S e — _ _ _ _ e ———— — = _— S s — o —  —— e —— D E— = == ——— === — = — —— —— — — = — . - —

Lorenz Emberger CALICE Meetmg Valenc1a 2022 3



https://agenda.linearcollider.org/event/8109/contributions/43641/attachments/34449/53145/LorenzEmberger_Timing_Utrecht.pdf
https://agenda.linearcollider.org/event/8213/contributions/44356/attachments/34776/53688/EmbergerTimingCERN.pdf

Features Observed m 201 8 %

MAX-PLANCK-INSTITUT
- - FUR PHYSIK

For details see: Utrecht2019 CERN2019

e —— e - SC— —‘—-ﬁﬁ’—‘ P

Time shifts in reconstructed data

Depend on the termination of the read out cycle:

e [erminated by timeout

0 0 50 —40 —20 0 20 40 €0 8o e Terminated by full ASIC (memory cell 16 filled)
Hit Time [ns]
40001
_____ Slope=1.1909 + 0.0002

7 3000 - Offset=-172.845 + 0.471

) ns

S t[ns] = Slope| | - t; [ TDC] + Oftsety[ns] + Oftsetg, p[nS] — TreferenceNS]

8 2000 - TDC

&

z

£ 1000

O_

500 1000 1500 2000 2500 3000 3500
~ Hit Time [TDCJ o | o i , ~ o S o - -

— = —_—— —_— — e —————— = - —=

= — _ e Sae——————— _ e - e e — _— == == === . = — == =

Lorenz Emberger CALICE Meeting - Valencra 2022 3


https://agenda.linearcollider.org/event/8109/contributions/43641/attachments/34449/53145/LorenzEmberger_Timing_Utrecht.pdf
https://agenda.linearcollider.org/event/8213/contributions/44356/attachments/34776/53688/EmbergerTimingCERN.pdf

Features Observed m 201 8 %

MAX-PLANCK-INSTITUT
- - FUR PHYSIK

For details see: Utrecht2019 CERN2019

e —— e - SC— —‘—-ﬁ"—‘ P

Time shifts in reconstructed data

Depend on the termination of the read out cycle:

e [erminated by timeout

0 e T 20 6 S0 40 o 9 e Terminated by full ASIC (memory cell 16 filled)
Hit Time [ns]
40001 . Data Calibrate non shifted events
_____ Slope=1.1909 + 0.0002
7 3000- Offset=-172.845 + 0.471
ns

% t[ns] = Slope| | - t; [ TDC] + Oftsety[ns] + Oftsetg, p[nS] — TreferenceNS]

@ 2000 - TDC

i

E 1000

O_

500 1000 1500 2000 2500 3000 3500
~ Hit Time [TDCJ o | o i , ~ o S o - -

e ——— —— — e —— — e——————  — ———— —— — — — - - __

== N . _ == = — —_—— = e e e _ _ — = =———=— —

Lorenz Emberger CALICE Meeting - Valencra 2022 3


https://agenda.linearcollider.org/event/8109/contributions/43641/attachments/34449/53145/LorenzEmberger_Timing_Utrecht.pdf
https://agenda.linearcollider.org/event/8213/contributions/44356/attachments/34776/53688/EmbergerTimingCERN.pdf

4000 -

Time Referene [ns]
|_I
o
(@)
(@)

3000

2000

—— S — . —.‘—-ﬁ‘,_‘ —

Features Observed m 201 8

Ap-Byz it

MAX-PLANCK-INSTITUT
FUR PHYSIK

e —— —— _—h‘—t&f&m ——

For details see: Utrecht2019, CERN2019

Time shifts in reconstructed data

Depend on the termination of the read out cycle:
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Especially memory cells 15 and 16 have very small data sets to calibrate
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Especially memory cells 15 and 16 have very small data sets to calibrate
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(e ILC Mode &
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Data taken in August 2019 at DESY:
e Taken with updated DAQ software, no shifts

e Sub ns resolution for MIPs reached

Question for upcoming TB:

e How does ILC mode perform for hadron
showers and high chip occupancy?
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Additional time shifts/smearing observed for rising occupancy in 2018:

e Affects showers, especially in the core region
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Hit time shifts fixed in DAQ software (already for 2019 DESY TB):
e reduce number of calibration constants by 1.400.000

e Probable “cross-talk” of calibrations mitigated, esp. in channels with low statistics
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C ‘Thoughts on Upcoming CERN TB &

Hit time shifts fixed in DAQ software (already for 2019 DESY TB):
e reduce number of calibration constants by 1.400.000

e Probable “cross-talk” of calibrations mitigated, esp. in channels with low statistics

Muon data to confirm the MIP time resolution measured at DESY in 2019:
e Preferably scan the detector volume

e (Calibration is done on memory cell level for even and odd BxID, statistics needed
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Occupancy issue probably remains in ILC mode:
e Does the width of the time distribution, for high occupancy, decrease in ILC mode?

e Does the shift of the mean hit time decrease in ILC mode?
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Thoughts on Upcoming CERN TB .
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e Does the shift of the mean hit time decrease in ILC mode?

n = W et soevvors | ,
1 MC FTFP_BERT HP - 40GeV Pions | PIOn data needed 'to reaCh deeper IayerS Of the
10 calorimeter:

1077 =103

e Recorded statistics hard to estimate because

of hadronic fluctuations
' e Occupancy caused by late energy depositions
‘Wﬂ distorts the calibration

Hit Time [ns]

= — — — == == =5 - - = T —————— — — - === V == — —— e — e —— = - -

== _ _ = - e —— — N M S - = — — - ——

Lorenz Emberger CALICE Meetmg Valenc1a 2022 14



Ap-Byz 1L

MAX-PLANCK-INSTITUT
FUR PHYSIK

— = p— e . — — — — _— - = — — = ——— . ———— = -
_ —_———— o  ——— e — — — —_— —_—— — — —— — — = = == = = — — T — — ———
— . — _ L — I — I— - — - —— - _ — - _ —
— —= i — — — —_— == = - B — — e et e e ———————————— — _ B
— _ _ N — _ B S P — — S — J— e —— R — _—— — = = = - — — — S aar——

Lorenz Emberger ‘ CALICE Meeting - Valencia 2022 15



Ap-Byz it

MAX-PLANCK-INSTITUT
FUR PHYSIK

_ _ _ — D —— - — — i - - — = - — -
. — — P p— e — e === —= —_—  —  — — ——Em———— ——— —_— = = e ———— = = —— — —
———— e — _ - — —_ == ~ — _—_ — —_— ——— e — — = — —— - .

Lorenz Emberger ‘ CALICE Meeting - Valencia 2022 16



Ap-DByz it

MAX-PLANCK-INSTITUT
FUR PHYSIK

Why do we need time information?
e Reject background

 Improve clustering
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Why do we need time information?
» Reject background

e Improve clustering
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Why do we need time information? Absorber  Scint
e Reject background EM
* |Improve clustering
 Use in software compensation to identify Hadron
components of hadronic showers? inelastic
f:_ :
¥ n 7 Neutron
n elastic
i "_ ~10 - 50 ns
<e+ Neutron
_ n . e- Capture
e > 50 ns
[CLIC CDR: 1202.5940] Time cut
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Time measurement with Spiroc2E: TDC
(time to digital converter)

1. Common external clock with ~1ns bins

2. Ramp up voltage during one bunch

crossing |ID Ramp 1 / /

__________
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. e”
P "
-
L 4 '4
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Combined A A

4000ns
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@ Time Calibration: Hardware e

Time measurement with Spiroc2E: TDC
(time to digital converter)

1. Common external clock with ~1ns bins

2. Ramp up voltage during one bunch
crossing ID

3. On hit, the current voltage is stored in
one of 16 memory cells

t .
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Time measurement with Spiroc2E: TDC
(time to digital converter)

1. Common external clock with ~1ns bins

2. Ramp up voltage during one bunch
crossing ID

3. On hit, the current voltage is stored in
one of 16 memory cells

time
4. Digitized voltage (TDC readings) need
to be calibrated against external clock
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Time measurement with Spiroc2E: TDC Slope is common to all
(time to digital converter) channels on a chip
1. Common external clock with ~1ns bins

2. Ramp up voltage during one bunch
crossing ID

3. On hit, the current voltage is stored in
one of 16 memory cells

time
4. Digitized voltage (TDC readings) need
to be calibrated against external clock Offset is extracted for

every memory cell
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1. Extract slope by plotting reference clock
against TDC readings —

2. Fit with linear function 1500
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1000~ =g o :r_
3. Calculate hit time by : | | |
500 ~5000 55003000
Hit [TDC
 Ins] = TDC,. - Slope || + Offset [ns] - 7
NS = P opc I SCL|INS| —
hit hit P TDC 0

— = = — —= — —_— == S - ol —_—_— = — - ——— — — == = — — —— e~ e ——— ———————— e ——— ——— e ——_ -

= - - —— _ - R —— S —_— S —— e —  ——— -

Lorenz Emberger CALICE Meeting - Valenc1a 2022 18



MAX-PLANCK-INSTITUT
FUR PHYSIK

Time Calibration: Software -
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Correction on Channel Level 5
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Correction on Channel Level 5
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0.06 Sigma: 5.32 . global correction by ~1ns
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StdDev: 7.26 Problem: Electromagnetic showers don't

extend over the full depth
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(@ A Look at Pions - Hit Energy -

Prompt hit tlme <1 Ons
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Overlap of prompt and elastic part in data

Similar shape of data and MC in the capture part
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