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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

(CLIC CDR: 1202.5940]
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MAX-PLANCK-INSTITUT
FUR PHYSIK

Why do we need time information? Absorber  Scint
e Reject background EM
 Improve clustering
e Use in software compensation to identify Hadron
components of hadronic showers? Inelastic
f:_ :
¥ n 7 Neutron
n elastic
} ) ~10 - 50 ns
<e+ Neutron
§ n . e- Capture
[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 / /

-----------
- PR
4" s”
> "
P “
L' 4 -
L4 '4
' -

Combined A A

4000ns
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@ Trme Calrbratron Hardware U

= 5 ———— = — e ———— —————— e o —
SS—,— S S —— _—-ﬁ"—‘ - = = = 2

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

E— = — —_ g P — p— = e ———— - ————  — 0 — — — — — == e —— — e e e e — = — _ __ I
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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

E———— - —_——— e — — — — = = — — —— e e ——
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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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500568~ —~506 5006~

"
3000
Hit [TDC
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. — ol Work inprogress | 47 |
1. Extract slope by plotting reference clock 00 E
against TDC readings 2000F Lol L |
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2. Fit with linear function e N e N e
1000~ =g o :r_
3. Calculate hit time by : | | |
500 ~5000 55003000
Hit [TDC
 Ins] = TDC,. - Slope || + Offset [ns] - 7
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hit hit P TDC 0
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Time Calibration: Software -

- e —— ——— —_— — i —— —— e — —

& 3000 ;
= - CALICE AHCAL |
. P coof Wolkinprogress | -
1. Extract slope by plotting reference clock - i : : B
against TDC readings 2000 - : y A R
2. Fit with linear function ; B
1000F- 1: .......................... E__
3. Calculate hit time by - | | | |
2003000 1500 2000 2500 3000
Hit [TDC
. ns | - -
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Hit time distribution 10000 -
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Corrections A~

CALICE AHCAL
0.025F work in progress

0.010¢
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—-40 —20 0 20 40
Hit time [ns]
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€9 Corrections A~

CALICE AHCAL

0.025r work in progress

Normalised entries
o o o
o (@) (@)
= = N
o 2 o

—-40 —20 0 20 40
Hit time [ns]

Satellite peaks related to ASIC state at the end of a readout cycle:

e Extracted from EUDAQ raw file

e (Calibration constants for each possible state, depending on
bunch crossing parity
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€9 Corrections A~

' 0.030

CALICE AHCAL 0.05F CALICE AHCAL

o 0:0251 work in progress ' 0 work in progress
2 = 0.04}
*qa’) 0.020 *qa)
5 - 0.03
9 0.015 9
© ©
£ 0.010 e 0.02
> >

0.005 0.01

0.000—="40 —20 0 20 40 0.00 =45 —20 0 20 40

Hit time [ns] Hit time [ns]

Satellite peaks related to ASIC state at the end of a readout cycle:
e Extracted from EUDAQ raw file

e (Calibration constants for each possible state, depending on
bunch crossing parity
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Occupancy correetlon wrth Plons to reach deeper Iayers

e Cut on hit time to reject late hadronic energy depositions
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Oceupancy correctlon wrth Plons to reach deeper Iayers

e Cut on hit time to reject late hadronic energy depositions
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Oceupancy correctlon wrth Plons to reach deeper Iayers

e Cut on hit time to reject late hadronic energy depositions
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COI’I’GCJ[IOHS %
MAX-PLANCK-INSTITUT

- FURPHYSIK
Occupancy correctlon W|th Plons to reach deeper Iayers
e Cut on hit time to reject late hadronic energy depositions
40 ' ' 104
Odd BxID 40 -
_ 20 10 — 20
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Correction =
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j;: Time walk correction - Pt rﬁﬁ' Lr M | |M
m T
~ Even BxID
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MAX-PLANCK-INSTITUT
e ___FURPHYSIK

— — — —— = = =
e — —*" _

Reconstructed hit times include all the effects in the readout chain:
e Trigger resolution (~1 ns for BIF Trigger)
e |ntensity/occupancy dependent effects on the chip

e (Calibration related
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@ Slr19Ie Channel T|me Resoluhen %

MAX-PLANCK-INSTITUT
e ___FURPHYSIK

- e ——— —_— I — —‘—-ﬁ"—‘ P

Reconstructed hit times include all the effects in the readout chain:
e Trigger resolution (~1 ns for BIF Trigger)

e |ntensity/occupancy dependent effects on the chip

e (Calibration related

Obtain single channel time resolution by taking time difference in subseqguent channels:

e Use MIP tracks in testbeam mode and ILC mode
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MAX-PLANCK-INSTITUT
et ___FURPHYSIK

Y e ——— e ——— _—Hm——‘
- —— — = —— — e —— —— e — _'—-ﬁ"—‘_ — — S ————— = ~

Reconstructed hit times include all the effects in the readout chain:
e Trigger resolution (~1 ns for BIF Trigger)

e |ntensity/occupancy dependent effects on the chip

e (Calibration related

Obtain single channel time resolution by taking time difference in subseqguent channels:

e Use MIP tracks in testbeam mode and ILC mode

Bunch clock speed: 250kHz Bunch clock speed: 5MHz
Bunch crossing length: 4000ns Bunch crossing length: 200ns
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Smgle Charmel T|me Resoluhen &5
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Smgle Channel
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Timedifference[ns] Time difference[ns]

Single channel resolution: 2.859//2 = 2.014ns Single channel resolution: 1.1/J2 = 0.78ns
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= ——— s  —— — —— —
P

A

w
O
-
&~
a
=
<

Threshold

Time

= — = — — - _ . 7

e — —_———— = e = =
i — - — —_ i | 7 3 ‘

Lorenz Emberger CALICE Meetmg Everywhere 2020 9




Energy Dependent Tlme Reselutmn %

MAX-PLANCK-INSTITUT

f Investigate jitter on crossing of the threshold for same energy
< —> Toy Monte Carlo
Threshold
f X Time
0} O
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Energy Dependent Tlme ReSOIuUOn %

I — e —— w" — —

A

Investigate jitter on crossing of the threshold for same energy

)
O

-
—
a

€
<

—> oy Monte Carlo

Threshold

e Energies=[5pe, 10pe, 15pe, ...], Threshold = 3pe (for example)

Time
/
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Energy Dependent Tlme Reselutmn %

_ S — _—-ﬁ‘,_‘ —

Investigate jitter on crossing of the threshold for same energy

)
o

5
—
a

=
<

—> oy Monte Carlo

Threshold

e Energies=[5pe, 10pe, 15pe, ...], Threshold = 3pe (for example)

Time

e Draw pe times from model light curve [ti1, 2, t3,..., tpe]

Model scintillator light curve
0.20 A

0.15 -
0.10 -

0.05 -

0.00 -

15 20 25
Time[ns]

i _ . ___ , — — — — — —_——— . — I
—_— — — - e e — e A == == _ _ = =

Lorenz Emberger CALICE Meeting - Everywhere 2020 9




Energy Dependent Tlme Reselutmn %

MAX-PLANCK-INSTITUT
o FUR PHYSIK
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Investigate jitter on crossing of the threshold for same energy

)
o

5
—
a

=
<

—> oy Monte Carlo

Threshold

e Energies=[5pe, 10pe, 15pe, ...], Threshold = 3pe (for example)

Time

e Draw pe times from model light curve [ti1, 2, t3,..., tpe]

Model scintillator light curve | ® OOt times, take t3 as crossing time (maybe add noise)

0.20 A
0.15 -
0.10 -

0.05 -

0.00 -

15 20 25
Time[ns]
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MAX-PLANCK-INSTITUT
o _FUR PHYSIK

—— S e —.‘—-ﬁ‘,_‘ —

ﬁ Investigate jitter on crossing of the threshold for same energy
Thresmf —> oy Monte Carlo

e Energies=[5pe, 10pe, 15pe, ...], Threshold = 3pe (for example)

7 Time
e Draw pe times from model light curve [ti1, 2, t3,..., tpe]

Model scintillator light curve | ® OOt times, take t3 as crossing time (maybe add noise)

e Repeat e.g. 10000 times, investigate resulting distribution

0.10 -

0.05 -

OOO' T T T
15 20 25
Time[ns]

= — — — —— o N ol e ——— ~ —— — — — — — - = = — = P e — —————— e e — e = — -

= - - —— _ _ = = 9 @ e pR—— —— S —— #P -

Lorenz Emberger CALICE Meeting - Everywhere 2020 9



Energy Dependent Trme Reselutren &

MAX-PLANCK-INSTITUT
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Investigate jitter on crossing of the threshold for same energy

)
o
5
b —
a
=
<

—> oy Monte Carlo

Threshold

e Energies=[5pe, 10pe, 15pe, ...], Threshold = 3pe (for example)

Time

e Draw pe times from model light curve [ti1, 2, t3,..., tpe]

Model scintillator light curve | ® OOt times, take t3 as crossing time (maybe add noise)

0.20 A

e Repeat e.g. 10000 times, investigate resulting distribution

0.15 -
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1400 A

10pe 15pe

1200 A

1750 A

5pe 1600 o

1500 - 1400 A
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. 600 -
Time[ns] 500 -
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Time[ns] Time[ns]

How does the wrdth scale with rrsrng energy ?
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Energy Depeﬂdent T|me Reseluhen %

DAQ Threshold 3pe
Lowest Energy: 7pe
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MAX-PLANCK-INSTITUT
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P
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'

DAQ Threshold 3pe
Lowest Energy: 7pe
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Energy Dependent Trme Reselutren &5

s - - | - - FUR PHYSIK
DAQ Threshold 3pe
Lowest Energy: 7pe
B2 C2
B Width = 1| A* + — + —
XC
1.0F ' 1.07 A=0.1831
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C=3.8715
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Conclusion A
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Calibration and correction in place, also in Software

Single channel time resolution in ILC mode ~0.78ns, design goal reached

Energy dependency of time resolution confirmed
e |n full read-out chain and single channel resolution

e Toy MC, confirm with data in the future
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Time resolution is the sigma of a gaussian fit to every distribution
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Channel wise correction outperforms
global correction by ~1ns
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Problem: Electromagnetic showers don’t

extend over the full depth

:*»Try usmg Pions
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Correctlon obtalned W|th a 4OGeV Plon Run from June201 8

e Cut on hit time +- 50ns to reduce influence of late hits on the correction factors,
iInspired by most shifted channels seen in electron runs

e Fit individual channels: Correction = slope x occupancy + offset
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Correctlon obtalned W|th a 4OGeV Plon Run from June201 8

e Cut on hit time +- 50ns to reduce influence of late hits on the correction factors,
iInspired by most shifted channels seen in electron runs

e Fit individual channels: Correction = slope x occupancy + offset
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Conclusion A

Occupancy correction on channel level outperforms global correction by ~1ns
Time resolution for showers @ ~5.5ns

—> Correction over the full depth possible with pion showers

Compared to MC, the prompt and elastic part still overlap
—> broadening of the hit time distribution with rising occupancy not fully corrected
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e Time resolution is the sigma of a gaussian fit to every distribution
e Occupancy correction shifts the mean to ~0 ns
e Time resolution is increased from ~45ns to ~18ns for occupancy of 19
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