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The Life of a Pion in the WHCAL
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The Life of a Pion in the WHCAL

Shower @ -20 to -10 ns
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e t = 0: Aktivity peak in T3B (layer 39), Depth in calorimeter by identification of

shower start layer
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The Life of a Pion in the WHCAL

Shower @ -10 to -8 ns
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The Life of a Pion in the WHCAL

Shower @ -8 to -6 ns
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The Life of a Pion in the WHCAL

Shower @ -6 to -4 ns
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The Life of a Pion in the WHCAL 2

Shower @ -4 to -2 ns
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The Life of a Pion in the WHCAL ®

Shower @ -2 to 0 ns
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The Life of a Pion in the WHCAL

Shower @ 0 to 2 ns
15

—
o

&)

< Shower radius [t3b tile] =
n o

4
o

4
ol

5 10

15 20 25 30 35
Shower depth [layer] =

T3B: A brief Story of Time
CALICE Collaboration Meeting, September 2012

Frank Simon (fsimon@mpp.mpg.de)



The Life of a Pion in the WHCAL ®

Shower @ 4 to 6 ns
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The Life of a Pion in the WHCAL ®

Shower @ 10 to 12 ns
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The Life of a Pion in the WHCAL Z

Shower @ 18 to 20 ns
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The Life of a Pion in the WHCAL

Shower @ 60 to 80 ns
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The Life of a Pion in the WHCAL

Shower @ 200 to 250 ns
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The Life of a Pion in the WHCAL

Shower @ 1850 to 1950 ns
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|
T3B - The Technique in short '

e Has run together with W-AHCAL (layer 39) and SDHCAL (behind layer 50)
e 15 scintillator cells (direct coupling), read out with fast digitizers over 2.4 us
with 800 ps sampling

e |dentify the time of arrival of each photon on the SiPM - Measure time structure

of response by averaging over many events
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Analysis & Simulations

® Analysis:

e With the WAHCAL, event-by-event correlation is possible: Identification of shower

start, measurements as a function of shower depth, main focus still on integral
measurements

e SDHCAL: No correlation, only integral measurements

® |In general: Time of first hit, corrections for afterpulses to measure time of hit still
under test

® Simulations:

® Comparison to Geant4 crucial - Using 4.9.4p2, due to timing problem discovered in
4.9.5

® Now: Improved digitization, based on muon reference data to take time structure

of instantaneous signal into account (including afterpulses etc.)
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Basic Results - Time of First Hit
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Data Analysis: The Starting Point

e |dentified first hits as a function of hit amplitude (calibrated with muons to the

MIP scale)
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Data Analysis: The Starting Point

e |dentified first hits as a function of hit amplitude (calibrated with muons to the
MIP scale)
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1
Data Analysis: The Starting Point

e |dentified first hits as a function of hit amplitude (calibrated with muons to the
MIP scale)
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Late Activity in different Absorbers
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e Hadronic showers show considerable late shower activity

e Significantly more pronounced in Tungsten than in Steel
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Late Activity in different Absorbers
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® |In general, hits in the outer shower region tend to be later than hits close to

the core (fully expected!)

® |In Tungsten this behavior is more pronounced than in Steel
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Energy & Hit Timing
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e Late shower activity depends on energy of deposit: predominantly at low

energies (for muons no dependence visible)
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Energy & Hit Timing
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Energy & Hit Timing '
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e Late shower activity depends on energy of deposit: predominantly at low

energies (for muons no dependence visible)
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Energy & Hit Timing
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® Late energy depositions tend to be low in amplitude

® For Steel: No significant late shower activity beyond 1 MIP

® For Tungsten: Late activity also to higher amplitudes
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|
Does Beam Energy Matter?
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e Not much: Very little dependence on beam energy
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Does Beam Energy Matter?
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e Not much: Very little dependence on beam energy

Tile Index
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Can we reproduce it? - Comparison to Simulations

CAU@

T3B: A brief Story of Time

. . Frank Simon (fsimon@mpp.mpg.de) 25
CALICE Collaboration Meeting, September 2012

N
\
/1 \
Ny



The T3B Classic: Time vs Radius @
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e Excellent agreement for Steel with all physics lists

e For Tungsten QGSP_BERT is far off, QGSP_BERT_HP and QBBC perform satisfactory
(somewhat worse agreement than seen previously: Further developed simulation /

digitization)
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Distribution in Time
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e For Steel: QGSP_BERT has too few hits at intermediate times,
and slightly too much at high times: Fixes the mean

e For Tungsten: QGSP_BERT significantly overestimates late contributions,
QGSP_BERT_HP and QBBC are slightly too high, QGSP_BERT_HP shows slight

underestimation at intermediate times
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Time vs Hit Energy
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e Steel: All models reproduce data well

e Tungsten: Trend is reproduced by all models, QGSP_BERT has significantly too

many late hits at all energies
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Adding Depth

CAU@ T38:A brlefStory.of i _ Frank Simon (fsimon@mpp.mpg.de) 29
Tiorimeter for CALICE Collaboration Meeting, September 2012




Measurement of Shower Depth

e Correlation of T3B events with W-AHCAL (not possible with SDHCAL)

e Spill-by-spill matching of event numbers, then sequential matching
HE

. ® |dentification of shower start based on Marina’s
shower start finder - uses increase in hit

multiplicity and energy, ~ 1 layer resolution
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Mean Time of 1st Hit vs Shower Depth
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Mean Time of 1st Hit vs Shower Depth
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Mean Time of 1st Hit vs Shower Depth

e Qutside of shower core

60GeV: 300mm from shower core
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Depth and Radius
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Depth and Radius - MC
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T3B FastRPC - Timing in a Gaseous Calorimeter
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T3B FastRPC - The Setup

® One Argonne RPC
with a readout
board with 15
3x3 cm? cells

e Same readout as
T3B: Preamp +
Picoscopes,

800 ps sampling,
2.4 ps recording per

- l &

' In beam in 2012
(1 PS period, 1 SPS period (
together W|th W—DHCAL) ,.
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T3B FastRPC: First Results - Amplitude

Number of Entries

ProjectionY of binx=1

slice_py

Entries 214900
Mean 1.268
1.354

..............................................................................................................................................

e Total charge of identified

pulse (given by integral
with appropriate scaling

factors)

C
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T3B FastRPC: First Results - Amplitude

B

Number of Entries

ProjectionY of binx=1

- _ slice_py
= Eoties 214000
ST  Mean 1,268
"""""" RMS 1.354

e Total charge of identified
pulse (given by integral

Chi

ProjectionY of binx=1

slice_py

| Entries 339058
|Mean  2.095

""""""""""""" """"""""""""" A N RMS 2.363

.............................................................

10

with appropriate scaling
1 T s
[
factors) 0 5 10 15 20 25 30
Charge (pC)
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T3B FastRPC: First Results - Time of First Hit

time of 1st hit

(ns)
S

muons —

~
o

4>Timei,\§of 1st Hit
o

o
o

380

360

340

320

time of 1st hit

Entries 501491
Mean x 0.7318

Meany 335.7
RMS x 0.7775
RMSy 2.871

under investigation

IIII!!!!!!-|-|-|-|-|IIII|-|-|-|-|-|IIII|IIII|IIII|IIII

0 1

2 3 4 5 6 7 8
Tile position

9 10

cross-talk / electronic reflection -

CALl@
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T3B FastRPC: First Results - Time of First Hit

»~ Timeof 1st Hit

time of 1st hit

(ns)
S

time of 1st hit
Entries 1490767
Mean x 1.891
Meany  337.4
40 pm— QMS x 1.717
4,964
20
00 cross-talk / electronic reflection -
under investigation
380
360
240 ® Broadened main pealk,
increased late component:
320 . . .
Evidence for visible time
co 1 2 38 4 5 6 7 8 9 10 structure also in RPC
Tile position
calorimeter
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T3B FastRPC: First Results - Time of First Hit

time of 1st hit

ﬂ ® Pions vs Muons along

beam axis

® Evidence for late

component in pion

showers

| |H||||||

AWHHHHW

310 320 330 340 350 360 370 380
Time of 1st Hit (ns)
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T3B FastRPC: First Results - Time of First Hit

time of 1st hit

® Pions @ 80 GeV

center

® |ncreasing distance to

beam center: increasing

late component,

broadened main peak

| |H||||||

I

sl

|

320 330 340 350 360 370 380
Time of 1st Hit (ns)

|
1
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T3B FastRPC: First Results - Time of First Hit

time of 1st hit

6cm

—+_||||||||||||||||||||||||||||||||||||||_+—

310 320 330 340 350 360 370 380
Time of 1st Hit (ns)

T3B: A brief Story of Time
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® Pions @ 80 GeV

® |ncreasing distance to
beam center: increasing
late component,

broadened main peak
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T3B FastRPC: First Results - Time of First Hit

time of 1st hit

® Pions @ 80 GeV

15 cm
® |ncreasing distance to

beam center: increasing

late component,

broadened main peak

afly

310 320 330 340 350 360 370 380
Time of 1st Hit (ns)
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T3B FastRPC: First Results - Time of First Hit

time of 1st hit

® Pions @ 80 GeV

27 cm

® |ncreasing distance to

beam center: increasing

late component,

broadened main peak

ﬁE‘ | IIIIIII|

.’I_‘HH.M’_.‘H|||||||||||||||||||||||||||_F

310 320 330 340 350 360 370 380
Time of 1st Hit (ns)
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Summary

® T3B can provide a full averaged profile of the time evolution of a hadronic
shower in the W-AHCAL - at present including detector effects such as

afterpulsing

e Detailed study of the time of first hit without longitudinal shower information

for Tungsten & Steel absorbers and Muons as reference

® Corrections for full time evolution under study
e Full longitudinal information available for Tungsten - First results
® Extensive comparison to simulations

e Steel data in general very well reproduced

® Tungsten needs QGSP_BERT_ HP or QBBC for satisfactory description

® First analysis results from T3B-FastRPC:

® Proof of principle - Time structure visible in RPC calorimeter

y | Ll (GQ T38: AbrielSton/ipigiiut Frank Simon (fsimon@mpp.mpg.de)
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Summary

® T3B can provide a full averaged profile of the time evolution of a hadronic
shower in the W-AHCAL - at present including detector effects such as

afterpulsing

® Detailed study of the time of first hit without longitudinal shower information

Next Step: A new analysis note for LCWS & IEEE

e Full lor o
Time is short - Please comment already now!

® Extens

* Steel Gata In general very well eproduced

® Tungsten needs QGSP_BERT_ HP or QBBC for satisfactory description

® First analysis results from T3B-FastRPC:

® Proof of principle - Time structure visible in RPC calorimeter
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