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Data source and response definition

10 GeV, 20 GeV, 40 GeV, and 80 GeV Pions shot straight into the LFHCal with a ddsim particle gun, halfway
between the beampipe and the outer edge to minimize lateral leakage.

Response is then defined as the total amount of visible energy deposited in the LFHCal after various cuts:
* Fiducial cut: ignore energy deposits farther than 40 cm from the pion’s entry point.
* Timing cut: ignore energy deposits past 100 ns of an event start
* Threshold cut: ignore energy deposits smaller than a N x MIP value
* Fortiles, MIP=0.625 MeV
* Forchannels with 5 tiles, MIP = 3.5 MeV, for channels with 10 tiles, MIP = 7.0 MeV

* MIPvalues correspond to approximately 100 and 200 MeV of total energy deposited in the respective
channels assuming a sampling fraction of 1/27
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Response fitting

A representative peak is extracted from each event-response distribution using iterative
Gaussian fitting, with successive fit ranges centered on the fitted mean and extending £20.
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Normalized
Response by

. . LFHCAL Pion response by cut
Selection and Pion

Energy g 1 20 Gev
3 N —— 40 GeV
= - —— 80 GeV

. = 0.95[

Applying a 0.5 MIP cut per E L

channel loses significantly " oel

more response than 0.5 MIP -

cut per tile. 85|

e A0.5MIPchannel cut B

corresponds to 50 or 100 MeV of 0.8
total channel energy deposition B
including passive layers. - |

Raw + Fiducial + Timing + 0.5 MIP tile or 0.5 MIP channel
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Pion response vs energy for different thresholds

A

tile cut of 0.5 MIP is roughly

equal to a channel cut of 0.1
MIP after fiducial and timing
cuts.

¥

A 0.1 MIP channel cut corresponds
to 10 or 20 MeV of total channel
energy deposition including passive
layers.
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Pion response by MIP thresholds
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LFHCAL 10 GeV Pion response vs MIP threshold
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LFHCAL 80 GeV Pion response vs MIP threshold
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Relative resolutions

Pion resolution vs energy
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Relative resolutions by MIP thresholds

LFHCAL 10 GeV Pion resolution vs MIP threshold LFHCAL 20 GeV Pion resolution vs MIP threshold
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Updated LFHCal rates

Using more appropriate MIP thresholds.

- Channel p95 | Channel p99 | Chip p95 Chip p99

0.1 MIP 1.72 kHz 5.81 kHz 18.7 kHz 60.7 kHz 6.09 Gb/s
0.00022 Gb/s  0.00074 Gb/s  0.013 Gb/s 0.046 Gb/s

0.3 MIP 1.29 kHz 3.94 kHz 9.77 kHz 34.7 kHz 3.28 Gb/s
0.00016 Gb/s  0.00050 Gb/s  0.0071 Gb/s 0.026 Gb/s

0.5 MIP 1.09 kHz 3.11kHz 7.55 kHz 26.4 kHz 2.33Gb/s

0.00014 Gb/s  0.00040 Gb/s  0.0054 Gb/s 0.020 Gh/s
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Primary Data Source

July full background simulation data: NC, DIS, 10x275 GeV, Q2 > 1 GeV?:

e epic:/FULL/26.07.1/epic_craterlake/Bkg_Exact1S_2us/GoldCt/10um/DIS/NC/10x275/m
INQ2=1/pythia8NCDIS_10x275_minQ2=1_beamEffects_xAngle=-
0.025_hiDiv_1.0000.edm4hep.root

Used the first 200 files, approximately 19k events.

pBeamGas LFHCAL readout layer 1
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Background composition

Insert hit origin
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The Insert Calorimeter

Insert hits

* 60 layers of hexagonal tiles g 5005 a
* 3different tile sizes depending on layer = 400
* Each layer is offset from the previous layer 300 LIttt et ls : -
« Offset pattern repeats every 4 layers 200F -
« 2sides - : ;"'l*r*“' ; o left u
* Left side has more tiles than right side 100E E"* ; | - § E22;r1 B
O; ;; ’ ;': ‘; | : : Layer2 [
* Alternative designs and data rate estimates? 1005 : I:L,li; HEH . t:ﬁi B
* LFHCal-sized tiles PSR I H B L H oo HHSEH i
 Full LFHCal-style readout (includes S sifisisagisicds A
longitudinal summing) S00E—F¢ B i e B i
* With/without inner radius of channels 400
= [N
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Threshold model

Insert MIP response

hits

10°
* MIP peakforanInserttileis o8
approximately 4e-4 GeV.
« Thresholds for channels 10
made of one tile = 0.1xMIP, 1035_
0.2xMIP, etc. %
« Thresholds for channels 102?
made of N tiles = 10
0.1xNxMIP, 0.2xNxM|P, etc. S
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Rate definitions

For a channel

A channelis counted as fired when its

summed hit energy in an event exceeds its
MIP-based threshold.

Rate:

Channel fire count

Total events x 2 microseconds
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For a readout chip

A chip is counted as fired when any channel
on that chip fires in that event.

Rate:

Chip fire count

Total events x 2 microseconds



Data model

For individual channels

* Data per event = (32 bits per channel) x 4 samples if a channel fires

For chips with multiple channels

 Data perevent=[128 bits + 32 bits x (number of fired channels)] x 4 samples
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Version 1: Insert tiles (with/without inner ring)

HCalEndcapPlnsertHits

hit.getPosition() + decode cell ID

Use the physical layer number with that transverse bin to
define the tile-channel ID (layer, X, y)

Skip/keep a channel depending on its distance from
beampipe

;&QAK RIDGE

tional Laboratory



Original insert with/without inner ring

Channel Channel Chip p95 Chip p99 Left
p95 p99

Per-channeland 0.1 MIP 19.0kHz  27.7kHz  171kHz 189kHz  20.1Gb/s  11.1Gb/s
per-chip rate tails 0.0024 Gb/s 0.0035Gb/s 0.14Gb/s  0.15Gb/s
(p95/p99) and 0.5 MIP 13.2kHz  202kHz  129kHz 147 kHz 13.8Gb/s  7.28 Gb/s
total side data 0.0017 Gb/s 0.0026 Gb/s 0.098 Gb/s 0.11 Gb/s
rates, with the 1.5 MIP 8.36kHz  13.4kHz  91.1kHz  103kHz 9.20Gb/s  4.72Gb/s
inner ring (top) and 0.0011 Gb/s 0.0017Gb/s 0.068Gb/s 0.076 Gb/s
withoutthe inner Channel Channel Chip p95 Chip p99 Left
ring (bottom).
0.1 MIP 175kHz  26.7kHz  149KHz 165 kHz 18.3Gb/s  8.78 Gb/s
0.0022 Gb/s 0.0034Gb/s 0.12Gb/s  0.13Gb/s
0.5 MIP 11.7kHz  189kHz  110KkHz 125 kHz 12.3Gb/s  5.41Gb/s
0.0015Gb/s 0.0024 Gb/s 0.083Gb/s  0.093 Gb/s
1.5MIP 755kHz  12.6kHz  76.3kHz  87.2kHz  8.22Gb/s  3.51Gb/s
0.00097 0.0016 Gb/s 0.055Gb/s  0.063 Gb/s
% OAK RIDGE Gb/s
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Various rates vs MIP (with inner ring)
Channel Chip

Insert channel tail hit rates vs MIP coefficient (original insert) Insert chip tail hit rates vs MIP coefficient (original insert)
50,X10" *10°
N N
£ E I 260
S 45 —— p99 n —— p99
© o
T a0 ——pgs = 240 ——p95
35
30
Hit R )
It Rate .|
15
10}
5
= P T | L | - | L] 80 L L . | . | 1
0 0.2 0.4 08 0.8 1 1.2 1.4 0 0.2 0.4 0.6 0.8 1 1.2 1.4
MIP coefficient MIP coefficient
Insert channel tail data rates vs MIP coefficient (original insert) Insert chip tail data rates vs MIP coefficient (original insert)
- x10°
2L z 3
] 99 ] 0.24 e
£s ——p95 § 02 ——p95
2 g oz
o o
0.18[-
0.16
Data rate
0.12
0.1F
0.08}-
- 0.06—
0 M (T L vy | i I Lol - i I L i L 1 : | 1
O R 0 0.2 04 0.6 0.8 1 1'2M1P 1fﬁ4' i 0 0.2 0.4 0.6 0.8 1 1'2MIP 1\°ﬁ4' 0
i-i AK IDGE coefmncien coertncien!
. National Laboratory



Various rates vs MIP (without inner ring)
Channel Chip

Insert channel tail hit rates vs MIP coefficient (original insert) Insert chip tail hit rates vs MIP coefficient (original insert)
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Side data rates with/without inner ring vs MIP

With inner ring

Insert total data rate by side vs MIP coefficient (original insert)

Withoutinnerring

Insert total data rate by side vs MIP coefficient (original insert)
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Version 2: LFHCal-sized tiles (with/without inner ring)

HCalEndcapPInsertHits

hit.getPosition() + decode cell ID

Divide x and y by 50 mm, then round down to get (ix, iy)

Use the physical layer number with that transverse bin to define the tile-
channel ID (layer, ix, iy)

Skip/keep a channel depending on distance from beampipe
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LFHCal tiles with/without inner ring

Channel Channel Chip p95 Chip p99 Left
p95 p99

Per-channeland 0.1 MIP 23.9KHz  38.4kHz  174kHz 188 kHz 19.9Gb/s  11.0 Gb/s
per-chip rate tails 0.0031 Gb/s 0.0049Gb/s 0.14Gb/s  0.15Gb/s
(p95/p99) and 0.5 MIP 16.1kHz  26.8kHz  133kHz 147 kHz 13.7Gb/s  7.24 Gb/s
total side data 0.0021 Gb/s 0.0034Gb/s 0.099 Gb/s 0.11Gb/s
rates, with the 1.5 MIP 10.3 kHz 18.2 kHz 94.4 kHz 107 kHz 9.20Gb/s  4.71Gb/s
inner ring (top) and 0.0013Gb/s 0.0023Gb/s 0.068Gb/s  0.076 Gb/s
withoutthe inner Channel Channel Chip p95 Chip p99 Left
ring (bottom) for
LFHCal sized tiles. o1 mip 216kHz  35.3kHz 152 kHz 174 kHz 17.7Gb/s  8.21Gb/s
0.0028 Gb/s 0.0045Gb/s 0.12Gb/s  0.13Gb/s
0.5 MIP 14.4kHz  23.8KkHz  110KHz 130 kHz 11.9Gb/s  5.04 Gb/s
0.0018 Gb/s 0.0030 Gb/s 0.079Gb/s  0.095 Gb/s
1.5MIP 9.29kHz  15.7kHz  76.6kHz  909kHz  7.93Gb/s  3.28 Gb/s

0.0012 Gb/s 0.0020 Gb/s 0.054 Gb/s  0.065 Gb/s
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Various rates vs MIP (with inner ring)
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Data rate
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Channel

Insert channel tail hit rates vs MIP coefficient (LFHCal tiles)
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Various rates vs MIP (without inner ring)
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Side data rates with/without inner ring vs MIP

With inner ring Withoutinnerring

Insert total data rate by side vs MIP coefficient (LFHCal tiles) Insert total data rate by side vs MIP coefficient (LFHCal tiles)
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Version 3: Full LFHCal readout format

Longitudinal segmentation Channel segmentation Chip segmentation

» Layervalues from 1to 5 get 1. HCalEndcapPInsertHits 1. Virtual channel ID: (ix, iy)
grouped into one segment, then : " , .
610, and 11-20, 21-30, 31-40, 2. hit.getPosition() 2. Compute virtual chip ID as
41-50, 51-60 3. Map the hit layer into a readout ('ﬂ?: ly / 2) with integer
segment division
e 7virtually segmented readout .
layers ySce 4. Divide xandy by 50 mm, then 3. This merges each 2 x 2 block of
round down to get (ix, iy) virtual channels into one virtual
5. Hits in the same readout chip
segment and same 50 mm x 50 ‘
mm transverse bin share the *  Example: (0,0), (0,1),
same virtual channel (1,0), (1,1) allmap to
. . chip (0,0)
6. DefmeawrtualchannellD as
(segment, ix, iy) 4. Repeatfor all virtual channels
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Full LFHCal readout with/without inner ring

Channel Channel Chip p95 Chip p99 Left
p95 p99

Per-channeland 0.1 MIP 61.0kHz  785kHz  286kHz  300kHz  4.37Gb/s  2.46 Gb/s
per-chip rate tails 0.0079Gb/s 0.010Gb/s 0.30Gb/s  0.33Gb/s
(p95/p99) and 0.5 MIP 208kHz  45.7kHz  179KkHz 199 kHz 2.23Gb/s  1.19Gb/s
total side data 0.0038 Gb/s 0.0059Gb/s 0.15Gb/s  0.19Gb/s
rates, with the 1.5 MIP 11.8 kHz 21.7 kHz 83.3 kHz 106 kHz 0.949Gb/s  0.454 Gb/s
inner ring (top) and 0.0015 Gb/s 0.0028 Gb/s 0.066 Gb/s  0.091 Gb/s
withoutthe inner Channel Channel Chip p95 Chip p99 Left
ring (bottom) with
the full LFHCal 0.1 MIP 56.7kHz  75.6kHz  265KkHz 270 kHz 3.83Gb/s  1.91Gb/s
readout scheme. 0.0073Gb/s 0.0097Gb/s 0.25Gb/s  0.25Gb/s

0.5 MIP 271kHz  41.3kHz  158kHz 162 kHz 1.97Gb/s  0.920 Gb/s

0.0035 Gb/s 0.0053Gb/s 0.13Gb/s  0.14 Gb/s
1.5 MIP 9.87kHz  17.4kHz  76.4kHz  822kHz  0.838Gb/s 0.354 Gb/s

0.0013 Gb/s 0.0022Gb/s 0.059Gb/s 0.065 Gb/s
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Various rates vs MIP (with inner ring)
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Various rates vs MIP (without inner ring)
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Insert channel tail hit rates vs MIP coefficient (full LFHCal readout)
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Side data rates with/without inner ring vs MIP

With inner ring Withoutinnerring
Insert total data rate by side vs MIP coefficient (full LFHCal readout) Insert total data rate by side vs MIP coefficient (full LFHCal readout)
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Summary

For the Insert

Originalinsert 11.7 kHz 18.9 kHz 110 kHz 125 kHz 12.3 Gb/s 5.41 Gb/s
(0.5 MIP) 0.0015Gb/s 0.0024 Gb/s 0.083 Gb/s 0.093 Gb/s

LFHCal tiles 14.4 kHz 23.8 kHz 110 kHz 130 kHz 11.9Gb/s 5.04 Gb/s
(0.5 MIP) 0.0018 Gb/s 0.0030 Gb/s 0.079 Gb/s 0.095 Gb/s

Full LFHCal 27.1kHz 41.3 kHz 158 kHz 162 kHz 1.97 Gb/s 0.920 Gb/s
(0.5 MIP) 0.0035Gb/s 0.0053 Gb/s 0.13 Gb/s 0.14 Gb/s

Full LFHCal 56.7 kHz 75.6 kHz 265 kHz 270 kHz 3.83 Gb/s 1.91Gb/s
(0.1 MIP) 0.0073 Gb/s 0.0097 Gb/s 0.25Gb/s 0.25 Gb/s

For the LFHCal

- Channel p95 | Channel p99 | Chip p95 Chip p99

60.7 kHz 6.09 Gb/s

0.046 Gb/s

5.81 kHz
0.00074 Gb/s

18.7 kHz
0.013 Gb/s

0.1 MIP 1.72 kHz
0.00022 Gb/s
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