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Barrel Imaging Calorimeter in EIC detector

R&D goals for FY24
Commissioning and characterizing a small Pb/SciFi calorimeter prototype, termed Baby BCAL, using mixed electron/pion

o * The electromagnetic calorimeter is the main detector for electron-pion
AstroPix: silicon

| sensor with separation in the barrel region.
1 500x500um? pixel

size developed for * Detection of eIectrons/photons to measure energy and position
the Amego-X NASA
mission

* Requirements for Barrel EM Calorimeter
* Require moderate energy resolution (7 - 10)%/VE @ (1 - 3)%
* Require electron-pion separation up to 10% at low momenta in combination
with other detectors
« Discriminate between nt® decays and single y up to ~ 10 GeV

* Low energy photon reconstruction ~ 100 MeV

o » 4(+2) layers of Astropix sensors interleaved with the first 5 Pb/SciFi
$$88l ScFi Layers
> with two-sided

SiPM readout

layers

Followed by a large section of Pb/ScFi section
e Total radiation thickness ~ 17.1 X, at n=0
 Sampling fraction ~ 10%

and proton beams at the Fermilab Test Beam Facility (FTBF)
Testing the first integration of the AstroPix v3 single chip with the Pb/SciFi system and the double layer using Astropix v3

single chips
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Astropix sensor: Introduction

AstroPix R&D for BIC

* v3: Application in larger NASA payloads
* Not final version for BIC

* Single chip and quad chip: under test at ANL
* v4: Currently under test in NASA

e v5: Just submitted engineering run in mid June
* Forusein BIC

e Similar to AstroPix v3

AstroPix v3 single chip

v3

v4

v5

SPI test pins

200 MHz

“ad Analog o/p

Digital oy
periphery
&

Wirebond
Pads

*  Fullsize 2 x 2 cm? array
* 500 x 500 um? pixel pitch
* 35 x35 pixels

.y sample_clk

T "3

e 1x1cm?array
* 500 x 500 um? pixel pitch
* 16 x 13 pixels

Full size 2 x 2 cm? array
500 x 500 um? pixel pitch
35 x 33 pixels

* 2x2cm?-size with 35 x 35 pixel matrix, 500 um x 500 pm pixel pitch, 720 um thickness

* Very low power dissipation < 1.5 mW/cm2
* The good energy resolution (<10% @ 60 keV)

* Timestamp clock: 2 MHz (500 ns), 8-bit (0-255)

* ToT (Time over Threshold) clock: 200 MHz (5 ns), 12-bit (0-4,096)

* 10-byte data frame per hit

* Header including Layer ID

* 5 Bytes of hit information from sensor (chip ID, pixel location, time stamp, Time over threshold)

* 4 Bytes of FPGA timestamp
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R&D Goal
* M2: AstroPix chips prepared at the bench

1-1. Noise Scan
with respect to threshold

* Used Astropix v3 single chips: APS3w06s01
* Bias voltage: - 150V
* LV supply
* Digital and analog: 1.8 V
* Geccoboard: 2.7V
*  Amplifier: 1.2V
* Time windows: 5 secs
* Threshold: 100, 150, 175, 200, 250, and 300 mV
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Noise Scan with respect to Threshold [100 mV - 300 mV]
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Noise Scan: Masked Pixels

e Disable pixel : Noise > 10
e Used 200 mV threshold for source test and beam test

V= 150 mV V= 175 mV Vy,= 200 mV
~masked pixels:APS3w06s01 (5s/t150) masked pixels:APS3w06s01 (5s/t175) masked pixels:APS3w06s01 (5s/t200)
= szrellmmary _ - 35 Preliminary Preliminary
5" - z s .

C = B = [ T T
s0f- 180 30E 100 30f “~ 20
2 7 160 - - (14, 31)

°t 140 2 80 25— 60
20:— | 120 20:— 20:— 50

- - 60 -

- 100 - - 40
15 ] 15 15

EI - -I [ | 80 :I 20 E- 30
10 - 60 10} 10}

- 40 - 20 - 20
5o 5 5

C m | 120 - -« - 10—

- -« - N

00\ I \g\ I \1‘0\ I \1‘5\ I \2|0| Ll \2‘5\ Ll \3‘0\ - \35 0 O(;\ Ll \5‘\ Ll \1‘0\ Ll \1‘5\ Ll \2|0| 1| \2‘5\ 1| \3‘0\ 1| \35 0 0*‘ L1 ‘ L ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 0

coL cor 0 5 10 15 20 25 30 Coﬁs
« Active pixels: ~ 96.5% e Active pixels: ~ 99.5% * Active pixels: ~ 99.8%
e 43/1225 pixels are disable. * 6/1225 pixels are disable. » 3/1225 pixels are disable.

- Masked noisy pixel (14, 31)
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R&D Goal
* M2: AstroPix chips prepared at the bench

1-2. Injection Scan

e Used Astropix v3 single chips: APS3w06s01
e Bias voltage: - 150V
* LV supply
* Digital and analog: 1.8 V
* Gecco board: 2.7V
*  Amplifier: 1.2V
* Threshold: 100 mV
* With respect to injection voltages at (COL #, ROW #)
e Column(0,1,2,3,4,5,6) & Row0
« 150 mV—-800 mV in steps of 50 mV

* Time windows: ~ 90 secs for 1k events
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Injection Scan: Injection Voltage vs ToT [us]

* Column(0,1,2,3,4,5,6,7) &Row0and[7, 11]
* ToT [us] as a function of injection voltages from 150 mV to 800 mV in steps of 50 mV.
* Fitting using gaussian function then mean and sigma values from fitting results are plotted.

* ToT spectra w.r.t various injection voltages at pixel (0, 0) * ToT mean values as a function of various injection voltages

150 mv 200 mv 250 mv 300 mv ?
o
(APS3W06501) c0r0_t100_v150 (APS3w06501) c0r0_t100_v200 (APS3W06s01) c0r0_t100_v250 (APS3w06501) c0r0_100_v300 20 P P I
. o o e =) = reliminary
2 , H \ e - S e ] —
H w LN ‘ s i b | Yo -
0] | o "{\ SuDey 04638 N i S Dav 0s5% l—
{ gint 472 | 2ind wsiz o -
- wl e - Ry
, \ — - e = —
o€ wl | oot oo | S asatiom0 n
wl
| | -
300 00| I
] g { -
a3 ‘ = | I 16 :
\l " - I = v Y
\ % bt \ b - L . ) \\ | P— b 4
I N . RN T R N )
Toft Tofm oftn - %}
350 mvV 400 mV 450 mvV 500 mV 1 4 Jr— '
(APS3w06s01) cOr0_t100_v350 (APS3w06s01) c0r0_t100_v400 (APS3w0Bs01) cOr0_t100_v450 (APS3w06s01) c0r0_t100_v500 - '
w1 ic_fotus | 2 s hic_tofus I e — - , >
£ f ) £ ol |3 e (Bl
f I o= = e = e g
o 3 s I wid el “ Il 2 w61 12 }—— . kf
| 1 |G e (L vy e
| s il M 937550008 | e 959810009 wl - ‘ . 1 ‘
- | - I Sgna_ 05332100048 - [‘\ « Sigma__ 06254400049 N . O r . .
1 | | 3 2 T ’
T I I - = * o s ¢ ¢ ¢ ¢
| | | | 10 o ¢} o
|1 ] I o [} O
f wf ! ‘ of [ - © 4 o H o]
\ |
i - o \ - . A
) AN L\ o N ‘ - o -
TOT fus] TOT [us] TOT [ug) TOT ) 8 - o
550 mv 600 mv 650 mvV 700 mv - Y .
(APS3w06s01) c0r0_t100_v550 (APS3w06s01) cOr0_t100_v600 (APS3w06s01) cOr0_t100_v650 (APS3w06s01) c0r0_t100_v700 - ~ ’ (0 y 0)
he_totus ] he_totu 2 — he_totus
o ‘}“ ) |f Wb T P N e X - % Q@ O s (1 0)
n il tean 154 “ e | Me 1244 )
s I oo ome ok ”k v o o ‘h ol o |/f) 6f— O
E Rinet 4701138 2indt 269139 2721148 1
= o= = . Moz 2= | e I e L - & ® (2,0)
wf- I [ o naiom I o | B
Sigma__0.6893 + 0.0054 Sigma__0.7291+0.0057 250| /522 + 0.0058 }
p . | | =t /| - *(3,0)
s i 9 = I o
| i [ a 41— (4,0)
b ;‘\ 50 | 15 I\ 50 i | N 4,0
3 I " } \ - I\ 1 - ® (5,0)
b E]
o « I o \ [
7 - e e e e o 2t— (6,0)
x » x x
750 mv 800 mV O (7’11)
(APS3w0Bs01) cOr0_t100_v750 (APS3w06s01) c0r0_t100_v800
R I £ OIIllIlllllllllllllllllllllllllll.(7’o)
i i L (e A N
- " ” - 200 300 400 500 600 700 800
™ \ 2indt 254614 I
Y ﬂ Wi e I o
gl o !
et i oen| | Injection Voltage [mV]
ol | e |
100 f t 150 l“
; [
o | s [
\\ of [
R B T e e 2024 EIC User Group Early Career Workshop




R&D Goal
* M2: AstroPix chips prepared at the bench

1-3. Source Test
using Am-241

* Used Astropix v3 single chips: APS3w06s01 45 Preliminary | | | |
* Bias voltage: - 150 V ~ a APS-w06-s01
+ LV supply "W Ve=200mv |
 Digital and analog: 1.8 V 2 R E
* Gecco board: 2.7V , 20
* Amplifier: 1.2V %15
* Used threshold = 200 mV 10
* Masked first three column pixels S
OO !3 1‘0 1i5 2‘0 2i5 3i0 35

Col
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Am-241 Result: 32 x 35 pixels
85.2% 5.443 MeV  a-decay
5.486 MeV  a-decay 0.103
. . . . 0.1%| 0.0434 MeV vy
Data-taking for 12 hours with 32 x 35 pixels (1,120 pixels) ‘ 00505
ToT distribution for all pixels after applying to scale factor (from proton result) W oossmey 1 |
Full peak, fitted with gaussian function N
A calibration constant is calculated: ToT distributi £ all pixels aft i e fact
0] ISTripution OoT a IXels arter a INg SCale TaCtor
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e . . Underflow 0
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o : 10° |
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Beam Test R&D Goal

* MB6: Integrated system commissioned with proton beam
e AstroPix v3 single chip with Baby BCAL
* Double layer with two AstroPix v3 single chips

2. Beam Test at FNAL

On June 13-18

1. Single layer in front of Baby Bcal

1. MIP response
2. Astropix+Baby Bcal: coincident event

2. Double layer using two v3 single chips
1. Coincident hits
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MTest Beam line Instrumentation

Beam Test Setup @FNAL

* ‘Mtest’ Beam line provides particles from 120 GeV protons

= @LHM\J]

] MTest Control Room
Electronics
Room

to secondaries (electrons, muons, and pions) of ~ 200 MeV B BN n e
e Single 4.2 s long spill per every 60 seconds < Mos& =P C
MT4 Cerenkov ) g 'D___,,-,__..
* FNAL instrumentation system =5l _H@Qt:ﬂ Iyl o |
. . . M'I%.& Calorimeter -E
* Segmented Wire lonization Chambers (SWICs); === : S. ___HE
_ - — NTI5/6 Cerenkov Wm!!g; %] - M e 8 S \@ —Tolal=l=]=]=] =] =] =] =] = =
. . . - - Inner/Outter Alcove ':,"' N
2 mm wire spacing for tracking PP ] = < - — S
« Scintillator counter for triggering N
T (- Scintiflator WS Pixel I] SWIC || MWPC Fenker Chamber) g’;’;ltOf -%:ﬁ;ﬁif;
* Two Cherenkov detectors for PID G TIRES MWVEC Stations canbe | ["T0F and Lb-Glass Calorimerd
- moved cyywiiere. can be moved anywhere. ~

Astropix Sing*l_gila_!g._rl
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120 GeV Proton: Astropix, T
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120 GeV Proton: Astropix, 32x35 pixels

Preliminar LRl
e 32x35 (1,120 pixel = hmpv : -
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ToT distribution for all pixels sl Most Probable Value 2of
- of Landau o
10— i
- [us, ToT] A N s, ToT]
% 1 2 R 5 e % 0z 04 06 08 1 12 14 16 18 2
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120 GeV Proton: Astropix, Energy Distribution of 32x35 pixels

Before applying scale factor

After applying scale factor

After applying
scale factor and calibration constant
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Ol 1 |2| 1 |4| 1 |6| 1 |8| 1 |10| 1 \12\ 1 |14| 1 |16| 1 |18\ 1 \20 ) ) 4 6 8 10 12 14 16 18 20 0 50 100 150 200 250 300 350
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120 GeV Proton: Coincident Event Display of AstroPix and Baby BCAL

. Baby BCAL trlggered by analog 5|gnal from [0 15] pixel of Astropix
‘ | i 5 fetet e Baby BCAL, event A

Ch. 12

ch. 0 ch. 4 Ch. 8

AstroPix

I ch. 1

120 GeV proton

20 40 60 80 100

ADC Units
* Baby BCAL, event B

I
I
Ch. 0 Ch. 4
AstroPix
!g ch. 1 ch. 5 ’
2 10 3
g o 0000000 m=———- — —4Ch2 L —Ch6_ S >
-
II 120 GeV proton ch.3| en7
410 Lo
fs _lou | r ; .
0 5 10 15 20 25 30 35 1000 2000 3000 4000 5000 6000 7000
ADC Units

Col
*Example plot of 120 GeV proton event display from an integrated system of Baby BCAL and a single-layer AstroPix v3 chip by Henry Klest
17
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120 GeV Proton Double Layer Hit Map of Comadent Hit

. A
3 7/ 2y
ES | —

-~ 7 ‘ E |

' - - l

B : - |

"

i 5

§

«

1 — |
g il
e

* Matching hit using col&row information on same chip * Matching coincident hit between chip0 and chipl
I;lsit Map with Masked pixels (Chip0) 3|:|5it Map with Masked pixels (Chip1) M3a5tching Coincidence Hit Map (Chip0) M3a5tching Coincidence Hit Map (Chipl)
30 . -ﬂ F 300 30 -.:-! o 300 30 _ ':T'- “L 15.0 30 - .._- : 15.0
25 = n_ II- 250 g 25 'i ] . 250 P 25 g I-- -i = 12.5 " 25 ™ = I- = 12.5
3 2 2005 5 2°'|I 2005 2 - 100§ 320 = 10.0
o
2 15 150% e 15 H 150% 2 15 . ; & 15 -
10 -
100 10 100 10 - 10 -
5 50 528 50 . 5
- 2.5 2.5
04 | | | 01 ! ! | 0 ' ' ' 0 ' ' '
0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30
HElinI kY Col Preliminary Col Preliminary Col Preliminary Col
* Matching hits with time stamp <2 and ToT error < 10% * Matching hits with location difference < 3 and time stamp

difference < 5
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Summary

* The performance of Astropix v3 single chip is measured at ANL:
* Noise scan: measured noisy pixels
* Injection scan: measured a relation between injection voltage and individual pixel output

» Source test: measured a calibration constant of 17.09 [keV]/[us, ToT]

* Using 120 GeV proton beam at FNAL

e Astropix v3 single chip,
 Measured beam position by hit map and average MIP deposited energy of 43.53 keV
— Extract MIP response

* Astropix and Baby BCAL,
* Measured coincident hits between Astropix and Baby BCAL
— Proof-of-concept tested in the beam

* Double layer of two Astropix v3 single chips

* Measured coincident hits between double layer

* Collaboration paper is in progress during this summer.

2024 EIC User Group Early Career Workshop
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Thank you
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Bench setup at ANL with AstroPix

= DL hiteniy

Bench test 2 with v3 quad chip

S =

\ y
\
x
N
’,
S
= 7
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(ORI oY [T DI te |t IIDEWA by Maria Zurek
Jhttps://indico.bnl.gov/event/22388/contributions/87696/attachments/53512/91595/eRD115_ImagingCal_Zurek.pdf

EIC Calorimetry Reﬂuirements
Barrel ECAL in EIC Yellow Repo

EIC Community outlined physics, detector requirements, and evolving detector concepts in the EIC
Yellow Report.

EIC Yellow Report requirements for Barrel EM Calorimeter

SCIENCE REQUIREMENTS
AND DETECTOR

CONCEPTS FOR THE
e Detection of electrons/photons to measure energy and position {b B e

EIC Yellow Report

e Require moderate energy resolution (7 = 10)%/NE & (1 - 3)%
e Require electron-pion separation up to 104 at low momenta

in combination with other detectors

e Discriminate between 1r? decays and single y up to ~10 GeV

e Low energy photon reconstruction ~100 MeV

Challenges: e/t PID, y/tr° discrimination, available space

eRD115 - Barrel Imaging Calorimeter 3
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DSC-barrel Ecal by Maria Zurek@Electron-lon Collider User Group Meeting 2023
https://indico.cern.ch/event/1238718/contributions/5431950/attachments/2691871/4671467/ePIC-July-WAW-%20Zurek.pdf

eometry ep@

e 4(+2) layers of imaging Si sensors interleaved
with 5 Pb/ScFi layers
AstroPix: silicon e Followed by a bulk section of Pb/ScFi section

sensor with
500x500um? pixel
size

Calorimeter
sector

Bulk Pb/ScFi
section

MScFi Layers
with two-sided
SiPM readout

Slots for AstroPix
sensor layers

Energy resolution - Primarily from Pb/ScFi layers (+ Imaging pixels energy information)

Position resolution - Primarily from Imaging Layers (+ 2-side Pb/ScFi readout and radial segmentation)
@ENERGY ATESIIES

nne, LLC.
AAAAAAAAAAAAAAAAAA
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ePIC / EIC Project Detector R&D Day, oA\ EIEWATI{:1¢

https://indico.bnl.gov/event/22388/contributions/87696/attachments/53512/91595/eRD115 ImagingCal Zurek.pdf

Barrel Imaging Calorimeter: Performance Example

Ry Standalone simulation

104} | Imaging calo sim. |

PbWO4 sim.

$

10% Pb/Sc meas.

: (PHENIX)

| W/ScFi sim.
1ol (SPHENIX)

_ Ee295%

0L A A
10%57 1.0 10.0
p (GeV/c)

Realistic ePIC simulation

s €PIC Simulation
| L4
10} A~y —1
F R/ YA s S gl T
1 —_—— ——+
/ e * - -
. .‘I'k: ."’, 1§ s : — -
10314/ /
F&/
LIy
s ry/
(i
102§—. : .
: with 6 AstroPix Layers
10" Imaging Calorimeter R™ at n=0.0
4~ 95% efficiency 4 75% efficiency
+— 90% efficiency +- 65% efficiency
4 85% efficiency —4+— 55% efficiency
oL ] ] |
%0 25 50 7.5 100 125 150 175 200

E(GeV)

108 ePIC Simulation
f ! I 1

10°}

&
. 1-3-4-6 Layers

Imaging Calorimeter R, atn=0.0 |
+- 6-layer default
layers 1-3-4-6 only

| S
%0 25 50 75

PP | A PR e |
100 125 150 175 20.0
E(GeV)

e Goal: Separation of electrons from background in Deep Inelastic Scattering (DIS) processes
e Method: E/p cut (Pb/ScFi) + Neural Network using 3D position and energy info from imaging layers

e e-Tr separation exceeds 103 in pion suppression at 95% efficiency above 1 GeV in realistic conditions!

M. Zurek - Barrel Imaging Calorimeter
2024 EIC User Group Early Career Workshop
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DSC-barrel Ecal by Maria Zurek@Electron-lon Collider User Group Meeting 2023
s://indico.cern.ch/event/1238718/contributions/5431950/attachments/2691871/4671467/ePIC-July-WAW-%20Zurek.pdf z 5
\

Performance with reduced number of layers
e/tr separation at 95% efficiency

N\Y

10+ €PIC Simulation n=0.0 1o+ €PIC Simulation n=05 1o+ €PIC Simulation n=1.0

’_"'l""l"'T" | LTI A TR0 1 N0 i B U ‘~ n"'l""l""l" T LIS BRSO O S LR S TR ] £ 'T"'T""Y"I"'l""l""l"'—

%

103 ! - ' i 10} | 10°} | 4-layer alternate:

i ] i 1 i layers 1-3-4-6

& E &
o o o
10 E 107 E 10 E
Imaging Calorimeter Ry at n=0.0 I Imaging Calorimeter Ry at n=0.5 I Imaging Calorimeter R, at n=1.0
—4— 6-layer default | ! —4— 6-layer default I | —4— 6-layer default
1 layers 1-3-4-6 only 1 layers 1-3-4-6 only t layers 1-3-4-6 only
S 25 5075 00 126 180 175 o "0 25 50 75 j00 125 1e0 176 20 %0 25 5075 00 125 180 175 200
E(GeV) E(GeV) E(GeV)

. ePIC simulation =-05 _ ePICsimuaton =-10 - - . . .

e b T s i Default configuration exceeds 10° pion rejection almost everywhere

W /. A4-layer alternate still performs relatively well at lower energies (where
el o 1 T e most rejection is needed), larger degradation at higher energies

102 l‘ 102 ‘J‘ .

4-layer alternate seems workable compromise.
%025 so 75 ;(iéig)\'/]‘{z’s"is‘b"i;.s“zﬁ %0028 ‘sfo"'v:s'E‘(ié;gv)we‘.s‘ 56 175 200
Barrel Imaging Calorimeter 23 Argonneﬁ
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eutral Pion ldentification

2 ("7’77)

15 GeV ° — yy
0.8
1200 0.7
1 T e 2 0.6
S S 00 E
"feza 5% . g 0.5
ﬂ'. Sl e 50 x \
¢ :
| 00 g o
50 0.3
40
-40 Q
-20 & 0.1
49

Energy Deposit (MeV)

1.0
0.8
20.6
0.4
0.2
0.0

Separation of y/mr? (upper limit)

vy Merging Probability of n® decay at R = 0.8 m

—— Imaging Calo [6.0 x FWHM of Hits Distribution]

—— PbWO4 [20 mm]
—— TF1 [38 mm]

—— Shashlyk [55 mm]
—— Shashlyk [110 mm]

1 2 5 10 20

P (GeV/c)

50

ePIg)

M.  reconstruction 2 GeV 0

e Goal: Discriminate between m° decays and single y from DVCS, neutral pion identification
e Precise position resolution allow for excellent separation of y/rr° based on the 3D shower profile
e Reconstruction of 2 GeV 1 invariant mass as a testing ground for cluster energy splitting

Separation of two gammas from neutral pion well above required 10 GeV

Barrel Imaging Calorimeter
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x10°
4.5E T Mean 135.5 + 0.1
4k Sigma 9.23 + 0.11
C — fit
3.5F
sf  2-cluster 3
Fin Imaging
255 2-cluster E
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05t | \_ -
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1’ Separation - Exploratory Studies

Convolutional neural network utilizing energy and spatial information from AstroPix layers
e Started from 10 GeV/c at n = 0 - the upper limit for y/1° from YR

No proper topological clustering
algorithm in the ePIC reconstruction yet

With a quick study we easily achieved

10 GeV/c particles - 91.4% rejection of 11°
at 90% efficiency of y (better than PbWO
crystal with 20mm block size)

4-layer alternate is workable (still better
than theoretical limit on a crystal
calorimeter!), but reduced 1°

Full study is ongoing:

e Implementing optimized topological
clustering for AstroPix layers

e Significant improvements expected

2024 EIC User Group Early Career Workshop

Photon

4

ePIC

alternate

Barrel Imaging Calorimeter

0.2

Configuration | y efficiency ° rejection
at 10 GeV/c

6-layer default = 90%

PIC
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nergy Resolution - Photons

Resolution o/E [%]

ePIC
25
¢ v.n=10
¢ e V. n=05
209 ! ; : ZZ?(:)S
< v, n=-1.0
15{ ¥
s
51 #
o5
* P o & "
010 215 5.|0 7.I5 10|.0 12I.5 15‘,0 17I.5 20.0
E, [GeV]
Fit parameters
n al(E) [%] b [%]
-1 5.1(0.01) 0.47(0.03)
-0.5 4.77(0.01) | 0.38(0.02)
0 4.67(0.01) | 0.40(0.02)
0.5 4.75(0.01) | 0.39(0.02)
1 5.1(0.01) 0.41(0.02)

Fraction within FWHM

1.00

0.95 A

>4
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o
!
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©
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o
|

0.75 1

0.70 4

0.65 -

0.60

ePIC
»e
[ ]
P ¢ % g s
% e ] %
$e . “
[
<
¢ V. n=10
e y,n=05
« v, n=0.0
» Y, n=-05
<« Vv.n=-10
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
E, [GeV]

ePIC

[ Cluster Energy/E true | Entries 33333
2/ ndf 187.9/34
L) T a 1.396 + 0.032
] 4500 |- n 5.011 + 0.335
@ 4000 E : o 0.02228 + 0.00012
3 n - 00 mean 0.9964 + 0.0002
3500 £ N 4513 +31.7
= Y, 5GeV 3
3000 [ =
2500 |- =
2000 =
1500 [ =
1000 [ =
so0f v, ePIC
%7 0.8 0.9 1 1.1 12

e Based of Pb/ScFi part of the calorimeter
e Resolution extracted from a Crystal Ball fit o

GlueX Pb/ScFi ECal: 0 = 5.2% /NE @ 3.6% NIM, A 896 (2018) 24-42
e 15.5 X, extracted for integrated range over the angular distributions for
m% and n production at GlueX (E_=0.5- 2.5 GeV)

e Measured energies not able to fully constrain the constant term
Simulations of GlueX prototype in ePIC environment agree with data at E_ <

0.5 NIM, 596 (2008) 327-337

Barrel Imaging Calorimeter
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osition Resolution with 6 AstroPix Layers e' '\&5

Example of © - @ resolution for 5 GeV photons

Only information from clusters Clusters + first-layer hit

Position resolution for photons

Particles thrown perpendicular to the calo surface
g 5."‘ ' ' y . J g lE Ch ' _I__' I'."t _'--: I _f_:: T o0 —_— LI L B L L L L L L L B
T 08 T 08 . o . T Y 2000 E -
3 oef 3 oeb = .--.p-. 'éPlC 1800 £ J
3 0.45— 3 ME_ s G T e i =5 Position resolution ePIC S
' 3 . E s P L _ ]
8 ozf" 8 ozp- - LIRS -4 S 1400 From topological clustering 7
° oE CR SRy L e = T 271200 a

02f i TRl 1000 (2.32 + 0.06)mm/VE @ (1.4 + 0.02)mm ]
po Tt ch: ™ 3
-0af- Y = . .5'__ < e From first-layer hit, FWHM 3
06 -o.s;— - o 400 =
-08F- Y= 5 mR R R 200 ~
—.: 1 I'—\ 1 1 1 ] e ik L 15, =y o :

05 206 04 02 0 02 04 05 08 21 08 06 04 02 0 02 04 06 08 1 —

6 true - 6 cluster (deg) 6 true - 0 cluster (deg) -

@ M I Rl B IR B R B R B ] R B R | TV 7] T T T TTTT " =

s T ] $ T Position resolution fl ] 2=y

P PIC i PIC v

L L —— From topol. clusteri =1

% siaF- e E % P 'rom topol. clustering| e I :

E B E [ —— From first-layer hit ] —_

- ] : F ] 3

0.6_— ] 0.6_— ] —
B ] C A A —
0A4_— = 0.4_— - =
L J L i PN BPETET BPEET S SUETETE SUEVErE BECErE e
b H iy o 10 12 14 16 18 20
] C /J L\‘ 1 True Energy (GeV)
s 06 04 03 0 02 04 06 08 1 005 06 04 02 0 02 04 06 08 1
¢ true - ¢ reconstructed (deg) constructed (deg)

e Clusters from Imaging Si layers reconstructed with 3D topological algorithm
e Cluster level information: o n— (2.32 £ 0.06) mm/NE @ (1.4 £ 0.02) mm at n=0

e First-layer hit information added o_ .. =~0.5mm (pixel size)

position
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Fit with landau convoluted with
gaussian function on ToT
distribution
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