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@ The Electron-lon Collider
o ATHENA

@ Sub-detectors
@ Muon detection
@ Quarkonium reconstruction

e ECCE
© DD4hep - detector description toolkit
© Hadronic showers

@ Development of Barrel Hadronic Calorimeter for ATHENA
@ MC particles
@ Reconstructed BHCal clusters

© Summary
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The Electron-lon Collider

The Electron-lon Collider (EIC):

The only electron-ion collider in
the world

@ To be built at Brookhaven
National Laboratory, Upton, NY,
USA

o Will make use of existing
Relativistic Heavy lon Collider
and add an electron storage ring

@ Construction to start in 2024
after RHIC run

@ e+p, et+A collisions at
v/s =20 — 140 GeV
o High luminosity:
L=10% -10%*cm~2s71,
10-100 fb—1 /year
[EIC Yellow Report]
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https://doi.org/10.5281/zenodo.6423305

Physics goals

E lecfiar=1eh COflicrmsec

Exploring the strongest force in nature s picll

d d ion and b i i will transform the Relativistic Heavy lon Collider [RH]C)
at Brookhaven National Laboratory lr\to an Electron-lon Collider (EIC). The EIC will enable a deeper

exploration of the mysteries of matter, particularly the role gluons play in generating
the essential properties of protons and visible matter.

D ENERGY [Zy  mRogKdRdey .

Inside an EIC collision
By colliding electrons with protons and nuclei, the EIC will ‘ A

like a CT scanner for atoms. The electron beam will
reveal the arrangement of the quarks and gluons
that make up the protons and neutrons
of nuclei and solve the mystery
of proton spin.

Benefits beyond physics
Precision 3-D i |magmg and search for saturation Building the EIC will maintain US. leadership.

The EIC
collider with the flexibility to change the nuclear
fon species as well as the beam energies —

both crucial for the systematic study
of the “glue” postulated to
dominate the intemal structure.

of nuclear matter

advances that could have broadimpagts
on society. Examples from past of ongoing
nuglear physics endeavors include:
 Advanced accelerators
for cancer therapy
# Production of radioisotopes
for diagnosing, tracking,
and treating disease

- /  New detector technologies for
Pt medicine and national security.
» &  Computational tools for

managing “big data”

o e -
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Nucleon structure

Wigner distributions kry 1
(Fourier transform of GTMDs =
Generalized Transverse
Momentum Distributions)

Fourier transform
of Generalized Parton Distributions

(GPDs)

Transverse Momentum Dependent

B kry 1
Distributions TMDs :
xB : o

Fourier transform

PDFs T of Form Factors

see, e.g., C. Lorcé, B. Pasquini, M. Vanderhaeghen, JHEP 1105 (11)

Taken from A. Prokudin, STAR Collaboration Meeting 2021.9
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https://drupal.star.bnl.gov/STAR/meetings/star-collaboration-meeting-september-2021/plenary-session-ii/nucleon-struture-rhic-and-jlab

on saturation?

o Parton density can't grow to infinity (it would violate unitarity), so it has to

saturate at high energy
o Can parton saturation be observed? EIC will study that.

q ——

D. Bendova, WJCF Workshop 2022
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https://indico.fjfi.cvut.cz/event/200/contributions/3721/

@ Parton density can't grow to infinity (it would violate unitarity), so it has to
saturate at high energy

@ Can parton saturation be observed? EIC will study that.
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[Nucl.Phys.A 926 24-33(2014)]

o Parton distributions are modified for bound nucleons
o shadowing
e anti-shadowing
o EMC effect (short range nucleon correlations?)
o Fermi motion

F Workshop 16
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https://indico.fjfi.cvut.cz/event/200/contributions/3721/
https://doi.org/10.1016/j.nuclphysa.2014.04.001

Proposed dete

3 proposed detector designs for Detector-1:

@ to be located at 6 o'clock position (in place of STAR experiment)

o A Totally Hermetic
Electron Nucleus
Apparatus

e General purpose
detector inspired by
Yellow Report concept.

@ Superconducting
magnet with variable
field up to 3T

@ https://www.
athena-eic.org

Compact Detector for
the EIC

Nearly hermetic,

general-purpose
compact detector

2T magnet (up to 4'T)
https:

//userweb. jlab.org/
~hyde/EIC-CORE/

EIC Comprehensive
Chromodynamics
Experiment

General purpose
detector

1.5 T magnet reused
from BaBar and
sPHENIX

https:
//www.ecce-eic.org/

Recommended by
DPAP

WJCF Workshop 16.6.2022
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ATHENA

A Totally Hermetic Electron Nucleus Apparatus
FORWARD

| BACKWARD | BARREL

bHCal bToF SC Coil pECal  pHCal

\ [Tl
bECal ‘ L -t | MPGD Layer

hpDIRC —~ : =
- dRICH
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Outer nECal Tracking Rings
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Disks

pfRICH
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Si Vertex
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[ATHENA detector proposal]

Beam Directions:
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Table 1.1: Complete list of ATHENA subsystems in the main detector ordered from small to large radii (barrel) and increasing distance from the jZ>
interaction point (forward and backward regions). The PID range in momentum is quoted for 30 separation. -
m
i
Detector Purpose Technology Acceptance PID Range (GeV/c) m
Si-Tracker Disks Tracking 6 disks of MAPS 11<n<375 3
o
% | Tracking Rings (MPGD) | Tracking Planar GEMs with annular shape surrounding | 1.1 < 7 < 2.0 >
£ the Si-disks F
2 [dricn PID Dual RICH with aerogel and gas 12<n<37 3<p<60(K/m) 2
3 0.85 < p < 15 (e/7) 2
g MPGD Layer Tracking Planar uRWell 14<n<375 z
& | pECal e/m Calorimetry W-Powder,/SciFi calorimeter 12<n<40
pHCal Hadron Calorimetry Fe/Sci sandwich 1<n<40
Si Vertex-Tracker Tracking and Vertexing 3-layer MAPS 22<n<22
i Barrel-Tracker Tracking 2-layer MAPS ~105<n<105
bToF PID and Tracking ACLGAD ~105<7 <105 1.3 (K/7)
w pr>023GeV/c @3T | p <04 (e/)
_ | Barrel Tracker (MPGD) | Tracking 4 (2+2) layer cylindrical Micromegas 1.05 <7< 1.05
£ [hepiRC PID DIRC with focusing elements and fine pixel | —1.64 < 7 < 1.25 p <65 (K/m)
a readout pr > 045 GeV/c @3T | p<12 (e/n)
bECal &/m Calorimetry & Tracking | Hybrid with Astropix imaging layers alternated | —15 < n < 1.2
with Pb/SciFi layers followed by a set of
Pb/Scifi layers
bHCal Hadron Calorimetry Fe/Sci sandwich -10<n<10
Si-Tracker Disks Tracking 5 disks of MAPS 11>n>-38 =
B | Tracking Rings (MPGD) | Tracking Planar GEMs with annular shape surrounding | —1.1> 7> —18 »
£ the Si-disks bt
K 3
& [ pRICH PID Proximity focusing RICH with aerogel —15>7>-38 3<p<1l(K/m) B
® 0.85 < p < 3 (e/m) ol
g
£ [inner nECal e/m Calorimetry PLWO,4 —23>n>-40 z
& [ Outer nECal e/m Calorimetry SciGlass ~15>n>-23 3
nHCal Hadron Calorimetry Fe/Sci sandwich —1>n>—4 %
c
=l
m
&
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Tracker

@ Silicon sensors:

o 3 vertex and 2 barrel layers
o MAPS sensors similar to ALICE ITS3 upgrade

@ 4 Micromegas barrel trackers
o GEM disks: 5 e-going (backward) and 6 p-going (forward)
o Large forward pRWell detector

WJCF Workshop 16.6.2022 L. Kosarzewski FNSPE CTU Prague 11
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--- PWG Requirement
ATHENAFit
ATHENA Full Sim.

Figure 2.4: ATHENA tracking performance of generated pions compared to the Yellow Report requirements
(dashed lines) for selected n bins. Top row: momentum resolutions versus momentum. Bottom row: Transverse

DCA performance versus momentum (FullSim).
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Table 2.2: Comparison of performance and Yellow Report requirement parameterizations for relative momentum
and transverse pointing resolutions as a function of momentum for the ATHENA baseline tracking system.

ormance vs. requi

ments

Momentum resolution o (p)/p

Transverse pointing resolution o(DCAT)

Performance

Requirements

Performance

Requirements

-35<n<-25

~0.04% x pd 1.5%

~0.1% x p & 0.5%

~80/pr @10 um

~30/pr & 50 um

25<7n<-10

~0.01% x p&® 0.5%

~0.05% x p & 0.5%

~50/pr @5 um

~ 30/pr & 20 um

10 <n< 10

~0.05% x p & 0.4%

~0.05% x p & 0.5%

~30/pr &5 um

~20/pr &5 pum

10<n <25

~0.01% x p® 0.5%

~0.05% x p& 1%

~50/pr &5 um

~ 30/pr &20 um

25<n <35

~0.02% % p & 1.5%

~0.1% x p&2%

~ 80/pr & 10 um

~ 30/pr & 50 um

WJCF Workshop 16
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Figure 2.10: a) Configuration of the barrel ToF. b) Anticipated impact from the spatial hit from the ToF system
on the tracking performance, with improved baseline performance at higher momenta. c) Shows that ToF more
than satisfies the PID requirements in the momentum range below the DIRC kaon threshold (0.47 GeV/c),
thereby filling in the PID to 230 MeV/c. d) Separation power in number of o separation (FullSim).

o AC-coupled LGAD (low-gain avalanche diodes) TOF

FNSPE CTU Pragi



hpDIRC

Focusing Lens Fused Silica 20 O
2 Q - eVic
N -~ Bar » 1E (C) e/n@ 12GeVic f
wF 2 160
L2 140E /
5 i
£ 120 ¥
" | % 100E- Ny -
@ W PR\, e
) ) - R A SO W
o e A By
20—
_ Photon Sensor 20 40 0 a0 100 20 140 160
& Polar Angle (deg)
Fused Silica
Prism 8
7 —+— /K@ 6.0 GeVic
I; ’D“: @E . e/n @ 1.2 GeVic
b S % s -y 5 e
= = S 4F Tty / \ gt
( ) 3 N- E 3 = ¥
=, 2 %
& : 87 (d)
72‘0 40 6‘0 B‘O 100 1%0 |AD 1!‘50

Polar Angle (deg)

Figure 2.9: a) Configuration of the DIRC. b) Superposition of the distribution of photon hits from 6 GeV/c
identical pions. c) Number of detected photoelectrons as a function of polar angle. d) Separation power at the
maximum momentum requirement stated in the Yellow Report. Results from a stand-alone GEANT4 simulation.

@ high performance DIRC (detection of internally reflected cherenkov light)

WJCF Workshop 16
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Barrel E-M Calorimeter
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Figure 2.6: Left: The barrel electromagnetic calorimeter as included in detector simulations. The inner radius of
the barrel is 103 cm. The first (closest to the beam) 6 layers are imaging layers. The insets show the structure
of the Si imaging layers (bottom) and the 1.59 cm thick Pb/SciFi (top). The imaging layers are followed by
a thicker Pb/ScFi section, for a total thickness (not including the support structure) of 40 cm. Right: Energy
deposited in pixels in the imaging calorimeter demonstrating clean seperation of the two clusters for a 15 GeV
70, The red crosses mark the reconstructed clusters centers (FullSim).

o Hybrid Pb/SciFi design and imaging with monolithic silicon sensors (AstroPix)
o 6 layers of silicon sensors
o 5 layers of Pb/SciFi (1.59 cm) + thick layer of Pb/SciFi
o Total thickness: 20X,
o Outer layer causes 70% of neutrons to shower, which helps identify neutral
hadrons
o Hybrid+imaging calorimeter allows use of machine learning techniques for patter
recognition of showers in 3D
o Enables muon identification

WJCF Workshop 16.6.20! s i FNSPE CTU Prague



Barrel E-M Calorimeter performance

10* - ATHENAbECal sim —— ATHENA [6.0 x (2.49/VE ®1.43) mm]
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Figure 2.7: Left: The pion rejection power of ATHENA bECal (red solid line) compared with other technologies
listed in the EIC Yellow Report. The rejection power of the ATHENA bECal is obtained from the analysis
described in the Supplemental Material utilizing the E /p method and pattern matching, while the other rejection
powers are determined from the E /p method [3] only. All the curves, including simulations and data, are obtained
for the standalone calorimeter, i.e., no other materials are placed in front of the calorimeter and no magnetic field
is involved. The effects of material and the magnetic field are discussed further in the supplemental material.
Right: The merging probability of the two «s from 7° decay in the barrel region at r = 1.03 m. For ATHENA
bECal, 60 of its spatial resolution (2.4/v/E @ 1.3 mm) is used to estimate the merging probability, since its
pixel size (0.5 mm) is much smaller than the cluster profile. For the other technologies, the cell size is used to
estimate the probability [3].

WJCF Workshop 16.6.20;

L. Kosarzewski FNSPE CTU Prague 17



Barrel E-M Calorimeter performance

Table 2.3: Expected bECal detector performance.

Energy Resolution 5.5%/VE @ 1%

e/ separation > 99.8% pion rejection with 95% electron efficiency at p > 0.1 GeV/cP.
E)in <100 MeV©

Spatial Resolution Cluster position resolution for 5 GeV photons at normal incident angle is below

o = 2mm (at the surface of the stave r = 103cm) or 0.12°. For comparison,
the minimal opening angle of photons from 7 — v at 15GeV is ~ 1.05°
(about 19 mm — 37 pixels — of separation at r = 103 cm).

“Based on the photon simulations with —0.5 < 7 < 0.5 and 0 < ¢ < 2m. The constant term does not include calibration effects.
PBased on simulation for a standalone bECal, see Fig. |2.7/for detailed results.

“Based on simulations, 100 MeV photons leave an energy deposit of ~ 15 MeV in SciFi layers and of ~ 1 MeV in the imaging
layers. This simulation includes digitization with electronics noise and a noise suppression cut.

L. Kosarzewski FNSPE CTU Pra,
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External Structure
Gables & Cooling
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Figure 2.5: Left: The mechanical design of hybrid crystal/glass calorimeter nECal. Right: Expected nECal
performance for the stand alone calorimeter, the energy resolution curves for inner PbWOj, (~ 22 Xg) and outer
SciGlass (~ 20 Xg) regions (FullSim).

o Located in the negative e-going (backward) direction
o Inner part: PbWo4 crystals
o Outer part: SciGlass

FNSPE CTU Pra,
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Figure 2.8: Panel a) shows the layout of the dRICH radiators, mirror, and SiPM focal planes. Panel b)
shows the superposition of hits from 1000 events with identical primary particles. This effectively captures ring
shape (aerogel-large, gas-small), Rayleigh scattering, optical aberration, multiple scattering, tracking resolution,
chromaticity, and signal-to-noise effects in one image. Panel c) shows the number of photoelectrons per single
ring vs 7, and thereby illustrates the acceptance range. Panels d) and e) demonstrate the PID separation for

em and K. The performance meets the Yellow Report specification. Aerogel performance is indicated in blue
and C>Fe in red (FullSim).

o Dual-radiator RICH at forward rapidity (p-going)
o Good e/ separation

FNSPE CTU Pra,




detection - barrel

T contamination

ATHENA baseline, neural network
3 ECal ScFi only, E/p method
E ATHENA baseline, ECal + HCal

 contamination [%]

! ° peevi

effciency [%]

10

et

u efficiency

10

p (GeVic)

T suppression

Ll .
1

! 0 peevi)

o Information from Barrel E-M and hadronic calorimeters allows to separate p/m
o Muons with p > 1.5 GeV /c reach BHCal
@ For p < 1.5 GeV/c they curl inside BECal

F Workshop 16.6

L. Kosarzewski
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Better performance if other PID detectors included
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detection - barrel

[ Energy reconstructed in BECAL |

2]
2 C ]
5 L ]
& 1000 — J
r 5 GeV/c muons and pions 1
800 in-Barrel-ECal
600 — —
400
200 h
N N ]

P
0 005 01 015 02 025 03 035 04 045 05
Reconstructed energy [GeV]

@ 1 leave MIP signal in BECal
@ u selection:

o MIP signal in BECal (95% efficiency)
o hits in each BHCal layers

WJCF Workshop 16.6.20;

L. Kosarzewski FNSPE CTU Prague 22



detection - barrel
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o u leave MIP signal in BECal
@ 4 selection:

o MIP signal in BECal (95% efficiency)
o hits in each BHCal layers

WJCF Workshop 16

FNSPE CTU Pra, px




Muon detection - barrel wit

Example of muons and pions at p = 0.5 GeV/c atn = (-1,1)
Efficiency: 98.9% — Rejection Power: 6.6
Efficiency: 95% — Rejection Power: 9.7

Total Energy deposit in ScFi/Pb NN output likelihood
1072 e 1 mu- "
g " oi- 10 p eff = 95% 1 eff = 98.9%
Trej =89.7% ™ rej = 84.9%
i y
2 ‘ 10°
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i 109 n -
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Comparing the two plots demonstrates the power of including the imaging layers:
- they enhance p/n separation at low momenta

@ Muon identification using information from imaging layers and Pb/SciFi of BECal
and machine learning
o 4 parameters for each hit: n, ¢, E, R
o 3 layers convolutional neural network and 3 layers perceptron
o 95% efficiency

WJCF Workshop 16.6.2! L. Kosarzewski FNSPE CTU Prague 24



Muon detection - forward (hadron endcap)
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@ Muon selection possible with pECal and pHCal information

o MIP-like signal in pECal
o Number of hits along the tracks consistent with no shower

@ 90% efficiency, only few % pion contamination

WJCF Workshop 16.6.2022 L. Kosarzewski FNSPE CTU Prague pi



Quarkonium reconstruction

e B s s B
3500 ep 18x275 GeV E
3000 Y —e*e”, 100 fb! 3 Figure 3.5:  The simulated M,
E 1l Y(@s) ] mass spectrum for exclusive pro-
» 208 Ul Y@s) E duction of the three T states in
E 20000 Om Yes) 3 18 x 275 GeV e+p with 100
8 1500é 1 lyl<t E fb~! of integrated luminosity, us-
= o ly>1 E ing the cross sections from eS-
1000 £ = TARIight [58]. Spectra are shown
500;7 JJ“L 3 for T-production at mid-rapidity
F / ] (lyl < 1) and away from mid-
0 1

9 9.5 10 105
Mass(ete~) (GeV/c?)

1 rapidity (|y| > 1) (FullSim).

@ Upsilon states well separated in the dielectron channel

@ Low bremsstrahlung tails thanks to low-mass trackers and beampipe

WJCF Workshop 16.6.2022 L. Kosarzewski FNSPE CTU Prague 26
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Figure 3.19: Left: The projected uncertainty of total and differential (insert panel) cross section of T(1S) near
threshold for photo-production and electro-production (@2 < 1 GeV?) in e+p collisions via the di-electron decay
channel. Two model predictions [58,101] of the near threshold differential do/dt are also shown (FullSim).
Right: The trace anomaly contribution to the proton mass in Ji's decomposition according to [104}105] and
references therein. Green and red points correspond to 10 fb~1 and 100 fb~! integrated luminosity, respectively,
and are offset from each other. The band is the result of a recent lattice QCD calculation [106] (FullSim).

o Needs measurement of electron and/or proton momentum
o Projections both for 10 fb~1 and 100 fb—!
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EIC Comprehensive Chromodynamics Experiment

4déas
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[ECCE detector proposal]
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https://doi.org/10.5281/zenodo.6537588

ECCE - subdetect

Backward Endcap
Tracking:
* ITS3 MAPS Si discs (x4)
= AC-LGAD
PID:
* mRICH
- AC-LGAD TOF
- PbWO, EM Calorimeter
(EEMC)

CCe

Barrel
Tracking:
= ITS3 MAPS Si
(vertex x3; sagitta x2)
= uRWell outer layer (x2)
= AC-LGAD (before hpDIRC)
= uRWell (after hpDIRC)
h-PID:
= AC-LGAD TOF
- hpDIRC
Electron ID:
= SciGlass EM Cal (BEMC)
Hadron calorimetry:
= Outer Fe/Sc Calorimeter
(oHCAL)
= Instrumented frame
(HCAL)

Forward Endcap
Tracking:
+ ITS3 MAPS Si discs (x5)
- AC-LGAD
PID:
+ dRICH
« AC-LGAD TOF
Calorimetry:
= Pb/ScFi shashlik (FEMC)
» Longitudinally separated hadronic
calorimeter (LHFCAL)
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DD4hep - detector description toolkit

Detector description toolkit for HEP (DD4hep):
https://dd4hep.web.cern.ch/dd4hep/

Designed using lessons learned from work on LHC and Linear Collider

Independent of MC event generators
@ Reuses existing software (no need to reinvent the wheel)

o Works with Geant4 for particle transport
o Uses ROOT for visualization

o Easy to use and modify
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https://dd4hep.web.cern.ch/dd4hep/

DD4hep - main idea

@ Separate detector description from their interpretation
o Compact detector description is contained in .xml file
@ Interpretation is done by detector constructors
o Logical detector structure separated from placements
o Can create one detector element with a given shape
o Make multiple placements to replicate it
‘ Logicat veiume (1Geovolume)
G ic Detect
T D:ggr’;;tio?neh:l:o:’el m Placed Volume (TGeoNode) ‘m
description constructors R Conditions DB . Detector Element a
R ’ N | TPCEndCap |
D A — —— EndCapA | | EndCapB
{Extonsions (onnjcoms | (100 moet ) (Eiomene ) ((eertons J
: required xml [ ) -
| | | | (¢ X R o | TPCSector
~ o) < L —7]
RN S sectortt | € sectorm =8
acemen
F Workshop 16.6 L. Kosarzewski FNSPE CTU Pragi

31



Compact dete descriptio

o Describe and easily adjust the dimensions of detector elements (shapes)
@ Set sensitive volumes (also with a fine segmentation)
@ Each placed volume is identified by a 64 bit CelllD
o Hits are assigned CelllD based on the volume and segment in which they are
located
Listing: XML compact detector description
<detector id="2" name="GEMTracker" vis="RedVis" type="my_GEMTracker" readout="GEMTrackerHits" >
<layer id: z="-100 *cm" inner_r="40%cm" outer_r="120%cm" phiO_offset="0.0xdeg" />
<layer i *cm" 30*cm" 0*cm" phiO_offset="0.0*deg" />
<layer i *cm" 20*cm" O*cm" phiO_offset="0.0*deg" />
<layer i *cm" 10*cm" 0.0*cm" phiO_offset="0.0*deg" />
<layer i z=" 40 *cm" 10*cm" "20.0%cm" phiO_offset="0.0*deg" />
<layer i z=" 60 *cm" inner_r="25%cm" outer_r="70.0*cm" phiO_offset="0.0xdeg" />
<layer i z=" 80 *cm" inner_r="30*cm" outer_r="90.0%cm" phiO_offset="0.0xdeg" />
<layer id="8" z="100 *cm" inner_r="40*cm" outer_r="100.0*cm" phiO_offset="0.0*deg" />
</detector>
<readouts>

>

<readout name="GEMTrackerHits">
<segmentation type="CartesianGridXY" grid_size_x="1*cm" grid_size_y="3*cm" />
<id>system:8,barrel:2,layer:4,module:12,sensor:2,x:32:-16,y:-16</id>
<I--
<segmentation type="PolarGridRPhi" grid_size_phi="3.0*degree" grid_size_r="5.0xcm"/>
<id>system:5,barrel:3, layer:4,module:5, r:32:f16,phz:f16</id>

</readout>
</readouts>

F Workshop 16.6
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Detector construc

@ Interprets the geometry description from .xml file and constructs the detector

Listing: Detector constructor

sens.setType("tracker");
string module_name = "GEM";

double thickness = 0.01*dd4hep::cm;
int N_layers = 0;
for(xml_coll_t lay( x_det, _U(layer) ); lay; ++lay, ++N_layers) {

xml_comp_t x_layer = lay;

double inner_r = x_layer.attr<double>( _Unicode(inner_r) ) ;
double outer_r = x_layer.attr<double>( _Unicode(outer_r) ) ;
double phiO_offset = x_layer.attr<double>( _Unicode(phiO_offset)
double z = x_layer.attr<double>( _Unicode(z) ) ;

int layer_id = x_layer.id();//attr<double>( _Unicode(z) ) ;

~

string layer_name = std::string("gem_layer") + std::to_string(layer_id) ;

Tube gem_layer(inner_r, outer_r, thickness/2.0);
Volume gem_layer_vol("gem_layer_vol", gem_layer, carbon);

gem_layer_vol.setSensitiveDetector(sens);
DetElement layer _DE( sdet, _toString(layer_id,"layer’%d"), layer_id );

pv = assembly.placeVolume( gem_layer_vol, Transform3D(RotationZ(phiO_offset),Position
(0.0,0.0,2)) );

pv.addPhysVolID( "layer", layer_id );

layer_DE.setPlacement (pv);
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F Workshop 16.6



Read a ROOT file — Mozilla Firefox

Read a ROOT file X [+

€« c @ ‘®|ﬁhttps:,’fei(.phy.amLgowgenviewemmdex.h: .. 1}| InG M Io» =

Read a ROOT file
JSROOT version 6.1.0 15/04/2021
detector_geometry.root

\ |

Read docu how to open files from other servers.
Load Reset | simple v
open all | close all | clear
ﬂgdetectur_geumetry.mot
E-{Fidefault; 1

E]Materials

E]Media

@ world_volume
-1 StreamerInfo

normal

https://eic.phy.anl.gov/tutorials/eic_tutorial/
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https://eic.phy.anl.gov/tutorials/eic_tutorial/
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Hadronic showers

i

blue = hadronic component red = electromagnetic component

Energy is converted partially into hadronic component and partially into
electromagnetic

Aint o< AY/3 - nuclear interaction length
Xo x % - radiation length
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Nuclear

Hadronic showers evaporation

Hadronic interaction:

Elastic:
p + Nucleus — p + Nucleus D]
Inelastic: Fission
p + Nucleus —
at + 7~ +7° +... + Nucleus*

Nucleus® — Nucleus A +n, p, @, ...
— Nucleus B + 5p,n,, ...
— Nuclear fission

Heavy Nucleus (e.g. U)

Incoming
hadron

-

lonization loss

/

Intranuclear cascade
(Spallation 1022 s)

lonization loss

Courtesy of H. C. Schoultz Coulon

/
Intranuclear caszgade

Spallation 102 s)
Inter- and ©n )

46
intranuclear cascade

Internuclear cascade
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Hadronic showers

7, production

| absorber Z‘»’{ is a one way
street:

| N
0 NN e all energy
| - EM\/\/\M ol r\j\f\J deposited via
____________ .O:_ e*‘ T~ EM processes
| \_O_\ ——
probability: > \{“;

| } T, p: N, ...

‘ | -exp(z/N) N \\ fey, = fraction of hadron
| | energy deposited via
! A L EM processes

. Response to a pion shower:
o Electromagnetic:

o ionization, excitation: e/~ - f 1—Ff.)h
o photo effect, scattering: ~ ™ em€ + ( em)

@ Hadronic: e - response to the electromagnetic

component
h - response to the hadronic component

o ionization: w1/~

e invisible energy: binding, recoil
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e/h and e/ ratio

£: not directly measurable, gives the degree of non-compensation %: ratio of response

h
between electron-induced and pion-induced shower

e __ e __ e 1
" feme+(1—fem)h — h1l+fem(e/h—1)h

+ is energy independent £ depends on E via fem(E) - non-linearity

h
3.0
\ e/h=co
25
'__‘:J 20
Approaches to achieve compensation: E .
. . . =TI
o £ — 1 right choice of materials = he1:
o fem — 1 - high energy limit S i e —
© e/h=08 Qvercompensating
0s
0.0
1 10 100 1000
Energy (GeV)
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nic Calorimeter for ATHENA

Development of Barrel Ha

Built a tail-catcher Barrel Hadronic Calorimeter (BHCal) Reuse scintillator tiles from
STAR Barrel Electromagnetic Calorimeter (BEMC)

259.92mm
193 05mm
\ r=262099mm
Top megate
o
91.%9mm
Sackoits
Compressonpats
Fhse '
‘Shower max detector ¥
Pt comprsaion
it key
bttt
vashens
e N
i TR Y
% et
s
i —
30299mm
__—-SMD
= RecionoF ITERACTONS

re23s




Updated BHCal geometry - 60 modules

o Updated geometry to 60 modules - to match STAR BEMC modules
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Updated BHCal geometry - tiles

detector. jmd:ij'/dcﬁnlx;l/\vmd volume/HcalBarrel 8/stave O/layerS_4/slice3 2ile77_76

DX~ 6 474146 DY=9440182 DZ=0.1250000

detector_zcometry oot defaut;1/world_volomeHealBartel §/stave.0layerS,_4islce3_2ied 45

Geob
DX=5.474146 DY=6.520032 DZ=0.1250000

o Implemented 5 layers with:
e 4 cm steel (dark gray)
e 0.75 cm air (light gray)
o 0.5 cm polystyrene tiles 0.05 x 0.05 71 X ¢ (dark gold)
e 0.75 cm air (light gray)

WJCF Workshop 16.6.20! s i FNSPE CTU Prague



C particles: neu s eta,phi

MC particle 1,0 e MC particle 1,0 | _MCpart_¢
Entries 2071558 Entries 2071558
= B Meanx  —0.01049 [ = Meanx  -0.01049 br
o Meany  0.002637 £ [ Meany  0.002637 £
> StdDevx 09094 | = StdDevx 09094 =
StdDevy 1814 StdDevy 1814
10
1
n[1] n]
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C particles: prot eta,phi

MC particle 1,0 X MC particle 1,0 | F
Entries 2135477 Entries 2135477
? B Mean x -0.01615 E F Mean x -0.01615 !
© Meany  0.001056 I Meany  0.001056
= StdDevx 09123 = StdDevx 09123
< StdDevy 1813 [© < StdDevy 1813 F
10
1
n{1] n[1]
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C particles: pions eta,phi

MC particle 1,0

o [rad]

Entries.

j Mean x

Mean y
td Dev x
td Dev y

2236581
-0.02126
0.0007806
0.9117
1.814

U

TOTTS,

MC particle 0,0 |

¢ [rad]

FNSPE CTU Pra,

Mean y

-0.02126
0.0007806

Std Dev x 0.9117

Std Devy

1.814
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nerated MC particles:

Generated MC particle n,0 h_MCpart_gen_etaphi Generated MC particle 1,0 h_MCpart_gen_etaphi
Entries 200000 Entries 200000
? 3 Meanx  -0.001972 ! F 3F 7 T T| Meanx  -0.001972 !
(E Mean y 0.001428 E g Mean y 0.001428 E
= | StdDevx  0.8364 | = ok StdDevx  0.8364
e 2 Sbevy 1813 ° sidDevy 1813 K
1= 1
o o
1
-1+ -1+
-2 —2+
107
-3

N
wl

¥ = = S ==l

4 3 -2 - 2 3 4 5 543210 1 73
n[1] np
o Generated particles are the original neutrons

L. Kosarz i FNSPE CTU Pra,



nerated MC particles: protons eta,phi

h_MCpart_gen_etaphi Generated MC particle 1,0 h_MCpart_gen_etaphi
Entrles 200000 Entries 200000
? 3 Meanx  -0.003167 ! F Meanx  -0.003167 !
zE Meany 0.001047 £ § Meany 0.001047 £
= StdDevx 08347 = = StdDevx  0.8347 =
e 2 Sbevy 1813 ° StdDevy 1813 K

107

4 3210123 45 73
n[1] np
o Generated particles are the original protons
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nerated MC particles: pions eta,phi

Generated MC particle n,0 h_MCpart_gen_etaphi Generated MC particle n,q) h_MCpart_gen_etaphi
Entries 200000 Entries 200000
? 3 Meanx  -0.0005281 ! F Meanx  -0.0005281 !
zE Mean y 0.002071 £ § Meany 0.002071 £
—_ L Std Dev x 0.8338 E —_ Std Dev x 0.8338 E
e 2 Std Devy 1811 € hd Std Devy 1811 €
U
1
107
= 4 I
4 3 -2-10 12 3 4 5 4 5
n[1] n[]

o Generated particles are the original pions
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MC particles: neu

h_MCpart_p MC particle momentum h_MCpart_p
x10° Entries 2071558 Entries 2071558
ﬂ T T T T T T T T| Mean 0.6098 ﬂ T| Mean 0.6098
g Std Dev. 1.427 g Std Dev 1.427
21200 E 3 - 1
o o -
10001~ - 3
800 . E
600 = E
400 : 3
2001 s E
ol v .
0O 1 2 3 4 5 6 7 8 9 10 7 8 9 10
p [GeV/c] p [GeV/c]

@ Peak for monoenergetic generated particles+secondaries
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MC particles: pro momentum

h_MCpart_p MC particle momentum h_MCpart_p
x10° Entries 2135477 Entries 2135477
!e T T T T T T T T| Mean 0.5917 ﬂ [y T T T T T T T| Mean 0.5917
g 1400~ Std Dev. 1.409 g Std Dev 1.409
81200 - 3 3
1000~ e E
800 . 1
600 s 3
400~ B ]
200/ - : ]
G el L 1 Il 1 1 1 1 L Il L
0 1 2 3 4 5 6 7 8 9 10 5 6 7 8 9 10
p [GeV/c] p [GeV/c]

@ Peak for monoenergetic generated particles+secondaries
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MC particles: pions momentum

h_MCpart_p MC particle momentum h_MCpart_p
10 Entries 2236581 Entries 2236581
« 1600 T T T T T T T|Mean 0.4941 I2) Mean 0.4941
€, StdDev 1177 5 StdDev 1477
3 1400 3 :
s} o -
12001~ - E
10001~ b
800 —
600~
400~ -
200 - .
G el L 1 Il 1 1
0 1 2 3 4 5 6 7 8 9 10
p [GeV/c]

@ Peak for monoenergetic generated particles+secondaries
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nerated MC particles: neutrons endpoint

| Generated MC particle endpoint position X,y | [n-MCpart_gen_posEnd_xy | Generated MC particle endpoint position X,y |[-MCpart_gen_posEnd xy
Entries 200000 Entries 200000
—5000, T T T Mean x 0481, —=5000— T T{ Mean x 0441
G.4000 Meany 2.006 £ G.4000 Meany 2.006 £
- StdDevx  969.2 |5 - StdDevx  969.2 |
3000~ StdDevy  969.7 [c 3000 StdDevy 9697 [
2000 : 55 2000}
1000 30 1000~
o 25 o
~10001- 20 1000}~ 1
—-2000— % 15 —20001~
-30001~ 10 -30001~
40001~ 5 -40001~ 107
50 I S S T R R o _50! N S T SO RO R S
9&09&00@800‘200& 0000 100@00EB00C00G000 %GGOOCBOGQOOCI 000 0 100@00(B00EG00G000
x [em] X [em]
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nerated MC particles: protons endpoint

| Generated MC particle endpoint position X,y | [n-MCpart_gen_posEnd_xy | Generated MC particle endpoint position X,y |[-MCpart_gen_posEnd xy
Entries 200000 Entries 200000
—5000, T T T T T T|Meanx 09568 | —=5000—T—T—T—T— T T|Meanx  0.9568 .
G.4000 Mean y 1126 G.4000 Mean y 1126 £
- StdDevx 9701 | - StdDevx 9701
30001~ Std Dev y 968 [ 3000~ Std Dev y 968 |-
2000~ o5 2000~
1000~ 1000~
o 20 0 1
—10001— 15 -1000—
—-2000— 10 —20001~
-30001— -3000— _‘
40001 5 4000 10
_50 I S T SR SR S B o _50 I N TR SO SR R SR S
9&09&00‘300‘2000 0000 100@00EB00C00G000 %%OOCBOGQOM 000 0 100@00(B00EG00G000
x [em] X [em]

WJCF Workshop 16.6.20

L. Kosarzewski FNSPE CTU Prague 54



nerated MC particles: pions endpoint

| Generated MC particle endpoint position X,y | [n-MCpart_gen_posEnd_xy | Generated MC particle endpoint position X,y |[-MCpart_gen_posEnd xy
Entries 200000 Entries 200000
—5000, T T Mean x 3.503 [ —=5000—T—T—T—T— T T{ Mean x 3.503 .
5.4000 Meany  0.05079 £ S.40001 Meany  0.05079 £
- StdDevx 1002 & - StdDevx 1002
30001 StdDevy 1002 [C 3000 StdDevy 1002 [©
2000~ 25 2000~
1000~ 20 1000~
o o i 1
~1000(- 15 ~1000
—-2000— 10 —20001~
-30001~ s -30001~ 10
40001~ -40001~
50 I S O S T R R o _50! I S T S N R S
9&09&00‘300‘2000 0000 100@00EB00C00G000 %%OOGZBOGQOOCI 000 0 100@00(B00EG00G000
x [em] X [em]
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ons endpoint

TS

[ Daughter MC particle i ition X,y | [ r-ncean_caughier_postna xy [_Daughter MC particle X,y | [PHCran_sevghie_posend sy
Entries 1159185 Entries 1159185
—5000, T T T T—T| Mean x 09145 [ —=5000—T— T T{ Mean x 0.9145
3.40001~ Mean y 131 G.4000 Meany 131
- StdDevx 7165 | - StdDevx 7165
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2000~ oy 500 2000~ 102
10001~ 1000~
o 400 o
~1000F 300 ~1000F 10
—2000— 00 —20001
-3000— -30001
4000 100 4000 )

500 6a00@06@06a 000 0 100200BO0GH00BE000 ©
x [em]
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ns endpoint

TS

[ Daughter MC particle i ition X,y | [ P-¥crrestierpostnd sy [_Daughter MC particle X,y | [orcrm s porerary
Entries 1238052 Entries 1238052
—5000 T T T T T Meanx 0.8687 . —5000 L — T| Mean x 0.8687
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nerated MC particles daughters: pions endpoint

TS

[ Daughter MC particle i ition X,y | [ r-ncean_caughier_postna xy [_Daughter MC particle X,y | [PHCran_sevghie_posend sy
Entries 1267749 Entries 1267749
—5000, T T T T T T Meanx  -0.1767 | —5000 — T|Meanx  -0.1767
S.4000— Meany 0.659 £ S.4000F Meany 0.659
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il w w
500
o o
~10001- 400 1000}~ i
2000 ; 300 2000
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_50! P T S TR T S T o _50 A T T S S R R 1
%%O%OOQOGG 0000 100@00@00GH00G000 Qé}OGGOOCBOGQOOCI 0000 100@00B00GH00G000

x [em]
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Generated MC particles: daughters

neutrons

[ Generated MC particle number of

| [FGpar o smugrisrs

Entries 200000

&oooof T T T T T
3
0000
500001~
40000
300001~
20000
10000~

T T| Mean 6.276

pions

% 5 10 15 20 25 30 35 40 45 50

daughters [1]

Std Dev 7.827

[ Generated MC particle number of

][ n_mcpart_gen_daughters

Entries 200000

T T| Mean 6.803
Std Dev. 7.976
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protons

[ Generated MC particle number of [ n-MCpart_gen_daughters
Entries 200000
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enerated MC particles: daughters

neutrons
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BHCal cluster reconstruction

@ Disabled hit merger (no merging of hits between layers and tiles before running
clustering algorithm)
o |I'm not sure if this is correct since multiple hits in the same tile may be treated
independently

Clustering done using island algorithm (default) https://www.jlab.org/primex/
weekly_meetings/primexII/slides_2012_01_20/island_algorithm.pdf

o Hits most likely clustered across layers and tiles

o This means a single shower will produce a single cluster (I assume)

o Problems:

o No raw hits info stored in cluster

o No info on hits in different layers, just the cluster global position
o No association between MC particles

o No track-hit association for neutrons (as expected)

@ Perhaps some of the above can be enabled in reconstruction and stored
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Reconstructed BHCal clusters: energ

neutrons
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Reconstructed BHCal clusters: energ

neutrons
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Reconstructed BHCal clusters: energy comparison

— neutrons
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o No significant difference
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distribution in layers u v

muons
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@ Raw hits - no clustering

@ Muons deposit less energy per layer than neutrons (as expected)

o Less energy in outer layers (as expected)
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Reconstructed BHCal clusters: nHits

neutrons
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o Large fraction of clusters at low energy have just 1-2 hits
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econstructed BHCal clusters: nHits vs. ene

neutrons
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econstructed BHCal clusters: eta, phi

neutrons
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Reconstructed BHCal clusters: x, y

neutrons
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ted BHCal clusters: intrinsic

neutrons
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o Detectors in preparation - ECCE design favored for Detector-1

o Development underway

@ Start of construction of EIC in 2024 )

BHcal for ATHENA
o Implemented BHCal geometry with scintillator tiles from STAR BEMC

o Tests performed for simulated and reconstructed data

@ Further steps: determine method for neutral hadron shower identification

o Gained experience with software most likely to be used for Detector-1
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muRWell

Top Copper (5 pm)

Cathode PCB
Polyimide

70 pm
Pitch 140 pm 50 ym
DLC layer (<0.1 pm)

p~10+100 MQ/CJ

x
Pre-preg /
PCB electrod

The micro-Resistive WELL (u-RWELL) is a compact, simple and robust
Micro-Pattern Gaseous Detector (MPGD) developed for large area HEP applications
requiring the operation in harsh environment. The detector amplification stage, similar
to a GEM foil, is realized with a polyimide structure micro-patterned with a blind-hole
matrix, embedded through a thin Diamond-Like-Carbon (DLC) resistive layer with the
readout PCB. The introduction of a resistive layer (p = 50%20MQm) mitigating the
transition from streamer to spark gives the possibility to achieve large gains (> 10%),
while affecting the detector performance in terms of rate capability.

G. Bencivenni et. al. 2020 JINST 15 C09034
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AC-LGAD

AC-coupled Low-gain avalanche diodes

o Provides good spatial and timing resolution

AC-pads
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JINST 15 P09038 (2020)
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