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Introduction

Solenoid Magnet (3T / 2T )
Between HCAL & ECAL

massive prodi

Advantage: the HCAL absorbers act as part
of the magnet return yoke.

* Future lepton collider experiment: 2:::_:;;1::;;3;;::2;:?:::::;?
|

Challenges: thin enough not to affect the jet
resolution (e.g. BMR); stability.

* Precise measurement for Higgs, EW, top, etc.
* Require excellent jet resolution: Particle Flow Approach. v |

Advantage: better %y reconstruction.

Challenges: minimum number of readout
channels; compatible with PFA calorimeter;
maintain good jet resolution.

A Drift chamber
that is optimized for PID

— 2 2 2 2
O-jet - \/UTrack + OEm + OHad + O-Confusion

* Imaging calorimeter + Topological analysis

Advantage: Work at high luminosity Z runs

Challenges: sufficient PID power; thin

R . enough not to affect the moment resolution.
Muon+Yoke  Si Tracker Si Vertex

* Crystal bar ECAL design for the CEPC 4th conceptual detector design:
* Long crystal bars, double-side readout with SiPM.

* Crossed arrangement in adjacent layers + timing | Gretal Scinfillator (¢g. BEO: LYS0:)
. .« . . &
at 2 sides for positioning. I Ixbxd0c” il

\Phofodefecfors (eg. FPMT, SiPM.../'

* Better energy resolution, fewer #channels.

* Need specific reconstruction algorithms.
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CEPCSW framework

. Common software stack: Key4HEP

* CEPCSW: Gaudi-based framework. | Qi e Kmm
. . .. . . ; Generator X ‘
* including core software, applications, external libraries, etc. | k4SimDelphes
* Event Data Model: EDM4HEP. Simulation S
* Detector description: DD4HEP. EEEE  Applications
i [ Keyahep: || | T ||
e ECAL software is developed under CEPCSW. g lFWCore _||_ISLCIORsader
: Gaudi Framework
Core Software layer
i ; ; Keydhep:: Keydhep:: Keydhep::
conysics : - Tracker / Trocker : Dly)dhcp PODIO EDM4hep
/{ SimTrackerHit J™>| Digilg \ MCRecoTracker é ROOT G
enerator | =| GenAlg —>-—> DetSimAlg : : 5
m \ o — ”HH:—’ Calol / CalorimeterHit 5 - g::hc python cmake
DigiA eyanep . .
EAoH“Co mib‘moa 99 \ m: Bk External Libraries & Tools

....................................................
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Simulation and digitization

* Detector description: [: = ]_[p“ g:::rrii;ﬁ%itmz;
* Unit: BGO crystal bar, size 1xX1x40~60 cm?3. S

* Octangular barrel structure, R = 1.86 m,L. = 6.6 m,H = 28 cm.

: —/> struction|
° D D4 H E P fo r geo met ry constru Ctio n. ::’f,ere Converter " | {_conve rters ] [ Extensions ] [ Extensions ]j

SLIC Geant4 Recons! truction Analysis
[SiD Simulation] Program Program Program

* Unit digitization:
. _Liztzi . .
* Forstepi: Qi =Eg-e lawen, Ti =Ty+ Gaus(zi/v,or)

° Foreachbar: Q4 = Ystep Qs Ty = TF | (CK, QL > thres).

stimulated photon ’!/,i i \:: *::‘ .":‘/:/ stimulated photon
i o
{Q_,T_} o {0+, T4}
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Reconstructlon software

° 'A proto-PFA reconstruction software for the ECAL:

* Follow the idea of PandoraSDK: flexible, reusable, modular.
* Develop within CEPCSW: based on the common HEP software stack Key4HEP.

4 N 7 . N
— r — Gaudi framework (CEPCSW)
Pandora Pandora
A S |:‘I> Algs (" )
I PP |=I>( pandora |= g 4 N ( )
rovides: self—desFrlblng Perform particle flow E Ca | R e CAl g
tracks and hits SDK reconstruction. < ist d S u b - Al g S (
Receives: final particles register and run : ﬁ
P;:g::;;:ﬁ;:;? XML-configured. Tools algs following (Core talgstlfor
i : i reconstruction
<= s o e ons <= bt (Client App.) configs ) ) Reconstruction flow
sim objects. B i
- SD‘l"’grl*"/ Runs registered algs and modular & Clusterin g .
G performs event Physics-driven \ j . - Shower ReCOg nition:
memory management | code, using SDK flexible . .

Pandora Content ) | services. LocalMaxFinding,
B e | L N y Hou Clstering

e:f;ain:Gari:uI:;tyean:] 2 'w E— 2| Structure ensures code TrackExtra PO latin,

LAr libraries. < < is efficient, flexible and Tracki ng MatCh | ng
' Algs registered via app. easy to maintain . e :
|| e JAN Common EDM: EDM4AHEP ] - EnergySplitting
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https://inspirehep.net/literature/1250003

(vj, Ej)

Reconstruction software

A proto-PFA reconstruction software for the ECAL: |

* Combine 2 layers to mimic a high-granularity ECAL.
* Use time + similar energy in adjacent layer for cross-location. §
* Reconstruction algorithm flow: B
(xi, E;) .
‘index i

Calorimeter
2 layer 40+40
' 1x1x40 cm?®
rack crystal bars
Extrapolating
Readin and preparing. ‘ Reconstruction

t Track Matching Hough Clustering Cone Clustering

Axis Merging

Pattern recognition

Energy Splitting
Ambiguity removal

Energy & Time Matching

Particle Flow Object
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Reconstruction software

Weizheng Song, IHEP

* Global clustering
* Neighbor clustering based on geometry.
* Define “neighbor” for each EDM with:
template<T1, T2> StatusCode Clustering();
* Vertical and horizontal units are clustered respectively.

* Local maxima finding
* Recognize energy core in this homogeneous crystal ECAL.

£ 300F 2 £ 300 2
Energy cz\ore verti8 \E B 8 % L 8
- 8 N e 200} - 1o 200f
1°|:_ Std Dev  21.¢ —- - _ N
3 . . 100F = - 100 -
: incident "L _poEs g il L M
[ - iﬁl pnfl_ = am
. / photon 0I==|i I‘.I:' i- ........... of = _
E_ : = ! . - = i u= - 3 r ™ m - : =
5MeV F L _’_m- " o 0 I -" - 102
L : E
102k HH N -200f - - -2003
,z;s:abu:[lsagzo st R P B T Irt LT
Local Maximum Distrbution
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Reconstruction software

.. Yang Zhang, IHEP
* Shower recognition:

* Charged particle: track-match.

* EM shower: Hough transformation.

* Fragment: cone-clustering.

Controlled with AlgorithmManager: flexible to implement new algorithms.

Image Space Hough Space

§ . Point/Peak

track

_100[ Enerov.“core”
0 hll\.ﬂlb WU

D

10*

_200[-

1800 1850 1900 1950 2000 2050 2100
x/mm
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Reconstruction software

« Energy splitting and pattern matching: —

+ Larger R, for crystal = severer shower overlap = shower splitting. = | | =St [
* Calculate the expected energy deposition from EM profile. : e
» Expected energy E; " = Egpoq o X[ (X), E
* Assigned weight w;, = E; ¥ /S E;"P ?Mm 1. o o)
x/mm

* Orthogonal bar to granular hit:
* Combine U/V info, split the bar with adjacent layer profile. Ghost-hit problem!
» Define y? value with energy and time info to reject the wrong combination.

o1 =819 Fen. =523

74 2 . ,1.;‘»;.;‘:: = 4;:1.; ..»,.‘:_‘,.
X11 X12 Bt e

=)

Z i "" .:"?‘._‘ ¢ il);‘;‘;:.t-’
X3 X22 8. -

_ clona b b b b b b a b a baaa by
100446160180200220240260 280300320

x/mm
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Reconstruction software

« Software configuration

Algorithm 2: 75 : EcalRecAlg

e Self-EDM: CaloUnit (ba r)’ 1D/2 D/3 DCluste r, Input: 057105 S 45 edm4dhep::CalorimeterHitCollection;
HalfCluster, Track, etc. Output: F#5 HJK F-7ix{ % PFO
. . . (edm4hep::ReconstructedParticleCollection)
e Client App: manage input/output objects, e.g. R —
MCParticleCreator, CaloHitCreator, 2 M FVUEACHECTERA ObjectCreators, WRLEECFHHIEBUN R4
* Algorithm Manager: Register and run 3 WAL EEEASTE R % AlgorithmManager YEHELH: ;
algorithms. s ¥faf: AlgorithmManager L SE:IFIGY . MACE SR A0
e - ! e
Gaudi framework (CEPCSW) h i ‘
s WIERML: IR LITAR 55 GeoService. #ill# fi#id#+ Decoder;
’f/ CalRecA \ ( ) 6 WIIaMG: M SO ntuple;
(registe Sub-AIgs. 7 foreach Event do
Tools o Algs (Core algs for 8 | ObjectCreators SIS ##E, #1717 DataCol;
(Client App.) oo reconstruction) o | AlgorithmManager 1At B ST T 5E, 45 LAk #73k DataCol;
R 10 | OutputCreater 3£ DataCol Hh%(#fE, 5HEEGETZ
k\ ) modular & . i
flexible ReconstructedParticleCollection;
1 5 )\ ntuple;
\_) k ) 12 | DataCol BN
L Common EDM: EDM4HEP | s SHATREIE. WENE
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Reconstruction software

* Preliminary performance
* Particle gun events simulation for two 5GeV photons in parallel.

* Scan the distance between photons, check the successful %
reconstruction efficiency and energy resolution. Key for PFA. Yol d

Separation efficiency

o\() _I L L I LI L L I L I L | L L I L I T I_I )/B
% 100— W:W —
15 - - Energy resolution Position resolution
g 80__ —*— 2PFO _ I Y o e S A g 18— g
L - —e— Position 4 s 255 I _cop 10 11% 1 £ 16 =
L - = — =i ~ — © F 3
60_ —e— Position + Energy - u\;u - E 1% @ \/5GeV ; Ar =
40 B ] _% 0:6;— —e— Fixed photon :;
B ] ] 0_43_ —— Running photon _f
20~ ] = 02 E
B T - o706 """20 30 20 50 60 70
0 B T v v by v v s b v b e vy | Distance / mm Distance / mm
0 10 20 30 40 50 60 70
Distance / mm
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Cylmdrlcal ECAL geometry

Weizheng Song, IHEP

. New geometry option: cylindrical ECAL
* Decrease the outer radius, reduce HCAL budget.
Consider the cracks and supporting.
ldeal ————--- -+ Real

* Geometry description with DD4HEP
Configurable with xml: bar length, module number, dead space, etc.

<define>
<constant ="ecalbarrel_inner_radius" ="Ecal_barrel_inner_radius"/>
<constant ="ecalbarrel_thickness" ="Ecal_barrel_thickness"/>
<constant ="ecalbarrel_zlength" ="Ecal_barrel_half_length*2"/>
<constant ="ecalbarrel_crystal_size" =157 mm =
<constant ="ecalbarrel_phimodule_number" =20 /=
<constant ="ecalbarrel_Zmodule-number" SRk
<constant ="ecalbarrel_module_ratation" ="15*degree" />
<constant ="ecalbarrel_length_deadspace” ="8.5*mm" />

</define>
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Cylindrical ECAL geometry

Weizheng Song, IHEP

module

* Preliminary simulation:
* Study the impact of crack region and module rotate angle :
* [ = 0: cracks towards the IP.
* Larger (: larger R,y ter-
* Check energy leakage with single photon events:
. 10 GeV, ¢ € [0°,360°].

0°)

No tilt (B =
Ty

Deposited / Inciden

s b | i e K " gt | ~ry - a1,
< 4 ™ y i‘ é - ‘:
0 v ': (o P Pooc b
o S T T A T S S T T T S A S S
E . % } . s ! . s H ] H ‘ . %
13 N T TS UG SO NN AU SR N N SO TN NN NS SO NN S N O
03 Max leakage 60%
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2023/6/10




Summary
* Crystal bar ECAL is a novel and challenging ECAL design.
* Detector geometry description is constructed with DD4HEP.
- Configurable cylindrical ECAL geometry is built for optimization.

* Digitization and reconstruction software are developed within Gaudi framework.

- Addressed several pattern recognition algorithms with full 5D info (x, v, z, E, T) is processing.

- Flexible and modular proto-PFA software is on-going. More individual algorithms are
expected to be independently developed and easily implemented.

* Next: performance test.

- Shown preliminary result for the separation.
- Targeting the full PFA reconstruction and CEPC physical benchmark: Boson Mass Resolution.
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