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Introduction: PFA Calorimeter

. « . . Physics Detector Performance
* High precision Higgs / Z factory: Measurands subsystem  requirement
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Long Crystal Bar ECAL

. . ~3% / allenges: thin enough not to affect the je!
— Homogeneous structure =» Optimal energy resolution 7E D ~1% resoion (6.9, Ry sty

v i ; - Solenoid Magnet (3T / 2T )
Scint Glass Advantage: Cost efficient, high density Between HCAL & ECAL
d LO n g C I"ySta I b a r E CA L . 7N [J\BN | Challenges: Light yield, transparency,
. N .
massive production. Advantage: the HCAL absorbers act as part
l of the magnet return yoke.
|

— Significant reduction of number readout channels

Advantage: better n°y reconstruction.

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

— Larger Moliere radius R,, =2 increase probability of shower overlap

A Drift chamber
== —_ that is optimized for PID

— Smaller A, /X, =@ increase probability of hadronic shower in ECAL

Advantage: Work at high luminosity Z runs

\ Challenges: sufficient PID power; thin
enough not to affect the moment resolution.

* Key issues:

Muon+Yoke  Si Tracker Si Vertex

— Ambiguity caused by matching of horizontal and vertical bars.
— ldentification of energy deposits from each individual particle.

Reconstruction is big challenge!
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Desigh Concept of Long Crystal Bar ECAL

A BGO crystal barrel ECAL -
rystal Scmflllatfr (eg. BGO, LYSO..)
Crystal Bar: Ll e — 7

* BGO: Xy =1.12cm, Ry = 2.23cm

\Phofodefec'rors (eg. FPMT, SiPM.‘.)/

* Size: 1X1x40~60 c¢m?3 2
* Time measurements at both ends readout for position /
along bar massasaamass
Basic Detection Unit — Super Cell:
* 2 layers of perpendicularly crossing bars
* Size: ~40X~60x2 cm? 2007 ANTN
Detector: 180p- \%
*R=19m,L = 6.6m, H = 28cm 0oL
* 8 same trapezoidal staves 5°§: E
- Avoid gaps point to IP o . —
DD4Hep is used for geometry construction SEN 1
Focusing on software performance, ignoring dead ”°°?%
area, supporting and cooling mechanics, etc g ‘ /%
~2000, | | T | | |
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Simulation and Digitization

e Simulation is performed using GEANT4:
» Electromagnetic interactions
» Hadronic interactions

* Digitization for one long crystal bar:
» Contribution of each G4step i

. _ L/Zizi . '
Qi = Eg-e lacen, Ty =Ty+ Gaus(zi/v, or)

» Readout at both ends: @, and T';.

Qi = Zstep Qlir T, = T-I_I—c | (Zli{=1 Qli > thres)
Simplified Conditions: Lytten, =

{Q+ T4}

{0, T}




Design of Reconstruction Software

Design the reconstruction software as a proto-PFA:
* Follow the idea of PandoraSDK: flexible, reusable, modular. (Many thanks!)
* Develop in CEPCSW: based on the common HEP software stack Key4HEP.
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— — r — Gaudi framework (CEPCSW)
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Provides: self-describing Perform particle flow
tracks and hits s D K i P .
rrrrrr truction. Su b_AIgS
Receives: final particles
: ‘ Provides: reco. object XML-configured. (CO re algs for
definitions, manager .
iy classes, interface Use APIs to access or reconstru ctlon)
f ! <' classes, helper functions manipulate reco.
ILDMarlin  SiDforglesim | rl': objects.
e Runs registered algs and modular &
Q performs event Physics-driven i )
memory management | code, using SDK | flexible

Pandora Content ) . services. )

Libraries Aim: keep algs ' | T ) i
Reusable algs bundled in simple! | i k )
e.g. FineGranularity and o T w Structure ensures code

LAr libraries. % % is efficient, flexible and
Al i d vi . intai

L 1B registersc va s easy to mainen ) U Common EDM: EDM4HEP )
.. ) T S “ ” - i
L.5.Marshall, CHEF 2013 Not mature yet, so it’s just a “proto”-PFA now. Track matching

- Re-clustering


https://indico.cern.ch/event/773049/contributions/3474763/attachments/1938664/3213633/191105_sailer_key4hep.pdf
https://inspirehep.net/literature/1250003

Reconstruction Algorithm

* Cluster Finding: i

* Neighbor clustering R4

1000F 7/ &

* Cluster/Particle Recognition: g 50 al

e Local maximum and seed candidate E; > ES¢¢4 S

_ > 5001

* Hough transformation for EM showers PN

* Match of extrapolated charged track and cluster _15005 ,,,
* Energy Splitting: _20()_Oé600 1 ooﬁ 4?010'00 2000

* Efficient ghost hit removal X / mm

e Correctly assigned the ener i rr rticl
y & gY deposits to correct particle Energy deposits in ECAL of

ete” —>ZH —> vvgg



Cluster Finding

* Cluster: F . . . .
. . . Hitl Hit2 Hit3 Hit4
* a group of adjacent fired crystals energy time ID
whose energy is greater than
threshold | IDCluster |

map <ID, Hit>
Each crystal bar has 3-dimentional labels vector <local maxima>

if Neighbor
e Event data model (EDM):
v'Single layer (1D) D Clusier |
v Bi- I ayer (2 D) vector <1D Cluster> 2D Cluster 1 2D Cluster 2
v'Multi-layer (3D) g T Nelghbor
ocal maxima correctior.
e Algorithm:
* if objects are neighbor in pairs, they  [ESDGHSE
are merged vector <2D Cluster>
if Neighbor
if break




Performance Check of Cluster Finding

Single Photon: 200 events : ——— :
- : e s i
E, = 10GeV ¢, =0 6, =90 ) ) i )
* Much more than 1 cluster/eventin £ s 7
L L
most cases. 200 clusters E,~10GeV 200 Events
and X2.5 clusters with small energy o 0 T
. . 12 14 0 2 4 6 8 10 12 14
* “Isolated hits” is planned to be Clusters Energy /GSV—
absorbed into clusters nearby
- bars_ener
Jet: 240GeV ete™ —> ZH —>vugg “= o aEeLE
: . =" o oz § 12
* There are lots of “isolated hits” same = B e s 01
as photon 0 - .9 oo
p. . & - % 0.06 —
» Typical lateral development of jet = g oo
event will bring challenge for cluster 0.02 U'LJ
recognition and energy spIitting % 10 20 3 40 50 60 70 80 0" 20 “a0 60 80 100 120 140 160
Energy /GeV Y /cm
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Impact of Threshold on Energy Resolution

OF
L : : : = @b
* Impact of thresholds on energy resolution is studied using single E E
photon simulation samples with different energies.
Eo - Digitizati *
 Comparison of all fired crystals (single photon + isolated hits, § 7 f
. o, . . . o o Clustering
Digitization) and energetic cluster (single photon) shows slightly g s :
. . . . § 1E
differences in stochastic term with threshold<1MeV. s L stochastic term
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2 4 6 8 10 12 14 16 18 20 0O 2 4 6 8 10 1 14 16 18 20
Photon Energy / GeV Photon Energy / GeV Threshold /MeV
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Cluster / Particle Recognition — Local Maximum

* Larger R); enhance probability of lateral overlap of showers.
* In each layer / 1D : local maximum
* Real: core of energy deposition = real cluster
 Cluster recognition = Energy “Core” recognition
* Reduce the negative effects due to wider longitudinal and lateral developments of clusters.

Energy core
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Principle of Hough Transformation

* A feature extraction method for Image Space Hough Space

detecting simple shapes (e.g. lines) in an
image.

* For straight lines:
p=xcosa+ysina

* Each point (x,y) in image space is R I i S S I S R S ¥
transformed to a curve in Hough space. X(cm) a(rad)

* If several points (x;, y;) are collinear, their
curves intersect at a point («, p) in Hough

(x,y) 2> p=xcosa+ysina

space. A Point A Curve
" and p are parametersof te sl ne Guy) > p=xcosatysing
’ A series of Points A Series of Curves
p=xcosa+ysina 2 (a,p)
A Line A Point
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Crystal Granularity Hough Transformation

* Each crystal in image space is transformed to a !
band in Hough space instead of a curve /

* Each point/peak (overlap region of band) in "‘*._‘\a

Hough space is chosen as a cluster candidate 22 > x 2

 Cluster recognition in horizontal and vertical
projection spaces respectively

Image Space Hough space
300 = TS ,\ ...................... , ..................... . AAAAAAAAAAAAAAAAAAAAA 1
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Point/Peak
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Performance Check of EM Shower Recognition
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* Energy of shower T - fluctuation T - number of fake cIustersT

* Further optimization improve performance: number of continuous local maxima,
usage of common points, ......
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 Low energy or small |cosf| : One & only one cluster

* High energy and large |cos@|: >1 clusters j%;;.

efficiency

Efficiency and Fake Rate of Single Photon

—Fluctuations of energy deposits increase fake shower -

tion spac
- -
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-
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e o [
- - -
=
-
- -
E -
nnnnn -

Meet the requirement of EM showers recognition

in jet reconstruction in most cases
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truthxz

Charged Hadron
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Match of Extrapolated Charged Track and Cluster

Local Hough Cluster
Maxima Transformation “Core”
i Trajector
Helix — | Extrapolation |/ J. . y
Parameter projection

* Matching the extrapolated trajectory of charged

Least y?
method

LR RN AR RE RA R LR A
N

. . X
track with the energy “core” of cluster in ECAL. :
300} o
A y? is defined to describe the consistency | S U SN RSN U SN [ Y 1O
between the trajectory and local maxima. ximm
_ y _ L, . Local maxima and

is crucial to obtain an accuracy result.

Xz/ndof _ zi=1 [yl f(xl)] /n
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Ambiguity Removal

Update the performance with cluster recognition:

* Solve the ghost hit problem with energy-time y? matching [Ref].

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

* Scan the distance between photons, check the successful reconstruction efficiency and ye
energy resolution. v o
Separation efficiency Ve
o\o _l LI I LI I T 1T 17T | T 17T I 1T 17T I T 1T 17T I T 17T I T I_I'
> 100 —
Q — -
C - ]
2 - —s— 2PFO .
a(:-J 80— — Energy resolution Position resolution
L - —e— Position ] I U e A A g 18- : : ‘ | | 5
- —e— Position + Energy - ;% S B =
60— -1 @ 4 E
40 __ —— 0:6;— —e— Fixed photon :;
: : 0_4;_ —s— Running photon _%
201~ - oz :
- — % "0 "2 30 40 50 60 70
0_ A T T T e Distance / mm Distance / mm
0 10 20 30 40 50 60 70

Distance / mm

19


https://indico.ihep.ac.cn/event/13888/session/3/contribution/22/material/slides/0.pdf

Performance Check of Energy Splitting

Gamma / gamma Separation:

* Particle gun event of two 5GeV photons. ITI
e Scan the angle(distance) between two photons, check the successful " a

reconstruction efficiency and energy / position resolution. I_I
Separation efficiency
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N —e— Position + Energy - g : 1 1"5;:____ B N
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- . 0.2 =
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Summary

Long crystal bar is a promising solution for ECAL, it is challenging for hardware and software to
obtain a maximal exploitation of precise measurements.

Simulation and digitization of barrel part of long bar crystal ECAL have been simplified for
reconstruction algorithm without electronics, supporting, etc.

Software development of reconstruction algorithms is in processing, basic functions of cluster
finding, particle recognition and energy splitting has been implemented.

Performance checks provide positive feedback of EM showers and MIPs, continue to improve for
utmost precision.

Next to do:
Emphasis on clusters separation of charged and neutral particles in ECAL.

Simulation and reconstruction of endcap ECAL and HCAL for jet energy measurement.

Thank you!

21



