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Motivation of cylindrical crystal ECAL

e Basic detector unit of crystal ECAL:

Basic Module

long crystal bar: charge/time measurements at double-side readouts. T Coystal Sciniletor (s, 860, LYSO.)
crossed arrangement in adjacent layers. L ; il
optimal energy resolution: ~3%/VE @ ~1%. T =
significant reduction of number of readout channels. /

* Detector design of barrel crystal ECAL:  —— e

8 trapezoidal modules = cylindrical crystal ECAL.
decrease outer radius of ECAL and reduce cost of outer detector (HCAL, MUC).
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barrel length
6.6m




Dimension of long crystal bar

* Length of long crystal bar outer length (O &
) < > s outer length
40 cm: 28 modules in XY \ / «  middle length
: middle length s ® x A © fnnerlength |
60 cm: 20 modules in XY a BN, s
g
* Size of long crystal bar \ / = 2 ® * 4
1cm X 1cm inner lengt 16 o * 4
*crystal module in XY 400 500 600 700 800
1‘5cm X 15cm Length of crystal / mm
Niodule z 9 10 11 12 13 14 15
Barrel length Z crystal length/mm 733.33 660 600 550 507.69 471.43 440
6600 mm Ninoduted 16 20 20 24 24 28 28
XY crystal length/mm 795.65 633.54 633.54 526.61 526.61 450.69 450.69
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Dimension of long crystal bar

0 *
o *
* Comparison: number of readout channels reduce ~50%, 2 |, *
I x Size =10mm
< crystal
lcm X 1cm = 1.5cm X 1.5cm o6 ~509% . Sizew = 15mm
* ~6% reduction of outer radius of ECAL, ~4% reduction of 3 |
: : . g 4 ®
volume of crystal: 8 trapezoidal modules = cylindrical crystal 2 e ° ¢
ECAL 16 20 24 28
Nmodule¢
2320 % *
é 2280 24300
= ~6% = ~4%
% 2240 § 24000
3 ® °
2160 ® PY ° 23400 ° ° o
8 12 16 20 24 28 8 12 16 20 24 28
Nmodule ¢ Nmodule ¢

*ideal situation (isosceles trapezoid) for estimation ignoring gap 4



Cracks on the boundary between two modules

* Energy distribution of H — yy is skewed to low- ol [ mma——
energy side, which is a result of energy leakage o ol |EEE
caused by cracks between two modules. £ ol ltem  awtiom
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« Sample: 240GeV, e + e~ > ZH - qqgg, 4-jet events. MaBSiot T TSR
e Simulation in CEPCSW: A cylindrical crystal ECAL consisted
of 20 isosceles trapezoid modules is applied.

* |tis unavoidable that some particles of jet go through cracks

between modules and energy leakage will deteriorate energy zzz: e X
resolution of jet events. 2s0r. o e E
o a0s R =
SN0 e e L
 Avoid cracks pointing to interaction point in both XY and Z: L e o R o e s E
tilt or displacement. == - E
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Cracks on the boundary between two modules in Z

( ( Avoid cracks pointing to interaction point in Z:

Z
< SO I 7 // RV . °
SN A AV modules in Z need to be odd!

\ 1
\ 1
Ssel N N \ “ l' ,' e e
SN \ 27 7
\\\:\\:\~\ \\\ \‘ ,,' ,I, ,’/’ L : . R
SIS el
S ll//ﬁ/
SN
Nomodule 2 9 10 11 12 13 14 15
Barrel length Z crystal length/mm 733.33 660 600 550 507.69 471.43 440
6600 mm Nmoduted 16 20 20 24 24 28 28
XY crystal length/mm 795.65 633.54 633.54 526.61 526.61 450.69 450.69
Nmodulez 9 11 13 15
Barrel length Z crystal length/mm 733.33 600 507.69 440
6600 mm Nimodute 16 20 24 28
XY crystal length/mm 795.65 | 633.54 | 526.61 | 450.69




Cracks on the boundary between two modules in XY

e Avoid cracks pointing to
interaction point in XY:
tilt of cracks between
modules.

B/

* tilt of cracks 8 increase:
—> less projective cracks, less lateral non-hermeticity and easy to calibration.
—> larger outer radius of ECAL and more cost.
—> larger deviation between inner crystal length and outer crystal length.
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Implementation of cylindrical crystal ECAL with less projective cracks

Generic Detector Main geometry access point (Singleton)
* Detector description including geometry and rvp] (| Descrvtion Model |
xml cty Based on ROOT TGeo Subdetector
on v

. . . Hierarch detectors
material (BGO) is complemented using Py o Subdetector
Calibration et (conditions)

DD4hep in CEPCSW. T e A N~ | e

0.1 volu { 1

- H ime: 1 visattr: 0. 1
' where onverter converters ensions ensions : [PlacedVolume LogicalVolume Material }
H Xi : [TGeoNode] [TGeoVolume] [TGeoMedium]

i required H
e Number of modules: NyxN, e e
=R e =
module arrangement of crystals

/
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* there are two types of crystals:
1. ¢ crystals (blue)
2. Z crystals (green)

cylindrical crystal ECAL



Simulation results with cylindrical crystal ECAL with less projective cracks

dead material: electronics(deep blue) + mechanical supporting(gray)
1. SiPM: 1mm
2. PCB: 1.5mm
3. ASIC: Imm
4. carbon fiber: 5mm

without tilt

—>
£ =18

—>

PIREE

10mm

from quan, baohua




Simulation results with cylindrical crystal ECAL with less projective cracks

10 GeV ¢ = 0" — 360 single photons events
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Slight improvement with tilt:
need optimization of cracks!
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Trapezoids and upside-down trapezoids arranged in sequence

a+2p
\ / 'l

avoid cracks pointing into
region of interaction point
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Configuration of trapezoids and upside-down trapezoids

matching of long crystal bars in the same layers
between two adjacent modules:

1.different size of long crystal bars
2.need more layers in upside-down trapezoid
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dead material: 3.5mm electronics(deep blue) + 5mm k
mechanical(gray)
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Simulation results with trapezoids and upside-down trapezoids

10 GeV ¢ = 0" — 360 single photons events

without tilt
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increasement of tilt:

1.maximum of energy
leakage decreases

2. longitudinal energy
leakage in upside-
down trapezoids
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Deposited / Incident

Correction to energy leakage in the cracks

* Take size of long crystal is 1.5cm, length of long crystal is about 60cm,
angle of tile is 37 and dead material (SiPM, PCB, carbon fiber and etc)
between two modules is 2 cm as an example.

« Sample: 10 GeV ¢ = 75 — 81 single photon events.

* Two potential methods of correction: ongoing...
1.position reconstruction of cluster.
2.longitudinal energy distribution of electromagnetic shower.
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Summary and prospects

* Dimension of long crystal bar in cylindrical crystal ECAL:
v 1cmX1ecmX~40cm: 28 modules in XY and 15 modules in Z.

v 1.5cmX1.5cmX~60cm: 20 modules in XY and 11 modules in Z.

e Cylindrical crystal ECAL with less projective cracks is complemented based on DD4hep:

v’ parameterized and automated.

* Energy leakage of jet in cracks between modules will deteriorate energy resolution:

v’ tilt make cracks less projective.

» energy leakage in the cracks is unacceptable based on preliminary simulation results. Need optimization
of detector design.

» Focus on trapezoids and upside-down trapezoids arranged in sequence.

» Correction to energy leakage. Th |
anks!
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Implementation of cylindrical crystal ECAL with less projective cracks

* Take size of long crystal is 1.5cm, length of long crystal bar
is about 60cm and angle of tilt is 37" as an example.

v

* Detector description is parameterized and automated with
help of DD4hep.

* Full detector description is lack of electronics, supporting
mechanics and cooling, etc.

cylindrical crystal ECAL *angle of tile is taked as 37" just for schematic diagram 7



