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Super Tau-Charm Facility

O Electron-positron collider experiment
O High luminosity: beyond 0.5 x 103> cm™2- s~ ! @ 4GeV
O Wide energy region: center-of-mass energy range of 2~7 GeV
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Requirements for ECAL
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STCF CDR

y from 1—ypu @ 4.26 GeV 3
vy from Tt decay @ 4.26 GeV -~

O Fast response 10° F

» Challenge of high Luminosity -
* High count rate

vl 7

y from continuum @ 7.0 GeVg
Y from A_decay @ 4.64 GeV3

y from DS*—> Y DS

«  Extremely high background 10° ; vfrom w(28)-> v n,(28) 5

O High precision 10°F E

> Energy resolution 10 :

» Better than 2.5% @1GeV 1 mﬂﬂé

> Position resolution 00 02 04 0.6 0.8 1.0 12 14 16 18 20
 Approximately 5mm @1GeV E (GeV)

» Time resolution
« Better than 300ps @1GeV

Requirement for ECAL 3

Energy distribution for photons



ECAL Geometry Optimization

O Total absorption calorimeter
» Barrel: (51 - 53) X 132 = 6996
» Endcap: 3 X (85 + 105+ 130) x 2 = 1920
» 11% volume reduction
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ECAL Full Chain

O Simulation
» Geant4 based @

» \ertical Layered Crystal Data Structure l
O Digitization I =
» Waveform shaping gl  ECAL Hit Slide
> Waveform fitting l 3
» Peaking finding method o =
. Template fit method Digitization —> ECAL Digi
* Pipeline fit method l ‘
O Reconstruction i N [ }
» Classical cluster reconstruction method econstruction

> 4D Cluster reconstruction

Full Chain 5



Simulation Algorithm

O Based on Geant4 Simulation
» Process the information for each Geant4 step

O Data Model (layer as a unit)
» Thickness 2cm as a layer unit
» Each unit with a energy-time distribution:
points with (E,T)
» Bin width 500ps for energy-time distribution

v' Save storage space
v" Minimal loss of information
v" Facilitate the Digitization

Simulation

28cm




Digitization Algorithm

Waveform shaping
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Digitization Algorithm

Waveform shaping

Strategy 1
Time: 15s— 10s per event

Points (E-T) in each
layer unit

Strategy 2
Time: Comparable

Points (E-T) in each
layer unit
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Challenges of high background

O Luminosity-related Background O Single-beam related Background
» Radiative BhaBha Scattering (RBB) » Thouschek Effect
>

Two Photon Process » Coulomb Scattering
- » Bremsstrahlung
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. Momentum distribution of background
Polar Angle ( ) partlcles
Variation of the background counting rate Most background particles concentrate in
with polar angle the low momentum region

Counting rate reaches the order of MHz

High background 9



Digitization Algorithm

O Pile-up is superimposed on the O Pipeline fitting method
signal waveform

» Inaccurate fit results of amplitude
and time

» Larger resolution of energy and time
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» Has been used to study the capability
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Digitization Algorithm

O Interpolation fitting
» Real-time online processing
» Template fit once for each fitting

« Each fitting begin with different ADC point

« Add one more fitting between two ADC
points

» Fit successful
o A > EthT
« AT <125/2

. 2/ndf<3
X ndf = A-f(t;—1)—
SN {)%y__r) p)1/(n—2)-

p):S Vj —
(A4-0.01)2

(Unos

— Cache and compared with next fit
— Remove template
— Ongoing processing

Digitization
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Digitization Algorithm

0 A-T correction

3 toZ 1
. . . S 10- 1 (‘_u’ r
> Real-time online processing T 5 R ;
» Template fit once for each g ° 50 —— —'*4\ :
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Reconstruction Algorithm

O A complete reconstruction algorithm of ECAL is developed

¥ Cluster (two photons)

Reconstruction
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> Fitted by Crystal Ball function

» Energy resolution defined by
FWHM
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Reconstruction Algorithm

O No Time information O Digi—Hit
» The Digi with max energy will be
g ot chosen as the Hit to reconstruct the
- shower

O Hit—Cluster
° » The connected ignited crystals will
"""""""""""""""""" P be treated as a Cluster
O Background
» Affects signal resolution
» A large number of fake photons
> Affects 7° mass resolution

Time of hits in 5x5 shower Time of hits in 5x5 shower

w bkg

2026/7/2 Reconstruction



Reconstruction Algorithm

—
N

O 4D Reconstruction 5 o | 2%
> Seed finding in 3D space with timing £ s P ] g0 - toapewime
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Reconstruction Performance

~
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Reconstruction Performance
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Reconstruction Performance

+ Strategy-
- Strategy-1-
- Strategy-2
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O Splitting algorithms (used by BESIII and
Panda)
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Reconstruction Performance

m_o = /2E,E,(1 — cosa)

n = 'R 8000 -

-..‘J
il

£7000 - — wio Bkg | » % 'l | |
S F __apw Bk > 700Mean=0. 1330GeV102 nl <1 GeV s ¢
116000 g B z >l
g _ 4 ) W/ E;kg 1| ] E 600(E'-Ig ma_5586MeVIcz ................................... ...................... E 65 :_. .................................. .................................. ...... &
S000¢ l & 50000 L ? < ol | ? !
4000 : L :‘—“‘ E = __ ........... . .................................. ............... [FAR ESURRRON SN
5 & 4000 5 .
3000 il € 20005 s |
E ; _I- S E ) 5.5 I . ................ . ............. ......................................................
2000 ¢ ;o " 2000F oo NEREN

1000 n 1000}
O:ﬁﬂ.ff-.—‘r”‘ﬂ’.ff...ji"‘:*— =

- . - I I | I | I 1 11 | 111 | 111 | 111 | 111 : 111 1 1
0.06 0.08 0.1 0.120.140.16 0.18 0.2 (906 0. 08 01 0 12 0 14 0. 16 0 18 0 02040608 1 1. :
f M,, M., (GeV/c?) P./(GeV/c

*

B 0 v J/Y — pm sample
10ns < Tgeeq < 10ms Truth matched /o0 = 5.6 MeVic? @ 1 Gev

9 with the minimum AM // With background

Reconstruction 19




Summary

[0 The software of ECAL has been established based on OSCAR

O The simulated performance of ECAL meets requirements with the
background concerned

v Energy measurement with 2.03% @ 1 GeV

v Time measurement with 130 ps @ 1 GeV

v' Position measurement with 5.3 mm @ 1 GeV

v 1% mass measurement with 5.6 MeV/c? @ ~1GeV

Prospect:

 \erify and update digitization to align with beam test data
 dE/dx for simulation to describe hardon waveform

Thanks for your listening!

Summary 20
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ECAL Design

O Total absorption calorimeter
> Barrel: 53 X 132 = 6996
» Endcap: 3 x (85+ 105+ 130) x 2 = 1920

» Crystal Size:
¢ 5X5x28(15X,) cm?

[0 Sensitive Unit

» Pure Csl (pCsl) crystal
« Fast decay time (~30ns)
« (Good radiation hardness
* Low light yield
» Avalanche photodiode (APD)
« Short wavelength type
 Large area (10 x 10 mm? x 4)

Design



ECAL Desigh —— Sensitive Unit

O Pure Csl crystal + APD photo-device
> Pure Csl (pCsl) crystal \

v Fast decay time
v" Good radiation hardness
v" Low light yield

» Crystal Size: ECAL pCsl crystal unit
v' Total radiation length e s Pure col
Melting Point (°C) 621
15 XO (28 Cm) Raditatf:n Le:ngth (em) 1.86
v End face Size Moliere_z Ra_dius (cm) 3.57
Refractive index 1.95
front end: ~5 X 5 cm? Hygroscopicity Slight
Luminescence (Nnm 210
back end: ~6.5 X 6.5 cm? (nm)
Decay time (ns) 20
6
- Light vield (25) 3.6
» Avalanche photodiode (APD) 11
| Dose rate dependent [ No |
v" Short wavelength type D(LY)/dT (%/°C) 1.4
2 Experiment KTeVW
v' Large area (10 x 10 mm= X 4) Mu2e

Sensitive unit 23




ECAL Setup

O “Dead Material”
» 150-pm Teflon reflective film
» 75-pm polyethylene insulating film
» 75-m Al electrostatic shielding film
» No supporting material

Light Yield: 300 p.e./MeV

Light Collection Non-uniformity S
> collection efficiency: e(l) = 95% + /L X 5% ST

Onoise — 0.4 MeV
Enit thres = 2.0 MeV
Secondary Particles Hit APD

OO0 OO0




ECAL Electronics

O Charge sensitive amplifier and pole-zero cancellation with
shaping time 100 ns

O High and Low Gain (300 MeV/3000MeV)
O 16-bit ADC (~16000 channels) with 80 MHz sampling rate

7 —

E[ m[,\ ]

suojoyd

Electronics 25



Digitization Algorithm

Waveform check
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Digitization Algorithm

O Template fit to extract Amplitude and Time
» Find the points around amplitude peak to do the template fitting
» Template shape function: f(t) = AX f&t —pD+p
=% 0i—A-fti—D)—p)-S;" - (yj—A-f(t; —7) —p)
>Applyz—)f=oaa—r—0
Where y; and t; are from readout waveform; the electronics foundation p in
dlgltlzatlon ISp = 0; A and 7 are the amplitude and tlme from fitting result;

j Is the noise covariance matrix. A
ZZZZZ% oy
O Plpellne fit for pile-up recovery -

\
50000F

40000 [ \'
30000 f
20000f [
10000f [

Digitization 27




Simulation Algorithm

O Sizes of thickness and time bin width have been optimized
» No large difference of time distribution for different thickness
« Consider the non-uniformity may vary in the future : 2cm
» Different time bin width with different time resolution and central value

« Difference in central value approximately equivalent to a shift of the template
« Consider the resolution and the similarity to the template: 500ps

’a = ] ~— 2500
8‘ 4000 E | 1Cm 8— B :: ;gggz
- - S, P - —— 300ps
o 35001 _ 2cm S 2000 IL o
N 3000F ] - 30m ) - J i i -
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42 2500 _ 4cm % 1500 e
g: 2000 [ g - J
= 1000 L. e :
L 1500 | F I - ’JH [H'ﬁtl
1000 500 |- ] ] h
500 F : ]LL‘L
- — 0 L FIRSSS. | LLL:v" 1
1 1

05

Data Model

0

05

T/ns
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Simulation Algorithm
Data Model

O Energy distribution and comparison with template
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> aoooi ==-1cm ]JH‘HL 7000 — E IF 0'002% — égé
g »500 — 2cm 2 600F — so0p A E% 0.002 —L
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Energy Residual (MeV)
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Template Fitting

® Template shape function: f(t) = AXft—D+p
=2, —A-f —T) p)-S;t-(yi—A-f(tj—1)—p)

0 x? 0 x? 0
° Applyﬁzo,a—izo%_o

> fri Sijte (v;— Af ;= Bfij—p)=0
L]

<Zf1,ci'5i_jl'<3’j_Afkj_Bf]’cj p)
LJ

;zjl'si_fl< — Afyj— Bfi;— )=0

Fk°S_1°F'£ Fk'S_l'F;{T Fk'S_l‘I A Fk.S—l.Y
F,-S-1-FF F,-S-1-F;I F,-§-1-1}| <g>: F, -S-1.Y

0

I.S—l.FT I.S—l.FIT I-S-1.] ]-S-1.Y

o (Fi-S1-FL Fy-S-1-F F-S-1-1\"' (F .§-1.y
(15)— Fi-S-1-FI F,-S-1-F]T F-S-1-1| -|F.s-1.y

I.S—l.F}I{" I.S—l.F;{T I.S—l.] J]-S-1.Y
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Nonnegative Least Square (NNLS)

Algorithm fnnls :

Input: A e R™*", be R™
Output: x* > 0 such that x* = arg min || Ax — b||2.

Convention: Initialization: P = @, R = {1,2,--- ,n},x = 0,w = ATb — (ATA)x
b: A real pulse with m points repeat
x: fitted amplitudes for n pulses L. Proceed if R # @ A [max;c g(w;) > tolerance]
) . 2. J = argmaxfeR(wf)
A: the ith column of A represents the 3. Include the index j in P and remove it from R
template for the ith pulse and of course 4. sP = [[ATA)P]"1(ATb)P
each template has m points| 4.1. Proceed if min(s”) <0
i . 42. a = —mingeplz;/(z; — si)]
P: passive set — currently not fixed amps 13. x = x+ a(s — x)

4.4. Update R and P
4.5. sP = [(ATA)P]"1(ATb)?
4.6. st =0

D. X=s8

6. w=AT(b - Ax)

R: active set — currently fixed amplitudes




Pile-up Recovery

O Fitall the potential waveforms with template = s
O Isolate signals by time g 15| \
O The fit minimizes the y* defined as: 5 / \

00 0 200 400 600
]p] _ S Time (ns)

IIMZ

N
2 pJ—S c1
j=1

Where:

=
=
N is the number of templates; 3
vector S comprlse the readout samples; g
vector p; is the waveform template;
Aj are the amplitudes, which are obtained by the fit;
C is the noise covariance matrix.

10 15 20 _ '2?' ~ 30
Sampling points

Multi-template 33




4D Reconstruction Algorithm

Digi Time
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Electron PID Algorithm

go.12f e
O E/P ratio s o %
> E: Energy of ECAL Shower §°-°8§H
0.06
» P: Momentum from Track o |
> L, = In(e) + 0.001; Lywper = In(other) + 0.001 - é
I - 2 B . -
» Poor performance in low-momentum 0 e L
O BDT Method a
> Inputvarlables charge Piracks Eshowers E/P, . - . e
seedv wer ky Nhitss Bseed S g b
Echower; %3 seedI)/El; ers = o 2 N
x5 — 3X3’3 (E hower, SECON Moment, .
Iateral moment, A,, moment, A,, moment I -
» Distinguishing electrons from other charged z £
hadrons (or muon) | 14{ L
» BDT Method used v LA

2026/7/2 Electron PID 35




BDT Input

Input variable: charge
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BDT Output
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