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Super Tau-Charm Facility (STCF)

® Next-generation high luminosity e*e~collider in China
» Center-of-mass energy coverage: 2 — 7 GeV

> Peak luminosity > 0.5 x 103° cm™2 s~ ! @ 4 GeV
» Potential to increase Ium|n03|ty & realize beam polarization
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Comder RI{:— New generation ® Three-fold physics flagships

e 860 M Spectmmeter O Symmetry tests
= Multi- Llné‘c? ¥ e « CPV:K° — K system
= “f&'m 550 m = ) . « CLFV : Tau, meson decays
. 25 | OQCD nature and confinement
vore |- ¢ LA « Hadron spectroscopy
* Nuclear structure
e = O Precision measurements
RINGE1B0 M b 2 A o * R-value, tau mass, CKM elements
* Running of fine structure constant
Adtem




Requirements and Design of STCF Spectrometer

® Highly efficient and precise reconstruction of exclusive final states

291 ¢n

Design and Technologies

 Inner Tracker (ITK)
— MPGD: cylindrical uRGroove, o, ~ 100 um
—  Silicon: low-mass MAPS, < 0.3% X, /layer

« Central Tracker (g, /p ~0.5% @1 GeV)

—  Drift chamber with super-small cells, 6, < 130um
* PID System (/K ~40 @2 GeV)

—  Endcap: DIRC-like TOF — DTOF (o ~30 ps)

N |, — Barrel: RICH (< 4 mrad) or DTOF (o ~30 ps)

+ ECAL

RS —  pCsl +APD (6g/E ~2.5% , 6x ~5 mm,

: E 8 5 ~ ;. ~300 ps @1 GeV)
Major Performance Requirements e Solenoid: 1T
Q‘(’)C;E:]atz‘ﬁ:res o /pgii/)o; /042) | Gev » Muon Detector (eff.> 95%, mis-rate < 3% @ 1GeV)
o . _
Energy res. 0, /E ~2.5% @1 GeV — Inner layers: glass RPC (> 300 Hz/cm?)

Hardon ID: n/K ~40 @2 GeV — OQuter layers: scintillation strip + SiPM (~2.4 m)
Muon ID: eff. > 95%, mis-rate < 3% @1GeV « Trigger, DAQ, Clock and Data Transmission 5




Reqguirements and Challenges of STCF ECAL

® The electromagnetic calorimeter (ECAL) provides energy, position and
time measurements for photons

» Performance requirements||> High luminosity challenge

 Mass reconstruction precision Dose distribution map oy Background count rate
+ Particle reconstruction efficiency o =
- Neutral particle identification B = == o photon
. 200 [ ) U ‘oﬁugﬁmesca erin
« Beam background suppression E - 0 2] = Bremssirahiung
. ‘;3’ 150} = :04 S) 0.4
K Large energy dynamic rangﬁ z 0l ¥ 1o £,
25 MeV ~ 3.5 GeV | . il
‘ Precise energy resolution : °o‘ so v1oo 1so~ o S 550 :Z 020 40 60 80 100 120 140 16
Z axis (cm) Polar angle [°]
< 2.5% @ 1 GeV L i N
¢ Good position resolution : lonization dose ~ 40 krad Background level ~1 MHz
~ 5 mm @ 1 GEV Yy, \_ y,
€ Good time resolution: Good radiation resistance Fast time response
VAN /)
~ 300 ps @ 1 GeV 6




Design of STCF ECAL

® Design of Sensitive Units ® Design of Electronics
€ Pure Csl (pCsl) crystal (28 cm (15X,)) € Front-end module (FEM)
» Fast decay time (~30 ns) » Charge-sensitive amplifier (CSA)
» Excellent radiation hardness » High- and low-gain outputs
€ Avalanche photodiode (APD) € Signal processing module (SPM)
» Insensitive to magnetic field » Waveform sampling readout
» High quantum efficiency (Q.E.) € Data acquisition system (DAQ)

10 X 10 mm?

pPCsl crystal APD (S8664-1010) Front-end and signal processing modules
7




ECAL Geometry and Expected Performance

® Geometry layout
» Barrel + Endcap: 8670 crystals
v ~95% solid angle coverage
» Defocus layout
v’ ~6% higher detection efficiency
® Expected performance from simulation
v' Energy resolution: 2.27% @ 1 GeV
v' Position resolution: 4.9 mm @ 1 GeV
v' Time resolution: 153 ps @ 1 GeV

il
S )

33.8

8161

7 T

320 cm

Crystal arrangement diagram

. STCF CDR . STCE CDR 2: [ STCF CDR
6 = " :
g g . g 0.74 i
s | Expected energy :".  Expected position | .  Expected time
2 resolution Z resolution g 0% resolution
z £ S 0.4
: s : £ 03
....... 0.2
34 . !
0 1 3 3 0 i 3 3 0 500 1000 1500 2000
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Light Output Enhancement of Sensitive Units

® Low light collection efficiency ® Light output enhancement
» Emission peak of pCsl is ~310 nm » Coat 25 crystals in the prototype

O Low transmittance > Average Ilght output increase: ~175%
O LowAPD Q.E. |
® \WLS coating scheme
» Wavelength shifting: ~300 nm - ~550 nm
v' Transmittance: 30% > 50%
v APD O.E.: 40% - 80%

= 1 100.¢
50_9 ___________________ 90 < 120F s T
= - - 2 F ~ 2 340 r |
20° T " 102 p.e./MeV+ § "% 26l p.e/MeV
0.7 / ——- APDQ.E. 70 % 110F % 320"
- / NOL Absorpti e . x
0.8 ‘_,’r NOL Emission 60 105; 300:
0.5 ;" ..................... - 100; . ? 280: '
e 051 bt N ]
04 (Y ¥ il E 'Y r e ° 4
CE i Wavelength N o: ’ 2] ’ ;
A es »  O#Crystal |...g g 0# Crystal| * ‘
0.2 !" \.\ Shlftlng N ol +  1#Crystal | ° : 240; s 1#Crystal
0.1Ff "\, 10 75; . 2# Crystal 2o . 24 Crystal
05300 350 400 450 500 550 600 650 700 70E gl 200 g e
Wavelength / nm Crystal ID Crystal ID
Spectra of pCsl Emission & transmittance, APD Q.E. Light output before and after coating
and NOL Absorption & emission 10




Development of ECAL Prototype

® Sensitive unit components:
(1) Crystals with reflective material
@2 4 APDs

@) Front-end electronics

® ECAL prototype components:
» 5 X 5 sensitive unit array

» Back-end electronics
» Temperature stabilization system

5 X 5 sensitive unit array Water chiller

11
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Beam Test Campaign

[TKM Tracker 1 BTOF Tracker2 PIDB Tracker3 ECAL

I
® Beam test of the ECAL prototype . i el == =1 ==
» PS T09/T10 beam line at CERN %ﬁ!T — - L - -
>  Multi-system test #a wornl — T — T . T
E#l | TRG. ARHIE

«  PID Detector——BTOF&RICH —— Y A J

.  ECAL T | %lﬁe%tor system layout

« TO Detector S i e V] - ) O REe

« Tracking Detector
» Beam type and momentum

Statistics

ut ~ 10 GeV/c ~ 2093 M
et 0.2-3.5 GeV/c ~ 1157 M
hardon™ 1-5 GeV/c ~ 33.63 M

hardon™ 3 GeV/c ~ 218 M




On-site Images
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ECAL prototype ECAL test team




Operating Status of the Prototype

® Noise level 7
> Low/High Gain: ~ 2.7/1.6 fC (0.8/0.5 MeV) ™ o-2681C [ | = o=te2c /|
1000 ~0.82 MGV 160F 0. 50 -Ma\/
. . . E 140: U.JU cv ‘l \
. ngh_LOW galn rat|0 : —~ 10 800; f,r Bﬂ 1205 f[ \ll\
. 600: 100; [ \
» Dynamic range: 3 MeV ~ 3 GeV f ﬁ* o /i \
. 200 :g; / \
® Sta‘ble Operatl ng Sta‘tus T 2406j 210 2420\\'»2430' — a0 0= 2250 2330‘ @m0 ‘2400"\‘\‘42450' —
ADC value ADC value
» Electronics baseline and noise Low gain noise High gain noise
» Environmental temperature: ~ 29+0.5 °C
X N e e N ] s 2400 50— & 405
Sj 14000: / ] % 2380f %45 % 12 38:
§ 12000~ 13 2360k Q0§ %F
r i ] C E o 8_ E
%10000: / ] %zz:gi 522 % g ::f
80005 / E %%ooi 325 E " 302
6000 // Slope=10.16 1 e “20 T 28¢
- / 7 T 2260F * Baseline s 26"
4000 s 2240F . 10 241
- / 1 = * Noise E E
20001 ] 2220E E5 22:
L _ 2200 ‘IHLOHHYI" ‘N‘ ICO‘ IO’)‘ IL‘Q‘ ‘C‘\I‘ =0 20_|I‘Im||”¢‘ ‘NII ‘ml ‘ml ‘ml ol
O 500 1000 1500 2000 2500 _ 3000 8 & ¥ & o n g DateRun § oo & = S S S Date Run
Low Gain Peak & &8 & & & § 8§ S S S S 8 s 8
High-Low gain ratio Baseline and noise stability Temperature stability
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Energy Reconstruction Performance

® Calibration with u*: ~ 180 MeV :
Good Energy linearity Tk
> From 0.2 GeV to 3.5 GeV - f \%

® Energy resolution for 1 GeV e* is 2.25% Y \,
. mo: _/[J ‘%Rq_:
» ~ 1% beam momentum spread contributed e o]

ADC value

Energy spectrum of MIPs

> A £1600F é e L B B L I B IS I
ﬁu o /’ . §14OO: Mean=1.0193GeV ,’L % - \ ]
uf 3 - 01200_ Sigma=22.963MeV |J Ill % 4'5; '\ ]
- . - | 5 .
251 - " SigmaMean=2.25% | | © 4 e 098% o L80% o\ 370,
) , . 1000 | ]1 S .o \ E "EGeV) " VEGev) ¢ 3
% e o™ in BN 5

1.5 C 3
C 3 600 i - .
C 7 C | C _
1 . 400f .'f’ “ 251 \ -
g g 2 £ - ™ E
051 - 200[ o ; A= 3
E/// D D D D D D b __._.a»——:-r-r'f“\'{. Ll ‘i:x,_l_,_u_, - \ML‘-————-L-____..,__E
00 05 1 15 2 25 3 35 85 06 07 08 09 1 11 12 1_50_| L1 |05| [ ] L1 |1 5| L1 2 [ |25| [ 3 [ |35| L]
EpeamlGEV] Energy/GeV ) - . £ 1GeV]

Energy linearity Energy spectrum of 1 GeV e™ Energy resolution vs. beam energy
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Position Reconstruction Performance

® Position resolution for 1 GeV e™ is ~5.5 mm (Ay= XgcaL rec — Xincident)

» Logarithmic-weighted barycenter method
® Limitations on ECAL position resolution

» Track extrapolation accuracy

> Non-uniform beam hit distribution

L4400 [T T LT T L L T LT
S 1200 V{h

- 0=5.52 mm f\

1000 [ IJ \

800 | Zr 7\

600 - f ‘I\

400

200f jﬁ mk

e e

Ax[mm]

Position reconstruction for 1 GeV et

Position resolution[mm]

S wi(Ey) - xy

Lrec =
> w;(Ej)
E.
w;(E;) = maz{0,a + In(——)}, a = 4.2
Zj Ej
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Position resolution vs. beam Energy Distribution of beam incidence positions
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Time Reconstruction Performance

® Time reconstruction (Ar= Tgcar rec — To) fOr
different particles (" /p*™/p* /e™)
» Time resolution for MIP is 384 ps
> Time resolution for 1 GeV e* is 145 ps

» Hadronic showers show time delay and spread
(large pulse shape differences)

g 500: o L - ‘rL' o o o gSSOUi | W\( B
4mf fﬁ 3m0§ 1 \L
- 6=384 ps f \}\ 250 5=145"ps (
300: Aj }{ 2000§ V[
2002 1500§ BA .‘
B / “b\ 1o00f \
“F Y N soof .
P . UE | L&

2509 -
Time[ns]

d 1 [ | N L L 1 I I 1 1 1 L L 1 e N 1
2507 2508 2507 2507.5 2508 2508.5
Time[ns]

9502 2503 2504 2505 2506

Time reconstruction for MIPs Time reconstruction for 1 GeV et

Time Reconstruction[ns]

Time resolution[ps]

2740~ ——— T

160
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E . L . 120
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27258 ik it Wk, z;%w ShH 80

e ] e ooy 60
2720, A ﬁ:ﬁ?ﬂ%ﬂi;iﬂ;ﬂw'?fﬁiﬂ.m*ﬁmﬂww'ﬂ

r Ly ,‘,:_,Iu\',)‘ﬁ.ﬂ“w'm H iy J— 40
2715 =) ':‘“";H‘I“'P?H:"”\:I: e n+l"|f\f\\nl r

- N/IIF’ ‘ € oSrovwel 20
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Time reconstruction vs. energy
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Time resolution vs. beam energy
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g Summary

® STCF can produce massive tau leptons and hadrons

» Unravel how gquarks form matter and fundamental symmetries
® Development of ECAL prototype

» 5X5 sensitive unit array (pCsl + APD design)
® Beam test of ECAL prototype

» Performance meets the design requirements

« 2.25% (energy), 5.5 mm (position), 145 ps (time)




=" Summary

® STCF can produce massive tau leptons and hadrons

» Unravel how gquarks form matter and fundamental symmetries
® Development of ECAL prototype

» 5X5 sensitive unit array (pCsl + APD design)
® Beam test of ECAL prototype

» Performance meets the design requirements

« 2.25% (energy), 5.5 mm (position), 145 ps (time)

Thanks
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STCF Physical Topics

STCF CDR: Volume 1 -- Physics & D/e__tgctor

arXiv:2303.15790 % @ ()

S

XYZ Properties: ere-— Y —yX NX,oX, eve-—Y—nlc, KZcs

Hadron Spectroscopy: Excited ccbar and their transition,
Charmed hadron spectroscopy, Light hadron spectroscopy

R value: e+e-—inclusive. v mass: @+e-—T+T-

To be presented on FOP a 'x r,"—'-‘l
\ ) { ;I \\_~__/

y o { QCD and hadronic physics

Nucleon Form Factors: ese-—BBbar from threshold

P .
T [ T T
n

Pentaquarks: ese-—J/pppbar, Ac Dbar pbar, Zc Dbar pbar
Di-charmonium: e+e--—J/ync, J/yhc

Muon g-2: e+e-—T11+ -, 1+ 1n- 1o, 4n, K+ K-, yy—n0, n).rm+ rn-

Fragmentation functions: e+e-— (M K. p A D)+ X, ece-— (1 KK, mK)+X

CKM matrix (Ved, Ves): D (8)s—lav, D—P ls v

Charm hadron decay: Ac+, Zc, =c, (Oc decay

CPV in Hyperons: J/'y—AAbar, ZZbar, =- =+bar, =0 =0bar

DO-DObar mixing: Ww(3770)— (D0 DObarn)(CP=-),

( PhYSIcs at STCF Flavor Physics and CP Violation

Wi(4140)—1m0 (DO DObar){(CP=-) or y(DO DObar)(CP=4)

e —

- Leading role

Forbidden/Rare decay and New Particl

- In Competition with Belle I/LHCb
- Synergy with Bellell/LHCb/Eic/EicC

CPVinT: 7—Ks nv, EDM of 7, T-—»n/K O v for polarized e- beam

CPV in Charm: DO—K+K-/T1+1n-, Ac—pK-rn1+nO/An+n+n-/pKs rnm+n

Y/$3 measurement: DO—K(s/L) m+ -, K(s/L) K+ K- K3mn, 4n

Y polarization: DO —K1 e+ v_e

LNV, BNV: D(s)+—<l+ |+ X-, J/y-—<Ac e-, B—+Bbar...

Symmetry violation: n(’)—=Ino, n'—=nll...

FLV decays: 1—vyl, ILI P1 P2 , J/y—II', DO—II (I'=l)...

FCNC: D—vyV, DO—l+ |-, ese-—D « , Zu—pls I-_..

Dark photon: e+e-—yA'(-=l+ |- ), J/y-—wasa-A’'_ ..
Millicharged: e+e-—=xX V...
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Crystal Size Optimization

Longitudinal size: 15X, (28 cm)
» 95% energy deposits for 3 GeV photons

. 5x5om?
.

+ 3x3cm?

Energy Resolution (%)
N W L U‘II D ~ (o IR {o]

; 35
Photon Energy (GeV)
Energy resolution vs. lateral size

| ateral size:

5x5 cm2

» The minimum angle of the two photons from the 1°

decay is about 10° (~5.5 X 3 cm)

» Smaller size leads to poor energy resolution but

better position resolution.

Position Resolution (m
&5 ® ® O N

p*]

Position resolution vs. lateral size

e 5x5cm
— 4 x 4 cm?
® 43x3cm’

— 14 [ - : : : ‘ T :
9 ‘

05 1 15 2 25 3

Photon Energy (GeV)




Crystal Selection - pCsl

———1
Crystal pure Csl || LYSO GSO PWO BaF;
Density (g/cm®) 4.51 7.40 6.71 8.30 4.89
Radiati
Hon 186 || 114 1.38 0.89 2.03
Length (cm)
Moliere
3.57 2.07 2.23 2.00 3.10
Radius (cm)
Hygroscopicity Slight No No No No
Luminescence (nm) 310 402 430 425(s) 300(s)
420(f) 220(f)
S0(s S0(s
Decay time (ns) 0(2) 40 60 30(s) i l{“}
6(f) 10(f) ).6(f)
Light output” (%) () 85 20 (5 ( )
L.1(f) 0.1(f) 4.1(f)
D
ose rate No No - Yes No
dependent
Reasons for not Cost is | Unable to produce | Too low | Slow component is
being selected - too high large crystals light yield | hard to suppress

f = fast component, s = slow component.

Quantum efficiency (%)

100

80

60

/ S8664-02K/-05K/-10K/ /\\
40 -20K/-30K/-50K
APD
20
~45% @310 nm
0
300 400 500 600 700 800 900

(Typ. Ta=25 °C)

! l
S8664-55/-1010
A

I\

Wavelength (nm)

1000



Light output enhancement

® Automated coating device ® WLS coating scheme
> Higher coating efficiency » Coating thickness optimization: ~20 um

» Better thickness uniformity
» Less harm to humans

thickness measurement

fo2}

0

>

D sg0-

g L

qé 560

3w 20 um

5, 480F

= ol
Automated coating device I

sopb Lo v

10 20\I\Isol\\\40\l\lsq\l\lsol\
thickness [um]

Light output vs. coating thickness 217




Optimization of Crystal Growth Conditions

® Requirements of pCsl crystals
» Radiation hardness: >70% L.Y. (100 krad)

» Slow component fraction: <10%

® Performance vs. growth conditions
v 7.4% slow component fraction

O Radiation hardness test in the future

Growth condition | Baking environment | Annealing | Deoxidizing %
Q
Type 1 Vacuum No Yes S
Type 2 Vacuum No No ;
[ twes | ar [N [ v | g
Q
£
Type 4 Air No No S
Type 5 Vacuum Yes Yes 3
)
Type 6 Vacuum Yes No
Type7 Air Yes Yes
Type 8 Air Yes No

8 types of growth condition

Groiv Condition Type
Slow component fraction vs. growth conditiozr%s



Batch assembly of sensitive units

b
L N 4

Schematic diagram of the sensitive unit Photograph of the sensitive unit
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WLS Coating Stability

> Irradiation test » Aging test in the future

« Aging study of WLS is tested in high temperature

environment
« The relationship is described by Arrhenius

* Irradiate WLS with 6°Co source:
- 90 krad: no obvious decline
- 833 krad: decrease by 30%

. A
 Good radiation hardness of WLS formula: In(t) = -t B,
o 1.2r )
?g i Ho-a0e ¥/ ndf 30.87 /1
E 1' = Prob 2.761e-08
ot i tn 0 1.248e+04 £ 785.8
= - = B5— p1 -30.87 + 2.261
< 0.8 — 4’/‘\\
Q i -
= 0.6}
@© i -
| e —
- No WLS 5 preliminary
02f
0": ] ] ] ul | |
10 102 103 104 105 0.6028 DI.GI'.ZIESIEI I l'_l".C':JEEI IC'I.GIL!ZDI:?I I IZI.IIIC'EI I IC'I.C'IZISDIE : E'.C'EIEH
Dose / rad T
Light output vs. radiation dose Aging effect of PS is described by
Arrhenius formula 30
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Performance vs. Simulation

Cad

Energy Resolution (%)
S R S S S

tlll|IIIjllIIIIItIII|III|III1III

—
=

~« Data

MC

..................................................................................................................................................

—
Pt

Position Resolution (mm)

=]

|

* Energy and position resolution vs. e* beam momentum

2025/11/8
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Estimated maximum flux in positive beam

Hadron beam components - p

Total
£
"‘.'a 100000?
£ : K
- 38
 Hadron beam consists of p. . K. e,
g "™
g mno-; e
= Hadron beam components
total energy deposition T9 Beam Momentum [GeV/c]
% i Entries e 193529
8 1{]3:_ MIP g‘t?iagev gggi ‘% 107 et ‘E
g Hadron shower 8 g [
B . )
) Positron shower |
10 ; ! 1IH
L : 10 M“ |
o) L T W |
- BuEm ST | LLCELIN 1
-3 GeV hadron beam T h LI ! WH Me
15— enlel’gy SlpeCtl’lum | I 500 1000 1500 2000H"IIIE%@F%I;[II\UI;%%UO gll T 500 1000 1500 2000 E%]%r(gj[lwl:::\iﬁm

500 1000 1800 2000 2500 3000
energy/MeV

3 GeV proton(left) and anti-proton(right) energy spectra



Time Reconstruction Performance

Amplitude

® Time reconstruction (Ar= Tgcar rec — To) fOr

2740
g - ‘ ‘
11— F R —_ Lo -, ' . .
e MIP § ...+ . Fixed shape fitting
i - e shower S R ‘ !
08— o - m/p shower Z AR
9 SRR ' e
g . m/p shower
0.6— o H| . ettty
@ ; lelu A, e TR N ' .
£
0.4— =
; .‘.‘:.'?""ﬁ"-‘ 3
B C -'H"”"",P" w " B
0.2— 2715[ N/”F’ : e’ snower
OB_EOI 1 1 I7(|)0I L 1 \75'0\ | - \80‘0\ L1 \Ss‘ol L1 \9(')0\ 11 \95'0\ 1 L I10‘00I 271 0 : 1 HH\ :I‘ \‘ ‘I : L L L 1 L L 1 1 1 1 L L L 1 1 L 1 L L 1
0 500 1000 1500 2000 2500 _ 3000
Time[ns] Seed Energy[MeV]

hadron beam (" /p*/e™)

» Pulse shape differences result in a nonuniform
time response

v" A good uniformity is achieved with an “unfixed
shape” fitting method

Pulse shape differences

Counts

10

e

MIP

E_Energy spectrum

1/p shower
S e*shower

Time Reconstruction[ns]

1 1
0

1 1
500

1 1
1000

1 1 1 1 1 1 1
1500 2000 2500 3000

3500
Energy[MeV]

2740 R —— —— ——— -
s Unfixed shape fitting3
27305
27253” : : = .
.4 1/p.shower

‘ T e
2715j A \-,n-‘:l-:‘. H‘M ... ¥ <

e UM e shower
27101\.'1“":)

0 500 1000 1500 2000 2500 3000

Seed Energy[MeV]

Time reconstruction vs. Energy for 3 GeV hadron* beam
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Time Response Non-uniformity

0.95 0.95

Pure Csl Data Pure Csl Data 101
33.75 hours, beam off 491.75 hours, beam on
0.90 | = 0.90 ¥ =
(@] (@]
| o £ 10°
o, 085 ESES o c o 085 c
& Qo Q o)
Y. 5 o (o ; _ e 101
0.80 n 0.80 % » e e e R 0
) TN o o
p p -
4 4 ! 4
0.75 1076 0.75 10-2 &
0.70 — ' — 0.70 s ' '
20 40 60 20 40 60
Esoons [MeV] Esoons [MeV]
Rysq VS. Energy In cosmic-ray test R,sa VS. Energy in neutron beam test

* Low R, events in neutron beam indicate a slower scintillation component of
PCsl crystals

2025/11/8 34



Time Response Non-uniformity

time distribution of detected photons

shower energy - hit time hit energy-hit time =,
2740 his w 160 his 2, —— MIP
g ok Enfies 55007 | £ [ Enies 8000 2
£ C Mean x 3355 | E C Meanx  548.1 28 EShower
= - Mean y 2720 P T - Mean y 135.2 o
2735~ StdDevx 326.3 155~ SidDevx 6815 . ——HShower
= . Std Devy 2.51 - StdDevy 1.014
= . A 500 r
2730 - -Hadron = N ’
' o 400 -
C 40 5
2725] 145—
300 - 4
L 30
2720 vaol Hadron \
200 - 2
C 2
2715? . 100 135 SUE R C . -E:f "
E : Positron : : _ 1
2710_ L ‘ L V' e e L b e L | 0 130_'Ml‘|p T | P R R T R T R N Rl Olsltron\ I 0 ':
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 0 A T O A T T SN SN N RN SN TN T AN N MO SR S NN SR T N S |
energy/MeV energy/MaV 1] 1 2 3 4 . 5
time[ns]

Time response vs. energy deposition Time response vs. energy deposition  tme distribution of photons detected
for 3 GeV hadron beam (data) for 3 GeV hadron beam (simulation) in the simulation

* In the simulation, positrons are also slightly slower than MIPs (~1 ns), originating
from the spatial distribution of energy loss

2025/11/8 35



Unfixed-shape fitting

« Form of the template fitting function:

t>T0

(3 Awe™ 7} - (8 = To)* + ped
i=0

f(t) =<

ped t <1y
\

5 Exponential X1 Power

« Only two free parameters:
ped(pedestal) and TO(time)
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« Template does not fit MIP and

hadron pulses well
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Time Reconstruction Performance

® Time resolution significantly improved for hadrons
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Unfixed-shape fitting

» Time resolution of MIP gets worse because of electronic nose
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HG Channel Events

g = Electric impulse function | _ _
S T . « Hit=1: pass through a single crystal and its gap
® 08—
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Pipeline fitting

O Pipeline fitting method
» Real-time online processing

» Template fit once for each fitting

. Ea_cig fitting begin with different ADC
poin

« Add one more fitting between two ADC
points

» Fit successful

« A>Ewy,

« AT <125/2

e x%/ndf <3:

Sg(_zl/ndf =£Zi, -Eyi —A-f(t;—1) - ,

(oo (ﬁy-’o.onzé) im0 P
— Cache and compared with next fit
— Remove template

— Ongoing processing
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Pileup Mitigation

® LED lightisintroduced to simulate high background in STCF
» Energy spectrum similar to background
» Frequency up to 14 MHz

® Pileup mitigation with “pipeline fitting” method
» ~2.5% energy resolution under 3 MHz background level
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