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STCF LIt

O Super Tau-Charm Facility:

> Hr—GeVHE X 55 B IE A7 B 70 38 S5
> JODEER 2-7 GeV

> IE{H=E >0.5x<10% cm2st at 4 GeV

> R >1 abtly

> RRARAZES BT RBRAHE )

400 m linear
accelerator . 0]

m storage ring
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Electromagnetic calorimeter
Muon detector

Particle
identifier
detector

~6 m

Inner tracker



STCFELIRfAR RFIGITH:

O STCFRWSHEEIBEE: EREFR. RAK. KRITUHEFRmFLT
KUEHEFMHEENRBE. FHIE

O STCFEIHITHAATEFR: O STCRLHuflR RGBT R K:
o IEEVIEERER: > 400 kHz - EREMERER: ~1MHz
- IEEHFEBIEE: > 200 GB/s - HAVIBETERLRBFE: >99%
o ZAKJE/AKFE: ~ 200 kHz/channel o RIER: L1IEZH s
in MDC. ECAL + RAEERMEER

- MSUEEF X687
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STCFECIRfl ARz RFUZIESMS

Other
ﬂ}%é& ﬁi ﬁ %ﬁ\] MDC ECAL MUON DTOF detectors
[ |
D L 1 %é&ﬁﬂﬁ Sub-trigger: Sub-trigger:
X position, t position, t, E
° %?FPGA%E@{&F T é%fﬂ Track
— Global  Shower: energy
¢ I‘;% Eﬁ = 5‘& T//l:l % IJ q:@ £E % 'ﬁ IJ Trigger and multiplicity Pipeline Pipeline Pipeline Pipeline Pipeline
Logic memory memory memory memory memory
(Hardware) i 1 1 1 - 1 JI,
RU/ RU/ RU/ RU/ RU/
. . CROB-PXI CROB-PXI || CROB-PXI || CROB-PXI || CROB-PXI
O High Level Trigger (HLT): e e e e e — T T,
CROB- CROB CROB- CROB CROB
o LT R AIHERLIR S5 52 SR wtome o rae | [ rae [ pae || vae ][ e
N W trigger :
o THERIRMEBS AL EF, FETE= il aceept ROS/EB
Data 400 kHz

recording
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L1 BRI ZiBtES ISRt

» XY 2D tracking and reconstruction
O STC F%&ﬁmn%&%ﬁiﬁ@ MDC Sub-trigger > 3D reconstruction
> Time reconstruction
v' MDC: #Z DRBEN 2%
, Cluster reconstruction
and pattern analysis
LI1-
ECAL Sub-trigger > Energy and balance analysis " level
.+ DTOF: 3 [X SRS W2 17T | _ _ | are
> Event time reconstruction >
v ECAL: O REERNE, 7Rk . DTOF Sub-trigger i~ Trigger & time reconstruction s
RN BRI et
\ n e - * Long track reconstruction - A
« MUON: wnr/n/K, fil % H) R] B4 78 i MUON Sub-trigger & T :
e i P *L ......... Neutral hadron identification &
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MDC Ffit&Eix

O MDCIRMI STt O MDC Ffili kg B kB iE
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Hit map
—_—

.LI

Stage 1

Stage 2

&

UL Hc)

Stage 3

TS Finding:
TSID

Hit layers
Left / right

Track Finding:
Track seed ID

Hit super-layers
Matched pattern

_| Transverse momentum
“| Azimuth angle

Parameter Estimation:

Pattern Matching between super-layers

Track Segment in one !*\h // ® Seed
W Matched Hits
super-layer P ® Unmatched Hits
X
| | teftcen

Right Cell
o] o o

Middle Cell

o Seed wire
TS of CL1 TS of CL4 TS of CL7 and CL8
20241719

20244 /88 2% W) 52 255 B AT

MDC Fit&HZ%

O XY 2D FAZEEZE Y (R

O MDC FiZE3&E
* Trigger: NtrackingZ 2, NrecZ 1
 sZilllatency ~ 350 ns
pipiee pipimumu | charm_meson | hyperon | tau pair | bkg
1000 0.933 0.934 0.969 0.932 081 0.017
sig in MDC 1000 999 994 993 995
3/4 tracking 0.942(987) 10.946(986) | 0.977(989) |0.966(964) | 0.823(983)
Reconstruction | 0.954(968) | 0.954(975)| 0.979(983) |0.969(956)|0.826(977)

v BB S I AERE, EESUR R

X< Vs XTI IR, AREEE (L
2NHE 22D
> BEERINR>ZMR
> BHLBEIIN2DFLNER

IS
AN
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MDC Fit&HZ%

Oz EREHE (EEEMEMNLE) O % THLS. QKERASIHIS X ] & £ 45
K A28 B 0 8 N8 J2= I TDCIN [RIE A =4 qkeras his
oot ideen Layers outout =X (8 Mean SD d(0) Mean SD d(0)

200-300 -0.01 2.30 2.30 -0.51 241 247
300-450 0.03 2.59 2.59 0.28 2.64 2.66
450-1500 0.04 161 161 0.16 1.64 1.65
—4 gkeras hls
sEX[E Mean SD d(0) Mean SD d(0)
200-1500 0.00 2.57 2.57 0.07 2.66 2.66

oA O 3 THGQIMZ A & 2 R

30 e o m mm  mm mm m m m— m om— m— w—

O HLS4ML 7EXCKUOBOK) Mt 4 o \
. FERE: 1clk N —
e JMiRlatency: <200 ns 184 - - -
2024/7/9 20244F R 2% [V B2 55 B it & pT (GeV)
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ECAL FRREX

O ECALERMZEEAE R T O & $o(Trigger Cell, TC) 73-81:
o FHHS: 51 BElpCslimik FEEE (4>4 or 3>4):
. BAlGTE. 10 FBpCslinik « 518 %132 3k
m U « 429TC
§ _ BAYR 32 (356 or 4>5):
i « 10

3 P&l x 85 Hi=>3>5
3 fE > 105 H=> 3>5
4 [ > 130 Hh=>4>5

2z . 64TC

320 cm
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L1 B2 RMRHAR

MC simulation data

O LIEZ&RMAR (GTL) BR

o BERHERRET Frn 10
St AY
o HIFIFK |
° ﬁﬂ 7X—\ % -‘[/ﬁ _i/-l_‘ MDC data extract ECAL data extract
\
= 4 fut 4 25ty BEL O <= g i ST g
* L 1E ’& ﬁm E A & % Lq: ,fﬁ MDC parameter MDC back- MDC-ECAL ECAL back- ECAL parameter ECAL bal
solve to-back match to-back solve aanee
| | L |
Y ‘ : y y
= GTL MDC parameters GTL_BackToBack GTL Match parameters | | GTL ECAL parameters GTL ECAL Balance
D mm&ﬁmﬁi - P Dcsilcion - IJ —EAk D - | -
I |
- ATAY
« 6T LA
Trigger channels .
. 1/|\ IIIZI ‘I‘ifg_ definition GTL Decision
¢ 1/|\ R B B j\é. > Trigger efficiency evaluation

2024/7/9 20244F R 2% [V B2 55 B it & 16



GTL BHEIRHAZ AR

Physics signal Number of  Number of  Number of  Number of Number of Number of Number of Signal trigger rate Background false
charged tracks that matched matched miss miss matched  miss matched trigger rate(kHz)
tracks into  should(is) tracks in tracks in matched tracks in tracks in
detector matched Endcap Barrel tracks Endcap Barrel
e*e” > wtmlpsi
Jpsi > e'e 3049 2639(2014) 225(53) 2414(1961) 63 7 56 99.20% (>3)
ete” -> whJpsi
Jpsi > 'y 3140 2674(2010) 252(64) 2422(1946) 58 2 56 99.30% (>3)
et >1t T
1668 1668(1380) 164(35) 1504(1345) 28 1 27 99.00% (>2)
e*te” > wtmlpsi
jEZ: A 5811 3845(2582) 208(86) 3637(2496) 43 4 39 98.00% (>3) 43
ete"-> Dy D,
ceoDip- 4314 4054(2901) 268(56) 3403(2845) 52 10 42 98.80% (>3)
e*e -> D, D,
D, > Klpi*pi 5636 5360(2641) 278(60) 3192(2581) 46 6 40 99.10% (>3)
J/psi -> gam
invisible 2492  1170(861) 105(25) 1065(836) 11 2 9 99.70% (>2)
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GTL BHEIRHAZ AR

Physics signal Number of  Number of  Number of  Number of Number of Number of Number of Signal trigger rate Background false
charged tracks that matched matched miss miss matched  miss matched trigger rate(kHz)
tracks into  should(is) tracks in tracks in matched tracks in tracks in
detector matched Endcap Barrel tracks Endcap Barrel
e'e ->n nbar
- - - - - - - 78.40%
e'e ->gamn
nbar ] i i i ; i i 89.10% 43
RBB
750 750 404 346 - - - 92.50%
2024/7/9 2024F i P SRR BT 2

18



2024/7/9

fia e

STCFSE5u ik 5 ik & 75 3K
il R EEAR T

L1)Z= 2 fi i HALME 5
L1E K FPGAREHF 5B 5
HLTHE 5%

/NG

| %

20245 B 2% M 2 25 B T &

19



L1 FRRERBFFINTHE

O ECAL Ffili R

O MDC Ffilix

x15
CROB-ST
MDC-FEE
ket
oooo N
0800 e e .
0oooo | |
CROB-ST
MDC-FEE
ok e
oooo T l
oooo 44
oooo 16&§XIZE;&_| WRCH —> BHEER |
0oooo |

MDC-FEE

x48

oooo
oooo
oooo
oooo

KAk

163 PR 24 Tl

| Wi —> RHESEE |

MDCt % s X B EC 77 5
(IALTU #1445

20241719

il B4R

x8
CROB-LTU

MK Ak e E 2

1} '
I oo MR
CROB-LTU

KAk [S[LTE ¥

1} '

2012 ER Kz

CROB-LTU

KA [Tk ¥

ZDELiEE—J_> &#i;&

CROB-MGT
ﬁf’i Fokami D MENE
==t L |vocms s
I sopmme Wimi
s |
CROB-LTU #1

N
N\ [ e

CROB-LTU #11E &
fil &% A 3E 3 R AYMDC X g

20245F 2 e

x12
CROB-ST

EMC-FEE

TCH
J x48 |

ooOod
ooOod
OoOo0od
ooOod

kLT iE

1 5
WETE —> = & AR

x4
CROB-LTU

EMC-FEE

oooo
oooo
Oo0o0od
oooo
=
[o.]
&

EMC-FEE

oooo
oooo
oooo
oooo
3
o)
S

FokeE L HhER
CROB-ST T l l

ok WEHT iR
HECE —> =R

B-
ket
. N il % IR

CROB-LTU

CROB-EGT

MK TFiE T 5]

1} '

FEAERE Higig

EMC-FEE

Ooo0od
oood
oood
oood

MK AFE HhE

f} !

BomHET BEE

Ll 7+

TR

20

EMCRl L 45 5R



L1 B At Az [RIEEEA
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HLT A SHA RS

O High Level Trigger (HLT) ZhgEEfr:

BT R RINE SRR 55 2% St S L
il R IR 2R A R o, PR

IS AE ) FE S5 % ~ 400 kHz

# o Ae s AR ~ 50 kHz

LA 7% ~ 40 kHz

ITK. MDC. RICH# = & 1£66%,
HrhoR LL E AR AR

20241719

O HLTEFR T -
TEL LU A et B, IR0 0 B
AN S Py R BUE B
TEL L A Fet B, IR0 07 s
e BRI ETH

O HLTHEARBKZ::
CFEHD AR HARGEN, TR
ti, A2 H 5 SEoffline /) HT
(KH#) SRR, EHLTSZH
offline G HER/T Thie, REEA- I 25
PR B SR N =15 S AR
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HLT RSSERiE el E

O REBEHFE

.58 RGP UAN R FUH L B 18 A1 55 i

E7E e Wip vy A fid B

CRE IR

MLEs % 5. Dell PowerEdge R760xa
FEME -
XU Xeon Gold 652Y6 A 28
256GB M 17
960GB NVMe SSD (R4 #LRAID 1)
3.84TB NVMe SSD (¥4 %)

HEAUALE %

il ip Hiit cpu (¥l | NfF (GB) | Hifk (GB) |gpu (ID)
desktop001 | 192.168.1.1 | 32 128 960 65,66,67,68
desktop002 | 192.168.1.1 | 16 48 960 e5,e6
desktop003 | 192.168.1.1 |8 24 960 e/
desktop004 | 192.168.1.1 |8 24 960 e8
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O HLTHEERATREE

HLT SXH5%

« B %EL: Python (CUPY)
- BEJ%2: CUDA
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STCF Hit MAP TEST

800 +  AlDetectedPoints
+ RealHit
FakeHit
600
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5 o
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-1500 -1000 -500 0 500 1000 1500
X-axis
STCF Hit MAP L1 TEST
800 +  AllDetectedpoints
. Hit
600
400
200
5 o
£
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-400
-600
-800

-1500

202420 My SR Bt T

-1000

=500

500

1000 1500

27



20241719

fia e

STCFSE5u ik 5 ik & 75 3K
il KRG AR

L1JZ 2 fib S0t 5T
L1Z K FPGATEEF & i 7%
HLTHF 5T

/NG

20244 B I B g 6 B f 2

28



20241719

MFR=ES T—HERTIFTR

O IAF 5] B
L1-MDCrii i Ab FE R . HECREA L
L1ZZ 5% TMDC. ECALR[HE B FIHA 2
A SR S YRR INALE 5
HLT B0 706 17 0 vk

O ki
W w2 JZ i B UL L 5| AXY 2D EH 2
A MDC-ECALI 8] % 111 VT EL A Ftrack-clusterlJCHL, 35 B 2% 1E 5 I mff 14 52 )
JUZCROB. FMCHAR TH, ZE T2 —Fr BB s oh e, #4825
AR ILE 58 AR, ALHLTHIMDC 835058 2 [EHLT S2 il Hth
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WM SEREILL E e b R AEZR AN BV, e LAY B 36 il & %8 ~ 99%

LS

WA WA A i iR ~ 40 kHz

FPGAR# {4

- 5 MIAMDC il & 34 4EIR ~ 350 ns + 200 ns
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ECAL sub-trigger R&D

O Single particle ECAL response: O Background level simulation:
mMeV
: « 1 us time window for trigger
00 Deposit ener .S. momentum H 99
. / - « 1 MeV TC signal threshold
== gamma
— ECAL background TC response distribution
200 == neutron E C
proton = -
100 E 20~ 10
: 2 |
0 200 400 600 800 1000 1200 1400 1600 1800 2000 MeV = 25'_
o i
o A . . 20— 1
Time V.S. energy collection ratio .

04 kaonOL
== neutron
0.3 proton

i o Loy |

| | 1
10 12 14 16 18 20
Trigger cell column

Yo
@

BRSSP P e ¢ Time(ns)
2024/7/9 20245 B 2 e S8 255 B i) 4
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Counts

6000

5000

4000

Basic parameters setting:
T-Q map bin width: 12.5 ns
S/B threshold: 210 MeV

Cluster energy threshold: 35 MeV

Background energy
distribution in each 12.5 ns bin

bin_snergy_distnbution_bkg

Entries
Mean

Std Dev

77888
0.04578
0.0362

- Sig/bkg
00 distinguish
1000/—

. threshold

G NN B AT AR AN B AT A 1 J T I | I [ [ |_ | I T - I 111

0 005 01 015 02 025 03 035 04

Bkg energy in ECAL (GeV)
2024/7/9

ECAL sub-trigger R&D

O Cluster reconstruction:

e Limit time window by T-Q map
* Find the rec. cluster in TC map
Edep in 12.5ns(GeV) edep-time Slgnal mixed with background Edep in TC(GeV)
41— 30 !
35— 25 0.8
N
25— 20 0.6
2 15
E > 0.4
1.5
10
= 0.2
05 5
) = 0
0 100 200 300 400 500 600 700 800 900 1000
[-12.5ns5,25ns] Time window time(ns)
Edep in 12.5ns(GeV puresig Pure signal Edep in TC(GeV)
e |
= |
3.5;— us i - o8
3 E _— .
E ol Signal cluster
2.5:— C 0.6
2 ; 15 :— _—
1_5;_ q g @ 0.4
1; 10 ; [ |
= - 0.2
0.5;— 5 ;
o o B L L L S | I I I L \ I I 0
0 100 200 300 400 500 600 700 800 300 1‘€|D;]T]e(ns) 4 6 10 12 14 16 18

20245 R P B2 BT 2%



O MDC and ECAL background

MDC background distribution in 1 sampling window

Count
a] = 3
g 80
>
=2 B
8 60— ; 25
= B 3 8 i
40— . . & > "
B Je 3. ra ke 2
20— ; F o e ~
= — o ¢ 3 N %
= - - & . ..'.. e
0 = - @ —; .II e i 1.5
E = ' -
_onl_ \]y' o e 3
20_ 4' ':‘ A %" . y 2
- g4 & 1
—40__ _."-.‘ . Jd
- . - 4 ¢ . ’
B i=1a - .
60— ;. 05
-80
r_l I L 1 l L1 l L1 1 I 111 l o2 I | 1 L1 1 l 1Ll l | l 1 0
0 0 40 -20 O 20 40 60 80
MDC layer ID
2024/7/9
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Trigger cell row

20

Back up

I|I'III|'IIII|III

=

o= -

==

Count

10

2 4 6 8 10

20244F il M SR A BT =

TV e T T

Trigger cell column

10

ECAL background distribution in 1 sampling window
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Back up

OO0 ECAL online time resolution contributions

Time V.S. deposit energy in whole EMC Time V.S. deposit energy in whole EMC

— 08 myrec_limeedepredation 0.8 myrec_imeedeprelation
2 r Enties 127907 | [ Enlries 127907
g - Mean 4B2.4 r Mean 484.5
5 0.7 Sbev 2435| 0.7~ Std Dev 244.2
g n
c : -
w U.ﬁ_— 0.6 —
F 4 .
0.5 0.5
E . -
M:— 2 0.4 —
0.3 A 03
. : & i
- - Y
02 0.2 & -a"
C i " C F
0.1 i 4 A A 4 4 o1 A M
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Back up

O ECAL response to low energy deposition event

Signal distribution Signal and background distribution Time V.S. deposit energy in whole EMC
GeV GeV
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» XY 2D tracking and reconstruction >
MDC Sub-trigger > 3D reconstruction >
> Time reconstruction >
, Cluster reconstruction R
and pattern analysis
ECAL Sub-trigger > Energy and balance analysis >
> Event time reconstruction >
DTOF Sub-trigger & »  Trigger & time reconstruction i >
.............................................. .g Long track reconstruction .’
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MC simulation data

Event filter
MDC data extract ECAL data extract
MDC parameter MDC back- MDC-ECAL ECAL back- ECAL parameter R
» ECAL balance
solve to-back match to-back solve
| | L |
\ 4 * r \ 4 \ 4
GTL_BackToBack

GTL_MDC parameters GTL_Match_parameters GTL_ECAL _parameters GTL_ECAL_Balance

Desicion

A\ 4

GTL_Decision

Trigger channels
definition

\ 4

\ 4

\ 4

Trigger efficiency evaluation
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GTL BHEIRHAZ AR

Physics signal Number of  Number of  Number of  Number of Number of Number of Number of Signal trigger rate Background false
charged tracks that matched matched miss miss matched  miss matched trigger rate(kHz)
tracks into  should(is) tracks in tracks in matched tracks in tracks in 111 (VZ)
detector matched Endcap Barrel tracks Endcap Barrel
jpi. > ’;;‘_'JPS‘ 3534 2684 238 2446 210 78 132 99.6%->99.5%(>3) 128.3
(2323)  (67)  (2256)
cesTmwsl 3547 2702 275 2427 254 102 152 98.7%->99.2%(>3) 152.6
(2314)  (96)  (2218)
e > 1776 1695 169 1526 141 50 91 96.8%->98.4%(=2) 125.0
(1462) (44) (1418)
e'e > wnIpsi 6189 3363 167 3196 356 129 227 99.3%->99.5%(>5) 158.8
el (2678)  (96)  (2582)
ce>DD) 3837 3465 276 3189 262 96 166 99.8%->99.4%(>3) 133.1
g*e -> D" Dy (2824) (52) (2772)
oe o 3767 3333 237 3096 285 164 121 99.0%(>3) 167.0
(2774) (74 (2700)
Upsi>gam 1734 876 3 873 134 42 92 99.8%(>2) 147.6
(1008) (42 (966)




