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Interaction Point

Major Performance Requirements

Acceptance: 94% X 4n

Momentum res.: o,/p ~ 0.5% @ 1 GeV
Energy res. : og/E ~ 2.5% @ 1 GeV

Hadron ID: n/K ~40 @ 2 GeV

Inner Tracker

— MPGD: cylindrical uRGroove, o, ~100 pm

— Silicon: low-mass MAPS, <0.3%X,/layer
Central Tracker (0,/p~0.5% @ 1GeV)

— Drift chamber with super-small cells, 0, <130 um
PID System (n/K ~40 @ 2GeV)

— Barrel: DIRC-like TOF (0,~30 ps)

— Endcap: RICH (<4mrad) or ASHIPH

EMC

— pCsl + APD: (0g/E~2.5%, 0,~5 mm, 0,~300 ps @ 1GeV)
Solenoid : 1T

Muon Detector (eff. >95%, mis-rate <3% @1GeV)

— inner layers : glass RPC, > 300 Hz/cm?
— outer layers : scintillator strip + SiPM, ~ 2.4 m

Trigger, DAQ, Clock and Data Transmission

Beam background at the inner most layer
~1 Mrad/y, ~1X10!! 1MeV n-eq/cm?/y, ~1 MHz/cm?

\ -

07 6 =

Muon ID: eff. >95%, misrate <3.3% @1 GeV
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COFFEE3 CHiR 1.0 CHiR_x Final version
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Small prototype Process modification and validation /% full size sensor Full size sensor
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* ScCW-ECAL prototype: developed in 2016-2020 * A new PFA-oriented ECAL option for a future Higgs factory
e Transverse area 22%X22 sz, 32 longitudinal layers * Homogeneous imaging calorimetry: the first of this type

* 6,720 channels based on SPIROC2E (192 chips) * Design featuring high granularity, modularity and hermeticity
- Total weight ~350 kg * Crystals and SiPMs fully integrated in mechanics, cooling and readout electronics

Module schematics

Silicon Photomultiplier

“Super-layer” design

! Readout buards
with.SP2E.chips*
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LHCb ECAL Upgrade Il Z#mig (SCNU

. TR
* 1MGy

. 0 (10ps) SpaCal, Scintillation fiber

PicoCal 2024 - baseline

Calorimeters
energy measurement

RICH detectors Z/E Y :e“lﬁﬁcaﬂl‘g‘ S E Module types \ -
K(]/(n/lp(’)sepqa;;ﬁon /E=1%& %/A (Ge) > Bl se:caiw, 1515
e(K—K) ~ 95 %,

SpaCal-Pb, 3x3 cm?
- SpaCal-Pb and
Shashlik, 4x4 cm®

Shashlik, 6x6 e
B snashii, 12x12 cn?

mis-ID e(n—K) ~5 %

Vertex Detector
reconstruct vertices

decay time resolution: 45 fs
Impact Parameter
resolution: 20 pm

Dipole Magnet . Muon system

bending power: 4 Tm Tracking SYS*lem 1 identification
momentum resolution (i) ~ 7 %,
Jagisivyyon A 300 200  -100 300
(5GeV/c—100GeV/c) misID elre=>y0) ~1-3% X[cm]

Energy resolution

" Energy resolution ) i Time resolution
il w Time resolution _ _
Y g ¢ DESY Il - Measurement & 012 B TestBeam Data & Fit ] % 0028
© = —#— SPS - Measurement 0.1 I simulation LY + LG - 95% c.i. Ol = S £
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LHCb ECAL Upgrade Il Z=#i% (SCNU)
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Time resolution
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BI RPC singlet layout

® HL-LHC condition:
® Luminosity up to 7,5x103% cm=2%s~1 ]
® Pile-up (1) up to 200
® Target: integrate 3000-4000 fb!

ReadOut

1. Charged particle

on pickup strip

High resistivity

0 (o ~10°-10"2 Q-cm)
1

Avalanche Preamplifier
(electron-ion
multiplication)

Gas gap
(1-2 mm)

=) 2 Gasgapavalanche = 3. Inducedsignal == 4.Preamplifier =P 5. Discriminator = 6. TDC /Readout

-

ey = e, — Pickup trips

Ly High resistivity
“/ e : :
i

(p ~10°-10" Q-cm) i g

Discriminator TDC / Readout

Time
(Data)

© Time measurement

| EEEEEE Resistive electrode (bakelite / glass) §
1 1 Gas gap (freon-based gas) |

| I Pickup strp (metalic)
i —==—=—Insulating spacer

Specifications:

Rate: >1 kHz/cm?
Longevity: >10y@HL-LHC
Spatial resolution: <1 cm

Time resolution: ~ 0.5 ns

 Event data
* System readout

v i
i ¢ toat [1Jo]aTo 11 ]
i i Ced UL
0 : ; i

|
i
i
(metallic) !
iV
Induced signal on i
pickup strip !
o
Analog pulse
(from pickup strip /
preamplifier output)
2024 2025
Qa1 Q2 Q3 Q4 Qa1 Q2 Q3 Q4 Qa1

RPC Front-end ASIC-s-
RPC Front-end ASIC-s-
FE ASIC Design

@ FDR -FE ASIC-
FE ASIC Production

@ FE ASIC PRR

FE Pt
@ FDR -FE PCB-

@ PRR

@ PRR

H
& b At
|
Digital pulse 1 Time measurement
(after discriminator) / Digital data
(from TDC)

= 2026 2027 2028
Q2 Q3 Q2 Q3 Q4 Qa1 Q2 Q3

Q4 a1
RPC Gas Gaps
Phenolic-Metaminic HPL
Electrode Production
Gas Gap Construction
Gas Gap Production

Readout strips and singlet integration
Font End PCB for BI RPC

B design
FE Board Production
-FE PCB-
Readout Strips for BI RPC
Readout Strips Production
-RO-

Integration of the RPC singlets

Singlets design
@ FDR -Singlets tested with RO plectronics-

@ PRR

Serial cables design
@ FOR -Serial cables-
@ PRR
Bl
@i
@ PRR -Mechanics-

@ PDR -Power distribution and control-
@ FOR -

Gas system
RPC Gas system
@ FOR -BI RPCs gas system-
BI RPCs gas system production

L

Singlets production
-Singlets-
Serial cables from FE to the DCT

Serial cables production

-Serial cables-
Chamber construction
RPC design
DR -Chamber - triplet with DCT-
Bl RPC Production

@ PRR -Chamber-

RPC Power distribution and control

RPC Power distribution and control

Power distribution and controk-
PRR -Power distribution and control-

Detector
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Hyperon-Nucleon Spectrometer (H-NS) E1&&f (IMP)

Hyperon-Nucleon Spectrometer (H-NS)

Mag. Field: 1.5 Tesla

Tracker: MIC6, 30X30 um?, 0.35%X/X,
LGAD: o, ~ 30 ps , 300X300 pm?
Calorimeter: oz ~ 3% @ 1GeV

Polarimeter: nucleon and photon polarization
Momentum resolution:

s ~2%@1GeV
PID:

* K, m separation (~30) up to 2 GeV/c .

* K, p separation (~30) up to 5 GeV/c
Vertex resolution:
. Excellent.vertex resolution for background
suppression

* Low Material budget (<10%)
Acceptance:

* 5to0100degree
High event rate

* 100MHz

Calorimeter

Silicon tracker

Baryon polarimeter

Silicon tracker at H-NS

MIC6 development at CCNU
MdFa

AC-LGAD at H-NS

* Low Gain Avalanche Diode (LGAD):

* Ap+doped layer (commonly called gain layer) is implanted near the
PN junction

* Low fill factor with finer granularity

* AC-LGAD:

* The gain layer is not segmented and a dielectric layer is deposited
between the gain layer and segmented electrodes

« Simultaneously good spatial and temporal resolutions
* Recent development from USTC:
Two wafers with different n* dose: W5 high n* dose and W6 low n*

. "r"'i{;.'l' !

Fuly highesistty substrate

MIC6 MAPS pixel chip: development and manufacture with the domestic

process dose.
Readout electronics (ITS2 based design) and DAQ (ALICE CRU/FELIX protocol, - * Sensor size : 1300x1300x50 pm.

* Sensor with different qd—ﬁitch size: Large pad size/pitch: 100/150 pm,
GBTx, ...) Small pad (Strip) size/pitch: 50/75 pm.

e

Detector assembly and integration:
» Vertex detector: Stave module design (spatial resolution: ~ 5 um with pixel size
30 um, total material < 0.35%X/X, per layer)
» Forward tracker: Ladder module aligned to disc super-module (spatial resolution:

s woonso
™ Befor calibraton

WS 100150
Afgrcalibration

~ 5 pm with pixel size 30 um, total material < 0.45%X/X, per layer) ]
R s =

Timeline

Accelerator
HIAF-U

| EicC

|  CEE@CSR

[ H-NS construction [

H-NS run ]

Detector

EicC

Dualread-out: better hadron
shower resolution, PID capability

ESR Scintillator Lead Aluminum  SiPM Tungsten powder

With epoxy

Copper mesh

() LGAD

DC contact
AC pad #1 AC pad #2 AC pad #3

i coupling
oxide

resistive n*

Scintillating  Optical Fibers (Cherenkov Light)
Fibers

» Shashlik Module

+ R&D for calorimeter technology
« Hybrid design for the end-cap
ECAL:

+ PbWO4 with high granularity
for the central part,

+ Lead glass with cost-effective
for the outer part

Prototype of Calorimeter
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ASHIPH: Aerogel-SHIfter-PHotomultiplier

WLS

PMT Aerogel

Temperature

Voltage

Figure 1.1: Operating principle of the ASHIPH counter.

Figure 1.6: The PCB assembly featuring the SiPM linear array and the preamplifier circuit.

|
Aeroge! N 105

- n-103

Width<20ns

e y’ Lj
4 2 k £
FUDAN UNIVERSITY |

i | \\‘| | Y IH\ .

! | 1
¢ I‘MMJ il et ‘W«'.whﬁl ) L“v.m'n'iw*-%,m'}

SiPM PreAMP For ASHIPH
REVB@ Fudan

&=

I 1328148A.Y191.250220

50mm

50mm

50mm

50mm

- P P >

| Pointl |

| Point2 |

>

90mm 260mm

170mm

80mm

Aerogel n = 1.05

] SiPM

Aerogel n = 1.03

140 -

120

100

80

60 -

Counts

40

20

—— Point1 Mean = 10.9 p.e.
—— Point2 Mean=7.3 p.e.
—— Point8 Mean =24.4 p.e.

Scintillation photons
from WLS

40

60 80

Photoelectron (p.e.)

o] I E BWLSIREMNTOMS &

T
100
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=EEEFR

® BEPCI I3+ XIHA L Elcrab waist 5, {KFEILE

The traditional method focused on : Hadron, Bhabha, Dimuon
The data other than these three categories are tag as Beam Background

RPC: 9

X

Bhabha: e
EMC Cluster Opening
angle > 166° SC
MDC opening angle > Shlenow
175° Barrel
|Eoe(€T) + Eoppe(e™) — 3.097] _
3.007

Electro Magnetic
Calorimeter

MDC Opening angle > 178°

(E/c, Py, Py, P;) Limit the scope

P<2GeV/c, E<0.7 GeV

7

Two or more good Tracks

MDC Opening Angle < 170°

tE N =ERS10E

Our model is a feed-forward dense neural network with two hidden layers.

(For FPGA)

Supervised Learning

Inputs
* 48 Trigger Conditions

Hidden

* 64 Nodes per Layer

* Two hidden layers

* Dynamic Learning Rate Adjustment

Outputs

"
7/ W\ g 2
ol fovll r*~*
e L = X >0
e - @
e @
@< ‘ ." 2 Output
Input \¥/ -
x.t Hidden Layer

Hidden Layer

* Prediction results of binary classification or four-class classification

Threshold

¢ Which let the TPR matches the traditional method

Binary Classification

Four-class Classification

MDC&TOF only

20.86%

21.79%

EMC only

31.26%

26.40%
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* H£ é *EE ﬁ.:]IJ % i Il_ l)n IJ X JVL Data AoquisitionﬂSystem

L g% — E z% H & % %u I T g ﬁH:II -\Lﬁ ﬁﬁ Levesl;:t:rn'lgger - |_High Level Trig@ |__Online Analysis | Detegty(:;:n(:ntrm

[ Triggerand Clock |

® TE{Ffh & LIt EEERE muon RN &, |
ety ES jjﬁ_"jﬂ‘;_ | merm

Trigger and Data Acquisition System

ran S N 327 * = N2)s
> ANES. AERIFIERGF > GE3M ILERNTRIL HLTHRL RFNHIER
Higgs mode Efficiency(%c) Z mode Efficiency(%c) %?% &TD AQ
s e i g I e L. serrreeeesssmea HIT_} . LS
- 096  Bhabha 999
Bhabha 99.9 ) M o e oo e e e e L 1 'n A et
Di-photon processes ) Di-photon processes ) Higgs *’?’:JJQ 13MHZ(13OGB/S) ______________ _' ZOkHZ (5 3 GB/S) ________________________ : __________________ 1kHz (U;_#. bb/ S)
ikt e P Y Lowlumi 185k a2s KB Z: 12 MHz (221GB/s) | 120 bz (11.9G8/5) ! 20kHz (6.7 GB/s)
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BEPCI | E3RGRE=

> FEHfAI E R EEE XY I
TR 23 A1 AL I A # A &=

> X T HIRESHEN &,
RE ) A2 M 4 1 o &
g, EEASAHAEE RN
32 H &6 B RS

> Hir: HRimEEE1-2GeV,
AXTHEEE 5X 105

electron, ¢

laser photon, ey

positron: 2018.04.27 (19:20:24 - 12:31:37) 2018.04.28. Live-time: 4 hours 21 min 5 s (16 files)

positrons - electrons :::::J:I‘I':::t';“& JANDF = 11471112 (Prob: 0.412)
R21AMB R11AMB (= 6061.72 £0.48 keV
aseRlGy —— 0,z 167keV; 0 = 230keV

[el U6

il
‘ Gy = 692060 keV
——— By = 184173 £ 0.07 MeV

Ge=1051+ 91 keV

777z N
| 6.0 m* =
' -« ] W E
1 &6 e
Laser Lenses S

Laser and optics system

Laser to beam interaction system

6000 6100 6200 6300
E, [keV]

Data acquisition system

Corridor where optics system
is located

IE ¥ F

W E R RE

SEPI 4L B : 3.55%10-5

Wit FEPR: 5x10-5

E.qe = 6220.999 + 0.441 keV
G, =6.15+0.72 keV

edge

beam — 1887.065 = 0.067 MeV
o =932.1+109.3 keV

beam

E
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0.4
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25-230630 ALDERE: Tnm;
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