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EicC Accelerator complex layout
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Data sample @ EicC
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3.5x20 GeV e-p collision with center
of mass energy of 16.7 GeV

A cross-section of 20.8 pb.

The luminosity is L = 2x1033 cm2s?!
Expect to collect 50 fb! per year



The requirement on EicC

Goal of vertex and tracking system

: : : Front. Phys. 16(6), 64701 (2021)
* Reconstruct charged-particle trajectories

« Join hits to form a track

TBD
* measure momentum and charge (with magnetic field)

« Reconstruct vertices <6GeVic

« “primary” vertex: collision point where most particle are o/E~TED
produced : oJp~1%

XIXg<~5%
* “secondary” vertices: decay of unstable particles i .m

T8D

Physics requirements for EicC =

<4GeV/c
o0 /E~TBD 0/p-2%

° Barrel (—1 < T] < 16) X/Xy<5% Barre| \ <15GeV/c s
VTX:TBD s 0,/p~2% ‘o /E~TBD
o X | plA Che, e 8
© P<1%@1GeV; < 5%; =], Cap gnendcePivixeo ©
0

+ e-endcap (—3 <n < —1):

. % X )
> < 2% @1GeV; - <5%; e The event rate of 83.2 kHz.

+ lon-endcap (1.6 <71 < 3): * the final state particles are concentrated near

pseudo-rapidity n = 1, with a particle density rate of

e o2 @1GeV; X <5%:
p T RE SN dN/dndt = 8 x 10%/s.

e AssumeB~15T



The vertex and tracking detector @ EicC

EicC vertex&tracking system:
« The core detector of EicC

« Measure the vertex and
momentum of charged tracks

EicC conceptual design
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The vertex and tracking detector @ EicC

EicC vertex&tracking system:
« The core detector of EicC

« Measure the vertex and
momentum of charged tracks

"The 3rd generation MAPS
Pixel size: ~10 pm
Material budget: 0.05%

EicC conceptual design

2023/5/12



The vertex and tracking detector @ EicC

EicC vertex&tracking system:
« The core detector of EicC

« Measure the vertex and

momentum of charged tracks The 314 generation MAPS

Pixel size: ~10 um
Viaterial budget: 0.05%

EicC conceptual design

The 1st generation of MAPS
Pixel size: ~30 um
Material budget: 0.55%

2023/5/12
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The vertex and tracking detector @ EicC

EicC vertex&tracking system:
« The core detector of EicC

« Measure the vertex and
momentum of charged tracks

The 3rd generation MAPS
Pixel size: ~10 um
Material budget: 0.05%

incident Particle
|||||||||||||

The 1st generation of MAPS
Pixel size: ~30 pum ‘_
Material budget: 0.55%

nnnnnnnnnnnnnn
i Pillar Resistive Stri

MPGD detector
Spatial resolution : ~150 um
Material budget : 1%
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The silicon components

3 ITS3 Layers + Support Layer

2 ITS2 Layers with Support Structure

Silicon Tracker (3 Vertex + 2 Barrel Layers)

R (cm) | Length (cm)  Resolution

3.3
4.35
54
13.34
17.96

28.0
28.0
28.0
3434
46.68

10 um pixel pitch
10 um pixel pitch
10 um pixel pitch
10 um pixel pitch
10 um pixel pitch

Active Area Material (X/X0 %)
0.05
0.05
0.05
0.55
0.55
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The silicon components

3 ITS3 Layers + Su

R (c
33
43!

Counts

05

x ‘lC';

- DO reconstruction
L With & without dedicated vertex detector

54
13.34
17.96

i
Mass|GeV/c"]

28.0 10 um pixel pitch | 0.05

34.34 10 um pixel pitch | 0.55

46.68 10 um pixel pitch | 0.55

h Support Structure



Material budget vs n and B field

(a)Radiation length vs 7
o 025

S

[E00 Pipe

I Pixel sensor barrel
[ Pixel sensor disk
= Support material

= Air
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The momentum resolution

L nEL-0.5,0.5] The momentum of a charged track is determined by its

trajectory (curvature)

* The formula: p = 0.3 RB, R is the radius of the track, B is the

a intensity of the magnetic field
Sos f + . . .
o * Practically, we measure the sagitta to determine the R:
4
0.4 . . .
+ K » The relative momentum resolution is:
4 p
02 3 4 6 8 1w 1 um 1
P [GeV/c]

p€[5.0,7.5] GeV/c

Pt

dp/p [%]
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The vertex resolution

n€[-0.5,0.5]

The impact parameter d :

e
u -
n * d=Lsiny
K
= ’ « 3 is due to multiple-scattering and detector resolution
1 .
:g * In the case of equal spacing detector and equal errors o
3 « The uncertainty of measurement on vertex (details in backup):
5 a? N g? 12N Z?
0. =
vertex " N +1 N+ 1N +2 12
0 2 4 6 Pt [GSeV/C] 10 12 14 16
n€[-0.5,0.5]
e
H - L >
n A
K L
— P > AW
g IIIIIIIIIIIIIII“"
gy B
Q < z >
25 s 2y

0 2 4 6 8 10 12 14 16

P: [GeV/c]
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The Monolithic Active Pixel Sensor

» CMOS Pixel Sensors = Detector @ Front-End Electronics in same die

pY N

e BE
anl Bl - G Egs
r ‘;H - BEl GRS GENEED
- - e.a e . BEE BEEG mEEEEe
c @ : [ :p @ ;|8
epitaxial layer D—iﬂ D— ﬂ 3 D"\i—D D"B‘D
Spacing Not to scale D_ ﬂ D_' < D —Duﬁ
- HH STAR HFT ( 5. L2 MEEIRMNE )
| 400 F-MAPS, 360M pixels
\ Bias. Readout, Control]
_____________ PixelSensor _____________
| |
| Signal | Data
l Front-end & . | | Acquisition . e bipe
| Sensor | > .|| Processing |->|Readout|~> - | Display Ak
: Electronics (Discrimator) : System 7 layers of MAPS 3 > 700 bradt/ 10 1 Mev n,,
: : (D AQ) . ¥ Includes safety factor 10

ALICE ITS M8 (H ez ARG RIRMES)
241425-MAPS, ~10n%, 12.5G pixels 17



TCAD simulation
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TCAD simulation
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TCAD simulation

6.00E-10 - (a) ::g Lo0E09 | (b) = P1 P i Xe ]. ID P 1 P2 P3 P4
o ——ps ] on Twin-wellLR 329 340 | 300 308
33.00}:40— g S 0E10 Charge proce S S
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Lo process
0.00E+0 4 J 0.00E+00 ‘
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The first MAPS based on domestic technology
- Topmetal-M

RSB S S E TR A
Bz EEH

IE¥IFFIMP SLIMP & #£JfICCNU PLAC
ETEAMMSHEEELIZ

2018.05 - 2019.121% i 4&

2020.01 - 2021.12;Mix B I
Parameters:

. BZE[ES 512 x 400 Pixels

* 40umx 40um

* Time, Energy and Position Measurement
* Thinned to 100um from backsid
o FREHEFEERTopmetal FIMAPS
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The full functional MAPS based on domestic technology
- Nupix-Al
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The full functional MAPS based on domestic technology
Nupix-Al '

»  Pixel Size 30pum x 30 um
»  Diode area is 10um x 10 pm

»  Octagon n-well is 3 pm x 3 um

,"‘*”‘ HMHMHMHHMMHMHW

=\ ,ww,wwcvrwwmi‘

5 5 I O I
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The full functional MAPS based on domestic technology
Nupix-Al '

»  Pixel Size 30pum x 30 um
»  Diode area is 10um x 10 pm

»  Octagon n-well is 3 pm x 3 um
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The full functional MAPS based on domestic technology

- Nupix-Al
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»  Pixel Size 30pum x 30 um
»  Diode area is 10um x 10 pm

»  Octagon n-well is 3 pm x 3 um
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The Pixel Design —w: |
| T ¥
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| I Time |
M8 |
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2 () | TAC_RESET, |
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| [ROW_SEL | | |
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I |SﬂrCe_fullm_ver _______
- e _ _mFeEmrmm——_—_—_==
Voo——
V3o
Va O
Va O
.
»
~ The DAC design
: e esign
| =
| PMOS_RESET | o
}—| i 5 >
|
! |
Y
Register | i }
;2::3:? } foslfoux{:l Time } >
Configumel Ronies ! !
on! 1gur . ! _
Interface ;zg:;::g é
Register § g
Register 9
Register 10
Register 11

!

J e ?; e i

A » o

7 x 10bit VDAC + 4 x 8bit
IDAC

3074pum X 400pm. With a
voltage supply of 3.3V, the
power consumption is
46.2mW.
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Radiation-hardened front-end electronics

Flash Based Sram Based Sram based =X ER

L

58] I .

: GBT-FPG
SN SN S ol S BT-FPGA

GTX-Tx

84Bit 88Bit 120Bi 40Bit
GBT Frame 120Bit * 40M/s (4.8Gbps)
<t >
Header Control User Data Forward Error Correction
spiiiEes gpisrase e Tkt s a8 (H) ©) (D) (FEC)
<l‘ descrambler <ll decoder <J‘ gearbox <} GTXEE_RXE l
84Bit 88Bit 120Bi 40Bit <t —> < —> <} _ > < -
4Bit 4Bit 80Bit * 40M/s (3.2Gbps) 32Bit

40M/s <:E 120M/s
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Summary

* Sillicon + MPGD vertexing and tracking detector is designed to fit the
requirement of EicC

* The full simulation of the geometry design is done to validate the
performance

* The full functional MAPS based on domestic technology - Nupix-A1l is
developed by IMP SLIMP & CCNU PLAC

* More efforts are needed to improve the R&D

Thanks for your attention!!
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Lepton-Nucleon Scatterings

QED tool to study QCD nature of the nucleon
— —g®=sxy ® QED probe is clean

_ Q* ® oy, ~1/137 with broad Q coverage
2p-q
_p9q ® One-photon exchange
3 — pd approximation:
p g Je ~1% accuracy
CURRENT i 4E€Ep
® Detection scale is determined by Q?2:
[2] W = (q + p)? 1GeV? ~ nucleon size
Observe scattered electron/muon [1] > inclusive
Observe current jet/hadron [1]+[2] - semi-inclusive

Observe remnant jet/hadron as well  [1]+[2]+[3] > exclusive

30



SIDIS processes for flavor decompositions

Electron-proton scattering

Pion/Kaon

u

e_d C ~ B

Fragmentation
Experimental observable: polarized structure functions gl Functions

Z( [Aq (., Q* )Dh( Q%) + Ag(z,QHD ( Qz)] Leading Order picture
q

Extracted nucleon structure information: polarized PDFs (helicity distribution) 31
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Track reconstruction

* No dedicate track
finding algorithm is
implemented

* Find track candidate
according to the MC
information

* Track candidates are
fitted by Kalman fitter
method

32



Track reconstruction

* No dedicate track
finding algorithm is
implemented

* Find track candidate

according to the MC
information

* Track candidates are
fitted by Kalman fitter
method




The Digital Control Design

Pixel-to-pixel scan in each region Chip-level data processing

Matrix acon [T JUUUUUUUUULUULTUTUUIIUIHUIL DONE |
128 col x 64row o) RSTN FIFO START ﬂ
o PMOS RESET | | M o ’;. T ‘ - ‘4‘
<. TAC_RESET [ H L
Four columns use one ADC % SPEAK ‘ FIFO hi \
G | F ;g,— VALID B HEQ.BONE T
—— = ENCODE I
| 11 bit Column level ADCs |- START M i ]| I
g COLSEL ((2reeeees ( K25 (UL
V/I-DACs| Data Formatting ROW SEL ((+00en0e X Yo o) (e X Xononns ) D OUT ENC Vs ‘i
r'y | s L L T ANTEA YN CUANMAENY L ) ' OUL ,
' < DONE [

SERIALIZER ok
12C Serializer [=)5Gbps




The Pi

PMOS_ RESET t

MAPS_IN
<

ixel Design

Tavop
Test_cap~3fF

M1 | APDP
APULSEI\ DPULSE

Diode Z

Source follower

| |
| |
| |
M9 I I
I |
RSQ: e || 248 I|
| I} [ o |
|| !i :I:MS (T'me I |
V)16
IlTAC RESET || I |
O-I M7 Ctac I
Jlll |
||-_LAVSS I |
| _— e —— e e — — e — —— — )
|
Y)i3 : |
|
| IN PIXEL CIRCUIT |

» Pixel Size 30um x 30 pm
» Diode area is 10um x 10 um
» Octagon n-well is 3 um x 3 um



The DAC design

> 7x 10bit VDAC + 4 x 8bit IDAC > 8-bit current-steering type DAC
»  3074um X 400um. With a voltage supply of 3.3V, the power consumption is 46.2mW.

| AVDD |
___________________________________________ ! Current- |
| : (5 L tl ﬁﬁ ) L r{ Steering |
I ! |
| . |
| . - Volt H |
| Pl |3 el e R
| _]\ Circuit ! |
| PMOS_RESET ! o) ! i
| *—{ | @] 1t<0>_| t<0> <l t<l> <2555 | 255> !
| ]
I i - 4 B - A F !
| Source Source Source | Energy : | |
|
: followerl follower2 follower3 | _ -II: | |
1 +|
Register | | : | A5 jout T E
- | - ) | ty H tass
Reg;ster 2 | - Time to Source Source Time | | I x ] i
Register 3 | a Analog followerl| |follower2 | i i
Register 4 | — COIIVEnOl' | H Thermometer Decoder | :
Configure | RegisterS {4 he pACs| : 2 | T i
Register 6 f———»-————————————+ - =41t =-===-- ——pmmtmmmm e ————— ] | q & 4 4 d a !
Interface Register 7 |z g O
Register 8 ITHR(1nA) E o/ < %
Register 9 — = % 3
Register 10 IDB(10nA) IBIAS(100nA) §‘ ‘ = .
Regiter 1 { B > 10-bit R-2R voltage DAC
CoT T I R P R ) i G e T
| £ 3 3 3 !
| VoI 2 & = g | !
| |Bandgap Converter IDACI l g I IDAC2 l 5 |DAC ‘ 5 | IDAC4 l g I IDACS l | IDAC6 ‘ ‘ IDAC7 ‘ | ! R-2R Resistor RI R2
o
: g 5 s > | ! ladder network ~
: ——{ VDAC! l I VDAC2 | | VDAC3 l |VDAC4 l DAC : | R R R AMP Vout
| | |
|
Vref! 2R 2R - IR
Bandgap Current DAC Bandgap
b

d<9>W<9>_ d<B>[d<B>_ d<0>[d<0>_
£ Kl .




The Column-parallel ADC design

» Dsigned in a fully differential cyclic architecture and takes 11 clock cycles to to generate 12bit output
> 3.63Msps x 12bit, 380x100 um? ,7.6mW@3.3V

| T  F F N B B N N B §F N N § § B § ] | 3
T |
| I [ MDAC (]33 I—i | o1d 2
T CDJ I 1 | I . v, %Cz s
Vp O—q ! I ! o I
T i + — lp | | | o1d
\’fP = 51, P2 | I | cl
Vem J I MDAC o2 ol
Vo O ) | o1 2 | Vas_ %
i “’ﬂ-ﬂ—'—‘ | 1! T - | —)
o s i CEE SR BN -
Vg 0= |
1 sig T 7
1 : I o1 Lol L s Les : : : o Wﬂa o
=" Sub-ADC___ 1 | o | ¢ B
0 | L o lmm—<Gub-ADC | JSub-DAC co— . 3 N lo &
e i op e old 2
|
@ : b= L-_—_—_E_—_—_—_ T T o N T
________________________________________________ 3
f - -
Clock Level I Digia 1 o
Generator shifter | correction our
1= I |




The Serializer Design

> 5Gbps, 1.96 mm?2, 58 mW

16-bit
250-Mbps
Data

—~>

16

Async
FIFO

16b/20b
Encoder

YVYVVY

\\“\ \“\\,p.\ \&\ S

$-bit upper input

DIN<7:0>

KIN
—
CLK

DISP_I
KIN

—» > K

8b/10b

DOUT=9:0>

DISP_O

10-bit upper output

8-bit lower input
>

DISP_I
KIN

DIN=7:0>

DOUT<9:0>

MUX

DISP_I
KIN

> CLK

DIN=7:0>

" 8b/10b

DOUT<9:0>

DISP_O

CLK

DFF

CLK

DFF

10-bit lower output

A setting signal

Serializer Core

I

2:1
Ser

1.25-GHz
Clock

21

Serial Data @ S Gbps
CML Driver
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gl ot
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L
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I—D Q—D Q
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D Q—D Q+—D Q
D>CLK D>CLK D>CLK DCLK D>CLK
N R R R R
51
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D1
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S S2
Data2 D Q D2
1.25 GHz
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Data3 D3 S
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{>CLK > CLK
D4 S4
Q

Datad
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The Pixel and DAC design

The Pixel Design The DAC design

» 7x 10bit VDAC + 4 x 8bit IDAC

——{ VDACI | ‘ VDAC2 ‘ ‘ VDAC3 ‘ | VDAC4 | DAC

I e T nl »  3074pm X 400um. With a voltage supply of 3.3V, the power consumption is 46.2mW.
I Source followerl
I
[ D e !
I : Voo | ()
IPMOSiRESET YO rest_eap-atr | I | : Pixel : 2
I O-I " APULSE DPULSE . " | | IPMOS RESET : ;l
SE S |
I MAPS_IN I\ | | | __—| | v
a RS Latch |
I o \_atc/ 52 I I | MAPS_IN Source Source Source Energy |
I I T bl ? ————— Time | : followerl follower2 follower3 : _ _Il:
AVDD )
I I M8 16 I I Register 1 : :
i Time t .
) 12 V I gzzi:z;i | Comparatd 1:;2?02 i Source Source Time :
I Diode ZN I —| M2 M4 | - | followerl | |follower2
I ROW_SEL I I Register 4 | — Convertor| |
- . Register 5 | - | _
I ._| M3 S1 I I-l-_A\i —_—— I Conﬁgure Register 6 Mﬁ ——————————————— b B o s | —_——fk——tm——_—_ e ———— | g
I | " GD | | Interface [Register 7 R g
: ITHR(1nA) P 2 &
I I Energy Reﬂster 8 2 |- < a
R 9 S le g
I | 3 : I Reigilsstteerr 0 IDB(10nA) IBIAS(100nA) g‘l % 2
! Three-level J,- AVSS | Register 11 a E: g %
I ISourccfollnwcr | IN PIXEL CIRCUIT | e e R e N R e T R - F——=
[ e I | % - i |
____________________________ [ s 2 3 s |
2 g = g
: IDACI l % | IDAC2 | % | IDAC3 | & | IDAC4 l 2] | IDACS | | IDAC6 | | IDAC7 | !
Converter < < < - |
| g S g > !
|
| |
| |
| |

» Pixel Size 30um x 30 um

Current DAC

» Diode area is 10um x 10 um

» Octagon n-well is 3 pm x 3 pm




