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KLOE CGEM inner tracker

uRWELL detector

« Micromachining
Technology

« WELL

* Resistive layer
2022/5/23

‘ A bit complicated structure...?

Drift cathode T

Copper top layer

Drift gap ™

BESIII (upgrade) CGEM inner tracker

Well pitch: 140 pm
Well diameter: 70-50 pm
Kapton thickness: 50 pm

Resistive layer /
R~100 MQ/[]
RWELL PCB
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Advantages of uRWELL

Upper copper layer "3
Advantages of fRWELL: R
i e

 High detector gain Polyimide film i

« Simple structure

« Low material budget

Insulator layer

' Readoutarray W _—— —

Many research directions of uRWELL:

Large detection area
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High counting rate
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WELL researched for experiments

Cylindrical puPRWELL Planar uRWELL

EIC central tracking SCTF C+RWELL inner tracker ATLAS High n muon tagger

EOL

The C+RAWELL prototype |

External C+Cathode support

1t 1
| Internal C+Anode support

 Current design “Drift Foil” (kapton foil, 50 pm)
D =19 cm

TN

“URWELL, DLC & Readout foil composite” 3D-printed Frames
(mocked up by kapton foil, 250 um)
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MRWELL designed for STCF

Super Tau-Charm Facility:

Inner tracker requirements:

Low budget

* 0.15% X/X, for silicon pixel detector
* 0.5% X/X, for CGEM and silicon strips

Detection area

o« ~1m?
Counting rate

e <100 kHz/cm?
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Newly designed e-e* collider
Luminosity: 0.5x10% /cm?/s

Center of mass energy region: 2-7 GeV/c

The uRWELL can meet these demands with

simple structure and high robustness.

RD51 Collaboration Meeting and Topical Workshop



Outline

1. uRWELL researched for experiments
2. puRWELL-based cylindrical inner tracker studies

3. Conclusion
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Ry = 16 cm —

flan

Outer support Outer tube:
-] :
— uRWELL foil

e Gas Volume

Inner support

Inner tube-Cathode

Inner tube-PI film

Cylindrical nPRWELL design

UWRWELL film

Structure support material

/
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MRWELL detector studies

« Low material budget realization

« Mechanical structure optimization
 uRWELL film optimization

« Counting rate capability optimization

« Spatial resolution performance

Joint Workshop of the CEPC Physics, Software and New
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Low material budget realization

Inner tube: tradeoff between material budget and structural strength
(Key point: adhesion, substrate, manufacturing technologies)

nRWELL film: FPCB technologies

: Thickness Material
Structure Material (cm) budget (X/X,)
Aluminum (X,=8.897 cm) 0.001 0.011%
| Polyimide (X,=28.57 cm) 0.01 0.035%
nner tube :
Aramid honeycomb/Rohacell foam 0.2 0.075%
(Xp=267 cm) ' '
Argon-based gas mixture
Gas Volume (X,=11760 cm) 0.5 0.0043%
Outer tube Alumingm (X,=8.897 cm) 0.0015 0.017%
(LRWELL film) Polyimide (X,=28.57 cm) 0.03 0.106%
DLC (X,=12.13 cm) 0.0001 0.00082%
Total 0.249%
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More than 5 kinds of thermal lamination films and 2 kinds of epoxy resins are tested.
« Tensile and shear strength _
« Material budget on a 10 cm <10 cm sample

« Manufacturing difficulties

a Tensile test sample Shear test sample
Flat Cylindrical Flat Cylindrical

0.35

Tensile stréngth
Shear strength T T

=

0.30

0.25

Strength (MPa)

JHT Resip.
Adhesive type

Tensile test sample  Force gauge Shear test sample ~ Force gau
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ANSYS simulation:
 Structural support material choice

 Distortion under pressure

Thickness of honeycomb/Rohacell foam: 2 mm

Manufacturing method development:
« Honeycomb/Rohacell foam high-
temperature reshaping

« Uniform coating of epoxy resin

s ol . 3 A
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Tolerate 1.1 bar

for 30 mins

Material budget of sandwich-like cylindrical support layer

Structural support ~ Polyimide Adhesive Support  Adhesive  Polyimide

_ _ _ Total
material film layer layer layer film

0
Honeycomb-based 0.028% 0.009% (()202%1/; 0.009% 0.030% 0.105%

0
Rohacell-based 0.028% 0.009% ?10;?”/; 0.008% 0.029% 0.084%

Adding the uRWELL film and cathode, the total material budget of the detector is

i o _
Zozgggrommately 0.25 /(joXt/M)@kshop of the CEPC Phys_lcs, Software and New
Detector Concept in 2022 14



18t design: cylindrical detector with sealing rings

- "'

i

echanical structure optimization

5| n\/

a) Installing three sets of rings on one side of the inner tube.

b) Assembling outer tube and take the detector up and down.

c) Installing the innermost and sub-outer rings to the reserved position.

d) Installing the sub-inner ring.

e) Installing the outermost ring.

2022/5/23

A little complex

Easy to damage the polyimide film

Detector Concept in 2022
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Flange system

« Better mechanical strength

« Easier assembling process

1t test;

Drift tube assembling

Joint Workshop of the CEPC Physics, Software and New
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XV readout strips layout with
rectangle uRWELL film:

HRWELL film optimization

Brown: X strips Light blue: V strips

—

Some of the V strips are

separated into 2 sub-strips

More electronic channels

Complex assembling process

Joint Workshop of the CEPC Physics, Software and New
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HRWELL film optimization

« Now that we need to bend the flat uRWELL into cylindrical shape...

« Maybe we can do more in the assembling process.

Rectangle X strip array Parallelogram V strip array
L |
Undivided V strip array Better deformation control

Joint Workshop of the CEPC Physics, Software and New
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High counting rate capability
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« Fast grounding design is required.

Fast grounding

T = = =
cadout array
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= | HOW to evaluate the detector gain?

Joint Workshop of ff HOW t0 optimize the fast grounding design?

Detq g —




©)) Counting rate capability simulation

Gain decrease comes from:
* Flowing current effect on the resistive layer

« Charge accumulation effect on the resistive layer

Flowing current effect: Charge accumulation effect:
 Kirchhoff equation-based method « Maxwell + Garfieldpp
 Ohm’s law-based method
(a) Uatop (V) Surface charge density (pC/cell)
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GIG,

Experiments show a good match

with the simulation result

Experiment

11 —=— Diameter =1 mm, G_ = 17715
—e— Diameter =3 mm, G_, = 17075
—A— Diameter = 6 mm, G_ = 17317

))Counting rate capability simulation

Optimize the fast grounding design of

uRWELL, for better counting rate capability
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Detector grounding design

—— Edge-grounded (low counting rate)
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Z. Fang, et al., Simulation and optimization of a fast grounding design

for micro-pattern gas detectors with a resistive layer, NIMA, 2022

DTITULUT CUTICCPU TIT ZUZZ

L |

1

10

21



Spatial resolution performance

With the Z direction magnetic field:

« The working gas and drift electric field setting get optimized

Lorenz angle Electron drift veloc:|ty Transverse dlffusmn coefficient
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Gas volume width in this step: 5 mm
Optimal gas component: Ar:C0O,=85:15 (or Ar:-DME=90:10)
Optimal electric drift field strength: 500 V/cm
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Hit reconstruction method

Hybrid hit reconstruction method:

« uTPC mode (for most cases)

« Charge center-of-gravity method (when electron cloud parallels to V strips)

200 ) 25
| = UTPC mode, pion-
— —=— :harge center-of-gravity, pion- '
/ g_ 180 11 ——TPC mode, pion+ I
/ / ~ —— charge center-of-gravity, pion- 3 120 T
C T T - - '
/ / S 160 - \ i 3
/ / 3 T |77 TP : | E
Readout / 3 - - —pion+ : AV &
/ / S 140 IS | 172
. - A Y| — B
strips % c ] i IA j >
NN T
Electron cloud g 20 R 110 8
5 ripA-R A } =
D £ T E ™
g ATy L ¢
= : ez 2 gl 15 ©
© i T = % 1=1 & el =
/ S 80 L | <
- i
60 T : : T T : : = T 0
ReadOUt/ 0 20 40 60 80 100 120 140 160 180
strips Electron-cloud Polar angle (degree)
2022/ 998 Joint Workshop of the CEPC Physics, Software and New

Detector Concept in 2022 23



Spatial resolution performance

Spatial resolution: ~100 um in r¢ and 400 pm in z direction

Spatial resolution in roe direction Spatial resolution in z direction
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Conclusion

nRWELL detector
Low material budget High counting rate Large detection area
capability with acceptable cost

1. uRWELL-based detector could used in the next generation colliders.
2. Acylindrical detector is studied:
*  Suppressing budget to approximately 0.25% X/X, per layer.
*  Optimizing mechanical structure and uRWELL film designs.
*  Promoting counting rate capability and spatial resolution.
3. In this step, the simulated spatial resolution of approximately 100 um and

400 um in re and z direction, respectively.
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THANKS
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