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« Time of Flight based on AC/DC-LGAD technology:

o CEPC Out Tracker

o Belle Il upgrade, ITT, Time resolution < 50 ps

v" Timing detector is complementary to gas detector: 50

ps could improves the separation ability
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Motivation

If the new CDC scenario was chosen:
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e  Preliminary simulation to understand the performance
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| Major value added! Physics

" r’ impact could be big...
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e  Fast timing detector (PID based on TOF) -> ITT region (Inner Timing Tracker)

= Identify a fast timing, practical solution with acceptable material.
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How to face the chanlleges of the Time precision

= Contribution of the timing precision
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Design and Production of AC-LGAD sensor

= Aimto4D track: 30ps—50ps, 8~10um |
= AC-LGAD: no dead region Signal of AC-LGAD

LGAD AC-LGAD

et ) DC contact
thode Pad (Cathode)
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Depletion region

Metal pads are connected to n++ layer
Time resolution ~ 30ps

Position resolution: pixel size/v12
Radiation hardness: 10> ~10n,,/cm?

Metal AC-pads are separated

Time resolution ~ 30ps

Position resolution: 5710 um

Radiation hardness: 10> ~10%n,,/cm?



Different designs of AC-LGAD in IHEP

» Different designs of AC-LGAD in IHEP
— EPI thickness 50 um, sensor thickness 725 ym

v" Pixels AC-LGAD:
v' Strip AC-LGAD:

Strips AC-LGAD:
e Strip length 5.6mm, width 100um
e Different Pitch size:

e 150um, 200um, 250um

Pixels AC-LGAD:

* Pitch size 2000um
* pad size 1000um




Performance Test Setup of AC-LGAD

Timing and spatial resolution test of AC-LGAD
Transient current technique (TCT)

Picosecond Laser: 1065 nm , spot size10 ym (30),12
MIPs

4 channels readout board designed by IHEP

— 470 Q Broadband inverting trans-impedance
amplifier
— Reference of 1 channel board designed by UCSC

Laser spot

Pico-second 3D platform

Laser

Synchronous pulse . Focuser
. Amplifier AC- LGAD
Signals o S —

4-CH readout board

ty, T, t3, ta
— Oscilloscope — Data analysis

ty, trigger

4 channels readout board designed by IHEP



Timing resolution of AC-LGAD with different N+ dose

Timing resolution of pixel AC-LGAD

— 22~25 ps (Laser results)

— N+ very slightly affects the time performance

Timing resolution of AC-LGAD with different N+ dose
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Spatial resolution vs N+ dose

Spatial resolution of pixel AC-LGAD

- 10 P = 0.2 P, spatial resolution 1‘ 15 pm (minimum)

- Estimated laser point positions fit the measured well
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- Better than the FBK design even with 2 times larger pitch




Ratio R

Performance of strip AC-LGAD: Spatial Resolution

Laser point:

_ 2 um pitch
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Performance of AC-LGAD: Time Resolution

Jitter tested by laser At Distribution (Beta source)
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* No significant change in timing resolution was observed for different pitches
e Saturation was observed: ~ 10 ps.

e 37.5 ps timing resolution, via Beta source test.
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Conclusion

For future collider experiment, the requirement of 4D tracking could
benefit the physics definetly
AC-LGAD is one potential 4D tracking detector candidate

Prototype of the Pixeld AC-LGAD and strip AC-LGAD at IHEP showed

very promising results
— Pixel AC-LGAD: ~25 ps (laser), ~16 um(laser) (2000um pitch)
— Strip AC-LGAD: ~37 ps (Beta), ~ 8.3 pm (150 uym pitch,laser )
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Thank you for your
attention!



Back up
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AC-LGAD: Spatial Resolution
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