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Survey of AC-LGADs for future 4D trackers with a proton beam

Christopher Madrid (Fermilab)

What are AC-LGADs? | | | | Why do we need 4D tracking?
Future machines Electron lon Collider

* 4D-trackers improve the physics reach of future detectors . EIC is a future machine hosted at

 LGADs: Low Gain Avalanche Detectors
- Si device with internal gain (10-20): Large signals and low noise

Tt _ ot _ " Gold, _ _ - Reduces beam induced backgrounds Brookhaven National Laboratory
_ In (<50 micron depletion region): Uniform field, fast rise-time - Used for track reconstruction and triggering - Will study the nature of the strong force
_. o CMS Phase-2 Preliminary _ FNAL 120 GeV proton beam - Enhanced capabilities: PID and LLP reconstruction - For example, precise measurements of
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produces sensors with poor fill Of=3: _gjf - Many proposed future machines will need 4D trackers * The ePIC detector is currently in the
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- Pushing 4D tracking R&D

- Interpolating between channels Time [ns]
allows for enhanced hit reco. Single hit waveform

* Spatial and time resolution needs for a given ePIC sub-detector

Setup at the Fermilab Test Beam Facility Large area strips

e e * A survey of AC-LGADs has been performed [1-2] e 5mm long 500 pm pitch AC-LGAD e 10mm long 500 pm pitch AC-LGAD — 10mm long 500 pm pitch AC-LGAD
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* Large pitch (500 um) strip AC-LGADs targeting the ePIC TOF detector [1]
- Exploiting signal sharing allows for position reco. resolution equivalent to sensors with ~10x the channel count
 FTBF has been critical in establishing LGAD - Measures performance of various strip lengths: 5mm, 10mm, and 25mm lengths

i = Good position and time reference are critical
A 8 - FTBF telescope: track position (o ~ 5 pim)
Booster = - MCP-PMT: time reference (o ~ 10 ps)
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oroton || ||ﬁc-;GI:|D|| 1 “‘ggersl"‘"*"'a“”l technology, design optimization, and makes - The resolutions obtained with several prototypes are presented, reaching simultaneous 18 ym and 32 ps resolutions
L o "| way for future 4D detectors - With only slight modifications, these sensors would be ideal candidates for a 4D timing layer at the EIC

FTBF strip and pixel telescope
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Thin pixels

* AC-LGAD strips with relatively narrow pitch (100 pm) have been * Thetime re_solutlons for LGADs has been_ % T 'S'm'g'.e'_;h;r'm'e'. (W,o' 'Tr;;k'e;(;o}r;;t;o;,)'z
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* This device is promising for future 4D tracker * AC-LGADs with active thickness of 20, 30, TN T DI N
and 50 MM have been measured 48 -46 -44 -42 -4 -38 -36 -34 -32

Track y position [mm]

- Moving forward we will explore longer strips (~1 cm)

* The time resolution now reaches a uniform ‘ |
~ 20 ps for these devices * 500x500 ym* AC-LGAD
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* A survey of many AC-LGADs scanning channel size and active thickness has been presented

* Look forward to future 4D trackers, AC-LGADs are a prime candidate for EIC’s ePIC detectors and show promise
for tracking at future HEP colliders
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