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The wish: Kaon, Kaons, Kaons

Particle fractions in h+ beam
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Differential Cherenkov counter provides 11,K,p separation
Differences in Cherenkov angle are small
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Z~-40m Z~-44m -3.9m -3.4m
CEDARs Beam telescope

COMPASS cold silicon: ~ 6 ym spatial resolution
Covariance at CEDARS:

* g,~ 0.2mm
* O~ 8 urad
* g,~ 0.4mm
* 0y~ S purad

from AMBER simulation studies, Kun Liu
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from AMBER simulation studies, Kun Liu
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7~ _40m 7~-82m  Z~-59m -3.9m -1.9m
CEDARs Last beamline Beam telescope

 Many new technologies have
* 30 um resolution
* Much better timing

* 3 planes, 200 cm apart
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 Physics case:

|+ 30 um position reso\u-tion |
. < 200 ps time resolution
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e Similar role to AMBER

B[ | e needs

: I Constant 6.12e+03 . .

c | | M ~0.0037 R d t h d
§ /1) E— ,,,,,, Si;i?ai 0.183 o [ps] Resolution [ps] ° a Ia IO n a r

A Y N U axia wa ome 1 * Reasonable material
2 ——————————— . GTK2-3 1847  GTK3 1292 bu dge t ( O 5% XO)
0F—— I » Good time resolution

* ~6Xx3Ccm?2 g

from: G. Aglieri Rinella, arXiv 1904.12837v3
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energy (keV)

. oo Requirement Timepix4 | AC-LGAD
S Readout — SPIDR4 | EICROC
§2OO Neor ) w0 Pixel Size (um) 50 x 50 55 x 55 | H00 x 500
o . ;/S‘yﬁ'cgk) Sensor thickness (yum) — 100 50
N T Detector size (pixels) — 512 x 448 64 x 64

- Detector area (cm?) — 6.94 10.24

Layer Area (cm?) 100 83 (3x4 Timepix4) 92 (3x3)

1003 200 Power consumption (W/cm?) | As low as possible 1.0 0.4
190 Timing resolution (ns) <12 0.2 0.03

i Minimum threshold (fC) — 1.2 2.0

% 0 Individual pixel thresholds — Yes Yes
Pixel No. X Pixel hits in MIPS cluster — 3 30

Cu (Heat) —_ Timepix3 (2013) Timepix4 (2019)
PCB (circuit) Technology 130nm - 8 metal 65nm - 10 metal
. PCB(TSV) — Pixel Size 55 X 55 um 55 X 55 pm
> e s — 1 [ S Jrrangement 3-side buttable 4-side buttable
256 x 256 512 x448 3.,5x
400 — 500 Um Sensitive area 1.98 cm? 6.94 cm?
~ 1% Rad Length Mode TOT and TOA
Event . . .
. Data driven|Packet ol 64-bit  33%
Y (Tracking) |Maxrate [ 0.43x10°hits/mm?/s 3.58x10° hits/mm?/s )
S HLERCA 1.3 KHz/pixel 10.8 KHz/pixel SX
Y rate L )
> . ;
3 Mode FE (ULershd) sl oy CRW: PC (8 or 16-bIEDx
© Frame e
< based Frame Zero-sm;igggz?)ed with 1 Fy|l Frame (without pixel adgjsy
meging) - Imax count (55" 109 hits/mm 5 x 10° hits/mm?
. ~0.82 x its/mm?/s ~5 x its/mm?2/s8x
TOT energy resolution < 2KeV < 1Kev
Time resolution 1.56ns ~200ps
Readout bandwidth SS.lZGbI\(/ISb)[()sS)LVS@64O sls@igt;flc);%spgsx .

From: S. Gardner et al., arXiv:2305.02079v2
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Tracks reconstruction in High-Luminosity environment

HL-LHC bunch crossing event
< ~50cm >

event A event B

: hit (x,y, time) L :

A A

pixel detector: layer 1 . layer 2 : layer 3

» hit time stamp gives an extra dimension in the track reconstraction

> a < b0ps time resolution is required for efficient 4D tracking in the HL-LHC
environment

» the Timepix4 ASIC (195ps time of arrival bin size) will be used as a test vehicle
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From: V. Gromov (NIKHEF), DESY presentation 2020

Imaging up to 89kFPS

technology TSMC 65nm - 10 metal
pixel size 55 x 55 um
4-side buttable
chip arrangement 3x “hidden” periphery TSV 1/O
pixel matrix: 512 x 448
sensitive area 6.94 cm?
interface 3x 147 I/0O TSV / Wirebond
. . . mode ToT & ToA
Timepix4 ASIC-level Hybrid detector module % T 64-bit per hit
= | Tracking e 5
S| (data driven) max 3.58x106 hits/mm?/s
< Sensor S| 1A Ve it rate (10.8 KHz / pixel)
- solid state ( S1, CdTe) 3 Mode | CRW: Pixel Counter (8 /16-bit)
<
Q
0

- vacuum (MCP, Tipsy) (frame-based) S
max _ 91 5
hit rate 5 x 102 hits/mm?/s
Energy resolution @ Si sensor ~ 1keV FWHM
Flio Chip / ENC @ Cin = 75fF 80e" rms
p p minimum threshold ~ 500 e

wafer post-processing hit arrival timing (ToA) | LSB=195ps, range: 1.638ms

charge measurement (ToT) | accuracy: 80e rms, range:200ke-

BEOL data readout bandwidth SilER e Glooe
< Timepix4 Power Supply Voltage 1.2V
< = substrate ASIC Power ~3.6W

TSV B

BGA

Data

PCB Interface Control 10
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00000 .. Plmr Low Gain Avalanche Diodes (LGAD)

v" Signal amplification with intrinsic gain (double junction)

v High SNR and lower capacitance with 50 pm substrate

v Carbon and deep-implanted LGADs radiation hard up to ~ 3 — 4 x 101 n,/cm?
v Segmentation under investigation, Ti-LGADs & iLGADs

p-well
n-well (colecting node)

depletion zone

No charge amplification

/ particle track
. - i
3D pixels e ai———
v" Decoupled charge generation and drift volumes o I-trpe Nukiphcaton Leyer \
v" Proven radiation hardness at @ < 10!¢ n,/cm? o sub 1) e
v Highly non-uniform field (+ gain, - jitter) with dead regions < 11
v Higher capacitance and expensive process

From E. Gkougkousi, Seminar Glasgow 2024
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From the trenches

3D Pixel (Columns - Trenches)

Column design
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- Single-Sided Voltage (V)

- 150pm active thickness

- 120pm deep n+ columns

- Column diameter: 8um

- P-stop radius: 12.5um

- Y% column simulated = applied mirror symmetry
(computational time savings)

Faster then reference LGAD, < 40 ps

Trench design (TimeSpot)

v" More uniform field than standard 3D

v Lower distortion term in o,

v Intransigently higher capacitance and larger
inefficient regions due to tranches

v New process under development with very
promising results

v" Radiation studies to be performed, expecting
similar results as for standard 3Ds

’ Presentation: TimeSpot }

SEM HV: 10.0 kV

View fleld: 176 ym Det: SE
SEM MAG: 1.57 kx  Date(midly): 10/20/19
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From E. Gkougkousi, Seminar Glasgow 2024
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Looking at EIC:

AC-LGAD for ePIC tracker
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AC-LGAD FNAL beam test setup

AC-LGAD
proton || || || I " " " || 18
Strip and pixe! telescope

* Developed for EIC ePIC tracking system by BNL and HPK
* 0.5x0.5mm2 pixels and 0.5x1.0mm? strips tested at FNAL
» ~ 30 ym position resolution and ~ 30 ps time resolution

» Development ongoing, but construction expected in 2025
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 AMBER physics after LS3 needs intense K+ beams
* Many physics cases need high beam momentum

» Can select momentum but not velocity =» mixed beam
* Need CEDAR to identify beam particle

4 o

|+ Need beam tracker to link to CEDAR =» new tracker =

5
S Ty

|+ High rate technologies require new position for sensor planes [

::,-;, » Several technology options exist to fulfil AMBER requirements
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