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TIMEPIX4 TELESCOPE

Timepix3 telescope:

* Achieved 1.6 pm pointing resolution at DUT, 236 ps track time resolution

K. Akiba et al 2019 JINST 14 P05026, K. Heijhoff et al 2020 JINST 15 P09035

Timepix4 telescope goals:

* Intrapixel characterization of sensor + ASIC assembly

* Proof of concept of a 4D tracker
e ~2 um pointing resolution at DUT
* Track time resolution combined with MCPs

* High track rate operations

 Two arms of 4 planes each
 DUT plane in the center

e Can translate and rotate up to grazing angle

 MCP-PMTs for time reference downstream
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TIMEPIX4 TDC

Threshold

Preamp out
40 MHz »
640 MHz s
Tol
Coarse ToA
40 MHz reference « Stop » Base clock of 40 MHz (ToA)

1| e Hit starts 640 MHz voltage-controlled ring oscillator (VCO)
640 MHz phases 2 * 1.56 ns bins (fToA)

3 » shared by 2x4 pixels (“superpixel”)

* v * stopped by first rising edge of 40 MHz clock

Ultra-fine ToA code = 0b1110°, gtat\;5 of 4 phase-shifted instances of VCO is latched at 40 MHz rising edge

Fine ToA n_ X  n+l X  n+2 X = n+3 « Nominal TDC resolution (ufTOA) is 195 ps/{/(12 ) = 56 ps
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TELESCOPE PLANES

e Eight telescope planes with nt-on-p planar silicon sensors: Upstream Telescope Arm S

* 4 x 300 pm sensors for spatial resolution (angled 9°)
4 x 100 um sensors for time resolution (perpendicular)

e Several DUT assembilies

e 50 pm, 100 pm and 200 pm n+-on-p planar silicon

e 300 pm pt+-on-n planar silicon

e 2 x 250 um iLGAD sensors with 55 pm and 110 pm pitch
(Timepix3 sized)

* All bump-bonded to Timepix4 V2 ASICs
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Speedy Plxel Detector Readout 4 (SPIDR4)

X \ » | Slow control

ﬂ m-j == Sensor Bias SPlDR4

- FAN 888 = = w382
=323 =, ...':,‘ 3\{ ar a\ao
g fanfaig sesgs-  1kdhet . B2 L se
= as] . 532 4008 10,15 ‘
U <0
2 t-‘:: ::: Sesanasansany M Rlsl Pl R
...... SN S EERE59S0osS
X8 e VCCo
~ 18l g8l %lgal
o b ig g1ig Brem 5k
: 3 : 3 13 29
. 2234 © = 4] o 2 2ddg gaI:g :
= 18 7 -2 R
= = L.. — '._ ey
==} . ) g
o
=
2
ST
= [=]
=
- -
= 5 . v‘-muou * NN 5 - -
= Jospl) re xal L NP B » : ° o3 [ p
; SO0 (ST LI B S = 00 8% ¥i3., 4 G ' E]SP“)IM? NigThe]
s < e saale P LK et ¢ -t ' S am Y > CBv2.0
- - ki g | g 7 e - T a o) -
S o 5 oo X . T - B A P 000 -8034-2874- 8897 l—-l.
- 2 - : S \ > y A TR - . o0 S % — Host name 1%
=k | B R = 00 ¢, - o “o 4 - : 4TI spidrd-28748b97 . local a-m
: - < s =i 0 3 y :
> — - : 4 <
B 2 " B -
8 - - ar
Lad v » <«
. - : OT
ey ) (I Sz
AR i . ==
e, % = g - g o
A NN —— S/N Steta © (m"' . =iy nmsPlR Byposs
- ‘ 3
5 -

40, -
sz)ég’- Sh 12V -

T
©5,,

5| AWaTsT 26ahTIN
ainpopri
A909hINL

=cv||i| - » ~\l32

il 'E mgj

Timepix4 Power

L 3

*uuu

TREDI WORKSHOP 6 20 FEB 2024



TELESCOPE COOLING

* All assemblies have a 3D-printed titanium cooling block in contact
with the PCB

» Cooled using a chiller with glycol at 20 °C

* Possible to go down to —20 °C in the future (especially in the DUT)
* Temperature and humidity monitoring

* Telescope box flushed with N2

 Plan to mill PCB to have direct thermal contact

Current thermal interface Future thermal interface

Timepix4 Thermal pad
Timepisd

Titanium block

Titanium block

I
glycol
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SPS CONFIGURATION

A

* Telescope installed at H8 beamline at SPS

e 180 GeV mixed hadron beam

e MCP-PMTs downstream of all other detectors to minimize the
disturbance due to high material budget

» ~3 data-taking campaigns per year since 2022

— .
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TELESCOPE CONFIGURATION

Upstream Planes 1-4 DUT Planes 5-8 Downstream MCPs
scintillators scintillator
100 um 300 pm 300pm 100 pm
Beam
L1 * l ¢ | | i
CFD | | SPIDR4 m SPIDR4 SPIDR4 HL CFD PicoTDC CFD ‘
AAA AAA AAA A A A
data [* U
opro | clock |- -1 -1 -~ DAQ l
TLU ™ startstop Run control

to-sync/shutter
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MCPs TIMING REFERENCE SYSTEM

_ o _ o MCP-PMT
* Two microchannel plate photomultipliers (MCP-PMT) in coincidence

* CFD through Ortec9327, digitisation by PicoTDC

* Considering installing Timpix4 plane to VETO events with nuclear

interactions
* Current time resolution: 17 ps (single MCP) 2 o
. . , Photek PMT240
* Combined MCP resolution: 12 ps ) - f
. Photonis PP2365Y
Preliminary oc = 24 ps - 97 ¢ -
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SPATIAL RESOLUTION

* Pixel size 55um x 55um
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TRACKING POINT RESOLUTION

* Resolution driven by the four innermost planes (300 um, tilted)

— 16 i | | | | | |

* Pointing resolution at DUT: 2.5 um §, I i
el U R o X X =

* Material budget per plane: - '
12 - . -

 ASIC + sensor = 0.7-1.0% Xo - Preliminary :

* PCB — 1.8-2.4% Xo 10F T

- X Plane resolution -
8 ® Plane resolution (masked) T
— Track pointing resolution

Possible improvements: 6 - :
* Milling the PCBs would reduce pointing resolution to ~2.0 um A _ \x x/ _
* Increase the number of 300 um planes i L )
 Need 8 x 300 um for ~1.6 um pointing resolution ’ _ _

 Move telescope arms further inwards if possible 0 | '_4|oo' | '_zlo()' — (I) — 'z(l)o' | '4(|)()' '[ '6(30
Z (1ININ

* Operate Timepix4 at lower threshold
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TIME RESOLUTION

* Thin sensors have better weighting field and reduce timing errors
* Reduced signal size reduces analog front-end performance
* Perpendicular beam incidence maximizes signal charge in single pixel

* Pixel capacitance worsens the time resolution

* Modifying the DACs settings increasing the preamplifier bias current improves the resolution at the price of

15-20% increase of power usage
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TIMEWALK

* Time measurement depends on signal size

* Reduced signal size makes timewalk corrections crucial
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TIME RESOLUTION

* Working on per-pixel timewalk corrections
* Corrections for variations of VCO
* Current cluster-time resolution: ~170 to 185 ps

* Track-time resolution with 4 planes: ~90 ps
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CONCLUSIONS

* Timepix4 telescope is operational in stable conditions and commissioned. It is ready to test faster sensor technologies
* Up to 200 kHz track rate (limited by SPS H8 intensity)

e 2.5 um pointing resolution (will be improved by milling the PCBs and adding new 300 um tilted planes)

* 12 ps time resolution (very sensitive to material distribution upstream of the MCP-PMTs)

» Current timing track performance down to o: ~ 90 ps (4 x 100 um orthogonal planar sensors)

* No correlations from clock distribution etc. pinpointed

» Studies of first DUTs (planar sensors + i-LGADSs) are ongoing

* Plenty of data to be analyzed
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BACKUP
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TIMEPIX4 FRONT END
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* Charge sharing is non-linear — bias in position reconstruction

* Charge asymmetry for multi-pixel clusters: n = (QL — QR)/QL
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