LHCDb Upgrade |l

aaaaaaaaaaaa

A -




G/ 7' b 25 gibrs S 2.
;_//.’V 44 - = . x
e L[ 72 ’neéﬁntr‘@ﬂ'uc@&fn 3Gx 4 o ?

"' ‘o:'_'/'{f_ 029( %t;gpgr:\:de‘ﬂ‘ - X& ’97 P >
- . 6.'/) 3 "“B(‘fﬂ,..f..&w

—pie




The Upgrade Il Detector (2031-/203V5€)0 EEUN.VERS.TAT"

Without a major upgrade to all detectors LHCb will not * 4D trackf; with <20 pzs
be able to run at these high luminosities. * 1.2x10" tracks/cm? at r=1cm

Ut
* HVCMOS
Side View * 9.0 Gbps
Magnet & | Muon Magnet Stations
Magnet Stations TORCH PicoCal =i o
Mighty __ RICH2 = new

Tracker [E== MT/SciFi
il * Higher occupancy and radiaion

w ‘I‘ I ' ‘R I5COI_;|)s timing

- | * SiPM (higher resolution)
) TORCH

* new (25ps timing layer)

ECAL, HCAL

* SpaCal+Shashlik

* time + space resolution

MUON Stations

LHCb Upgrade | * higher granularity
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Streaming Readout

LHCb uses no Hardware Trigger
All data is processed and reconstructed

LHCDb is the experiment with the worlds
highest bandwidth output!

LHCDb now is at the level of the coming
ATLAS and CMS upgrades ~O(TB/s)

We will have to 10TB/s in LS3 (new RICH
and ECAL

For Upgrade Il in LS4 we expect a
Bandwidth requirement of 25TB/s
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Upgrade Il Velo

Side View
M
Magnet & _ | uon_ —
Magnet Stations TORCH PicoCa =
Mighty = RICH2
Tracker I = i
| -

LHCb Upgrade i
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Current Velo

* L-shaped sensor arrangement

* Readout close to sensor

* As close to IP as possible (moves in)

* Primary and secondary vacuum (<10 mbar)
e 52 modules (0.12 m?)

e 55um pixel pitch

e 250um (180um) RF Foll

* Micro-Channel CO; cooling



https://cds.cern.ch/record/2903383
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VELO Optimization

Extrapolation Term Scattering Term
20um - 250um
pixel pitch pixel pitch ! cylindrical icorrugated
16 40um 55um i no foil | foil i foil 14.9¥1015
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LHCb-PUB-2022-001

% ‘ Current Preference Scenario X,SX: Rmin = 7.2 mm, Fluence = 3 10*° nei/cm?, Cylindrical Foil
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Fluence for delivered luminosity of 50 fb~! in 1 MeV neq


https://cds.cern.ch/record/2800144

Velo U pg rade HUNNERSWAT‘

Keep 10um impact parameter resolution: _
* 28 nm Hybrid ASIC £ ol N
* 50 ps time timestamps per hit - |
e 50um pixel pitch 3D sensor 20§ ‘ ‘ HH

e 94-250Ghit/s (B/A) output for the hottest ASIC

* NIEL: 10%* 1MeV ne/cm? '
* TID: 400 MRad 2

paEn
1
ymax = 10118 mm
1 o

_40}
200 0 200 400 600 800
z (mm)
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RF Foll

L
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Current RF foil corrugated design

Probably will be pushed to a more
cylindrical profile

Pushes the material away from the
beam where possible

Foil 70um (Al) electrically minimum
(75um baseline)

Box or Iris closina is also studied

F 180pm Corrugated foil
0 x/X,>=5.81%

~  70um Cylindrical foil K

<x/X,>=1.84% Va

LHCb-PUB-2022-001

N More details


https://cds.cern.ch/record/2800144
https://indico.cern.ch/event/1386009/contributions/6279130/

Cooling

LHCb-PUB-2022-001

So far p-channel CO2
cooling was used also 3D
printed Ti was considered
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https://cds.cern.ch/record/2800144
https://cds.cern.ch/record/2792295
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Data output

e Need to go to about 100-250Gb/s per ASIC B

e Dircet to VTRx+ VTRX+ is shown to be radiation hard (few 100MRad)
e Silicon photonics 10.24 Gb/s per VTRx+ (will not support 10 VTRx+ per
module)

Silicon Photonics:

Integrate the optical output into the ASIC
7 Use external laser source
" TP Cha_nge the light output by ring modulators |
- s, ﬁy Multiple wavelength can be modulated from the same fiber

14T

T T
£ 12 e

_—
%1.0@ v
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https://indico.cern.ch/event/1381495/contributions/5988703/
http://dx.doi.org/10.1088/1748-0221/18/03/C03002
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Already Readout upgrade for Run 4 (2030) HUNNERSWAT‘

Main upgrade: Readout and Sensors

LHC Run 3 Sensor FEASICIN| FPGA (S SOpticallink WS-l e:hE!
MAPMT CLARO Kintex 7 GBT Versatile Link PCle40

Sensor DC Optical link K Back-end
LHC RUI’] 4 MAPMT FaStRICH IpGBT / VL+ > PCle40(0)

Sensor DC ofoile=IFI1le Tl oCi Back-end
HL-LHC Run 5 | SiPM / MAPMT / MCP FastRICH E)GBTIVL+ PCle400

LHCB-TDR-026
e 100 ps photon resolution (FastRICH electronics)

e PMT - SiPM or MCP-PMT (higher granularity)

|

T —
s =
i
\ ‘\_
\‘m
\
Y

RICH 1 = Planned Rich2 readout
3- 65 GeV PID =

20

RICH 2
15-10 GeV PID
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Run 300511 - evID 1473926 901 - evID 504

Challenges for PID  RcHLPlw-5 | RCHI Pleup 40

e Need to reduce the number of photons to
reconstruct Cherenkov rings

e FastRICH ASIC can deliver 25ps timestamps

e Other mirror configurations under investigation

e SiPM or MCP under investiation

— Cryogenic cooling for SiPMs planned

— MCP aging issues under development

,-‘I‘.I TROTRTEETT RIS R
) ] No time gate ’.."'
3 ns gate 100 ps gate s /!
mm_ . ; 10 == 600 ps / .
o - A
' & [ https://cds.cern.ch/record/2866493 o
g b b
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a] e’ ¥
a L S -
= e
5 = B _,.-”’/’- i |
a | _— 5
il I 16-channel ASIC (65 nm technology

%0 o5 100 Fast RICH ASIC in the Iab smce June

o ey B B3 - R o G N Kaon ID Efficiency / %



Upgrade Il Tracking

Magnet &
Magnet Stations

RICH1
UP
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Side View
TORCH
Mighty = _\RICH2

Tracker

|

L —1

PicoCal
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LHCb Upgrade i
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racking in LHCb

Yy . Z
A % A
%
N .
'I.1I N \R ! i -~ (xi . yl)
| ' detector
planes
exz i
» X ; » X
l B l
Kolanoski, Wermes 2015 j I

LHCDb is the text book forward arm spectrometer

SR N
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Upstream Pixel

e 4 Layers

e Monolithic Sensors

e 9 m? active area

e 74 (34) MHz/cm? at 4cm (6cm) from beampipe
e NIEL: 3-10% 1MeV ne,/cm?

e TID: 240 MRad

Planned to use the same sensor as Mighty-Pixel and
probably similar module design

(o1 r—120_' I I I ! I I I
2 () -
© 5 18F

S 16

- 65

¢ 14

O

N

See why this design later

. _ 25
' 2 1.3 2 25 3 3.5 4 45 5 5.5
(UP) phi[rad] €1 cB-TOR-026
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Upgrade Il Mighty-Tracker

Side View
M
Magnet & _ | uon =
Magnet Stations TORCH PicoCa =
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The Mighty Tracker

e Mighty SciFi tracker for the
outside 12 layers in 3
stations (170m? effective)

e Mighty Pixel for the high
occupancy regionsin 6
layers (9 m?)
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SciFi Working Principle (Current SciFj) s

* Very successful application to
instrument a large area
* Low material budget
(X/Xo £ 1% per detector layer)
« XUVX layout (£5° for U and V)
e Main complexity to produce
homogeneous fiber mats
e 70 um resolution

Module:
Long fibers
Minimal support material

\

Pr TN
~-~_ A"

~8000 photons per MeV

200 keV per mat
~1000 photons

/—\’—\f—\f\/_\/r
1

5
FNA NN NN NN NN

: #’WM'WV
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HUNNERSWAT
SIPM Challenges Unirradiated SiPM:

o 1MeV neutron Eq. fluence/cm?2 for 50fb-1 (100mb) s Dark COunt Rate (DCR) ~ OO4|V| HZ

| | | | | | |
Expect 610™ n_ /cm?
400 —
te+13 = DCR 550 MHz at 20°C
200 — <10°s
L b Dosez a0 ngem o s
= =[] — Dose=610""n.Jcm’ | i~ I N N
S 0F 7 Te+12 (T . —e— Dose = 12°10" Ny /CM?|._ioooooooooooo e e
S 2 . . O
10% =
200 |- — -
1e+11 ................................................................................................................................
-400 — - 7 R I L
-600 ' ' ' ' ' ' ' 1e+10 5 . R S—
-400 -300 -200 -100 0 100 200 300 400
X(cm) o SUUUS VUSRS SUSUUN WSS SN SRS S SO
o el
1|IIII| IIIIIIII |IIII|IIII|IIII|IIII|IIII|III

Temperature[°C]

You expect ~ %2 DCR per 7K - Cryogenic temperatures

x3

30
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Cryogenic Scifi

Goal is a “noise free” detector
Challenges: cryogenic cooling for a larger
tracking detector

Fiber bending at the end

Thermal insulation of the coldbox
Use liquid N,

About 3 kW cooling power needed
First test show great promise

SR N
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Why do we need the Mighty-Pixel O [y—

- n T y ' T T - -
g 016F — SciFi =
> s Upgrade |l =
E 0.14 E Inst. Lumi= —]
) E 2 x 10% cm2 s~ e 2
S 0.12F SciFi1 with MP E
= = :
: 1= i
@ 0.08 == =
% 0.06 = =
5 004 —
Q n -
S 0.02F =
0k l : —
2000
X [mm]

LHCB-TDR-023

| The number of hits/fiber/event is too high to allow efficient tracking

Need to have a higher granularity in the central region.

SR N :




48

UNIVERSITAT

One Layer 1.49m? Y
9m? in total u

Mechanical Layout 2 Layers per sation

6 Layers in total

y [mm]

iy :|
-1500 -1000

= v ™ ™ -
—500 0 500 1000 1500

* Module width given by the beamhole (26cm)

* Shape follows the highest acceptable occupancy in the fiber region

* Readout is moved out as far as possible from the hottest region 3



Module Stack

FlexTape with Chips }

CF-Sheet

Baseline Ti Tube
w. Foam No Foam

Nomex Ti Tube

Readout Flex with
/| HDI

Ti Cooling Pipe

cF
s
Foam 6
Armafiex

Glue

co2
FrontEnd(Cu)
T 51
Mean 2.12 % Xo

x [mm] x [mm]

[l

Nomex:

PG

Armafiex

Glue

o2

Foam
FrontEnd(Cu)

T

Mean 2.29 % Xy

Square Ti Tube
No Foam

Nomex

Glue

Si

TPG

Armafiex

o2
FrontEnd(Cu)

T

Mean 2.23 % Xo

10 +

34
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Cooling

Baseline two phase CO,

The natural detector layout
favours a colder beamhole area
For -10°C at chip = -25°C
coolant

Sensor power dictates the
number of cooling lines

Heat load = 0.3W /cm?

Heater

Fiber

-
<

Pipe Glue P E— L © - | | | S
-—

—

Direction of
Heat flow

._.
o
n

Delta T (°C)
2
<=

14.5

14.0

135

13.0

[— | 1 ] ] | I—
[ | —e— Module -
L I 1 1 1 1 I L 1L 1 1 I L L AL 1 I |l L l _-
0.00 0.01 0.02 0.03 0.04
Length (m)
T Pipe = 0°C
T Hottest = 14. 6°C
AT = 14.6 °C
Preliminary Terp i
| -
Iiiifli 35



MightyPix 1

There is a problem with the configuration of the MP1
— could be roughly fixed by FIB surgery

The time binning is rough
4.74 ns measured — ~ 2.9 ns intrinsic uncertainty h,
Power consumption 190-250 mW/cm? (scaled to full chip)

Due to chip repair we can not use this chip in the
testbeam

— Same analog pixel design in TelePix 2 (%2 the pixel size)

SR N
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Lab measurement

12 0.08

0.05

L. Dittmann(Heidelberg)

— Row & Timewalk ﬂ Work in progress
i : il MightyPix
3 Corrections C ivi—” 130V
F HV=-180V Gaussian fit
= — nu=3.25ns
'+ c=4.74 ns
(R R L : e ]
-100 -50 0 50 100

thit — tref [ns]

Many Thanks to our colleagues
from DESY, KIT and Heidelberg we

are validating this with the TelePix 2
36



Upgrade |l PicoCal

Side View

Magnet & _ | —
Magnet Stations TORCH PicoCa =

Mighty = RICH2
Tracker

(n

LHCb Upgrade i
LHCB-TDR-026



25.000 °C
Heat Flow:

0.005 mw

Experiment Time:

e 01.23:45
=

p% PicoCal




Y [cm]

beam

PicoCal

300

200

100

-100

-200

=300

-300

PMT

PicoCal 2024 - baseline

Module types
B soacal-w, 1.5x1.5 cn?
SpaCal-Pb, 3x3 cm?
- SpaCal-Pb and
Shashlik, 4x4 cm?
Shashlik, 6x6 cm?

Il shashiic, 12x12 cn?

—-200 -100 0 100 200 300
X [cm]
Shashlik
m lead scint WLS
REERRNNNRNDN
ERERRRRERER
ERRRRRRNRD PMT
ERRRRERERR
(AN NNNNNNER Y. Guz, IHEP

_—

u UNIVERSITAT

Readout follows the occupancy
Adopt technologies to cover full area

48

SpacCal technology for inner region

1.5 x 1.5 cm? cell - W absorber + crystal fibres

e Development of radiation-hard crystal fibres

e Polystyrene fibres for Run 4, then replaced by crystals
3 x 3, 4x4 cm? cell - Pb absorber + plastic fibres:

e Need radiation-tolerant plastic fibres

Shashlik technology for outer region

4x4, 6x6, 12x12 cm? cell

e Timing improved with faster WLS fibres and double-
sided readout

SpacCal

[ mirror
1 light guide

P

1 scintillator
I absorber

o=

front'

back
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PicoCal Status of R&D

Tungsten Absorber: successful prototype 3D printed

Fiber:

* Found organic scintillators
that are promising
* Crystal scintillators under

e Lead absorber: Low pressure casting
» Encouraging energy resolution:

—  Sampling term: 11.2%

- Constant term: 1.2%
e Time resolution < 20ps above 20GeV

SpaCal-Pb single module

Energy resolution (DESY Il & SPS North Area)

—#— Test Beam Data & Fik/
I simulation LY + LG - 95% c.i.

I simulation LY - 95% c.i.

10%/ VE® 1%

[ Sampling Term: 0.112049 +/- 0.000056
| Constant Term: 0.012032 +/- 0.000020

[ Preliminary

T T (S S S SN ) NS S (N U N

orHHIHH TTTT]TTTT I!HIIHIlHII TTTTTTTTTTTTT TR TTTTTTT

80 100
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investigation

SpaCal-Pb double-sided

Time resolution (DESY Il & SPS North Area)

=3 —s— DESY - Front

= —=— DESY - Back

;_ ......................................................... — — DESY - Weighted Average |
F | —— SPS-Front | .
- —=— SPS - Back
TTS= SPS - Weighted Average |~
= LHCb-TDR-024
E °

E 20ps : n . °

E . ! | L i | L

0 20 40 60

0 100
Beam Energy [GeV]

\

UNIVERSITAT

Module-size tungsten absorber
with plastic scintillating fibers

Stainless steel capillary
tubes aligned with masks



https://indico.cern.ch/event/1386009/contributions/6279028/
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focusing block with
photon detector array

ORCH

e Provide time information for the RICH2 Radiatorplme
e Cherenkov light passed transported via total reflection

e 25pstime binning

e Use FastRich Readout

e Can use Microchannel-plate-PMTs may use SiPMs (to use the
same technology as RICH)

e Challenges:

— Space in cavern

— Flatness of fused silica

- Occupancy

Surface measurement of large
fused silica plate




Side View

Magnet &
Magnet Stations TORCH

summary W

PicoCal

e Exciting times ahead of us
e 9yearstogo
e Start production in 4 years
. LHCb Upgrade Il
e Just 1 year to install a fully new detector
. . Baseline scenario 2033 2034 2035 2036
° Upgrade || W||| pUSh the fron‘her of detector technology 12 01 02 03 04 05 06 07 08 09 10 11 12 Ol 02 03 04 05 06 07 08 09 10 11 12 01 02
Remove and install services <
Remove beam pipe (2 - 4) L]
Remove SciFi and bridge C——
Remove RICH2 -
Install magnet stations ]
Install RICH2/TORCH )
“-7:3 T T T Y 4 T T E 0 T T Install bridge (=
B : y mfm‘“”fk Am, £ i 3 N ié 3 i 3 Install MT O O
s E T E g sin2p Jna 8 Am, e g Dismantle ECAL oa——
FER . 5 A N 0s g i "8 = Modify ECAL modules
0s -3 pive & 04 8 ; 3 Install PicoCal ——
I o 5_5 : \K o _E 1= E 3 3 Replace muon chambers [
’ E "u E o3 ; N E Remove UT L]
02 _; 02 [ —  Remove RICH1 optics and beam pipe 1 -
. ¥ _f & [V lll _é Remove RICH1 mechanics -
- i 4 g B E Remove VELO a——
o -nl.z T o.‘z 04 0‘,5 o!a 1.0 0 .0‘_2 0.0 012 04 n.‘G ola |—_n Install VELO vessel a—
p P Install RICH1 mechanics -——
Install beam pipe 1 -
Install UP ———
Install beam pipe (2 — 4), bakeout e
Install RICH1 optics and photon detectors L]
Install VELO modules -——

Global commissioning






Luminosity

p— o
&) N

o

o
(=)

Peak luminosity (10** Hz/cm?)
o o
= >

o
[

Levelled Luminosity

— 1.5 % 103*cm™%s~!

— 1.3 % 103*cm 257!

—— 1.0 % 10**cm 25~

Boai.
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Round optics

Flat optics

Levelled Lpear (10** cm™2s71) 1.0 1.5 1.0 1.5
B:/B; (m) 1.5/1.5 0.5/1.5
Nyunen total/colliding in LHCh 2760/2574 2760/2574
Levelled pile-up 28 42 28 42
Delivered Ly per year (fb™!) 4216 49.34 | 48.73  63.36
Levelling time ¢, (h) 3.42 1.08 5.42 3.42
Optimal fill length ¢,y (h) 7.67 7.58 7.58 7.42
frow /Lot 045 014 | 072 0.46
RMS luminous region (z) at t =0 (mm) | 43.30  43.31 | 38.41 3845
Peak pile-up density at t = 0 (mm~1!) 0.29 0.40 0.41 0.54

LHCB-TDR-026

Klaas Padeken



Velo Se

3D sensor (trench or
column):

* Radiation tolerance up

to 10 MeV nNeq
* Difficult to produce
* 10ps resolution per
pixel possible

Box B

_—
H
L & Y &
UBM
i1um 1
- W 0.8um] | Oxide
| -—a5um 10um
P-stop p+ -

Oxide 1um n+ doped -
- ~nN o

w
b= o

=
i Poly 1um i 3
o
=
3
p+ doped
Biasing SEM HV: 10.0 KV wD: 11.59 mm | VEGA3 TESCAN
electrode . View field: 176 um Det: SE 50 ym b 4
) Collecting SEM MAG: 1.57 kx  Date(m/dly): 10/29/19 FBK Micro-nano Facility p- type substrate v
electrode (n*)

2]

J. Phys. Conf. Ser. 2374 (2022)1 012175

- 100 [~ Boronunirrad -+ Carbon unirrad .- Gallium unirrad |+—

& E 0 w- Boron 1eldn w - Carbon 1eld4 n u GaJ.'r_um 1eldn ;

LGAD o 90 30 C v s = coommmtn v camemsn |2
: : Field et tirelechore B0E- ||t s cutmisits_s Gumarin |3

* Time resolution ~40ps . I ‘ =
.. o ]

* Radiation tolerance* sob- 1. :
~_ 15 AL - \ Eoo 4 YAy B
3 4 10 MeV neq 00 50F .:' kg N pgas -

P Itiplication | C & wa® Nty - s

type multiplication layer T e 405 x 1 e :L\‘ =E . i 3 by r“::_l =

= . B Ay, g, ] 3

e ey P+ electrode 30° "ae " e

i - E

20- :

105 f

*radiation tolerance is under study and probably can be improved 05+ 100 200 300 400 500 660 —

Bias Voltage [V]


https://doi.org/10.1016/j.nima.2020.164437

Velo ASIC

ASICs for uniform
power distribution

Feature IGNITE (3D LA-PicoPix (Per-Pixel
Integration) Compensation)
Power Management Split Analog & Digital |On-pixel power compensation

to correct local fluctuations

Pixel Size

Smaller pixels (~45
pm) due to separate
processing layers

Larger pixels (~50 pm) but
single ASIC architecture

Post-Processing

Requires 3D
integration + TSV
(Through-Silicon Vias)

No TSV needed — Simpler data
processing

Scalability

Potential for higher
density integration

Easier manufacturing &
integration

SR N

Klaas Padeken
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Two developments ongoing:

* IGNITE (TimeSPOT development)

* PicoPix (Timepix4 development)

lgnitel test ASIC
(2023)

=l |
—=um=i -

I =
E I £

oA
AR
."_

|

PicoPix analog
pixel cell

More Detalls


https://indico.cern.ch/event/1386009/contributions/6279130/
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racking in LHCb

g1-2_""l""l""I""I""I'"'I""I""I""I""_ :
e N 7T <
o I 4 —
s 1 _ 1 g
4 - LHCb Simulation i g
= ] - =
0.8 :_ —I— Reconstructed Tracks _: "é
- | distrib Long Tracks { 5
0.6 __ - p distribution Long Trac 1 2
04; ..... - E
e 1 =
X 1 =
0.2F —
07....: ........ RN A T T VA v e S ]
0O 5 10 15 20 25 30 35 40 45 5{)

% ‘é p [GeV/ C_, Source
P. A. Glnther (2023)


http://www.physi.uni-heidelberg.de/Publications/dissertation_guenther_final.pdf

3D Titanium

*  Fully developed for current Velo

*  More flexible for various pressure drops

e  More Xo

Klaas Padeken



https://cds.cern.ch/record/2844669/

LHCb Tracking Requirements

Mighty Tracker

LHCB-TDR-026

10

M UNIVERSITAT

reconstruction of hadron decays
many final state particles
high pointing precision

the highest efficiency possible

2 many layers

long lever arm

2 |imited by the cavern

high resolution

low material budget

49
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[
l
[
[
In Pixel: | -] | fout
° SenSOI‘ diOde : — AnalogOut Th : S
oo I G ZXSensor l —
* CSA ampllﬁer Enlnjection_row i ' - Offset VMinus
» CMOS Comparator ! "
l
l

- R 1Q(0:2) -
o= 2 i A /| TDAC Data transfer line
* Threshold tune DAC injection v >
« RAM for tune bits WIRAMO:2) rowi | | _____ _

3 Injection RAM in AmpOut

row control
(in pixel control reg)

% ‘@ Klaas Padeken 50

column control (in pixel control reg) Hit buffer




LHCb Upgade I = “Triggerless” readout

Run 1+2

LO electronics LO trigger L1 electronics
L0 Latency buffer LO derandomiser Input buffer Output buffer
FData link 5 o
ADC SRS S e Formatting (" """ 1>
4us l
1MHz eventrate
Supervisor Trigger
Run 3
Front-end Derandomising JHEEELHOEEION Back-end
buffer Input buffer Output buffer
1 h rDQtG ink 10GB Eth t
ero s erne
ADC Suppressl u prassres formditng— to DAQ >

Readout LO Hardware
Supervisor Trigger

40MHz event rate

SR N

Klaas Padeken
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B,

With a later High

~1Tb/s .
level Trigger more
relevant data can be
recorded!

~40 Tb/s

51
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A Short History of the Mighty .
18m? 13m*/8m? Current design
FTDR Scoping document This is what we can build | | |

18m?
Some Silicon are

i

Fully integrate
silicon into the
fiber planes

SR N

detailed ideas for readout

This is what we can afford

H‘ H il
P
- - = §/
< 3 g i //

(
| M I R RRAEL |
1]

Separate silicon
and fibers Support structures

Ohh and we are designed and T 1
have to be cold clear budget ]
| Cooling solutions
and auxiliary
electronics are
realistic

52



Entries

_4
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[ R lut R It
After 10* 1MeV ngq
After correction Sfc_arldfrd se_thngs (~}f14 Wkpg\{\/?rﬂconsumption, Optimized settings (~1.7 W power
tdiff tot cor ption, VDDD: ~0.7W & VDDA: ~1W)
tdiff_tot_cor 4 - 146_tdiff_tot_cor_140554772142484
_ 143_tdiff_tot_cor_139972718825792 & - Entries 10439
E Entries 50309 21400 .
4500 .. : t : g il Mean 0,1486
“Preliminary | | Mean 0.4634 4. -Preliminary Std Dev 5 308
4000 5 | StdDev 5.043 1200, 2/ ndf 340,8 / 93
= ¥/ ndf 1619/139 4. c X !
3500 Constant 4401 +24.7 — Constant 1398 £ 17,7
= Mean 0.02582 + 0.01396 3 1000, — Mean 0,1062 = 0,0
3000 Sigma 2.941 £ 0.010 — - Sigma 2881+0,0 | |~ uncorrected
= Et: 3! L —}— ToT + Row + Col
2500 — E 800, — “~ —}— ToT + Row + Col + 5ns chip binning
- < _. L —— ToT + Row + Col + 5ns chip + 2ns TL binning
2000 3. B
= 600, —
1500 — EX -
moof— , 400,— //\
500 — -
= : o 2. 200.—
0_| ol b by PRI B = PR A DI B RN L } } } } } } }
S50 -40 -30 -20 10 0 10 20 30 40 50 C : v
i tot_corins Osp 'Ldln' ' 'lec-' ' 'Lzln' ' ':m - Iol - mqi' ' '2|c|' = '3|o' - '4|n' 50 & 4 .'@‘b < ¢ <° <7
T' I . h hI h h Id d , ’ ’ , , I , ’ ,ldiﬂ_tot,_corms , ThPix [DACs]
® [ime resolution hi thresho Epciiucii e e :
ghly H Fit fails if time walk is too large N. Sommerfeld and H. Schmitz

— No plateau
® Compatible with testbeam — ~3 ns w/o binning correction
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TelePix2 Paper NUNNERSITAT

e ‘ e P |X2 e Sensor designed for DESY testbeam as telescope sensor
e Same analog Pixel (with half the size) as the MightyPix1

Threshold [mVJ
234.7 347,

48

Threshold [mVl
272.4 62.7

136.8 6 422.9 159.4
8 | L L L | s L L L | S L l L 8 1 | L L L | L L | L
L= O eeen, bt 9 " ] e o te ] Bias: -180V, Fluence: 1x10* MeVngq/cm?
i I 1 74 0MeV n R 7 t Uncorrected
®e 4 ° i 14
B — ] e B + = 1-10" MeV n,, t Corrected
e 26 26 opur = (1.835+0.001) ns
° +.. ‘E’ L] o0 c
° 5 - oo * 5 -
30.6 . 2= 2%
= S ] =
= 4] 4]
2 g : g
“u] 0.4 7 o T o< 3 ] a3
w w
i £
= =

Bias: -120V, Fluence: 0 MeVng,/cm?
4 Uncorrected

N
|
N
|

021§ 1x10™ MeVneg/cm?, cold, -180V.
¢ 40 MRad, warm, -100V

. . "o, 1 t Corrected 1
aad 4 8 MeVneg/cm?, cold, -120V R ] opur = (2.711 £ 0.005) ns ]
g v T T ¥ v o T T T ¥ T d v T T ¥ T 0 L D 0 (EEEEE BRSO U LR B UL U LS|
140 160 180 200 220 150 155 160 165 170 175 180 185 1 150 155 160 165 170 175 180 185 190
Threshold [DAC] Threshold [DAC] Threshold [DAC]

H. Schmitz and N. Sommerfeld

Testbeam could show that sensor is radiation tolerant

TID softens the slope

Second TelePix sensor as time reference

A

Higher irradiation allows for higher breakdown 54


https://arxiv.org/abs/2503.08177

Hit Rate Simulation MightyPixel

S. Scherl (KIT/Liverpool)

Boai.

Expect a Hit rate up to 17 MHz/cm?
MightyPix 1 should work up to 20 MHz/cm?

UNIVERSITAT

S. Scherl (KIT/Liverpool)

100 === =
e Q- MightyPix 2 will work up to 32 Mhz/cm?
_ =
i Probably further reduction possible with less data
= g0 L.
= © .
= (D) .
o O -
A= i o -
£ 70 S : 31MHz
b
60 4
—e— Efficiency MP1
—=— Efficiency MP2
50 : - —— 1 - 1
5 10 15 20 25 30 35 40
Hit Rate (MHz/cm?)
0 200 40 60 80

% Klaas Padeken

Readout time (us)
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Hit Rate Simulation MightyPixel

Expect a Hit rate up to 17 MHz/cm?

S. Scherl (KIT/Liverpool)

50 : - —r d - '
5 10 15 20 25 30 35 40

Hit Rate (MHz/cm?) o ;
S 10%; . |

b5 i

1009 :

0 20 40 60 80
Readout time (us)

% Klaas Padeken 54

T MightyPix 1 should work up to 20 MHz/cm?
4 5 : \ MightyPix 2 will work up to 32 Mhz/cm?
= £ Probably further reduction possible with less data
= R We will have a sharp drop
g 0 - ¥ at the maximum hit rate
e 701 8 . o
i} Lﬁ . §-
: > e
60 = 2
—— Efficiency MP1 =
—e— Efficiency MP2 o =




Power

Serial Powering

48
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Boai.

Here we don’'t want to have the thick cables!

-

/ Sensor Bias (HV), HV switch per columr

1.
2.

Integrated MT module
|- : "HiskP SD

1.
2.

Serial Powering, 2 options:

Across 2 columns, 8 drops
Across 4 columns, 16 drops

Single HV feed to module
Dual feed for redundancy

l

cable crosssection (one direction)/mm?

(o0}

o

o
1

600 -

400 A

200 A

= Al one chain per side
== Al no serial

150 200 250 300 350 400
power per area/(mW/cm?)
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