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The High-D consortium

First large scale coordinated effort on detector development in HEP and SMuK

Mandate:

* Research on new generation high-precision detectors with unprecedented
spatial, temporal, and energetic resolution, for applications at future
accelerator-based experiments at both the Energy Frontier as well as the
Intensity Frontier

Members:

10 universities + 4 research centers in Germany

Program:

Fundamental research on 5D detectors with extreme granularity and
on novel reconstruction techniques
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The High-D research overview

Higher segmentation is achieved by:
* novel microelectronic technologies

* novel semiconductor designs

* new segmentation concepts

* novel readout electronics

to ensure optimal reconstruction precision these must be accompanied by:

* novel algorithms that effectively utilize 5D information

* integration of all components of a detector system (“particle flow” approach)

Consortium divided in 4 interconnected work packages: ->
* Two main pillars: 4D tracking and 5D calorimetry

e Two cross-linking packages
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. .o . Receive BMBF funds
High-granular Multi-dimensional detectors Receive other funds

AP1: 4D tracking AP2: 5D calorimetry

Garutti Lacker

AP3: Cross-disciplinary activities

AP3.3

AP4: Radiation effects

4 Products

P1 Portable timing layer
P2 High granular Trigger module
P3 Low-budget calorimeters

AP1.5

AP4.2 AP4.1

P4 Multi-purpose ASIC receiver chain




TECHNISCHE
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GOTTINGEN
High |y Segmented Sensors DIR FORSCHUNG | DER LIHRE | DIR BILDUNG

New Low Gain Avalanche Diodes (LGADs) technologies promise to significantly reduce
the inter-pad gap needed for 4D tracking with high spatial and temporal resolution

Novel LGADs investigated:
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4D tracking ; TEST ~
Universitit Hamburg

Timing Iayer application DIR FORSCHUNG | DER LIHRE | DIR BILDUNG

* LGAD to measure space and time
coordinate of test beam tracks

* Fast timing requires:
- 30-50 um thickness
- gain O(10)
- improved S/N

* Goal: equip EUDET-like telescopes with a
LGAD layer to satisfy the increasing users
demand for fast timing measurements
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4D tracking TECHNISCHE
_ . . UNIVERSITAT
Ultimate time resolution DARMSTADT

Development of fast readout electronics for a large area LGAD-based detector:
ExHiLo-ASIC £
Extreme High-SensiOvity / Low-Pitch — radiaOon hard readout-ASIC for LGAD Sensors of

= Concept for corrections on the basis of Al and

. i . ) , Vadym
in real time implemented either directly Kedych
in an FPGA or at the event builder level HK3.6

= Develop a second generation of the Wilhel
discreet FEE for larger sensors (2X2 cm? ) Krlugee:n

utilizing larger number of channels ~0O(100) HK11.7
and rate capability (~10 MHz/strip)

. -
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(4)D tracking & Radiation effects

CMOS pixel sensors for Ultra-light, high-Resolution VErtex Detectors

* Monolithic Active Pixel Sensors in 180 nm CMOS
technology (ALPIDE chip) bent to cylindrical geometry
- ultimate minimization of material budget

* Development of pixel sensors in 65 nm technology

- next frontier in point resolution
with stiching on 30 mm wafers
—> large area

e Test of radiation hardness of 65nm tech. devices

Pascal Becht
HK 18.2
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(4)D tracking & Radiation effects

CMOS pixel sensor MIMOSIS-1 |

MIMOSIS (design IPHC, test GSI/GU):

Aim for

 Ax = 5um, A5us, 0.05% X,

¢ <100mW/cm? at 20 MHz/cm?
* > 10" ngq/cm?

Target application: CBM@FAIR
Open for other users/applications

MIMOSIS-1, 60pim thick

Michael Deveaux HK 28.1
Hassan Darwish HK 28.3
Benedict Arnoldi HK 28.4
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0(120 cm)

' RWTH o &l »
5D Calorimetry 2 quoueh B
§E UNIVERSITAT MAINz

 WOM-based large area/volume _
Liquid-Scintillator (LS) detector principle S GG

WOM tube with WLS coating
(PMMA vessel & liquid scintillator not shown)

\,/
v//"\
.

€-T°edv

o
>
%

L4\

““PMMA vessel

S ¢dv

Optical %euplmg

flange & sealing to 40-SiPM arra)]'

* WOM: Wavelength-Shifting Optical Module
(first proposed for IceCube ext.)

0(80 cm)
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5D C | : t RWTHAACHEN g @ ) JULICH G|u
a O rl m e ry UNlVERSITY g La TR sorannes GUTENBERG
-EE_ UNIVERSITAT MAINZ
S&
* Goal: First multiple-cell WOM-LS prototype scint. / Cherenkov
Energy deposition,
. . >
ns time resolution, S
spatial information &
from
2 WOM:s in one cell .
or in adjacent cells N
2
Particle incident angle R
from

- signal arrival times
- light-yield share

Resolving
. elyvs u/m separation: _Ri S
btw adjacent cells Y VS W Separd Left-Right ambiguity
- e.m. preshower in using light-yield distr.
detector steel wall over SiPM array
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5D Calorimetry

WOM segmentation to improve spatial info

Resolving Left-Right ambiguity: Replace
Secondary WOM light-yield distr. large-diameter
over SiPM array diluted wrt WOM tube

primary light direction

jonannes GUTENBERG
UNIVERSITAT MAINZ

by several
small-diameter
WOM rods

O

LS v detectors look for ways to separate
Cherenkov and scintillation light

Will study new Ansatz here:
Wavelength separation using different
WOM wavelength shifters
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5D Calorimetry

“CheapCal”

» Large plates of extruded plastic scint. (A = few cm)

Scint. / Cherenkov

e structured on front and back side with different WLS fibre orientations

* Spatial point/track: hit fibres & light-share btw. adjacent fibres _
in consecutive planes

New Materials:
e Glass ceramics
* Organic intrinsic scintillators

€-T°edv

AP3.4
L4\

L/ SiPM

S'adv

Goal: Prototypes for
* Low-budget calo/tracker/muon detector/hodoscope

* Possibly pointing capability (e.g. for SplitCal: ALP-> y y)
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U

5D Ca\orimetry JG

sjonannes GUTENBERG
UNIVERSITAT MAINZ

« “SplitCal”

Large-scale low-budget calorimeters (ECAL & HCAL).

60 mm

» Absorber-scintillator sandwich calorimeter. ™
b T siem
» Long scintillating strips (2-3 m x 6 cm x 1 cm),
light readout with WLS fibres and SiPMs. = tibre
» SiPM readout & digitization with ASICs . %
(similar to Calice AHCAL). é g
» Possibly high-precision layers for measurement 3
of shower directions (X — yy decays).
.,
" Ll o v

High-precision layers
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Cross-disciplinary activities

Universitit Hamburg -
\].I\'I‘I.IIHI'L\—.II‘l‘\l'”vIII f'lyll.‘l,)l‘\\ik

DIR FORSCHUNG | DER LIMRE | DIR BILDUNG

Some selected examples: 3
*  Esum = 41.472 GeV I 10° : Ffaqke,,K: f;%ggrcev I 100
* Unsupervised Background Classification A | 5 | -

using Generative Adversarial Networks: & ‘;;i% el R }& el W

Learn difference between charged pion 3 I S

and neutral kaon showers . \\ QQ?/? L | \\

i ge// f677730 7 o & ?\O //7-,[126// 26"—0 0\

2 10 2

* Use of energy density and timing in 45 CALICE %pgi\ﬁm Data, Resolution

energy reconstruction extending = 020 (O :
. . dldoas o Not compensated |
software compensation to machine I N eork S

g £0.10 . .

learning techniques = oo
0.00 1.0
sifl 06
s
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G/ TECHNISCHE Technical
7 UNIVERSITAT University
%7~ DARMSTADT of Munich

Cross-disciplinary activities
Scintillating-fiber tracker

Fast, scalable, and inexpensive ‘5D’ tracking detectors:

 Position resolution down to <200 pum in 2/3 dimensions
* Time resolution << 1 ns

* Focus of research: energy (loss) resolution with fiber
thicknesses of 200 um and 500 um

e Coincident readout with two SiPMs per channel to
suppress dark counts and to lower energy threshold

¢ ~ 103 to 10° channels per detector with ultra-low mass budget

Use as

* Track information for multidimensional high-level trigger Tracking calorimeter with 2-mm fibers
* Tracking calorimeter with PID for ground and space applications

-=> Scalable high-throughput DAQ, SiPM radiation hardness, reconstruction algorithms
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Cross-disciplinary activities
Multi-purpose signal receiver & scalable high-throughput DAQ developments = m

University

of Munich

""" e L @) JULICH

Forschungszentrum

6 INTH
4

FPGA
ASIC

RHEINISCH-

IPBus : Control and Monitori

Hardware Event

_g

ilder
TRG

< Online —
o weTeRRe o [
s 4 4444 !
Bs o 25 Gols Neork Swiches - CDR
. v
Spill Buffers Ll
- data buffer & distribution ASIC Development_for Detector Front-Ends
- PCle Interface to DAQ PCs - 500 MS/s sampling ADC

- programmable input impedance and gain

- daisy chained data concentrator
- smart feature extraction, triggerless operation
- high voltage for SiPM biasing
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arXiv:2006.11150

Cross-disciplinary activities §{ ~ RWIH

DIR FORSCHUNG | DER LIMRE | DIR BILDUNG

* Characterization, modelling, simulation of SiPM Final Fit
,’. A - Simulated Charge Spectrum
0.05 104 i\ " Fit
e
_ 103 | : : || t ‘-‘i\i
: INRNAVANAN|
g (1] i
= 102 : | | : \Jdi A
i i \
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10° 3‘
* Calibration of SiPM response function 107 ot ; ; :

* Increase SiPM dynamic range

* |nvestigation of radiation damage in SiPM
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https://arxiv.org/abs/2006.11150

Radiation effects

High energy particle or Gamma-ray

\
® ® \
®
11 * r
b Siy

2E15 electron irrad (T _fill=10K

. V_fill= 10V)

6.0E-11
5.0E-11 =

4.0E-11

Current(A)

-50v

— -100V
—_— 150V
)0V

Chuan Liao

Radiation damage of p-type silicon is
initially dominated by Boron removal:
B- turn to BiOi*

50 60 70

Investigate introduction rate and
annealing of BiOi* defect

< i—i

Poole Frenkel effect Bias volthge

GOETHE &7
m Universitat Hamburg

UNIVERSITAT

DIR FORSCHUNG | DER LIHRE | DIR BILDUNG FRANKFURT AM MAIN

A TECHNISCHE

VA = |

Boron removal is
the main cause of
gain loss in
irradiated LGAD.

It also affects SiPM
and CPS
performance after
irradiation

Study of radiation damage caused by light, proton, neutron and heavy ions (no data exists so far)

01/09/2021
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Radiation effects

Studies on CPS and damage by heavy ions

Extra deep pwell implant

nwell collection
ode

. P-
N

X! 7 Electrode \ Deep P-
size

P-type epitaxial layer

[P+ backside ]
Standard sensor

Improved sensor
Thanks to CERN (*)

Full depletion possible with modified sensing volume.
HV > 20V (top + back bias)
Will performance change due to acceptor removal (?)

= Test & simulate in synergy with SiPM/LGAD (E. Garutti)
—> Consider radiation damage in sensor response simulation.

01/09/2021

GOETHE

UNIVERSITAT
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Heavy ions may cause:

Single event latch-up:

e Reversible short circuit

* May burn device if not
power cycled

Bit-flips:

* May modify status registers

—> Test and establish hardening procedures.
—> Make procedures and GSI-HI beams available for

interested partners.
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Concluding remarks

is a consortium to coordinate the effort on detector development in HEP and SMuK

It covers cutting-edge research on highly-segmented detectors with unprecedented
resolution in space, time and energy measurements

Not all projects received support by BMBF, but

all scientific activities remain part of the High-D research portfolio

Further scientific connections to enlarge the consortium are welcome
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