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Introduction - DESY

About FH at DESY
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Introduction - Group BEAM N

e Doing research in 5 subgroups
o SLB: Science with Lepton Beams

m Study on Higgs factory and LUXE
o SFT: Software for Future experiments
m Simulation & analysis software development
m Machine learning
o DTA: Detector Technologies - Calorimeters
m SiPM based HCAL & ECAL development
o TBT: Test Beam and Telescopes
m Detector R&D infrastructure development
o AST: Accelerator Science and Technology
m FLASH, ALPS Il and accelerator R&D
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Motivation

European Strategy Update for Particle Physics, 2020
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High-priority future
initiatives

A An electron-positron Higgs factory is the highest-priority next collider. For the
longer term, the European particle physics community has the ambition to operate a
proton-proton collider at the highest achievable energy. Accomplishing these compelling
goals will require innovation and cutting-edge technology:

« the particle physics community should ramp up its R&D effort focused
on advanced accelerator technologies, in particular that for high-field
superconducting magnets, including high-temperature superconductors;

« Europe, together with its international partners, should investigate the technical
and financial feasibility of a future hadron collider at CERN with a centre-of-mass
energy of at least 100 TeV and with an electron-positron Higgs and electroweak
factory as a possible first stage. Such a feasibility study of the colliders and
related infrastructure should be established as a global endeavour and be
completed on the timescale of the next Strategy update.

The timely realisation of the electron-positron International Linear Collider (ILC)
in Japan would be compatible with this strategy and, in that case, the European
particle physics community would wish to collaborate.

B. Innovative accelerator technology underpins the physics reach of high-energy
and high-intensity colliders. It is also a powerful driver for many accelerator-based
fields of science and industry. The technologies under consideration include high-field
magnets, high-temperature superconductors, plasma wakefield acceleration and other
high-gradient accelerating structures, bright muon beams, energy recovery linacs.

The European particle physics community must intensify accelerator R&D and
sustain it with adequate resources. A roadmap should prioritise the technology.
taking into account synergies with international partners and other communities
such as photon and neutron sources, fusion energy and industry. Deliverables for
this decade should be defined in a timely fashion and coordinated among CERN
and national laboratories and institutes.

( \
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C. The success of particle physics experiments relies on innovative
instrumentation and state-of-the-art infrastructures. To prepare and realise future
experimental research programmes, the community must maintain a strong focus

on instrumentation. Detector R&D programmes and associated infrastructures
should be supported at CERN, national institutes, laboratories and universities.

Synergies between the needs of different scientific fields and industry should

be identified and exploited to boost efficiency in the development process and
increase opportunities for more technology transfer benefiting society at large.
Collaborative platforms and consortia must be adequately supported to provide
coherence in these R&D activities. The community should define a global
detector R&D roadmap that should be used to support proposals at the European
and national levels.



Motivation
Future Lepton Collider & HL-LHC Upgrade

DESY.

Silicon Detector Requirement

Lepton Colliders

(HL-) LHC (ATLAS/CMS)

Material budget <1%X, 10 % X,
Single-point Resolution 3 um ~ 15 um
Time Resolution ~pS - NS 25 ns
Granularity <25 um x 25 um 50 um x 50 ym

Radiation Tolerance

< 10" neq/cm2

0(10' n_ /cm?)
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Si Based Sensor

Introduction

Incident particle Sig
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e To reduce hole-electron recombination
o Large signal
e To collects charges faster via E-field
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Ramo-Shockley Theorem
Signal - Simple Example

e Signal is proportional to weighting field of electrode

and trajectory of the incident particle
o Geometry of electrodes

o Drift trajectories Y Incident particle I"4(t) = — L En(xg; Vi) ,(t) [SIQ

o Avalanche multiplication y=d
m LGAD, ELADs etc.
e A simple example : Diode
o Weighting field for electrode %
Vi ~ N
E=3y I
@
]}nd %
&
Total current
From electrons y=0
From holes
> t GND
d d
: i
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Data Acquisition Process

Signal Transfer and Digitizing

DESY.
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Charge Deposition

Concerning Large Signal and Electric Field

e Gain layer

o High electric field causes impact ionization

o Sub-nanosecond time resolution

o Radiation hardness 2.5 x 10"° Neq/cm2 and 2 MGy
O pitch

e Charge sharing
o Position resolution in thin sensor limited to ~_A435

+ gain layer
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MuPix 10

m m per pixel per pixel per submatrix
I n -P Ixel DeVI ces Pixel Periphery o, State Machine
Concerning Material Budget and Capacitor %}—D—ﬂ _ s £ e [
J_ . — T I‘inkA
. . . . ;.l;m _l mr serializer 1; :::::g
e Monolithic Active Pixel Sensor (MAPS) ecin Mid - L
o Low capacitance : Low noise amplficaton [ |
o Using high resistivity material for depleted zone e N e o P\ |
o Standard CMOS imaging process ATLASPix3 /MightyPix/TelePix HitPix
Pixel Cell D3sBlE Peripher
o Possible small pitches e cal

line
driver .
receiver

counter

comparator

o High Voltage MAPS (HVMAPS) > >
o High voltage extends depleted zone and increase drift T
o Nanosecond time resolution T
o Standard HV-CMOS imagine process = e

e Low material budget
o Thin to 50 ym or much thinner R
o Small Multiple scattering ALPIDE ITS 3
o Possible to bend sensor

DESY.

threshold

Fig. 3. Layout of the pixel with the three different parts, the sensor electrode
(top), the digital (bottom left), and analog electronics (bottom right).
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Introduction - Test Beam 2 IS AN

e \What is test beam campaign? . Energy has to be in the GeV range
o To verify the performance of sensors or devices using high
energetic particle beam
o Tracking using beam telescope
m Enable to distinguish particle and noise
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Introduction - Test Beam

Telescope - Efficiency measurement

e Beam telescope
o  Consist of 3 or more reference layers, Device Under Test
(DUT) layer and time reference layers optionally
o  Tracks are reconstructed only using reference layers

e Track efficiency
o  Linear fit using hits in reference layers
o  Reconstructed tracks are compared to hits in DUT layer
m If matched : count as matched hit
m If not matched : count as noise
o  Definition of efficiency

e =N, tracks associated with a hit/ N, total tracks

o Noise
m Electric noise, scattering and inefficiency of
telescope etc.

DUT

% TEST
o BEAM.

I Tile

| ATLASPIX3

Matched Hits
DUT

i

Noise

I Reconstructed
Track

I " Tile

I ATLASPIX3

Reconstructed
Track
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Characterizing PR —— JBEAM

Spatial and Time Resolution *ms_ MuPix10
805—
e Devices performance test b
o  Amplifier, comparator, signal trimming etc. s
o It affects track efficiency, time resolution ok
e Time resolution is measured using Time reference layer ——
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o It contains a lot of parameters
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Facility

Overview and Beam Generation

e Testbeam facility parasitically uses beam for PETRAIII
o LINAC filles bunches to pre-accelerator DESY Il
o 1 MHz circulation frequency
e Target based beam generation at DESY I
o Fiber target in the ring generates Bremsstrahlung photons
o Gamma is converted to electron-positron pair
o Dipole magnet selects beam type & energy
e Single electron energy up to 6 GeV selectable
o Beam rate depends on beam energy
o Limits rate to a few 10 kHz
o . O [ o e
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Motivation of High Rate Beam SEEAM S

line

More Powerful Beam & Irradiation |

e Alot of tracks for precise measurement
o In-pixel spatial resolution & pixel timing, material budget etc.
e To verify readout performances of sensors with high rate beam

o Alot of experiments plant to use high rate beam
o E.g. beam monitor, beam counter

e o irradiate sensors

o LumiCal for ILC experiment LumiCal
m Precise measurement of the ILC’s luminosity via Bhabha HeaL
scattering
m High energetic incident electrons penetrate into Si/\W sensors 10¥g
m High statistics at low angle => N~ 1/6° F Feutrons\_ protons
o HL-LHC upgrade = 102%' i
m e.g) ATLAS : Max. fluence of Layer 1 will be 1.4 x 10'® neq/cm2 ; 10;5 gé?
m 99% of all hits at a bunch spacing of 25 ns requires a time : 110(:? A 5
resolution about 5 ns during experiment 510_2 0 P 1
o General question = medtgms s
m Different damages from the different type of particles 104 1
0

103 i PRI RPOR L TR U - LAMRNC. LI . L SO . DO (URO. SO I SO PR -
101910 10 107 10 10 10* 10 102 10" 10° 10" 102 103 10*
particle energy [MeV]
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Irradiation Study

e Bulk damage

o Non lonizing Energy Loss (NIEL) or Total lonizing Dose (TID)
o Hadrons, higher energetic Leptons and gammas
o Displacement in a pair of a Si interstitial

o Avacancy in Si-lattice

e Bulk damage impact on detector

o Determined by Shockley-Read-Hall statistics

Incident
neutron

e

Elastic scattering or
nuclear reaction
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TEST®
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Sec
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Irradiation Study

Effects

[ ]
[
©)
O
[
[ ]
DESY.

Increase leakage current
Conversion of effective Doping concentration

Depends on radiation particle
Depends on doping type and material

104

..,
<

D(E) / (95 MeV mb)

103L
102}
10' L

10";;

(=]
[

104}

[ neutrons

[V pions
0.4}

protons

10° 10!

PETTY TR R T
102 103 104

neutrons

Drift velocity in charge collecting diode is changed
What happens in case of electron beam?

electrons

particle energy [MeV]

103 i P RN LT NURA CATRTN. LNIE S . (SO IR RO : R SRON JONn: S JOVaee POl
101910 10 107 10° 105 10* 103 102 10" 10° 10' 102 10° 10*

10! : -
o ntype FZ-7t0 25 K(em
S 8 ntype FZ-7KCQem
107t & ntype FZ-4KQem
o ntype FZ- 3 Kem

103}

AN/V [Alen?]
2

10}

m p-type EPI - 2 and 4 KCem

v n-type FZ - 780 Cm

o ntypeFZ-410Qxm 7

~ ntype FZ-130 xm

4 ntype FZ-110em |

% TEST s&
= BEAM.

S0 min6oPc * nipe(Z-100n
+ p-type EPI - 380 (m
107 . . .
1011 1012 1013 5 1014 1015
D, [em”]
7 T T T T T T 2
z = —— V=0V
p standard FZ P 2T non-irradiated h?a:350°0\(/
o neutrons i 1400 £ F V.. =150 V
- Q bias’
o pions k- 5 > =200 V
@ 5h oxygen rich FZ E 18 -
" & protons i vh Y8 3 r =300 V
5 o neutrons 300 § - as=390 ¥
o ar o = pions < r bias’
= 7 4 protons _ 1 2°=450 V
= 3 p L 1200 > s =500 V
3T y P - r
Z 2+ A{o}; ’li;‘v’ 2 ; -
K ¥ e 100 05—
1 LA C
= L
% C
0 0. 1 1.5 2 2.5 3 35 0 | o L 3
14,2 0 50 100 150 200 250 300 350
Deq [107em™] y (depth) [um]
10 - T - T T T T g 2T TV =0V | o 4
—_— A Carbon-enriched (PS03) s [ v. %100 v Deg=1x10"" cm?
o W Standard (PS1) Carbonated 1600 F L V22200 v
'E ¢~ O-diffusion 24 hours (PS2) * | bias 0
8| < O-iffusion 48 hours (PS4) 15— Viias=300 V
Lo & O-diffusion 72 hours (PS6) {500 = L Vyias=400 V
= 22 3 L V=600 V
6+ Standard 1400 8 i Vpiae=700 V
= -
3 1300 ' !
Z 4} e : .
g 05— !
4 Oxygenated 17 = N i‘ ;
2 - ,-:”;2% " .IJJ"H“"‘_
!Z& e 1100 L g cadlk "
A ! 1 O ol i v O S v o
0 ui . ; 0 50 100 150 200 250 300
0 il 2 5 y (depth) [um]

14 -2
(D24 GeV/c proton [10 cm ]

19



Irradiation Study A

'g . ® OXY - May
v 6 T 4 STD-May =
e There were few prior irradiation studies of Si-based sensor with rel. = s — ® OXY - Oct
low energetic electron beam B R L
o  There is no significant difference between oxygen riched and standard Si sensors 3 B f
o  Cluster defects are increased by higher energetic electrons s E® -
e Airradiation campaign at SLAC for development of BeamCal 1 E"' 900 MeV
o  Sidiode and SiC sensors are tested » ® electrons
m  %Sr source are used to measure the amplitude of deposited charges Ry '1'0' - '2'0' = '310' - 4'0 .

0o Irradiation damages were observed & (10° em?)
m  Amplitude of signal decreased after irradiation
m Leakage current increases

o  But, there are any details o

[S. Dittongo et al, NIM A 546(2005) 300]
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Irradiation Facilities

DESY

Neutron Irradiation facility in Ljubljana

O

O

O

O

O

O

Photon source or low energetic electron only for IEL
Photon with energy smaller than 300 keV
Electron with energy smaller than 255 keV

O

O

Neutrons are generated by a reactor
~10™ neq/cm2 in 1 h 30 min.

Only Non-lonizing Energy Loss (NIEL)

Proton irradiation facilities using synchrotron
24 GeV Proton beam at IRRAD, CERN

m ~5x10" p/spill (~400 ms)
23 MeV Proton beam at KIT

m ~5x10" neq/cm2 in 1h 30 min.

NIEL and lonizing Energy Loss (IEL)

Neutron spectrum in Ljubljana
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= - \ —25cm
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£ 1E64

- ] Ty

Beam profile at IRRAD
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Neutron Energy [MeV]

intensity
=

20 2 24 26 28 . 30 32 34 36
position [cm]

Beam profile at KIT
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Irradiation Facility PRIMARN s
PRIMary-beam test Area : PRIMA Quadrupole

Magnets

e New facility, PRIMary-beam test Area(PRIMA), for irradiation using

electron beam
o Beamisfilled into PETRA
e If not, beam is dumped in DESY Il
m Dumped beam could be upcycled

e Important instrument in PRIMA facility - o

Dipole magnet extracts beam from DESY Il into PRIMA M B
Quadrupole Magnets(QMs) to focus or defocus on beam
Toroid measures the number of beam through the beam pipe ‘
Beam dump and Labyrinth

Radiation monitors : at beam dump and next to beam pipe
Heater to remove humidity

o o o O O O

Screen
Monitor




Required Study PRIMARN 550
For User
e Radiation background

o For safety

m  Number of Neutron and Photon after extraction

o Estimation of number of beam at the dump as beam counter

o To reduce radiation damage to devices except the sensor
e Beam stability Radiation

o  Fluctuation of mains Frequency changes beam parameters Beam background

o Beam size, position and divergence counter

o Quadrupole magnets have to be optimized |

e Beam counter
o Using Toroid

Stable Irradiation /t .
beam calculation abie

DESY. 23



Beam Operation in PRIMA

e Beam
o Number of electrons in bunch depends on the injection

m Upto 3x10™ e/ bunch

m Possible < 1x10° e/ bunch

m Bunch length smaller than 100 ps

m Repeated frequency of 6.25 Hz
e It can be upgrade to 12.5 Hz

m Beam energy oscillates like sin(x) between 450 MeV to 6.3 GeV

(1) = = i ol ) +

o Beam size is expected smaller than 1 cm x 1 cm in DESY Il ring

DESY.
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2 - 6.3 GeV
£ [ |
(1] | |
3 | :
| |
| |
| |
450 MeV “Z_injectien - = _Injection_
| | Time
80 ms 160 ms

Current beam with energy of 500 MeV
measured with beam camera
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Measurement

e Radiation background
o  Neutron and photon are generated
m Resonance of photonuclear reaction
o  Mostly from beam dump
o  Large size of beam and unstable beam generate
background too
o  Not only safety, but also to shield devices to
neutrons
o  Beam stability can be estimated
m Dose is proportional to # electrons

e PANDORA
o  Scintillator
m  Gamma > 50 keV
m  High energetic neutron > 20 MeV
o  Moderated He tube
m Low energetic neutron < 20 MeV

DESY.

I 7 TEST ~aN
RWEGG E E @E & Y BEAM. BN
PANDORA Measurement
Scintillator
< ./ ooh.] Neutron —
Y
@)
S e
>
wn
& -
AT Y S—
()
ERNTE 5004 ------------ X ........
3 .
He Tube b
344 1414 14:44

Time [hh:mm]

Continuous Burst
Total response, no pileup Delayed response only

Time structure
Type of radiation

Scintillator: Scintillator:

EliEhienergy noutsons> 20: M=V H(n,n)H — recoil protons 2Cnp)”B—""C+p+v

Moderated “He — tube: Moderated “He — tube:

Low energy neutrons < 20 MeV 3He(n,p)3T He (n,p)sT delayed by TOF

Table 1 — Overview of the LB 6419 responses due to neutron radiation.

Nuclear Science Symposium Conference Record, 2007.
Volume: 3, Pages: 1982 - 1983 25



Simulation and Model

I % TEST &
A RWEG @& & & c\ & BEAM. &

e FLUKA is MC framework for the interaction and transport of particles in materials
o Itis based on punching card system and Fortran
o  Eqg-Dose of generated Photon and Neutron can be calculated
o  Movement of Particles passing through magnets is observable

e Extraction Magnets, Beam line and facility are integrated into the FLUKA geometry
e Beam Extraction model
o At is proportional to error of mains frequency

o  Current of dipole magnet depending only on beam energy is constant
m Extracting angle depends on the beam energy due to Lorentz force

moma mi mi '

| B | 1 mi m 1 1 1
il OO00Og000000000000001000000000000000 00
S R e “» PHOTONUC Type: ¥ AllE:Onv
2 Fe P| E>0.7Gev: off v A resonance: off v QuasiD: off v Giant Dipole: off v
55555 55 Mat: BLCKHOLE ¥y  to Mat: @LASTMAT v Step: 1

PANDORAs

A Beam dump

Beam with energy E+AE

Dipole Magnet

U _59-____....——————-——-————

Beam pipe

Quadrupole magnets
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Radiation Background

Simulation and Measurement

o Detectability of Photon is saturated
o Too high rate

o For safety
o Beam-time : Not allow to enter into the area
o After beam time
m Electron and Neutron disappear immediately
m Activated material emits gamma
o User should take a dosimeter

DESY.

G!I--\

10¢ 4

._.
=)

)
/

-~ PANDORA
~&~ Simulation

Photon

Ambient dose [uSv/h]
—
L4
|~

. ’ —1 ——t

s

Beam off

: 20 30 %
Time [s]

Response delay of
radiation monitor

2z

1000 A

800 -

600 1

—&— PANDORA
~&~ Simulation

Neutron

400

Ambient dose [uSv/h]

200

20 P 30 35

Time [s]

% TEST
= BEAM.
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Radiation Background

Simulation and Measurement

o Detectability of Photon is saturated
o Too high rate
o For safety
o Beam-time : Not allow to enter into the area
o After beam time
m Electron and Neutron disappear immediately
m Activated material emits gamma
o User should take a dosimeter
e To reduce neutron damage in DUT
o Labyrinth is installed between beam pipe and dump
e Toreduce damage in devices
o Safety zone is found using simulation

DESY.

10°

% TEST
= BEAM.

Neutron

o] xleml
12E9 per bunch with 6GeV

Amblent Dose Equivalent Rate [uSv/h]
e

Beam loss of 10% at
the flange
500 MeV Beam

Without beam loss
6 GeV Beam

6.25 Hz, 2x10% /

6.25 Hz, 7x10% /

-50 bunch bunch
-200 200 400 600 800 1000 1200 1400
x [em]
Simulated Photon 7935+ 15 13930 + 105
Dose
[uSv/h] Neutron 1000 + 40 21315+ 735
Measured Photon ~160 ~900
Dose
[uSv/h] Neutron ~1000 ~22000
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Screen
Monitor

Beam Stability PRIMAR TEST ~q§ —

s

Flange bean

e Mains frequency synchronizes all magnet system at DESY ||
o lts fluctuation correlates beam stability e
o Uncertainty of extracting time ~ extracting angle 2
m |t causes change of beam position and beam size 20020 T SR S DA S
m Increases unexpected hit to materials at beam pipe : e A cDAe g o ] ad
m Radiation background is changed

20010
20000 8 v m—u— e
19990 d
19980 "';.f,:_- — —E— — e — N — N —

Mains frequency [us]

N Tue Aupcxl::o_l.% 00:00:00 %;;9[_02022 0200 . E 23:00 04:00
1 j\ s £
6 | 55
| Current beam with energy of c o
! L . = N N
| 500 MeV measured with = é Atext ~ AE ~ A
| beam camera o =
| 383
Beam
S ) 30
FEF+AE 3 B
B-Field Ezn
Fraw — Emin . Eraw + Emi g
B(t) = =" SI(2T fnteat + §) 4~ .
10
&g

_ E[GeV] AY  AE
P=tssm’ "5~ F

n

-f03 02 001 0ODO ODL OD2 OD3 oOD4
Mains Frequency - 50 Hz [Hz]

29

DESY.



Beam Stability PRIMARNg

10

—&— 1st cycle df = 0.05Hz

e Mains frequency synchronizes all magnet system at DESY || + Lstoyce dr = 014z

8 1 —#— 2st cycle df = 0.05Hz
—a— 2st cycle df = 0.1Hz

o lts fluctuation correlates beam stability

o Uncertainty of extracting time ~ extracting angle
m It causes change of beam position and beam size
m Increases unexpected hit to materials at beam pipe
m Radiation background is changed

0 — T T T T
e Quadrupole magnets would make beam stable / Y pemeen
o Beam position offset depends on extracting energy
m 6 GeVisstable §\
o Aexample : 500 MeV , W
m QM1 could correct the beam position oo v i SN T o o
m It can be checked by PANDORA and measurement

Sigma of beam position [cm]

QM1=0.060 — QM2=0.010
190 QM2=0.020
—— QM2=0.030
— QM2=0.040
— QM2=0.050
—— QM2=0.060

QM2=0.070
—— QM2=0.080

QM2=0.090

02

00 X

Y-Position [cm]

-0.2

100 . T n

w [—Beam Detectin / £

0 = N points fo? = <

£ o N - n ? : QM2 =

52 |— N : = ) =

0 — e — g

20 |— 10 cm - = — 1 ';’

m r N

a5 | — 0 <22 easured po m] §

0 500 0 500 1000 1500
z[em]
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Beam Stability PRIMARNG i

Beam Position and Size

# Particle [10°]

: : ——  #Particle at DESY II
e 6 GeV S — #Particle via Toroid

....................................................................................................................................................................................................................

1. ........

o
= N S =3 = i == o3 P e = -

14936:02 14:36:32 14:37:02 14:37:32 14:38:02

DESY. 31



% TEST
= BEAM.

Summary

FuTure Experiment

e Sisensor R&D as tracker for Future experiments
o For Timing, spatial resolution : 4D Tracker
o Low material budget
o Electronics and Readout
e Test beam is an important campaign for sensor R&D
o DESY is one of big facilities
o New test beam facility will be open for users
m High rate beam
m Irradiation
New facility could provide other particles to users

3D+Timing layer 3D+4D tracking 4D tracking

Figure 2: Possible implementations of a tracker system with timing capability.
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Back up
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High Voltage Monolithic Active Pixel Sensor LEEAM.

Introduction |
Hybnd sensor chip

flip-chip )
bonding with ;.-
solder bumps |_

Incident particle

)

3 . single pixel

> read:oltiehlp read-out cell

o

9

2 . .

5 Monolithic

D .
50, ?
Zl
“Jdeep N-well n~ .

GND - P-substrate (depleted) 7

P-substrate

DESY.
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Noise

Capacitance

< N, >= % where, g is gain

2 4k Cq
ENC? ~ 3 L=

1 C
TCSA ™~ 55,

DESY.

Deep well

% TEST
o BEAM.
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High Voltage Monolithic Active Pixel Sensor A
One of Examples : MuPix 10

e MuPix10 is a full size HV-MAPS prototype
Detection and signal processing with just 50um silicon
180nm HV-CMOS process

2cm x 2cm with 256 x 250 pixels

Pixel size of 80 x 80um?

ToA + ToT have 11 + 5 bits

LVDS links of 3+1

Resistivity of 200Qcm

e |Itis developed for Mu3e experiment at PSI
o Low material budget

© O O O O O O

g . . oltage
per pixel per pixel per submatrix voltage A
Pixel Periphery | .. State Machine
2 —» threshold
sensor CSA I‘— 2 _:E b V(s:.o voltage \
}__i>_.{e— comparator 1&2 £ 1| state PLL
| > machine ‘ >
L] readout

. timewalk time

= AL T » link A voltage A
—— _| 8b/10b | fserializer :m: g

test-pulsg encoder =1 25

injection une

threshold  DACs MUX | — 5 link D threshold 2 Vol Y
threshold 1 A gy

amplification l ,/‘/ fa"]

i i ; per pixel digital output
adjustment time

DESY. 37




Mu3e Experiment

Introduction

e Search for y decay into eee
o Standard model : BR < 10
e Current limit
o BR < 10'?from SINDRUM, 1988

e Aimed measurements
o Phasel<2x107"
o Phasell <1076

e Requirement and Challenges
o High rates
o Good timing ~100ps
o Good vertex resolution 100um
o Good momentum resolution ~0.5 MeV
=> Low material budget 10~ X

DESY.

Recurl pixel layers

Scintillator tiles

10° u/s =

Inner pixel layers

X 7
Y

u Beam Target “

—_—

i

Scintillating fibres

wH e

(a) Neutrino mixing.

/ Outer pixel layers

3
Bo-Xeo e

‘e

\

Pt n S e’
X

(b) Supersymmetric particles in a loop
diagram.

(c) At tree level via a Z'.
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Estimation of Surface Damage

Measuring Flatband voltage

o Vg can be measured using C-V measurement

Measuring leakage current

However, it is not simple to measure surface damage in case of <,

charged particles

o  Bulk damage changes V_; and leakage current too
E.g. Monolithic sensors are difficult to be studied too
o Alot of surfaces made by N-/P-wall to shield devices

C-V meter MOS capacitor

Vﬂv V(

Accumulation Depletion

Inversion

20 keV electrons

:
(2.) ]
41
10}
| no bias
i 0B
'S g
> { @
® 6} {062
e 5
2 : B 932G30 {04 Z
® 932G01 <
A 932X03
2 & 932005 102
+ 911R22,"Co |
o 1020 30 40 56 60 70
Dose [kGy]
2
(a.) HBH {1500
. 4
sk
fg [
3 | 5
v
S l - E
< 9,
o 932G30 ﬁ
f ® 93260 1500
o A 932K03 *
® B2U05 '
+ 911R28,%Co |
6 10 20 30 4 0 & 70
Dose [kGy]
[R. Wunstorf et al. / Nucl. Instr. and Meth. in Phys. Res. A 377 (1996) 290-297] 39



Single Upset Event

Measuring Flatband voltage
o Vg can be measured using C-V measurement
Measuring leakage current
However, it is not simple to measure surface damage in case of
charged particles
o  Bulk damage changes V_; and leakage current too
E.g. Monolithic sensors are difficult to be studied too
o Alot of surfaces made by N-/P-wall to shield devices

40



Motivation

e Beam monitoring system at Heidelberg lon-beam
Therapy Center (HIT)
o  Current beam monitor made of gas and multi wire.
proportional chambers (MWPCs)
m It cannot provide information on 2D beam
shape
m The resolution is limited by the wire distance
typically in the order of 0.5 - 1.0 mm
m The Strong magnetic field of an MRI might S Ign
influence the movement of the ionized gas

dose

Ive

relat

o Plan to implemented MRI-guided ion-beam

delivery
o Precise measurement of Position, spot size and

dose delivery

depth
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HitPix

Requirement

Design decision

Spatial resolution of 200 um and
FWHM resolution of 400 pm

Pixel size is 200 um x 200 pm
prototype with 24 x 24 pixel matrix

Deviation of beam parameters have
to be detected within 100 ps af-
ter integration time has been com-
pleted

Adaptable frame rate, typical val-
ues are in the order of 100 kHz for

projection readout
on-chip

Detector lifetime can not be less
than 6 months and should be more
than 1 year ~ 1.3x 10" ﬂeq/Cm2

HV-CMOS technology and radia-

tion tolerant circuit design are used
a 180 nm HV-CMOS technology

Total detector block material bud-
get is 2 mm water equivalent (sev-
eral sensor layers and mechanical
structure)

Thinned sensors are available
(100 um per layer)l, interconnec-
tion via flex PCB, carbon plate for
rigidity possible down to 50 ym

Up td 2'Y |particles per second

In-pixel counters store the number

~ wrong (20 GHz on 0.5cm?)| of events until frame readout.

Sensitive area has to be at least
25 cm x 25 cm, because of spot
size and scanning range.

It can be realised by building a
sensor matrix from several sen-
sors (max. 2cm X 2cm each),
stabilised by a carbon plate and
connected via flex PCB.

R e P N VSR Wy W —

3665663&3“3”3“”” "”“"‘ Y‘r? 4';

'

!

!
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Pixel

e Adepletion region of 30-50 ym depth
e Radiation tolerance
o Fast charge collection and separation improve
tolerance to radiation- induced bulk damage
o For the tolerance to surface damage
m [he radiation-tolerant PMQOS circuits
m Alllinear NMOS transistors are replaced
by enclosed transistors
e Consist of two flavors of HitPix
o HitPixS
m Three separated wells in every pixel
m [o assure that the signal charge flows into
the CSA
m Reduce leakage currents
o HitPixISO
m The deep n-well used as sensor electrode
m The isolation to avoid shorting and to
prevent capacitive crosstalk of digital
signal
e Siibstrate re<icstivitvy * 300 Ocm

analogue electronics digital electronics

vdd vdd vdd

substrate contact (-120V)

.....

deep n-well (sensor) second deep n-well second deep n-well

HitPixS

sensor diode

p-type substrate (depleted)

/

analogue electronics digital electronics

p-type substrate

Fig. 4. Cross section of the pixel with separated wells.

deep n-well (sensor)

HitPixISO

p-type substrate (depleted) J

p-type substrate

Fig. 5. Cross section of the pixel with large deep n-well and isolated shallow

n-wells.
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Analog Pixel Electronics

Charge Sensitive Amplifier (CSA)

o Afolded cascode amplifier with PMOS o
o The charge-to-voltage conversion gain is omic ;
o C_ . capacitance of the sensor diode from
simulation
m HitPixS: 52 fF
m HitPixISO : 946 fF
o Asmall loop gain reduction arises due to the
voltage division at C_and the gate-source T
Comparator
o A standard differential amplifier
o The threshold (TH) setting is global
o TH tuning is unnecessary due to the large signal

m But, plan to implement in the next version
m The different aging speeds of pixels due to
inhomogeneous irradiation

Power consumption

O
O

CSA: 4.7 pA
Comparator : 10 yA

Feedback loop

%[j[m
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Digital Pixel Electronics

The block scheme of the digital part in each pixel
8-Dbit ripple counter is implemented
Full readout

©)

©)

Before reading out the counter states, the bits are
stored into D-latches by activation of Id

The counters of all pixels in row i are read out by
setting the 5-bit signal rowaddr to i

The output of the latches gs is connected to the 8-bit
bus

The row address and counter states are stored in the
same register

Faster readout

©)

An asynchronous 13-bit adder is implemented in
every pixel

The sum of counter states is obtained from the
adders in one column

In just one readout cycle, the column projection can
be read out

qb

ck

qJs

cell

out

cn

dcomp

rowaddr

counter

frame
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Feedback Circuit

0.6

0.5

e To avoid analog pile-up, the feedback circuit should
discharged the capacitances fast enough

And it should generate as little noise as possible so that

smaller signals can be detected

The discharge current increases with longer pulse duration
o The dead time does not increase linearly with signal

. Fig. 14. Simulation of the HitPixS amplifier to an input signal of 27800 e~
amplitude

(dashed line) and 3 x 27800 e~ (solid line).
e Simulation result for HitPixS in case of 60 MeV protons

-
0.4+

output signal (in V)

0.3 4

0.2 A

0.1 1

" 1 i 1 " i
0 250 500 750 1000

time (in ns)

0.6

o About 1 MHz counting is possible (dashed line in f, o.s-r\\— 3 x 27800 e
Fig.14) 2o
o For stronger feedback current faster rest times can ® o] ':l
be achieved o2l
e Simulated equivalent noise charge (ENC) with 0.5 nA ".
feedback without leakage current ot T T
o 136 e for HitPixS T e

Fig. 15. Simulated signal length for a feedback current of 0.5 nA (solid line)

O 433 e- fOr HltPlXISO and 2.5 nA (dashed line).

46
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2 1000 €
(o) =
Testbeam Measurement : :
O
e Two hitmaps
o % of the beam particles have to pass the sensor
o For low intensities, the counting rate matches the
expectation
o For high intensities, dependence becomes 0 s G e 20
. Column
sublinear
. . Fig. 24. Int d counts of the pixels displayi he spot of the carbo
[ Due tO p||e'up Of S|gna|S at CSA Output be%nm 2 x II:)ggZZ:ionc iggs/soat 2:1 glri(:rgsy ;fp4g_;r.lf411\fele\£’)/?1. c;\/lea:u:;; orr:
HitPixS.
m It could be enhanced, e.q. increasing the 3 =
o o
feedback current I, 20 ©
2 60000F
S 500005— 15
400002—- 10
30000
200005—
100005—
o g i s oo op oy g B gy Faepgy | 0 5 10 15 20
0 5 10 15 20 oo mz: Galiiifii
Fig. 25. In the adder readout mode, the sum of all counter states per column Fig. 26.  Integrated counts of the pixels displaying the spot of the cajh
is read out. The result is a projection. The graph shows the profile of a carbon beam 2 x 10% carbon ions/s at an energy of 430.10 MeV/u. Measured on

beam with 2 x 10° jons/s at an energy of 423.44 MeV/u, measured by HitPixS. HitPixISO.



Simulated Beam Line

2 ySv/h 0.2 uSv/h

Toroid
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Lead

Beam

connects beam pipes

Flange

N\

Lead

Beam dump

Radiation \




Beam Size for Af = 0.05 Hz after Kicker Magnet

Front of the first quadrupole
magnet

—&— 1st cycle df = 0.05Hz
@~ 1stcycledf = 0.1Hz
T 81 —#— 2st cycle df = 0.05Hz
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a 41
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Current beam with energy
of 500 MeV measured with

beam camera
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Beam Stability for 500 MeV

WVTIVITWw Vi wpTiaun

14 -
Current beam with energy of 500 MeV '
. 12.
measured with beam camera : : -
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t 6. ....................................................................
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Beam Rate Measurement for 6 GeV
Without Quadrupole Magnets

# Particle [10°]

i é
|
. i _______________________ The gap is caused | o
" SO EERSRRSS——.. S — bythe dipole L. — #Particle at DESY I
0] NI —— magnet ) —— # Particle via Toroid
14936:02 l 14:356:32 14:357:02 14:337:32 14:358:02
|deal beam

Real beam < 1 mrad

. Centre

QMs can realign the beam



Beam Stability

e 6 GeV beam
o Independent of
o Magnet field scanning for dipole
magnet to minimize position
offset
o  QMs can realign the beam

Missing Electron [%]

Default current

&

30 -4
-1313 -1312 -1311 -1310 -1309 -1308 -1307 -1306 —1305
Current of Dipole Magnet [A]

for 6 GeV

# Particle [10

10
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o

-10

...........................................................

..............
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DM_offset =-0.1 %
QM1 ~-120 A
QM2 ~ 300 A

Beam position =[ 0.1 cm, 0 cm]
Beam size =[ 1.4 cm, 3 cm]




