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Workshop on the Long Term Strategy of INFN-CSN1. 
The next 10 years of accelerator based experiments
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We need eyes to see
Wishful thinking
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Frontier Detectors for Frontier Physics
Types of particles to detect  

Known knowns:  e, µ, γ, π, K, p, n, ... 

Known unknowns: DM, WIMPS, ... 

Unknown unknowns: ????????? 
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Dark Matter GridPix Test in an Ar TPC R&D

Dark matter
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hypothetical candidate: weakly interacting massive particle (WIMP)

Rolf Schön (Nikhef) GridPix for dark matter search 2

Technology and industry  

Applications and society

New detector technologies can 
open open new discovery horizons

New$Idea$$⇒$$Research&Development$
⇒$Engineering&Deployment
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Long R&D process
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Very diverse R&D is required
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The Energy Frontier
•At LHC High Lumi, reduce granularity to less than 50um 
•Develop Vertex detectors that withstand 1016 n/cm2 
•Develop trigger that can  keep up with luminosity of 1035 
•At Lepton collider, obtain 4um point  precision tracking	  
•Hadronic jet  energy resolution of  30%/sqrt(E)
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Very diverse R&D is required
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The Energy Frontier
•At LHC High Lumi, reduce granularity to less than 50um 
•Develop Vertex detectors that withstand 1016 n/cm2 
•Develop trigger that can  keep up with luminosity of 1035 
•At Lepton collider, obtain 4um point  precision tracking	  
•Hadronic jet  energy resolution of  30%/sqrt(E)

The Intensity Frontier
•Find a low-cost photodetector for 300kton water (105 PMTs) 
•Develop an robust and operable 20kton Argon TPC detector 
•Develop ps level TOF techniques for rare decay tagging
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Very diverse R&D is required

5

The Energy Frontier
•At LHC High Lumi, reduce granularity to less than 50um 
•Develop Vertex detectors that withstand 1016 n/cm2 
•Develop trigger that can  keep up with luminosity of 1035 
•At Lepton collider, obtain 4um point  precision tracking	  
•Hadronic jet  energy resolution of  30%/sqrt(E)

The Intensity Frontier
•Find a low-cost photodetector for 300kton water (105 PMTs) 
•Develop an robust and operable 20kton Argon TPC detector 
•Develop ps level TOF techniques for rare decay tagging

The Cosmic Frontier
•Reduce background in DM detection to 1 nuclear recoil/ton/yr 
•Develop different detection techniques for DM 
•Expand the depth of observation in the galaxy to probe DE.
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LHC luminosity forecast 5 

LS1 (phase-0):  
To design conditions: 
consolidation of the 
superconducting circuits  

~2022: Beyond design  
New magnet technology for the IR 
New bigger quadrupoles ! smaller �*  
New RF Crab cavities (?) 

LS2 (phase-1):  
Main upgrades of the 
injector chain (Linac4) 
and Collimation system 
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50 fb-1 300 fb-1 3000 fb-1 

Phase-0 Phase-1 Phase-2 

20 fb-1 

Luminosity 
leveling 
(250/fb/y) 

8 TeV & 
50 ns 

13 TeV & 
transition 
to 25 ns 

14 TeV  

The Energy Frontier
LHC has driven in the past and is currently 
driving the R&D for detectors @ accelerators 

Phase-2 upgrades require significant R&D 
and the deployment of new detectors 

Pioneers of today will be workhorses of 
tomorrow !
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Example: Semiconductor Strip Detectors

7

Babar SVT, 1999

ALEPH VDET, 1989

CDF ISL, 2000CMS Tracker, 2007

Fermi LAT, 2005 19

MESD, 1980 DSSD, 1986
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Vertexing and Tracking

Difficult requirements 

Granularity 

Large number of pile-up events 

Heavy flavour ID with vertices 

2-track separation in jets 

Readout Speed, Radiation hardness 

Low Material
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Strips and Hybrid pixels 50-100s um

Speed, less material,  
25um and less

Today 50-100s umToday 50-100s um

3D Vertical integration 
Through silicon vias 
Micro bump bonding

Today
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Day After Tomorrow

Monolithic pixels, 25-50 um

PREAMPL 

SHAPER 
DISC LATCH 

CMOS 
MAPS

Tomorrow
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Silicon challenges:
Speed, material, granularity, rad-hardness, efficiency 

Competing requirements force to look in many directions 

Strong connection with electronics industry 

CCDs, CMOS sensors, 65nm, diamond, ... 
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DEPFET: internal amplification
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Vertical Integration: a new 
view on interconnections 

MIT-LL   
3D-IC process 
FDSOI oxide-
oxide bonding 

First wafer 

Face-Face 

Back-Face 

Via last 
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3D Detectors: improve speed and 
rad tolerance by lateral collection

Around 
30 µ m 
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Monolithic detectors: reduce material, 
pixel size, increase speed

1.3×10
15n

eq cm
-2 

Strip  
Doses 

Pixel  
Doses 

n-in-p 
detectors

radius

Silicon-on-Insulator

In-situ Storage Image Sensor: CCD + CMOS

Expensive  
developments
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More silicon challenges
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N. Wermes, 9th Trento WS, 2/2014 

Rate and radiation challenges at the innermost pixel layers 
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BX time Particle Rate Fluence Ion. Dose 
ns  kHz/mm2 neq/cm2 per  

lifetime* 
Mrad per  
lifetime* 

LHC (1034 cm-2s-1) 25 1000  2×1015 79 
HL-LHC (1035 cm-2s-1) 25 10000 2×1016 > 500 
LHC Heavy Ions (6×1027 cm-2 s-1) 20.000 10 >1013 0.7 
RHIC (8×1027 cm-2s-1) 110 3,8 few 1012 0.2 
SuperKEKB (1035 cm-2s-1) 2 400 ~3 x 1012 10 
ILC (1034 cm-2s-1) 350 250 1012 0.4 

assumed lifetimes:  
LHC, HL-LHC: 7 years 
ILC: 10 years 
others: 5 years 

Monolithic Pixels 

lower rates 
lower radiation 
smaller pixels  
less material  
better resolution 

Hybrid Pixels 

DEPFET: Belle II 
MAPS: STAR@RHIC 
             and future  
             ALICE ITS 
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HV/HR - CMOS

The best of two worlds: 
monolithic and high signal 
Possibility of capacitive 
coupling 
Dedicated technology

N. Wermes, 9th Trento WS, 2/2014 34 

pixel- 
sensor 

chip: amplifier, discriminator ... 
o(100) transistors 

chip: column architecture 
buffers, periphery ... 
o(50M transistors) ... 
 

HV-CVMOS ... approach to generate depletion depth  

d ⇠
p

⇢ · V

I. Peric et al.  
NIM A582 (2007) 876-885 
NIM A731 (2013) 131-136  

14 µm @ 100 V  

N. Wermes, 9th Trento WS, 2/2014 37 

FE-Chip (FE-Ix) 

HV2FEI4-V2 
w/ radhard design features  

Sr-90, 1400 e- 

Fe-55, 1660 e- 

I. Peric et al. 

#  AMS 180 nm HV process (p-bulk) ... 60-100 V 
#  deep n-well to put pMOS and nMOS (in extra p-well) 
#  some CMOS circuitry possible (ampl. + discr.) 
#  ~10-20 µm depletion depth ! 1-2 ke signal 
#  various pixel sizes (~20x20 – 50x125 µm2) 
#  several prototypes  
#  also strip like geometries possible 
#  replaces „sensor“ (amplified signal)  

in a „hybrid pixel“: any bonding (bump, glue, other...) 
#  big advantage: industrial CMOS process 
& electrical contacts through wire bonds  
#  indications of radiation hardness to ~1016 neq / cm2  

  

Nucl.Instrum.Meth. A582 (2007) 876-885 

CCPD – approach (capacitively coupled pixel detector) 

N. Wermes, 9th Trento WS, 2/2014 35 

pixel- 
sensor 

chip: amplifier, discriminator ... 
o(100) transistors 

chip: column architecture 
buffers, periphery ... 
o(50M transistors) ... 
 

Q-coll. node 

d ⇠
p

⇢ · V

T. Hemperek et al.,  
http://indico.cern.ch/getFile.py/ 
access?resId=1&materialId=slides&confId=273886 

HR-CVMOS ... approach to generate depletion depth  

30-80 µm  

HV-CMOS HR-CMOS

CCPD - Capacitively 
coupled pixel detector

Ac9ve&Edge&Planar&Pixel&

12/3/14&IFD2014&Trento& Marco&Meschini& 16&

Ac9ve&edge&technology&now&available&at&

processing&facili9es&(e.g.,&VTT,&SINTEF,&FBK).&&

&ATLAS&achievements:&

n!in!p!pixels!on!FZ!and!MCZ!material!!
100!µm!and!200!µm!thickness!
p9spray!isolation!method!transferred!!from!HLL!to!VTT!
Flip9chipping!performed!at!VTT!after!removal!of!
support!wafer!(from&A.&Macchiolo,&MPI,&9th&Trento&WS)!

Active edge planar pixels
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Smart detectors
Granularity is not enough for high rates 

LHC @ 1034 cm-2s-1:  200 events overlapping 

Build track segments or measure pt at sensor 
levels and use track in LVL1-2 Trigger 

Use 3D chip technology

11

Vienna,  February 15th  2013� A. Cattai  @  �

need to reduce the rate  
of non interesting events    

17 

  LHC  @ 1034 cm-2s-1    ! 200 events overlapping  

Pixels & trackers shall 
exploit  new concepts: 
! build track   
! use tracks at L1,2 trigger  
Strategy @ HL-LHC & LC 

pixels 
layer 
 
strip 
layer 

a 
a 

A. Cattai  @  �E. Ramberg 
N. Pozzobon 

Vienna,  February 15th  2013� A. Cattai  @  �18 E. Ramberg 

Analog   signals goes through a 
think interposer 

Top detector 

Content Addressable Memory 

Bottom detector 

thin layer of  active semiconductor  

Bottom detector 

signals from top and bottom detect. 
are processed in a  
3D vertically integrated chip 

Higher read out speed 
Integrated analog and digital layers 
Trigger decisions are done at the detector le vell 
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Content addressable 
memory in each layer

/031013# 32#!"$%&&'5#678'#9++:-;5#<&('#=>'&?#

!()12#($6)B+3-$    
Ultra-Fast Silicon Detector (INFN - gruppo V) 
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UFSD: pixelated silicon detector with  low internal gain (LGAD) 

UFSD gain: Add an extra deep p+ implant 

 " High local field generates multiplications 

 

-  50 µ thick Si. detector 

-  Large Signal: ~40k e/h (as in a 500 µ Si det.)  

-  Very short signal (~1 ns) 
Gain 

layer High 

field 
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  Prototype UFSD shows good gain (~ 10) 

1.2 ns 

simulation 

Pt cut

UltraFastSiDet: 10ps,50um
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Advanced materials and powering
Granularity, speed, local intelligence, bandwidth, 
complexity --> high power, many cables 

To keep radiation length under control need  

advanced materials and integration 

advanced powering schemes  

heat management integrated in detector 
design

12
Niklaus Berger – VCI, February 2013 – Slide 17
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CMS Pixel

Mu2E

HV-MAPS on 25 umKapton 
Detector thinner than a hair 
0.1% X0 / layer
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F.Bosi,  INFN Pisa, on behalf of the SVT SuperB group

 
Sezione di Pisa 
Sezione di Pisa

In HEP experiments the use of pixel detectors requires that high power density in the sensitive area should be carried away by efficient thermal systems, eventually integrated in the light mechanical 


In HEP experiments the use of pixel detectors requires that high power density in the sensitive area should be carried away by efficient thermal systems, eventually integrated in the light mechanical 

support structures. In many cases the dimensions and position of the sensors are such that miniaturization of mechanical support and cooling are strongly necessary, together with very low material 
budget. Micro-channel cooling technology is featured by high efficient thermal exchange and it can profit by miniaturization technique applied on composite material (CFRP) .

Advantages of the MICROCHANNELS technology: Advantages of the MICROCHANNELS technology:
• due to the high surface/volume ratio, heat exchange through liquid forced convection takes place 
efficiently;
• contiguity between the fluid and the circuit dissipating power reduces thermal resistances;
• micro-channel dimensions allows uniform distribution of the passive material on the sensor .

The micro-channel mechanical support is designed to match the specifications for the planned pixel upgrade of 
the most internal layer (L0) of the Silicon Vertex Tracker of the Super-B experiment :

- To evacuate the heat dissipated by the electronics (specific power up to 2 W/cm2) and operating temperature of 
the sensors below 50°C



• micro-channel dimensions allows uniform distribution of the passive material on the sensor .

In a thermal convective exchange the h film coefficient is: 
Nu = Nusselt number (1)             

 

D

kNu
h

⋅
=

the sensors below 50°C
- Material budget of the pixel support structure and cooling(w/o cables/sensors) below 0.30% X0.

The Super-B Silicon Vertex Tracker



Nu = Nusselt number 
k   = Conductive heat transfer coefficient of the liquid 
Dh = Hydraulic Diameter of the cooling channel  

From formulas (1) and  (2), for a Laminar flow fully developed, (Nu=constant), to maximize the 

(1)             
hD

h =

(2)     )T(T Sh  fw −=Q

Dh minimization  high pressure drop  (needed a compromise between pressure drops and 
film coefficient value).

thermal exchange Q    to maximize h    to minimize the hydraulic diameter : all these 
considerations brings to the micro-channel technology .

Bπ π decay mode, βγ=0.28, beam 

pipe X/X0=0.42%, hit resolution =10 µm
 




film coefficient value). pipe X/X0=0.42%, hit resolution =10 µm

    
      
    

      

 


 











MAPS

Hybrid Pixels
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Several module support   prototypes with different geometries have been realized in composite materials.
Experimental tests have been  performed at the TFD test-bench  (INFN-Pisa lab).
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Full module H=700 µm test results
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The micro-channel CFRP prototypes match the Super-B Layer 0 pixel detector requirements on material thickness (X0 ). An efficient heat evacuation has been achieved by micro-channel technology through liquid forced convection.

The experimental results show that the Net Module is able to cool sensors with a power density up to 1.5 W/cm2 with a  X0 value of 0.11 % and keep the sensor below 50 °C, as requested  from specs. Moreover, with bidirectional coolant 
flow, it is possible to reduce the ∆T along the sensor below 2°C .  Further optimization currently under development at the TFD Pisa laboratory: in progress the set-up for transition phase CO2 cooling on CFRP micro-channels .



Micro channel cooling in CF and Silicon
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Vienna,  February 15th  2013� A. Cattai  @  �

 
•  Advanced materials and integration  
  PLUME 
  Mu3e vertex ! the HV-MAPS are 
  supported by prisms of 25 �m thick  
  Kapton foil 

  
•  Advanced cooling embedded in the detector   
   micro-channels ! micro-cooling 
 

16 

microchannels etched in Si and smoothed by oxidation 

A. Cattai  @  �A. Mapelli 
N. Berger 
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Gas detectors
Workhorse: dependable, inexpensive, low mass 

Large area tracking, PID, calorimetry, muon 

Wires replaced by Micro Pattern Gas Detector, 
althoug drift chambers still going strong 

Time projection chambers - beautiful for low 
rate environments

13

•  Rate&Capability&
•  High&Gain&
•  Space&Resolu7on&
•  Time&Resolu7on&
•  Energy&Resolu7on&
•  Ageing&Proper7es&
•  Ion&Backflow&Reduc7on&
•  Photon&Feedback&Reduc7on&
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F.FortiNew Detector Tecnologies

Current'Trends'in'Micro/Pa2ern'Gas'Detectors'(Technologies)'

Electrons 

Ions 

60'%'

40'%'

Micromegas' GEM' THGEM' MHSP' Ingrid'
2"

2 

Semiconductor'Industry'technology:'
'
• "Photolithography"
• "Etching"
• "Coa2ng"
• "Doping"
• "Wafer"postprocessing"""

Gas Electron 
Multiplier

Microhole and 
strip plate GEM 

Thick GEM
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Many gaseous 
R&D efforts

15
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CMS production chamber 

Total charge vs HVeff with working point 
highlighted. In red: ATLAS FE. In blue: new BJT Si 
FE 

ATLAS lab + GIF tests 

ATLAS FE 
New design FE 

New design + new Si-Ge 
(0,1 pC) 

•  NEW DESIGN 

TESTED AT GIF ATLAS LIKE 

•  7 KHZ/CM^2 

• 

•  TESTED ON CMS PRODUCTION 

•  NEW VERSION 200 RMS E- NOISE 

•  BUILT AND TESTED 

•  TARGET
• 

•  FORM FACTOR 

•  GAS CHOICE 

•  MATERIAL CHOICE 

•  THE RO 

•  SPATIAL RESOLUTION 

• 
5/19/14 7 Giulio Aielli - IFD2014 - Trento 

• 

RO panel 

Drift panel 

• 
• 

• 

• 

• 

• 

5/19/14 25 Giulio Aielli - IFD2014 - Trento 

Resistive'WELL+GEM'detector'(G.'Bencivenni+LNF+INFN)'

The'R+WGEM''is'a'compact,''spark+protected'single'amplification+stage'MPGD.'

The'amplification'stage'of'the'detector,''realized''with'a'structure'similar'to'a'GEM'foil,'is'embedded'

through'a'resistive'layer'with'the'readout'board.'A'cathode'electrode,'defining'the'gas'conversion+

drift'gap,'complete'the'detector'mechanics.''

The'detector'thickness'is'only'2+3'mm:'diffusion'and'magnetic'effects'strongly'reduced.'

Rad+hard'&'low'material'budget.'

Kapton'50'µm'

HV''contact'

resistive'layer''
R'~'100'MΩ/square'

hole'pitch:'140'µm'&'dia.:'70E50'µm'

readout'electrodes'capacitively'coupled'through'resistive'layer'

!  Gain'~'104'

!  Rate'~''1'MHz/cm2''

''''''w/segmented'resistive'plane','100'MΩ/square''

!  Applications:''

!  large'area'fine'tracking'devices''

!  digital'hadron'calorimetry'

'

!  Cost'effective'and'suitable'for'mass'production'

• 

RO panel 

Drift panel 

• 
• 

• 

• 

• 

• 

5/19/14 25 Giulio Aielli - IFD2014 - Trento 

Micro 
Megas
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Vienna,  February 15th  2013�

 
 
SiD 
HCAL 

large interest to foster 
the industrial production 

 

GLACIER 

A. Cattai  @  �

TOTEM 

T2K  

Kloe  

COMPASS�

total area  
produced 

COMPASS 
RICHs 

CBM STAR HallA PANDA 

several experiments 
of small total area  

36 

area single 
chamber 
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F.FortiNew Detector Tecnologies

Particle Identification
Essential to identify decays 
when heavy flavour are present: 
everywhere 

Three legs: dE/dx, Time-of-
flight, Cerenkov radiation 

Admirable workmanship in 
radiators and light transport: in 
gas, solid, liquid, aerogel, cold, 
warm

17

Vienna,  February 15th  2013�

crucial to identify hadrons & decay  products  in B-physics  experiments 

A. Cattai  @  �

ALICE 
Belle2 
COMPASS 
LHCb 
PANDA 
SuperB 
….. 
 
 
 

the Community admirably masters the technology of 
radiators and optical transport  of photons, how 
complicated they are:  gaseous, solid,  liquid, aerogel, 
warm or cold (-400C)  
 
 
 

19 A. Cattai  @  �

Alice

Excellent PID capabilities by combining different 
techniques over a large momentum range  
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F.FortiNew Detector Tecnologies

Many clever techniques and geometries
1. Time of Propagation Counter (TOP) 

Measure both position and time of 
photons with MCP-PMT(40ps) 

2. Focusing Aerogel RICH  

Hybrid Avalanche Photo Diodes 

18

TOP (Time Of Propagation) counter 
� Ring imaging Cherenkov detector. 

� The Cherenkov photons travel in the quartz bar as they are 
totally reflected on the quartz/air boundaries. 

� Measure �(TOF+TOP) to identify K/�. 
 

�
�

nC
1cosTOP ��

�C 

������ 

e� 

e+ 

TOF (~1 m) 

2 cm 

TOP 

Mirror Compact 
Nonmassive 

Air (n=1) 

Quartz 
(n=1.47) 

@ 400 nm 

Air (n=1) 

��

K 
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phi$cross$sec*on$

C4F8O&gaseous&radiator&

CsI&Coated&THGEM
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Time Of internally Reflected  

Cherenkov light  

(TORCH) 

Quartz radiator 

TOF with 15ps resolution

H
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MCP�PMT
Photo-cathode MCP plates Anode

Photon

& Micro�Channel�Plate
1 Tiny�electron�multipliers

& Diameter�~10�m,�length�~400�m
1 High�gain

& ~106 for�two�stage�type

� Fast�time�response
Pulse�raise�time�<400ps,�TTS�<�50ps

1 can�operate�under�high�magnetic�field�(~1T)
Single photon

Channel

~400�m

�~10�m

Input electron

HV

MCP channel
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Photon detectors
Key element PID system (and others)

19

High gain > 5*10
5
 inside B-field  

Very high time resolution << 100 ps 

Fine granularity. Long lifetime 

High detection efficiency (very few γ !) 

High rate stability (several MHz/cm
2
)

Large Area Picosecond Photodetectors

Technologies....cost 

Large area: MPGD + CsI  

Small area: MaPMT, MCP-PMT ($$$) 

R&D: Large area MCP, (d)SiPM 

20 ps very hard to achieve (system)

“Cheap”  20x20 cm2 tiles 
Many applications 
Time resol 15ps  
Enormous potential
��
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F.FortiNew Detector Tecnologies

Calorimetry
Homegeneous Crystals: CsI, LYSO, ... 

Best possible resolution  

Application to PET, homeland security ... 

Sampling:  

Imaging: Particle Flow Algorithm  

Dream: Dual  readout 

Sampling with Crystals shashlik

20

LYSO is the expensive king of crystals: fast, high 
light yield, rad hard. 

Other fast (cheaper) materials: pure CsI, BaF2 

R&D on photsensors: Avalanche Photo Diodes, 
Photopentodes, Silicon PhotoMultipliers,

Crystal NaI(Tl) CsI(Tl) CsI PWO LYSO
(Ce) 

Density (g/cm3) 3.67 4.51 4.51 8.3 7.1 

Melting Point (°C) 651 621 621 1123 2050 

Radiation Legth (cm) 2.59 1.85 1.85 0.9 1.14 

Moliére Radius (cm) 4.8 3.57 3.57 2.0 2.2 

Hygroscopicity yes slight slight no no 

Luminescence (nm) 410 560 420/310 560/420 420 

Decay Time (ns) 230 1250 35/6 30/10 45 

Light Output (%) 100 165 3.6/1.1 0.3/0.08 80 

d(LO)/dT (%/°C) ~0 0.3 -0.6 -1.9 -0.3 

Radiation Damage Yes 10%/krad 2%/krad Small Small 

14/02/2013 6 A. Rossi - 13th Vienna Conference on Instrumentation 

�� LYSO Crystals 
meets all the 
requirements 

�� R&D campaign 
started in 2010 
with laboratory 
and beam tests 
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 [ADC counts]depE
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Beam spread extraction 

14/02/2013 A. Rossi - 13th Vienna Conference on Instrumentation 18 

�� Extract BS directly from data using multi particle events 
�� Assume difference in resolution between N e- with energy E and 

1 e- with energy NxE is due to different beam energy spread 
�� Obtain beam spread and matrix resolution from minimization 

E [MeV]
0 100 200 300 400 500 600 700 800 900 1000

/E
 [%

]
E
�

0

1

2

3

4

5

6

7

8
Beam 99 MeV
Beam 198 MeV
Beam 297 MeV
Beam 397 MeV
Beam 487 MeV
DATA Intrinsic Resolution
Measured Beam Spread

198 MeV 

1 e- 

2 e- 

3 e- 

Multi electron 
resolution fit 

SuperB

En
tr
ie
s(

Erec/Ebeam(

INNER(
MATRIX(

Data$MC'comparison:Esum/Ebeam'and'�E/E'

Erec/Ebeam(

Energy'Sum''in'the'inner'and'in'the'whole'crystals'matrix'at'100'MeV'
' '

INNER(
MATRIX(

WHOLE(
MATRIX(

WHOLE(
MATRIX(

WHOLE(
MATRIX(

May'20$26,'2012' Alessandra'Lucà'@'12th'Pisa'Meeting' 16'
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Imaging calorimeters
High granularity can be expensive 

Need industrialization and engineering of sensors

21
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Jet$energy$resolu-on�
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PFA  
simulation�

ILC goal�

ATLAS simulation�H1 measured�

ALEPH measured�

CDF measured�

DREAM  
measured�

The Technological Prototype

The Technological Prototype: Proof of Engineering
Feasibility

�
�
�
��⇥

Alveoli of 7.3mm and 9.4mm height

Realistic dimension: 3/5 of a barrel module.

Integrated front-end electronics.

Large mechanical structure.

Test of power-pulsed electronics: 5Hz and
1% duty cycle.

Study of various approaches to cooling.
Jérémy ROUËNÉ LAL SiW ECAL February 14, 2013 9 / 18

Silicon-W 
sandwich ?J.
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Dual Readout Dream -> RD52
Distinguish the scintillation 
and Cherenkov light in 
hadronic showers 

Compensate e/h ≠ 1 
event by event 

Tried in crystals and fibers

22

Shashlik(Cells(with(Pb/W(Absorbers(

August&30,&2012& Talk&given&in&CMS&Forward&Calorimetry&Task&Force&Meeting&at&CERN&by&RenCyuan&Zhu,&Caltech& 5&

It&is&interesting&to&see&what&is&
the&energy&resolution&and&

the&photon&angular&
resolution&with&longitudinal&

segmentation.&
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11Sampling with crystals 
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An#LYSO#Shashlic#ECAL

Issues:&Radiation&hardness&
of&the&photo2detector&and&

the&WLS&fiber

%1
E
%10

E
E ��

�

R.2Y.&Zhu,&CMS&Forward&Calorimetry&Meeting&at&CERN,&6/17/10

June&9,&2011 28Talk&given&in&TIPP&2011,&Chicago,&by&Ren2yuan&Zhu,&Caltech

Optimize 
performance 
 vs cost. 
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Electronics, Trigger and DAQ
• Detectors are deaf dumb and blind 

without good electronics, trigger, 
DAQ 

• Greater design complexity requires 
shared tools and knowledge 

• HEP is still incredibly small compared 
to  consumer electronics

23

• Trigger/DAQ Ingredients: 

Fast and large FPGAs 

Fast bus (μTCA ?) 

Fast links and switches (10Gb/s)
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Sensor Amplifier Analog Signal 
Processing

ADC/ SamplerDigital Signal 
Processing

Trigger 
processor

• Simultaneous design of all elements of the 
readout chain 

• Strong interaction and optimization 
• Enormous power for information extraction

• Following technology nodes 
expensive but necessary
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Electronics technology node

24

What we gain using CMOS 65nm  
!  Radiation Tolerance (dose,hadrons, 

SEU) 
!  Uses thin gate oxide 
!  Verified for up to 200Mrad, better 

than 130nm:  to be confirmed for 
1GRad 

!  Large amount of digital logic/
memory 
!  Vital for small pixel 
!  Logic density: 250nm:~1; 130nm:~4x; 

65nm:~16x 
!  Speed: 250nm~1, 130nm:~2x; 

65nm:~4x 

!  Low power (digital) 
!  250nm: 1, 130nm: (1/2-1/4) ; 65nm: 

(1/8-1/16) 

!  Many metal(Cu) layers: 
!  Power distribution, signal distribution, 

pixel readout busses, etc. 

!  Mature technology and stable 

 

!  Affordable  (still…) 
!  MPW from foundry and 

Europractice;  
!  Masks costs a lot:  ~1 M$ for an 

engineering RUN 
!  Production similar as 130nm  

L.Demaria: CHIPIX65 pixel FE for HL_LHC -  INFN Future Detector Workshop 2014 STI 
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Track triggers

25

Fast TracKer (FTK) for Level 2 trigger 
•  Provides tracking parameters at full L1 rate 

(100kHz) within O(100�s)  L2 latency 
–  Enhancing "the "capability "for "b /"� 

tagging "and "lepton  isolation 
–  Optimizing L2 selection  

•  tracks available earlier 

–  HW based 
•  Track finder with AM chip + high resolution track fit 
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2010:  Technical Proposal 
2012:  slice with prototype boards 
2013:  full prototype and TDR 
Phase-1: full installation 

Curvature and impact parameter FTK resolution compared to offline  

Pattern recognition 

• Associative memory based trigger 
proven in CDF, proposed in Atlas, CMS 

• LHC-b proposes a vision-based FPGA 
implemented track trigger 

• Enormous potential 

• Can change the way experiments are 
designed 

• Can make increased luminosity fully 
useful for physics

System&Architecture&

Cellular!
Engines!

switching 
network!

Fitter!

Tracking layers!

Separate trigger-DAQ path!

Custom switching network!
delivers hits to appropriate cells!

Data organized!
by cell coordinates!

Blocks of cellular!
processors!

Track finding and !
parameter determination!

To DAQ!
A.#Annovi#(#September#24th,#2013# 14th#ICATPP#Conference#12#
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(1/2/3)&Compressing&AM/FTK&size&

AMBoard 

(a)& AUX: 
DO+TF 
+HW 

FTK:&AM&+&Track&Fitting&(TF)&

Combine&AM&&&TF&
on&a&mezzanine&
~&1/8&smaller&

What about this size ? 
AMSIP FTK&

AM+TF&

15cm&

Both&miniaturization&steps:&
/ &Reduce&size&
/ &Increase&internal&bandwidth&
/ &ATCA&compatible&(ext&bandwidth)&
Possibility&of&interdisciplinary&applications&
with&a&Ethernet&or&PCIe&connector&

Goal: build a Lamb that can fit in a 
PC or can be accessed by a PC.  

Ethernet&or&PCIe&

A.#Annovi#(#September#24th,#2013# 14th#ICATPP#Conference#21#

�The$FTK$processor$is$an$hardware$system$based$

on$an$extreme$parallelization,$composed$by$512$

processing$units$

� It$performs$tracking$in$the$whole$detector.$

� It$is$capable$of$operating$after$each$Level$1$
accept,$up$to$100$KHz,$with$a$latency$less$than$

������$at$luminosity$up$to$� � �����������.$
$

The$Fast$Tracker$processor$is$designed$to$read$all$the$silicon$

layers$of$the$Inner$Detector$(ID)$

� 3$pixel$layers,$4$when$IBL$will$be$included$$

� 4$paired$SCT$layers$

� 64$independent$�O�$towers,$512$parallel$processing$units$

The$dual)output$HOLA$cards$provide$a$copy$of$the$
ROD$data$to$$2$channels$(DAQ$and$FTK).$
Separated$data)flow$control$for$each$channel$
Production$completed:$$
� All$270$cards$produced$and$tested$
� only$2$failures,$both$fixed$
� 32$already$installed$within$the$DAQ$system$at$

and$ready$to$test$a$small$scale$demonstrator$
(the$Vertical$Slice,$VS)$this$summer$

� � ������ � �����������$
� � ���	
$

The$discovery$potential$of$the$ATLAS$detector$

depends$on$the$ability$to$identify$rare$events$and$

reject$background$from$pileOup$of$multiple$pOp$

interactions.$

Tracking$information$is$proved$as$a$

powerful$tool$for$early$rejection$of$pileOup$

background$but$the$amount$of$information$can$

be$overwhelming.$

The$pattern$matching$can$be$parallelized$with$the$use$of$

special$CAMOlike$memories,$using$parallel$matchOlines$

that$compare$the$incoming$hits$with$a$list$of$physical$

preOcalculated$patterns,$using$a$coarser$resolution$

ij jiji qxCp ����

In$each$found$road$the$parameters$of$

the$track$candidates$can$be$calculated$

exploiting$$linearized$constraints$

between$the$hit$positions$and$helix$

parameters.$

Naturally$parallel$approach,$well$suited$

for$modern$FPGAs$

New$custom$cell$AM$chip$specifically$
designed$for$FTK$
� 80K/patterns$per$chip$
� 65$nm$technology$
� 8@layer$architecture$
� Alternate$AND$and$NOR$cells$to$

reduce$the$power$
� Variable$resolution$to$optimize$

efficiency$and$number$of$patterns$

The$AM$board$contains$
4$LAMB$cards,$32$chips$
each.$
Demanding:$
� 100$A$at$1.2$V$
� 4$48V�1.2V$DC)DC$
converters$
� About$2$kg$for$each$AM$
board$

The$data$coming$from$the$HOLA$cards$are$
clustered$by$the$FTK_IM$card.$

The$Data$Formatter$(DF)$has$$the$
responsibility$to$subdivide$the$data$and$
send$them$to$the$appropriate$�)�$tower.$
Advanced$design$stage$based$on$ATCA$

crate$with$full)mesh$backplane$

The$AUX$card$receives$and$stores$$the$
full$resolution$clusters$from$the$DF$
and$sends$for$each$cluster$a$coarser$
resolution$position,$the$super)strip,$
to$the$AM$for$the$pattern$matching.$
Only$8$out$of$11$silicon$tracking$layers$

are$used$at$this$stage.$
The$card$receives$back$the$matched$
roads,$restores$the$full$resolution,$
and$uses$the$$linear$calculation$to$

discard$roads$without$good$candidate$
tracks.$

The$2nd$stage$board$combines$
the$track$candidates$found$by$
the$AUX$card$with$the$
additional$3$SCT$layers$not$
used$in$the$pattern$matching.$
It$improves$the$track$quality$
and$rejects$a$large$number$of$
fake$tracks:$from$40%$$of$the$8$
layers$to$less$than$4%.$

The$FLIC$boards$are$in$a$dual)star$
ATCA$crate$to$allow$for$additional$
trigger$functionality.$Each$board$is$
responsible$for:$
� Collecting$the$output$from$all$the$
2nd$stage$boards,$both$track$
parameters$and$hits$

� ROS$communication$
� Monitoring$functions$
� Possibility$to$integrate$local$trigger$
algorithms$or$functions$
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Sliding window 

A$specific$clustering$algorithm$
implemented$in$FPGA$was$developed.$
First$prototype$ready$to$be$tested$in$the$
vertical$slice$this$summer.$

FPGA$clustering$algorithm$

�The$FTK$track$quality$allows$to$implementation$of$

complex$algorithms$such$as$BO$or$tauOtagging,$with$

quality$comparable$to$the$use$of$offline$tracks.$

� Integration$with$existing$algorithms$under$study.$

�Providing$a$complete$list$of$tracks$at$the$start$of$the$HLT$

processing$can$allow$use$of$algorithms$that$require$full$

event$tracking$at$high$rate.$

�The$FTK$frees$up$HLT$resources$allowing$more$

complicated$algorithms$ Frontier$Detectors$for$Frontier$Physics$
20O26$May$2012,$La$Biodola,$Isola$d�����,$Italy$
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Cosmic frontier: Dark Matter

26

Dark Matter: a known unknown
Indirect searches: detect γ, ν,  e,p generated 
in annihilation of unknown DM particles.
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Next%generation%gamma%ray%experiments%
� CTA:%a%km2%array%of%Atmospheric%

Cherenkov%telescopes!%Sensitivity%about%a%
factor%10%better%than%current%ACTs;%an%
energy%coverage%from%a%~10%GeV%E~10%TeV,%
field%of%view%of%up%to%10°;%angular%
resolution%could%be%as%low%as%0.02°%

� CALET%on%ISS%:%30%X0%few%%%of%energy%
resolution,%good%angular%resolution%and%
high%electron/proton%separation%
� Launch%planned%%2014%%%

� DAMPE%satellite:%31%X0%depth%calorimeter,%%
few%%%of%energy%resolution,%good%angular%
resolution%and%high%electron/proton%
separation%
� Launch%planned%%2015E2016%%%

� GammaE400:%satellite%with%better%angular%
and%energy%resolution%in%gamma%rays%+%
high%precision%charge%particles%detector%up%
to%several%TeV%for%eE%ad%PeV%for%protons!%
� launch%planned%%2018.%

Nicola'M')'Lepton'Photon'2013' 28'

DAMPE

CTA

Ground-based: large (km2) cosmic ray detectors.  

Need cost effective solutions 

Cerenkov, fluorescence 

Radio and microwave detection of showers

Measurement of air showers with radio detection

Aims of the radio detection

enhance the capabilities of the Observatory in determining the UHECR
mass composition

study the requirements for a very large aperture detection system in the
next generation of air shower arrays

Electromagnetic waves from air shower

several emission processes

di�erent � ranges

Advantages of the radio detection

high duty-cycle

cost-e�ective approach

Corinne Bérat - LPSC Grenoble 12th Pisa meeting 25 May 2012 5 /27

Satellite 

ca. 30 X0  

few % of energy resolution  

good angular resolution 

high electron/proton separation 

Tracker + calorimeter + VETO 

LOW POWER - LOW MASS - SPACEC
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Detectors for direct DM searches

27
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Axions convert into microwave 
photons in an RF cavity threaded 
by a strong magnetic field. Squids

WIMPS scatter off atomic nuclei: 
multiple signals.

e,!χ,n
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Saturday, June 29, 13

WIMP Detectors: 
Large mass.  Very Pure. Background veto 
Low energy nuclear recoils (< 100 keV).  
Low rate: 1 evt/ton/yr @ 10-47cm2 
Background measurable in situ

Dilution refrigerator
and quantum-limited 

amplifiers provide ADMX’s 
sensitivity for definitive 

QCD axions search

Axions
Halo axions convert into
microwave photons inside
a RF cavity threaded by a

strong magnetic field

ADMX can definitely detect 
the dark-matter QCD 

axion or reject the 
hypothesis at high 

confidence
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Saturday, June 29, 13

ADMX

WIMP detection Introduction

Techniques

Direct WIMP and axion search experiments 10/41
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Detector variations: many approaches
Crystals (CsI, NaI, Ge, Si):  kg 

R&D on purity, shielding, resolution  

DAMA/LIBRA, ANAIS plan on 250kg
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Saturday, June 29, 13

Large noble liquid-gas detectors - ton 

Single or dual Phase TPC 

LUX, Darkside, Xenon plan on 1000kg 

R&D on detector response The double phase TPC 
approach 

12th Pisa Meeting on Advanced 
Detectors 

Dual phase TPC conceptArgon Calibration

Drift Field [V/cm]
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The XENON Dark Matter Program 

XENON10 
Achieved (2007) σSI=8.8 x10-44 

cm2 

XENON100 
Achieved (2010) σSI=2.4 x10-44 cm2 
Projected (2011) σSI~2x10-45 cm2 

XENON1T 
Projected (2015) σSI ~10-47 cm2 

past 
(2005 - 2007) 

current  
(2008-2011) 

future 
(2011-2015) 

12th Pisa Meeting on Advanced 
Detectors 

Shield 
Veto 

Backgroud
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A selection of novel detector approaches
Thick CCDs (DAMIC)

29

DAMIC: Dark Matter Search using thick CCDs
Juan Estrada

Low noise in CCDs make a threshold of 40eV 
possible.

Saturday, June 29, 13
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High pressure Xenon gas TPC

Pisameet 2012  7 

Energy resolution in Xenon depends strongly on density 
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Electro-Luminescence (EL) is the key   
(aka: Gas Proportional Scintillation) 

•  Physics process generates ionization signal!
•  Electrons drift in low electric field region !
•  Electrons enter a high electric field region !
•  Electrons gain energy, excite xenon: 8.32 eV !
•  Xenon radiates VUV (*175 nm, 7.5 eV)!
•  Electron starts over, gaining energy again !
•  Linear growth of signal with voltage!
•  Photon generation up to >1000/e, but no ionization !
•  Sequential gain; no exponential growth + fluctuations are very small!
•  'NUV = (JCP • NUV )1/2 (Poisson: JCP = 1)!

•  Optimal EL conditions: JCP = 0.01 !

Dark Matter GridPix Test in an Ar TPC R&D

Alternative: direct charge readout
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• candidate technology within

DARWIN R&D
(Dark matter WIMP search with
noble liquids) arXiv:1012.4767

• less S1 signal vs. high
electron efficiency (better S2
resolution)

Rolf Schön (Nikhef) GridPix for dark matter search 4

Dark Matter GridPix Test in an Ar TPC R&D

The GridPix detector

• Micromegas-like mesh, 1µm Al
• insulating spacer, 50µm photoresist
• spark protection layer, 8µm silicon-rich SiN
• Timepix readout chip

Rolf Schön (Nikhef) GridPix for dark matter search 5

Better electron 
efficiency

GridPix gas readout for TPC

Electroluminescence:small fluctuations.  
Resolution 1% @662KeV  
Good for WIMP and 0vββ
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Detectors for reactor neutrinos (many)
Inverse beta decay in water solution:  
coincidence of prompt and delayed signal 

Liquid scintillator + PMTs 

Underground for low backtround 

Optionally Gd-doped scintillator 

Near-far measurement to reduce sys.

30

e nepν ++ → +
2e e γ+ −+ →

Delayed signal, Capture on H 
(2.2 MeV)  or Gd (8 MeV), ~30µs 

Prompt signal 

Detector Design�
    Water 
!  Shield radioactivity and 

cosmogenic neutron 
!  Cherekov detector for muon 

RPC or Plastic scintillator 
" muon veto 
 

Three-zone neutrino detector 
" Target: Gd-loaded LS 

!  8-20 t for neutrino 

"  γ-catcher: normal LS 
!  20-30 t for energy containment 

" Buffer shielding: oil   
!  40-90 t for shielding 

 ( ton )� DYB� DC� RENO�
Target� 20� 8.3� 16�
γ-catcher� 20� 18� 28�

Buffer� 37� 88� 65�
Total� 77� 114� 110�

Challenges: 

LS: purity, Gd Loading 

PMTs: large number, stability 

Giant detectors

Singles  
spectrum

Natural  
radioactivity

Detector concept
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Applications - blooming field

31

Many HEP Detector technologies applied elsewhere
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PIXIRAD - INFN Spin-off 

Chromatic photon counting X-Ray imaging 

Large CdTe sensor with CMOS ASIC 

R
. B

el
la

zz
in

i, 
VC

I2
01

3

60um pitch 
30 × 25 mm2

Many Improvements to PET 

AXial PET: better resolution/efficiecy

... to axial !

!"

!p "

• long crystals

• oriented along 
the axial direction

• several layers 
arrangement

always a compromise between 
good spatial resolution (small L, small "p) 

or good sensititvity (long L)  

min parallax error => short L
- deterioration of the spat. resol.
- non uniformity in the field of view

�p = L · sin⇥

� = 1� e�µ·L

max interaction efficiency,
long L

L
the axial geometry allows for a 
parallax free system, in which 
spatial resolution and sensitivity 
are completely decoupled : 

- improve spatial 
resolution <=> reduce d

- improve sensitivity <=> 
increase Nr layers

axial

Nr layers

d

Chiara Casella, 22/5/2012                                                                                                                        

Axial concept
axial concept           AX-PET detector           AX-PET performance           Tomographic images            dSiPM

from radial ...

3

AX-PET demonstrator
axial concept           AX-PET detector           AX-PET performance           Tomographic images            dSiPM

Goal of the collaboration: 
Build and fully characterize a “demonstrator” for a PET 
scanner based on the axial concept.  Assess its performances. 

Demonstrator : Two identical AX-PET 
modules, used in coincidence

• two modules built - at CERN

• module performance assessed (22-Na source)

• individually

• in coincidence 

• tomographic image reconstruction 
(with a dedicated gantry setup)

• all stages fully supported by simulations

Chiara Casella, 22/5/2012                                                                                                                        6

 - at CERN
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2.8 cm
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EndoTOFPET-US: The Principle 
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2012 Pisa Meeting on Instrumentation  
La Biodola, Italy – May 20-26, 2012 

Thomas C. Meyer, CERN, Geneva 
On behalf of the EndoTOFPET-US Collaboration 

The Endoscopic Probe 

2012 Pisa Meeting on Instrumentation  
La Biodola, Italy – May 20-26, 2012 

Thomas C. Meyer, CERN, Geneva 
On behalf of the EndoTOFPET-US Collaboration 

12 

Ultrasonic 
(US) probe 

PET head 

e.m. tracking sensor 

PET head FOV 

US FOV 

Object under study 

External plate 

Endoscopic PET 

30um resolution 
multiple sensors
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New challenges: detectors for high brilliance FELs
Instruments for other fields: bio, chem, material science 

Crazy range of photon energies from 0.1 eV to 10keV

32
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Figure 1.13: In0.75Ga0.25As/In0.75Al0.25As quantum well. The top cartoon is
a sketch of the layer sequence starting from the surface (left) down toward the
substrate(right). The bottom graph is the profile of the calculated conduction
band minimum along the growth direction (black curve), and the carrier density
profile (red line); the horizontal red line is the Fermi level.

distort the shape of the well as can be seen in figure 1.13; in this figure a self-
consistent Poisson-Schrödinger calculation of the conduction band profile
and the carrier density for one of the In0.75Ga0.25As samples characterized
in this thesis are shown.

1.5 Device fabrication

1.5.1 Optical lithography

This section describes the procedure employed for the fabrication of semi-
conductor heterostructure devices containing a 2DEG. These devices allow
to perform transport measurements on the 2DEG itself.

In the first fabrication step, properly designed structures are patterned
on the sample. The geometry of the devices used in this thesis, commonly
called Hall bar geometry, is shown in Fig. 1.14. This geometry is particu-
larly indicated to study the mobility and carrier density of 2DEGs taking
advantage of the classical Hall e�ect. Hall bars are typically defined through
common optical lithography and a wet chemical etching process. Fig. 1.15
shows the fundamental steps of device fabrication using optical lithography.
First, the sample to be processed (a) is covered with a positive resist3 layer

3By positive resist we mean a polymer that after illumination with UV radiation be-

R
. M

en
ke

, P
M

 2
01

2

c=7<1?-4=7!(!=?.1==_!
!

•  QW are promising devices for photon detection 
•  Intrinsically fast detectors 
•  Charge amplification capability 
•  Sensitive from IR to hard x-rays 
•  Position encoding possible 

•  Cooling concepts 
•  First tests of BPM capabilities  at FERMI in July or November 2012 
•  Different readout schemes will be tested 

•  Strips 
•  Pixels  
•  Interpolation  
•  Three phase CCD clocking schemes. 

  
  

eV Photons

Power 

Signals & Clocks 

x-y Gap 

128 x 256 Pixel Sensor 
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High dynamic range (10
4
) 

High speed  

High bandwidth 

Radiation hardness
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New Detectors Development

Long lead time: techonologies require 10-15 
years to mature 

Large costs: need for coordinated action   

Transition from R&D to production triggered 
by experiments

33
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F.FortiNew Detector Tecnologies

Detectors are our eyes

We as a field need to maintain and develop detector expertise. 
Today’s detector marvels are not automatically reproducible 
by the next generation. Three essential elements: 

1.Training, organizing and stimulating participation in 
instrumentation schools  

2.Experimenting, encouraging young experimentalists to do 
hands-on detector work especially in smaller, shorter scale 
experiments 

3.Rewarding, giving proper recognition of excellence in 
instrumentation development in careers at universities and 
research institutions. 

34
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