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. Frontier Detectors for Frontier Phgsics
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Tgl:)es of Particles to detect

* Known knowns: e, u, Y, @, K, p, n

» Known unknowns: DM, WIMPS, ...

» Unknown unknowns: 27727727272

New cletector technologies can

open open new cliscoverg horizons

New Idea = Research&Development
= Engineering&Deployment

(3 ” 10104

“ Appllcatxons and socnet9 : \‘\ "- 5

Technologg and ll"lGlUStfy
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Long R& D process
LHC ca. 1515 A.D.
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Long R& DD process
LHC ca. 1515 A.D.
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L HC ca. 1515 A.D.




\/CI‘9 diverse R&D is rcquirecl
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The Lnergg Frontier

e At LHC ngh [umi, reduce granularitg to less than 50um :

'De\/elop N emtex cletec’tors that wi’ths’tancl 106 n /cm?*

'De\/elop trigger that can |<eel:> up with luminosi’tg of 107 oy e

o At Lepton co”icler, obtain 4um Point Precision tracking
'Hadronicjet energy resolution of 30%/ sqrt(E)

New Detector Tecnologies 5 s
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The Lnergg Frontier

oAt HC ngh L umi, reduce granularit9 to less than 50um
'De\/elop WEmreX cletec’tors that wnthstancl 1016 N / Gl

°* At Lepton colli cler, obtain 4um Pomt Precxsxon traclang \
'Hadronicjet energy resolution of 30%/ sqrt(E)

The lntensitg Frontier

oFind a low-cost Photocletector for 300kton water (10° PMTs)
'De\/elop an robust and operable 20kton Argon TPC detector

'De\/elop ps level TOF technic]ues forrare decag tagging

A. Ramberg, FNAL Det R&D
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\/ery diverse R&D is rcqunrecl

== \ a‘ﬁ%‘*t‘?‘ N

The Energy Frontier
s At |LHC High L umi, reduce granularit9 to less than 50um ¥ -“'l
'Develop Vertex detectors that withstand 10 n /cm?
°De\/elop trigger that can |<ee|:> up with |uminosi’c9 of 107 \
o At Lepton co”icler, obtain 4um Point Precision tracldng -
'Ha&ronicjet energy resolution of 50%/5qrt(li)

The ! ntensity Frontier
oFind a low-cost Photodetector for 300kton water (10° PMTs)
'Develop an robust and oPerable 20kton Argon TPC detector
'De\/elop ps level TOF techniques for rare decag tagging

The Cosmic Frontier
eReduce backgrouncl in DM detection to 1 nuclear recoil/ton/ yr
'Develop different detection tecl*miques for DM
'Expand the clepth of observation in the galaxg to probe i) ie

ﬁ} i B <

PO e gp—_ - o RS ————
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F. Pastore, Pisa Meeting 2012

.
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The E‘nergy Frontier

| HC has driven in the Past and is currentlg o
clriving the R&D for detectors @ accelerators

oPhase-2 ngracles rec]uire signiﬁcant R&D

and the deplogment of new ¢
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etectors

®FPioneers OF tOd89 Wl” b@ WOI”(I?OT’SCS O‘F
tomorrow !
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A. Cattai: Krakow 2012

G. Casse, VCI 2015
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Vertexing and Tracking

Difficult rec]uirements
’Granularitg
*large number of Pi|e~up events
*Heavy flavour ID with vertices
*2-track seParation injets
sReadout SPeed, Radiation hardness

*]_ ow Material

 e—
1000 «

1 P HL-CHS
1 ° am HL-ATLAS

1004 BLAS

= 0 ; GLASTY

= ! ATLAS

g 10y it

© ] M~ )| R

- % 4.,05'. ‘”. ALICE

: 3 “3 MARKI m AMSy

" : '..l’ Barbar

o 1 8 S

S 014 NATY DELPHI

@ 1 e ALE P

@ _ L3

o D01 ; -~y ?.xhltlfl. OPAL
1 .
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1% ) 199 19% { 2l 202t
Year

Tomorrow Monolithic Pixels) 25-50 um M

Toclag
Strips and Hgbrid Pixels 50-100s um

SHAPER

7
PREAMPL 53

DISC LATCH

Dag After Tomorrow

e Vertical mtegratxon

Through silicon vias

Micro bump ]:)oncling

Speecl, less material,

25um and less

N —
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FM 2012
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PM 2012
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C. KofHmane

|

| ’SPCCCL material, granu

Silicon cha lenges:

QComPeting rec]uirements force to look in many directions

’Strong connection with electronics inclustrg

IQCCDS, CMOS sensors, 65nm, cliamond,

|

5D Detectors: improve speecl and

racl tolerance by lateral co”ec‘cion

+ve +ve +ve -ve +ve
_ﬁ * A A
n-type 0 >
J electrode <@
lectrons
& & O—p
electrons 3do
? e/ 300
Lightly | pm Hm
doped
: holes p-t.ype =¥ 10—
silicon holes
? % p-type «—® O~ [lllciectrode
electrode v A 4
5 Around
B Particle
Particle o 30HmM

Monolithic detectors: reduce material,

ixel size, increase speed
P P

N (low res )

SO,

, ully depleted
wale n-bulk
(Mg resistnvity)

Silicon-on-Insulator

Storage
pixel #1-20

arity, rad-hardness, eFﬁciencg

30

N
o
I

Collected Charge (ke)
=

Strip
Doses

I Neutrons- Micron (900 V)
| —— Pions- Micron (900 V)
- -l- - 26 MeV Protons- Micron (900 V)

0— 24 GeV Protons-Micron (900 V)
—{+— Neutrons-HPK ATLAS (900 V)
- —— 70 MeV Protons- HPK ATLAS (900
0~ 26 MeV Protons- HPK ATLAS (900V

_z-wobausLOLXS' (e

radius

n~in-—|:>

cle’cectors

Pixel
Doses

VCI 2013

-
-

Reset
transistor |

Output  genge

Suumlng
gate

High resistivity epitaxial layer (p)

substrate (p+)

gate .40 Resety,
gate_4"

1

10

Fluence (10" n_ cm?)

In~-situ Storage !mage Sensor: CCD + CMQOS

| Source Rouubc(tnmhw
follower

Expensive

cle\/elopments

G. Casse

Vertical lntegration: a new

view on interconnections

DEPFET: internal ampliﬁcation

FET gate

P* Source

dc-plctr(j
n-Si bulk

clear gate

n*clear

amplifiesr

deep n doping

ntTernal gate

deep p-well

P*back contact

New Detector Tecno!ogies 9

bonding Via last
BOx3 | —— TSV
Back-Face |oxide-oxide m
fusion bond
BOX2
= == =
Face-Face xide-oxide |- —
usion bond lﬁl-_
m- = r— === =
BOX1
MIT-LL

3D-IC process
FDSOI oxide-
oxide bonding

First wafer

handle wafer

pr—
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VCI 2015
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Hybrid Pixels

| BXtime | ParticleRate

ns kHz/mm? Ney/CM? per Mrad per
lifetime* lifetime*

More silicon cha”enges

Active eclge Planar Pixels

LHC (103 cm2s1) 79
l L & HL-L > 500
Read o chip an
Barpbals > =, C Heavy lons (6x1027 cm2s 0.7
| RHIC (8x10%7 cm2s1) 0.2
Gardoin S0 sutwrme | T} SuperKEKB (103 cm-2s-") 10
ILC (10% cm-2s1) 0.4

lower rates

M.Meschini | IFD 14

lower radiation DEor EL-Bete assumed lifetimes:
T 3 smaller pixels APS: STAR@RHIC | jic HL-LHC: 7 years
Monolithic Pixels | ial and future ILC: 10 years
ess materia . ALICE ITS others: 5 years
N. Wermes, 9th Trento WS, 2/2014 L better resolution &LAB 6

Seppoet waley

HV-CMOS HR-CMOS

i o) | o A~V

| HV/HR - CMOS A B Y cr oo ™

- v e - -
7 I 3l % N |NMOS
\ : p-well
14 Um @ 100 V - ' ltiﬂﬂo’,r,;'v 2000 < 4;‘:":... Q;CO” ngde e ‘l"'\iv},{“,
:"_-" 30-80 um
* Tlne bcst OF two worlds: S Sata

G.Usal, IFD 14

, monolithic and high signal i TR partice rack
R Possibilitg of caPacitive ca°é’a"!a° g% s (
| coupling oy & ” 7 s §U CCFPD - Cal:)acitivelg
* Dedicated technologg Bl COUPI@CI Pixel detector

N. Wermés) TNWH—

New Detector Tecnologies 10 _ I~ Forti



- — - - - -
- — -— - -_— - . — - - —

Smart detectors

* Granularity is not enough for high rates
Y g ot

- W Gy
.

—
- —— - -~

* | HC @10’ cm?2s. 200 events overlapl:)ing

* Builcl track segments Oor measure P‘c at sensor

L

levels and use track in LVLI-2 Triggcr

, VCI 200

’ Top detector cluster
* (Jse 3D Chxp technologg P width ; S
cut fail . pass

eparation
~1-5mm

N ———— . —— —
. .

Each Vertical Column:
All the Circuilry necessary
20 detect one road

= pr-module -

I, ¢ ettt el s . . A -

Bottom detector : ! ! mef‘:ggl: thickness }
1 [ ! ~0.2 mm
[] ' ‘
Content addressable UltraFastSiDet: 10ps,50um :

memory in each layer

Vel 2015

.l —— -

ey e
3 ; ‘, >
i Deplotion . \
’ ) Region 5 Gain : ‘é
R - "2l High layer :
nae field - LA
: | L O
3 _ L g, ! G ::::::::_‘k::::__ 10,
; e i —1 s =~
) “ o
.

. _ - : - — - - ——_.ﬁ
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Advanced materials and Powering

v - - - -

- - —

G. Bolla: PM 2012

. Bosi: PM 2012

* Granularitg) speed, local inte“igencq bandwidth, s e E—

complexitg -> hig”l power, many cables ™ e~ L) ..

t * To keep radiation ength under control need $ ‘

‘ * advanced materials and integration { "~ l

j * advanced Powering schemes . |

: * heat management integratecl in detector -9

) HV-MAFS on 25 umKapton

: design , A

, Detector thinner than a halr:
‘. Micro channel cooling in CF and Silicon Q.1% X0 / |ager

MuZ2E

;.

-

¢

N. Berger, VCI 2013
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Gas detectors

sWorkhorse: dependable) inexpensive, low mass
*| arge area tracking, PID, calorimetrg, muon

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

*Time Projection chambers - beautiful for low

rate environments

sReadout with MPGC

Possiblg with resistive LCTPC for ILC

division
TPC

K LOWN DU VN JUL VU DL VOV % | :
ce = = e s pvs [ o Juunes o peeee Oy
‘ .1
k -
R;-f' Rp Rp: .
2 E 3 —y

mesh "

! .

|

resistive feil P =/

glue Jp—

:'ca 7 :

New Detector Tecnologies 1%

Rate Capability

High Gain

Space Resolution

Time Resolution

Energy Resolution

Ageing Properties

lon Backflow Reduction
Photon Feedback Reduction

Benchmark process: e+e- -> HZ, Z->pp

Requirements:

Momentum resolution

d(1/py) <2.105 GeV/c with vertex constraint
d(1/py) <9.105 GeV/c TPC only

(200 points with 100 p resolution in R¢)

2-track separation: 2 mm in R and 6 mm in
in a high density background

P. Colas: PM 2012

Material budget: <5% X in the barrel region,
<25% X, in the endcap region '

I N— —— ~— — e

I~ Forti




Semiconductor Industry technology: MWPC /

Drift Chamber . T \‘““"II

* Photolithography
* Etching
* Coating
* Doping
» Wafer postprocessing
Gas Electron

\ |1Ill!

Thick GEM Microhole and
Mltlpher StriP Plate CEM

Drift Cathode i . k
- < Cathode Mesh sesssssssg)ssssnessnnns C - _y_ — _(_:a_thodoPlang

°d .
15&.& . Convemanap

: : | g »
lonisation Region ] % ¢ o | <-—l——->d to le Eo -
) e o A i Cathode Strip
’ gos = f bottony anode :
\\ i ; EE ;ﬁ

h
Micro Mesh e T Transfer Gap

- HY2 = 400V -
L ‘ e = 5 THGEM 2
~ Amplification Region 40KViem e W
;¥ Anode Strip

? Eiad

lonising Particle Anode Mcshesunnessunnssunnnssnnns

Micromegas
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Drift electrode PCB

* INDUSTRIAL PROCESS IS BEING DEFINED WITH A [ e —
NUMBER OF TECHNOLOGICAL IMPROVEMENTS } = Tt O

NEW RPC DEVELOPMENTS - HIGH PERFORMANCE FE

EMS ehectronics vi. new ehecty % bonio i
] A T e _ CARDARELL 4000 RMS & NOISE = QTH = 20000
o ' New design 1 new $i-Ge & TESTED AT GIF AN ATLAS LIKE GAP:

FULLY EFFICIENT AT 7 kHz/CMA2
e 4 PC/COUNT DELIVERE

Many gaseous
R&D eHorts

lonic/Prompt Ratio

v ;:p i
Peashd | P s FE TESTED ON CMS PRODUCTION CHAMBER %0TO
¢ g BE TESTED UNDER IRRADIATION

[ NEW VERSION IN SI-GE =200 RMS E"NOISE = QTH =
s M0 iS00 25 30 3 1000 ¢ - DELIVERED IN THE GAS 60-70 /C

lNeW design FE

PROTOTYP BUILT AND TESTED ASIC UNDE
GlF TeSTS ounting rate 1+1 mm bigap 18x18 cm*2 DEVELOPMENT.

TARGET:

UP TO A FACTOR ~200 IN THE RATE CAPABILITY REMOVING THE
AGEING CONCERNS

08 f p—y 7000
07 4
06 +

6000

5000
05

it LARGE FREEDOM IN THE FORM FACTOR

3000

04 +
03 +
—r 02 4 ot 2000

LARGE FREEDOM FOR THE GAS CHOICE

LARGE FREEDOM IN MATERIAL CHOICE

Total counts on 18 x 18cm*2 (kHz)

01+ % 1000

LARGE FREEDOM IN THE RO ELECTRODE SHAPE AND SIZE

NSRS RS e e P ST e oo e 100 o
we ) 5
. = : Applied Voltage (V) CHEAP ACCESS TO 100 /M 2D SPATIAL RESOLUTION
Total charge vs HVeff with working point Efficiency curve at a rate of about 12 kHz/cm? for a

highlighted. In red: ATLAS FE. In blue: new BJT Si 1+1 mm bigap RPC equipped with the new o SEEWG3 PRESENTATION FOR TECH. DETAIL

FE preamplifier. The rate was induced by a *7Cs source.
Giulio Aielli - IFD2014 - Trento 7

* NEW CONSTRUCTION METHOD
+  MESH MOUNTED ON THE DRIFT PANEL

+  MECHANICALLY FLOATING MESH

* INDUSTRIAL PROCESS BASED ON FEW

l Giulio Aielli - IFD2014 - Trento

‘ Micro
Megas

New Detector Tecnologies 15 Tt - Forti

' STEPS ALREADY IN HAND TO INDUSTRIES

50um Kapton + resistive strips

HV contact / hole pitch: 140 pm & dia.: 70-50 pm
—_—— High temp Gluing / /

L/

readout electrodes capacitively coupled through resistive layer

Pillars creation

resistive layer

RESISTIVE FOILS PRODUCED SEPARATELY (WITH SPATTERING ROl s

TECHNIQUE) AND GLUED ON THE READOUT PLANE

]
Coll. 10 mm, Dew=-27.3, Tw=17.8°, Ap=0.996 Torr |
{ !

CHALLENGING CONSTRUCTION CONSTRAINTS: PCB ALIGNMENT
AND PANEL FLATNESS VERY DEMANDING (30 UM RMS)

- g4 7 w/seomented resistive plane , 100 ?‘ﬂ(‘/ *;_; Ar'e
Single GEM n,i’:;-'- RSSO FElR Il i D00 NSRS RS
1

R-WGEM

e 240 I ©  Cost effective a

.
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\ =

several experiments
of small total area

area single
chamber

large interest to foster
the industrial produc’rlon

2000 2005 2010 2015 2020 2025 2030 [giR \\“§§
__A.Caftai @ IS

Year HCA
16 ‘~ l:.l:o.rt;,'“.




Particle Identification

—

Alice
A Essential to iClCﬂ’tii: cleca A pc + s UL L LT L LT LT LT L T T LT LT
9 9 N I T T T
Wl"lCﬂ hCaVy ﬂaVour arc PFCSCﬂt: ror e /K
', everywhere - i
? ) HMPID (RICH) —
» Three legs: dE/dx, Time-of- -
iqight, Cerenkov radiation oS |
MUON
~ Admirable workmanshil:) In o 1 2 3 a4 5\\ 1 o (GeVie)

radiators and light transport: in
& P Excellent PID capabilities bﬂ combining different

gas, solid, lic]uicl, aerogel, cold,

tCCi‘]ﬂiCiUCS over a iarge momentum range
: warm

ALICE
Belle2
COMPASS

~ /. W\ ¥ LHCD
'''' : . _ | W PANDA
SuperB

A. Cattai, V(] 2013

New Detector Tecnologjes 17 » F.Fort

A. DiMauro, VCI 2013



R. Pestonik, VCl 2013

. A —— Tt ————

H. Schindler, vl 201

—

A e — -

Many cle\/er techniques ancl geometries

:
=
. . Korm 45 o O
. Time of Propagation Counter Qe ’ | Q
Compact : Mirror "=
— Measure both Posxtlon and time of Channel | \0NMassIve . U
! ” g ¢1oum f Air (n=1) | s
QO Photons with MCP-PMT (4+0ps) [
S ! o
g ~400 C Quartz ‘é
= 2. Focusing Aerogel RICH R y (n=1.47)
@ @’5 @400nm | & 3
, . O )
Hgbr:cl Avalanche Photo Diodes 0,0 / Ar(=1) | o
proximity focusing aerogel RICH %) % . TOPoccosty = — l >
Focusing aerogel Photon v
radiator detector ' 3
SICe SUPPOT rans . . . _\_é
e phi cross section :
L Charged pholon
S particle > sapphire detector
window (75 o bodel. 75 o gy :
Cherenko ' e . *‘MM .
photons . C4Fs0 gaseous radiator . ,
20— :

Time OFf interna”g Reﬂec’ced
Cherenkov light focungbions —/

Photodetectons

| @ (TORCH) “\\\\\

| g
U Quartz radiator ““™*
&
TOF with 15Ps resolution

= |

o —

Mirrored edge ——

New Detector Tecnologies

N sy ovh sphencal mirrors
Yea ol » » b

'S
14 . Mierored cylindrical sl ace tracking layer i o LLJ | N~
> o . Cherenkov photons Csl Coated THGEM U ! g
| ‘. \%.
'. t 8
Y 2uem l »
o !‘ Readout electrode = = == <
56 . pa T .-:;__ | Targ 2 e 2 3
N FForts
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Photon detectors

) Key element PID s

,{ High gain > 5*10 inside B-field

t
i High detection @Cﬁciencg (verg few YD)
Hig}w il stabilitg (several MHz/cm ) |
OMEEipeeraNer: Picosecond Photodetectors e
O
top window - _(_\l__
“Cheap” 20x20 cm? tiles L>)
photocathode (pc)---- e gapI -
mep 1 [ FWIN Many applications )
mep2- /7,3/7,3 i Time resol ]51:)5 ._%;D
, Cl
anode readout. | | "% 9P Enormous POtentlal ! <
New Detector Tecnologjes 19 = (& -l:.l:orti




A. Rossi, VCI 2013

:

| Calorir

-

O — — -

1Ctr3

*Homegeneous Crgs’cals: WSS SE) A

*Best Possible resolution

’APPlication to PET, homeland security ...

’Sampling:

QImaging: Particle Flow Algorithm

*Dream: Dual readout

’Saml:)ling with Crgstals shashlik

*LYSO is the expensive king of crgstals: fast, high
light 3iech rad hard.

*Other fast (cheaper} materials: pure Csl, Baf2

G JE [%]

—=— Beam 99MeV
—¥— Beam 198 MeV

100

New Detector Tecnologies

Crystal Nai(Tl) || csicTy || st | pwo || Lyso
(Ce)
Density (g/cm?) 3.67 45| 451 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) 48 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

R.-Y. Zhu, TIPP 2011

*R&D on Photsensors: Avalanche Photo Diocles,
Photopentodes, Silicon Photol\/lultipliers,

(2.4

= 0.3)%

0
=
—©— Beam 297 MeV =) !
HB—- Beam 397 MeV : -: b
mﬁﬁ.?..BeamJlB:lMeV‘ ...... .............. = |
i —@— DATA Intrinsic Resolutlon — }
........................................................................ :.4..4.T.‘.”.’.f‘.’i..'V.'?".’?HF???‘??‘.!T‘.?PF.‘??Q..4..4. S ’
1.1% L 04% . ¥ 5
: D} @ 1.2% 574
: E-('G'eV ......... E(G ’V)O z 4 E
: : : : s b
: A &“ 3 En e 0("[3
5 35 INNER %
s 2F
= & MATRIX
0 b T W ST I W S -
5 50 2 2
200 300 400 500 600 700 800 900 1000 O ] OO l - 0 "UU qo }00
E [MeV] Eeam [MeV]
e —— — B— —— —
e FFort

A. Luca, PM 2012



A - - - .
- -— -— - -_— [— . — - -

&
f . | . JidE Calorimeters in HEP
| Imaging calorimeters ..
‘ OHigh granularitg can be expensive ‘f(;woo
eNeed industrialization and engiﬂeering of sensors %m
: (4 4

ECAL=> W + Si or scint 1200-2500 m2 107-108 chs

HCAL = Fe,W + scint. 4000-7000 m2 107-108 chs

(Ve - .- [a} (" oy
MPGD, RPC EEEEEREEREERE
) -
g =2 - = < 3
L ‘.:v‘ - .“. “ | ‘.:‘ ..‘: J1E AR
. )3% ‘ «--L:;.iqmmui;]]!!I!i*iiiii'ﬁ!s";":.' J .
=== | - et energy resolution
§022;»II-VIYVl"l'!l]"vll'(!lIV'-yI ------------- E
= B — 03 W go0 '\ —e— Uncorrected: '+
S N - e —=— Uncorrected:x* 1
i o ; E . . 1
= S € 0.18 - Global SC:x
-E : —— F i -~ Global SC: =*
=0 ;-., L. 025 - . ] —a=Local SC:x ]
iTE Q 0.14F -a~-Local SC:x* 3
=== 2 0.12- 3
= — .9 0.2 0,:
— e £ S
E . 3
L!@ = o.oe; 2 P S
Calorimeter for IL. 8 0.15 0.06: T g ey _:\“:
s ALEPH measured [ SEENSIMSS: o b RO T
Y 004402030 40 50 60 70 80 90
> o1 CDF measured Eocam [GEV]
D
o . .
o ATLAS simulation DREAM
W o.0s5 A meAasured
. T lcwag’ @
, i PFA
4 ° E 5|0 1(|)o 1|50 2<|)0 simulation
Silicon-w

: Jet Energy (GeV)
=l =

A sandwich ? e — -
N N_ew Detector Tecnologies ; | | 21 | FForti
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Dual Readout Dream -> RD52

ﬁDistinguish the scintillation OComPensate =/ h#1

and Cherenkov light in event bg EVenis

hadronic showers
EiGeV) T—)

15 1) 2 S50 100 O )
h T T T T T T -
o B!REA;}IS 3¢ /)/\’I§ .'U
= e siructure
o 4 RD52 1.5% .
=10 - Copper
$ - S
-:__S tad (
'Cf:. = . o> ST
b b
- Y -
1:,' TA .
o . 2.5 mm
0 . i i Y - 4 mm
0.5 0.4 03 0.2 0.1 0
Samplmg with crystals
19 mm
! y L/‘ Pb (4 mm)
OPtxmlze LY50 (2 mm)
PCrAFO rm a n CC ‘ 4x WLS fibers
\

vs cost.
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*Tried in crgstals and fibers

......

| Energy resolution |

L=d
O\' -

2.5F

2

1.5

a5
a
3.5f

3F

%2 / ndf
Sampling term

Constant term

0.1957 /5

8.187+ 0.4199
0.8696 + 0.07223

20

80
Energy (GeV)

- —

100

—ci)

AR

R. 'W,igmans, VCl ZO]S

R.-Y. Zhu, TIPP 2011
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Electronics, Trigger and DAQ

e Detectors are deaf dumb and blind o Trigger/DAQ lngreclients:

without goocl electronics, trigger,
DAQ

e Greater clesign complexitg rec]uires

sharecl tools and knowledge
e HEP is still incrccliblg small comParecl

to consumer electronics

Fast and large FPGAS
Fast bus (WTCA ?)
Fast links and switches (10Gb/s)

N.Pozzobon: PM 2012

. l:o”owing technologg nodes

CXPCﬂSiVC ]:)ut Necessa rg

Analog Signal

Sensor Ampliﬁer -

Processin =4

Fig 4 Kuhn's gecmetry/density plot

Trigger i‘ | Digjtal Signal i ADC/ Sampler

PFOCCSSOF Processin g

e Simultaneous design of all elements of the
readout chain
o Strong interaction and oPtimization

e Enormous power for information extraction

e e S SN - — )
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What we gain using CMOS 65nm

e ELT 1480 40 o
e 12080 6

Radiation Tolerance (dose,hadrons, sl 200

= 38080 rm

SEU) ——— 410,60

b 50000 rm

m Uses thin gate oxide o] = oot

= Verified for up to 200Mrad, better s 8= 1010
than 130nm: to be confirmed for 2
1GRad

L0t

Large amount of digital logic/ P
memory

= Vital for small pixel o' 10' 1o’

TID [ract

= Iz’%%lrg:g]eg\;ny: 250nm:~1; 130nm:~4x; = Affordable (still...)

= Speed: 250nm~1, 130nm:~2x; = MPW from foundry and
65nm:~4x Europractice;

Masks costs a lof: ~1 M$ for an
Low power (digital) engineering RUN

= 250nm: 1, 130nm: (1/2-1/4) ; 65nm: Production similar as 130nm
(1/8-1/16)

Many metal(Cu) layers:

= Power distribution, signal dis’rribum ' f&LTS%'i !

pixel readout busses, etc.

e 130nm up to
= Mature technology and stable L — e
— : 12 March 2014




Track tri ggers

e Associative memory based trigger

proven R D Proposecl in Atlas, CMS

o HC-b proposes a vision-based FPGA

implementecl track trigger

e Fhormous Potential

*Can change the way exPeriments are

clesignecl

e Can make increased luminositg 1Cu”9

useful for Phgsics

\H - P

inis

!

40 M

PO —

JL cloc

Patfern recognition AMBoarg

New Detector Tecno!ogies
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Tracking layers

<+«— Separate trigger-DAQ path ‘

switching Custom switching network '
network delivers hits to appropriate cells :
Data organized

' by cell coordinates ;
!

Cellular Blocks of cellular

Engines processors
1117711117771 Track finding and
Fitter <« parameter determination

| To DAQ ‘

» P3serial LVDS '

DRIVERS & |

RECEIVERS | |

What about this size ?

AR
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C.Berat: PM 2012
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Cosmic frontier: Dark Matter

> = e

« Dark Matter: a known unknown @m T

* Indirect searches: detect Y;V, &p generatecﬂ g ‘0‘\9_ C«P\

in annihilation of unknown DM Particles. .
CAor T

rlmetrlc Electron Telescope 5”

-

* Ground-based: large (ka} cosmic ray detectors.
* Need cost effective solutions
* Cerenkov, fluorescence

* Radio and microwave detection of showers

+ Satellite

* ca. 50 X0
* few % of energy resolution

* good angular resolution

v I o o2 * hlglﬁ electron/ Proton se[:)aratlon
* Tracker + calorimeter + VETO

-
> 4 * | OW POWER - LOW MASS - SPACE

New Detector Tecnologies 26 F.Forti
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" Detectors for direct DM searches

WIMPS scatter off atomic nuclei: Axions convert into microwave
multiple signals. Photons inan RF cavity threaded
| bg a strong magnetic field. Sc:]u:cls
ADMX 1
A\ W mdvesons N e | 8,
( MomcNuolE —
a
| Photons and Electrons
scatter from the
Atomic Blectrons.
' T }'pnoto

! WIMP Detectors: XENON
|
!

Large mass. Ver9 Pulkes Backgrouncl veto

L ow energy nuclear recoils (<100 keV).
L ow rate: 1 evt/ton/ yr@ 10~ cm?

Backgrouncl measurable in situ

,‘*)‘ - — — — A — \ _ e
New Detector Tecnologles a FForts

C. Galbiati, LeptomPhoton 2013
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Detector variations: many approaches

0Cr95ta|5 (Csl, Nal, Ge, S1): kg
* R&D on Puritg, shielcling, resolution |
» DAMA/LIBRA, ANAIS plan on250kg W13

. R — -

2 J Large noble |iquicl~ga5 detectors - ton
) J Single or dual Phase TPC

Veto

l ]
ol (X, Darksicle) Xenon Plan on IOOO|<g XENON1T
Bac grou Projected (2015) osi ~1047 cm?
| * R&D on detector response —
ol Dual ph
e : : 7 ual phase TPC concept
Q | Argon Calibration P | P
> : PMT Array | | 52
E a UF 1054 Gas Xe ' v
-~ o 16~ LY of nuclear recoil —§1°°_ -
Q vsdriftfield 2
—8 g + | —;90 E \ / Nuclear Recoil (WIMP)
g 145— N _585 '-l:’ - .
: 13- - © Liquid Xe v =
Le . - 180 3, '
< t 12 + —275 2
u__. . 115_ . _§7o.§ Drif "rn:’:>
: A T R B S R ‘_265 E’ PMT Array Electronic Recoil (y, B)
10 (0] 200 400 600 800 1000 'r;)‘
Drift Field [V/cm]
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Idea: use CCDs as target and record the ionization produced in Si

coherent elastic scattering

A. Bolotmikov, B. Ramsey [ Nucl. Instr. and Meth. in Phys. Res. A 396 (1997) 360-370

Very large
fluctuations
between
light/charge!

Here, the
fluctuations
are normal

2 = WIMPs:
Unfolded '

resolution: Y S2/s1

OE/E ~0.6%
FWHM

ution, %

Resol

F~20 !

suffers!

iity dependencies of the intrinsic energy resolution (%FWHM) measured for 662 keV gamma-rays.
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' Detectors for reactor neutrinos (mang)

) ) Prompt signal
® |nverse ]:)eta clecag N water solutxon:

I 2 Y
coincidence of prompt and clelayecl signal Vv +p—ec +ifz
i - Lic]uicl scintillator + PMTs Delayed signal, Capture on H

(2.2 MeV) or Gd (8 MeV), ~30us

* Unclergrouncl for low backtround

, - I E Natural
* OPtlonallg Gcl»-clopecl scintillator 4 radioactivity
+ Near-far measurement to reduce sYs. . -l i
Detector concept LS ngles -

Water RPC or Plastic scintillator SPCCtrum
e Shield radioactivity and = muon veto
cosmogenic neutron 10 \‘\-\_\
e Cherekov detector for muon v — £ ; , N
| i R xS m 1 1'0 10
| Three-zone neutrino detector | \ | Energy [MeV]
=4 N\ S 5 L IR
‘ e 8-20 t for neutrino \\ ' .JL 1 3‘
= y-catcher: normal LS_ o & [ g o ],.l ” .
! e 20-30 t for energy containmeTt~—w T ; * C d CﬂgCS p
t = Buffer shielding: oil O |
‘ ® 40-90 t for shielding : o . C:l C:l .
. - - V3)ES Purltg, Ga Loading
.
: Target 20 8.3 16 ]D b ¥ I ) ,
C peatche 20 18 28 * PMTs: large number, stability |
Buffer 37 88 65 i '
Total 77 114 110 %
* Giant detectors

New Detector Tecnologies 30 FFort
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| Applications - blooming field

Many HEP Detector technologies aPPliecl elsewhere

NN
@)
o
v,
. >
PIXIRAD - INFN spm~oFF 2
' & Chromatic photon counting X~-Rauy imagin | N
; p gX-Rayimagng | g R
’ ke 8 O
) Large CdTe sensor with CMOS ASIC 2 2 i
. ‘® 5}35’ : Ky ":?3 i_:c(')\ 5 5 8! M
Gt oD ;? =esd b h o) GCJ '
- &)=t 60um pitc - 5 Wk
T ET - o @ = 5 ;“g'.“;*
A o 30 X 25 mm2 |9 =
Pl =3 3 :xsaé:
N ' Encloscoplc BET: b
91 | 30um resolution (C\)l
s | AXial PET: better resolution/ e?ﬁciecg multiple sensors =
0— ‘ e &S % C\_
b g .
4 &
| V)
. Ultrasonic I-_
(US) probe ‘
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R. Menke, PM 2012

New cha”enges: detectors for high brilliance FELs

DEPFET Sensor With Signa[
Coml:)ression (DSsO)

s|nstruments for other fields: bio, chem, material science
QCrazg range of Photon energxes from 0.1 eV to 10keV
Ongh dgnamxc range (10 ) QHigh bandwidth

N

OHigh speecl sRadiation hardness g
10* &

R | eV Photons

m s | A AP : Quantum Well Detector

o M
o 10 F -
E - & A - § %
- > . suice [S L  aamer | 3| oA aeeet | substate
2 1:] - "_,- p_— 8{}{ O: K M
c = - £ £
\“_ &y 350
5 “1‘ I~ - 300 7
c 2504
Ef e M < 2004
£ 10" 5 .
& 10"
= S pa % o 200
(4o distance from surface (nm)
& 10" * Intrinsically fast detectors
+ . g . ™
: - A\ | « Charge amplification capability
10 , . _. . . . * Sensitive from IR to hard x-rays
10 10 10 10 10 10 ‘e . .
Eneegy [6V]  Position encoding possible

128 x 256 Pixel Sensor ,

drain gate source
© 0% ee- |
internal gate  ove
V‘
!
:
§

— e S—— —]

AR

M. Por.ro,.-PM 2012




New Detectors Develol:)r

Pixel Technologies
------- Hybrid

Hybrid 3D
|++++ Hybrid Diamond N
----------- DEPFET ' :

------- CMOS APS '

Construction

Series Production

Full Size Prototype

1" Prototype

Concept

T —— L ———
* long lead time: techonologies rec]uire 10-15

years to mature
) J Large costs: need for coordinated action

* Transition from R&D to Procluction triggerecl

P -

A.Cattai,ﬁuro_{gean Stra{:c;gg, 2012

bﬂ exl:)eriments

4 22 grms i 3 <= SRS
New Detector Tecnologies 3% I Forti




Detectors are our eyes

We as a field need to maintain and clcvclol:) detector exPertise.
Toclag’s detector marvels are not automatica”g reprocluc:ible
bg the next generation. Three essential elements:

].Training organizing and stimulating Participation In

instrumentation schools

Z.Experimenting, encouraging young experimentalists to do
hands-on detector work csPeciaHQ N sma”erj shorter scale

exl:)eri ments

§.Rcwarcling, gving proper recognition of excellence in

instrumentation clevelopmen’c in careers at universities and

research institutions.

—tmpweyY sad — -

New Detector Tecnologie; Vait
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