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Objetivos de la reunidn

ANNOUNCEMENT of the

WORKSHOP ON THE FUTURE LINEAR COLLIDER
(Gandia, December 1-3, 2005)

The Instituto de Fisica Corpuscular (CSIC-University of Valencia), in coordination with the Universitat
Internacional de Gandia, is organizing a Workshop on the Future Linear Collider, from 1st to 3rd of
December, 2005 to be held at the Palacio Ducal in the city of Gandia, province of Valencia (Spain).

This Workshop is mainly addressed to Spanish experimental and theoretical groups and individuals
interested in the physics, design and technology spanned by the project, with the contribution of invited
speakers, highly expert in the field.

The Linear Collider is a proposed new electron-positron collider. Together with the Large Hadron Collider at
CERN, it would permit physicists to explore energy regions beyond the reach of present accelerators.
Expectedly, new discoveries will be made possible, eventually leading to new understanding of what the
universe is made of and how it works. The nature of electron-positron collisions would allow to answering
compelling questions that the LHC will likely raise, from the existence of particles beyond the Standard
Model (like non-standard Higgs bosons) to the identity of dark matter and the possibility of extra dimensions.

Therefore, this announcement can be seen as a call for interest to those Spanish Groups and individuals
already or potentially interested in the participation in the Linear Collider Project, starting a fruitful
exchange of ideas including a round-table discussion, and preparing possible collaborations for the
future.

E. Cortina ILC Workshop — December 2005 Page 2



Programa

15 December

10:30
11:30
12:15
16:00
16:50
17:50
18:30

Welcome and Motivations

Physics at ILC — theoretical overview
Lepton Number Violation at ILC

ILC Perspectives: Theory and Experiments
ILC Communication and Outreach

The Detectors Concepts

The Machine Detector Interface Challenges

2" December

09:00
09:30
10:40
11:15
12:15
17:00
20:30

R&D for the ILC Detectors — an Overview
Calorimeter for the ILC Experiment
Forward Calorimetry

DEPFET Technology for Vertex detector
The SILC project

Antonio Ferrer 60" birthday

Cocktel and Dinner

3" December

D. Espriu (UB)

W. Hollik (MPI-Munich)
M. Hirsch (IFIC)

F. Richard (LAL)

P. Royole-Degieux (LAL)
K. Monig (DESY)

Ph. Bambade (LAL)

W. Lohman (DESY)

J.C. Brient (LLR)

W. Lohman (DESY)

H.G. Moser (MPI-Munich)
A. Savoy-Navarro (Paris VI)

B. Foster (Oxford Univ)

http://www.linearcollider.org

10:00 News from GDE
10:40 The CLIC study if a Multi-Tev e+e- Linear Collider J. P. Delahaye (CERN)
11:40 Spanish activities and Interest for LC. General Discussion
IFIC (A. Faus-Golfe, C. Lacasta)
CIEMAT (F. Toral)
UPC (Y. Kubyshin)
UGR (J.A, Saavedra & F. Cornet)
ICFA (C. Martinez)
14:30 Fideua
E. Cortina
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AVISO

 Esta charla esta completamente sesgada
- Mis filias y fobias con los temas/speakers
— Mis propios intereses
- Mi comprension de los diferentes topicos

* Me he tomado la libertad de utilizar, mezclar y modificar las
transparencias disponibles

 Muchisima mas informacion en las transparencias originales que
en esta presentacion

- http://ific.uv.es/~forward/Gandia_ 2005
* Mi objetivo:

— Encuadrar la discusion sobre una posible participacion del CIEMAT
en el |+D para los detectores del Linear Collider
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El acelerador
« E__ajustable entre 200-500 GeV y ampliable hasta 1 TeV

e Luminosidad

- Integrada de ~500 fb™' en 4 afos
- Instantanea de 2 x 10** cm=2 s’

* Estabilidad y precisén en la energia mejor que el 0.1%

* Polarizacion >80%
pre-accelerator

few GeV
= Osource

/

damping extraction

ring fow GeV/ | & dump
few GeV f final focus

bunch main linac o
compressor collimation
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« 2820 (4500) bunches spaced by 337 (189) ns

* 199 ms between trains (5 Hz Bunch Trains)

Estructura del haz

950 us

199 ms

950 us

2820 bunches

e Background (Beamstrahlung)

-140.000 e+e- pairs/BX
* 0.03(0.05) hits/mm?/BX @ E=500(800) GeV, R=15mm, B=4T
 Bunch train = 85 hits/mm?4/BT

- ~20 readout cycles/BT (47.5 ys) to keep occupancy low

* 10% occupancy for 25 uym? pixel

- 50 MHz (20 ns) readout @ detector level
* NO ELECTRONIC TRIGGER — All physics on tape is unbiased

E. Cortina
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Comparacion con otros aceleradores

L~"NeT gy,
4t GxCy
LEP LHC SLC ILC
Energy (GeV) 45-100 7000 45 200-500
Time between collisions (ps) 22 0.025 8300 0.2-0.337
Beam dimensions X:200um | X:16.7 ym | X:1.4 ym X: 943 nm
Y:25um | Y:16.7 um | Y:0.7 um Y:5.7 nm
Z:1.0cm Z. 7.7cm Z: 300 um
Particles per bunch (x10'°) 45 12 4 2
Bunches per ring 4 in trains <4 2808 2820-4000
Luminosity (10°° cm2 s™) 24-100 10000 3 20000
Radiation - ~1 Grad/year - ~20 krad/year
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Detectores

SiD LDC GLD

- small radius (1.3m) - med. Radius (1.7m) - large radius (2.1m)

- high B field (5T) - med. B field (4T) - low B field (3T)

- few track meas. points - many track meas. points - many track meas. points
with high res. (Si) with med. res. (TPC) with med. res. (TPC)

- Si-W Calorimetry - Si-W Calorimetry - Sci.-W Calorimetry

-VTX:r,;.=1.4 cm -VTX:r,;,=1.5cm -VTX:r,,=1.7 cm

Cos 6 =0.96
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Requirements for the detector

The task of ILC is precision measurements

This means

e Reconstruct all available channels

e with the highest possible efficiency

e the lowest possible systematics

e insensitive to machine-related background

Because of the environment an ILC detector is often considered “easy”

However the extreme precision requirements make the detector pretty
challenging

Spanish LC meeting 12/2005 3 Klaus Monig



Benchmarks for the detector design

Momentum resolution

Want to reconstruct ZZH coupling from ete”™ — ZH — putp~ X using
the u 1~ recoil mass

Need A]% ~4-107° / GeV for large momenta

Generated and reconstructed p™ ™ mass and recoil mass

250 [ 5 _ il " b)
i e e generated | I T s generated
i . —— measured H
200 - 5 1 400 - —measured .
150 | i | Am_ = 1.2 GeV/c®
Am,,= 270 MeV/c* Mhrec v
100 |- 1 200 | i
50 il
0 E e .hl.. [y o e g o . J. O TR ot s o e s
70 80 90 100 110 120 0100 125 150 175 200
mZ[GeV!cz] mrec[GeV!cz]
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[s a better momentum resolution useful?

200
180
160
140
120
100

e [lven better momen- e
tum resolution can give |,
sharper signals 20

e However effect on
physics quantities (H a0
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fit, H branching ratios, 1
SUSY masses) seems o,
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Tracking - Comparacion

a = stochastic term

Momentum resolution

b = multiple scattering term
Ap
—— = aXp ® b
P DELPHI | CMS ILC
AL _, g2 a (Gevic)' |0.6 x10°]0.15x 10°| 5x10°
p p b - 0.005 -
1 5
A— o
p  R’BVn
Impact parameter DELPHI CMS ILC
X
ot = —X o o, dys (UM GeVie) | 65 80 10
psin~ "0 Ope (MM) 20 9 5
o d'ys (UM GeVic) | 71-151 200
)/ MS 0
o, = S A g, (um) 39-96 10
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o o« NXr
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B-tagging

e Want to measure BR(H — c¢) which is < 10% of BR(H — bb)

e Have to tag 4-b final states (e

non-b

Efficien

and 2-b background

cy /purity for the b-tagging in the
LDC
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B-tagging

e Want to measure BR(H — c¢) which is < 10% of BR(H — bb)

e Have to tag 4-b final states (e
non-b and 2-b background

te~ — ZHH, eTe” — ttH under huge

Efficiency /purity for the b-tagging in the

LDC
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The golden mode is very interesting , in particular because

It is independant from the Higgs decays,
(mode invisible en LSP par exemple)

But statistically, there more interest in

The jets

J.-C. Brient (LLE)
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tart from physics ,
ot from a technology
processes at |ILC

Multi bosons Multifermions + Boson(s)
ZH ete H , ete-2
WWwW vwH,wZ
ZZ ttH
ZHH evW
227 vwWW, vw //
ZWW ttbar

' Etc ... but also the taus decays reconstruction for SUSY, CP... etc

Bosons Tagging

Z to BR Wto |BR H(120,SM)to | BR
0+ o- 10% 32% 0+ - <15%

£ty ISl
qq (ets) ( 70% i qq’ (ets) ( 68% 5 qq(jets) ,ww,zz { }85%)

In order to US@ all the produced events (the luminosity of the machine)
It is needed to tag the bosons W,Z H in their decays to jets

J.-C. Brient (LLE) Gandia workshop — Decembear 2005



%

Is it ete— to

W« di-hoson evt

J.-C. Brient (LLR) Gandlia workshop — December 2005



s It

" Selecting the di-boson ?
Use the masses of the di-jets

Mw =~ 80 GeV
Mz =91 GeV
MH>115 GeV

e —— " ——— -,

— e -

-
."", - .
ot .
-
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s It

" Selecting the di-boson ?
Use the masses of the di-jets

Mw =~ 80 GeV
Mz =91 GeV
MH >115 GeV

———

-.__"'\‘

The selection performance
depends on the mass resolution

J.-C. Brient (LLE)




" Selecting the di-boson ?
Use the masses of the di-jets
Mw =~ 80 GeV
Mz =91 GeV
MH> 115 GeV

- -
— Eh
- a

The selection performance

depends on the mass resolution

|

The only kKnown method
Reconstruct individually
the final state particles

Sort of modern bubble chamber

J.-C. Brient (LLR)




Particle Flow

Particle flow is the common paradigm of the 1st three concepts

How to measure the energy of a jet?

e Classical method: Calorimetry

— typical event: 30% electromagnetic and 70% hadronic energy
— typical resolution: 10%/v/'E for Ecal and 50%/+/E for Heal
= AE/E > 45%/v/E for jets
e The particle low method
— typical event: 60% charged tracks 30% electromagnetic and 10% neu-
tral hadronic energy

—tracking resolution negligible on this scale
w AE/E = 20%/+E for jets possible in principle

Spanish LC meeting 12/2005 8 Klaus Monig



In our detectors, the charged tracks are better measured than photon(s)
which are themselves better measured than neutral hadron(s)

Resolution on the charged track(s) Ap/p ~qq 10° Eoi = Egugarana * B, + Eyp
Resolution on the photon(s) AE/E ~12% fraction ___ 65% 26% 9%
Resolution on the h° AE/E ~ 45%

. ot

With a perfect detector, no confusion between
B, species and individual reconstruction i

szet = G2ch. + G2 v + G* 1o gives about (0 14)2 Ejet

O 2threshold — Energy threshold to be rec. (depend on species)
Real life and — loss of particles (not reconstructed)

real detector

— Mixing between particles in the calorimeter

J.-C. Brient (LLR) Crancia workshop — December 2005




Zoom View
of di-boson

J.-C. Brient (LLR) Crandia workshop — December 2005



© find the charged particles in the tracker
@ the photon(s) inthe ECAL
© the neutral hadron(s) in the ECAL, HCAL

Process ® and ® are possible only

if there is no mixing between deposited energy
from different particles

Zoom View
of di-boson

J.-C. Brient (LLR) Crandia workshop — December 2005



© find the charged particles in the tracker
@ the photon(s) inthe ECAL &= '
© the neutral hadron(s) in the ECAL, HCAL

Process ® and ® are possible only

if there is no mixing between deposited energy
from different particles

Zoom View
of di-boson
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© find the charged particles in the tracker
@ the photon(s) inthe ECAL
© the neutral hadron(s) in the ECAL, HCAL

Process ® and ® are possible only

if there is no mixing between deposited energj
from different particles

Zoom View
confusion of di-boson

J.-C. Brient (LLR) Crandia workshop — December 2005



© find the charged particles in the tracker

@ the photon(s) inthe ECAL
© the neutral hadron(s) in the ECAL, HCAL
Process ® and ® are possible only

from different particles

if there is no mixing between deposited energj

_'\\

Associate
the deposited energy
ith the depositing particle
J/

confusion

Zoom View
of di-boson

J.-C. Brient (LLE)
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© find the charged particles in the tracker
@ the photon(s) inthe ECAL
© the neutral hadron(s) in the ECAL, HCAL

Process ® and ® are possible only
if there is no mixing between deposited energj

from different particles

The calorimeter has to be

N
_ » far away from |P (better separation between part.)
Associate
» dense (small lateral spread of the showers )

the deposited energy
ith the depositing particle
J/

| » High granularity (better pattern of each shower)

Zoom View

©7 % [ contusion of di-boson
ZR -

Gandia workzshop —December 2005
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© find the charged particles in the tracker

@ the photon(s) inthe ECAL
© the neutral hadron(s) in the ECAL, HCAL

Process ® and ® are possible only
if there is no mixing between deposited energj
from different particles

The calorimeter has to be

» far away from |P (better separation between part.)
» dense (small lateral spread of the showers )
| » High granularity (better pattern of each shower)

_\
Associate

the deposited energy
ith the depositing particle

J
[Quality of the «photm:] S ) ZOC_'m View
‘> 7%, % | confusion of di-boson

- ;_‘

» Detector readout in 3D
» Small pixel size
» ECAL AND HCAL inside the coil

J.-C. Brient (LLE)
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Main problem: Confusion

e At high energy jets are .
Very narrow

= Tracks are very close at thet

calorimeter B
» ..J. N S ., * e = ."i‘l,‘-. 5 . .- ‘ - ‘_ — .\ . . i
e Need very fine granularity 2 TR T

-
o s

of calorimeter and sophisti- ™
cated software to separate |

showers
e Energy  resolution  still ~¥hes SN -5 TN
o PO T ¥

| W

e

-

dominated by confusion \ RN SO T
- “- N"'-. \ -‘::::1:;._ G 5 I .'
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FPhoton + Jet Py Bolancing in CDF Doto
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Recent improvement
using PFLOW in CDF

The stochastic term Is not the
only parameter

complete law
AE ;= axVE ;D bxE, + ¢

b C (GeV)

ALEPH

methed QPFLOW

0.59

ATLAS

0.6

0.03 0

H1

0.5

0.05 0

PFLOW-ILC

0.3

0 0.5

L.

Needed to fulfill the ILG
physics program

AND the Angular Dependence !!

* NIM A360 (1994),480
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Physics versus peffbnnanm on the jets

Example 1 ZHH (Higgs Selfcoupling)
Observation possible (signal at 5¢) gnlv for a=0.3

double Higgs-strahlung: ¢*¢~ — Zhh - |
ge it 60%ANE s =500 GeV 30%NE
' I z I ty N 7
-..1.‘-. 2 : '__.—' . -\1- - II_:_r “'H.‘ . J-';—. E..|: - z-.: §
A ,f">w Sy A 4 g
i K * N 3 i
4 3
WHW double-Higgs fusion: "¢~ — &0, hh 1 f
> —_— Py - - D 2 ] I:I » '_._‘ 5
— —— ——r 0 20 40 60 80 100 0 20 40 60 B8O 100
I IL:-_I .l - M L DIST IMST
b W L . .1 2 ¥ 0
B § =t o i _ Dist® = ':.mu_mh) "'{m:u _mhF+[mw_mz)1
.H__ e = — —
_El__"z ¥ -lﬁl'l:,.n'r = O "".-.E\."F -
Example 2 Higgs branching fraction (H —WW) % 115
Going from a=0.3 to a=0.6 is equivalent to = -
a loss of 45% of the luminosity (running time) E o
=
= j.a%

] i i
.2 k3 [F,<2 [ et LN 4

parmmieter of of the jol resolotion

J.-C. Brient [LLRE Gandia worlcshop = December 2005



Physics versus performance on the jets

Longitudinal W, coupling, Coupling in SuSy, ete...
(et+e- —vvWW, wWiZ , séparation WHZZZ )

Going from a=0.3 10 a=0.6 is equivalent to 3 loss of 45% of the luminositv (running time)

gte” — vwW W™ wZZ 3 vs=800 Ge

e'e =vwW'W~ ,vwiZ
ete” — xixr = x'xWW-
e'e — ks > X X 22

Gandia workehop - December 2005




Los detectores

 Detector de veértices (Pixel y/o CCD)

- DEPFET (MPI)

- MAPS (Strasbourg)

— CCD (Liverpool,Manchester)
— Microstrips (Paris VI)

* TPC — Ninguna presentacion en el meeting (Orsay)
 Calorimetria (Calice, LLR)

* Electronica

— Desarrollo de preamplificadores

E. Cortina ILC Workshop — December 2005 Page 34



Pixel Vertex Detector at the ILC

» pixel size: 20-30 pm
« low mass: 0.1 %Xo per layer
« close to IP, r = 15 mm (1st layer)

H.-G. Moser

Max-Planck-Institut

for Physics,
Munich

» 20 ns/row read out time
» 5 barrels — stand alone tracking

(26, 37, 48, 59 mm)

T TOR Design

Ladders

Barrel 1 Barrel 2-5
L=100mm L =250mm

Gasket seal

WDRKSHDP M Beam-Pipe 9
THE FUTURE Siriiine 1 O h I
LINEAR COLLIDER Foam Cryostat = channeis
GHNDT.-‘*‘-. and Faraday Cage
1al3de

Diciembre 2005

1+ layer module: 100x13 mm?, 2"-5" layer : 125x22 mm* =& X120 modules

Several Sensor Concepts: CCDs, MAPs, SOI, DEPFETs



H.-G. Moser
Max-Planck-Institut
for Physics,
Munich

The DEPFET active pixel sensor

FET gate

’ clegr gote e /J———_.

/z

P dl’“{]in

N Clt—!l:lr

P back contqey

source top gate drain clear

WORKSHORP O
THE FUITURE
LIMEAR COLLIDER
GANDIA,

1 al 3 de
Diciembre 2005

T

- Jnternal gate

[\

DmplfIEr - ‘./

ih
Ly

Depleted Field EffectTransistor

Charge generated in fully
depleted bulk

Fast charge collection by drift
underneath the transistor channel

Modulates the transistor current
(400 pA/e for ILC layout)

Combined function of sensor and
amplifier

Low capacitance and low noise
(10-20 fC)

Signal charge remains
undisturbed by readout

Internal storage

Complete clearing of signal
charge

No reset noise



H.-G. Moser
Max-Planck-Institut
for Physics,
Munich

WORKSHORP OM
THE FUTUEE
LIMEAR COLLIDER
GANDIA,

1 alzde
Diciembre 2005

Matrix operation

gate DEPFET- matrix reset
—_loff] T T T T |of
I e e I
'] | -I._;r -:._T -:._T ‘:Ij- ,+\i_ -
1 Tl S mien T
« |om| I T T —!T—T_ off _-
=R T T (: -
M m
pixel
. off| I T T —-.j off |
P AR R h | [Fe
4 4 4 v
i GATE ON loram ]
UL : y &

ATE, OFF \\/ \/ \\/ dram v VCLEM_GC;I:ZT' FF

0 suppression

|
autput I I I

o Charge collection in "OFF" state of the transistor

o Select one row via external gates and measure pedestal + signal
current

o Reset that row and measure pedestal currents .....

Only one single row active at a time and dissipating power
However, sensor is sensitive even if DEPFET is OFF!



DEPFET Matrix Test System

Switcher |: selects rows for readout (switch external gate)

H.-G. Moser Switcher II: clears rows
Max-Planck-Institut
for Physics,
Munich

+:

uro Il readout
chip
128 channel
current amplifier

|

)

=
i

I
r‘l y
J‘L.
. P
|

1

?L

WORKSHOP ON for column
THE FUTURE
. readout
LINEAR COLLIDER ] ]
5@32??; DEPFET matrix IUnternaI plp_ellne &
Diciembre 2005 64x128 pixels ER M eaIsl

28.5x36 um?



H.-G. Moser
Viax-Planck-Institut
for Physics,
Munich

WORKSHOP ON
THE FUTURE
LINEAR COLLIDER
GANDIA,

1 al 2 de
Diciembre 2005

PXD4 - DEPFET: Two projects on one

wafer
ILC HEUUS
pUrpose particle tracking imaging X-ray spectroscopy

sensor size 1.2x 10 ame, 2.2 = 1225 cm? F.B8x 768 cm?

pixel size 25 um Sum
sensor thickness S0 pm 200 .., 500 pm

noise ~ 100 el ENC 4 el ENC
Feadout time per row 20 ns 2.5 s

DES

Infrared
photometry

~3.0x6.0 cnv
15 um

250 pm

7 el ENC

17 s

5: dchmite quor zue Eanelridclhmung

7 |zafow mi |anfre meraerive [Fom3] 1029|1018 1827|1516 —1915| 1p1d o

| [ | 1 2 L ] ' 1
3 § T E 9 hL:] 11 1z 13 1

Double metal, double poly process




Clustering

Vlax-Planck-In
for Physic:
Munich

WORKSHOF ON
THE FUTURE
LIMEARE COLLIGER
GAMNDIA,

1 al 3 de
Diciembre 2005

'Signals 3x3 |
Cluster 1 I
500 -

I ek 11
1000 1600 2000
Signal (ADC)

Full 128 x 64 matrix Look for clusters:

Noise: 258 e Seed cut >50

Noise dominated by pickup: Neighbour cut >2¢

Front end: 160 e Typical cluster size: 5-6 pixels

Combine signals seed & neighbours
Signal: 32500 e

= S/N (3x3) = 126 (scaled to 50 um detector: 14)



Cross Section

H.-G. Moser

Max-Planck-Institut
for Physics,
Munich ?% 2 2
i P o p
O +@

worksHop on ®lnnermost Layer:
THE FUTURE - i i
o e One self supporting Si-sensor
GANDIA, =Readout at both ends
e - =Sensitive area thinned to 50 um
| sSupport frame not thinned (300 um)

*Thinned (50 um) ASIC bump bonded



Material Budget

H.-G. Moser
Mlax-Planck-Institut Estimated Material Budget (15t layer):
for Ph\_.fsics,
& nieh Pixel area: 100x13 mm?, 50 pm: 0.05% X,
steer. chips: 100x2 mm?, 50 pm: 0.008% X,
(perforated) frame :100x4 mméZ, 300 pm: 0.05% X,
_ 0.11%X,

WORKSHORP OM
THE FUTURE (R
LIMEAR COLLIDER [t
GANDIA, '
1 alzde
Diciembre 2005




Alternatives/Competitors: MAPS

N-well used for signal collection

Only p-well possible for processing Metal layers et
insmlakion
H.-G. Moser N- & - : aud
. - -well only in periphe -
Max-Planck-Institut P yITRENE= S
for Physics,
Munich Successful prototypes
S/N: 201 g P e ]
Resolution < 2 um
However: signal distributed over many pixels " R 4
. I Cqmv
Speed: not yet to LHC specs (inner layer) 2 Twdene i Dt
Power: 77777
-« ~8.T7Tor12.1 cm IS
=" & =
i:l E H i 'E- wotal i I:I:t::::#:::i""
E‘E@ 1TOP || 5 or ¥ modules F
4arays || % 1020x1024 pixels
5102812 || F
S 17350 pmo- ||| vachmodule i
R ane retic|s H
R size
§Easiia rBaT E 10400%17350 pm? “
WORKSHC |[EF v =
|———= - e |
TEPSS0T LEF TENeraBey MISHT) [TeFaBeT WEFT[TRF&ERT BIGHT] — TRFREET LEFT [TRFREET G
B | s Loghsny || dpions | s | e | e
CANDI DD DO DODLD OODONOON v oneslabofsilicon 1 QO 0)
o .1 at|;|3l 4 X L X | -
IClrmiore analogue signal bus
' T . {readout clock froquency 40 MHz)
and hardware dala processing wnils

TRANSVERSE LADDER READOUT



H.-G. Moser
Max-Planck-Institut
for Physics,
Munich

WORKSHORP OM
THE FUTUEE
LIMEAR COLLIDER
GANDIA,

1 alzde
Diciembre 2005

CCDs with double column parallel reaout
25 MHz with 1.9V 111
Noise: 60 e-

Radiation damage?
Wafer scale devices?

New concept: ISIS CCDs

RO oD
G H

o
Signal charga storagea L
{n channel) I—

In situ storage of ~ 20 “events” OC 1 _os
Exists for high speed optical cameras J I}
MESEAy -
Immune to noise pickup from beam (SLD lession) ;N
n output e
/
: ; \ f'
P substrate L5,
. Drapletian
Parlcha FEgEONS

trajectory

Why whisper just when an express train roars through the station?
(Chris Demerell)



Sensors — ISIS

m In-situ Storage Image Sensor.

RD OD
G ¢

Signal charge storage

(n channel) T"
OG

il

______________ 1

B

p+ substrate

Particle
trajectory Reflective barriers

111

Depletion region

0s

m Signal collected on photogate then

transferred to CCD register in pixel

20 times during bunch train.

Beam-related RF pickup is concern
for all sensors converting charge to
voltage during bunch train.

ISIS eliminates this source of EMI:

Readout in 200 ms quiet period
between bunch trains.

Column parallel readout at ~ 1 MHz
sufficient to read out before arrival of
next bunch train.

Signal charge always buried in
silicon until bunch train has passed.

Approx. 100 times more radiation
tolerant than CCDs.

Easier to drive than CPCCD because
of low clock frequency.



An (un)biased comparison

Resolution Material budget r/o speed Power Rad. tolerance Remark
S5pm < 0.1% X, 50us/frame consumpt. Y, N emarks
4.2um + 25MHz done Va2V ) rad. tolerance
CP-CCD + + R&D, comp. + + ow _T_n()) ‘may be the
(expectation) Ladder R&D R&D P- limiting factor
CMOS 2um +++ + | *y.n large devices?
MAPS But at high R&D, comp. R&D ! + but with non std. d..?
speed? Ladder techno. P
SOl Sensors
Like CCD i
ke + -+
all comp. Ok, Y: no show stoppers
DEPFET ++ R&D, system test? ++ n: ?, but expect so far.... ©
(expectation) all-silicon module R&D! Ok!
HAPS Backup
7um (=) -- + + - - + + |
(ATLAS&CMS) solution

E. Cortina

ILC Workshop — December 2005

Page 46



Workshop

A Vertex Detector for the ILC

- Physics and Technologies -

H.-G. Moser : .
Wlax-Planck-InstitL May 28, 2006 - May 31, 2006

http://www hll.mpg.de/~Ica/ringberg

for Physics,
Munich

WORKSHOP ON
THE FUTURE
LINEAR COLLIDER
GANDIA,

1 al 3 de
Diciembre 2005




Central Tracker

*Field Cage- homogeneous E field

*Track reconstruction efficiency

* Mechanical Frame (< 3% X;) *Long Silicon Strip sensors (Barrel)

*Mechanical Support (<1% X, per
layer

*Novel 6as Amplification System

eGas Mixture

FE Electronics (low noise,

Performance at High B -Field Rtbutnd
digitisation)

(100um (Ry) Resolution)

E. Cortina ILC Workshop — December 2005



Central Tracker - TPC v
TPC support amm
=cal % cable route
ECAL
200 L ’,r—
.
1301 \_cuter field cage
central membrane
100 |- »
oL mner field cage
L ¢
0 | 1 1 ] ] ] ] ZE‘H: g 220 T
0 50 100 130 200 250 300 < ﬁ
3‘5 160
& o
N 190r
Gas amplification: ol

Micromegas, GEMs

— ~—.:

-120F

AAAAA 28 B

x-Position [prm]
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Digital TPC

25.10.05_1228'54

'-un ..q. |
& '.
ED DRIFT N I ‘.
GEM1 =~ S SS3SE5386838 T T
ET TRANSFER '--Tr‘acks fr'.om-l%Ru_ |
GEM2 =@ S0SCSC0ES08ES T
ET TRANSFER o
CEM:3 :::%ﬁ::ﬁﬁﬁééﬁ zmﬁ;ﬂj'
READOUT o FoRl e
0 - : 50 |:| ' "
““Fe spectrum in Argon + 20% iC,H,, very interesting to measure
£ ] . .
= so00 | dE/dx via cluster counting
4000 ;
3000 Resolution o./E = 6.5%
— (FWHM = 15.3%)
E Gain variations < +5%
1000 |-
0 :, ads Lot L T S N R

0 10 20 30 40 50 60 70
output pulse (mV)

E. Cortina ILC Workshop — December 2005 Page 50



TPC status and next steps

* A large international community is engaged in TPC R&D

* Both GEMs and MicroMegas seem to work
- Point resolutions < 70um with both (close to diffusion limit)
e For the moment just small (~80cm) prototypes

* Next step:
— Construction of a “Large prototype”
- Full System Test in a beam
* On going R&D
- Gas mixture, magnetic field homogeneity

- Backscattered pairs (background)
— Readout electronics (pad density)

. Cortina ILC Workshop — December 2005 Page 51



collaboration CALICE

http: //polywww.in2p3.fr/flc/calice.html ‘

The CALICE Project

CAlorimeter for the Linear Collider with Electrons
A high granularity calorimeter optimised for the Particle Flow measurement

1 TeV

» Last collaboration meeting at NIU, De Kalb, IL, UsA All info here

@The collaboration #The ECAL project
@The HCAL project @The software corner
#@Mceting and news @Publications, talks

of mulkti-jets final state at the Intermational Linear Collidar running at ‘ A L l

Calorimeter for IL
P L

Approved PRC-DESY n®02-01
Presented at PAC-FNAL

|

190 phys./engin.
32 laboratories
9 countries

3 regions

Missing
flag
here ...

Gandia workshop — December 2005

J.-C. Brient (LLE)




he proposed solutions "'@

ECAL - Sampling calorimeter
tungsten (density) - silicon (pixel size ~ Moliere radius)

Pixels size <1cm? and about 20-30 readout layers
(15 to 250 Millions channels)

HCAL

Sampling calorimeter tungsten/Stainless steel (density) -digital readout (pixel size)

Pixel size 1cm? and about 50 readout layers
(~50 Millions channels)

Sampling calorimeter tungsten/Stainless steel (density) - scintillator tile
(small size)

Pixels size 16cm2 and about 50 readout layers
readout by silicon PM Il

J.-C. Brient (LLR) Crancia workshop — December 2005



Calarimeter for

calorimeter

““A] The electromagnetic Cﬁ“@

Ewha Univ,, * wan Univ,,
Kangnung MU LIniv.

LALLLR,LPC=Ct, LPSC, PICM

> 130T de tungsten ITERIHER, MEU

» An octogonal geometry Prague(iop-ascr)

» High level of density Imp. Call, UCL, Ct
(20_40 |EYEI'S, 24X0 in ~1 ?Dmm} ﬁll-é Birmingham, Manc AL, RHUL

20-40 layers !

Carbone Filher

» No large area of dead zone
» All modules are identical (Tungsten wrapped by Cfi)
» The detector slabs would be tested before assembling

Detector zlab

J.-C. Brient (LLR) Crancia workshop — December 2005



ECcAL || Contraint on the ECAL calorimeter CALI@

Cabiratzr for 1L

3 Small Moliére radius = small thickness for non-W material
3 Threshold <mip = large mip signal = wafer not thin (500pm)
J S/N at mip > 10 = small noise
O Weak coherent noise = pick-up, ground, power supply etc...
d Large dynamic (16bits) = bi-gain two time 10 bits
O Weak power dissipation (elecronics) = power cycling
3 Behavior of the VFE chip when 500-600 GeV em shower goes through
 Keep under control the silicon cost = |labos in contact with

privates companies

Relatively crude object when compare to a microstrip
Matrix for a tracker

Fad . 90109010 prr
Int: 9Q0 prm

J.-C. Brient (LLR) Crancia workshop — December 2005



ECcAL || Contraint on the ECAL calorimeter CAL]@

Cabiratzr for IL2

3 Small Moliére radius = small thickness for non-W material
3 Threshold <mip = large mip signal = wafer not thin (500pm)
J S/N at mip > 10 = small noise
J Weak coherent noise = pick-up, ground, power supply etc...
d Large dynamic (16bits) = bi-gain two time 10 bits
O Weak power dissipation (elecronics) = power cycling
3 Behavior of the VFE chip when 500-600 GeV em shower goes through
 Keep under control the silicon cost = |labos in contact with

privates companies

DETECTORS MATRIX Relatively crude object when compare to a microstrip
UVEITELIVURO TAALIRLA Matrix for a tracker

J.-C. Brient I:I.LR} Grandia workshop — December 2005



the prototype is in final
phase of construction
{

Alveolus Structure ‘

analog part

Front-end electronic

i A T O D D 5 O S ISR R L
T T

A T O WL P R A TAVAL O WL P D £
E_rr\—\--wﬂrw S e e e e e e e

- T
i

J.-C. Brient (LLE)

; ’-Téil'l'-‘!}ﬂ!.!‘ﬂﬂﬂ"”““mﬂm TR AT

e P e e -

=

e

fr e :-.-;;:-m‘:“'

SENSIEOHEEEEE

o = e

*
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Test beam (DESY)

Test c05m|cs {LLRJ

I||I 3

i

J.-C. Brient (LLR) Crancia workshop — December 2005



ECAL prototype - first test at DESY (FNAL/CERN 2006..))

Run=100078

CALICE ECAL Prototype Ei

electron

J.-C. Brient (LLR) Crancia workshop — December 2005



ECAL prototype - first test at DESY (FNAL/CERN 2006...

Run=100078

CALICE ECAL Prototype Bin s
First real test versus
the « Particle Flow » method

‘with a dedicated detector

= 2 close electrons (~ 3cm)

electron

J.-C. Brient (LLR) Crancia workshop — December 2005



ECAL prototype - first test at DESY (FNAL/CERN 2006...

CALICE ECAL Prototype Run<10007

Event= 613

First real test versus
the « Particle Flow » method
‘with a dedicated detector

2 close electrons (~ 3cm)

J.-C. Brient (LLR) Crancia workshop — December 2005



AHCAL Analog hadronic calorimeter

pe 1m?3 (4.50)

Scintillator tiles

> Tile size : 3x3 cm? — 12 x 12 cm? 3x3 cm?

> Wavelength shifting fiber imbedded in tiles
illuminating photo-detector

8000 readout channels in total

Silicon — Photomuiltiplier readout
> New development
> Located directly on tile

+ a tail catcher of 10\

Sl 2 ] =

(00

4

" f"
fig ¢ "-'*,'1'.'
i

U i)
i
eI

( X8
(X
’é‘:

CALICE AHCAL

Prague

LAl

DESY, Hamburg

ITEP, JINR, LPI, MEFRI
Imperial
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DAL Digital hadronic calorimeter MU@

Cakirsler for L

::> Sampling Calorimeter , gas detector/radiator

» 40-60 readout layers (RPC, triple-GEM, ...)

» Readout (1bit) per pad of 1x1 cm? (energy given by cells counting)

» B0-70 millions channels (but electronics is supposed to be cheap and simple, no dinter-calibration, ... )

F,J]]Qu,yjng 'r'n MulEiIoen

.-r

:J
1)

Better than a “classical” calorimeter for

» the separation between close shower
» a better ener gy resolution (specially if we do more than a cells counting)
» identification of the muons

» the sensibility to noise,
» the cost of the detector (warning to the cost of the electronics readout)

J.-C. Brient (LLR) Crancia workshop — December 2005



_ Cabniredor fo LS
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SIMULATION [pigital

Analog
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Exemple of R&D_ CA@?

Calrimetor wr 1L

ECAL, AHCAL, DHCAL

detector readout

Clock+Canfig+Controf
il el L
| WFE ! | VFE ! VFE |
A& : ASIC | i ASIC | ASIC |
Elrsar el Lecn ] Pt !

Dat
|
Clk
<] Rl FPGA Config/Clock
Bunch/Train Timing Extract
Config Data
VFE ASIC d

Data 1 GH 00Mb Ethernet———#

ADC PHY -——
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News groups enter in the collaboration Recently (less than 3 months)
- Korean groups on the silicon wafers
- lowa, Boston, Chicago on the DHCAL
- LPSC on the ECAL endcap mechanics
- McGill, Univ.Regina on the scint. hadronic calorimeter

There is clearly room “relatively” empty today, (the ones | think about are)
% The electronics and the DAQ of the Digital/Analog HCAL
< The mechanical integration of the DHCAL
% The power supply distrib. and slow control for the ECAL
< The analysis of test beam
% The algorithm of particle flow (PFA) for neutral hadron(s)

+ difficulties with

= Digital HCAL (RPCs production for prototype)

= End-Cap design (always difficult in collider)

= PFLOW performance (a~30% on Z at rest , need test at HE )
= Real design of the calorimeter (design of principle now)

= etc. ..

yre informations , just contact me
brient@poly.in2p3.ir

J.-C. Brient (LLR) Crancia workshop — December 2005



Conclusion

»The ILC is the future of HEP (post LHC)

» The detector R&D for ILC has begun (agenda established)

» The calorimetry sector is already structured,
A very large collaboration ( CALICE ) + a west coast SLAC-Oregon ECAL project

+ few single lab. proposal !! + Japanese work on SiPM

» There is still a lot of place for ideas and contributions

» The next 3-4 years R&D will designed the future
calorimeter for the ILC. It is a good time to join ...

J.-C. Brient (LLR) Gandia workshop — December 2005



...y el CIEMAT??

* No existe ninguna actividad en marcha en el CIEMAT (detectores)

- Retraso respecto a otros labs (IFIC,Santander)
- Reparto de tareas se esta realizando ahora

e Puntos fuertes del CIEMAT

- Unidad de Electronica
* Posiblemente una de las mejores en Espana
- Talleres mecanicos

* Bien dotados tanto en maquinaria como en personal
 Masa critica de ingenieros

* ; Existe interés en participar en el ILC?
- Proyecto a muuuuy largo plazo (post-LHC??7?)
- Hay que definir en qué queremos participar, empezando por el [+D.
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Electronica de Front-End

* TODOS los proyectos presentados muestran una tendencia

* ASICs

* La idea basica en la parte “analogica” no ha variado desde que en
los anos 50 cuando E. Gatti invento el amplificador de carga.

- Mayor granularidad

- Mayor velocidad de lectura

- Mayor integracion
— Mejora en la parte “digital”
e Cada detector fija diferentes “constraints” mecanicas
- Variacion de “pitch” e integracion
- Test de nuevas tecnologias — menor potencia por canal

* EI CIEMAT cuenta con personal técnico capacitado para el
desarrollo/adaptacion de ASIC

- Primer paso para pasar de seguir las proposciones de otros
|laboratorios a proponer experimentos

E. Cortina ILC Workshop — December 2005 Page 69



Mi propuesta

* Creacion de un laboratorio para la investigacion y desarrollo en
detectores de pixeles.

- Tecnologia compartida por muchos de los detectores actualmente.

e |[LC: detectores de traza, TPC, calorimetros
» Astroparticulas: CCD, DEPFETs(?)
- Colaboracion con “productores” de sensores (MPIl,CNM,IReS)

» Test eléctrico de prototipos
* Disefilos mecanicos (pasar de sensores a detectores)
- Semilla para la creacion de un grupo de microelectronica

* Primer trabajo ya lanzado.

- DES: Dark Energy Survey
 Prototipo de la camara DES (CCD) junto con el IFAE y el IEEC
* Habilitacion de una zona experimental

- Sala limpia

- Infraestructura comun (criogenig,bancos opticos.pool electronico.etc)
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Conclusiones

* El [+D en el ILC propone una nueva generacion de nuevas
tecnicas de deteccion.

* Aun no es demasiado tarde para coger el tren del 1+D para el ILC

 La seleccion del camino a tomar se debe elegir en funcion de la
fisica que se quiera estudiar a largo plazo.

— Cualquier camino pasa por la “pixelizacion” de los detectores

» Astroparticulas — desarrollo de CCDs (DEPFETs?7?)
« Particulas — “Particle Flow” abre de nuevo el campo en calorimetria
— Desarrollo de TPCs digitales
— Contribucion al tracking desde el hardware
- Hay que lanzar un programa de |+D a largo plazo

» Base de futuras colaboraciones
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