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from Friday 05 October 2007
{08:30)
to Saturday 06 October 2007
(16:00)

FCAL Collaboration Meeting at Laboratoire de I'Accélérateur
Linéaire { foom 101 )
chaired by:

Wolfgang Lohmann (DESY )

Description: Twice yearly meeting of the L Forward Calorimetry collaboration.

Friday 05 October 2007 | Saturday 06 Ocober 2007 |

/ sessions in 2 days:

1-Introduction session 1: Physics and Beam diagnostic using beamcal
2- Session 2 : integration, vacuum issues

(0

3- Session 3 : Lumical and Beamcal issues
4- session 4: FCAL Electronics and readout

Saturday

1- Beamcal and Lumical Mechanics
2- Background estimations and algorithms
3- Discussion and closeout session
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o Geometry and position

EQm

Angular coverage




BeamCal: W-sensor Sandwich

O
BeamCal: 5 < 6 <28 mrad

Sensor and R/O Hybrid

Length = 30 X,

(3.5mm W + 5mm sensaq

Sensor
Moliere radius= 1 cm

Tungsten Plate

Space for electronics

Abdenour LOUNIS m f
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The BeamCal detector

purpose:
e Detection of electrons/photons at low angle

e Beam diagnostics from beamstrahlung electrons/positron pairs
e Shielding of Inner Detector
e Extend the sensitive region to lowest polar angles (hermeticity)

Two photon cross
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The BeamCal detector

Two photon events is the most serious background in
many physics searchs (Beyond SM)

(missing energy and missing momentum)

e Very important feature of beamcal is to separate high
energy electron with P~P beam and pile up of low energy
beamstrahlung pairs

Example of Physics signal

SUSY : smuon production
And missing energy

" Background signal : 2 photons events
o may fake signal « in case of electron

o escape»
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Beamstrahlung: Photons and e*e- pairs E deposit and

Irradiation
» :
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e e  pairs from beamstrahlung are
deflected into the BeamCal
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o Challenging Project

To built a High Precision device, High occupancy, High radiation level
and Fast electronic readout & inhovation in design Techniques

Recall

BeamCal structure
2 end caps x
30 Silicon — Tungsten sandwiched
layers per cap x
1512 channels per layer
Total channel count: 90,720
At 32 channels per chip, this
implies 2836 chips
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Sensor options

o Silicon radiation Hard

o GaAs
o Diamond pCVD , ScCVD

Look for best performances in terms of

Signal yield

stability , long-term behavior
charge collection efficiency
charge collection distance
radiation hardness

Easy industrial procurement
budget

Abdenour LOUNIS 5 1 :



Basics
O

Assuming a parallel plate detector of thickness A and E the applied field

Charge collection distance : CCD

Average drift distance =

n, = electron mobility

w, = hole mobility

T = mobility weighted lifetime o
Efficiency mis the ratio of the tc

to the total charge Q, generated

o and m limited by t (presence of
=» Gives hints and information ¢

* K. Hetch, Z. Phys. 77(1932)235
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qaus = 0-0007069594 + 0.00434276976

pPedestal
;= 31.8991394 — 1.44881451

= 33.8996230 + 2.06801534
MPV o, = 1039.61353 + 3.77559018

Ogaus = 174934464 + 5.0381155
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Band Gap at 300K : 1.424 eV
M*, = 0,067 me

® Gallium Arsenide M*, = 0.45 me

n,= 9200 cm?/(V.s)

u,=400 cm?/(V.s)

The choice of GaAs over silicon is dictated by its radiation hardness

Compound structure

Advantages over silicon :

- Higher electron saturated velocity and higher electron
mobility

- Working at high frequency (250 GHz)

- Lower noise level at high frequency

- High breakdown level

- no type inversion observed JINR Tomsk

Silicon advantages:

-Abundant and cheap process

- Allow fabrication of (2X) larger wafer (~300 mm )
- Presence of SiO2 as insulator

Produced by Siberian Institue of TechfgIgy”™®




AsGa results

GaAs2 Pad 4r6
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Brookhaven Si_

1

Rad Hard silicon (BNL) — n type McZ silicon,
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® Diamond sensors

o Highkr mobility ~30% e~ et 60% holes // better than si
o Low dielectric constant € =5.7

o Thermal conductivity* 900-2320 W/m.°K

(air = 0.025 water = 0.6 silicon = 149)

Available manufacturers E6 and Fraunhofer (IAF)
PcvD 1x1 cm? and thickness 200-900 um
ScvD 5x5 mm? and 340 um

pCVD diamonds

active area 10x10 mm2, scCVD diamond
Ti-Pt-Au metallization

area 5x5 mm2, thickness 340
thickness 500 pm

pm,
metallization @3mm

* It is defined as the quantity of heat, AQ, transmitted during time A# through a
thickness L, in a direction normal to a surface of area A, due to a temperature
difference AT, under steady state conditions and when the heat transfer is

dependent only on the temperature gradient




E6_4p CCD vs dose at 400V Diamond from E6
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DETECTOR s il =~ o~
and SENSORS

APPLICATIONS

Electronique
Extreme environments

Single crystal growth, doping

Interfaces
Bio fonctionnalisation

Sensors and transducers

Abdenour LOUNIS 5 1 :



® BeamCal electronics

Variable Gain
Charge Amplifier
(one per channel)

10-bit
ﬁ\f\"—' I_ Fe sucCesSIVE | o m mm mm mm o mm o —
(Sof;]aeps;r channel) a%proximaﬂon I Asoried
ADC Digital Memory Bow (one per IC)

'O\f\_l I_ Track&Hold Amp. (one per channel) (one per channel)

I
(one per channel) I
I

| TH .
| K T R
lk
f ¢ f | | | | | Science
I Readout
\ ] N “Fast Feedback _ 8-bit low-latency ADC

Analog Adder (one per IC)

Calibration
Signal m
- X
32

Silicon
Detector

Diagnostics
Readout

Generator

Signals from
other channels

Fast feedback f
R/O after each BX

STANFORD LINEAR ACCELERATOR CEMNTER

Dual-gain front-end electronics: charge amplifier, pulse shaper and T/H circuit
Successive approximation ADC, one per channel

Digital memory, 2820 (10 bits + parity) words per channel

Analog addition of 32 channel outputs for fast feedback; low-latency ADC M

O o0O0O



BeamCal electronics

Timing diagram: between pulse trains

o
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Sun]mary

@® Sensors :

GaAs tested and showed increasing leakage current

Both poly- and single crystalline CVD diamond sensors stood the
absorbed doses of several MGy

Values of CCD after irradiation being less than that before,

Understand the mechanism of damage
Clarify the dependence of CCD on dose, dose rate

Discuss with manufacturers the possibility to provide more radiation
hard samples in future.

Electronics : beginning of the process, first prototypes under tests

(charge amplifier and filter) — next year for complete circuit realisation



Beamcal : Matters for
contribution et open issues

o Sensors:

- Exploit new developments in rad hard (oxygenated)
silicon

- Diamond : exploit scientific know-how of next door
neighboors (CEA)

- To provide pure thin diamond sensors (very low noise
electronics to be designed for this purpose)

- Synergy LHC studies and SLHC (irradiation, fine granularity)

o Electronics (one group only for Beamcal electronics)

- Possible effort here for alternative design to the analog front-
end (actual design is made on 0,18 um CMOS technology)

- SiGe for analog part is one of the technology adapted for
such harsh environment (SLHC) ?

Subtle design for minimal power dissipation
- One could exploit its expertise in ADC design

LENL



All good ideas ...
Suggestions ...
participations
Commitments ...

are warmly encouraged

Abdenour LOUNIS



Additional slides
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2 Photon Process

e’ e’ Very forward
I = r ™
PV— 4, [
| > o
in the detector

IN’ q , l D
Very forward 7 e
into BEAMCAL < e e
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TEST BEAM @ S- DALINA

Experimental

To Experimental
Hall —_—

- . .
/ \ To Optics Lob
Ist Recirculation Undulator Optical Covity  2Znd Recirculation
3 m

Superconducting DArmstadt LINear ACcelerator
Institut fur Kernphysik, TU Darmstadt

Using the injector line of the S-DALINAC:
10 = 0.015 MeV and possible beam currents from 1nA to 50pA

Abdenour LOUNIS
AL 2



P Beam tests setup

¥ - Sensor box
Beam area: ‘ (z\%)

3 /

“" Collimator
(ICoII)
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Some material propreties

groperty \ Si Diamond \ Diamond \

Material Quplity Cz, FZ, epi Polycrystalline single crystal E

E, [eV] 1.12 5.5 5.5

Epreaaoun [V/CM] | 310° A R A Pandgap

te [cm/Vs] 1450 1800 1800 | (s<lLeakage)
bh [cm?/Vs] 450 1200 | >1200 |

Vsat [CM/S] 0810’ 2.2:10’ | 2.2:10’ \

Z | 14 6 | 6 | .

g, 119 5.7 | 57 <+ (apacity

e-h energy [eV] | 3.6 13 | 13 +—r

Density [g/om3] | 2.33 3,515 3515 | Displacement
Displacem. [eV] . 13-20 43 | 43 |

e-h/um for mips | 89 36 | 36 Signal : 36e/um
Max initial ccd [pm], >500 280 | 550 |

Max wafer ¢ tested 6” 6” | 6mm |

Producer ~ Several Element-Six | Element-Six

Abdenour LOUNIS
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‘ basics

- 103 10-1 T T
fE\ 5000F * n-type FZ - 7 to 25 KQcm -
= L — o| & n-type FZ -7 KQcm 7"
o 1000 - ‘ 102 @ o 10} & n-type FZ - 4 KQcm E
8 500F -34S =600V 3 e = O n-type FZ - 3 KQem
| i ‘ ‘_'O o 10_3 = p-type EPI - 2 and 4 KQcm
5 100} oS < ’
— 50f — =
I e -4 n-type FZ - 780 Qcm
E 10¢ 0 —— 2 10 n-type FZ - 410 Gem |
o 5F ) . 10 E= —_ n-type FZ - 130 Qcm
:)% : n - type p - type = <1 10° n-type FZ - 110 Qcm |
1L | | | | L n-type CZ - 140 Qcm
1070 o T e 10° ‘ e
(D [ 1012 Cm-2 ] [Data from R. Wunstorf 92] 1011 1012 1013 1014 1015
€q q)eq [Cm_z] [M.Moll PhD Thesis]
Progress made by RD50- Last developments
10 200 ' 'CERN-Szenario, 24 GeV/c Protonen
A C;lrbon—en‘riched (P503) | | | ® ® EPI<llI>S0 Lxm, 50 um ]
&L m St (1) Carbonated 1600 [ (Okt. 2002, 24 GeV
£ 8| < st s 750 600 - . > DOFZ <111> 1-6 koem, 300 um ]
NO & Oxdiffusion 72 hours (P56) 500 ,g - e StFZ<111>1-6 kOcm, 300 um -
—
(@) = 500 B [] N
=6} Standard 400 8
= ) s 40 o0 EPI <111> 50 &cm, 50um |
=, 300 S % 200 Sk (Jul.2003, 20 GeVic)
_ o - - i
{200 3 L e "
) Oxygenated > ¢
2{ =\ 200 ;"" ]
) 100 L & LR
R TRPPRRE o
O [ a— ‘ 100 .E.EEB“EBiE ....... P u |
0 1 2 3 4 5 9
0 L 1 L 1 L 1 1

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

\bdenour LOUNIS

0 5 10 15 g o o5
@, [10"cmi



Front End electronics status
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Silicon devices
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® Basics
Charge collection efficiency

partial depletion
==>  deep trapping sites
type inversion

Collected charge: Q — QO . gdep . gtrap

d T W: total thickness

Cdep = x T d: Active thickness
W E... = € : o

trap 1. : Collection time

T, . trapping time

T, trapping time increase with fluence *

Abdenour LOUNIS
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FAP

FAP5 CCD vs dose at 400V
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Capacitance

C

3e-14

g
2puV,

A

Measurement vs.

simulation:

Capacitance per pixel

>C oc—

=== P100D10W40
P100D10WS0

== P100D10W40
=@-= P100D10W90

simulation
simulation
measurement

measurement

Voltage [V]
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