Collaboration

- .H'-?r!_-?h Ppreciyion o =

~ The Forward Region of the
ILC detector

Aura Rosca, West University Timisoara >
" |PRDO8,Siena, 1 - ber 2008

4 October 2008 Aura Rosca, Physics Dep. UVT |



{,\5\1ATFA Og,
Sy A"@

Collaboratlon

et COvearviayw

i — = - e

S —————— F— e
—

—
e e

~—=_Accelerator
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= Very forward region:
design and challenges A > llab OT?
= Summary ;
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Des |te the spectacular success of the Standard

— Pattern of particle masses; why is the top so heavy?
— Pattern of quark mixing? Lepton mixing?

— Origin of CP violation? Baryogenesis?

— Why 3 generations?

— Unification?

= Hierarchy, »
= Why.is the electroweak scale << PiﬂWCale?‘ e —
="Dark energy?

— Quantum gravity?
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__* For precision measurements, want an ere:
collider to complement the existing hadron
machines.

" There are strong theoretical reasons for
wanting to achieve ~1TeV in energy.

W Synchrotron radiation effeci t00 langeswe :
ﬂﬂﬂmﬁ : as a circular

7 accelerator
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= First stage: 90-500: GeV.
= Second stage: upto 1 TeV
* [ uminosity: 500 fb-'/4 years,
1ab'at 1 TeV — | ~2 x10% cm?s?’

= Polarization: 80% e, 50% e* (optional)
= Beam energy

uncertainty: <103
= Options: ey, W, ee, GigaZ

Mot to Scale

- %
e-le+ DR ~6.7 Km

11.3 Km + ~1.25 Km ~4.45 Km

Schematic Layout of the 500 GeV Machine
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We To FuIIereconstruct hadronlc fmal states
- = Ability to tag heavy quarks.

= Excellent missing energy/mass sensitivity

Require:

— Exceptional momentum resolution,
= Large volume TPC or low mass Si p-strip tracker

— Excellent vertexing capabillities

5 Iayers pixel Vertex Detector =
- ompensatlng sampling calorimeter
Herm|t|C|ty

= Minimal supports, on-detector readout.
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Central Drift Chamber
Calorimeter Muons (instrumented iron

= Supercon. Hadrons (HCAL)
N\ magnet coil

Photons, electrons (ECAL)

Track measurement (TPC)

_‘ 2 — Flavour tagging
Forward region #2= (pixel detectors)

A

magnifing IP,

Vertex Detector
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Vary Forwelrd Rejlon

B sSS— - mtegrated Ium|n03|ty (AL/L ~ 10%) e —
- (&Q \ Provide 2-photon veto
m— = "'—;%Q""((\\O Provide 2-photon veto
= \/\) (ad 2\ Serve the beam diagnostics using
~ Qmeea‘-(\o beamstrahlung e*e- pairs

dMe the beam diagnostics using
= beamstrahlung photons

Antisolenoid

Detectors
- LumiCal
Vertex Detector P Chamber
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= Precise [uminosity. :-_'.—_
-~ measurement Gauge
process: efe: — e*e ()

L=N/o

o

Count From

habha theory
events

. precision . - Inner acceptance radius : < 10 um
Distance between Cals. : < 600 pum
Radial beam position : <1 mm

4 October 2008 Aura Rosca, Physics Dep. UVT 9



) 1C011_ab01;ation (‘ b
hl"i.l‘.g'.l"l LPreClsion desighn
J

03]ty

e
e

T . —

P— sl
MP—S—

= Geometry = Segmentation
~ = Tungsten-thickness = 3.5 mm — 30 layers, 48 radial divisions;
— Silicon thickness = 0.3 mm — Angular coverage from ~ 50
— R =80mm mrad to ~ 90 mrad, outside
S the reach of beamstrahlung
- R, =195 mm n pairs;

— z position =2270 mm.

— B
- Si'sensors placement accurate

to several um.
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= Beamstrahlungiis a new,
phenomenon at the ILC (nm beam
"Sizes) -
— Bunches are squeezed when
crossing (pinch effect)

— Photon radiation (at very small
angles)

— Part of the photons converts to
e*e pairs (deflected to larger
angles)

= A measurement of photons and pair
enengy.allows a bunch-to-bunch
e Uminosity estimate

Energy deposition
from Beamstrahlung in
the innermost
calorimeter (BeamCal)

E BeamcCal (TeV)

10
—8—gammas
5 —e—pairs

energy in gammas (MTeV)

—
BRSNS
" s —
—— = o
*Dose absorbed by the sensors: up offset/2 (nm)

to 10 MGy/year
The ratio is ~ to L, feedback for beam tuning.
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Veto) capability/|
" required from-physics down
-~ to small polar angles to

—

suppress background in
particle searches with
missing energy signature

(hermiticity)
— e.g. Search for SUSY Subracted Tile Energy
particles at small Am ol
BN Local deposition o Exploit the
from a high energy longitudinal
electron shower profile >

penetration depth (mm)
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= EM calorimeter with

" sandwich structure:
— 30 layers of 1 X0

= 3.5mm W and 0.3mm sensor,
0.2mm readout

— Angular coverage from Smrad
;lo 48 mrad
— Moliere radi

and 0.8 x R,,

4 October 2008

~ 25 cm

5 0
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....

Design:

RIS ——

egmentation between 0.5

Aura Rosca, Physics Dep. UVT

=150 mm

max

16 rings of ~ 8 mm
8 sectors
Subdivided into cells or pads

z position = 3450 mm
13
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- ® pCVPradlamonas: &= CVD diamond

— Radiation hardness under
.. —investigation-(e.g. LHC beam
monitors, pixel detectors)
— Advantageous properties like:
high mobillity, low €,=5.7, thermal
conductivity.

= GaAs:
— Semi-insulating GaAs, doped with

nd compensated by Cr
2reoduced by the Siberian Institute

diamonds:
— Available in sizes of mm?.

Single crystal

CVD diamond
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Beam exit Collimator (I.,,) Faraday cup (I-., T:c)

window Sensor box (5., Tpie HVY)
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E6 samples CCD vs dose at 400V
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4 October 2008 Aura Rosca, Physics Dep. UVT 16



\TATEA
N — L

Collaboratlon

023

memm
N - IIIIIIIII
— Timing constraints for

detectors and readout 0 95 ms

— High occupancy in the
forward calorimeters —read e — Data concen—
out after each or a few \ =2 als A zero [ river T
bunch crossing. e

— Fast feedback. o il
ﬁ@ution forLumiCal:
SICs inAMS, 0.
W%’
- — 1 FE ASIC contain 32-64

channels
— 1 ADC for several channels.

Front—end ASIC ADC ASIC
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Variable Gain
Charge Amplifier

Silicon (one per channel)

Detector

10-bit )

successive

approximation Eeladout

ADC . olumn
Digital Memory Row (one per IC)

(one per channel)

Pulse
Shaper
(one per channel)

Track&Hold Amp. (one per channel]

o]
I (one per channel)

Science
B

Fast Feedback 8-bit low-latency ADC

Calibration Analog Adder (one per IC)

Signal
Generator
Diagnostics
Readout
Signals from
other channels

= TSMC CMQOS 0.18 um technology.
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_.forward region. of the ILC detector;

= FCAL detectors will provide precise luminosity
measurement (LumiCal), identification of single high
energy electrons to the lowest possible angle relevant for
new physics searches (BeamCal), beam diagnostics
(BeamCal) and luminosity monitoring (BeamCal, GamCal);

= |LumiCal must be positioned extremely precisely.
- Radlatlon hard sensors are essential for BeamCal;

ectronlcs for all detectors should bﬁ‘gst (=100 TTS)-IGW—
dﬁﬁer‘ rgg@ﬁ%hn
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