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,-,IE Tasks of the Forward Region

ECal and Very Forward Tracker acceptance region.

Pthics at the ILC, e.g.: ‘Precise measurement of the

10° (e*e™>W*W") per year integrated luminosity (AL/L ~ 107%)
10° (e*e">q"q") per year ‘Provide 2-photon veto

GigaZ: 10° events per year

*Provide 2-photon veto
*Serve the beamdiagnostics
using beamstrahlung pairs

*Serve the beamdiagnostics
using beamstrahlung photons

Challenges:

High precision, high occupancy, high radiation dose, fast read-out!
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'-'IE Design of the Forward Region

Steel Yoke

Antisolenoid
BeamCal

Mask
<
/. ﬁ;f—% FD Cryostats
B Detectors
— LumiCal
Vertex Detector B Char b ILC RDR
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'-'IE Forward Region Overview

> The FCAL Collaboration LBC SID
develops the Very Forward
Detectors, LumiCal, ) ) ) ;
BeamCal and GamCal. mm | mm mm mm | mm mm

RInne ROu‘re ZPos RInne ROu‘re ZPos

. LumiCal |80 [350 |2270 |60 |200 |1800
> Due to the small bunch size

6, ~650nm, o,~5.7 nm and BeamCal [ 20 |165 |[3550 |16 |110 | 3000
he high bunch charge, GamCal | - _ ~180m | - - ~180m
N x 1010/bunch
beamstrahlung becomes
important.

Jine

LDC 20mrad
> The geometry has to be
carefully optimized to = e
minimize background due to |=|
the beamstrahlung pairs.
H H [T
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The LumiCal

Precise Measurement of the ILC's luminosity
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,-',IE Precise Measurement of the Luminosity

> Required precision is
AL/L ~ 10-4 (GigaZ)
and AL/L ~ 10-3 at higher
energies. BeamCal

LumiCal

» Bhabha scattering ee->ee(y) is the gauge process:
- Count Bhabha event in a well known acceptance region
=> L = N/o
- High statistics at low angles (Ng,,h, ~ 1763)
=> need about 1 year of running at design luminosity

- Well known electromagnetic process (LEP: 10-3): the
current limit on the theoretical cross section error is at
~5 104,

- We work in collaboration with theory groups to improve this
limit (in Zeuthen, Katowice, Krakow and Tel Aviv).
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'-"IE Physics Background and Beam-Beam Effect

Multiperipheral
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2-photon events are the main background.

We determined an efficient set of cuts to
reduce the background to the level of 10-4,

The Bhabha Suppression Effect is due to the

EM deflection and energy loss by beamstrahlung
of the Bhabhas.

The bias can be of the order of some %. These
effects can be reduced but need further study. o

FT RN B Rt AT O Gl PN C TN TN TN S A L

50 =] T a0
¥ (mrad)
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'-"IE Requirements on the Mechanical Precision

MC simulations of LumiCal:
Derive requirements on design, segmentation, mechanical precision
and impact of different magnetic field/crossing angles.

|
Eulun = ;‘—
‘ : AL/L 1.0 104
‘ / inner radius 4.2 um
| ; radial offset 640 um
J distance 300 ym
0.004 /
Q l. L ] ._d. [ XY 1) _ o
Gg (rad)
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AL/L

LumiCal: Systematics

@® Headon, 14,20 mrad X-angle outgoing beam

y
X
® 14 mrad X-angle detector axis
® 20 mrad X-angle detector axis
A M
0.65 ... ‘ :. ‘
° % ° %
;‘,f\ ™ N Recommendation:
% 5 place LumiCal around outgoing
T PP e,'m%.‘ beam and tilt it accordingly.
0.4 ® .‘
Atilt=0.1 rad, ¢(rad)

0.35
-3
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ilp ' '
A Mechanical Design

Si/W sandwich calorimeter, Sensor carriers

30-40 layers
laser position monitoring system

Mechanical frame: decouple sensor *-
support from absorber support

structure, alternative designs under
investigation. Absorber carriers
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'-,IE Laser Alignment System

y

cCD sensor

. Laser beam

CCD sensor— \  Ceramic suport — |
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31/5/2007

The BeamCal

Particle Veto at Lowest Polar Angles

The Forward Region
Calorimetry
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ip '
i BeamCal Design

» Compact em calorimeter with sandwich

structure:
< 30 layers of 1 Xo
03.5mm W and 0.3mm sensor
» Angular coverage from ~5mrad to ~45 mrad BeamCal
* Moliére radius Rn # 1cm LumiCal
» Segmentation between 0.5 and 0.8 x Ru

*

L)

CR)

L)

L)

L)

0

W absorber layers —

Radiation hard sensors
with thin readout planes

Space for readout electronics —
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BeamCal Challenges
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We developed algorithms to
efficiently veto single high
energetic particles down to
lowest polar angles.

We investigated the impact
of different layouts, cell
sizes, etc..

We need radiation hard

sensors with a large dynamic
range O(10%).
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31/5/2007

FCAL R&D

Radiation Hard Sensors

The Forward Region
Calorimetry
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,-',IE R&D Capabilities of the FCAL Collaboration

> Sensor test capabilities available:

- Desy-Zeuthen, TAU, Krakow, Brookhaven,
Prague, Minsk, JINR

» Electronics development capabilities
available:

- Krakow, Brookhaven, Minsk

» Electronics test capabilities available:
- Desy-Zeuthen, Krakow, Brookhaven, Minsk
> Integration facilities (clean room, wire
bonder etc.)
- Desy-Zeuthen, Brookhaven, JINR
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'-,IE Radiation Hard Sensor Materials

> BeamCal: high energy
deposition romflow
energetic pairs from ~
bean?sfr'ahl?ung. 5 Méy/a

» We investigate several
alternatives:

- CVD diamond sensors
- GaAs sensors

- SiC

- radiation hard silicon

sensor box

» We perform different
characterizing laboratory
measurements (I-V, C-V,
MIP response, low dose
irradiation)
as well as test beam
measurements.
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; ,l'l: Polycrys’rallme Chemical Vapour Deposu'red Diamonds

~ (courtesy of TAF)

> Samples from two manufacturers
are under investigation:

- Element Sixqy

- Fraunhofer Institute for Applied
Solid-State Physics - IAF

> 1x1cm2, 200-900 pm thick
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response vs electric field

E64 CCD vs E-field

Investigation of Sensors

polycrystalline CVD Diamond

response vs particle fluence

|—|200_|||||

§i180i
= 180
Eg 160
© 140,
1201
100.
8o[
60/
a0l
20"

D:|||||

* {=2min

¢ t=12min
* t=22min
e t=32min

-

0

0.2 04 06 038

1

CCD = Qmeas/Qinduced X Tthkness

31/5/2007

R [}
¢ # . e
} . =,
E % 10
. 5
] [+
: @
- o ali
C
] o
E
1]
E =
e 10
o
12 14 1 L
10° o
E [V/um] Particle fluenm [ll.lIqum;]
The Forward Region 22

Calorimetry



:p
1o

Test beam at the

Silicon starts to degrade at 30 kGy.

Results for High Dose Irradiation

Si 1505 2 CCD vs dose at 50V

S-DALINAC High leakage currents. Em
Tech. University of Darmstadt Not recoverable. \
CVD diamonds still operational after absorbing 7MGy. |
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-'IE Alternative Sensor Material: GaAs
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> Investigation of GaAs prototype started.

»Investigated a first SiC prototype and
expect to get more.

»Just got radhard Si prototype to
Investigate.

10~

preliminary

0 1 I 1 1
o 100 200 300 400 500

HV[V]

response vs electric field » Next irradiation test beam end of June.
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HHh ummary

» The FCAL Collaboration develops the detectors in the very
forward region of the ILC independent of a detector
concepft.

» MC simulations allowed to develop a very clear understanding
of the physics background, beam-beam effects and the
requirements on positioning and precision.

> Precision and position monitoring is essential for the LumiCal.
Radiation hard sensors are of crucial importance for the
BeamCal.

» We have an intensive R&D activity on radiation hard sensors.
We investigate CVD diamond, GaAs, SiC and start to
investigate radiation hard Si.

» In the next talks:

- we will introduce the concept of beam diagnostics and the
GamcCal detector.

- We will present our efforts on the development of readout
electronics for Lumi- and BeamCal.
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'-,IE Milestones for the Next 3 Years

> More realistic simulation of LumiCal and the
impact of the Bhabha selection criteria on the
luminosity measurement.

» Completion of the performance studies for
BeamCal including additional effects and a
realistic readout chain.

» Detailed simulation for the design of the GamCal
system.

» Processing of the first layout of front-end
electronics and performance tests.

» Design and construction of a full sensor plane for
LumiCal and BeamCal for beam tests.

> Continuation of the radiation hardness studies for
CVD diamonds, GaAs and Si sensors in low energy
electron beams.
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ilP  Silicon Sensors for LumiCal
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» For LumiCal the precision is of major importance.
> Radiation is not an issue in this region.

» The gaps between sensor tiles should be kept as
small as possible.
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'-"IE Veto Efficiency and misinterp. Bhabhas
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,-,IE Preparations and Programme

Samplse Thickness, Dose,
pm MGy
E6_B2 (E6) 500 >1
DESY 8 (IAF) 300 >1
FAP 5 (TAF) 470 >H
sensor box
r E6_4p (E6) 470 >H
collimator
Apply HV
to the DUT
— Measure CCD —_—
~20 min
Irradiate the sample
~1 hour <

CCD: Charge Collection Distance
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