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Detector Design Studies @ ILC
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Systematics of luminosity measurement at 500GeV

Source Value Uncertainty | Luminosity Uncertainty
O6 2.2x107% [mrad] | 100% 1.6x10~%

Ag 3.2x1072 [mrad] | 100% 1.6x107*

e 0.21 15% 10~*

luminosity spectrum 1073

bunch sizes Ox. 0. 655 nm, 300 ym | 5% 1.5x10-3

two photon events 2.3x1073 40% 0.9x107°

energy scale 400 MeV 100% 10—

polarisation, e, et | 0.8, 0.6 0.0025 1.9x107*

total uncertainty 2.3 x 1073

* 100%= Upper limit — the size of effect is taken as uncertainty

f'“\— —

Szymon Kulis

20/10/2012 NSS - Forward Region Calorimetry

3 /19



Challenges of Forward Region
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for ILC and CLIC

BeamCal

low polar angle
electron tagging

BeamCal & Pair Monitor

beam tuning and beam diagnostics (% precision)
fast feedback using special option of the ASICs

LumiCal

precise luminosity measurement

(10-3 at 500 GeV @ ILC, 10-2at 3 TeV @ CLIC)
derived from the expected statistics of the high
cross section physics channels

Challenges: high precision (LumiCal),
radiation hardness (BeamCal),
very fast read-out (both)
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Detector Design Studies for CLIC
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ECal LumiCal BeamCal Occupancy of LumiCal pads from

FTDs _ YY->hadrons
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Forward region at CLIC

Dimensions and positions of Forward Calorimeters optimized
to minimize background in LumiCal and number of back-
scattered particles from forward region in tracking detectors
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Trident Pairs
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BeamCal sensors

Dose in BeamCal sensor per year

Very high radiation load 5.n My

(a dose of several MGy per year) "
Potential sensor materials: | ,
* GaAs (by JINR Dubna) 2 10
* Operational up to 0.5 Mgy (CCE ~ 10%)

« Available on (small) wafer scale

T

102

-z BeamCal 0*

« Sapphire
» Charge collection efficiency a few %

« Extremely high radiation hardness: after 12 MGy
dose it has 30% of initial efficiency

 Drawback: slow signals

Large area BeamCal pad
GaAs sensor prototype

e 500 um thick detector

* 87 pads (20 - 40mm?)
 Leakage ~ 7nA/mm?

e Capacitance ~ 0.3pF/mm

* Poly-Crystalline Diamond (by Element Six and |AF)
* High radiation hardness: tests up to 7 MGy
« Availability on wafer scale
« Drawback: high price

2

pCVD Diamond
*1x1cm2
« 200-900 um thick

 Tested in ongoing experiments (spin-offs):
« Beam Halo Monitor @ FLASH
« Beam Condition Monitor @ CMS
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BeamCal readout electronic
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i_l_l """" T HEB'EANMo “““““ i » Prototypes in 180-nm TSMC process
! : « Charge sensitive preamplifier (CSA)
Detector N i  precharge circuit for to maximize
20N - Filter ADGC i output swing
© Slry —TR2Frer| Gated reset for quick baseline
i B  Feadost restoration
: ik « Switched-Capacitor filter
i r AjDC | Diagrosics * Analog adder to provide fast feedback
e = A J * ADC : 10-bit SAR ADC
Shaper output ADC performance
A4 016 V — ]
T e g v
2
—
)50mG +450mY B, 100nsH, =

0 200 400 600 800 1000 1200
Code
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Pair Monitor
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Pair Monitor is a silicon pixel detector to measure
the beam profile at IP.

‘,l
i
il

|

Detector radius 10cm, Pixel size 400x400 ym2, Total
number of pixels ~ 200.000

* First readout ASIC
e CMOS process: 0.25 ym TSMC

11171177
W ul: T I B
W
EERNEER
ENEEEE

I e O

SOIT Pixel Detector L /
« Chipsize:4 x4 mm? 6 x 6 pixels (36) - __—f-l—_;ll/’ o Nms/ i
» Test setup based on KEK-VME 6U module was prepared (Burted ode) =
» Sensor needs to be bound bonded )
. 1 { HighseRstTstive
« Silicon On Insulator (SOI) technology — first readout prototype . substrate) '

» The sensor and readout electronics are integrated in the SOI
substrate. (monolithic)

« SO0I10.2 yum CMOS process
« Chip size : 2.5 x 2.5 mm?, 3 x 3 pixels (9) (only readout)

 The noise level is much smaller than typical signal level
noise : 260 e (+130 e/pF) excepted signal : 20000 e

« All the ASIC components work correctly.

SOI prototype Iayout
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LumiCal readout
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Shaper " ADC | . Digital Filter
Sensor Preamp Output Output Output
Current Output T ?
time time time . *Tme i
FRONT-END ASIC MULTICHANNEL ADC ASIC DATA
CONCENTRATOR
SILICON . d R
SENSOR | - e ZERO SUPPRESION
I I} 2R UNIT
{>-—[_£‘_:_ :[>>>> e DIGITAL SIGNAL
PREAMP | PZC | SHAPER PIPLINE ADC with S&H EROEESAID
Sensor FrontEnd ADC Design
* p” on nsilicon sensor  « 8 channels of preamplifier + PZC  * 8 channels of pipeline ADC
300um thick + CRRC shaper (Tpeak = 60 ns) « Multimode Digital serializer
« Pad capacitance e Cdet up to 100pF « 9.7 ENOB up to 25 Ms/s
< 25 pF . var - : * Power consumption:
 Leakage current varlab~le gain: dynamic range ~1.2mW/channel/MHz
from ~2fC up to 10 pC : o
<5nA @ 500V . ‘ rat 0 3 MH e Gain spread < 0.1 %
 Depletion voltage event rate upo © z  Crosstalk < -80dB
< 50V * crosstalk < 1% « Power pulsing embedded

Used during most recent testbeams
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Y - Testbeam Setup 2010

: z’gfé precision design

T2 DUT T1 ,'Eﬂ

225 mm

100mm Sel

e
-

=
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-
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5c3 66,6 mm

XY —table

Trigger

Coincidence

5 GaAs Sensor Plates
were tested in the Lab

il

ADC V550
ADC1721v
ADC V550

BeamCal / LumiCal sensor + LumiCal front-end + Commercial Sampling ADC
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Testbeam Results 2010

Collaboration

(LumiCal Sensor)

Y [wm]

Front-ends signal shape
matches simulations

Single electron spectrum 10500 o
amp = 1 MIPMPV s
matches Landau convoluted . 10000 | amp =2 *MIPypy —— |
. . . . % amp=3*MIPMpV —
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S/ Testbeam Results 2010

High precizion desigrm (BeamCal Sensor)

e Signal to noise ratio above 20 « Charge sharing between pads
» Charge collection homogeneity
[ h_XY_geometry | h_XY_Position_ch3 h_XY_geometry Entries 135883
— — Entries 65592 = g
= o EL
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Detector Module

A S towards testbeam 2011
BTl » 32 channels fully
S e b equipped channels
g Data concentrator (Sensor + Front-end
|| Xilinx Spartan 3E +ADC)

eeeee

.  ADC sampling rate is up to
f Front- AD
Jpairs of Front-end * A C 20 MS/s (6.4 Gbps)

T ] -

« Data can be transferred
using USB

‘‘‘‘‘‘‘‘ W w ! - Signal handshaking with
8 - Trigger Logic Unit (TLU)

« ADC Clock source

* Internal (asynchronous
with beam operation) —
testbeam & CLIC mode

N € « External (beam clock
used to synchronize with
L beam) ILC mode
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Deconvolution

f Sollzoanstion as a solution for asynchronous sampling
e Motivation Resolvable pileup (t; -t; =2.1*Tgpp)
25 F | | T T T T T I =
« Time tagging for CLIC (CLIC Note) , | (simulation) sa"‘rﬂéliﬂ |
deconvoluted @
« Testbeam data analysis 2 15 i
(asynchronous sampling) %;L L |
. <C
* Properties 05 | -
- reduces (infinite) number of P : T
CR-RC pulse samples to 1 or 2 Time [Samples]
non zero samples !
Time reconstruction performance (T g, =T peay =60ns)
« Great pile-up resolving capabilities , | ,
(event delayed by 2~3T_ ) 7t i —
— 6|
* Time resolution down to 1-2 ns = 5F
possible for T ~ 60 ns = 2 I
E |
» Deconvolution signal processing”™ ! [ (1ab measurement) |
technique based on digital 0 . . | ' |

0 10 20 30 40 50 60

Signal to Noise Ratio

samples was developed and
heavily tested

Sz. Kulis, M. ldzik | Workshop on timing detectors, 29 Nov to 01 Dec 2010, Cracow
Triggerless readout with events time and amplitude reconstruction based on deconvolution algorithm.
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Testbeam Setup 2011
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X-Y movable table ||Sensor & Readout Telescope planes Scintillators
boards ™ o + photomultipliers

Scintillators
+ photomultipliers

—

Converter

BUSY

il
TRIGGER

DAQ PC +“—> Trigger Logic Unit
USB

LumiCal sensor + LumiCal front-end + Multichannel ADC + Data concentrator
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Testbeam Results 2011
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No tungsten absorber Tungsten absorber in front of sensor
10000 | | . |
0 data  =—
landau fit ——
'[ gauss fit ——
1000 {
Signal: 33.18 LSB
= Noise : 1.52 LSB
§ 100 | SNR :21.8
o entries: 7093 Chi2/N: g
10 |
1t |” | i

0 50 100 150 200
ADC channel [LSB]

« Events processed using deconvolution algorithm ~°  °* %2 02 04 05 08 0r 08 091
« Data well described by fitted Landau-Gauss ? € Shower profile

distribution
« S/Ris above 20 for each channel

Next testbeam in November
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Other ongoing activities

A flexible mechanical infrastructure
IS being produced to allow testing individual
sensors or complete segments of LumiCal or
BeamCal Calorimeters.

(up to 30 tungsten plates with variable
distance between plates)

Radiation Damage Study Facility

will allow performing radiation hardness
studies under more realistic conditions, e.g.
considering also the hadronic component in
electromagnetic showers
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Summary & Future plans
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Thank you for attention
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