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Challenges of Forward Region

#&_Collaboration 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, 10-2 at 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 ILC
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Detector Design Studies for CLIC

- Collaboraticon
Higch precisicn desicit

ECal LumiCal BeamCal Occupancy of LumiCal pads from
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Higch precisicn desicit

BeamCal sensors

Dose in BeamCal sensor per year

Very high radiation load 5o My

(a dose of several MGy per year) h
Potential sensor materials: | ,
* GaAs (by JINR Dubna) Gt 0
* Operational up to 0.5 Mgy (CCE ~ 10%)

* Available on (small) wafer scale

il

102

-z BeamCal w*

« 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 pm thick

 Tested in ongoing experiments (spin-offs):
 Beam Halo Monitor @ FLASH
 Beam Condition Monitor @ CMS
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BeamCal readout electronic

- Collaboraticon
Higch precisicn desicit

i“l """" THEBEAN VIO "~~~ "7~ i  Prototypes in 180-nm TSMC process
in AT :  Charge sensitive preamplifier (CSA)
Detetor o i » precharge circuit for to maximize
20N - Filter ADGC i output swing
© Sl ——rreAl  « Gated reset for quick baseline
i Fa  Feecou restoration
| -} » Switched-Capacitor filter
i r A]DC | Diagnosics * Analog adder to provide fast feedback
R o= = A J * ADC : 10-bit SAR ADC
Shaper output ADC performance
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Pair Monitor

Collaboration
Higch precisicn desicit

Pair Monitor is a silicon pixel detector to measure
the beam profile at IP.

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

* First readout ASIC
e CMOS process: 0.25 ym TSMC

SOI Pixel Detector /
« Chipsize:4 x4 mm? 6 x 6 pixels (36) = ;:-”"'T___‘(ﬁpmbl = NMOS/ 1
« Test setup based on KEK-VME 6U module was prepared Gurted oide) o F- | Ed
 Sensor needs to be bound bonded
(igh Reststive
« Silicon On Insulator (SOI) technology — first readout prototype il

» 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 e7/pF) excepted signal : 20000 e

» All the ASIC components work correctly.

SOI prototype Iayout
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LumiCal readout

- Collaboraticon
Higch precisicn desicit

—_— Shaper ADC Digital Filter
Sensor Preamp Output Output Output
Current Output T 9
time time’ time . *Tme i
FRONT-END ASIC MULTICHANNEL ADC ASIC DATA
CONCENTRATOR
SILICON - r —— ,
SENSOR ) i N ) ZERO SUPPRESION
I +—— S Tnien UNIT
{>—[i_’|—:_ :iﬁ>>> i DIGITAL SIGNAL
PREAMP | PZC | SHAPER PIPLINE ADC with S&H EROCESSING

Sensor FrontEnd ADC Design
* p” on n silicon sensor  « 8 channels of preamplifier + PZC  * 8 channels of pipeline ADC
300um thick + CRRC shaper (Tpeak = 60 ns) e Multimode Digital serializer
e Pad capacitance « Cdet up to 100pF « 9.7 ENOB up to 25 Ms/s
< 25 pF * Power consumption:

e variable gain: dynamic range

oot EESELWTE T
- Depletion voltage  event rate up to 3 MHz - Crossialk < -800B
< 50V » crosstalk < 1% « Power pulsing embedded

Used during most recent testbeams
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y e Testbeam Setup 2010

: ig@;‘”%i%& ESIZF
T2 DUT T1 a
225 mm .
100mm . sel
Beam H | |Sc.2-
563 66,6 mm .
=
i)
§
}q
s’ N L — T
Trigger
Coincidence
Cluster 4

5 GaAs Sensor Plates Cluster 2 = N -

were tested in the Lab 5 n o

- -

\ Lok, g 0 0

= Q a

s 4

BeamCal / LumiCal sensor + LumiCal front-end + Commercial Sampling ADC
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Higch precisicn desicit

Testbeam Results 2010

Collaboration

(LumiCal Sensor)

Y [wm]

Front-ends signal shape
matches simulations

Single electron spectrum 10500 . ———
amp—1 MIPMPV —_—t
matches Landau convoluted _. 10000 |- amp =2*MIPypy —=—
. . . . % amp=3*MIPMpv ——
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Testbeam Results 2010

- Collaboraticon
Higch precisicn desicit

(BeamCal Sensor)

e Signal to noise ratio above 20
« Charge collection homogeneity
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Detector Module

- Collaboraticon
Higch precisicn desicit

towards testbeam 2011

Data concentrator
Xilinx Spartan 3E

TestBeam bo.

AGH-UST 04.2011
(LumCal Sensor Board)

Jc

32 channels fully
equipped channels
(Sensor + Front-end
+ADC)

ADC sampling rate is up to
20 MS/s (6.4 Gbps)

Data can be transferred
using USB

Signal handshaking with
Trigger Logic Unit (TLU)

ADC Clock source

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

« External (beam clock
used to synchronize with
beam) ILC mode

Szymon Kulis
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Deconvolution

£ . S5lzbartion 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_ ) 7 | e v
— 6|
e 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 B wl + photomultipliers

Scintillators
+ photomultipliers

Converter

I
TRIGGER

DAQ PC +«—> Trigger Logic Unit

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 . . ; . 14
i data  =—
landau fit ——
'[ gauss fit —— 12
1000 |
i 10
Signal: 33.18 LSB
_ Noise : 1.52 LSB ’
§ 100 SNR:21.8
O entries: 7093 Chi2/N: * g
+ 8
10 |
2
I 0
1_|_| | o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

0 50 100 150 200 Lateral shower width [strips]

ADC channel [LSB] T | | [ I
« Events processed using deconvolution algorithm ° %t ©°2 02 04 05 06 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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/4
Other ongoing activities

Collaboration

i’ gy irmges's

A flexible mechanical infrastructure

will be built to allow testing individual sensors

or complete segments of LumiCal or BeamCal
Calorimeters.

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

Horizontal beam

Radiation Damage Study Facility

will allow performing radiation hardness
studies under more realistic conditions, e.g.
considering also the hadronic component in
electromagnetic showers

Szymon Kulis 24/10/2011 PRC - Forward Region Calorimetry 17/ 37



Future plans

Collaboration
Higch precisicn desicit

AIDA project schedule :

Flexible mechanical infrastructure:
design 2012, manufacturing 2013, ready 2014

* Multichannel readout ASICs (for LumiCal):
design start 2011, 1st prototype production 2012, 2nd 2013, final 2014

 Complete prototype of sensor plane 2013-2014

« Detector position monitoring using laser beams

 DAQ:
1st DIF prototype 2011, prototype of complete DAQ 2012, ready 2013

» Design fixed beginning 2013
* Production 2014

ILC detector DBD 2012:

« completing the performance measurements with fully assembled sensor
plane prototypes

 refining design considerations (MC studies)
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Thank you for attention

Szymon Kulis
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BACKUP SLIDES

Szymon Kulis
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LumiCal
sl Precise Measurement of Luminosity

« Bhabha scattering ee — ee
IS the gauge process

+ + e+ e+
e e
 Counting Bhabha events in \/ > ! <
\v/'\v/ AVAN
e € e

a well known acceptance region
L = N/o
« High statistics at low angles e N
Nehapha ~ 1/6°

 Well known electromagnetic process,
the current limit on the theoretical
cross section error is at ~5 104,

VAVAVAN
2

» Corrections (with uncertainties) are

needed because of background: Required precision is:
» 2 photon processes * AL/L ~ 10** (GigaZ@ILC)
« EM deflection and energy loss due to * AL/L <107 (ILC)
beamstrahlung of Bhabha's electrons * AL/L <1072 (CLIC)
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v LumiCal requirements

Higch precisicn desicit

Option Req.  Znom Rmin Omin  80max AZmax Armax
AL/L  [mm] [mm]  [rad] [rad] [mm] [mm]

ILC <104 2500 80 0.032 1.6x10-6 <0.125 <4x10-3
GigaZ

ILC <10-3 2500 80 0.032 16x10-5 <1.25 <4x10-2
500 GeV

CLIC <10-2 2654 100 0.038 1.9x10-4 <13.3 <0.5
3 TeV

The contribution of polar angle offset

to relative error on luminosity can be

estimated using approximate formula
AL AO®

220
L ®

min

Az . and AT ., is simple trigonometry ...
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Systematic uncertainties of luminosity

4, Collaboration measurement at 500GeV
Source Value Uncertainty | Luminosity Uncertainty
o 2.2x107% [mrad] | 100% 1.6x107*

Ae 3.2x1077 [mrad] | 100% 1.6x107*
- 0.21 15% 10~*
luminosity spectrum 1073
bunch sizes 0x. 05. 655 nm, 300 um | 5% 1.5x1073
two photon events 2.3%x107° 40% 0.9x107°
energy scale 400 MeV 100% 10>
polarisation, e .e" | 0.8, 0.6 0.0025 1.9x107%
total uncertainty 23 x 1073

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

e |tis proven (in simulation) that luminosity can be measured at
500 GeV center of mass energy at a permille level

* Most of the systematic effects can be taken as corrections once
their experimental uncertainties are known (8, miscounts due to .I
physics background, BHSE). [ ] P

- o
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LumiCal performance studies

Collaboration
Higch precisicn desicit
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LumiCal readout requirement

- Collaboraticon
Higch precisicn desicit

a Number of MIP b Number of MIP : .
( ) 0 02 04 06 08 l‘Ilm‘l.er C: 1-65><103( ) 0 02040608 1 1I.J2n“]l.4e:.g 1.8 ZSX.IOG Front-End reqUIrementS'

o 1__"'|'"|"'|"'|"'|"'|"'|"'|_': § _‘"|"‘|"'|"'|‘"|"'|"‘|"'|"'|"'|_'

ol o o2 (a) distribution of the charge deposited

_:3}102— E - oif 4 in a detector cell by 250 GeV electron

= )

B10s ] £ sl E showers.

O al | 3 L . . . .

o 10 S 0.6 . (b) Normalized distribution of the
10°= - = oodl 1 maximal charge collected in a single
0oL i s cell per shower for 250 GeV electron

: E 0.02F . showers.
c.., [fC] e fec] FE accepts up to ~10 pC
(a) (b)
< 3.5F I S 034 . _
8 . E \ﬁ oaak E ADC Requirements :
5 & 2 oal E _
W st E & % | (a) Recorded energy as a function of
L o E 0.28 1 electron which initiated the shower
- - . 0.26 .
150 : ] 021k 3 (b) The energy resolution vs number of
: @ 7 No Digitization R ] bits (250 GeV electron shower)
- o 8 Bits Digitization 0.221 ]
o 5:_ & 4 10 Bits Digitization A A A 4 a4 a4 .’
" C 0.2__ ] -
"d"'s'o"'iod'1'5'6"266"2'&'36"3‘66"510 :'"é""7'”"a""'é'"‘1'o'"'1‘1""1'2‘"'1'3'"'1'f 10 bit ADC ~ p
Egen [GeV] Bug , I b
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i LumiCal baseline design

Higch precisicn desicit

o

Parameter ILC CLIC

Absorber [mm] Tungsten Tungsten
3.5 3.5

Sensor [um] Si 300 Si 300
R inner [mm] 80 100
R outter [mm] 195.2 290
© inner [mrad] 31 37
© outter [mrad] 78 110
Z pos [mm] 2500 2654
Layers 300 40
Mass [k(] 210 660

Szymon Kulis 24/10/2011 PRC - Forward Region Calorimetry 26/ 37



BeamCal performance studies
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Higch precisicn desicit
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The energy deposited by beamstrahlung The efficiency to detect single high
pairs after one bunch. Superimposed is the energy electrons on top of the

deposition of a single high energy electron. ;’P beamstrahlung background

o o

Szymon Kulis 24/10/2011 PRC - Forward Region Calorimetry 27/ 37



BeamCal radiation load
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o
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Beam-Beam Interactions

ILC/CLIC - Single pass machine

y To keep Luminosity

Very small beams
(x) 44 nm, (y) 1 nm, (z) 45um

v

High charge density &
strong fields

v

Deflection of Particles

e*e Pairs
‘-—-__‘_‘_ _'_'__) il
e -
_f-"'i "‘-»-_

e

Beamstrahlung

(Pinch effect)

Deflected particles produce
Beamstrahlung
(~ 2.2 photons per beam particle !)

Incoherent Pairs
Beamstrahlung photons interacting
with particles from the other bunch

\/

Beamstrahlung photons interact
with strong fields and particles,
produce large number of
background particles

Coherent Pairs
Beamstrahlung photons interacting
with coherent field of other bunch

Trident (e — eee) Pairs
Bunch particles interact with
coherent field of other bunch

Szymon Kulis

24/10/2011 PRC - Forward Region Calorimetry

29/ 37



- Collaboraticon
Higch precisicn desicit

FCAL Spin offs

Beam Halo Monitor @ FLASH

.'\\
i R s,

U (sapphire #1) p =
UR (diamond #13) il (_ P? =2 )

_ UL (diamond #23)

R (sapphire #2) =
L (sapphire #5)

DR (diamond #21)

D (sapphire #3) DL (diamond #22)

» Several sensors (poly-crystalline CVD
diamonds and mono-crystalline
sapphires) developed within FCAL were
used in Beam Halo Monitor for FLASH

» Used for beam dump diagnostic
e Beam tuning
« Alarm signals generation

B

Utilizes single-crystal Chemical Vapor
Deposition diamonds (sCVD) — small and
fast

Sensitive to fast changes of beam
conditions

Unprecedentedly high radiation
Diagnostics with a time resolution better
then the time between BX
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Beam Condition Monitor @ CMS



Detector alignment studies

- Collaboraticon
Higch precisicn desicit

e High-accuracy luminosity measurements
require very precise measurement of
the LumiCal detector position (an accuracy
below 100 um in XY, Z directions is required)

* The laser alignment system (LAS) based on
Frequency Scanning Interferometry (FSI)
is considered for LumiCal and Vertex

« Space for laser beams around vertex

« Carbon tube with glued carbon pipes (left)
less material, less stiffness, limited number
of laser beams

* Double layer carbon tube (right) more
material,
more stiffness, lot of space for many laser
beams

* Reference points on QD0
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(recently) Published References

- Collaboraticon
Higch precisicn desicit

Pair Monitor ASICS :

Yutaro Sato et all,
“Readout ASIC of pair-monitor for international linear collider”
Nucl. Instr. and Meth. A 623 (2010) 501-503

LumiCAL front-end ASIC:

M. ldzik, Sz. Kulis, D. Przyborowski

"Development of front-end electronics for the luminoisty detector at ILC"
Nucl. Instr. and Meth. A 608 (2009) pp.169-174

LumiCal ADC ASICs:

M. ldzik, K. Swientek, T. Fiutowski, S. Kulis, P. Ambalathankandy
“A power scalable 10-bit pipeline ADC for Luminosity Detector at ILC”
JINST 6 P01004 2011

M ldzik, K Swientek, Sz. Kulis
“‘Development of pipeline ADC for the Luminosity Detector at ILC”
JINST 5 P04006 2010 Link

BCM@CMS

A. Bell et all

“Fast beam conditions monitor BCM1F for the CMS experiment*
Nucl. Instr. and Meth. A 614 (2010) 433—438
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Collaboration

Higch precisicn desicit

LumiCal frond-end electronic

Cget=26pF ——
_we - _:‘E‘.’,e . 0.35 Co=48pF —— |
f1l - il I Cdet=92 pF [ ]
Rfo Rio 03
L [
m?de mpde c % 0.25
!—0/ IJ o—/:—‘ 11 E 02 L
1 Co [1Cio S
1 11 = 0.15
C £ 01
_ Rs S '
Rp out 0.05 -
0
-0.05 . . . .
0 100 200 300 400 500

e Cdet=0 +100pF time [ns]
* 1st order CRRC shaper (Tpeak = 60 ns)
e variable gain:

 calibration mode - MIP sensitivity (~4fC)

* physics mode - input charge up to 10 pC

ASIC contains 8 channels

e et e e e i |t g

» prototypes fabricated and tested
* power consumption 8.9 mW/channel
e eventrate up to 3 MHz
 Crosstalk < 1%

~ AMS 0.35 um

See more : M. Idzik, Sz. Kulis, D. Przyborowski "Development of front-end electronics
for the luminoisty detector at ILC" Nucl. Instr. and Meth. A 608 (2009) pp.169-174
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LumiCal Multichannel ADC

Collaboration
Higch precisicn desicit

e Design ADC ASIC prototype

— 8 channels of pipeline ADC -; g“"“”""""’;""f /
— Multimode Digital multiplexer/serializer : . '
— High speed LVDS drivers (~1GHz)
— Low power DAC control references
— Precise BandGap reference source
— Temperature sensor

e Performance

— 9.7 ENOB up to 25 Ms/s (8 channels)

— Power scales linearly with sampling rate
~1.2mW/channel/MHz

— ADC core works up to 50 Ms/s
(1 channel)

— Gain spread < 0.1 %
— Crosstalk < -80dB
— Power pulsing embedded
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_Radiation Damage Study Facility

_ Collaboration
sg@r‘&s%& E3igi

« Motivation : perform radiation hardness studies under more
realistic conditions, e.g. considering also the hadronic
component in electromagnetic showers

« Modularity will allow easy evaluation of different sensor technologies

« Cooling module to avoid spurious annealing effects
« Firsts runs foreseen at SLAC, several samples should be irradiated up to 100 MRad
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Mechanical Infrastructure

- Collaboraticon
Higch precisicn desicit

A flexible mechanical infrastructure will
be built to allow testing individual sensors or
complete segments of LumiCal or BeamCal
Calorimeters.

The mechanical structure:

* up to 30 tungsten plates of 3.5 mm
thickness paired with sensor planes.

e Variable distance between plates
(2,1 or 0.5 mm).

 Requirement of 50 micron mechanical
accuracy (roughness, flatness) of each
tungsten plate and of the distance
between the plates.

Tungsten machining tests already started. Differetnt
material options are considered for prototype (pure
Tungsten / Densimet / Inermet / Sparkal X )

Machined tungsten
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Detector Design Studies for CLIC

Collaboration
Higch precisicn desicit

CLIC Conceptual Desinn Rennrt

F:'.L-IC CONCEPTUAL DESIGN REPORT

PHYSICS AND DETECTORS AT CLIC

9 Very Forward Calorimeters 149

0.1  Introduction . . . . . . . .. e e e e e e e 149

9.2 Optimisation of the Forward Region . . . . . . . ... .. ... .. ... L. 149

9.3  The Luminosity Calorimeter (LumiCal). . . .. .. .. .. .. .. .. .. ... .. .... 151

9.4  The Beam Calorimeter (BeamCal) . . . .. .. .. .. .. .. . .. .. .. ... . .... 154
CL |IC Notes

Study of readout architectures for triggerless high event rate detectors at CLIC
e The CLIC ILD_CDR Geometry for the CDR Monte Carlo Mass Production
e Radiation Dose in the QDO Quadrupole in the CLIC Interaction Region
« Simulation of Beam-Beam Background at CLIC
e A Luminosity Monitor for CLIC

Szymon Kulis 24/10/2011 PRC - Forward Region Calorimetry 37/ 37



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37

