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Goals & Challenges
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@d Calorimeters S@

Independent Extension of any
system ILC detector

- Integrated |lUMINOSIty measurement — High precision
(e*e'éw”W' ~106 events/year’ ete-=>ftf ~106 events/year’ GigaZ ~109 events/year)

« Beam diagnostics with intra train luminosity feedback and optimization capabilities

The Collaboration plays a key role in the Machine Detector Interface

include number of pairs hitting BeamCal in the feedback system
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Challenges

Fast, simple and reliable I —— Detector
machine monitoring performance

« High granularity and multi-channel (10%)

* High precision alignment

» High occupancy — machine and physics backgrounds (efficient selection algorithms)
» High radiation environment (radiation hard sensors/electronics)

» Readout of every bunch (fast electronics, fast analyzes, high volume storage) A
r

Beamstrahlung pairs per bunch crossing hitting BeamCal
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fﬁ%eamCal
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Beam diagnostics : BS Pairs

— B
E 7L E [GeVicm']
Observables (examples): S g .
5
— total energy o
— first radial moment r
— left/right, up/down, M
. 2
— forward/backward asymmetries 3l
-4
-5
6
T
-88765-4321012345678
X [em]
Quantity| Nominal Value Precision
PRCO04 PRCO06
Head-on 2mrad  20mrad
(TESLA, different nom. value)
OX 655 nm 1.2 3.1 2.9
oy 57nm 0.1 0.3 0.2
oz 300 um 4.2 4.8 8.5
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Electron detection - different accelerator parameters
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Accelerator parameters
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4 mm

N

channels

Optimization of cell size

inefficiency

e
n

Y /A%
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precision design
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10 mm

N

channels

Lost particles for R <55 mm

0.2 / _
0.1} ow BG (¢ ~ 0°) -

Inefficiency in identifying electrons

igh BG (¢ ~ 90°)

ele¢ttrons 200 GeV

1
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1 1
8 10
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Distribution of BeamStrahlung pairs

Head-on

| +z BeamCal
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BeamCal Present Understanding

128 pad structure 30 tungsten disks

(45° sector) S - 1 X, thick

5 mm granularity "\ 53 [ (T
o o ':-;_ S 4 &\ sensors + flat -
g L '4 3 readouts |IIIII“II'IIIIII _

-._,L._—-f,_

PR

.'
L1 L
34 5 6 6 7838 9 910 11 11121314

We consider a graphite layer in front of BeamCal to

Sensors options: ] )
reduce backscattering to the inner detector

Silicon,
Diamond, scheme | Rj, [mm] Rgy: [mm] blind area
GaAs head-on 15 100 no
2 mrad 20 100 no
14mrad | 15/20 165 40°
200 mrad 15/20 165 30°
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fﬁ%umiCal

S labaration. DESY-PRC2006




y e

A

ccD sensor
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Mechanics and Position

Laser beam
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Counting Bhabha events

No
‘ 50000 —
Q 45000 |
C
@ 40000 |- g
> 1
L
35000 “(B
C
30000 |- g.as
L
25000 |
Min Max 20000 |-
R ~10 cm ~25 cm 15000 -
10000 [
0 33 mrad | 80 mrad 2000 |-
00.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

6 (rad) Energy (GeV)

Requires also precision on the theoretical cross-section
Working with Zeuthen, Cracow, Katowice theory groups (two loop calculation)
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Polarised Bhabha

1
SUE = O}g“ (14 (P* = P,") Ap, + PP P ALY)

LI, Asymmetries vs theta

~2%

0.04 U.uo 248

Bunch charge effect

Gbg(%;%) (gﬁrod)o

—] C—

Deflection of Bhabhas due to _ L
the field of the opposite beam -, e

e’ (6y)

~0.5%
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Four-lepton processes

Simulationofe*e-2>e*e-I*l- (I=e, y, 7): WHIZARD

¥ Bhabha scattering: BHLUMI
Event Selection: back to back
signal Background
1,0_[!1 —0.005 a QElE_U .00:5; (rlcﬂn.ul E . ENTRIES ™ _i_?‘_”’”“..l 700
S -
> 0 . Before cuts
Background E
2000 F
1750
1500 LUMICAL
1250 BEAMCAL .
1000 g .
750 ;
500, ’ _ After cuts
250 H
0 25 50 75 100 125 150 175 200 225 250

Energy [Gev]

10 ‘ 0 10 2 ‘ ! =20 -10 0 10
x [em] x [cm]
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LumiCal Present Understanding

Maximum peak shower
O 10 cylinders (0)
@® 60 cylinders (0)

11 15 4
layers layers layers

z @ @
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Every other ring:

cylinders
sectors

rings

Parameter Pad Performance | Strip Performance
Energy resolution 25% (~/GeV ) 25% (\/GeV )
] resolution 3.5*107° rad 2.1*107° rad
) resolution 102 rad 103 rad
A 6O ~1.5*10% rad ~2.1* 107 rad
Electronics 25,200 3720 (with bonding sectors)

channels

13,320 (without bonding)

DESY-PRC2006
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New simulations results

Strip design - signal
digitization

Digital Calorimeter

llabora on
preC|S|on eS|gn

analog 8-bit ADC

0(6) [rad] | (811x0.01)x10° | (3.07£0.01)x10°

A6/6 (2.1+0.3)x10° (2.3+0.3)x10°
o(p) [rad] | (14:0.1)x10° (1.4+0.1)x10°
200 concentric rings 14400

_ _ channels in
720 radial strips each plane

Promising performance results

Needs further optimization

DESY-PRC2006




G.E+09 -

Humber of Bhabha events per year
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Beamstrahlung pair background
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S
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T 2000
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E
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Bhabha Scattering

20mrad X-angle

Detector axis
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P o @® Headon, 14,20 mrad X-angle outgoing beam P

X @ 14 mrad X-angle detector axis X

® 20 mrad X-angle detector axis

107
., 0015 o
} } 0.7
< <]
/\ P P
° o
0.01 0.65 Py °
; P £
° % ° %
0.005 08 ! 1 ! Y
° ° ° °
L ] o L L ] o b d
0 0.55 d , \. ° : , \. °
..’ ~. ." ~.
) - *e -
0.5 . .
K 4 @ 4 @
~0.005 @ 5 o 3
0.45 JJM ‘fmm
L L
0.01 04 ® & u
—0.015 - : '
3 2 -1 0 1 2 3 0.35 _I;, 5z 1 0 1 2 ~'|5
Abeam=1 mm, ¢ (rad) Milt=0.1 rad, ¢(rad)
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fﬁﬁ@ensors

Technology options
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Diamond sensors

BDS7 Charge vs E-field ~1O MGy / year
g 12l S Silicon Diamond
s ' *
5 10 : Resistivity, Wxcm 2.3x10° | 10%3-10%°
K |
3] , i .
8 Single-crystal Breakdown field, V/icm 3x10° 107
Fo
6 - Dielectric constant 11.9 5.7

I F * t=2min

4' * t=12 min
L ]

i * =22 min ]

* t=32 min ]

0605 04 045 02 025 03 035 0.4
E [V/um]
Diamond samples (pCVD):
- Freiburg (FAP)

- GPI (Moscow)

- Element6 (De Beers)

Some sensors show microcracks (and leakage)
The CCDs are between 0 and 150 um
Some are stable under irradiation, other not.
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The search for a homogeneous reproducible sensor

Freiburg, FAP7

FAP7_7_p3 CCD vs E-field

.E.50:.,...|H‘|...|...H‘,._

a. 45; e t=5min {

r ® t=15min 1

8 40:_ t= 25 mi _:
C t= 35 mi

0 35 t= 45 mi A

F t= 55 mi ]

30:_ m t=B5min s

25/ -

20/ =

F * ]

— + -

15E P t { v

100 ' ' ‘ =

E T ]

5 :

o v v e e e 1]

0 0.2 0.4 0.6 0.8 1
E [V/um]

CCD performance of
One FAP7 sample is
poor, but a signal can still
be extracted.

Sl labaration

ceD [um]

40—

20—

Element 6 — E6_4p

E64 CCD vs E-field

= 200
3180: e t =2 min -

Q . R
O 160¢ e I=12min ¢ L 3
120; e t=32min ; E
100} E
803 ¢ 3
60: |

: :

40/ -
20/ 3
0:.|...|...|...|...|...|.‘.|...|.‘

First results 0 0. 04 0.6 038 1 1.2 1.4
from Minsk lab E [V/um]

® 1 \Vum, Zeuthen

® 1 Vium, Minsk

60
t [min]

Element 6 shows good
performance.
Stable under irradiation
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The search for a homogeneous reproducible sensor

Linearity over large dynamic rage
CERN PS Hadron beam — 3,5 GeV. fast extraction ~10°-107 / ~10ns (Wide range intensities)

Element 6 £64 CCD v dose at 1V Freiburg, FAP22

1'35 3 —" 188, T T T T T T T T - 1U4 E

Diamond response [ADC ch]
Diamond response [ADC ch]

o b by e e b b e e b e b b s s T
o 20 40 60 80 100 120 140 160D
Dose [Gy]

1

T | MR T | M T T
10° 1P 10

TR aa g aasnl AR TT
107 1 0"
. . * . . 2*
Particle flux [mip/(cm?10ns)] F’martlde flux [mip/(cm=10ns)]
g 10 § 1 :.‘;" ! |
= .
33 : -
© 160 c r == |
© 100 t ow dose
} I 8 I ® dose [Gy]
10l i iyl ! Hl{ 2 .-
140 { é 8 50~ v FAPg% i = r 3 = 2 =
- . v FAP 2
low dose rate 2 v FAPZS 10 |— ;’1 —
I I0 2|0 30 07 “““““““““““ __h: o !

dose [Gy] 0 5 10 15 dose [Gy]
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electronics
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Facing the challenges

- 5 bunch trains per second (5 Hz)

- 3000 bunches within one train

- One bunch every 300ns, 150ns possible

- Each bunch
- High dynami

- 8>12 bit ADC

- Data per trai

ic range (better 1:10k)

to be registered

in ~1 Gb

(transmission during train ~1 Tb/s, during break ~3 Gb/s)

- Radiation hardness to be considered
- Compact detectors: low power little space for multi-channel electronics

S piabasation, DESY-PRC2006




Signal transmission

Digital Transmission LVDS link

LVDS transmission
568 Mb/s
up to 10 m on TPS

OO0

Lock

~4 €
(National)
300 mW

~4 €

—

10 bits @ 568 MHz

CPLD - MPX
EPM 570 (Altera)
200 mwW
~19€

Serializer
DS92LV1023E
(National}
300 mW
Deserializer
DSg92LVv1224

10 channels x 10 bits
@ 5.68 MHz

10 x MC = 56.8 MHz

*  Current speed — 0.6 Gb/s
Clock Machine Clock 5.68 MHz . Up to 10 m

Multiplier

Parallel conversion — BeamCal

ADC in each channel — expensive, needs ‘Sample and Hold’
and consuming space on chip

Multiplexed ADC - LumiCal

One ADC for a group of channels — cheaper, needs ‘Sample
and Hold’, MUX and faster ADC

S abaration DESY-PRC2006
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- ADC to be included onboard (digital transmission)
- Optical fiber transmission — best rates

- Transmission between trains — only for LumiCal

- BeamCal readout simultaneously with bunches

- Strategy: Investigation of known systems, since we
are limited with manpower / resources.

- Investigation of different types of preamps

- Feasibility studies of digitization

BeamCal sensor test structure

L Rlaboration

345 66 78 9 910 1111121314

Aluminium cooling plate — . Connector —, ~— Ceramic suport
\
/~ Readout Cable

. N\,
Front end electrnmsc—\. N\ :.20«1 kN /
. .\

R = 300 mm

PHY3, Readout chip

Y ~alir
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Péﬁ%nderstanding

& Summary
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20 mrad LDC

ECAL
TPC

YOKEendcap

QUAD
BeamCal (bigger outer radius)

— L —— i ———————— ———

LCAL

Ri= 100 rmm BCAL
Ra= 350 rmm Ri= 20 mm / 15 mm
21= 22?':' [T Hq= 155 mm
Zy= 2470 mm 7,= 3550 mm
Zz= 3750 mm

LumiCal (bigger inner radius)
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Since last PRC (1.5 years ago).....

» Close working relations between the groups
» Most simulation milestones were addressed (ahead of schedule)

« Hardware milestones seems feasible - following original schedule

Hardware

» 3 FCAL collaboration meeting: 10%
_ o _ 2006
Zeuthen, Tel-Aviv, Cracow (~20 talks were given in each meeting)
» ~40 talks were given in big international meetings:
(LCWS, ECFA, Snowmass, MDI ...)
Simulation
* 1 Ph.D. thesis, 2 M.Sc. thesis 90%
People signing the 2006 PRC
report (60)
2006
PostDocs, Belarus
2 Czech
MSc/ France 2008
Diploma, 4 Germany
UK
Israel Hardare Simulation
50% 50%
Poland
Russia
Serbia & Montenegro
PHD, 8 USA

15 10 5 0
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R&D Milestones — Hardware

20|O6 20|O7 20|O8
| | | | | | |

Readout design concept for LumiCal and BeamCal E

Operation and performance study of multi-channel preamplifiers of different arc& cture
(ECAL and NC PHEP design)

Performance of several sensors types as function of the abso$ed dose, up to MGy
(Silicon, GaAs, pCVD diamonds)

Design ultra-flat readout structure E

Large area CVD diamonds with good homogeneity a
Sensor plane positioning and Eosition control with Um accuracy a

Setup of a silicon testing lab in Israel + working relations with Sraeli silicon industry
S piabasation, DESY-PRC2006




R&D Milestones — Simulations & Design
2006 2007 2008

Realistic sensor/electronics response, energy response, calibration and resolution

Clustering (in all design concepts) a

Background studies, occupancy and backscatterlng

e

Tracking planes to evaluate background rejection and in situ alignment with mu%s
(systematics of shower position)

Digital calorimeter design E
- LumiCal

Beam diagnostics — fast feedback parameters selection BeamCal

Test fast feedback algorithm + component concept for fast readout chain

S qlabaration DESY-PRC2006
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Cracow FCAL meeting, Feb 2006
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