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Topics

+ HCAL mechanics
+ HCAL calibration system
+ HCAL electronics integration

- Personnel and finances
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Mechanics

»  Goal: a realistic absorber structure for tests of novel readout
techniques

» Redlistic: compact and scalable
*  No full cubic metre needed, but should be extendible
+  Started only recently, after filling engineering position at DESY

» Realistic implies linl with detector concepts, here ILD
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ILD detector

-Mechanical concept-
Slides from K.Kschioneck

» TESLA/ ILD detector:

Similar absorber structure

» TESLA concept existed:
learning from TESLA concept

Height/ length of barrel: 5.6 m/ 4.6 m

Weight of one module: =14 t

Weight of HCAL: =450 t

Weight of HCAL + chambers + ECAL: = 790 t



Calorimeter module

= Side panel: 3 mm thickness
= Screw size: M6

Advantage

 Slim support
structure (small
amount of ¢-cracks)

Disadvantages

* Uncertainties regarding stability

* High tolerance requirements (e.qg.
holes for screws, flatness of absorber
plates)




HCAL module
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Module standing
Maximum deformation: 0.7 mm




Barrel -16 modules-

—_— VALUE OPT

stainless steel 1.4404 brass CuZn38Pb2
standing support 4 support 4

Max. deformation [mm]: 18.5 2.9 6.35



stainless steel 1.4404 brass CuZn38Pb?2

standing support 4 support 4

Max. deformation [mm]: 42 2.64 5.78



HCAL module -with staggered spacer/ gap 7 mm-

LR
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Horizontal hanging Vertical hanging
Maximum deformation: 0.7 mm Maximum deformation: 0.4 mm

Module standing
Maximum deformation: 0.6 mm
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displacement stress

Bigger side panel (3 mm - 5 mm): v v

Spacer no - yes * *

From steel to brass: A A

Smaller gap (14 mm = 7 mm): AN 7

Pointing yes = no AN A

*: big change
N moderate change
A small change




Next step:
Proof of Principle

Building of a model: 4 x 5 absorber plates with side panel
- 2 x with welded connection for the side panel
- 2 x with screwed connection for the side panel

- Verify calculations

Le_armng something _abOUt' - Tolerances at realistic cost
* side panel connection incl. machining
- Cassette integration

« connection between modules .Ready Sep 09



Calibration system

Goal: scalable system addressing the needs we determine in the
ongoing test beam experiment

Many procedures developed during last year's analysis, but not
finally proven yet

Stability of saturation still an issue -> need dynamic range

Two approaches: optical or electrical signal distribution
- Central driver plus fibres, or one LED / tile

LED on board looks promising, further optimization in the hands
of Wuppertal group

Differences inside the active gap, but same external interfaces
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Multichannel LED driver for the
AHCAL prototype

1. Introduction

2. Technical details CAI'I es
3. Deliverable definition

Calorimeter for ILC
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New calibration system
 EUDET prototype significantly more i YEES B O
compact = . Eg
* New ideas for the calibration system Z\ peropseovse®, [T
for SiPM photodetectors 12 PIN ' f f T = s
diodes i %
* Fixed light amplitude - low amplitude
for gain calibration (DESY)
* Tuneable calibration light in the range 0
to 50-100 MIP (as in existing prototype)
— for gain and efficiency monitoring o |
(Prague) ¢élfp-1oo 1mm hig 800um oppate
e 1 LED above each tile T —

 Asimplified optical system: one LED ->
a fibre above 1 row of scintillator tiles

(~ 60 tiles) Component Area Bottom Plate Tile i ' Absorber
900um high  600um 3mm Plates
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Deliverable 2007 — single channel LED
prototype (ILC-DET-2007-024)

* Double sided PCB

e 2 quasi-resonant (QRLed)
drivers

Inductor ~ 30 nH

* 2 PIN photodiode preamp

* Rate generator 1 Hzto 10
kHz

* Voltage regulators

i % * Amplitude control
oo A R
, * V-calib and T-calib
Ivo Polak, Milan Janata interface
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File Edit ‘ertical Horizjaeq Trig Display Cursars Measure IMath .Ut.ilities Help L4 Tunable LED pulse amplitude
cu,ﬂf e Pulse width ~ 2 ns
4.0my . .
| curs2 Pos * At higher LED current - afterpulsing
| 0.0y . .
PIN [ * Needs adjustment to different LED
| e types
= * Being investigated
[ 2+

LED current * Plane inductor = toroidal inductor (less
1V => 1A sensitivity to external interference,
'y T produces less radiation)

N * No other changes in the design needed
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Compare the
thickness of
PCB and of
the inductor

l

Toroid will be
made in the
PCB voiume
—Nno
additional
space needed
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We consider 2 scenarios of calibration
system for EUDET AHCAL

1. Fiber emmiting light for AR driver = LED

24*3cm? area

one row of tiles, QRLed eeded at the
driver sitting outside of maliPCB e
module (endcap) =2 W ol

Rl==

development of the light R
distribution system (our
main effort in 2008)

R

2. QRLed driver is sitting at
HBU above the
scintillator

30.6.2008 J. Cvach, Multichannel LED
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Side-emitting fibres
Thin fibres (~1mm) needed, unknown

parameters, not common = FiberTech
(SLS600 series)

"Notched’ fibres

Making notches on fibres requires a
specialized firm = Safibra comp.

Focusing LED light into fibre = Optical
lab of the CU Prague

Notched fibres appear promissing:

Response over 2.2m length drops
linearly by 40%, RMS ~ 14%

Light output from notched fibers > 2.7
times higher
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How we understand the , Deliverable at the
month 33 : Multichannel LED driver”

1 PCB with the communication module uC, power regulator, 4-6 channels of QRLed
driver

* The communication module communicate with the PC via CAN bus or USB
* The communication module communicates with the analog part via SPI (GPIO?)

 LED pulse width is ~ 5 ns is fixed, the tunable amplitude in range up to 50-100 MIPs
is controlled by the V-calib signal

LED 1

+12V Power ;-—N SN W W
—> -
regulator
| F
! I
> : B
e i R
AT91SAM ! E
y——— R X | S
1 ] i
B \ W\ \ W \\ \ e
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Communication module is ready = the final design of PCB for
the digital part starts in July

Optimization of the QRLed driver (tests of the linearity,
adjustment for another LED type) - July

Design of PCB for the analog part will be done in August
PCB production — September

In parallel — innovation of the optical system

PCB tests — October, Report — November

Time schedule is tough but no principal problems
encountered



LED V1(1) QRdrv o
T-Calib,, [TaVa] Pulse enable 32
controll \/2
3.3V V1(2) y
|
Oscillator ) V2
8.432MHz 1|
- U|SB 1 |AT91SAM7X256 —
_[CAN |&——»| Vi ) VA(n)
| J» DIA |iviny o9 QRdv | Y F
JTAG/
Programing L V2 Reg T V2
A/D e MUX QE: Temp
| 3 T
V—Ca“b. Level

View of the calibration electronics with the digital

part (left) and analog part with LEDs (right)



Next prototype: Architecture —

the future ...

100 cm

H=

Slides from M.Reinecke

1st EUDET Prototype (1st step)

Labview

to LDA
(HDMI)

Power

HBU (slab) [ -

Commercial DIF, new mezzan.
(CALIB, POWER), 1HBU (later: 6)

Hadron 23



HCAL Base Unit (HBUO)

FE

~Cassette fixation
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Two signal paths

SPIROC?2

Prototype Tile

0 jile
o o o o o o o o o o o |lgl e
o o o o o 0 o 0 o o o
O
o o o o o o o o o
Tt 1 Ak ik ik ik ik H
o o o o o o o o o o o
O)
o o T o] o o o o o T o] o
3t 3| =l 3k 3k =it 3iE
o o o] |[SPIROC1]| |o o o o o o] |SPIROC1| |o o o
CQFP240 CQFP240
o o 0| | o | o o o o ol I = =
3l 3= 3 3k 3= ik
o o [#) o | (o] (o] o o [+ [+l | (o] (o]
- A
o o o o o o o o o o o o
ik ik ik ik ik 1
n o o o o o o o o o o il B
- |
L! o o o o o o o o o f% o
p— i 3k ={f— ™~
o I o o o o o o o o o o o
....... | ok} (Wm B ]
- - O T
o o L o o = o o o o o o o
| — -lm 1 10 10 8
o o O o o o o o o o o
» © U >
o | Yo | o l o o \\c o o o o L o
3| 3 3t 3 3
o o o o o \\ o o o o 2]
T o~ T
o o o] o 0 0 O Gl 0 | o o
3k - =3k 3k 3} : —1k £113
=] o | o] [SPIROCZ] |o o o o o | o] [SPIROC2| |o o o
TQFP204 [TQFP204
o o ol 1 o | o o o o N s
3k 3| 3l 3 1 S
o o D l o o o o T NO
o o o o o o o o 0
I Tk 3|k 3|k £ 3\ 3 3k
0 (o} o} [o} (o} [o} o} o} [o}
o o o o o o o o o
- !
) o o o o o o ) o
@)

I™Calibration Electr.

(LED + Charge Inj)
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20 HBUO Status -

DESY

oy L\

-Integration concept fixed
-Schematic (Mentor Graphics CAD) finished
-Layout is waiting for tile geometry information
-Critical parts (connectors) ordered.

-Layout is complex (1-2months), PCB manufacturing and
assembly: 1-2months => realization in 2008 already critical!

7~

Design progress is interrupted due to missing tile information.

Hadron



HBU Interconnection (Flexleads)

-Two types of Flexleads
(for Signals, Power) have been
designed (CAD)

-Flexleads allow +/-100m
displacement of connecting
modules

-Magnet-field tests have proven
connector suitability up to 5T

-Flexleads can be ordered now!
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Flexlead CAD Layout

Hadron
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DIF Status =

Command Function and Parameters Change DIF
State?
power_on turn slab power on / off (maybe partly?) :o
reset_DIF reset of DIF electronics (not: slab) yes
e t_slab reset of slab (ASICs). Not: DIF
-Based On CO"\mer‘Clal FPGA mrite_Bsg]D synctuorﬁzedatoa;]iingbyressetﬁl?gbunchooumer }:Ds
sleep puts DIF and slab into SLEEP state (powered down) yes
hronization LDA  all DIF:
(Spar'fan3 -1500) boar'd Slgl“: puts Dl'st:tZ ir:l)lre“stat:r(lDl'Fpoweron, slzb power ﬁ:
on minimum)
legend oo«\'““f‘f——b
-Command list and [PoweR uP| ‘@

DIF state diagram o EESHou
In preparation

-VHDL code generation soon Canpaters
(prototype firmware for %mr_detected
USB GCCCSS ln 2008) @esg_t slab \'

Firmware status of ECAL/DHCAL?

start_acquire —

Reference documents for LDA-DIF ey TERRTE e y
interface (also: DAQ group)? o "RAMFULL NS
Firmware development needs closer .

Coor-dinafion. DIF state dlagr'am
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CALIB Status

.AHCAL Calibration System"

(UV-LED and Charge Injection)

-Concept fixed, schematic
finished

-Controller software dev.
ongoing (good progress)

-Layout (CAD) starts now,
expected to be finished:
End of September.

-Module should be available:

November/December 08

FE

j |
[Projekt AHCAL: puC U

bung des CALIB Board |
2

DIF Board CALIB Board

55T WESET
o o
g JTAG
L RTCK TOCTOLTEK TS,

RsT

HBU(SLAB) Board

| RST |
4
EEPROM [«————
UART £E_ENEE CLK.EE DIEE DO
o
won

BOoT
RESET

SPI

FPGA

uC Clock 2 Select

10 MHz

DS§2401
Shcan Seva Harier

POWER Board
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FE

POWER Status

+~AHCAL Slab Power Regulators”

-Regulator setup fixed, schematic Bias

finished

-Suitable for ILC-like power cycling

-Layout and production
probably in 2009
(module can be replaced

initially by bench-top
power supplies)

ladditional Caps

additional Caps
at this position

LT1575 — out
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AHCAL Slab Interface (Mech.) ==

HBU PCB  HBU Flexlead Light-seal

intferconnection
Steel Robust interface Componen’r
absorber connector height

2cm

\ Preliminary!

\N

| Cooling pipe
SiPM Cassette PP cha?‘h l(Elzcéch;p
. bottom plate, Interface with DIF
Tile extended Board (IB)
Not in scalell
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Mechanics Status =

Next HBUO
Z? 05mm HBUO cross section 05mm
) Th H —

= -

+—16.4mm —

DIF |

- Mechanical proposal (cassette, interface to DIF) has been set up
for the AHCAL prototype (HBUO, DIF as commercial board).

-The necessary mechanical parts are currently designed within CAD
tool => production within 2008

Hadron 31



FE

Conclusions

-AHCAL technical prototype (TP) does not cover a full slab,
but ~150 channels (2 HBUOs, tile-prototypes).

-Eudet module (detector layer) requires HBU redesign. A full slab
(and detector layer) is expected for summer/autumn 2009.

-timeline for TP is defined by HBUO (tile geometry missing).

-development of the modules CALIB an ( r'mwar e) in 2008
nnnnn ilhl~ D, -‘nn LIDI IN wa1ms heaanA +laa | -C tha ade +n rrrAa~a~nA
PUDDIUIC DUl ] UI rlDUU we riccu I”C e 1o UI 1V |J (VS A AV
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Next milestones

Calibration multi-channel prototype 9/2008
- Optical version: in production
- Electronics version: late 08/early 09, but already integrated

HCAL production readiness review 12/2008
- paperwork
Mechanical design 12/2008

- Converging, in phase with ILD

Outlook: HCAL integration prototype in 9/09

CALI E B Hadron Calorimeter Felix Sefkow  September 1, 2008
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Resources

DESY
- Engineering position filled 10/07 , 27 ppm -> end 09

- Spending of committed funds started
- Electronics ~ 20k in 2008
« Mechanics ~ 40k in 2008

UHAM

- Only travel money for test beam support and meetings
- Transferred to DESY, because PhD position largely not filled

UPASCR Prague
- See information from Cvach, peak spending slightly later, no problem
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Conclusion

» Schedule is tight
- No wonder, as everyone else is slowing down

+ Electronics integration suffering from too close link
to users

- standardized interface under intensive discussion
- Calibration: two solutions
*  Mechanics late due to late recruiting, but catching
up
- Additional manpower entering now, after completion of
test beam set-up and HERA dismantling
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