
AHCAL integration 
challenges towards a TDR

Karsten Gadow, Felix Sefkow

ILD workshop
Cracow,  24.-26. September 2013



MC

AHCAL integration Felix Sefkow     Cracow, 24. September 2013 

Outline

• Site dependent

• Integration into ILD

• Internal integration 
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AHCAL Site dependent

• Installation sequence:
– detailed plan for mountain site and tunnel access already 

exists
– unit = sub-module (half-octant), weight = 20t

• plus pre-configured cable trees and module data concentrator
– transport tool exists 

• Earthquake safety of absorber structure
– need quantitative input: amplitude, acceleration and 

direction of motion
– calculations
– measurements 

• can be done with existing two EUDET stacks 
• need to conceive an build measurement set-up

– need to first clarify open issues in integration into ILD
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AHCAL barrel integration tools 

> lifting and turning tool for AHCAL 
barrel absorber sub-modules 
available 

 2 x 18 t capacity 

 operation with 2 hooks (z angle 
adjustment) 

 precise motor controlled turning  

 design for adaptation for sub-modules 
with and without sensitive layers started 

 

> mounting, support and insertion frame 
 one frame for everything 

 design depends on installation 
procedure 

 

> push and pull tool available 
 must be modified to the rail distance and 

rail shape/size 

 

18 t 

18 t 
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1m³ physics prototype  with sensitive layers running! 

AHCAL barrel absorber study 

1
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AHCAL integration into ILD

• Unresolved issues from pervious phase: 

• ECAL HCAL fixation
– 2 vs 3 rails , first HCAL layer thickness

• HCAL barrel cryostat fixation 
– at 4 and 8 o’clock

• HCAL rotation
– bottom is a corner and not a a plate, i.e. 

corners are 0, 45o, 90o and not 22.5o, 67.5o

• HCAL endcap yoke endcap fixation
– needs final yoke design  
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AHCAL end cap installation 

14 AHCAL end cap bottom tower 
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ECAL HCAL

• Fixation

• Rotation
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Chapter 3. ILD Calorimeter System

aspects will be addressed, with variables such as numbers of producers, time of production, etc..
The requirements on granularity, compactness and particle separation lead to the choice of a

sampling calorimeter with tungsten (radiation length X
0

= 3.5 mm, Moliere Radius R
M

= 9 mm and
interaction length = 99 mm) as absorber material. This allows for a compact design with a depth
of roughly 24 X

0

within 20 cm and, compared to e.g. lead, a better separation of electromagnetic
showers generated by near-by particles. To achieve an adequate energy resolution, the ECAL is
longitudinally segmented into 30 layers, possibly with varying tungsten thicknesses. In order to
optimise the pattern recognition performance, the active layers (either silicon diodes or scintillator)
are segmented into cells with a lateral size of 5 mm.

3.2.1 Detector implementation

Figure III-3.1 shows the position of the electromagnetic calorimeter in the ILD detector, the trapezoidal
form of the modules and how it is envisaged to be interfaced mechanically with the hadron calorimeter.

Figure III-3.1
The electromagnetic
calorimeter (in blue)
within the ILD Detec-
tor.

After several years of successful operation of small so called physics prototypes the focus of the
work turns to the realisation of technological prototypes, see e.g. [299]. These prototypes address the
engineering challenges which come along with the realisation of highly granular calorimeters.

3.2.1.1 Alveolar structure and general integration issues

The mechanical structure consists of a carbon reinforced epoxy (CRP) composite structure, which
supports every second tungsten absorber plate. The carbon fibre structure ensures that the tungsten
plates are at a well defined distance, and provide the overall mechanical integrity of the system (the
so-called alveolar structure). Into the space between two tungsten plates another tungsten plate
is inserted, which supports on both sides the active elements, the readout structure and necessary
services. This results in a very compact structure with minimal dead space. The mechanical structure
is equally well suited for both proposed technologies. Figure III-3.2 shows a prototype which is 3/5
of the size of a final structure for the barrel. For the end-cap region alveolar layers of up to 2.5 m
length have been fabricated. While in the barrel the shape of all alveolar structures is the same, three
di�erent shapes of alveolar structures are needed in the end-caps. Recent studies revealed that in the
end-caps considerable forces are exerted onto the thin carbon fibre walls, which enclose the alveolar
structure. This issue has to be addressed in the coming R&D phase.

Figure III-3.3 shows a cross section through a calorimeter layer for the electromagnetic calorimeter
with silicon (SiECAL), and one layer for the electromagnetic calorimeter with scintillator (ScECAL).
The two readout layers of the SiECAL will be mounted on two sides of a tungsten slab, which is
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ECAL HCAL

• Fixation

• Rotation
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AHCAL end cap with ECAL end cap and barrel 

ECAL barrel 

no overlapp 

increase ECAL end cap 
or rotation ? 
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AHCAL end cap with ECAL end cap and barrel 

ECAL barrel 

no overlapp 

increase ECAL end cap 
or rotation ? 
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AHCAL end cap with ECAL end cap and ETD rotated 

ECAL end cap and ETD 
12.25° rotated 

critical area 
no practical solution 
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AHCAL internal integration

• HCAL base unit: PCB with ASICs, scintillator 
tiles and SiPMs
– HBU design details independent from further 

integration

• HBU design for varying layer sizes to be done 

• Cassette assembly, tooling
– on the way

• Module data concentrator and module power 
distribution
– on the way 

• Module cooling
– design and prototyping to start 2014
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