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LD Software and Technical Meeting ‘ @-

E-JADE

» 24.-28.4. Lyon, F
* 45 participants
- Main topics:

« Software: definition of the
ILD software baseline for
the next MC production

* Technical:

« Absorber structure of
the HCAL

- Anti-DID

* | will concentrate on topics
with input on
infrastructures

ILD Software and Technical Meeting

24-28 April 2017
Lyon

Europe/Zurich timezone
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Social events

How to get to Lyon
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-] Ties.Behnke@desy.de

7] imad.baptiste.laktineh@

In this meeting we will review the state of software and the technical systems of ILD. A
special focus will be the preparation of the large scale event production, planned to take
place later in the year.

The meeting will take place at the Institut de Physique Nucléaire de Lyon, in Lyon. Our
hosts will be Imad Laktineh and his group.

Starts Apr 24, 2017 13:00 Lyon
Ends Apr 28, 2017 13:10 Domaine scientifique de la Doua

Batiment Paul Dirac 4, Rue Enrico Fermi
69622 Villeurbanne Cedex

Tél. : +33 (0) 4 72 44 84 57

Fax. : +33 (0) 4 72 43 15 40

Imad Laktineh

& Materials Pou

List_of_hotels_Lyon.pdf
¢ Vidyo Connection

P voinaeres See detalls >
You have registered for this event. See details >




LD Software Baseline Models

 Study two alternative ILD

geometries A Reminder
» |LD-L: DBD-like D w01 - "
_IX_V SX_V
» |ILD-S: smaller radius of the Have converged on , —
tracking system (TPC) two geometric ILD Detektor DBD (ILD-L) Small ILD (ILD-S)
J sy models (ILD-S and ILD-L) B-Field 3.5T 4T
* Trying to define two points in  as "boundaries” for the VTX inner radius 1.6 cm 1.6 cm
the detector optimisation optimization TPCinner radius | 33 cm 33 cm
phase space with full detector Both models now are TPC outer radius 180 cm 146 cm
Simulation available in DDSIM TPC length (z/2) 235cm 235 cm
_ _ _ Inner ECAL radius 184 cm 150 cm
* All with new simulation ILD-S Outer ECAL radius 202.5 cm 168.5 cm
software (DD4HEP) * Same length as ILD-L Inner HCAL radius | 206 cm 172 cm
e G ble to DBD d CLIC "ol .Slmllar t0 CLI,C for Outer HCAL radius 335 cm 301 cm
Ompara e 10 an MaxXimum synergies
* Concept same as ILD-L Coil inner radius 344 cm 310 cm
7/12/2016 X=1,2,4 17



LD Cables and Services



Paths for Cables and Services

- DBD (201 3) endcap calorimeters - | Barrel calorimeters
ETD 2 Central muons chambers
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Paths for Cables and Services

endcap calorimeters -

ETD
Endcap muon chambers

. DBD (2013)
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Paths for Cables and Services E-ADE L

endcap calorimeters -

ETD
Endcap muon chambers

. DBD (2013)

-

Barrel calorimeters
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Cables Along Beam Pipe

E JADE

Inner detectors (6) : X0 along the beam pipe C. Clerc. M. Joré

2011

h

Beam Pipe
¢ 38 cm _ i
BP circumf 119 ¢m 97 tm 75 ¢cm 56 cm 38lcm 15 cm
! - . VITX :
. | .
5 FTD + VXD 4FTD+VXD 1 3FTD+VXD ; 2FTD + VXD : 1FTD + VXD CiMOS 85 mm?

!
!
: : ! gr FPCCD : 65mm?
717 mm? | 559 mm? ! 401 mm? ! 243 mm? ' !
|
|
!

875 mm? |
Cu eq to 0,73mm Cueqto 0,74 mm Cueqto 0,74 mm! Cueqto0,71mm ' Cu eq to 0,64mm CMO5:4% X0
5.1% X0 5.2% X0 ' 5.2% X0 1 5.% X0 | Cu

FPCCD:2.9% X0

: | | 4,5% X0
l . .

So, with actual data : about 5% of X0 all along the beam pipe.
That means also

> about 9 kg of material on each side
> a minimum gap between FTD supports and beam pipe of 2 cm for path of all the cables....

And SIT/ FTD1&2 services not included...



Cables Along Beam Pipe (Status 2011)

0 G-

E-JADE

Inner detectors (6) : X0 along the beam pipe C. Clerc, M. Joré
20711

L
I ,

3

ll

1

Pipe ¢ 38 cm
BP circonf 119 cm 97 cm 75 cm 56 cm 38 cm 15 cm

BUT ( again):
SIT = 6,9 m? versus FTD ( ustrips)= 4,8 m?
FTD 1&2 =0,67 m? per side versus VTX = 0,17 m? per side

We need to gain more than factor 2 !

Conductor ( Cu>>> Al ?)
+

Optimisation of the power distribution
Study of the heating of the beam pipe 7



SIT Cables

» Very preliminary studies
done in 2012 (C. Clerc)

* Probably best routed along
the inner field cage of the

TPC

* No estimates about
material yet

* maybe extrapolate from
FTD...

SIT, two solutions

1. Along the beampipe : they
nave to run on backside of
-TD2 and 3, then :

* huge amount of material

around BP
e Material in front of the

other FTD

2. Run along the inner radius
of TPC

C.Clerc




Old vs New (Daniel Jeans) < @-

E-JADE
X0 y= 0.001 [cm] X0 y= 0.001 [cm]
£ °F £ °F
O C O C
54.51 025  >&50 0.25
4 4e
3.5¢ 0.2 3.5¢ 0.2
3 3
- 1 n 1
250 015 o 0.15
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Old vs New (Daniel Jeans) < @-

E-JADE
X0 y= 0.001 [cm] X0 y= 0.001 [cm]
€ °F € °F
355 355
41— 41— Problem?
3.5k 0.2 3.5k 0.2
3 3
- N E N
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E 0.1 C 0.1
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Old vs New (Daniel Jeans)
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Barre‘ - Eﬂdcap Gap Services section vs way-out e Cables Ecal cooling

Water
Missing : TPC cooling Barrel
. P ‘np = . Ecal Ecal Water
° SerVICGS Of f/lg:;i igtpuprglimgemnf 7;'?11/00’017)0[) Way in |Hcal TPC Barrel Endcaps |Endcaps |Endcaps|Total cm?
- ’ 1| 100 0 100
* Inner Detector ] o | 10 | 30 7 0 47
3] 100 0 100
° TPC 4 0 10 30 7 0 47
5] 100 0 100
« ECAL 6 O 10 30 7 42 14 103
71 100 0 100
° HCAL g O 10 30 7/ 28 14 89
9 100 0 100
* need to be routed out e B
iIn gap between Barrel 12 0 | 10 | 30 7 28 | 14 | 89
13| 100 0 100
and Endcap Detector Ao T 10 T 30 - ; e
15| 100 0 100
° StUdy by C. Clerc 16l 0 10 30 7 0 47
« 2010 Worse case : path (6), 103 cm?
C. Clerc, 2010
C.Clerc ILD integration meeting, CERN 18/10/2010

11



Barrel-Endcap Gap

A

E-JADE

« Trenches” between AHCAL
electronics

- Completely occupied by
services (cables and cooling)

. TPC
. ECAL
. AHCAL

C. Clerc, 2010

- TPC cables = 10 cm?
Ecal Barrel cables= 30 cm?

Ecal Endcaps cables = 7 cm?

Mechanical support

C.Clerc ILD integration meeting, CERN 18/10/2010 12



AHCAL Services - Recent Updates

» Detailed design of the AHCAL services has just been done:

13



AHCAL Services - Recent Updates

» Detailed design of the AHCAL services has just been done:

L
S
o
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13



AHCAL Services - Recent Updates

» Detailed design of the AHCAL services has just been done:

TP

What Is In
DD4HEP?

13



Push-pull System

» ILD lives on a moving
platform

* In symbiosis with SiD Flexible Helium lines
and the machine... Power, Data

* Where to put the external
services?

* First, we need the sub-
detector requirements!

* Need to update plans on
external integration:

M. Oriunno

J—

14

e cable chains

* Service spaces
e etc

« -> see talk this afternoon



LD HCAL Absorber Structure



AHCAL with ,, TESLA-Structure”

Design challenges Small modules

e Stainless steel

e Fine longitudinal sampling e Small sectors (<18t) for
- 2cm plate thickness easy transport and assembly
e No cracks, minimal un- in situ

instrumented regions
e Inside coil radius:

— compact design to
maximise no. of hadronic
interaction lengths

— tight tolerances over
large dimensions

e Accessible electronics

— external: short access

— internal: longer shutdown
or upgrade

e Earth quake stability
— computational challenge

AHCAL mechanical structure Felix Sefkow  April 27, 2017 4

16



Static and Dynamic Simulations

Ring deformation Eigen modes

e > Swinging barrel: 3Hz

> Swinging module: 8Hz

8,5

> Swinging plate: 6Hz

wn =
K - & <
=3 N —

> Higher modes: 15 Hz

r~J ~J L) S
- N - o
— (=4 wn ~2

> Several plates: 45 Hz

BT [ 1 [ [N z
[ [ 1 | 553
e -

(¥ =]

= ~
= SN

(=]
= =
=

e mMmax 10 mm

AHCAL mechanical structure Felix Sefkow  April 27, 2017

16
structure Felix Sefkow  April 27, 2017 16
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JVideau-Structure”

G

E-JADE

. "Videau" design 5 wheels

Barrel Integration : "Videau" design for physic

TSRS TER N
A f T LTS LTI TN
P T L YT P T

Cro

90°

45°

Particles
T T Ao T A e Fod il oo T A ok A T o)

- Detection layer

R T L T

trajectories

Lk P AT T LT E T AT ST Ll T

Stainless steel

ol e g T L AT T AT

m

_—

7

Point

Interactio

f— e o — "

@ ext: 6770 mm
- int: 4116 mm

Dissymmetric geometry = No Crack zone
ILD Integration

Lenght : 4700 mm

Page 2

Cro

IPN Lyon

Barrel integration : :

Absorbers thickness= 15 mm

Barrel Lenght : 4700 mm

Stainless steel

Weight (t):
Detectors W. (t):

Total Weight (t) :

Interaction point :

]

Side walls thickness= 10 mm

Wheel width : 4700/5 = 940 mm

IPN Lyon

center of wheel n°3
5 wheels Stainless steel wheel
440 t Weight (t): 88 t
184 t Dist Awall - 460 Detectors W. (t): 36.8t
624 t Total Weight (t) : 124.8 t
Central
wheel
ILD Integration Page 4
18



A
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,Videau” with 5 or 3 Rings”

» 3-ring version has less dead zones, but single wheel gets very heavy

@ Barrel integration : : "Videau" design 3 wheels @. Barrel integration : : "Videau" design synthesis
Y )

/ 3 wheels

Side walls thickness= Side walls thickness=
5 wheels 8 mm 10 mm 3 wheels
Side walls thickness= 10 mm _ _
Barrel Lenght : 4700 mm Wheel width : 4700/5 = 940 mm Interaction point : Wheel width : 4700/3 = 1566 mm
10 10 3 > center of wheel
| I _ . Interaction point : Wheel width : 4700/3 = 1566.7 mm > >
| ' === center of wheel n°2
Wheel weight (t): 88t Wheel weight (t): 146.6 t
- - Stainless steel wheel large module Distance interaction point/wall : 460 mm Distance interaction point/wall : 783 mm
* g Weight (t): 146.6 t 18.3 1 First absorber - 20 mm First absorber - 25 mm
= Dist /wall : 783 mm Detectors W. (t): 6131 7.66 Max deformation : 0.69 mm -y Max deformation : 1.03 mm
- - 15667 = Central Total Weight (1) 207.91 201 Local deformation : < 0.4 mm Local deformation : < 0.7 mm
| wheel Central
wheel
IPN Lyon ILD Integration Page 10 _
IPN Lyon ILD Integration Page 14

19



,Videau™: Assembly on Location

Barrel integration : wheel assembly Barrel integration : wheel assembly

Cro G

B Wheel Building in assembly hall : 8 modules => 5 wheels B Wheel building in assembly hall : welding detalls

Building Method

*Step 1 : Modules assembly to wheel :
Mobile electron beam gun :

» 8 modules in position on specific tool > Welding along an axis

 welding operations > Mobile local vacuum with sliding joint

 Step 2 : Wheel on specific tool ready to receiving
detection layers

Friction welding robot :

s Assembly Hall

rren I n
W30m X L200m X H30m
-EL.250m v

> : ,
Welding along an axis

» Rotation to friction welding heat

~EL.200m

Lower Ground EL.195m

DR/DH ACCess Unne

~EL.150m 10% Grad.

Connection Way |l
W10m,10% Grad. : 6

LeL.100m | " = | Wheel We|ght =88t Manual MIG-TIG welding : ) o G
Longitudinal section > Traditionnal welding along an axis % : 0N <Y
> TiG & MIG multipass , low deformation on a S<E<1s T —
rigid structure ( absorbers act like tighteners )
IPN Lyon ILD Integration Page 19  IPN Lyon ILD Integration Page 20

20



,Videau® with Super-Modules

Barrel integration : wheel with super-modules

Cro

B Wheel building : 4 super-modules

x4
LT
Supermodules = module x 2 = Y4 wheel
Weight 22t - size : 4742x2500x940 mm 3 Wheel made in Assembly Hall by :
- = Mobile EBW , friction welding, TIG-MIG
Only four zones to weld on site
total trailer/ our : 2 paper
woight track package SOl s 2y work
gon ~I5ton YES  YES  YES
L ~20 ton Y,Eg/ YES NO
Super-modules bL.lllt by Electron beam welding in 20 cor, RN ESNPIN (R HI IR
very big vacuum chamber
Tribute to SCHIAKY T Probably “YES”, if our package fits into a standard container (W=2,438mm).

IPN Lyon ILD Integration Page 21

21



Videau” Installation

Barrel integration : detectors integration Barrel integration : insertion

(oo [-eo

B Barrel Building & GRPC Detectors insertion - B Barrel insertion & services connecting

* 5 x Wheels built in Assemby hall
» 368 GRPC insertion for 1 wheel
» stock 1840 GRPC for all the barrel

« Wheels put on the structure one by one

« Barrel with 5 linked wheels on same
sub-structure as ECAL (similar to CMS)

« Rails inside the cryostat

Barrel insertion

* Insertion by « push-pull »

 Fixation inside the cryostat on both
sides

GRPC insertion

Wheels full of GRPC put on structure

with specific tool

CMS « enfourneur » with
ECAL insertion system

IPN Lyon ILD Integration Pag IPN Lyon ILD Integration Page 23
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HCAL Installation Issues ‘ @-

E-JADE

- We assume that calorimeters will be installed in the cryostat in the surface assembly hall

- Heavy tools are required to do this (especially for ,Videau® structure)

» The complete central yoke ring with cryostat and calorimeters will be lowered into the hall
* gantry crane

» The access to the sensitive elements, cables, cooling in the ,Videau® case requires removal of the
complete barrel from the cryostat

- ,,TESLA" structure allows access to sensitive layers by just opening the detector endocarps

* In case something breaks seriously in the ,,Videau” case, it will be a lengthy operation to remove
the barrel in the underground hall

 space Is sufficient, but not abundant
» crane capacity is only 80t (or 250t if over the IP access shaft)
 heavy tools (cradle) need to be installed

23



ILD: ,TESLA" or ,Videau™”

» Factorise the problem!

» Hybrid simulation for Introduction
Scintillator and RPC readout
- Make Iarge sample @ calorimeter shower development basically defined by
simulation independent on absorber Structurce Ecal
- @ idea to create HCal (Ecal) model with two sensitive
the technology choice e
- still do a choice (for the @ could use in large scale MC production with little
simulation only!) on the overhead in disk space

@ would provide possibility to compare technologies

absorber structure . )
on full physics analysis using the same events

@ what is needed for this to work ?

F.Gaede, S.Lu, DESY Hybrid Calorimeter Simulation Model

Scintillator

RPC gas

ScintillaYor

Scintillator

RPC gas

Scintillator

3 mm

RPC gas

3 mm

20 mm

ILD SW Meeting, Lyon, Apr 24-28, 2017 3 / 16
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Hybrid Simulation: RPC

_ : . ILC A
example: e~ shower in hybrid prototype -
@ HcalBarrelRPCCollection
Layers Transparency Camera  Cuts  Graphic Tools Help
F.Gaede, S.Lu, DESY Hybrid Calorimeter Simulation Model ILD SW Meeting, Lyon, Apr 24-28, 2017 9 /16

25



Hybrid Simulation: Scintillator

_ : : ILC o

example: e~ shower in hybrid prototype w

Q HcalB arrelSCiCO”ection Layers Transparency Camera  Cuts  Graphic Tools Help 3
F.Gaede, S.Lu, DESY Hybrid Calorimeter Simulation Model ILD SW Meeting, Lyon, Apr 24-28, 2017 10 / 16

26



Hybrid Simulation: Both

L . . - |LC AV
example: e~ shower in hybrid prototype U WW
Q HcalBarrelRPCCO”ection Layers Transparency Camera  Cuts Graphic Tools Help
@ HcalBarrelSciCollection
@ clearly see the different segmentations and
the different slices used
@ question: why do the RPC showers have so
much less hits ?
e possibly energy cut-off too high ...
F.Gaede, S.Lu, DESY Hybrid Calorimeter Simulation Model ILD SW Meeting, Lyon, Apr 24-28, 2017 11 / 16
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Roadmap < @'

E-JADE

A POSSIBLE ROADMAP

ACTIONS COMMENTS
SHORT 1. Validate hybrid SDHCAL/AHCAL simulation * Assumes that field Inhomogeneities will not affect
TERM 2. Simulate physics benchmark samples with: significantly tracking performance
Uniform B field,  O(%) imprecisions of hybrid sim superseded by the
benchmark Tesla geometry, large gain in the physics samples information content
simulations hybrid HCAL response e Keeps DBD geometry as reference for comparison
3. Add beam-beam BG patterns to physics events °* Avoids unexpected software problems related to
to study anti-DID field configurations big geometry change.
 Geometry choice not critical to optimize global
parameters like size and B field value
LONG 1. Pursue detailed mechanical simulations of both
TERM options including optimization of #wheels, absorber NB:
. plates thickness, #layers for both HCAL and ECAL The real final detector will have to take
final 2. Optimize experimental hall and integration aspects into account many more factors than were
detector for detector access

considered up to now in the detector design.
3. Get external expertise from LHC about access P 9

frequencies, electronics reliability, etc...

C. Vallée, ILD meeting, 28.04.17 Technical inputs to benchmark simulations 9 28



Anti-DID or not”
(just short, talk by Uwe)



Anti-DID

 Detector Integrated Dipole field was invented by Andrei Seryi and
Brett Parker to make the net magnetic field parallel to incoming

beams

» polarisation tuning, reduce emittance growth due to synchrotron
radiation

 Turned out that these problems were not as bad and could be
corrected without DID

» Then proposed Anti-DID: make net magnetic field parallel to
outgoing beam

» reduce background on BeamCal as low energetic charged
background particles are guided to exit hole

=50

-100F

150+

L I I L1 1 1 I I | L1 1 1 1 11
=140 -100 =50 i A0 100 150
X' [rmm]

107

30



Forward Region Magnetic Fields

The magnetic fields that determine the background

distribution in the forward regions are complicated
overlays:

Detector solenoid (fringe) fields
» QDO quadrupole (fringe) fields
 Anti-solenoid (fringe) fields
» Anti-DID (fringe) fields

A detailed 3D model of all fields would be needed to do
proper background simulations

This needs to be done anyhow for the new L* geometries
» collaboration with machine experts required

probably hard to get in view of resources at machine
groups...

LDC L* 45m full c g ngle 14m ad , tDID

X (mm)

= SiD+DID, minimize SR
401 — SiD+DID+asol, zero IP angle

SiD+DID+asol(v.2), zero IP angle
_60 I |
-10 -8

—6

Parker, Seryi, PR STAB 8.041001 31




Anti-DID: Small Coll

- Small coil at the beam pipe

Cea ﬁ Anti DID First Specification

Feeding access will be study later;
No request on uniform field along the axis;
No harmonic constraints

Geometry data are below: Horizontal
Brett Parker

|
|
|
]
l
i

First specification:

m [Bdf=0.1T.m;

B No stray filed constraint; l H o
B Fixed on beam tube; N : |
B No radiation issues; ¢y Anti-DID Bx g ===
B l H—
B

B

B

10: 1 Compression)

2 o Scale 1:10
|
e 1 50
r
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, — | |=—1‘
E—— . ’ PE—— === o
i . | ;
‘ nHHH | Q Nl
MY L — 1850 (]
[ 0000t
I I I
T Geometry data
Maximum available space for the dipole
2

- Too much material in the detector, large forces
» will not be followed up

Berriaud

Useful length of the first layer:
B 1100-(196+99)/2 ~ 960 mm

Useful length of the second layer:
B 370-(196+164)/2 ~ 190 mm

Middle
First layer
Second layer

| [mm] G, [Mm] &, [Mm]

550
185

148 78
180 90

32
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Summary < @'

E-JADE

* ILD is preparing a large simulation run with full detector simulation
- |LD-L (DBD-like) vs ILD-S (smaller)
» Topics to decide before simulation can be started:
* Include Anti-DID or not?
 Tendency: not for production run, but have available for dedicated studies, e.g. on backgrounds
- Which HCAL absorber structure, ,,TESLA® or ,,Videau®?
 Factorise steel structure and technology with hybrid simulation
» Tendency: do production with ,,TESLA" as only there full particle flow reconstruction is available
- work on PFA for ,,Videau® and prepare simulation model for selected benchmark reactions
- Some of these topics have an impact on CFS and infrastructures
» cables, services
- HCAL structures: assembly, transport, services
» Anti-DID: coll production

33



