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Forward region design - side view coe

1st conical BP

BeamCal

LumiCal
Sensitive
volume

Pum
ECal ring Flange & LHCal 5

bellow

7 January 2015 ILD Analysis/Software Meeting 3



31T
. . 0000
Forward region design 13T
Pump
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Catherine Clerc,

Push-pull QDO .
Valves MGTThleLI Jor‘e
Kicker BPM Pump
gauges

LHCal

ECal ring LumiCal

FIGURE 2.4.1.1 Forward region components

7 January 2015 ILD Analysis/Software Meeting 4



Forward region design

F ¥ Vi Free space . ) .
ront view ab. 340cr? This gap is needed for inner cables

Cables/services VTX

“a

SIT

LumiCal %

Ecal Ring

Inner Support Structure
(ISS)

FIGURE 4.2.2.1 Maintenance scenario for Vertex detector
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Forward Calorimeters

e LumiCal - precision integrated luminosity
measurement (Bhabhas), and hermeticity

dL/L <10-3 for /s = 0.5-1TeV
dL/L <2x10* for GigaZ - very challenging
LHCal - PID behind LumiCal, hermeticity

BeamCal - instantaneous luminosity optimization
(beam-strahlung pairs) and hermeticity

Tracking/spectrometers:
e Pair monitor - luminosity optimization

e GamCal - instantaneous luminosity optimization
(beam-strahlung y detector at z ~190m)

7 January 2015 ILD Analysis/Software Meeting 6



Forward Detectors -4

LumiCal BeamCal

LumiCal

Pair monitor

Support tube

(former version) LumiCal support
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BeamCal sensor requirements

" BeamCal should be ¢ompact,
small Moliere radius needed:
Beambal -sampling calorimeter

with solid state sensors,
*\h,_’/ tungsten as absorber.

¥ S G Severe load at small radii
~ 1 e due to beamstrahlung:

; - radiation hard sensors
(up o 1 MGy annual dose)

LumiCal

Bunch-by-bunch operation:
- fast response of sensors

Test beam studies, physical
calibration:
- sensitivity to MIPs

7 January 2015 ILD Analysis/Software Meeting 8



Sensor material properties

Sapphire Diamond

Density, g/cm3 3.98 3.52
Dielectric constant 93-115 b7
Breakdown field, V/cm ~106* 107
Resistivity, {2-cm >1014 >101
Band gap, eV 9.9 5.45
El. mobility, cm2/(V-s) >600 ** 1800
Hole mobility, cm?/(V-s) - 1200
MIP eh pairs created, eh/pym 22 36

* Typical operation field ~1-2-10* V cm’
**at 20°C, ~30000 at 40°K

7 January 2015
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BeamCal — sapphire based design

S
(2 \% Fanout PCBs

W absorber
+sapphire
segmented strips

Sensors
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Dynamic range needed for BeamCal
Readout (high energy electrons/MIPs)

Baseline design

10 51 Entries 1657469
s Mean 0.4655E-02
107 RMS 0.1945E-01
S
10 4
. 200 GeV electrons
103
102
10 |
1;7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\""\"‘\\"\‘\\\\
0 005 01 015 02 025 03 A35 04 045 05
102 Pad deposited energy, 200 Gg¥ electrons Edep’ GeV
X
3000 |- / Entries 3009050
i MIPS Mean 0.1857E-03
2500 |- RMS 0.8717E-04
2000 -
1500 FGCTOF‘ ~2300
1000
500 |-
0 bl R R R B R R
0 001 002 003 004 005 006 007 008 009 0.1
E, ,GeV 510 >
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Pad deposited energy, 5 GeV muons

dep?

000
000
o0
[
New sapphire design
10 53 Entries 1307920
0l Mean 0.7331E-02
RMS 0.2477E-01
10 4|
10 200 GeV electrons
102
10
1%\\\‘\\\‘\\\‘\\\‘\\\ \‘\\\‘\\\‘\\\‘\\\
0 02 04 06 08 1 12 14 1.6 18 2
Pad deposited energy, 200 GeV electrons Edep’ GeV
6000 E Entries 120973
so0 - MIPs Mean 0.4137E-02
i RMS 0.2524E-02
4000 [
3000 —
f Factor ~220
2000 |
1000
: L L L ‘ L L L ‘ L L ‘ L L L T } ‘ — L ‘ L L L ‘ L L L L L L
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Pad deposited energy, 5 GeV muons Edep’ GeV
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BeamCal energy resolution °sst
o
200 GeV electrons, GEANT3 Monte Carlo

>
2 34
ean 3.33 % .
- ll\!IIMS |ﬂ.5948E-0i 32 New dCSIgn
F 3 }
- Baseline design. 28
- OE/E=16% :
o o5 1 15 2 25 35 4
Edep,GeV
= Mean 2.200
3 0.1802
H 1.6 7 | | | | | | |
- New design N R S P P e
3 ~ 89 . . . X,em
- OE/E ~ 8% Response nonuniformity in the direction,
R T T e perpendicular to the strips, depends on
Bus GV relative layer positioning. Further
optimization is needed.
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000
0000
GamCal - Yale Group Design, ess?
no new developments since 2007 :

Integrated Beamstrahlung Speclromeler

1éﬂ 1‘:II:I : 1'&2 : 1“:IH : 1&5 : 1‘§Iﬂ : :Edlﬂ : :EdIE : :El'.;ltl : EIEIE 2048 : 21a

* * :|-b-u:mdu:1mn5

[ - eawm sirahlung gamma’s

1m

[ - posirons produced ol fod
I - \ungslenquarniz sandwich

W.Morse - BNL
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Forward Region - possible changes towards L*=4m @'

1st conical BP

BeamCal

LumiCal
Sensitive
volume

Pum
ECalring  Flange&  LHCal P

bellow

* Need to find ~40cm in current design

« Look into design optimisations of all structures
* maybe find some 10cm there, but more?

» Biggest devices:

« Pump in front of BeamCal (30cm)
« LHCAL (~50cm)

Karsten Buesser, QDO L* at ILD, 24.11.2014



Forward Region - Things to Do @'

* Revisit FCAL design and look for possible space savings
- any cm helps

* Do a coherent study of LHCAL design
* physics requirements
* technical design

+ Change BeamCal design at new location (holes for incoming/outgoing
beams)

+ Eventually redo the pair background simulations with new BeamCal
location

+ All tasks need to be worked on, FCAL could help here out...



Pair Background Backscattering

 Pairs from Beamstrahlung hit forward
region, mostly BeamCal

- Backscattering leads to background in
the ILD tracking system

» charged particles in Si
« photon conversions in TPC
» neutrons in calorimeter endcaps

» Need to redo the background simulations
if forward region design changes

Inner view
Scale 1:10

anE

18—




Beam Pipe oo

Inner view
& S8 g g2 O Scale 1:10
ol L e o o [}

T—

r r |rT
P I - ] - =] & o O
-+ - L 4 -+ o r= - o W
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Check Vacuum Conditions

* MolFlow+ (CERN)

- Molecule tracker for given . N,
gases, materials and N ey Y Rl == e
geometries .
» For CO: 4.5E-9 mbar \

« Suetsugu: 6E-9 mbar ol f



New Vacuum Geometry @'

* Moved the pumps to the upstream sides of both QDO0s

- increases pumping lever arm by ~5m on both sides...

* Increases level
to 2.5E-7 mbar

« for CO
» ~200 nTorr

+ ~50 times higher
than with old
pump location




Possible vacuum problem solution?

2
\cO ) secondary vacuum
g QDO
\
dd | +h ; q BeamCal
Additi thi ted bi
itional thin perforated pipe LumiCal

To be checked....
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