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• Submitted by Glen White (BDS WG leader) in September 2014

• Change Management Board has formed a Change Review Panel for this request:


•  T. Markiewicz (SiD), N. Terunuma, N. Walker, G. White, KB (MDI, ILD)

• CRP has agreed to come to a suggestion at the time scale of the next ILC 

workshop (April 2015, Tokyo)

• CMB will decide eventually
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BASELINE OPTICS TO PROVIDE FOR A SINGLE FFS L* 
(QD0 EXIT – IP DISTANCE) OPTICS CONFIGURATION 

 
The final focus system (FFS) and beam dump extraction system (EXT) 
baseline design is to provide a standard optics with fixed L* (yet to be 
determined, but provisionally assumed to be ≤4m). This optics solution is 
to be common to both detectors. 
 

RATIONALE 
 
The choice of L* drives many of the critical design aspects of the FFS 
and EXT optics. For larger choices of L*, the natural chromaticity of the 
system becomes larger and the resultant chromatic and geometric 
aberrations at the IP become harder to compensate. Background sources 
become harder to control at larger L* due to tighter collimation 
requirements. The tighter collimation requirements for larger L* also 
results in increased wakefield impedance, adversely effecting beam jitter 
and emittance. Specific optics designs can be (and have been) 
implemented to overcome these issues and deliver the published design 
luminosities for each of the existing L* options. In the real machine, 
finite production and installation tolerances require active tuning and 
feedback to realise the design luminosities. Tolerances become harder 
and tuning more difficult for larger L* choices due to more “fine 
balancing” of high-order aberration corrections. 
Having a different L* solution between the 2 detectors is considered to be 
a high risk, reducing the deliverable integrated luminosity compared to a 
solution with a single L*. There is also increased risk for a significant 
imbalance between the expected luminosity delivered to each detector. 
This increased risk can be understood in terms of a negative impact on 
push-pull recovery times: 
Iterative tuning actions over long timescales will be required to ensure 
maximum luminosity for a given L* optics configuration. These 
integrated efforts are partially lost over the time period between push-pull 
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ILD: Current Lower Constraints on L*

• Detailed design of forward region:


• LumiCal, LHCAL, BeamCal


• Beam Pipe, Bellows, Flanges, Vacuum Pumps


• Optimised (many FTEs in the last ~10y) for 


• operations: no FCAL or masks inside the tracking volume


• assembly and maintenance


• physics: VTX (occupancies and layer radii), FCAL performance, hermeticity ../../01
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• 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)

Forward Region - possible changes towards L*=4m
 

FIGURE 2.4.3.3 ECal ring mechanical design 
 
 
 

The final configuration of the forward components is the following: 
 

BeamCal

Pump
LHCal

LumiCal
Sensitive 
volume

ECal ring Flange & 
bellow

1st conical BP

BeamCal
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LHCal
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1st conical BP

 
FIGURE 2.4.3.4 Vertical section of the Forward Calorimeters region 
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• What about the vacuum pump?

• SiD has no pump in front of QD0, but behind

• ILD vacuum studies done for LoI


• Y. Suetsugu,“Technical Note for ILD Beam Pipe“:

• 6E-7 Pa (6E-9 mbar, ~4.5 nTorr) for CO

• 1E-6 Pa (1E-8 mbar, ~7.5 nTorr) for H2

Vacuum Conditions  
FIGURE 2.4.3.3 ECal ring mechanical design 

 
 
 

The final configuration of the forward components is the following: 
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FIGURE 2.4.3.4 Vertical section of the Forward Calorimeters region 
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Fig. 1 

 

Fig. 2 

 
Fig. 3(a) 

1/13/2009 

5 
 

 
Fig. 3(b) 

 

 
Fig. 4 

 



• Y. Suetsugu checked impact of cryogenic QD0

• Vacuum levels without pump but with cold QD0:


• CO: 6.8E-6 Pa (50 nTorr); factor 10 above DBD value

• H2: 2E-5 Pa (150 nTorr); factor 20 above DBD value

Revisited Vacuum Studies at KEK

qCO#=#2x10)8#Pa#m3/s

Cryo

Cryo

8

(~0.01m3/s)

Y. Suetsugu, 10 December 2014

/m2 qH2#=#2x10)7#Pa#m3/s

Cryo

Cryo

10

(~0.04m3/s)

Y. Suetsugu, 10 December 2014

/m2



Vacuum Studies at LAL (TDR Setup)

10-10 mbar (0.075 nTorr)

B. Mercier



ILC$ IP$vacuum$

IP#
Pumps$

Valves$dn40$

Valve$dn100$QD0$ Pumps$

Improved$vacuum$level$(to$quan<fy)$
$
Need$to$in$situ$baking$of$beam$pipe$$

15/12/2014$

possible changes towards L*=4m$

Need$$a$pumping$system$between$the$two$DN$100$valves$(hot$
part$of$the$IP$chamber)$

Proposal$for$a$distributed$pumping:$coa<ng$NEG$
(Non$evaporate$GeMer)$

Length$reduc<on$

Vacuum Studies at LAL (Revisited)

B. Mercier

• Preliminary results:

• only remove the pump: ~150 nTorr vacuum level

• remove pump and add distributed system (NEG): ~1-2 nTorr reachable

• more details on next MDI/Integration meeting (24.03.)



• Beam-Gas scattering in the 
BDS upstream is relevant for 
detector backgrounds


• O(10 nTorr) is the required 
vacuum level up to +- 200m


• Beam-Gas background 
produced inside the 
detector is mostly forward 
peaked - leaves the detector 
through the beam pipe


• So in theory, vacuum level 
inside the detector could be 
much higher


• To be checked with full 
detector simulations!

How relevant is the Vacuum inside the detector?Beam-Gas Bremsstrahlung Electrons Hitting Beyond the Final Doublet

L. Keller
T. Maruyama
19 Sept., 2007

Beam-Gas Bremsstrahlung Electrons Hitting Beyond the Final Doublet
Cut: Outside 10 mm at entrance to 1st extraction line quad

Average Energy = 100 GeV
Origin is inside 200 m from the IPOrigin is inside 200 m from the IP

IP

L. Keller et al., ILC-Note-2007-016



• Robert Karl has 
started to do 
Beam-Gas 
simulations with 
Geant4


• First impression: 
secondaries 
produced by ILC 
bunches (500 
GeV) in ILD beam 
pipe

• note: highly 

increased 
pressure to get 
statistics

Beam-Gas Background Studies in ILD

very preliminary

R. Karl



• Extrapolation of 
production rates 
vs gas pressure

• still at high 

levels (unit is 
kPa)


• Next step: track 
secondaries into 
detector


• Rescale to realistic 
pressure values


• NB: most particles 
leave detector 
through beam 
pipe

Secondaries Production

very preliminary R. Karl



• Lucia Bortko (Zeuthen) has started background simulation on pair 
background with new BeamCal location

BeamCal  
FIGURE 2.4.3.3 ECal ring mechanical design 

 
 
 

The final configuration of the forward components is the following: 
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FIGURE 2.4.3.4 Vertical section of the Forward Calorimeters region 
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• If QD0 moves by 40cm, 
BeamCal would also move


• If BeamCal geometry stays 
unchanged, deposited energy is 
lower


• Would consider to change inner 
radius of BeamCal 
proportionally

• physics reach

• total deposited energy 

would get larger

• Need to understand the 

backscattering of secondary 
particles into the tracking 
system

• needs full detector MC 

studies

• hope to have preliminary 

results before KEK 
workshop

Beamstrahlung Pairs on BeamCal (L. Bortko)
• Deposited energy per ring for 320cm 

distance is about 14 percent smaller then 
for 360cm one. 

 
      In the same time polar angle is getting 
       ~13% bigger 

IP 

360cm 

320cm 

z 

• To cover on 320cm the same inner  polar 
angle as on 360cm, inner radius  of 
BeamCal should be 1.78cm instead 2cm. 

• Note:  outer polar angle of BeamCal is limited by inner angle of LumiCal/pipe, 
therefore moving BeamCal closer, outer polar angel of BeamCal should be 
reconsidered… 

• If Rin stays without changes, it makes situation easier from the point of BG , but from 
other side BeamCal should mask QD0 ! 

 
 

Some summaries 

Uniform Segmentation Proportional Segmentation 

360cm  

360cm  

320cm  

320cm  

7.6mm 2.2mm 

Ring Ring 

7.6mm 
2.2mm 

Thickness 
of 1st ring: 

US P
S 

Pattern of segmentations and 
rings geometry 

Energy deposition in BeamCal vs rings over the 
all azimuthal angles  for two distances from IP: 

Energy deposition in BeamCal at 320 and 360 cm distance from IP   

Uniform Segmentation Proportional Segmentation 

360cm  

360cm  

320cm  

320cm  

7.6mm 2.2mm 

Ring Ring 

7.6mm 
2.2mm 

Thickness 
of 1st ring: 

US P
S 

Pattern of segmentations and 
rings geometry 

Energy deposition in BeamCal vs rings over the 
all azimuthal angles  for two distances from IP: 

Energy deposition in BeamCal at 320 and 360 cm distance from IP   

L. Bortko



• Vacuum studies indicate that

• If we remove the pump in front of QD0:


• the vacuum conditions deteriorate by factors of ~O(20)

• from ~7 nTorr to ~150 nTorr

• detailed studies at LAL started for a distributed pumping system 

using NEG coatings

• preliminary results show that ~1-2 nTorr can be reached


• Studies to understand the vacuum level requirements from the detector 
point of view have started

• first results from Geant-type studies on beam-gas studies


• Vacuum experts are concerned about dynamic vacuum conditions

• photon desorption, etc.


• FCAL collaboration has started to investigate backscattering from 
beamstrahlung pairs hitting the BeamCal at its new position

QD0 L* Summary



• BDS studies indicate that a smaller L* for QD0 might require also a 
smaller L* for QF1


• This might also have an impact on ILD:

What about QF1?

6MDI/Integration meeting M. Joré – ILD beam height studies

Reminder of the present design

• Solution of double tube support for the forward region :
– Inner tube fixed to the machine concrete on beam for QD0
– Outer tube supported with pillar and tension rod

– Pillar is used to support QD0 off beam Machine concrete

Pillar

QD0 cryo box

Double tubes

Platform

QF1



• Need to move endcap far enough out to have access to inner detector 
to open flanges

Current ILD Opening Procedure
 

 
FIGURE 4.2.1.1Top view of the ILD opening scenario on beam  

 
 
 
 

 
 

FIGURE 4.2.1.2 Access in beam position 
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FIGURE 4.1.2.2 Mounting of the very forward area 
 
 
 

4.2. Opening scenario & maintenance 
 
 As the ILC detectors will operate in a push-pull mode, it has been decided to only do 
light maintenances (few days) on beam position. Heavy maintenance which requires more 
days (or a month) are assumed to be performed in the garage position. That way, the 
running time of the machine is maximised. 
 

4.2.1. In beam position 
The opening procedure is the following (see figure 4.2.1.1): 

1. Move the two back parts in x and z direction to get them close to the pillar (0 to 2) 
2. Move the front ring to the pillar(3) 
 

This gives an access clearance which is about 1,1m. It seems sufficient to reach in the 
detector maybe by using a special tooling, like a scaffold. 
 
Thus, the opening of the detector allows for quick access and maintenance on: 

x Forward calorimeters and components (gauges, pump, valve, etc ) 
x Support tubes tension rods (adjustment is then possible) 
x Inner and forward cables 
x Barrel HCal electronics 
x Barrel ECal cables and supplies (cooling system) 
x TPC endplates 
x ETD 
x Endcap calorimeters’ electronics 
x Muon chambers’ cables 
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• If QF1 comes closer and the QD0 
support pillar eventually moves 
closer to the endcap, the current 
opening scheme needs to be 
modified


• Need to re-think the QD0 support 
using a pillar


• Maybe a temporary QD0 support 
in the garage position is needed

• has impact on cryo supplies…


• Would abandon the possibility to 
open the detector on the beam 
line

• anyhow rarely needed in push-

pull scenario

ILD and QF1 L*

6MDI/Integration meeting M. Joré – ILD beam height studies

Reminder of the present design

• Solution of double tube support for the forward region :
– Inner tube fixed to the machine concrete on beam for QD0
– Outer tube supported with pillar and tension rod

– Pillar is used to support QD0 off beam Machine concrete

Pillar

QD0 cryo box

Double tubes

Platform



• Final review of change request at ALCW15:

Timeline

Monday Tuesday Tokyo,Event Thursday Friday
20.,Apr 21.,Apr Wednesday 23.,Apr 24.,Apr

22.,Apr
09:00 Registration BDSDII:,optics Main,Linac,/,BC,(TBC) SRF,I
09:30 Opening,joint Conveners conveners Convener

10:00 plenary G.,White N.,Solyak H.,Hayano

T.,Okugi K.,Kubo ?

A.,Latina

10:30 Coffee Coffee

11:00 Machine,overviews CRD2,L*,Final,Review Sources,(TBC) SRF,II
PLENARY PLENARY conveners

Conv.,M.,Harrison Conv:,N.,Terunuma Wei,Gai

M.,Kuriki

12:30 Lunch Lunch

14:00 BDS,I/MDI,I CRD4,Tunnel,Extension Central,Region SRF,III
Conveners PLENARY PLENARY
G.,White Conv.,V,Kuchler conv:,N.,Walker

T.,Okugi 14:45 TDR,lattive,release,status

Change,Register,Review
conv.,N,Walker

15:30 Coffee Coffee

16:00 CRD3,CIT,report
PLENARY
Conv.,N,Walker Joint,Plenary,?? Joint,Plenary,?? Joint,Closeing,Plenary

16:30 MDIDII:,,Surface,&,Infr. (undefined) (undefined)

With,CFS

Conv:,Büser,,Tauchi

18:00

CF
S:
,A
RU

P,
m
ee
tin

g,
(T
ok
yo
)

ILD Workshop parallel



• ILD has started an effort to adapt to a reduction of QD0 L*

• Removal of the vacuum pump in front of QD0 seems a possible way to 

gain ~40 cm of space

• Vacuum studies under way at LAL, KEK, DESY

• Vacuum levels could increase by factors of ~10-20


• LAL group has started a study on a distributed vacuum system that 
could recover the previous levels


• all vacuum experts are concerned more by dynamic conditions

• though, their main experience comes from storage rings, not linear 

colliders

• ILD is has started a beam-gas background study (Robert Karl) - 

collaboration with SiD envisaged (J. Strube, M. Stanitzki)

• QF1 L* has also implications on ILD engineering design

• Time line: have informations at hand for a conceptual decision by April

Summary and Outlook


