Changes to the Accelerator Design:
Status and Outlook
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Change Management

 Formal Change Management in
place since Sept 2014 for ILC
(accelerator)

» Goals:
» Preserve an intact design baseline after TDR
« Make sure all stakeholders are involved in
design changes: ensure information flow, avoid
frustration, avoid mistakes
* Observation: Change Requests
give structure to design activities

« Change Request review and implementation
are often small projects, conducted by
dedicated task forces

« Change Request processing helps to prioritize
tasks and have a common focus

* In the current project phase:

llc.desy.de/cm

@
DESY
)

DESY HOME | RESEARCH | NEWS | AROUT DESY | CONTACT = &

The International Linear Collider Project Team at DESY

CHANGE
MANAGEMENT.

caz5 defines how changes o the bascline design are proposed,
, and implomentod. All change requasts are processed by the Change M
ard (CMB), which is chaired by the LCC Assistant Director for the ILC, Mike Harris

A¥ Change Requests are publicly available for the ILC community from the ILC EDMS system
Change Request Documents in EDMS

The brawseable troe below provides direct access to the change management refated documents in

9 9 st update date: Thy
@ Change Management for the ILC & 18 09:18:49 CEST 2015
White papar cn proposal for light-weight change management for the ILC during the pre-conalgugéin phase
(LCC). 2014.09.23
] | &
@ ILC Change Reguast Rogister /
Ovarview over all change requests for the ILC projoct 2014.05.23
% | |
*/ @ Change Management Board (/7
*/ @ Change Requests (0/7
* & CMB Mooting Minutos ©0/7

Managing Change = Managing the Project
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give structure to design activiy

« Change Request review and implementation
are often small projects, conducted by
dedicated task forces

« Change Request processing helps to prioritize
tasks and have a common focus

* In the current project phase:

Managing Change = Managing the Project

Change Management Process

The ILC Changa Management Procass defines how changes o the baseline design are proposed,
roviewed, docided, and implomenied. All change requests are processod by the Change Management
Soard (CMB), which is chaired by the LCC Assistant Director for the ILC, Mike Harrison.
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The Change Request Register (D*1056505)

« Overview over status of all official Change Requests
* Plus alonger list of possibly upcoming requests
« Updated regularly

_ A B C D E E G H
Creation Last Title
1 No. Date Modified Creator Primary WGs Description State
ILC-CR-0003 071014 31/03/14|K. Buesser MDI/CFS Detector hall with vertical Consolidated solution for IR hall / layout which
shaft access supports surface construction of the detectors.
2
ILC-CR-0002 02/09/14 09/10/14|G. White BDS /i MDI Adopt equal L* for both Find solution for single L* value for BDS and both
detectors detectors.
3 i A 3 D E F G 1 M
ILC-CR-0004 18/12114 31/03M14|N. Walker ADI Extension of the electron and |Lengthen Main Linac tunnels by about 1.5km, to (i} De Creatio | Last
i o i b 2 = 3 N o] Modified Ci P WG i D
positron Main Linac tunnels  |fulfill the Global Timing constraint and (i} add margin T R R (5 T S e T L e e e e L e e
by about 1.5km for total beam energy as risk mitigation to ensure z e e e = = e ety e
4 500GeV CME. : - mpspeial lmmmsmmemememn e
ILC-CR-0007 11/06/15 11/06/15|M. Harrison ML Adoption of the Asian design |Only the Asian version of the TDR designs will be the |Su " it CRs.
as sole baseline basis for further developmen; the baseline HLRF TS | & W EHES Upcoes 1o BOG mfice e e ER
distribution scheme will be DKS, the CFS planning will . reicmurzaton of CR403 as wol a5 conra
5 be based on the mountainous topography design. T[T EOE TGRS T S T e | P 3 STEe Bo e e s [T | Por o h v rost?
N. Walker RTML / ML Move Bunch Compressor to | The Bunch Compressor formally becomes a part of the |in ERT e [ T e S e sl TS o o2 Wea | Carort fosgn Sl Sy
6 Main Linac Main Linac instead of the RTML. exmeon e i s s e sppnpy vt o por o oot Fairs e
ILC-CR-0005 22/04M15 15/06/15|N. Walker ADI Update top-level parameters |Correct errors in reported luminosity for 500 GeV T e e e e e e T
7 baseline and 1 TeV (b) parameters. TS |6 Paar T o T e R Change s bok o urier caraigeratian
ILC-CR-0001 01/09714 09/10/14[K. Yokoya PS/BDS/RTML  |Add return dogleg fo target by-|Add addifional latice to bring BDS beamiine on axis e e
pass with main linac, to accommodate future =1 TeV beam [eTeing s e frang sexdupole magreds fom the FD.
8 _ energies R e ey s s ame e am e Pk |0
ILC-CR-0006 12/05/15 12/05/15|G. White BDS / MDI Add BPM downstream of QDO [Add a BPMs immediately downstream of the QDOs to e T T R o —
facilitate beam capture and construction of a "virtual IP — _ e
g BPM". 2PATTS [ Kurkl 300z o-diven souse Add 300 Hz = Errven poaitron source 1a basding THigh
ILC-CR-0008 M. Woodley Machine-wide Formal release TDR-2015a Complete set of matched lattices reflecting TDR design :
10 |attice o
LIl 15

TIN5 |7 Fayans B ‘ASapt Saclay ks uner 2= 2 Wiedur Vraact charged B Medur [7om Law] 2L

regaest folkwing T8 mesting

L]
B T i et Tnplement 3 fming s wenert chicare i poatran | 2Wedum
chicarce system e to akow for fine pathlength
17
2015 |E oR ™
18
W Viaihar oR A RF and wiggler for hign
current 104z cpevation
19
TGS |, e WLICFS Thange I average grader
specificatian in WL
20
FITIE B
21
IS W Vamamots  [MLICFS Exid s b gy TG o e machine 1 550 |2 Ve |Urked 1o GRAOUGE. THate chevabie
22 Ge corte of mass. sraiont ard tunrel longin ol ink to $hs).
= 3 Aemove need far 1012 prozuclion mode a1 250 GaV | 2 Medum
23 cenire of moss erergy
EEE= & Aot altermatve phalon rge! dosign Fiace e Tor whatever T decded win 1o
24 rarget o
U215 |, Hayang A T 3 3
25
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Change Management llc.desy.de/cm

 Formal Change Management in

place since Sept 2014 for ILC ILC
(pccalaratory
. ( &l Change Management for the ILC & 18 17:15:19 CEST 2015

The International Linear Collider Project Team at DESY

. White paper on proposal for light-weight change management for the ILC during the pre-consigugtion phase
. (LCC). 2014-05-23 e

]

Change Management Process

The ILC Changa Management Procass defines how changes o the baseline design are proposed,
reviewed, decided, and implemenied. All change requests are processed by the Change Management
Soard (CMB), which is chaired by the LCC Assistant Director for the ILC, Mike Harrison.

» Change Request review andmplementation
are often small projects, conducted By
dedicated task forces

« Change Request processing helps to prioritize
tasks and have a common focus

A¥ Change Requests are publicly available for the ILC community from the ILC EDMS system
Change Request Documents in EDMS

The brawseable troe below provides direct access to the change management refated documents in

| =
] Change Management for the ILC & 18 09:18:45 CEST 2015

White paper on
{LCC). 2014

« In the current project phase: L —

ozal for light-weight change management far the ILC during the pro-conatgusiien phal

*/ @ Change Management Board (011
*/ @ Change Requests [0/
*/ & CMB Meoting Minutos /1)

Managing Change = Managing the Project | - =y
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The PrOCESS Ina NUtShe” Change Management for the ILC

« Change Request (CR) is written and oz
Smeltted to Change AdmlnlStratOF (CA) Prepared by: B. List, M. Harrison, N. Walker

Table of Contents

« CAputs CR into EDMS, sends it to Change | o

Why Change Management?

Management Board (CMB) o chaneasgemen roces ot e

Overview

. . . i.mWMMEﬂsqpenrcﬁjuwﬁm
« CMB Chair: Mike Harrison S e

« Members: i

Dealing with process documents — ILC-EDMS
Summary

« |[LC Technical Board members, Appendix | Overview of LGC hange Management Process, oles and responsiiies
 J. List and T. Markiewicz for ILD and SiD

Introduction
d Vl KUChIer for CFS The Technical Design Phase || of the GDE has preduced an integrated, consistent and

complete design of the ILC in its 500 GeV baseline configuration. This design is desaibed in

(=T - TN RN R B < " ¥ ¥ I - FT O VT Ry ¥

Boe

the Technical Design Report (TDR), which is a summary of the detailed body of

 CMB has ~month|y Fuze meetings veclitions, tabcsdtinm ki e CAD el tht frrmthe Techoiso Design

Documentation [TDD) stored in ILC-EDMS. The level of maturity of the TDD varies
considerably, ranging from very detailed and engineering-ready drawings for the

[ ] ‘ M B k ‘ h R P I t cryomodule and its sub-assemblies, to relatively conceptual (non-engineering) design
aS S an e eVI eW an e O schematics, in particular for the accelerator layouts and associated CFS. Irrespective of the
level of detail, it is inevitable that these design elements will evolve as R&D progresses and

appraise CR and give recommendation o e e s < e Pt oty dowe et i

the existing parameters, specifications and drawings, but we also expect that the level of
detail of those design elements which remain essen tially unaltered to increase. Drealing with

 CMB deliberates, CMB Chair decides Miaregemrt, ooty with ooy it s
« Change Implementation Team is asked to
implement the CR EDMS: D*1057375

6 6/30/2015 Change Management
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CR-0001: Insertion of a dogleg in
the electron side

* Insertion of a 400m long dogleg to
compensate target bypass dogleg of
undulator source

* Motivation: allow straight beamline for >
1TeV

* Rejected by LCC directorate:
ILC scope limited to 1TeV

Fig 2 N
| Positron _‘0{)
Electron undulator target Booster
Linac P
BDS | 2m

Fig.3 Positron o
undulator target Booster
Electron [ .

l Eo. LIMEAR COLLIDEN ZOLLAEDT AT ,"ﬂ
o B = (L7
CHANGE ED MS No: Created - 27-€8-2€14
REQUEST BUOIENS nodred 27682004
NO. ILC-CR-(NO1

INSERTION OF ADOGLEG INTHE ELECTRONSIDE

Insert a dogleg of ~400m kng between the end of electron linac and the
BDS. Thx souldplace the BDS ontthe extension of the e k ctron Imac
Ime.

RATIONALE

Provide an option for removmg the wnchiktor sowrc e bypass to support a
beamline geometry for possible energy upgrade s beyond 500 GeV beam
energy, at which energies the e xstmg target bypass dogleg woukl
prochace severe hor montal emittarce degradation cue to syneclhorotron
radiation.
SCOPE: POSITRON SOURCE, RTML, BDS, CENTRAL
REGION

Adds an additional estimate 400 m of ttwmelto the electron side of the
machme . Adds an additional 400 mto the positron sowrce and electron
RTML lattice . D kplaces the existmg BD S axx transverse ly by ~2m

COST IMPACT: EST. 30 MILCL

Intial estimate by recuestor based on cost of exastmg target bypass
dogleg (beamlme + tirme ).

Requested and
preparediy

Facru Yckoya (REK)
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CR-0002: “Single L*”

« L*: Distance between interaction point and edge of closest final focus magnet
(called “QDO0”)

 |ILD and SiD had different L* of 4.5 and 3.5m

« Makes re-tuning after push-pull operation difficult for machine, leads to non-
optimal optics for both experiments

* CR submitted on 15t CMB meeting 25.9.2014

» Review process took 8 months, with 2 workshops and a special session at
AWLC2015, and lots of dedicated studies

« Accepted at 7" CMB meeting 12.5.2015
* Now in the implementation phase
» By-product: CR-0006: Beam Position Monitor close to IP

Inner view

Scale 1:10 :IP SiD 3.5/9.5m FD

6/30/2015
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CR-0006: BPM downstream of QDO

« Corollary of CR-0002:
Once ILD redesigns its entire forward region,
might as well make room for a 10cm Beam
Position Monitor

 Qur “smallest” CR so far
« CR document is just 2 pages

« Was submitted in 6" CMB meeting and
accepted in 7 meeting

» Implementation will be lumped together with
CR-0002

« application of “lightweight” decision procedure
for simple CRs

« We do not want to create more bureaucracy
than necessary

umi

% PolyCarbonate

-FB BPM i -
~BeamCal

QDO Cryostat

9 6/30/2015

Change Management



LINEAR COLLIDER COLLABORATION

Interlude: What is “Implementation”

« From Change Management document:
“Once the CR receives a positive decision from the CMB (formally from the
chair or his delegate), the affected technical design documentation (TDD) in
ILC-EDMS must be updated and a new ILC Baseline released.”

» We considered this to be obvious, apparently it is not ®

* “Implementation” means that all relevant documents (in EDMS) that define the
design of the accelerator are updated to reflect the change stated in the
Change Request

» The general idea:
« Start with a correct, consistent and complete set of documents (a “baseline”)
» Process a Change Request (submit, review, accept, implement)
« End with a correct, consistent and complete set of documents (new baseline)
Reality:
» Our baseline mostly consistent and correct, but not complete
-> also new or more detailed, improved designs must be reviewed -> a CR
» Several CRs will be processed and thus implemented concurrently
* In some cases, implementation has to be deferred due to ressource limits

10 6/30/2015 Change Management
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CR-0003: Detector hall with vertical shaft access

« Change Request with the longest preparation time so far: ~1 year

* Discussion started in CFS&MDI session at LCWS13 (Nov 13) after
Japanese recommendation of Kitakami site:
Kitakami has hills, not mountains -> vertical shaft might be possible

* Very thorough preparation with lots of studies by CFS and MDI group
before submission of the Change Request in Oct. 14
by a joint group of CFS, MDI groups and both detectors
-> most of the work was already done

Hybrid-A’ General layout

Damping Ring
Connecting Tunnel

D/R Access Tunnel

D/H Connecting Tunnel

L/ AVIAN/ AN/
aviwmvawmviaval|
WAV ATAV.GAY
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CR-0003: Status now

« CR-0003 submitted at 2" CMB meeting 9.10.14
Approved at 3'¥ CMB meeting 20.11.14
Change Implementation Team (CIT) formed at 4" CMB meeting

Implementation is close to complete, final implementation document is
being prepared

« Avery complex Change Request: i A
* Interaction point had to move by ~800m I meeem | | | W
* Needs new/more Geologic study D i —==]

— it

|
« Completely new Experimental hall design W SRR j) 1

« Completely different way to build / € |
assemble / install detectors 9 2018 WOLES Wetng @t

A large and important decision to take
Needed all stakeholders (detectors, CFS, site experts) on board

12 6/30/2015 Change Management
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CR-0004: Extension of the Main Linac tunnels

, , Timing Issue
Another CR with a long history

Undulator positron source constrains
round-trip length around accelerator
to be an integer multiple of the e
Damping Ring circumference

TDR layout is 150m too long, or 1500m too short, for current DR

There are several ways out, but:

1.5 km more Main Linac tunnel would make it easier to react _if cavity
gradient of 31.5MV/m would be below design value of 31.5 MV/m, and
one still wants to reach 500GeV

This “reaction” would still require building more cavities, cryomodules,
Klystrons etc -> would be costly, but possible
Why is 500GeV important?

Before Higgs discovery, 500 was an arbitrary, round number.
Now, 500 GeV is just high enough above the tth threshold!

*(Li+La+Ls)-L=nxCpr
s N

L3

13
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CR-0004: Current status

Everybody wants the longer tunnel,
because it reduces risk, or adds possibilities for higher energy upgrade

Problem: The cost!
Rough estimate: 100M ILCU for 2x1.5km tunnel with transfer lines

Finding ways to save this cost elsewhere is not part of the review, but
there is a consensus that it has to be counter financed somehow

CR-0004 was submitted before 4" CMB meeting on 19.12.14
CRP was formed in February, will present report soon
Formal decision will probably be at LCC directorate / LCB level

Decision on CR-0004 is absolutely essential for further site studies!

At LCWS13 in Tokyo, the plan was to fix the length of the machine by
early 2015. Budget limitations reduced the urgency somewhat...

Again, an important, and costly, decision to take
-> Change Management provides a robust framework for the decision
making process, with all stakeholders on board

14
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CR-0005: Update of luminosity parameters

Harmless start: discovery of an error in the luminosity calculation for
one 1TeV upgrade scenario: lumi was 17% too high

Triggered re-evaluation of all luminosity values, which were confirmed
within a few %; luckily, all other values were higher than TDR
calculation

Naive idea: “Just fix the table”

But: Energy and luminosity are the two most basic performance
numbers of the machine! They define the scope of the whole project.
-> changing them is always a big issue!

15
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CR-0006: The numbers

» Decision taken: Update only the wrong 1TeV Al number, for other
energies stay with the numbers of the TDR to avoid confusion

« CR-0006: Ouir first “administrative” CR:
does not really change the design as such, but affects the
documentation

TDR Update Rel. diff.
200 GeV 0.56 0.59 6%
230 GeV 0.67 0.73 8%
250 GeV 0.75 0.82 10%
350 GeV 0.99 1.03 4%
500 GeV 1.79 1.79 0%
Lumi Up. 500 GeV 3.58 3.60 1%

<4 TeV A1 3.65 3.02 7%

1TeVB1b 790 511 4%

16 6/30/2015 Change Management
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CR-0007: Asian design as sole baseline

 The next “administrative” CR

« Background: TDR design was for “generic” site, with sample sites in
America, Asia, Europe
« Sample sites had different topography (flat vs. mountainous), with

« different tunnel technologies and different tunnel cross sections (round vs.
Kamaboko),

« different RF distribution schemes (klystrons in clusters on top: KCS for
America/Europe, klystrons in tunnel: DKS for Asia)

« Different cryogenic layouts
 Different ML lattices with (slightly) different lengths
 Different costs

« CR-0007 states that the KCS design is no longer maintained, because
we concentrate on the Japanese site

 TDR cost was average of America/Europe/Asia cost estimates,
Asian cost estimate is 2% higher than average: 7.982 vs. 7.780MILCU

« Decision will be taken next CMB meeting

17 6/30/2015 Change Management
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CRs in the Pipeline: Administrative Stuff
« CR-0008: ILC 2015a Lattice

Consolidated lattice, fully matched, by Mark Woodley
A BIG step forward

Does not change the TDR design as such (geometry, magnet count,
costs stay) -> administrative CR

Will serve as basis for implementation of CR-0002 (single L*)/CR-
0006 (BPM) and CR-0004 (Extended ML tunnel)

Wil be submitted soon

In future, lattice releases as such will not require a Change Request,
but all changes that go into the new release need a CR!

 CR-000x: Move Bunch Compressor to Main Linac

Another administrative CR: Bunch Compressors (at end of RTML) are
now under purview of ML group -> groups together all standard cold
linac sections

Requires quite some work on document side to have a consistent set
of documents again

18
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What may come: reading the tea leaves

« Change Request Register lists 26 possible requests
Some important ones:
Relocate cryo components to surface

« A purely technical issue, but with significant impact on CFS planning,
risk, costs, schedule

Reduce width of Kamaboko shield wall
« Could be the big cost saver to finance the tunnel extension

* Reopens all the old discussions about need to access, availability — a
big déja vu for the old hands ©

Adopt Kamaboko-style tunnel for BDS/central region

« A consolidation of the central region design for Asia is urgently
needed, but requires significant engineering resources

« Some activities are ongoing
« What about the electron driven positron source?

19 6/30/2015 Change Management
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The Big Gorillain the Room — a very personal view

Japan pushes for electron driven source
“in addition” to undulator source

This is a BIG thing: all together 11 GeV
worth of normal conducting linac, plus

new target (radioactivity! Dirty!), requires
larger tunnel, more electricity, more cooling
-> essentially a full new linac

All this would be expensive: >100MILCU

Current statement from Japan: Study how much space would be
needed for such a source

A TDR-style design promised before LCWS15 in November
Envisage a 15t Change Request to reserve space for such a source
How much would that cost? Will be an interesting discussion
CR-0004 (tunnel extension) may set a precedent here

20
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A personal conclusion

« ILCis in a difficult phase:
* The team is distributed (scattered) around the globe
« Resources are scarce

* No clear mandate (yet) to do the next step: engineering
design -> little “top-down” initiation of activities
-> not so much to do for “classical” project management

« Keeping areliable design intact is difficult at the best
of times, much more now

« Any design activity results in design changes
-> managing those changes is the way to keep the
project together

« Our observation: Works much better than expected

21 6/30/2015 Change Management
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