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,',IE Lattice Design: Louis Emery/Aimin Xiao
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Lattice Design: Yi-Peng Sun

Frequency map analysis (on momentum)
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FMA analysis for on momentum particles: (Left) footprint; (Right)
Dynamic aperture with FMA.

2500 particles distributed 1n the range of seven times the injected bunch
size are tracked for 1024 turns.

Yi-Peng Sun et al. ILC DR Alternative Lattice Design

ILC 2007

Global Design Effort




,',IE Electron Cloud: Roberto Cimino

New results from M. Pivi @ e-cloud 07

,:"‘: Surface analysis: Carbon content decrease

After exposure in PEP-II

- \__,. | ¢ ; . LER for 2 months (e dose
Sy : \ ! 100mC/mm*2)

Carban is strongly reduoed if exposed tc beam Same for LER #1 and #2 samples
ILC 2007, DESY, May3L, 07. IC @] ) cinino ’
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,',IE Vacuum and Ecloud: Oleg Malyshev

Accelerator Science and Technology Centre

Conclusions

e An ante-chamber is not needed for vacuum (electron and
positron DRs)

e A KEKB-type ante-chamber is required to suppress e-cloud
in positron DR
e in wigglers and, possibly, dipoles
e the straight are to be studied

e Multipacting electrons in positron DR will cause the
pressure increase comparable or larger than due to photons
—to be considered in vacuum design

e |on induced pressure instability might be a problem at ILC
DR

e Large distributed pumping speed required
e TiZrV coated vacuum chamber has a sufficient safety margin

30/05-03/06/2007 LCWS2007 and ILC2007, DESY Hamburg, Germany 0.B. Malyshev

ILC 2007 Global Design Effort 6



,',IE Fast lon Instability: Guoxing Xia

Fill patterns

« For case C, the ion density like this

1E12 |

—#—ion density for minitrain ]
—=#—ion density for a long bunch train

1E11

lon density / m”

0 100 200 300 400 500

Bunch number

lon density for 10 bunch trains for case C. n, = 4346, N,= 1.29E10,
N, ...= 82. There are 53 bunches per train. Bunch spacing =2 RF
buckets= 3.08 ns. Gap between trains= 71 RF buckets. Partial
pressure of CO is 1 ntorr.

ILC 2007 Global Design Effort
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Coupled Bunch Instability: Kal Meng Hock

Decay modes grow because ...
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Mode Number

Mode Coupling

Amplitude (arb. units)

Mode Number

QCS6: Actual beta, Mode 100

20 40 60 8‘] I 400
01 - ! I
B—_E
N ] ¥
0001 A Co
+ Arctual beta
—e— Const beta
0.0001

Turn Number

ILC 2007

Global Design Effort




,',IE Injection/Extraction Kickers: Takashi Naito

Timing scan of the kick pulse
100 | | _ | |
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Kick angle is estimated from the amplitude of the
betatron frequency of the FFT signal.
2007/6/2 20
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,',IE Injection/Extraction Kickers: Mark Palmer

'-"’L’ Original Prototype Tested at KEK
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Pulse needs faster Tr, TT, tall
compensation

Integrated Driver &
Power MOSFET

E. Cook LLNL

Global Design Effort
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,',IE Injection/Extraction Kickers: Mark Palmer

e o
U DSRD Detailed Circuit Behavior
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Global Design Effort
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,',l": Injection/Extraction Kickers: David Alesini
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,',IE Injection/Extraction Kickers: David Alesini

i Vertlcal plane - initial particle distribution
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,',IE Injection/Extraction Kickers: George Gollin

Hard dlskdrlve write head technolo gy for use in a
damping ring extraction kicker?

We always think about spatially fixed devices and moveable beams.

BUT could one build an extraction kicker that was a sort of hard disk
write head on steroids?

Hard disk write head (from discussions with Hitachi):
* 1 T field strength
» field direction can be changed at 1 GHz (soon 2 GHz)
* field volume is small, ~120 um? including flux return
* head positioning is accurate to a few nm

Extraction kicker needs 1 T-cm field mtegral. Can HDD head be
scaled up? | Probably not: requires too much power!

George Gollin, LCWS07, DESY May 31, 2007

ILC 2007 Global Design Effort 14
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Low-Emittance Tuning: Kiyoshi Kubo

For lower emittance

We did some improvements to achieve ~5 pm emittance.

Reduction of BPM offset error wrt. nearest magnet
Reduction of optics error (magnet strength error)

Now, we need more improvement for ~2 pm.

N

Further reduction of BPM offset error will be the first priority.
New BPM electronics, is being tested.
Better resolution and stability. Then,

— Reduce BPM offset error w.r.t. magnets from improved data for
Beam Based Alignment.

— Reduce optics error from improved response matrix data

Better BBA has been demonstrated for a few (? one)
quadrupole magnet- BPM pairs, recently.

But,detailed simulations of BBA and Optics Test have
not done yet.

ILC 2007

Global Design Effort
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ILC 2007

Instrumentation: Manfred Wendt

e

1 Digital Signal Processing
Echotek digital
ECDR-GC814 BLOCK DIAGRAM receiver:

One of Elghtecalbl‘:r Channels « 8-ch VME 64x module

« Analog Devices 14-bit
105 MS/s AD6645

» Each channel:
Texas Instruments
4-ch GC4016
“Graychip” digital
downconverter

May 3 . 2007 LCWS Hamburg Global Design Eﬁort 11

Global Design Effort
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Instrumentation: Manfred Wendt

Beam Lifetime Measurement

,",’,_‘,‘ First Results (February 2006)

Relative Positian versw: TM Tn

' Accomplishments:

* Improved
observed
resolution
(~10 -> ~1 pm)

* Reduced
intensity
dependence

100 200 o 400 BI0 il To0 |00
Tima (sacan s}

ATF DR BPMs: Shot-to-shot Moise

B¢

A

X {urm}
s Naise (Um)

0.6
TMITn

May 31, 2007 LCWSE Hamburg Global Design Effort 15
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Cornell Program: Mark Palmer

N

,',’E Outline

* Overview of the Cornell Program
— Recent efforts
— Goals for EDR phase

» Review Highlights of Recent Activities
— Wiggler optimization

— Bypass line options to relax kicker
requirements

— Electron cloud studies
— CesrTA design and planning
— Diagnostics development

 Conclusion

Global Design Effort

ILC 2007

Global Design Effort
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CesrTA: Mark Palmer

,",’E CESR Modifications

* Move 6 wgglers from the CESR
arcs to the South IR (zero
dispersion region)

— Cryogenics support available

- Zero dlslpersmn regions can |
created locally around the

wigglers left in the arcs

«  Make North IR available for
insertion devices and
instrumentation

» Instrumentation and feedback
upgrades

NORTHIR
L3 i

3841206-001

oval Design Effort

23

ILC 2007

Global Design Effort
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,',IE LBNL Program: Mike Zisman

Sy

'l’p . R (eenee 1:‘
i Overview of Activities

#\Vacuum engineering

Electrons

# Single-particle dynamics
S & Lattice optimization

# Multi-bunch instabilities
# Feed-back systems

Leadership/coordination within DR community

Involvement in ILC-related R&D at other facilities
(PEP-II/SLAC, ATF/KEK, CESR/Cornell)

DUCHRS Sctivilies Generic development of diagnostics, instrumentation

May 31, 2007-Hamburg (Zisman) Global Design Effort 3
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,',IE Tentatively suggested Work Packages

— Lattice design

— Impedance and impedance-driven instabilities
— Electron cloud

— lon effects

— Acceptance

— Orbit, optics and coupling correction
— Vacuum system

— Magnets and magnet supports

— Power systems

— 650 MHz RF system

— Injection and extraction systems

— Fast feedback systems

— Abort systems

— Instrumentation and diagnostics

— Systems integration

— ATF

— CesrTA...

ILC 2007 Global Design Effort 21



,',IE Planning the Engineering Design Phase

D Task Mame Duration 2008 2002 2010
2l e | Cer o fOnr2 featr 2| Cer 4 [Cerq [Qer2| Qtrd (Ot 4 iy [Cr2(oera
1 Optics and beam dynamics TE0 days . . "
Lattics design 800y s _
Impe dance and impedance- driven instabilities 760 day s O
Electron cloud 548 day s O
lon effects €00 day _
Othe r collactive effects €00 day s L
Acce ptance 700 day s ﬁ
Orbit, optics and coupling cemection E50 day 5 ﬁ
Tachnical subsysiems 720 days N
Vacuum system 40 dhay 5 _
Magnets and supports 720 days N
Power systems 240 day 5 L e B
650 MHz RF system 420 days N —
Injection and extraction systems £00 day 5 _
Fast feadback systems 120 day s H
Abert systems hardware 30days P ———
Instrumentation and diagnestics 720 days ﬁ
Systams imegration 720 day s ﬁ
Global ) systems TZ0 days _
Conwentional facilities 480 day s —
131 Control sysiems 120days H
134 Ciyogenice sysioms 120 day s P
17 Survey and alignment 720 day s _
138 Commissioning plan T20days _
181 | Tost facilitios 720 days _
14z ATE To0days _
FT CestTA 720 day s 1

ILC 2007 Global Design Effort 22
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14 Impedance and impedance-driven instabilities

15 Construct impedance madel from scaled component designs

16 Madel instabilities u=ing preliminary impedance model

7 Wake instability estimates based on preliminary impedanc:s model
18 Frefine and im prove impedance models and instability calculations
19 Construct impedance madel using real technical designs
i | Inderstand impact of single-bunch and coupleckbunch instabilities, and injecion e
21 Specify improvements to lattice and vacuum designs
22 Frefine and im prove impedance models and instability calculations
3 Finalise impedance modsl
24 Characterise i nstabi lities using detailed impedance mocks|
25 Predict instability characteristics and threshokls

e, Elasreram mlrs i
ILC 2007

Global Design Effort

Work Package: Impedance

TED days
4 mons
3 mons

0 days

12 mons
4 mons
3 mons

0 days
£ Mons
3 mons
3 mons
0 days
RAR davs

23



H kb .
H Work Package: Vacuum

7o Vacuum system 540 days E_
T Preliminary vacuum syster spacifications 1 mon E
72 Set baseline specifications for vacuum system (subject to ecloud studies) 0 days :
73 Prepare initial technical designs of vacuum system components Emons E
74 Develop initial technical designs of vacuum system components 7 mons E
75 Finalise technical designs of vacuum system components amons E
HE Technical designs of vacuun system components 0 days ;
77 Optimise vacuum system for cost and technical performance 7 mons E
7 Mak e essantial modificatiors to technical designs of vacuum system conponents Emons E
79 Vacuum system technical cesign finalised, documented and costed 0 days E

ILC 2007 Global Design Effort 24
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14 Impedance and impedance-driven instabilities TED days
15 Construct impedznce model from scaled component dzsigns 4 mors
1B Model instabiliies using preliminary impedance model 3 mors
17 Make instability estimates basad on preliminary impedance model 0 days
18 Refine and improve impedance mocels and instability calculations 12 mons
19 Construct impedsnce model using real technical desigs 4 mors
20 Understand impact of single-bunch and coupled-bunck instabiliies, and injection/ex 3 mors
21 Spacify improvements to lattice andvacuum designs 0 days
22 Refine and improve impedance mocels and instability calculations 6 mors
23 Finalise impadance model 3 mors
24 Characterisa instabilities using detailed impedance madel 3 mors
25 Pradict instability charactaristice and thresholds 0 days
26 Electron cloud 648 days
9 lon effects GO0 days
41 Other collective effects GO0 days
47 Accoptance T00 days
o8 Orhit, optics and coupling correction GED days
T & | Technical subxsyslems T20 days
70 Vacuum system 640 days
71 Praliminary vacuum system specifications 1 mon
72 Set baseline spacifications for vacuum system (subjec to ecloud studies] 0 days
73 Prapare initial technical designs of vacuum system componants 6 mors
74 Develop initial technical designs of vacuum system componants 7 mons
75 Flnallse tachnical deslgns of vacLum System com ponents 3 mors
B Technical designs of vacuum system components 0 days
77 Optimise vacuumn system for cost and technical parformance 7 mons
78 Make essential modifications to tacknical designs of vacuum system corponants 6 mors
79 Vacuum system technical dasign fimalised, documented and costad 0 days
ILC 2007

Global Design Effort

Critical Information Exchange” example 1

25



""E Work Package: Electron Cloud

26 Electren cloud 648 days
2 Evaluata electron coud mitigation tachniques 15 mons
T‘ Specify baseline ecloud mitigation techniques 0 days
29 Start construction of test dipole chamber 15 maons
a0 Finalise construction of tast dipole chamber 2 mons
AN Test ecloud mitigation techniques in dipole chambear & mons
B Start construction of test wiggler chamber 15 maons
33 Finalize construction of test wiggler chambsar 2 mons
24 Test ecloud mitigation techniques inwiggler chambear & mons
5 Madal ecloud build-up with basealine mitigation teckniques 1 mon
6 Benchmark electron clowd instability codes 9 mons
v Modeal electron cloud instabilities & mons
8 Validata design for ecloud mitigation, and predict ecloud instability safety margins 0 days
e [P ET T

ILC 2007 Global Design Effort 26
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26 Electron cloud
27 Evaluate electron cloud mitigation techniques
28 Spacify basaling acloud mit gaton techniquas
29 Start construction of tast dipole chamber
a0 Finalize construction of test dipole chamber
| Test ecloud mitigation techniques in dipole chambear
a2 Start eonstruction of tast wigoler chamber
33 Finalize construction of test wiggler chambsar
34 Test ecloud mitigation techniques in wiggler chamber
35 Medal ecloud build-up with Easealine mitigation technique s
36 Banchmark electron cloud instakility codes
ar Model electron clowd instabilities
ae Validate design for ecloud mitigation, and predict ecloud instability safety margins
] lon effects
4 Qther collective effects
47 Acoceptance
58 Orbit, optics and coupling commection
BY | Technical subsystems
Y] Vacuum system
7 Preliminary vacuum system spacifications
Tz | Set baseline specifications for vacuum system (subject to acloud studies)
73 Prepare initial tochnical designs of vacuum systom componants
74 Devalop initial tachnical designs of vacuum system componants
75 Finalize technical designs of vacuum system componants
76 Technical designs of vacuum system components
T Cptimnise vacuum systam for cost and technical parformance
e Make essential modifications to technical designs of vacuum system com ponents
79 Vacuum system technical design finalised, documented and costed
on Bln manmbin mam ol mnam oo b

ILC 2007 Global Design Effort

648 days
15 mons
Odays
15 mons
2 mons
& mons
15 mons
2 mons
& mons

1 mon

9 mons
& mons
Odays
a00 days
00 days
T00days
660 days
720 days
640 days
1 mon
Odays

B mons
7 mons
3 mons
Odays

7 mons
& mons

Odays
TOA Aanse

iln “Critical Information Exchange” example 2
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5B Orbit, optics and coupling correction
] Experimental studies of orbit and coupling comreaction
B Demonstrate 2 pm vertical emittance
&1 Make initial estimates of alignmeant sensitivities in baseling lattice
62 Initial estmates of alignmeant sensitivities
63 Specify and evaluate possible orbit and coupling correction schames
64 Evaluata impact of ground vibration and long-temm motion
65 Initial estmate of impact of ground vibration and long-tam motion
66 Optimise orbit and coupling correction scheme
&7 Finalize crbit and coupling comaction schame
6B Caorraction systems documented and costed
ILC 2007

Global Design Effort

Work Package: Coupling Correction

GEO days
24 mons
0 days

7 mons
0 days

9 mons
& mons
0 days

& mons
3 mons

0 days

e d
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80 Magnets and supports
3 Specify magnets
82 Develop tachnical designs for main magnets
83 Technical designs for main magnets
84 Cptimise magnet designs for cost and performance
85 Finalise designs of main magnets
B& Magnet designs documeanted and costed
&7 Develop tachnical designs for magnet supports
88 Medel magnet supports responsa to vibration and long-tarm stability
2] Charactersation of magnet supports response to vibration and long-temm stability
=] Cptimisation of design of magnet supports
o Finalise dasign of magnet supports
a2 Magnet supports documanted and costed
ILC 2007

720 days
1 man
12 mons
Odays
10 mons
& mons
Odays
& mons
4 mons
Odays
4 mons
4 mons
Odays

AP e

Global Design Effort

Work Package: Magnets and Supports

29
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ok Orbit, optics and coupling cormaction

a4

Experimental studies of orbit and coupling correction

&0 Demanstrate 2 pm vertical emittance
&1 Make initial estimates of alignment sensitivities in baseline lattice
62 Initial estimates of alignment sensitiviies
63 Specify and evaluate possible arbit and coupling comrection schames
64 Evaluate impact of ground vibration and long-term mation
65 Initial estimate of impact of ground vibration and long-tem motion
[ Optimise orbit and coupling correction schame
&7 Finalise orbit and coupling comaction scheme
[ Comaction systems documeanted and costed
69 | Technical subsystems
70 Vacuum system
80 Magnets and supports
21 Specify magnets
82 Develop technical designs for main magnets
83 Technical designs for main magnets
84 Optimise magnet designs for cost and performance
85 Finalise designs of main magnets
=] Magnet designs documeanted and costed
87 Develop technical designs for magnet supports
a8 Medel magnet supports response to vibration and long-term stability
=] Charactersation of magnet supports response to vibration and long-tenm stability
an Optimisation of dasign of magnet supports
a Finalise design of magnet supports
a2 Magnet supports decumented and costed
ILC 2007

Global Design Effort

660 days
24 mons
Odays

7 mons
Odays

9 mons
& mons
Odays

& mons
3 mons
Odays
720 days
640 days
720 days
1 mon
12 mons
Odays
10 mons
& mons
Odays

& mons
4 mons
Odays

4 mons
4 mons
Odays

T —

Critical Information Exchange” example 3
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Milestones...

Task Mame | Duration  [2007 [ 2008 [ 200 [2010
Catr 1 | Cotr 20 Cbr 3 00t | Gt 1 | Ot 2 Sar 3 Qe [ G | e 200 3 | Gt [ 1| Qe 2 Ciir 3
i Gptics and Beam dynamics TEd days _IMI_
TZ | Lattics design B0 days P
3 Set lanics speciicatons 0 days 4p VUG
i Impedance and impedance driven instabilities 760 days P
e Electron cloud 648 days _
iz Other collective sffects B00 days e
43 Acceptance TO0 days _
] Orbit, optics and coupling comection B60 days _
70| Technical subsystems 720 days _
7i Vacuum system BAT days ) ——
T& | Magnets and supports 720 days 1
o Wiggler 120 days P
7% | Injection and extraction systems 600 days _
118 Abort systems hardware 340 days _
127 | Goball?) sysems 720 days _
132 Control systems 120 days _
73 Set basaline specifications for vacuum sy stam (subject 1o ecloud studies) 0 days 2806
B Initial estimates of intrab=am scateiing 0 days 1544
47 Initial estimates of Touschek lifstima 0 days ; .15'11
N Wiggler design documented and costad 0 days & e
120 Tachnical design for akaort durnpt 0 days * i15'11
134 Caontrol systems decumented and costed 0 days * :15'11
18 Make instability estimates based on praliminary impedancs maodel 0 days 1312
=] Preliminary estimates of dynamic aperure 0 days 13.'1 2
T & Spadty magnet fiekd quality 0 days FECE:
g2 Spedfy physical apsriures 0 days 1312
B Initial estimates of alignment senziivities 0 days 1312 :
& Select and “freeze” bassline latice design 0 days * 1004
1M 650 MHz RF system 420 days *
E Fast feedback systems 120 days Py
K 'Fresze” baseline design of injestion‘exiraction lines 0 days : * 0304 : i
[] 'Freeze” baseline design of abort line 0 days & 0304 :
128 Conwventional facilities AB0 days —
_ﬂ'g_l Longitudinal fast feedbeck systemns documented and costed 0 days & 606
Pags 1

ILC 2007

Global Design Effort
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Milestones... (continued)

I | Task Marme Curation | 2007 2008 2009 2010
tr 1 [ Gir 2 [ Gr 3 [ 4 i 1 o 2| G 3 | G d |t 1 [ 2] i 3] G 4| Qi 1 ]Gt 2] Gir 3 |
T Tran=verse fast feedback systems documentad and costed 0 day= E_Iﬁnlﬁ_i :
= Specity bas eline acloud mitigation techniques 0 days ; : & 207
F=x] Abort systems documeantz<d and costed 0 days * 1a [J:E
| Technical designs of vacuum system components 0 days= * 1EE' 10
) Characteris ation of magret supports responze to vibration and long-termn stability 0 day= * 16‘;' 10
104 Technical design of RF cavities 0 days: ,.. 1 K| _
4 Tachnical designs for main magnets 0 day= ’ 1142
N Power systems 240 day= P
=3 Understand accepstance limitations using technical clesigns of magnets 0 days .‘. 0503
&l Demonstrate 2 prmvertical emittance 0 days * oz
B Initial estimate of impact of ground vibration and long-term motion 0 dayz ‘, ozind
=2 Specify improvements to latice andvacuum designs 0 day= ’ 28/05
B Magnet supports documented and costad 0 days= & 207
107 RF system documentation snd oosting 0 days: ‘ 20008
135 Cryogenics sysems 120 dary= H
14| Lattice designs finalised and documented 0 days & 17.-n:9
m Demonstrate infpotion and extraction system performance 0 days 17709
L Complets costing and documentation for injeclion and extraction systems 0 days I%—Iﬁm'g
2 Vacuum system technical dezian finali sed, decumented and costed (i day= ‘ 1:2.'1 i
o0 | Power systems documented and costed 0 days= ’ 1241
38 Validate design for sclowd mitigation, snd predict ecloud instability safety marging 0 day= * 2 411
[1] Carrection system s documente<l and costed 0 days . 1012
3 Confirm acceptance margin on injected b2am 0 days i D02
$ Conwventional facli fies decumentad and costed 0 days o Da02
Cryogenics systems decumented and costed 0 days ,‘, o402
o7 Magnet designs documentsd and costed 0 day= * RE NIk
—E—l Predictinztability characteriztioz and threzholde 0 detyz : & 2
ILC 2007 Global Design Effort 32



,',IE How to define a Work Package®?

The plan has evolved from an original version that was
clearly unmanageable, to one that “feels” manageable.

The characteristics that make it feel manageable are:

1. Each Work Package contains one or more (fairly)
continuous activities (though not necessarily at a
constant level of effort).

2. The number of parallel activities within each Work
Package is minimised; ideally, there is only one
activity going on within each Work Package at any
given time.

3. The number of points of “Critical Information
Exchange” is minimised.
Note: there is no explicit distinction made between
activities on different points of the scale from basic R&D
(e.g. electron cloud mitigation) to design of relatively-
straightforward components (e.g. quadrupoles).
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ilp
T Next Steps

« Complete the list of Tasks and Milestones, filling in all
the dependencies and connections.

 Match the Resources to the Work Packages.
— This will provide a reality check.

— Information on Damping Rings resources and activities
has recently been updated: we have (most of) the
Information that we need.

e Meanwhile: discuss all this with the EDR Task Force...
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