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 RTML Functions and Design
* Cost breakdown
* Technical Systems

VAT _ . __
* Wrap-u
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RTML Functions

“The function is atask, action, or activity which must be performed or achieved. It isthe specific purpose or intended use for
something. The VM Process requires that the description of afunction be reduced to the simplest and most accurate
expression possible. Thisisaccomplished by employing only two words, an active verb and a measurable noun, to define the

function.”
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Transport Beam

Collimate Halo
Rotate Spin

Combress Bunc
11 IrJI oI bd A

1 1INV

Preserve Emittance
Protect Machine
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DR location:

ML upstream location

two systems

 Leave room for BC
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Additional constraint: injectors

Geometry Matching
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Horizontal Arc out of DR
~km straight

“Escalator” vertical dogleg
down to linac tunnel

~11 km FODO lattice

Vertical and horizontal
doglegs

Turnaround

8° arc in spin rotators

BCs are net straight
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1 Geometry Matching (2)
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,',IE DRX Connection

DR-RTML hand-off point defined -

RTML system mostly defined by
need to follow LTR geometry

4 Beamlines

0 DRI
DR
ol RTML ]
_. 4ot .
E
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S B0f .
oy
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= a0t .
“1zo b .
_1 4D 1 1 1 1 1 1
70 B0 -A0 -40 -30 20 -10 0

Twiss Functions of DRX Arc

Design is OK at conceptual level a1 sl alla L L L1 L o el dach

» Requires separate PS for
matching bends
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Current design is entirely
planar

DRX Connection (2)

5000mm [16.407 "

DR Tunnel-1.44 my
separation

1444mm|[4.74]

DRs are in different planes

Sources need cryomodules o
: I
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,',IE DRX Connnection (3)

« Current design does not I
incorporate optics to ? _
manage VertICa| OffSGtS .........................................

DRs
* Probably implies
changes to LTR design
as well, maybe DR inj /
ext lines? V
eeeeenrreeere e i o e+ RTML
* Not yet examined / ot are / ] o
reSOlved Other pOSSibIe ‘......B.F\.).S ......................................

conflicts with source
beamlines

RTML Kick-Off Meeting Global Design Effort 8



,',IE “Getaway” Straight (or “DR Stretch”)

About 1.1 km long
Has two parts

Includes PPS stoppers

Good conceptual design

RTML Kick-Off Meeting

Twiss Functions of Getaway
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Vertical dogleg

» < 1°slope

Good conceptual design
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Escalator
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,',IE Escalator (2)

e Escalator-linac tunnel
connection does not
match CFS design

490

service tunnel

beam funnel @
/

’ ™\
R I
injection tunnel Base Cavern
49 x 16 x 18m
shaft @14m
590 (Slope 2%)

 Need to make these
match
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,',IE Return Line

Weak FODO Iattice at ML
ceiling elevation «——— e Retum

Vertically curved tunnel thru T

ML area o \ /.D":“A |
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,',IE Turnaround

« Actually does 3 jobs

* Note: need to bend away
from service tunnel

- 1 1
-40 -20 o 20 40 B0 g 100 120 140

3
+ Vertical dogleg A |

1 1

0 1
* Horizontal dogleg 1 . . | . . | | .

40 20 0 20 40 B0 81 100 120 140
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1 Turnaround (2)
Why is there a horizontal dogleg in front of the
turnaround?

« Without the dogleg, “bare” turnaround produces a
shift Ax = 1.44 meters

 From CFS drawings, need a shift of Ax = 1.59 meters

e Could in principle achieve the same offset by

reducing the mean curvature of the turnaround by
10%

* Would increase length of turnaround ~10%

« Turnaround tunnel is drill and blast, very expensive
per linear foot compared to TBM

« Putting in a dedicated dogleg seemed a better
solution

« Easier to adapt dogleg solution as design evolves
and horizontal offset changes

RTML Kick-Off Meeting Global Design Effort 14



,',IE Turnaround (3)

e Selected geometry uses a Baseline Tumaraund Configuration
. BD T T T T T

big arc followed by a small

reverse arc a B0t -
« Could also select the c 40} ]

opposite geometry — small 5 oot |

arc, big reverse arc " il

20

] ] 1 1 1
-1350 -1300 -1250 -1200 -1150 -1100 -1080

Rejected Altermnate Tumaraund Configuration

Bl:l 1 1 I I I
e Cost of contents
« Cost of drilled tunnel vs E Bl -
TBM tunnel = ol |
T w0l .
e Correction = move VDOG 0
into turnaround, thus

increasing length of drilled ':?'1']355 .13:]3 -1;3'55

| | |
1200 -1150 1100 1050
tunnel even more

7 position [m]
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,',IE Bunch Compressor Geometry

* Bunch compressor is net straight

« Simplifies site geometry
» Allows use of chicane or wiggler BCs

 Increases flexibility of BC

* Rules out use of arc or dogleg BCs

« Smaller longitudinal emittance from DR

« Still understanding all the issues in longer bunch from DR,
momentum compaction from DRX arc + turnaround

RTML Kick-Off Meeting Global Design Effort
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,'IE Pulsed Extraction Lines

e Current design calls for 3

« Keep DRs running @ full power during access
« Keep DRs and extraction tuned during access
« MPS abort

* Tune up BC1 without beam in BC2
« MPS abort

* Tune up BC2 without beam in linac
 MPS abort

« All have 220 kW beam handling power

* No real designs for these in RDR

« Designs being developed now

RTML Kick-Off Meeting Global Design Effort
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,',IE Halo Collimation

« SLC experience:

 |ILC specification:

 \Want to collimate after DR

» Halo power ~ 220 W
» Must reduce halo by 2 orders of magnitude
* Provide machine protection
— Collimators stop out-of-control beam from DR

— Need to keep out-of-control beam from frying collimators,
too!

RTML Kick-Off Meeting Global Design Effort 18



,",'E Halo Collimation (2)

Twiss Functions of Getaway

* Main collimation in “Getaway”
Straight after laser wire

detectors =0 .
200 | —— R, |4
* Never checked collimation 150 | i
efficiency — assumed to be OK =
(only need 100x attenuation @ &
5 GeV) wer I
50 i .
]
 Clean up scattered particles ] e} . . . . :
with reduced energy 0 200 400600 a00 1000 1200
« Dedicated chicanes? Or into posttian [l

dogleg which will go at bottom
of escalator?

» Absorbers protected by MCS in
spoilers

» Spoilers protected by proximity
to DR extraction kickers

Number of Bunches

* Quick look said it was OK

+ Needs more thorough recheck , ‘
and documentat|0n °° e Collim ation Sy155!2m Length [m] 200 290
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,',IE Halo Collimation (3)

* Need energy collimators after betatron
collimation system

— Scattered particles
— Off-momentum particles / bunches from DR

« Additional energy collimators
— In BC1 wiggler
— In BC2 wiggler

* Need to understand machine protection
Issues for these collimators

— They are a long way from DR ext kickers!

RTML Kick-Off Meeting Global Design Effort
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,',IE Spin Rotation

Twiss Functions of Spin Rotator

Design based on Emma's ol o e AL L
from NLC ZDR 0 ' ' ' ' ' ' o

Py g e
———B, f
i I
. I i . 1
: : i }
 Rotate spin 90° in xy plane . I If:
while cancelling coupling = i ll i
10} I If ! 401
oy : 3
. . T . I b AL LR AR 5
 Rotate spin 90° in xz plane N LA gt T L e
LA LR
DD 2;3 4;3 E;ZI B;ZI 1 I_“IIEI 1 2II:| 1 AIIIDQ
S Position [m]
BaSiC design Seems Sound 04 Bandwidth Study - ESFIMN, Short quads in Emma Rotators
0.3+
£
. . =02
Important issue = bandwidth 2
=
a.1
DD a.z2 D.Ix'l D.IEi EI.IEI ‘i 1 .I2 1 .Ia'l 1 .IEi 1 .IEI 2

Energy Spread S Mominal
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,',IE Bunch Compression

Longitudinal emittance out of | |
the DR Twizsg functions of Downstream RTRL

200

Want to go down to 0.2-0.3

mm RMS at IP

Use 2-stage BC to limit max _

energy spread = 1m0}

DRX arc and turnaround o a4 1.45\1.118 15 152 154 1.;55] v
have R56 = 2 9 m S position [m] . 10°

\/
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1 Bunch Compression (2)
« BC1 has 3 CMs with quad Parameter Nominal Value | LowN Value
packages Initial E 5.00 GeV 5.00 GeV
Initial o, 0.15% 0.15%
Initial o 9 mm 9 mm
« Not optimized BC1 Gradient 18.0 MV/m 18.1 MV/m
BC1 Phase -104.9° -105°
BC1 Rgg -376 mm -353 mm
Post-BC1 E 4.88 GeV 4.88 GeV
+ T, COmpensation Post-BC1 o, ~0.9 mm ~1.3 mm
« BC2 has 14 linac-style RF Post-BC105; | ~2.5% ~2.5%
units + 1 spare unit BC2 Gradient | 30.2 MV/m 31.0 MV/m
BC2 Phase -27.6° -40.9°
« Both stages use 6-cell lattice BC2 Ry, _55 mm 47 mm
with quads and bends to Final E 15.0 GeV 13.7 GeV
achieve momentum
compaction Final o, 0.3 mm 0.2 mm
Final o5 1.5% 2.7%
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1" Bunch Compression (3) — Wiggler Design

 Need to be able to
adjust Rz of wiggler

e Need to have some
locations where the
trajectory does not vary

* Led to a complex
design

RTML Kick-Off Meeting

0.15

0.05 -

— R56=-0.055
| R56=-0.047

-0.15

z [m]

Trajectories in one BC2 cell WRT tunnel axis
for 2 BC Configurations.

Global Design Effort
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"'IE Bunch Compression (4) — Wiggler Design (2)

« Variation of trajectory in bends — wide poles
and large good-field region required

* Current design calls for ~40 cm pole width for
BC1 bends

« Had 2 configurations for each bunch length

— “Alternate” configs had smaller emittance growth but
larger Rs5 in BC1

« Working to develop them

RTML Kick-Off Meeting Global Design Effort 25



,',IE Bunch Compression (5)

* An alternate bunch compressor design exists

Shorter
Simpler
(Presumably) Cheaper

Big x offset from straight line (~1.8 m)
Doesn’t have natural locations for dispersion tuning quads

— Needed to manage cavity pitches as well as “real”
dispersion

* Need to carefully evaluate the two existing BC
schemes

RTML Kick-Off Meeting Global Design Effort
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,'.,IE Bunch Compression (6) — Alternate BC

12

Jl v /J\ A A A AL

VB VBy (ym)
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A I P S S S N
1 100 200 dJ00 400 a00 BOO
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,',IE Emittance Preservation

Or, more generically, “Luminosity Maximization”

»  Sources of luminosity degradation we’ve thought about
From DRX arc, turnaround, BC wigglers
From DR
From stray fields

DR extraction
Misaligned quads
Rolled bends

DR extraction septum

Rolled quads

Misaligned bends

Quad strength errors in spin rotator

Produce time-varying vertical kick

Varies IP arrival time of beams

*  Sources we haven'’t thought enough about

RTML Kick-Off Meeting Global Design Effort 28



,",'E Luminosity (2)

« Synchrotron Radiation

 |ILC budget for x emittance growth from all sources, all
areas = 2.0 ym

« Beam-ion instabilities

* Limits jitter growth to 9% (ie, jitter out = 1.09 * jitter in)
* For LowN, low bunch spacing

— If LowN case eliminated, pressure spec can be
relaxed

RTML Kick-Off Meeting Global Design Effort 29



,',IE Luminosity (3)

« Beam Jitter

» ~ 2 nTesla limit, comparable to measured value in ESB @ SLAC

* Not in baseline
 Halo formation

» Vacuum spec for ions much tighter than spec for halo

e Results in 10 halo formation
 (Collimator Wakefields

» Are standard expressions useful for 9 mm bunch length?

» Are all wakes of full system included? (Resistive wakes of absorbers,
etc)

RTML Kick-Off Meeting Global Design Effort 30



,",'E Luminosity (4)

« Dispersion

 BBA — quads have individual power supplies
« BPM at each quad
» Y corrector at each quad, X corrector at each F quad

« DRX arc
» Escalator (in principle)
» Turnaround / vertical dogleg
« BC1/BC2 wigglers
— Sets requirement for 6 cells with 90/90 phase advance

« Coupling

» Two decoupling systems
— After DRX arc
— After spin rotator

« Pitched RF cavity

* YZ coupling (pitch) + ZE coupling (off-crest running) = YE coupling
(dispersion)

RTML Kick-Off Meeting Global Design Effort
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,',IE Luminosity (5)

* How well can we correct dispersion, coupling,
cavity pitch?

« Can get in the realm of RTML emittance budget (4 nm
vertical growth, 90% CL)

* Preliminary result — no attempt to improve upon this was
made!

* Likely to get worse
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,",',f Luminosity (6) — RF Stability

* Impacts luminosity through arrival time variation
 Nominal (0.3 mm RMS bunch length) case:

* Assumed e- and e+ jitter not correlated with each other
+ Assumed all RF stations in e- system have same jitter
— If jitter within e- / e+ systems uncorrelated, relaxes tolerances

» Similar assumptions and issues as for phase

e Short bunch case:

— |IE, 0.16° RMS jitter or 0.35% voltage — 2% loss in integrated luminosity
« Assumed 3 levels of stabilization:

* LLRF just has to achieve the necessary stability

*» Measure and correct IP arrival times
— Takes out slow drifts in LLRF

* Dither feedback — maximize lumi as function of controlled variation in arrival times
— Takes out slow drifts in arrival time measurement system
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,',IE Machine Protection

« RTML has machine protection issues ~similar
to everywhere else in [LC

« RTML has 3 MPS intra-train extraction points

« Thought we did before central injector redesign

* Need to rethink now in context of overall MPS design for
ILC
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,',IE Cost and its Distribution

CFS + BC RF system =
68% of costs Controls

Magnets + PS

Remainder dominated by
NC beam transport

CFS

Small amount of “exotica”

CM

More details in cost talk later today
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,',IE Technical Systems

« Magnets and power supplies

* Vacuum system

« 2 cm OD stainless chambers

— Exceptions: BC bends, extraction lines, CMs
20 nTorr in long line from DR to turnaround

— Passivated to reduce outgassing rate
100 nTorr in balance of system (turnaround to linac)
Not in situ baked
No photon stops or water cooling in bend areas

 Dumps and Collimators

RTML Kick-Off Meeting Global Design Effort
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,',IE Technical Systems (2)

 |nstrumentation

« Serve a number of functions: feedback, feed-forward, beam-
based alignment and steering, energy diagnostic

» Original plan: dominated by room-temp C band cavity BPMs

 Long DR bunches — L-band cavities may be more suitable
upstream of BC2

— Larger cost, larger tunnel footprint, lower natural
resolution?

» 4 wires per suite, set up for 2D emittance measurement

 LOLA + screens in each BC

— Originally used 2.9 GHz SLAC cavities as model

— Want to go to either 2.6 or 3.9 GHz — need to choose!
Possibly EO monitors (not in RDR baseline, | think)

RTML Kick-Off Meeting Global Design Effort
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,',IE Technical Systems (3)

« 1.3 GHz RF system plus supporting utilities

3 “8Q" in BC1
* 15 x79-8Q-9" in BC2

« BC1: 2nd source with RF switch for redundancy

» Phase stability, as discussed before
 Beam loading compensation
— Beam loads RF at decelerating phase

_||n||/r\|\/|| ad ta “liimn” hnath
uhniike i, Neea 1o Juulp 00N

source @ beam time

» Part of ML cryogenic system

— Also supports SC solenoids in spin rotator
BCs are laser-straight

— Probably OK — only ~1 km long
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e Wpup

(Calling these “conclusions” is probably an exaggeration)

« RTML is a large system by any standard
— Total length > ILC footprint
— Total number of components enormous
— Combined e+,e-RF systems > XFEL'’s

* Impressive amount of design work done for RDR,
nonetheless...

« ...Technical maturity of RTML design is lagging
— Missing beamlines
— Performance studies out of date and inadequate

— Area, Technical, Global, Cost information are not
consistent with each other

— Many (most?) hardware performance specifications
unknown

— Required functions of various subsystems not reviewed
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,',lE Questions / Comments / Discussion
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