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* Present Status of ILC Main Linac
* Implementation of Earth’s Curvature

* Low Emittance Transport and Alignment Tolerances
Studies

e Summary
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In this presentation | will discuss only electron linac
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,-"E ILC2016 Main Linac Lattice

- ILC2016 Lattices has been released. New requests had been
Incorporated in lattice.

« Highlights of changes:

— Main linac extension by 1.5 km for both electron and positron linac.

« Main linac is extended at downstream end (before MPS
collimation)

— Inserted space for an additional 12- string (36 ML units)
Cryo unit.

— Adding 88.5 m between second stage bunch compressor (positron)
and main linac for matching purpose

— Polarity of quadrupoles are reversed to find a good matched linac.

 http://agenda.linearcollider.org/event/6662/timetable/#20151103.de
tailed (M.Woodley presentation)
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'.'IE Main Linac Architecture #

» Two type of CMs, Type A consists of nine, 1.3 GHz 9-cell cavities while Type B
consists of 8 cavities and a quadrupole magnet package at the center.

37.956 « An arrangement of Type A Type B Type A
{ without  with  without makes a ML/RF unit.
ML unit e T e T e ° Atotal of 285 (282) ML units for e-linac (p-
3 cryomodules linac).
N J
Y .

Three RF units with a cold-box at
ML unit ML unit ML unit end box

Cryo string (long) | 37956 37956 | 37956 | 2500 | the end makes a cryo-string.
9 cryomodule modules plus sinng end box

« Periodic arrangement of cryo-string

116.368 "' is interrupted due to insertion of 7.5
\ . m long warm section.
service service wam
box end string string siring string box end section
Cryo unit (standard) [JRZS00MITTi6 3650 Ti16.3680 1165630 . . . . . - 7700

‘ 2008.7 > ‘

1 cryogenic unit = 13 sfrings x 3 ML units/string =39'MLenits Number  of  cryo-strings  between
with string end boxes plus service boxes . .
successive warm section forms a cryo
unit. It may compose of 11 to 21 cryo-
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ilp ILC Main Linac: Earth’s Curvature
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A key feature of ILC linac is that it follows Earth’s Curvature
— It simplifies helium transport at 2K

Upstream and downstream sections of Main linac are

straight section.

Incorporation of Earth’s Curvature requires:

— A dispersion matching with straight upstream (bunch

compressor) and downstream (beam delivery section)
sections.

— Suppression of periodic dispersion resulting from the Earth’s
curvature.

ILC Lattice has feature to turn on and off Earth’s curvature.
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'-"E Twiss Functions along the Linac #
160 ' ._5 « |LC2016x (Dec. 2016)
140 “ e https://bitbucket.org/whiteqr/ilc-

120 ‘ W Hn” ] lattices/downloads/

") \u

Beta Functions in First Cryo-Unit

200 2000 4000 6000 8000 10000 12000 W o
pos (m) “ \ "\ w | \ u \ \ ‘ “ \ ” /\
120 || (i
« Maximum periodic Twiss function in jM M/f\ w A/ ] \Js M ﬂ »ﬁ\ /\ (’\‘\
horizontal and vertical plane are 120 gm\;\) \/\/ l \/0\( I 0H/ /\ ‘/\{ Il W\/ ’\‘ /\/\/\ \
- S el i oM»“w\‘oﬂ\‘m\u‘H\ .
and Lom respectively. AR RS O
* Minimum periodic Twiss function in “Ill ”//\\/\/\ \\/\'\/\\/\/\ ,(‘/\\’H '
horizontal and vertical plane are 31 40 lv' \e‘ \VJ v “\;“ x,s‘ JN\/’ Il &v \e‘ M x,s \M \e‘ ’\/\/s\/ \s '\/‘! \s \ IV |
and 40 m reSpeCtively' 200 200 400 600 8(I)0 1000 1200 1400

6/25/2017 v


https://bitbucket.org/whitegr/ilc-lattices/downloads/

.)a Dispersion Functions along the e
o Linac e

Dispersion Function along the Linac Dispersion Prime along the Linac
0.01 ; . . . ; g 107 . ; . .
—D -y
l _Dy El 3 - —|
E © 2
- =
= LMy | £
AR I
|l : o
-0.005 | =
-1
001 : : , : : - : : , , ,
0 2000 4000 6000 8000 10000 12000 0 2000 4000 6000 8000 10000 12000
pos (m) pos (m)

« Maximum vertical dispersion in the linac is ~1x102 (m).
» Horizontal dispersion is zero in the linac.
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,""EEmittance growth in Aligned Linac 2§

« Beam tracking studies is performed using LUCRETIA

* A Gaussian distribution of 10k macro particles distributed in 4c are tracked
through the lattice.

» Linac is aligned and wake fields are included

Straight Linac Curved Linac

RMS Normalized Vertical Emittance

24.09 RMS Normalized Vertical Emittance
: 1400 T T T 7 7

24.085
E
£ 2408
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24.07 ' * * * : 200 L L L L 1

0 2000 4000 6000 8000 10000 12000 0 2000 4000 6000 8000 10000 12000
pos (m) pos (m)

Huge vertical emittance growth implies new lattice has not been optimized for earth’s
curvature.
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P Implementation of Earth’'s Curvature: pe
1o Methodology (1) W

« Each straight CM is aligned at its center along a line perpendicular to
Earth’s radius.

~

« This arrangement results in a geometrical kink between the ends of CMs
that are implemented using special element in LUCRETIA named GKICK
while in MADS it is done using a combination of thin corrector and dipole
with same but opposite kicks.

— This arrangement allows to perform a change in coordinate system
that follows the Earth’s curvature.

» Switch on/off Curvature feature setting CURVE (1/0) in lattice file
iIc007.ML_common.xsif

Green blocks represents cryomodules,

black block represents BPM while red
and blue blocks represent quadrupole
mag-net and corrector respectively. Solid
black line represents the beam trajectory.
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P Implementation of Earth’'s Curvature: pe
1o Methodology (2) W

« Vertical dipole correctors are used to steer the beam along Earth’s
curvature.

« Because there is only one corrector per RF unit (3 cryomodules), beam
Is steered in such a way that it is passed off-axis through cryomodule

but through the center of quadrupoles.
— On-axis beam at quadrupole minimizes possibility of chromatic
emittance dilution.

-~

« This feature can be switched on/off by setting STEER (1/0) in lattice
file ilcOO7.ML_common.xsif

Match corrector strengths along ML:

MATCH, BETAO=TWSSO0
VARY, AMLY# (# =10, 11,13,15,22,23,25)

CONSTR, PATTERNS"YML..", Y=0
LMDIF, TOL=1.E-20, .

MIGRAD, TOL=1.E-20, ...
ENDMATCH
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:|n Implementation of Earth’'s Curvature: pe
TR Methodology (3) W

 |n order to minimize chromatic emittance dilution in curved lattice,

— The beam injected to curved lattice needs to be matched with periodic
dispersion.

« Upstream and downstream of main linac are bunch compressors
and beam delivery sections respectively. These are straight
sections and therefore zero dispersion should be matched with
periodic dispersion of the linac.

- There is a drift space equivalent to one cryomodule between cryo-
units and therefore dispersion matching needs to be performed

between them. TDY :=0; TDPY :=0;
L . . L SET, CURVE, 1;
— Minimization of dispersion at injection. SET, STEER, 1; SET, BUMPS, 0
USE, ELIN,

MATCH, BETAO=TWSSO0
VARY, TDY, STEP=1.E-9

. Optimal dispersion at injection is VARY. TDPY, STEP=1.£.9
obtained by minimizing dispersion WEIGHT, WX=1.E-9
. CONSTR, #S, WX=0 !force CHROM
at every defocusing quadrupole. CONSTR, PATTERN="MQD.*", DY=0

LMDIF, TOL=1.E-20, CALLS=5000
MIGRAD, TOL=1.E-20, CALLS=5000
ENDMATCH
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:|n Implementation of Earth’s Curvature:
IHU Methodology (4)

« After achieving optimal dispersion at injection, beam matching at the
injection is performed using additional kicks, called BUMPS for first five
correctors.

AMLDY11i := 0; AMLDY12i := 0; AMLDY13i := 0;
AMLDY14i := 0; AMLDY15i := 0;
SET, CURVE, 1; SET, STEER, 1; SET, BUMPS, 1
USE, ELIN, RANGE=BEG_ELIN/ENDMLUNIT[1] ! CUNI1
SAVEBETA, TWSS1, YML0O03; SAVEBETA, TWSS2, YML005
TWISS, BETAO=TWSSO0
MATCH, BETAO=TWSSO0
VARY, AMLDY11i, STEP=1.E-9; VARY, AMLDY12i, STEP=1.E-9
VARY, AMLDY13i, STEP=1.E-9; VARY, AMLDY14i, STEP=1.E-9
VARY, AMLDY15i, STEP=1.E-9
WEIGHT, WX=1.E-9
CONSTR, #S, WX=0 CONSTR, YML003, Y=TWSS1[Y]
CONSTR, YML0OO5, Y=TWSS2[Y], PY=TWSS2[PY]
CONSTR, QMLO06[1], DY=MDY, DPY=MDPY
LMDIF, TOL=1.E-20, CALLS=5000
MIGRAD, TOL=1.E-20, CALLS=5000
ENDMATCH

« Same approach is used for matching between cryo-units.
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.h, ILC Curved Linac after Matching: .,
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« Optimal period dispersion is achieved by minimizing its value at every defocusing
guads.

« Maximum vertical dispersion in the linac after matching is ~2x10-3 (m).
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,','E ILC Curved Linac after Matching =

Abrupt changes in vertical beam trajectory occurs at transition between cryo-units
and at upstream of the linac.

Initial emittance growth in curved linac is consequence of initial matching between
bunch compressor and the main linac.

Beam Vertical Trajectory Vertical Emittance
Vertical Beam Trajectory RMS Normalized Vertical Emittance
400 T T T 45 ' T T ' '
— RMs Emittance
300 | 40 Dispersion Corrected RMS Emittance] |

Matching b/w cryo-units
— 200

\L A

0 l' [ 1T |Z209F ST I - " TP YRR NY L B B

-100

0 2000 4000 6000 8000 10000 12000
pos (m)

0 2000 4000 6000 8000 10000 12000
pos (m)

* |nitial vertical normalized RMS emittance is 24 nm.

6/25/2017 15



'-'IE LET Studies for Matched Lattice

Nominal Alignment Tolerances for ILC Main Linac

1

Tolerance Vertical (y) plane
BPM Offset w.r.t. Cryomodule 300 pm
Quad offset w.r.t. Cryomodule 300 pm
Quad Rotation w.r.t. Cryomodule 300 prad " (b)
Cavity Offset w.r.t. Cryomodule 300 pm
Cryostat Offset w.r.t. Survey Line 200 pm
Cavity Pitch w.r.t. Cryomodule 300 prad
Cryostat Pitch w.r.t. Survey Line 20 prad &
BPM Resolution 1.0 pm (a) Aligned
(b) Offset
« Misalignment is applied only in Y’ plane only. (c) Pitch/ Tilt.

« Short range wake fields are included in analysis.

» One to One steering and Dispersion free steering
are applied in tandem.

« 50 Machines are used.
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,'IE Random Misalignment implementation #
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Emittance growth without and with correction
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LET Studies for Curved Linac(1)
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« Maximum normalized RMS Emittance without correction is ~2E+06 nm.
« After applying correction, max. emittance dilution is limited to 12 nm.
 Mean emittance growth after applying correction is 3.3nm.
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.]a Distribution of Emittance growth e
"o after correction aE

« Distribution of emittance dilution after applying one to one and dispersion free
steering.

¢ A(C, — Agf - Agi
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* 50 machines are used.

* Initial emittance is 24 nm.

« Mean emittance growth
after applying correction is
3.3 nm  while 90%
emittance is 6.7 nm.
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Beam trajectories without and
with correction

LET Studies (2): Trajectory S

Golden trajectories after
applying correction
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Maximum excursion of beam trajectory without correction is 30mm.

« Superconducting cavity aperture limitation is 35 mm.

« After applying one to one and DFS correction, excursion of beam trajectories are
limited in +/- 3 c of BPMs offset.
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,"'E Straight v/s Curved Linac 4

« Mean Emittance Growth for 50 seeds

After One to One After One to One +DFS
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« Emittance dilution in curved linac and straight linac after applying correction is
within budget of 4 nm dilution (Specification of 20 % emittance growth in main
linac).

 Dilution in curved linac is ~2nm higher in comparison to straight linac.
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ilp
H Summary

Earth’s curvature has been implemented in ILC main linac lattice.

— Developed several routines and scripts to implement Earth’s
curvature in optics.

LET studies have been performed.

— Curved linac and straight linac shows similar sensitivity against
misalignment errors.

— One to one steering and dispersion free steering were applied.
— Emittance dilution in main linac is within budget.

Next Steps

Matching of linac with downstream section.
Performing same exercise for Positron linac.
Update lattice in database after validation of the lattice.
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Vertical Emittance (nm)

Curved Linac: Matched Lattice #
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ILC: Basic Parameters

TDR Parameter Lists

P~
Centre-of-mass energy Eoy  GeV 200 230 ( 250 ) 350 500
=3 | uminosity pulse repetition rate Hz 5 5 5 5 5
Positron production mode 10Hz 10Hz 10Hz nom. nom.
Estimated AC power Py MW 114 119 122 121 163
=3 Bunch population N %1010 2 2 2 2 2
= Number of bunches np 1312 1312 1312 1312 1312
Linac bunch interval Aty ns 554 554 554 554 554
RMS bunch length Tz pm 300 300 300 300 300
Normalized horizontal emittance at IP Ex pm 10 10 10 10 10
Normalized vertical emittance at IP ey nm 35 35 35 35 35
Horizontal beta function at IP Bz mm 16 14 13 16 11
Vertical beta function at IP ,5’; mm 034 038 041 034 048
RMS horizontal beam size at IP o nm 904 789 729 684 474
RMS vertical beam size at IP oy nm 7.8 7.7 7.7 5.9 59
Vertical disruption parameter D, 24.3 24.5 245 243 246
Fractional RMS energy loss to beamstrahlung dpg % 065 083 0097 1.9 4.5
Luminosity L x10** em™2s! 056 067 075 10 18
Fraction of L in top 1% Ecpy Loor % 91 89 87 77 58
Electron polarisation P_ % 80 80 80 80 80
Positron polarisation Py % 30 30 30 30 30
Electron relative energy spread at IP Ap/p % 020 019 019 016 0.13
Positron relative energy spread at IP Ap/p % 019 017V 0.15 010 0.07
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