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:p OUTLINE 4% Fermilab
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« RTML Layout

 Latest changes in central region (ERTL/PRTL)
« Return Line Dog-Legs design (ELTL/PLTL)
ML Treaty point definition and matching

Earth curvature in Return Lines (ELTL/PLTL)
Bunch Compressor design requirements
Other sections of RTML

Magnet count and Heat Load/Cost estimation
Summary
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Transport the beams from DRs to start of Main Linacs

Collimation of Beam halo

Polarization control

Bunch Compression and acceleration

Avoid emittance dilution

Beam diagnostic, coupling correction, dump, etc...
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l'IlE RTML Beamlines 2 Fermilab
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ERTL/PRTL: Electron/Positron Ring-to-Line from DR to Main Tunnel (+ Dump Line)
ELTL/PLTL: (E/P) Long-Transfer-Line

ETURN/PTURN: (E/P) Turn-Around

ESPIN/PSPIN: (E/P) Spin rotator

EBC1/PBC1: (E/P) 15t stage of Bunch Compressor (+ Dump Line)

EBC2/PBC2: (E/P) 2nd stage of Bunch Compressor (+ Dump Line)
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ERTL/PRTL (Central Region)

3% Fermilab

* Increased distance between DR and Main Tunnel.
* For first stages only bottom Positron Damping Ring built and vertical dogleg to reach PRTML in
Main Tunnel.
* For luminosity upgrade 2 positron Damping rings and 2 doglegs.
* Replace last 2 bends in vertical dogleg with 2 septum magnets and merger.
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RTML Central Region Design

3% Fermilab
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* Origin at IP.

Main beam trajectory ® = 7mrad.
Extraction line from DR, A.
Straight sections B,D.
Horizontal arcs C,E.

Extraction Line for early beam dump in section D.
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Vertical dogleg in Section B of PRTL, plane geometry for ERTL.
Geometry of beamlines imposed by other areas (sources, DR injection lines, BDS Tunnel).
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.'IP RTML Central Region Lattice 25 Fermilab
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» Section A is extraction line from DR.

« Straight sections B,D (FODO lattice).

» Horizontal arcs C,E (FODO + BENDs lattice).

» Arc E shares tunnel with spin rotator.

» Vertical dogleg in Section B of PRTL.

« Extraction line in section D.

« Skew guadrupole correction, beam diagnostic and collimation moved to ELTL/PLTL.
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» Coupling correction, diagnostic and collimator section in first part.
« Mainly FODO lattice (45°/45°) with vertical curvature.
» Horizontal dogleg at positron target location.
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RTML Doglegs EDMS: D*0969955
B. List, DESY, 21.11.2011
Apex RTML dogleg arc:
z=-2677
X=24.179 Electron Side
d=5.440
ERTML $=2585m
j 14.17mrad 3755m
2.20m AE_?SBDS dogleg arc: Positron Target

1.35m z=-2305m

BEGDOGL.:

EUND: Undulator 2=-2877

x=21.960 EDOGL:
g=3.220 Target bypass |
dogleg
fpexdoglegarc: 4 TPS28DS:
e "7 4d0
i - d=1.665
Coordinates: $=2320
Z: 25m/cm Xlylz given in m, in global coordinate frame (centered at IP) No Magnets at
x: 50cm/cm d = x+0.007z: offset from straight line to IP at -7mrad z=-2285 ... -2325ml

s =-z -91.584: RTML arc length, starting from treaty point to DR 5=2193 ... 2233

B (m)

ELTL: H-Dogleg at pos. target

180.

ELTL/PLTL Dogleg design

162. -
144. 1
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N 0.0

N -0.05
N -0.10
N -0.15
N -0.20
- -0.25

3100.

s (m)

2700. 2900.

» Dogleg of positron source to by-pass positron target.
« ERTML follows geometry of positron source/BDS systems.
« Radiation from positron target requires magnet free zone.

« FODO+BEND lattice used.
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Treaty Point

x [m]
y [m]
z [m]
0 [rad]
@ [rad]

 [rad]
d [m]

a, [1]

B, [m]
n, [m]
n', [1]
a, [1]

B, [m]
n, [m]
n, [1]

Input:

ML/DR treaty

TERTML2ML TEML2PS TPS2EBDS TPRTML2ML
Electron RTML to Electron Main Positron Source  Positron RTML to
Main Linac Linac to Positron (Undulator Main Linac

Source (Undulator Section) to
Section) Electron BDS
Geometry
104.5245011 26.540 17.440 94.62043163
0 0 0 0
-14471.78005 -3331.319 -2253.464 13279.10984
-0.0070 -0.0070 -0.0070 -3.1346
0 0 0 0
0 0 0 0
3.220 3.220 1.665 1.665
Optics Functions
-1.142 -2.402 -2.402 -1.142
52.67 51.33 51.33 52.67
0 0 0 0
0 0 0 0
1.279 0.4888 0.4888 1.279
70.74 9.395 9.395 70.74
0 0 0 0
0 0 0 0
ELIN PLIN
11140.734 11026.866

Main Linac Length [m]
ILC SCRF Cryogenics parameters

Reference:

D00000000975575

Hor. & Ver. Doglegs

ELTL FODO system
( }:—— S

e- Main Linac i

points matching 4% Fermilab

TPML2BDS
Positron Main
Linac to BDS

17.433

o Geometrical matching of the 2
252514 RTML beam lines is made by

-3.1346
¢ tuning the cell length of the
" Long Transfer Line FODO lattice
= and the bending angles in the

°  horizontal and vertical doglegs
o488  ypstream the Turn Around.

9.395

Hor. & Ver. Doglegs

PLTL FODO system /
J—— S
e+ Main Linac

S um
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I Earth curvature in ELTL/PLTL  Fayzmmmms
JLT

For Cryogenic requirements main linacs need to follow the curvature of the Earth.
Long Trasnsfer Lines are located in the same tunnel with ML’s, then they need to be curved.
Vertical correctors,

R Y A

! I
/ \ Geometric curvature of the beamlines
IL.C PRTML . . .
50 S AR 0.0020 _| is realized in the vacuum chamber and
S ] S o .
s md B B, j D: 00018 ~| the beam orbit is curved by means of
132 - 0.0016 vertical dipole correctors at each
123 1 - 0.0014 qguadrupole of the FODO lattice. A
144 =N X, [ooon small vertical dispersion is then
105. 1 Ty poooio created and propagated along the line.
9. 7 [ 0:0008 The first 4 correctors and the last 4
7 00006 correctors are used to match the
A o curved section to the straight lines.
69. 4 - - 0.0002
60. - — T T - . 0.0

0.0 10. 20. 30. 40. 50. 60. 70. 80.
5 {m)
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I Earth curvature in ELTL/PLTL  Fayzmmmms
JLT

Vertical offset and dispersion of beams in curved ELTL/PLTL

Vertical correctors for dispersion
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0.0030 : : : : : : 03
|
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:p Bunch Compressor & Fermilab
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« 2 stage BC design selected (more tunability, possibility of 6z< 220um).
* Use of 16 RF units in BC2 RF (416 RF cavities) to reduce gradient.

* Use 3 cryo-modules with quad (24 RF cavities) for BCL1.

* New output parameters from DR.

modules without  with  without
d d d RF unit
. . qua qua qua . BC2S
RF unit (lengths in meters) [ 12652 [ 125652 | 12652 | 37,956 (lengths in meters)

three modules

— 160— T T T T T T T T T T T 0.30
= IR
Y = . [). ‘ N
RFunit  RFunit RFunit RFunit endbox standard string (4 RF units) oo 140. A o D'\ 0.25
string (vacuum length) [ 37,956 | 37,956 | 37,956 | 37,956 | 2500 | 1543 ? ] L 0.20
four RF units (12 modules) plus string end box ‘l ,': |
short string: three RF units (9 modules) plus string end box  short string (3 RF units) 120. " |‘| :', 5 - 0.15
1164 ' . !
HIHIE i Foro
100. Crf : % '
RTML BC2 ARl v Loos
BC1 RERE 0t h
sC 3 wam 4 stings  warm 80. iy i 2 :If _______ ™ s I 0.0
{
solenoids modules space 16 RFunits  space L N i | : l." L _0.05
. : y:y 1 N ! } | s
Positron linac - ]-200 m| 619,8 ] ~300m 60. vl |
| v L -0.10
. "’ v L
~1300 m ' 40. u |\ ™ - -0.15
~2350 m total cryogenic unit length with RTML RN AN H HHH T .t
B 1 0 A - -0.20
20. ' v
o i A o - -0.25
(start of main linac) mURRANRAL
0.0 T T T T T T -0.30
600. 800. 1000. 1200.

s (m)
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:p Bunch Compressor & Fermilab
"o

o= 0.29868 mm
04 -

Final longitudinal phase space for
bunch compression at nominal
operation mode (5 Hz, Ecm = 500 GeV).

 New parameter optimization of BC
wigglers done by S. Seletskiy (more
details in his talk).

os= 1.1363 %

16

P, (GeVic)

13

0.4

Z (mm)
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Ip Collimators+Diagnostic+Extraction lines 4% Fermilab
JA T
Collimators

ETURN / \\ ELTL
Collimators
ESPIN EBC'] EBC? Diagnostics
/ H pume \
D

Iagnostlcs Diagnostics ELTL | EC_DL

Damping Ring

3 Extraction lines in each side of RTML: DR exit, BC1 end, BC2 end.

4 Collimation sections: beginning of LTL, Turn-around dogleg, BC wigglers.
7 Diagnostic sections: beginning of LTL, end of Spin rotator, end of BC1 and
BC2 and in each extraction line.

Skew quadrupole sections at beginning of LTL and at end of Spin Rotator.

A. Vivoli, N.Solyak, V.Kapin, ILC RTML Lattice Design 15



.'IP Extraction lines
I 3 Fermilab

« Extraction System can extract full beam for tune up or make fast bunch
extraction.

 Extraction lines in RTL and BC1 can dump entire beam (220 Kw, @ 5GeV).
Extraction line in BC2 can only dump 1/3 of beam power (@ 15 GeV).

 Extraction line at BC1 can dump compressed and uncompressed beam
(E=4.8-5 Geyv, o = 0.11-1.42%), while the one at BC2 needs large energy
acceptance.

* New design of extraction lines by S. Seletskiy (more details in his talk).

A. Vivoli, N.Solyak, V.Kapin, ILC RTML Lattice Design 16



.'IP Collimator sections 2% Fermilab
"o

Type Aperture Budget Cooling Location Number
XxY mm? W

Rectangular ~ 3.43x10 < 220 — ELTL/PLTL 4
Rectangular 10x1 < 220 — ELTL/PLTL 4
Circular 6.5 200 (CW)  water ELTL/PLTL 16
Rectangular 1x10 < 220 - ETURN/PTURN 4
Circular 6.5 200 (CW)  water ETURN/PTURN 4
Rectangular 1820 < 220 — EBC1/PBC1 4
Circular 30 200 (CW)  water EBC1/PBC1 4
Rectangular 4x10 < 220 — EBC2/PBC2 4
Circular 5 200 (CW)  water EBC2/PBC2 4

* Collimation is performed by adjustable-aperture rectangular (spoiler) and fixed-aperture
circular (absorber) collimators.

* Spoilers are 0.6 RL titanium, with budget << 10-3 beam power (estimated halo), very
small portion of energy deposited.

» Absorbers are ~20 RL, with budget ~200 W (estimated halo), full halo absorption.

« System in LTL for betatron collimation, other 3 for energy collimation.

A. Vivoli, N.Solyak, V.Kapin, ILC RTML Lattice Design 17



.'IP Collimator sections 2% Fermilab
"o

* Betatron collimation with couple of horizontal spoilers (@ focusing quad) and vertical
spoilers (@ defocusing quad) separated by 90° fase advance. Absorbers are after each
spoiler.

* Betatron collimation is performed @ 10 o, and 60 G-

* Request to change collimation to 6 o, and 34 o, like in BDS. Wakefield effects from
such collimators to be evaluated (maybe possible using tapered collimators).

 Energy collimation is performed @ 10 o, in Turn-Around and 6 o5 in the wigglers.
* In Turn-Around spoilers are at opposite dispersion position separated by | matrix in

betatron phase. In wigglers they are at same dispersion and separated by -l in betatron
phase.

A. Vivoli, N.Solyak, V.Kapin, ILC RTML Lattice Design 18



1 Magnet count and Heat Load/Cost estimation

"o

Magnet count and Heat & Power Load for RTML estimated with RDR parameters.

3% Fermilab

) o RTML (Ring-To-Main-Linac) DESIGN CRITERIA FOR CFS MAR 14 2012
RTML (Ring-To-Main-Linac) DESIGN CRITERIA FOR CFS MAR 14 2012 RTML Heat and Power Load (Totals RTML shown) SHZ LOW POWER [ILC BASELINE]
RTML Heat and Power Load (Totals RTML shown) 5HZ FULL POWER UPGRADE [CFS FACILITIES BASELINE }
Load to water-LCW Loadto Air | 5o
Load to water-LCW Load to Air rough tunnel
rough —HEAT LOAD to CFS froralicw location Qy LOW supply or Flow Temperatur|
HEAT LOAD to CFS |Total kw oeston Qty LW sy - . KW heat load 1emp(eFr}atue Delta T(F) ) KW heat load . Notes
KW hizat load [temperzture D y KW heat load N Notes
[F RTML components
NV conponests * ¥ 0ty 2nd KW from P.Bellomo 5/9/2007. [ SEP 3 2010, scale
%k . e 1o Magnets 931 | beam |4651| 838 9% | 20 | 286 93 [ty by ratio of 4000/2334). File/Email N. Solyak Aug 2011.
Vaanets il beam (RS i 0 25 = [ty and KW from P.Bellomo 5/9/2007. [ SEP 3 2010, scale |iMaR & 2012 meeting w Alessandro & Nikolay]
N ooy ratioof dm[f'““l'l F"E"E:a";‘ T “‘a'“ fug 2011 P-Bellomo 5/9/2007. Aug 2011 CFS & Noolyak [MAR 8
[MAR 8 ZDE meeting w Alessandro & Nikolay] Cables 158 heam 106 90 N/A | N/A 52 2012 meating w Alessandro & Nikolay]
Caties - beam - - WA | - P.Ballomo 5/9/2007. Aug 2011 CFS & NSolyak [MAR 8 e
3 ! ) caverns,
! 2012 meeting w Alessandro & Nikolay] Power supplies 168 |seovesaswe| TBD | 156 9 | na | N/ 12 P.Bellomo 5/9/2007. Aug 2011 CFS & NSolyak [MAR &
cavarns, <o Tl 2012 meeting w Alessandro & Nikolay]
Power supplies 168 |eoveszse| TBD | 156 9 | NA | N/A 17 P.5e ‘Omﬂfﬁ-lml Aug 2011 FFS& NSolyak [MAR 8 P i Nikolai & Marc [50% From RDR]. Aug 2011
L 2012 mesting w lessandro & Nikoly] RF for BCL Alcove w0 | a5 | 00 ] crsnsolyak + assume 5 o ir + used ROR. [MAR 142012
1045 000 T2 2003 Nikolat & Marc [50% from RDR]. Aug 2011 Undate from Al d
pdate from Alessandra]
RF for BC1 300 | Alcove 270 90 45 41 30 ICF3&NSolyak + assume % to air +used RDR. [MAR 14 2012 -
Update from Alessandro] RF for BC2 (32 RF) 7% in 90 45 318
T svc tunl [MAR 8 2012 meeting w Alessandro & Nikolay]
T B I I [MARS 2012 meeting w Alessandro & Nikolay] Ratks (32RF) 320 [serve Tunl 320 | 90 [ na] N 0 L
Racks (32RF) 320 | ServeTunl 320 90 NJA | N/A 0 I_ 0 b 0 90 % 0 0 {RDR showed 250 KW each AL ball dump with 30 gpm ] Jul
{RDR showed 250 KW each AL ball dump with 30 gpm ] Jul Dumos eam 14 2009 Nikolai & Marc (50% from RDR)
0 beam 0 060 0 142009 Nikolai & Mare (50% from ROR) Ps %
Dumps * 0 heam 0 90 56 0 0 from dump list 2009 - not used?
0 beam 0 90 56 0 0 rom dump list 2009 - not used? Total heat load for CFS - sk (6) 220 KW dump are not used all the time
Total heat load for CFS | 5788 4858 930 % (6) 220 KW dump are not used all the time ¥ % =Magnet power calculated for nominal paramaters of lattice
%k =Magnet power calculated for nominal paramaters of lattice POWER LOAD DISTRIBUTION
POWER LOAD DISTRIBUTION Beam Power (from N.S.) - KW 4% of rtml are located in LTR area (central region to DR)
Beam Power (from N.S.) 1427 KW 4% of rtml are located in LTR area (central region to DR) Numbers from Table above 4412 KW [96% are in the rtml ends
Numbers from Table above 5788 KW 96% are in the rtml ends TOTAL POWER operating MW
TOTAL POWER operating 721 wmw

Yellow highlighted numbers are changes compared to the last version

A. Vivoli, N.Solyak, V.Kapin, ILC RTML Lattice Design
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1 Magnet count and Heat Load/Cost estimation

"o

Cost for RTML magnets & PS estimated using RDR data.

3% Fermilab

HName
DC Quadrupoles
QRTMLI

QRTHLZ

QRTML3

QRTHL4

QRTILS

SC Quadrupoles
QRTHLE

DC Dipoles
DRTHL1

DRTNLZ

DRTML3

DRTML4

DRTHLS

DRTNLE

DRTMLY

DRTNLE

wiloe || |o & w |

21

22 |DCRT Correctors
23 DCRTHLY

24

25 | DC 5C Correctors
26 DCRTMLZ

27

28 SC Solenoids

29 SLRTML1

30

31 Total

32

Count 2 RTML Type

& Q200100 0,400

1526 Q200200 17,520

0 Q200400 6,650

0 Q200800 13,300

36 Q80L200 3714

38 QSCB0L200 2430

0 D25L400 0,028

55 D25L900V1 1,080

182 D25L900V2 0,904

182 D25L900V3 0,650

20 D25L1600 0625

0 D25L1800 1,400

16 D25L1800 1,785

219 D25L2300 1,823

2283 D20L50 0,053

58 DSCa0L200 0,0073

& SLSC20L2600 13,099
4651

Int.Str. T,Tr MaxG,B

E F G H
Magnet Parameters, April 13, 2012

Lefmm  Xgap YGap
4000 01 002
87,600 02 0,02
16,625 04 0,02
16,625 08 0,02
18,570 02 006
12,150 02 0,08
0,070 04 0,025
11478 039 0,025
1,004 039 04
0722 039 0,1
0,391 16 0,025
0778 18 0,025
0,945 19 0,025
0793 23 0,025
1,050 0,05 0,02
0,037 02 008
4,999 282 0,02

A. Vivoli, N.Solyak, V.Kapin, ILC RTML Lattice Design

0,02
0,02
0,02
0,06

0025
0025
0025
0025
0025
0025
0025
0025

Bpole, T

0,040
1878
1,168
1,168
0,557
1,488
0,070
1,178
1,004
072
0,391
0,778
1345
179

1,050

0,037

4999

Iwipole A

167E+02
386E+03
5,35E:02
5,35E:02
6,99E+03

8136403

731E402
1238404
1,05E+04
7556403
4 0BE+03
8136403
9 87E+03
B,28E+03

B,TBE+03

1226403

4 02E+06

1A

20
20
20
200

100

4000

M

We Leu,m

163 SC

248
20
151

163
Pl
Pl

1756

1005

gcu,mm*2 Veum3

387
140
276

5C

561
668
i
323

1528

1267

379

221 5C

1
10
10
10
50

9,631E-05
0,0038667
0,0014009
0,0027552
0,0043592

sC

0,0001475
0,0070153
0,0083445
0,0048415
0,0040411
0,0080217
0,0190846
0,0158408

0,000848

SC

sC

mcuimag,tc Mcu,tons  Rw,0hm

00008571
00344134
00124684
0,0245213

0,038787

sC

00017573
10,0624364
10742885
0,0413081
10359652
0,0802831
1,1899422
01403815

0,0084373

5C

sC

Total Cu,tol

0,006857
52514882
0
0
1,3066937

5C

0
34340023
14,255161
78313455
0,7183245

0
2,7180747
30,674848

19,262322

5C

5C

1331

SC

sC

193
077
128
055

003

sC

0,03
0,90
107
159
052
1,15
244
203

110
70

5C

49
534
27
259
577

122

1014

152

5C

5C

P

309
12
220
1395

sC

63
2245
2670
1485
1293
2887
6110
5069

SC

sC

U Vv
Ctoolk§ Cmag,$
25 3000
40 5000
40 8000
40 12000
40 15000
200 50000
40 5000
40 10000
40 40000
40 30000
60 30000
80 40000
80 45000
80 50000
25 3000
40 20000
200 200000
Total cost, k§

Cstand$ Cmtsk$ Cmik$

3000
3000
3000
3000
3000

3000

3000
4000
4000
4000
4000
4000
4000
4000

3000

3000

5000

AA

Cn,k$ Comments  Mag

o 280 73 The same dye
430 450 12248 The zame dye
510 480 40 The same dye
550 520 40 The same dye
580 55,0 688
2530 250,0 214
430 450 4
540 50,0 810 FNAL Costat 5(
840 0,0 8438
740 70,0 8568
940 90,0 740 The same dye
1040 100,0 80 The same dye
108,0 105,0 844 The same dye
1140 10,0 11885 The same dye
10 280 13723
630 60,0 1374
4050 400,0 1840

61676
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'.'IE Summary and outlook £ Fermilab)

The RTML lattice is almost in the TDR configuration.
Earth curvature in return lines have been designed.

Geometrical matching of DR/ML Treaty points have been
performed, optics matching almost done.

Renovated design and simulation of BC have been performed.
Design of extraction lines has been renovated.

Magnet count and Heat Load/Cost estimations completed.
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Thanks for your attention.
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BACK UP SLIDES



ip Layout
H 3 Fermilab

RTML LAYOUT

EBC2
EBC1 Damping Rings PBC1
ELTL ERTL p 5N PLTL PBC2
ETURN EC_DL EC DL / / PTURN
e+ Main Linac
ESPIN  BC1 DL BDS
BC2 DL BC2_DL BC1 DL PSPIN
| Lengthin T0R (m) | Lengthin RDR (m) | Az (m)
ERTML 17 140.844 16 171.529 919.315
PRTML 15948.136 14 791.983 1156.153

« Lines EC_DL and BC1_DL have same lattice design.
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