(N0 Fac
&\ 9%,

L
4"’0n cole®

Linacs and RLAs — Status and Plans

Alex Bogacz

S— geffeg)on Lab s Thomas Jefferson National Accelerator Facility

Operated by JSA for the U.S. Department of Energy NFMCC Collaboration Meeting, LBNL, January 27, 2009



) c
@ %,

Acceleration Scenario - IDS Baseline
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244 MeV 0.9 GeV
—>

2 GeV/pass

» Towards Engineering Design Foundation
20 ® Define beamlines/lattices for all components
T e oo oo 2Ry ze000 / frooo ® Design lattices for transfer lines between the
o components
2tem) ® Resolve physical interferences, beamline
crossings etc
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‘Dogbone’ RLA
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* RLA challenges

® Simultaneous acceleration of both u* u species
® Manageable orbit separation at recirculation arcs

® Large transverse and longitudinal acceptances

» Beam dynamics issues

@ Phase slippage in the linacs

@ Multi-pass linac optics

® Orbit separation - linac ends

® Droplet return arc — compact lattice design

® Chromatic corrections
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Linear Pre-accelerator — 244 MeV to 909 MeV
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Tue Feb121250:16 2008 OptilVi- MAINE - Mi\casa\acc phys\bogac2AIDS Prelinac\Linac_sol.opt
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Linear Pre-accelerator — 244 MeV to 909 MeV 7%

Tue Feb121250:16 2008 OptilVi- MAINE - Mi\casa\acc phys\bogac2AIDS Prelinac\Linac_sol.opt
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Injection double-chicane
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Tue Vlr1813:50:11 2008 OptiM- MAIN:E - D\NIDSArcs\double_chicane3.opt
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Pre-accelerator—Chicane—Linac Matching

Wed Jun 11 00:32:07 2008 OptiM- VAINE - D\IDSPrelinac\Linac_sol chicane 1.opt
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Multi-pass linac Optics
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‘half pass’, 900-1200 MeV

initial phase adv/cell 90 deg. scaling quads

Fri Jan 2314:33:20 2000 OptiM- MAIN: - N'\bogaclIDS\Linacs bisect\Linac05.opt with energy
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1-pass, 1200-1800 MeV

mirror symmetric quads in the linac

Fri Jan2314:56:302009 OptiVI- MAINE - Nt\bogac2IDS\Linacs bisect\Linac1.opt
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Multi-pass linac Optics
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2-pass, 1800-2400 MeV

phase adv. diminish uniformly in both planes

Fri Jan2314:54:002009 OptiMi- MAINE - Nt\bogac2IDS\Linacs bisect\Linac2 opt

& \ \ \ \ \ 1o]
T |E
= =
X g
q
g )
a]
°7 ! ! ! 7°
o BETAX EBEETAY DISPX DISPY 78.9103
| Sy QNS QS QR QSR QTSR QS QS QUSSR preeeny QAR e | | | eSSy QRSN R QSR QSR QSR QS Sy QAESSR peey pe pee—

3-pass, 2400-3000 MeV

s |
Fri Jan2314:54:51 2009 OptiVi- MAINE - Nt\bogac2\IDS\Linacs bisect\Linac3.opt
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Multi-pass linac Optics
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4-pass, 3000-3600 MeV

Fri Jan2315.06:382009 OptiVI- MAINE - Nt\bogac2IDS\Linacs bisect\Linac4.opt

phase adv. still larger then 180 deg. in both planes
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5-pass, 3600-4200 MeV
<

Fri Jan 2315:07:51 2009 OptiM- VAINE - Nt\bogac2\IDS\Linacs bisect\LinacS5.opt
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Mirror-symmetric ‘Droplet’ Arc — Optics
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TueJun 1021:14:41 2008 OptiM- VAINE - D\IDS Arcs\Arc1.opt
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‘Droplet’ Arcs scaling — RLA | To

A
“op cot”

(>3

i=1...4 |E[GeV]| p/p; cell_out | cell_in | length [m]
Arc1 1.2 1 2%2 10 130
Arc2 1.8 3/2 2%3 15 172
Arc3 24 2 2x4 20 214
Arcd | 3.0 5/2 2x5 | 25 256 -

Fixed dipole field: B; =10.5 kGauss

Quadrupole strength scaled with momentum: G, = Pi 0.4 kGauss/cm

P
Arc circumference increases by: (1+1+5) x 6 m =42 m

ofce of
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Mirror-symmetric ‘Droplet’ Arc — Optics Xy

Arc1 (E=1.2GeV) t1eantozzzsam OptiM- MAIN: - DAIDSArcs\Arct.opt
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Arc3 (E =2.4 GeV)

Mirror-symmetric ‘Droplet’ Arc — Optics Xy

TueJun102242:022008 OptiM- MAIN: - DAIDSArcs\Arc3.opt
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Linac %-to-Arc1 — Beta Match ol

E=1.2GeV =
% 1 mmm
| % ',W‘V‘YAW"YW“ VIV

»  Already matched ‘by design’
» 900 phase adv/cell maintained across the ‘junction’

»  No chromatic corrections needed
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Linac1-to-Arc2 — Beta Match
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E =1.8 GeV

. . : . : iM- - DAIDSACS\AIC2
Wed Jun 1113:14:372008  OptiM- MAIN: - DAIDSLinacs shortilinact ~ VVed Jun 1113:18:152008  OptiM- MAINE - D\ opt
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» Noticeable mis-match at the end of Linac1

» ‘Matching quads’ are invoked
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Linac1-to-Arc2 — Beta Match
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E =1.8 GeV

Wed Jun 1113:14:372008 OptiM- MAIN: - D\IDSLLinacs_short\Linac1 Wed Jun 11 14:08:34 2008 OptiM- VAIN: - DNIDSArcsS\Ac2 match.opt
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* No 900 phase adv/cell maintained across the ‘junction’

»  Chromatic corrections needed
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Linac1-to-Arc2 — Chromatic compensation
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E =1.8 GeV

Wed Jun 1113:14:372008  OptiM- MAIN: - DAIDSLinacs short\Linact Wed Jun 11 14:08:34 2008 OptiM- VAINE - D\IDSArcs\We2 match.opt
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» Chromatic corrections with two pairs of sextupoles

G, [kGauss/cm] =S x ﬁx D=0.2x0.01x150 =0.3 [kGauss/cm]
P
Gua0 10 [kGauss/cm]
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Linac1-to-Arc2 - Chromatic Corrections

L
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init;al - uncorrected two families of sextupoles

- X[mrad]
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‘Droplet’ Arcs scaling — RLA I

i=1...4 | E[GeV] | pi/p, cell_out | cell_in | length [m]
Arc1 4.6 1 2%2 10 260
Arc2 6.6 3/2 2%3 15 344
Arc3 8.6 2 2x4 20 428
Arc4 10.6 o/2 2%5 25 912

00000

00000

00000

00000

Fixed dipole field: B; = 40.3 kGauss

Quadrupole strength scaled with momentum: G, =

x 1.5 kGauss/cm

Arc circumference increases by: (1+1+5) x 12m =84 m
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RLA Il - linac Optics
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1-pass 46 -6.6 GeV mirror symmetric quads in the linac

Fri Jan231539:232009 OptilVi- VAINE - NE\bogac2\RL A explore\Doglbone  FODO\baselinae\lattice with space in the

O oy

Quad gradient

— length
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IDS-NF
FrontFage
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Accelerator
Detector
Fhysics
Documentation
Communication
Events

Links

Search

Help

Immutable Fage
Print \iew

Faw YWiki Code
Wiew Page
Attachments

Quicklinks
Add Quicklink

Agenda

=earch

Sunday, 14 December 2008

ntkps: v, ids-nf, orgfwikif LAB-2005-12-14
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Thomas Jefferson National Accelerator Facility

Alex Bogacz

10:00-12:30 | Joint front end and acceleration session
U Introduction Juergen Pozimski
gi%ntﬁlt;tgioﬁameparatmm and plans for EZE Chris Rogers
il Some thoughts about beam loading Juergen Pozimski
il Status, Plans for ISS Cooling Channel Rick Fermow
Recent work on Capture and Phase Rotation Dave MNeuffer
12:30-13:30 | Lunch
13:30-17:30 | Front end session - capture and phase rotation
il Front end studies Cary Yoshikawa
13.30-17:30 | Acceleration session - linac and RLAS
W First results of muon linac lattice studies (JPo obo) Morteza
with MADX Aslaninejad
U Development of Linac/RLAS Alex Bogacz

wiany, ids-nf,org
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ﬁ:fr;(( JLAB-2008-12-14/ Agenda
FrontFage Age“da
Crganisation | - - — i
alexBogacz Monday, 15 December 2008
Freferences
Logout
. 09:00-12:30 | Front end session - cooling and end2end
' : simulation
i Discussion of ICOCOL, GEANT4 Material Model All
ll &lternate lattices; optimisation algorithms Chris Rogers

09:00-12:30 | Acceleration session - FRAG

FFAG lattice with chromaticity correction (JPa obo) Shinji

Machida
UFFAG injection studies Jaroslaw Pasternal
FFAG studies Scott Berg
125301330 | Lunth
13:30-16:00 | Joint front end and acceleration session
Front end - plans and schedule Fernow/Rogers
Acceleration - plans and schedule Bogacz/Pozimski

Files Page
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Work Plan T
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IV, Acceleration [Coordinators: &, Bogacz (JLab), 1. Pozimski {ICLY]
&, MNormal-conducting acceleration from cooling to superconducting linac, matched to both
of these systems.

1. Lattice design.
Deliverable: ICOCL lattice file,
Depends on: III.B.1, I¥.BE.1.
Status: Unnecessary due to results from IV.B.1.

2. Tracking through lattice.
Deliverable: Output from ICCOOL tracking, starting with results from IIILE.Z,
analysis to determine transmission and emittance growth,
Depends on: Iv. 4.1, III.B.Z2.
Status: Unnecessary due to results from IV.B. 1.

B. Superconducting pre-accelerator linac.

1. Lattice design.
Deliverable: Lattice file.
Target date: March 2008,
Responsible person: 4. Bogacz.
Status: Complete,

2. Tracking idealized |attice.
Deliverable: Results demonstrating transmission and guantifying emittance
growth for full transverse and longitudinal acceptance,
Depends on: IvV.E.1.

3. Propagate distribution from normal-conducting accelerator
Deliverable: Output distribution, analysis of emittance growth and transmission.
Depends on: IV. 4.2, IV.B.1,

O‘{‘ce of Nuclear pp, sie.
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Work Plan cont. T

C. Dogbone RLAS.
; 08

Mid-linac injection system, including all chromatic corrections.
Deliverable: Lattice file,

Target date: March 2008,

Responsible person: 4. Bogacz,

Depends on: Linac design from IV.C.2.

Full lattice designs, including chromatic correction, switchvard layout, and arc
Crossings.

Deliverable: Lattice file.

Responsible person: 4. Bogacz,

Engineering of switchvard and arc crossings.

Deliverable: Sufficiently detailed design and drawings to demonstrate feasibility.

Transfer line between RLAS,
Deliverable: Lattice file,
Depends on: Iv.C.1, IV.C.2,

Tracking idealized lattice.

Deliverable: Results demonstrating transmission and guantifying emittance
growth for full transverse and longitudinal acceptance,

Depends on: IYV.C.2.

Propagate distribution from previous stages.
Deliverable: Cutput distribution, analysis of emittance growth and transmission.
Depends on: IV¥.B.2, IV.C.1, IV.C.2, IV.C.4,

Alex Bogacz

<
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Summary

L
4"’0n cone®

+ IDS Goals - laying engineering design foundation

® Define beamlines/Iattices for all components

@ Design lattices for transfer lines between the components

® Resolve physical interferences, beamline crossings etc = Floor Coordinates
» Chromatic corrections with sextupoles implemented
+ Presently completed Optics design

@ Pre-accelerator (244 MeV-0.9) + injection double chicane

® RLAI1(0.9-3.6 GeV) and RLA |l (3.6-12.6 GeV)
® 4.5 pass linac

# Droplet Arcs1-4
» Still to do....
® End-to-end simulation
® Engineer individual active elements (magnets and RF cryo modules)

® Element count and costing
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