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Py

‘Large Emittance MC’ Neuffer’s Collider

Py

Acceleration Scheme with three Dogbone RLAs

® Linac + RLAI: 0.3-4 GeV 4.5-pass (200 MHz SRF)
® RLAIIL 4-52 GeV 12-pass (400 MHz SRF)
® RLAIII 52 - 1000 GeV 12-pass (800 MHz SRF)

Py

Muon RLA — Beam dynamics choices

Py

Fesibility/Cost considerations
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» ‘Dogbone’ (Single Linac) RLA — better orbit separation at the linac ends
» Longitudinal Compression via synchrotron motion
» ‘Bisected’ linac Optics — mirror symmetric quad gradient along the linac

» Pulsed linac Optics.... even larger number of passes is possible if the quadrupole
focusing can be increased as the beam energy increases (proposed by Rol

Johnson)

» Flexible Momentum Compaction return arc Optics to accommodate two passes

(two neighboring energies) — NS-FFAG like Optics (proposed by Dejan Trbojevic)

» Pulsed arcs? — ramping arc magnets to further reuse the arcs

S— .geff;?son Lab s Thomas Jefferson National Accelerator Facility —
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'” | | How to get s from 3 GeV to 2 TeV
Muons, Inc.
before they all decay away? S

» average gradient over whole path determines u survivability

\
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Proton Linac 8 GeV Parameter Symbol Value
Proton Beam Power Py 2.4 MW
Accumulator,
Buncher Bunch frequency Fo 60 Hz
Protons per bunch N, 3 1013
Proton beam energy E, 8 GeV
Ha target Y Number of muon Ng 12
bunches
i ut-/bunch N 101
Drift, Bunch, Cool - - > 5003
ransverse emittance .003m
200m il
Collision B* B* 0.05m
Collision B ax B 10000m
Linac Beam size at collision Oyy 0.013cm
DI HELFE Beam size Oy y 0.55cm
(arcs)(B'=100m)
RLAs Beam size IR quad O max 5.4cm
Collision Beam Energy E,.E, 1 TeV (2TeV total)
etector Storage turns N, 1000
Luminosity Lo 4 1030
L=fonsny,N,2/4nc?
Collider Ring
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» Drift, buncher, rotator to get “short” bunch train (ng = 10): g 1,4t
® 217m = 125m Drift
® 57m drift, 31m buncher, 36m rotator orm
® Rf voltages up to 15MV/m (x2/3)

» Obtains ~0.1 p/pg in ref. acceptance
® A <003, A <02

31.5m

® Choose best 12 bunches ot otator
36 m
# ~0.008 p/pg per bunch oo || oy || oo
# ~0.005 p/pgin acceptance
Cooler
» 3 x 10%3 protons
Dave Neuffer pto 100 m

® 1.5x 10 py/bunch in acceptance

® £ s normaiized = 0-003m (accepted p’s)

® £ s normaiized= 0-034m (accepted [’s)

S— .!Eff/;;gcn Lab s Thomas Jefferson National Accelerator Facility —
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PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS
12, 070101 (2009)

Low-energy neutrino factory design

C. Ankenbrandt,'” S. A. Bnga{:z,z A. Bross,' S. Geer,' C. Johnstone.'
D. Neuffer," and M. Popovic'

YFermi National Accelerator Laborarory, r.v. sox dUU, Batavia, lllinois 60510, USA
*Center for Advanced Studies of Accelerators, Jefferson Lab, Newport News, Virginia 23606, USA
*Muons, Inc., 552 North Batavia Avenue, Batavia, Illinois 60510, USA
(Received 12 January 2009; published 23 July 2009)

The design of a low-energy (4 GeV) neutrino factory (NF) is described, along with its
expected performance. The neutrino factory uses a high-energy proton beam to produce
charged pions. The 7= decay to produce muons (x~), which are collected, accelerated, and
stored in a ring with long straight sections. Muons decaying in the straight sections produce
neutrino beams. The scheme is based on previous designs for higher energy neutrino factories,
but has an improved bunching and phase rotation system, and new acceleration, storage ring,
and detector schemes tailored to the needs of the lower energy facility. Our simulations suggest
that the NF scheme we describe can produce neutrino beams generated by ~1.4 X 10>' ™ per
year decaying in a long straight section of the storage ring, and a similar number of w~ decays.

DOL 10.1103/PhysRevSTAB.12.070101 PACS numbers: 41.75.—1

O“"ce of Nuclear Phy.
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C. ANKENBRANDT et al. Phys. Rev. ST Accel. Beams 12, 070101 (2009)

TABLE III. Beam emittance/acceptance after the cooling channel at 273 MeV /c. Note that the
longitudinal normalized acceptances are defined as 2.5¢,..

Erms A= (25)¢
Parameter OF e or 250,
Normalized emittance £,, &, (mmrad) 40 3.0 25
Longitudinal emittance £, (mm) 36 34 200
(8= Jﬁpngm#f}
Momentum spread Tap/p 0.1 +(.25
Bunch length o, (m) 0.16 +0.4
0.3 GeV 0.9 GeV

Highest arc circumference: 225 m
0.7 GeV/pass

S— .geffggon Lab s Thomas Jefferson National Accelerator Facility
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4 vuons, mePre-accelerator — Longitudinal dynamics
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Wed Jan 16 23:24:25 2008 OptiM - MAIN: - D)\AGeV_RLA\PrelL inac\Linac_sol .opt

8 T T T T T T T T T 8
B B
(8] (8}
X >
4 4
or . 1

_ Transverse acceptance (normalized): (2.5)%¢y= 25 mm rad i

i Longitudinal acceptance: (2.5)? 6,,6,/m,c= 200 mm ]
(@] 1 1 1 1 1 1 1 1 1 o
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- ),
— ~ ~— —— _
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8000
B L1500

3000 - 5000
200 1
(r=1\) (i==h" /\V/\ ) =1/ \ N\,
[ [ 24 1500 AP0 § 500 1500

: v
C_'E.LLE\IL/\% \"I‘ETJ_“\/\/‘:‘) I=r "\ N /—W-—

1.1 Tesla solenoid 1.2 Tesla solenoid 2.4 Tesla solenoid
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Longitudinal acceptance: Ap/p=+0.17 or A¢ =+93 (200MHz)

RF phase [deg]

Synchrotron phase/2 Pl

s[m]

Energy [GeV]

0.2

Dp/p
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LOW-ENERGY NEUTRINO ... Phys. Rev. ST Accel. Beams 12, 070101 (2009)
0.2
02 . e
26 -26 26

Z (cm)

FIG. 8. Particle tracking results showing adiabatic bunch compression along the linac. The longitu-
dinal phase space (z. Ap/p) is shown before (left), in the middle (center), and at the end (right) of
acceleration.,

S— .geff;?son Lab s Thomas Jefferson National Accelerator Facility

o
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ywons Ine. 4 GeV RLA — Accelerator Performance
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LOW-ENERGY NEUTRINO ... Phys. Rev. ST 1 7
0.95 -
hym
Eis E; + qVcos(d,;) < oof 7
N .
N—I = {:xp(— T‘), 70 = 2.2 us. 0.85 ! ! ! 6
0 7o 0 1 2 3 4
ENERGY (GeV)
TABLE IV. Beam parameters at the end of the 4 GeV acceleration system.
£ pimes A= (25 ¢
o or 2.5
Normalized emittance £, £, (mmrad) 5.4 34
Longitudinal emittance £, (mm) 44 280
(&, = op,0,/m,c)
Momentum spread T Ap/p 0.012 +0.03
Bunch length o, (mm) 86 +215

Operated by JSA for the U.S. Department of Energy
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Wed Dec 02 23:00:29 2009 OptiM - MAIN: - C:\Working\Dogbone pulsed\pulsed\Linacl2.opt
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vuons. e A few thoughts on scaling... 1@(

« for dipoles, the stored energy ~ power ~ cost
- 512 * B2

e for quadrupoles, stored energy ~ power ~ cost

— o1t e (32

S— .geff;?son Lab s Thomas Jefferson National Accelerator Facility
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+1.8T 8.8T +1.8T
Don Summers
—_1n2 |, « s __, «_ _ln2 ____,
P _/P..=B_J/B_ =(BseLs+ BneLn)
max’ ' min max’ ~’min (BS'LS-BI‘]'LH) 42
XZ (Pmax/Prin= 1)/ (Prmax/Print 1) Boyg[T] § =

Bayg= f (x+1)/(x/Bn+1/Bs)

Pnax!Pmin=>®: Bayg= 3.0T ]

1 1 | | 1 L
2 4 8 10 20 40 80
Pmax/Pmin

x/ [
-, Bs»o B, ~2 Bn B

PP

max’' min
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....rough numbers for normal 1.8T magnets...

* LEMC emittance (153 GeV, =200 m)

Oly ?Zw\mm-mrad - 10 c1=6mm 90mm
- small aperture - little stored energy ~§7\{/m 11.5kJ/m

+ power ~ 22kW/m 7 MW/m

S— .!Eff;?SOI'\ Lab s Thomas Jefferson National Accelerator Facility
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» ramped dipole magnets mean large arcs

» Jow emittance makes for small apertures —

little stored energy, power, costs

» most schemes require fast pulsed magnets of some kind

S— .!Eff;?SOI'\ Lab s Thomas Jefferson National Accelerator Facility

Operated by JSA for the U.S. Department of Energy Muon Collider Design Workshop, BNL, December 1-3, 2009



N0 Fg
0& C!bf

wons, ne.—— Multi-pass ‘bisected’ linac Optics
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‘half pass’, 4-6 GeV

initial phase adv/cell 90 deg. scaling quads

Tue Jun 0915:34:402009 OptiM - MAIN: - C:\Working\double_dogbone\Dogbone_FODO\basdine\Li nac05.0pt Wlth energy
o] n
m -
A quad gradient

i

BETA_X&Y
L
DISP_X& Y

) . . . . . . 0
o BETA_X BETAQ( usp_x DISP_Y 12215

1-pass, 6-10 GeV _ _ _ _
< GEEEEssss—— mirror symmetric quads in the linac

Fri Jan 23 15:39:23 2009 OPtinM - MAINE - NE\bogacz\RL A explorabDogbone FODO\basainalattice wi th space in the

30

guad gradient

i L

BETA_>< BETA_ Y Dl SP__>< DI SP_ Y

BETA_x&y[m]
DISP_X&Y{m]

o

S— .!Eff;gon Lab s Thomas Jefferson National Accelerator Facility
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4-pass, 18-22 GeV

i Apr O3B O X333 20090 Optinig - MIAIINE - DI\RL A e<xplora\llDDogbone. FODPDO\basa inmnalattice vwi th space

100
5

quad gradient

[m]

DISP_X&\‘([m]

BETA_X&Y

| 060*““«»0 3 0 L "““ SIS "‘Q

o BE T.A_>< BE T.A__ Y Dl S >< Dl S osa s

7-pass, 30-34 GeV

0
0
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OO

> F 41 &

A “‘ I

< S ‘ ™

o N oL d gradient Y 15
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E =5 GeV

Fri Jan 23 15: 20:37 2009 OptiM -MAIN: - N:\boga:z\IDS\Li nacs bis Wed Jun 11 11:53:06 2008 OptIM - MAIN: - D:\IDS\Arw\Arc:Lopt

5 S g LA R o g A o e
i’ {2
» Matched ‘by design’

L

90° phase adv/cell maintained across the ‘junction’

*  No chromatic corrections needed

S— .geff;?son Lab s Thomas Jefferson National Accelerator Facility
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TueJun 1021:14:41 2008 OptiM - MAIN: - D:\IDS\Arcs\Arcl.opt
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- .
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o) BETA_: x BETA_Y DISP_X DISP_Y 130
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A N __\ \ J
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§ 2000 g:
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% xem ’ 4000 6000 8000 10000 %
H‘}Ao S [em] View a thelattice end 40 :5000 (?40 S [cm] View a the lattice beginni
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S— .geff;?son Lab s Thomas Jefferson National Accelerator Facility

Operated by JSA for the U.S. Department of Energy Muon Collider Design Workshop, BNL, December 1-3, 2009



S Facy,
Z

s e “‘Pulsed” linac Dogbone RLA (8-pass)

“op cot®®

(Ce i )
\ > \

»  Quad pulse would assume 500 Hz cycle ramp with the top pole field of 1 Tesla.

4 GeV/pass

» Equivalent to: maximum quad gradient of G,,,, =2 kGauss/cm (5 cm bore radius) ramped
over 1t = 10-3 sec from the initial gradient of G, =0.1 kGauss/cm (required by 90° phase

advance/cell FODO structure at 3 GeV). Gg =13 G, = 1.3 kGauss/cm

»  These parameters are based on similar applications for ramping corrector magnets such

as the new ones for the Fermilab Booster Synchrotron that have 1 kHz capability

200+ 250

ax1p® SeC =10x 10° sec

T~8x
T

— ~107?
T

S— .geff;?son Lab s Thomas Jefferson National Accelerator Facility
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ﬂ Muons, Inc. ‘F|Xed, VS ‘PU|Sed’ I|naC Opt'CS (12'paSS)
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8=-0024 749

Dejan Trbojevic =-0024 rad

1. Large energy acceptance O — J -
g gy p F— \ =

2. Very small orbit offsets S e e e
3. Reduce number of arcs = HE= =
4. Very compact structure S
» FMC Optics (NS-FFAG-line)
» Compact triplet cells based on opposed
bend combined function magnets B, = B, +Gx
B, =-Gy

O“"ce of

— _!eff;?son Lab s Thomas Jefferson National Accelerator Facility ——
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Guimei Wang

£ {e £ e
> > x e
i 0 ] 0

Mag. L(cm) B(kG) G(kG/cm) 0 (deg) D(cm)

BD 0.5233 35.08 -2.28 5 0<D<0.023

BF 0.5233 -35.08 5.60 -5 0.06<D<0.072

BDre 0.5233 -35.08 -2.28 5 -0.023<D<0

BFre 0.5233 35.08 5.60 -5 -0.072<D<-0.06

»  Strong focusing (middle magnet) yields very small beta functions and dispersion

» Momentum offset of 60% corresponds to the orbit displacement of about 4.3 cm.

O“.‘Ce of Nuclear Ph, -
c

S— .gefﬂ;?son Lab s Thomas Jefferson National Accelerator Facility

Operated by JSA for the U.S. Department of Energy Muon Collider Design Workshop, BNL, December 1-3, 2009



N0 Fg,
0& C‘,bﬁ

ﬂ Muons, Inc. NS'FFAG mUItl'paSS ‘Dr0p|et’ AFC
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Wed Nov 1910:11:562008 OptiM - MAIN: - D\SBIR\FMC\Optics\multi cell .opt Wed Nov 1910:13:452008 OptiM - MAIN: - DASBIR\FMC\Optics\multi cell .opt
N o N T B
_d _O
£ - F -
= £ st £
> < > <
% 1 % 4
X\ /\ /\ §I XMWM\ /\ /\ /;‘2
i 0 i} a]
' 21.27 BETA_X BETA_Y DISP_X DISP_Y 45 154 BETA_X BETA_Y DISP_X DISP_Y 177.7
\63"-outwara I 300° inward -\ _60° outward,
v Y
3000
oo Pttt * MADX-PT - Polymorphic Tracking Code
is used to study multi-pass beam
1000
T o \ dynamics for different pass beams: path
1070 3000 4000 5000 6000 7°°¥ = length difference, optics mismatch
-1000
\ / between linac and arcs, orbit offset and
-2000 N
NN’ tune change is being studied.
-3000
2l cni sce of Nuclear pp, 57,

S— .!Efféifon Lab s Thomas Jefferson National Accelerator Facility
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Beta functions vs. Energy
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For different energy spread, ~the same beta function in opposite bending cell.

Wi DX- Polymorphic Tracking Code. Energy spread changes from -30% to 90%
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» ‘Large Emittance’ MC — Acceleration Scheme with three Dogbone RLAS

® Linac + RLA I 0.3-4 GeV 4.5-pass (200 MHz SRF)
® RLAIL 4-52 GeV 12-pass (400 MHz SRF) still large tr. beam size
® RLA Il 52 - 1000 GeV 12-pass (800 MHz SRF) serious problems

with big magnets
» FODO bhisected linac Optics — large number of passes supported (8 passes)

» Pulsed linac Optics — further increase from 8 to 12-pass

» Flexible Momentum Compaction (FMC) return arc Optics allows to

accommodate two passes (two neighboring energies)
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