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Applications of Muon Accelerators
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Accumulator
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Decay Channel
Phase Rotator
6D Cooling
6D Cooling
Final Cooling

Accelerator Types: Linac,
Recirculating Linacs (RLAs),
Rapid Cycling Synchrotrons (RCS)

* Front-End is the core building block of a Neutrino

Factory and a Muon Collider
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Front-End (FE) channel

e Dual Purpose of FE:
« Capture the muon beam generated at the target

 Reduce its phase space to meet the acceptance criteria of
downstream accelerators

AE Phase-space manipulation at the FE

Dirift ri-Buncher '.. 1‘f—H-:-tntii111' l ' ' l' ' '

ot

4
| IRWCE 1 HEWE | 1 IRD 1 HRWE | L IRWEE 1 1Ieu 1 1wy 1 ey B n



I HRHCE T Rucy B el b eiee R meucy o uel b omeucy b pedey =

lonization cooling

- MAGNET ABSORBER - RADIO-FREQUENCY CAVITY

Energy loss in absorbers

rf cavities to compensate for lost longitudinal energy

Magnetic field focusing to confine muon beams

Leads to a compression of the 4D phase space
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Outline

* Overview of major FE subsystems
* Discuss key challenges

« Engineering constraints

* Magnetic field constraints

« Chicane Integration

* Energy deposition and shielding

« Optimization of the solenoid taper

« Extension from 201 MHz to 325 MHz

* Global optimization algorithms

 Future R&D activities )
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Target & Capture section

A intense 8 GeV, 4 MW proton beam impacts a

mercury jet immersed in a 20 T solenoid

Create a flux of pions that decay into muons
20 T fields of the target tapers to 1.5 T within 15 m

Proton I

tungsten-carbide beads + water

Beam

»Superconducting magnets ,

.iiii”—’#

tungsten-carbide beads + water

—

>

proton beam and mercury jet / \

R
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mercury pool proton dump

beam window

- IRWCE 1 IRu 1 Ieucw

L LI |

8
iy



I HRNCE 1 IRuCE R el o ey B0 nRucy o med o ey 1 maucy =

Buncher & Rotator parameters
* Buncher (33 m long)

1.00 -

33 rf cavities

coil

5 9
- 319.6 to 233.6 MHz (13 freq.) sl -1 [*]

 RF voltage: 3.4 t0 9.0 MV/m § oso T oavity oy
« 1.5 T magnetic field N !

» Rotator (42 m long) OOO: . (;e BN —‘
56 rf cavities o o "

« 230.2to 202.3 MV/m (15 freq.)
 RF voltage: 13 MV/m
« 1.5 T magnetic field

9
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Two cooler cells:

« Cooler (~100 m long) 06

* 0.75 m cell length o5 RF | coi RF

' cavity cavity
201.25 MHz 0.4 I I I

RF voltage: 16 MV/m

E 0.3 — I— I
ox

« 2.8 T peak field on axis 02| un

. 2.7 T field on the iris il

 Lithium Hydride absorber Y I R N R
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Lattlce Performance
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— ICOOL _— ICOOL
= = G4Beamline — G4beamline
£ : : 0.08+ ' ;
< 200
|_
w —
@ i
% s o 0.06+
2 -
e 4]
I O 0.04+
[4}] +
0 3.
5 10
%
2 | | | 0.02
£ z
Y B e coole-r ____________ S ) _ _
| | —_— 0 ; ; i . ;
0 50 100 150 200 250 300 0 50 100 150 200 250 300
z (m) z (m)

 Result benchmarked with both ICOOL & G4BL

» Acceptance within A; < 30 mm, A < 150 mm and cut in
momentum 100<P,<300 MeV/c

« Similar result for u~ 1
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Rotator

392 431 319

Cooler
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« IDS-NF Engineering studies:
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Lattice feasiblility studies
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RF-free cooling cell
* Results sensitive the location of the “empty cell”
« 7/ cell is the optimum but there is a 5% loss

D. Stratakis et al., Proc. of IPAC 2013, TUPFI087 13
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« Machine performance is >0 T ]
sensitive to rf gradient e | 2T ]
. . . = s O .
limitations £ 0.09 pLaN
2 _
* Alternative cooling options: 2 | F///
g |
« Magnetic insulation 5 0087 ‘
= I
« Bucked-Coil Lattice X ! E/
ke _
« Shielded Coli Lattice 00 =2 6 18 20 22

rf voltage (MV/m)
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ucked-coll lattice (RBC)

[ Outer:- ]
4 |attice cells with bucked coils

Biot (T)
Btot (T)

005 0101502 02503 035
z (m) z (m)

0

Alekou & Pasternak, JINST 7, P08017 (2012) 15
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Shielded coll lattice (SHLD)

(. Absorber
<«— Cavity

~uH <— lron
Shielding

* Increase cell length to Coi

remove RF from fringe fields
 Further shielding with iron
* Fields below <0.5 T in rf

C. T. Rogers, AIP Conf. Proc.1222, 298 (2010) 16
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Muon capture optimization

* Reduce peak field at target from 20 T to 15 T

* Results sensitive to taper length
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Nmuon/Nproton

Target taper studies
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 Enhanced performance for taper lengths between 5 to 7 m
 There is a ~5% decrease when peak field is decreased

from20Tto 15 T.

e Detalls: H. Sayed Talk on June 21 @ 2pm 19
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On-Axis Field Profile of Target Magnet IDS120L 20to1.5T7m%dB' of 4/14/2013
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Bob Weggel 4/14/2013
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FE extension towards 325 MHz

Muon FE was matched to 201.25 MHz

Project X is matched to 1300 MHz
» Use of 162.5 MHz, 325 MHz, 650 MHz

Redesign FE for 325 MHz cavities to be compatible with
Project X

New challenges:
« Upgrade from 319 — 500 MHz rf in buncher

« Apertures are more restricted

Solving for X 21
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Baseline parameters for a 325 MHz

* Drift [42 m, 60 m] /po/\
« 20T>2T (20T > 15T) 654)
« Buncher [21 m, 33 m] Q%
« 490 MHz — 365 MHz (319 MHz — 233 MHz) 2’3@‘30
+ 0 — 15.0 MV/m (3.4 — 9 MV/m) 747/9
e Rotator [24 m, 42 m] e/%l
. 364 MHz —326 MHz (232 MHz — 201 MHz) @»%/)

 rf voltage: 20 MV/m (13 MV/m)

Cooler [~60 m, ~100 m]
« 325 MHz (201 MHz) @ 25 MV/m (16 MV/m)

 LIH absorbers
1 MEMeE 1 mENeE W O Rl U O NEWew Omm oo omEwew oUomun e muy wn
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Lattice Performance
« 325 MHz FE version has been simulated with ICOOL

Emittances Muon rate
2500.00
0.02
0.0175 /\
2000.00 A
0.015 e
0.0125 1500.00 o’ \_\/
0.01
1000.00 -
0.0075
0.005 500.00 |
0.0025
0 | | | 0.00 '-‘.‘ - T T T
0 50 100 150 200 0.00 50.00 100.00 150.00 200.00
u per 10,000 p within: 0.15 GeV/c <P,,,,<0.35 GeV/c
u per 10,000 p within: A <0.03m, 4; <0.2m

* Detalls: D. Neuffer Talk on June 21 @ 2:15 pm

D. Neuffer & C. Yoshikawa, MAP-Note 4355 23
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Chicane integration in the FE

A T, I
TC+, ”+
proton
bsorb
absorber P
back
4p, T, W
gl Vg
bend 3
out
field
= taper
target
station

ity iy |

* The goal of the chicane is to remove high
energy protons (p> 500 MeV/c)

« The remaining proton are removed by a
10 cm Be absorber

* Adequate for both signs of muons

« Central colls take a serious hit from high-
energy particles going straight through.

C. T. Rogers et al., Proc. of IPAC 2012, MOPPC041 24
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FE performance with chlcane

uptm
1000¢

Proton spectrum

WllEefore the chicane|

- I After the chicane | 3 500} |
Protons | :

CAfter the absorber |

Count

1000p

: J‘ S 500+
04 0.6 0.8 1
Energy, GeV

0

« System efficiently removes unwanted particles

* 10% muon losses compared to baseline (no chicane)
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Chicane energy deposition & shleldlng

e
'

Be absorber
, m-nn )
SS pipe — =
100 '
10 Deposited power density, mW/g _ “_.,;_..;—v
W shield = ==
— Baseline 1.25° per coil chicane IIRIIIHIBIII-“m
10! a — Mo chicanefabsorber
/ \ — 0.15 mWj/g S5C operation limit 0 (; 255 sqb
E_ J ,.r"\/\\ 10 Deposited power density, mwrg
2 107 !‘{ :
: | / " \, %M, n c Shleldlng YES
5107 || - | f’ ”|||JF W LA o /—/f
] 1'| iy *'H'U ”. |+ / ;
§ 107 \I l' " o 5 / o
g i\ Mn’”’ L IM g ) “’\\ V\f“ fm m
a 2
. ‘\\ 5% r ;
Shle|dln9 NO i A Max average DPD = 1.7 mW/g
1{}'6 1O i
30 40 ) 50 60 T &0 i" — Baseline 12.5° per bend chicane
istance fom the target, m — 0.15 mW/g SC operation limit
:m-EEB 30 32 34 El) EIS 40

Distance from the tangst, m

* Note: Deposition on individual coil segments can be larger

P. Snopok et al, Proc. IPAC 2013, TUPFIO67
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Chicane energy deposition & shielding

Deposited power density, mw/g

Deposited power density, mw/g

10t
10° /_/‘/_\
10t / \I". :
V\. llr?\\"""\\-"{l"l Y ;\‘m
/ H
I :
a Max average DPD = 1.7 mW/g
1O i
i,’ — Baseline 12.5" per bend chicane
—  0.15 mW,/g SC operation limit
msza 30 32 34 36 EF a0

Distance from the tangst, m

10!
10°}
101 F
102
107

104 H

10° |

107

Deposited power density, mW/g

108 |

107 |

10 H-- P

Max. DPD 9.1 mW/gl Z

il i
| 1
o
|

— Basellne 12.5° per bend chlcane

| — o0.15 mW/g SC operation limit

-10
10 28

i i
30 32

1
34

36

1
38 40

Distance from the target, m

* Deposited power density for individual coil segments is still
100 times bigger than threshold

P. Snopok et al, Proc. IPAC 2013, TUPFIO67
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* Finding an exact optimum design parameter of a system
often can not be satisfied by the conventional scanning

technique
* FE cooler: rf phase, absorber thickness, B-field strength
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Optimization Algorithms (H. Sayed)

Powell’s Test Function: P(0,0,0,0)=0 (x(1)+10 x(2))2+5 (x(3)-x(4))2+(x(2)-2x(3))*+10 (x(1)-x(4))*

I Nelder-Mead I I Evolutionary Algorithms I
CHRE i

25 g T
i x(1) -
® X(2)
ﬁa 20 § 5 x(3) »
9 x(4) =
q} H
£
@
“
0]
oy
8
o 1
% 0.5
h
g 0
p-0.5
[oN)
o _1 i
-1.5 1 10 f
0 50 100 150 200 250 300 350 400 0 500 1000 1500 2000 2500 3000
Iteration Number Population Index
» Start with some initial guess » Start with some random guess
» Did not explore all parameter » Explored all parameter space
space » Converged in 3000 X 20 function
» Converged in 350 function runs runs
» Did not reach absolute minimum » Found absolute minimum effectivelyjg
r (PminzlE_S) e (PminzlE_23)

Hisham Sayed - BNL
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Multivariable Problem

Matcher to cooler was designed to match 1.5 T solenoid to
alternating £2.8 T cooler channel.

Not valid for a bucked-coll lattice.

Goal: Optimize matching coils (9 parameters for 9 coils)

Gain of 7% for a short taper 2T case Gain of 5% in a bucked-coll lattice

!

"""" 18000 ———r T T T T
L fm- | Bucked | |
o 15000 Matched Bucked
0.12 _ y _ [ . e
_;" 14000 LN
0.1 /J I
r r 12000 :
0.08 . &) - </
= i / - 10000 f
0.06 _ 9 soo0o0 A
i g E i ,/J’
0.04 ' = 6000
I 4000
0.02 : I
i C'Btlm — 2000 2
Glrlq eI
] 50 100 150 200 250 300 350 0"

o. 14 /m————7———7——7"—

z 0 50 100 1%0 200 250 300 350 400 45C
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FY13 & FY 14 R&D activities

Integrate chicane into decay region

« Energy deposition in the colls, study shielding options

Respond to new target parameters (3 GeV, 1 MW)
« Optimize decay channel, buncher, rotator

« Evaluate front-end performance levels

Finalize global optimization tools (both ICOOL & G4BL)
Integration of a 15 T solenoid and short taper in the FE
Support IDS-NF RDR activities

31
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Summary

* The baseline requirements for a 325 MHz are identified
* Achieves similar performance to the 201 MHz version

* Results are sensitive to the rf voltage. We discussed two
alternative options, if this is a problem.

* A chicane/ absorber system to remove unwanted particles
from the FE has been simulated. Energy deposition
requires further shielding studies.

* A shorter taper scheme enhances performance.

* Global optimization algorithms are underway. So far very
promising results

32
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