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Challenges

e Maximal production of soft pions — muons in a megawatt

proton beam.

e Capture pions in a 20-T solenoid, followed by a 1.25-T decay
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DRAINLINE

A carbon target is feasible for 1.5-MW proton beam power.

e Static high-Z target would melt, = Moving target.

e A free mercury jet target is feasible for be

(and more).
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The Neutrino Horn Issue

e A precursor to a Neutrino Factory is a Neutrino Superbeam
based on decay of pions from a multimegawatt proton target

station.

e 4 MW proton beams are achieved in both the BNL and FNAL
(and CERN) scenarios via high rep rates: ~ 10°/day.

e Classic neutrino horns based on high currents in conductors
that intercept much of the secondary pions will have lifetimes

of only a few days in this environment.

e Consider instead a solenoid horn with conductors at larger radii
than the pions of interest — similar to the Neutrino Factory

capture solenoid.

e Adiabatic reduction of the solenoid field along the axis,
= Adiabatic reduction of pion transverse momentum,

= Focusing.

See, http://pubweb.bnl.gov /users/kahn /www /talks/Homestake.pdf
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A Carbon Target is Feasible at 1-MW Beam Power
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A carbon-carbon composite with near-zero thermal expansion is

largely immune to beam-induced pressure waves.
Sublimation of carbon is negligible in a helium atmosphere.
Radiation damage is limiting factor: ~ 12 weeks at 1 MW.
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Pion/Muon Yield

For B, £ 10 GeV, more yield with high-Z target.
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with target axis tilted by =~ 100 mrad to the magnetic axis.
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Target System Layout
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Mercury jet tilted by 100 mrad, proton beam by 67 mrad.
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Lifetime of Components in the High Radiation

Environment

R cm FS-2 24 GeV Target Station: MARS14 02/19/01
140

105

5o e ———.02+0
kL, Azi mithal y averaged absorbed dose (M yr)
Component Radius Dose/yr Max allowed Dose 1 MW Life 4 MW life
(cm)  (Grays/2 x 107 s) (Grays) (years)
Inner shielding 7.5 5 x 10 10*2 20
Hg containment 18 10° 101 100
Hollow conductor 18 107 10t 100
coil
Superconducting 65 5 x 10° 108 20
coil

Some components must be replaceable.
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Viability of Targetry and Capture For a Single Pulse

e Beam energy deposition may disperse the jet.

r the first proton pulse
onds)
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e [iddy currents may distort the jet as it traverses the magnet.
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E951 Studies the Single Pulse Issues

Overall Goal: Test key components of the front-end of a
neutrino factory in realistic single-pulse beam conditions.

Near Term (1-2 years): Explore viability of a liquid metal jet
target in intense, short proton pulses and (separately) in strong
magnetic fields.

Mid Term (3-4 years): Add 20-T magnet to beam tests;

Test 70-MHz rf cavity (+ 1.25-T magnet) 3 m from target;

Characterize pion yield.

Pulsed bucking coil Cerenkov counter

Pulsed copper coils

////////////

1.25-T Bent solenoid channel
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0.7-T Guiding dipole

1.25-T DC magnet (copper)

Kirk T. McDONALD APRIL 9, 2002 9



)
e

Muon Collaboration

The E951 Collaboration

Audrey Bernadon,? David Brashears,” Kevin Brown,” Daniel Carminati,?
Michael Cates,’ John Corlett,? F Debray,” Adrian Fabich,? Richard C. Fernow,”
Charles Finfrock,” Yasuo Fukui,® Tony A. Gabriel,’ Juan C. Gallardo,’
Michael A. Green,Y George A. Greene,” John R. Haines,’ Jerry Hastings,’
Ahmed Hassanein,” Colin Johnson,? Stephen A. Kahn,” Bruce J. King,’
Harold G. Kirk,»! Jacques Lettry,? Vincent LoDestro,” Changguo Lu,/

Kirk T. McDonald,”? Nikolai V. Mokhov,® Alfred Moretti,® James H. Norem,?
Robert B. Palmer,” Ralf Prigl.” Helge Ravn,? Bernard Riemer,’ James Rose,’
Thomas Roser,” Joseph Scaduto,” Danial Schaffarzick,? Peter Sievers,?
Nicholas Simos,” Philip Spampinato,’ Iuliu Stumer,” Peter Thieberger,”

James Tsai,’ Thomas Tsang,” Haipeng Wang,” Robert Weggel ”

Albert F. Zeller,” Yongxiang Zhao"

“ Argonne National Laboratory, Argonne, IL 60439

Brookhaven National Laboratory, Upton, NY 11973

“University of California, Los Angeles, CA 90095

YCERN, 1211 Geneva, Switzerland

“Fermi National Laboratory, Batavia, IL 60510

I Grenoble High Magnetic Field Laboratory, 38042 Grenoble, france
9Lawrence Berkeley National Laboratory, Berkeley, CA 94720
"Michigan State University, East Lansing, MI 48824

'Oak Ridge National Laboratory, Oak Ridge, TN 37831

JPrinceton University, Princeton, NJ 08544

1Project Manager. Email: kirk@electron.cap.bnl.gov
2Spokesperson. Email: mcdonald@puphep.princeton.edu
Kirk T. McDONALD APRIL 9, 2002 10



fac

Muon Collaboration

THE NEUTRINO FACTORY AND MUON COLLIDER COLLABORATION

Solid Target Tests (5el12 ppp, 24 GeV, 100 ns)

Carbon, aluminum, Ti90A16V4, Inconel 708, Havar, instrumented

with fiberoptic strain sensors.

Incoming optical fiber
~ Gauge length |

]

Fabry-Perot cavity length

micro-strains
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Passive Mercury Target Tests
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Studies of Proton Beam + Mercury Jet

Proton |
Beam - N
Mercury
—— Jet

o .

l-cm-diameter Hg jet in 2el12 protons at t = 0, 0.75, 2, 7, 18 ms.

Ar  raAT
Model: ispersal — — —
e Cdispersal = A " /Vsouna  C

for U ~ 100 J/g.
Data: vqispersal = 10 m/s for U ~ 25 J/g.
Vdispersal appears to scale with proton intensity.

The dispersal is not destructive.
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Tests of a Mercury Jet in a 13 T Magnetic Field
(CERN/Grenoble High Magnetic Field Laboratory)

Eddy currents may distort the jet as it traverses the magnet.
Analytic model suggests little effect if jet nozzle inside field.

4 mm diam. jet, v =4.6 m/s, B=0T,v=4.0m/s, B=13T:

= Damping of surface tension waves (Rayleigh instability).
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20-T Capture Magnet System

Inner, hollow-conductor copper coils generate 6 T' @ 12 MW:

101 mm

T T S T

T

Bitter-coil option less costly, but marginally feasible.

Outer, superconducting coils generate 14 T @ 600 MJ:

Central Solenoid (CS) Model Coil

Conductor Joint

-._‘

I : i ..| 4
| " CS Insert (Japan)

'ﬂ'lm Inner Module (USA) B oty
5.7m “‘ (1st~10th Layer)

= Outer Module (Japan)
(11th~ 18th Layer) Incoloy Alloy 908 Conduit

>1000 superconducting wires

Supercritical helium flows in interstices

and central channel

Cable-in-conduit construction similar to ITER central solenoid.

Both coils shielded by tungsten-carbide/water.
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Target System Support Facility

Fixtensive shielding: remote handling capability.
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Summary of Targetry Activities Through FYO01

e A target system based on a mercury jet in a 20-T capture

solenoid is feasible at 1-4 MW beam power.

e Solid target alternatives include graphite rods or a rotating

nickel band.

e An early upgrade to 4-MW may be the quickest path to higher

neutrino fluxes.

e Continued R&D is needed. The next step is a combined test of

a mercury jet in a proton beam and in a 20-T pulsed magnet
(BNL E951 phase 2).
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A 15-T Liquid-Nitrogen-Precooled Pulsed Magnet
+ 2.2 MW Power Supply

e Preliminary Design by MIT Plasma Science Div. (Titus).
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e Cool to 30 K via He gas flow + LHj head exchanger (larocci).
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