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Targetry Challenges

Study 1 Requirements

e 1.5 MW 16 GeV proton driver
e Low-Z Carbon target

Study 2 Requirements

e 1 MW 24 GeV proton driver
e High-Z Mercury target

Future upgrades

e 4 MW proton driver
e Target: 7

Capture in 20 T SC Solenoid

e Magnetohydrodynamic behavior of target
e Target dispersal in 20 T field



Target Types

Proton beam (6,=6,=4 mm) on 1.54 target (r=1 cm)
20 T solenoid (r,=7.5cm)  MARS13(97) 8-Dec-1997
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e Low-Z: Less peak energy dissipation
e Mid-Z: Stronger material
e High-Z: Higher pion yield



' lincident Protons, /(GeV/c)

Pion Production

Meson Production- 16 GeV p+ W
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However: Low-Z is best for higher momentum
pion production
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Low-Z Targets: Carbon
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Less peak energy dissipation

Stationary 1MW Target Possible -Numi
ORNL sublimation studies

Doubtful beyond 1.5 MW



Perspective view of the target design.



EO51 Carbon Rods Test
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e [ he strain amplitudes for the anisotropic
carbon-carbon composite are a factor of ~10
less than for ATJ carbon.



Carbon Target Properties

ATJ Carbon-Carbon
Composite
4 (U,V)
Elastic Modulus, GPa 9.6 117 483

Exp. coefficient, 1/°C 2.46x107°% ~0 ~0




Mid-Z Targets: Alloys

B. King: Use robust moving metal targets
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e Many different alloys available
e ANSYS beam/metal calculations-

N. Simos
e Iron based alloys- P. Thieberger



Maximum initial stress as % of yield stress for the 1 MW option.
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Maximum initial stress as % of yield stress for the 4 MW option.
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Mid-Z Target

Velocities and Lengths

Velocity
m/s

1 MW Option
Super Invar 7.5
Vascomax C-350 0.85

4 MW Option
Super Invar 12.0
Vascomax C-350 3.0

Length
m

175
16.8

274
34




Super-Invar Linear Expansion
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protons
irradiation

BLIP Irradiation
e Total integrated flux 5 x 1029
Post-

e 1 1/2 Week running
e 200 MeV/c protons

24 Rads at 2m
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EO51 Mercury Jet

Proton .
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Key Results

e Proton beam intensities upto 4 TP
e Dispersal velocities ~ 10 m/s
e Dispersal delay ~ 40 us



High-Z Targets: Mercury

Key properties

Maximal soft-pion production

High pion absorption

High peak energy dissipation

Could be extended to 4 MW and beyond

Key issues

e Jet dynamics in a high-field solenoid
e Nature of target disruption
e Achievment of near-laminar flow for a

20 m/s jet



EOH1
Windows Test Setup

Window Material:
10 mil Aluminum

11 mil Havar

13 mil Titanium Alloy
1 mm Inconel

6 mm Inconel



P.Thieberger

EO51 Proton Beam Spot

New spot size from Autoradiography
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24 GeV p-HG Interactions
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The CERN Passive Trough

Exposures at the AGS
| and at CERN ISOLDE.

600 us 900 us 1200 us

300 us

T =

Dispersal velocity measured as a function of

proton pulse intensity.



Additional Jet Studies

e Jet character needs im-
provement.

e Performance of alter-
native high-Z liquids:
Woodsmetal

e Repeat beam exposures
with 16 TP

7.32 [18.60]

e Build new 2 m/s hor-
IZO nta I Jets (WOOdS_ 26.86 [68.22]
m eta I an d H g ) 54.45 [138.29] 31.50 [80.01] 5 75 [128.90]
e Build 10 m/s vertical
Hg Jet 11.00 [27.94] Q}‘E

4.88 [12.40]
i

14.08 [35.76]




AGS Single Pulse Intensity Upgrades

e Improve Extraction Efficiency

— Increase Pulsed Vertical Sextupole Strength

e Strengthen Ramping Sextupoles

— Enhance horizontal chromaticity after tran-
sition

e EXxplore bunch merging techniques



AdOLVYOdVT TVNOILVN

sayounq
2101 X 6 J0 sumids

A3BIOA
Ad T1=Y pue
0=1] Jo surdwey]
JneqeIpY
Aq Z1 oyui ypds
JIM SAYdUNY XIS

surdrow younqg 1y



AGS Bunch Merging Studies

June 12, 2002
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The Targetry System
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The Targetry Concept

e Capture the low-energy soft pions

e Use high-Z target

e Capture in a 20 T solenoid field

e Conduct pions into a 1.25 T decay channel

R&D Issues

e Jet dynamics in a solenoidal field
e Target dispersal in a high magnetic field

e Component performance in an intense radiation
environment
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EO51
20T Pulsed Solenoid

5.0 MVA Magnet System to Generate 19-20 T Bucking i
throughout 0.15 m dia. by 0.6 m target region, |
ramping to 1.2 Tatz=3 m; bore ~1 /B"0.5

Outersetof 5 pulse coils precooled by liquid niteogen

if cavity:
0D.=24m
length =08 m
midplane at 3 m

5 MVA Pulsed Power Supply

15 Metric Tonnes Coil Package

80° K operation

Switch power from outer to inner coil
Cost $4.5M
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EO51
14.5T Pulsed Solenoid

Windings, Coil Form & Cryostat for Cryogenic Pulse Magnet for ST, 10T & 145 T

100

Helium baffle ——

/

Windings for [45 T H

ST&10T windings|
Cryostat ——

Winding form —

Proton beam

=

AXIS

67 mr

2.2 MVA Pulsed Power Supply
3.6 Metric Tonnes Coil Package
30° K operation

Cost $1.5M



Future Plans

e Work with the AGS to achieve a single bunch in-
tensity of 16 TP deliverable to the A3 line.

— Repeat Hg jet target

— Explore other solid target candidates (Inconel,
Invar, Carbon, etc.)

e Develop a 20 m/s Hg jet.

Develop and build a 2 m/s Woodsmetal jet.

Develop and build a high-field pulsed solenoid.
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E951 Pulsed Solenoid
Task Profile

Single PS
Quad PS

Magnet Coils

HX LN»>
HX LH>
5T Operations
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