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Superbeam Target-Horn Concept (from BNL Study)

| out
=
—-'}=|
1 Lin
BEAM
ﬂ. _____________ S
He
CC TARGET COOLING WATERJ
COLLECTION
;
He
CARBON-CARBON
BLOCK
He TARGET COOQOLANT
ANNULUS
HELIUM IN
CARBON-CARBON
TARGET ROD
Baffle Cooling Loops
LBNE Science Collaboration BROOKHEAEN

Brookhaven Science Associates Meeting - FNAL July 15, 2009 NATIONAL LABORATORY



NATIONAL LABORATORY

BROOKHEVEN

proton beam

Horn Concept

LBNE Science
Meeting - FNAL

e f =
e e e =

=

Superbeam Target

Brookhaven Science Associates



BNL Graphite and Carbon Composite Target SHOCK Test
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Horn Material Studies — NuMi Ni-plated Aluminum
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Irradiation, temperature and corrosive environment effect on
Ni film with aluminum substrate
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Irradiation, temperature and corrosive environment effect on
Ni film with aluminum substrate

Ni on altmifilne "
Magnetic Horn of the
NuMI Experiment

Before irradiation
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| AIBeMet® Property Comparison)

Ba ryllium AlBeffat Effatarial g rod s im Aluminurm Stainless Steal Copper Titanidm
Froperty SHOFTAMSTHE AMIGHIAMSTH 1 E-G0 ATFEOA TS 5051 T6 J0d Hikd Grade 4
Density 0.087 (1.85) 0.076 (2.10) 0.091 (2.61) 0.086 (1.80) 0.098 (2.70) 0.29 (B.0)  0.32([8.9) 0.183 [4.56)
Ibsieuin [glec)
Modulus 44 [303) 28 (193) 48 {331) &.5 [45) 10 (85) 30 (206 16.7 (116)  15.2 [105)
MSI (Gpa)
uTs AT [324) 38 (262) 39.3 (273) 49 [340) 45 {310) 76 (616) 46 (310)  96.7 [6B0)
KSI [Gpa)
Y5 16 [241) 28 (193) MNiA 3% [260) 40 (278) 30 (208) 40 (276)  BE6.G (530)
KSI [Gpa)
Elangatian z 2 < [0 B 12 40 b 20
%
Fatigue Strength 17.9 [281) 14 (97) MIA 14.5 [100) 14 (96} MA MiA YA,
KSI [Gpa)
Tharmal Conductivity 126 [218) 121 (210) 121 (210) 44 (78) 104 (180) 9.4 (18) 226 (391) 9.75 (16.9)
blulhri®F (Wim-K)
Heat Capacity A8 [1.96) 373 (1.66) A0 [1.28) 261 (1.06) .24 [.B3%) A2 .6 092 (386} 129 [.54)
btullb-F [Jig-C)
CTE 8.3 [11.3) 7.7 (13.9) 3.4 (8.1) 14.4 28] 13 (24) 8.6 (17.3) 9.4 [17) 4.8 [B.8)
ppmiF (ppmic)
Electrical Resstivity 4.2 EDG 1.6 EO6 /IF-% 145 E-08 4 E-DG T2 E40G 1.7 E4E& G0 E4IG
afiff-Gi
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The AlIBeMet Choice
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Radiation Damage of Ti-6Al-4V Substrate
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Resistivity-Conductivity Degradation
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Thermal Conductivity and Radiation of Target
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Electrical resistivity = Thermal conductivity
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3-D CC (~ 0.2 dpa) conductivity reduces by a factor of 3.2

2-D CC (~0.2 dpa) measured under irradiated conditions (to be
compared with company data)

Graphite (~0.2 dpa) conductivity reduces by a factor of 6 !!!!

W (1+ dpa) > 4 reduced by factor of
Ta (1+ dpa) > 4 ~ 40% reduction
Ti-6Al-4V (~ 1dpa) > 4 ~ 10% reduction
Glidcop > 4 ~ 40% reduction
AlBeMet (~0.4 dpa) > within 10%
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Graphite and carbon-carbon composites
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While things seemed promising with carbon fiber composites

A OF ~10241 protons/cm? HAS EMERGED

Carbon composite

\\\\\T\\\

Fluence: 10" -10% p¢

J-P. Bonal, et al.,
Graphite, Ceramics and
Ceramic Composites for
High-Temperature
Nuclear Power
Systems, MRS Bulletin,
V. 34, 2009
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3-D C-C Composite|

Threshold ~ 10"21 p/cm2
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Graphite-CC experience

Accelerator Experience:
TRIUMF Target; LANL Target; PSI Target

STAINLESS STEEL
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Summary

A fluence threshold of ~ 10"21 p/cm2 has emerged that affects graphite
and different carbon composite structures

Isotropic graphite (1G-430) appears to have more resilience (needs further
study)

AlBeMet has experienced no structural damage due to radiation and
environment
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Proposed Studies

Address the effect of the environment on the physical/structural changes of
graphite and carbon composites due to irradiation and identify limits

Explore isotropic graphite grades for irradiation damage that correspond to
2 MW beam

Horn material assessment for resistivity degradation under irradiation and
corrosive environment (2 MW operation)

Skin Effect and resistance

physio-mechanical property changes

Horn options with materials other than Al (Albemet) or nano-
coatings

Horn inner conductor-Target integration tests and high-end simulations
(current through horn, cooling schemes such as helium, monolithic
conductor/target made of AlIBeMet, etc)
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