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Horn evolution

details In WP2 “Ortjso?;

evolution of the horn shape after many studies: http-.//W\NW'euro

»  triangle shape (van der Meer) with target inside the horn : in general best configuration for low energy
beam

» triangle with target integrated to the inner conductor : very good physics results but high energy
deposition and stresses on the conductors

» forward-closed shape with target integrated to the inner conductor : best physics results, best rejection
of wrong sign mesons but high energy deposition and stresses

» forward-closed shape with no-integrated target:
best compromise between physics and reliability

»  4-horn/target system to accommodate the MW power scale

initial design
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Horn shape and SuperBeam geometrical Optimization |

4
Horn geometrical model
" GEANT4 based simulati
> ini aseqa simuilation
aula MiniBoone s i studies by A. Longhin, C. Bobeth
(“forward closed”) : :
large acceptance for ]
forward produced particles o
t:

I
This shape is well suited
for long targets 1

5
Optimization strategy
le—st - » Parametric model of magnetic horns
; | * Random sampling of parameters

. x « Ranking of configurations based on achievable g limits
Good suppression of wrong charge pion

dangerous in “-” focusing mode due to Figure of merit: A =
* + v v + 0 a* ys 6. sensitivity limit at 99% C.L. averaged over the §  phase
v, fromza® —»u” —e Vv andK' —»n'e’v, <«— FEURONU-WP2 note 0¢ "o Yy » 9 e P
103 %7 = ) We want as
A. Longhin Third EURONU annual meeting, RA A=or J, Pesloor)dice [IGHREES
possible A

* Broad sampling of the (many) parameters to identify

pa rameterise the horn and the other beam 8|ementS the most relevant variables. Then restrict the ranges of
. . variation and iterate.
as decay tunnel dimensions, etc...
pa rameters allowed to va ry independent|y N i Third EUROu annual meeting, RAL 18 jan 2011

minimize the 6 ,-averaged 99%CL sensitivity limit on sin20;
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Horn Shape and SuperBeam geometrical Optimization Il

Broad scan

Allow parameters
to vary independently

Limit value e
1 2 )
Lmaz 250 cm 7 —'— — — — — — oS
Rmax 80 cm
Romin 1.2 cm
| Parameter I Interval I A distribution
Ly [50, Limaz] cm g’“j JD— With 2 y neutrino + 8 y anti-neutrino running
L2, L3, Ly | [1, Lmaz| cm 5‘20} [ Configurations with A < 1.05
Ls [1, 15] em F I
R, Ry, R, RininsRmiaz) 10E I -L
Ro Rmin, 4] cm 80— + 3000 configurations x 2 horn polarities
Ziar [—.‘{[)A (]] cm C « 10° pot for each configuration
Ltun [35, 45] m 601~ ’ 11
Ttan [1.8,2.2] m SE ] {
Parameter Value F
- 0.78 m ok j "L,
T'tar 1.5 cm Pu S E— 1 P b e i
5 300 kA ! 2 14 e b :
s 3 mm - -
- L__andR__: keep the horns small to allow for the 4-horns in parallel to fit
7 5.08 cm iid 3
A. Lonahin Third EURONnu annual meetina. RAL 19 lan 2011
Parameters value [mm]
Ly, La, La, Ly, L5 | 589, 468, 603, 475, 10.8
ty, ta , 1y, iy 3,3,3,3
T, Ta 108
ry 50.8
R 12
L' 780
yta 68
Ro. Ry 191, 359
Ry combined 12
R separate 30

fix & restrict parameters then re-
iterate for best horn parameters &
SuperBeam geometry

1lU

Converging to better limits
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* broad parameters' scan
« restricted intervals for effective parameters — horn with min A
 vary tunnel parameters in L [15-35] m r [1.5-4.5] m

&, Lonahin Third EURONuU annual meetina. RAL 19 lan 2011
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Horn Stress Studies

> horn structure

v Al 6061 T6 alloy good trade off between mechanical strength,
corrosion, electrical conductivity and cost

v horn thickness as small as possible: best physics, limit energy deposition from
secondary particles but thick enough to sustain dynamic stress

» horn stress and deformation
v’ static mechanical model, thermal dilatation

v' magnetic pressure pulse, dynamic displacement
v COMSOL, ANSYS software

» cooling

[Max magnetic flux density[T], I,,,,=350[KA] |

e ——
0 AB4073 968146 145222 1.93629
242036 726109 1.21018 1.69425 2.17833

Horn Studies, WP2 @ APC, EUROnu 2012



Enerqgy Deposition from secondary particles

radial profile of power density kW/cm?3

P, = 105kW
P, = 62kW

R ===t | | oo e ) f o

: 308
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Stress Analysis

> Thermo-mechanical stresses:

v’ secondary particles energy deposition and joule losses

v T=60ms, (worst scenario, 1horn failed) ,t,=100us,

electrical model: |, = 350kA, f=5kHz, I, .=10.1kA,
; . Time=0.08 B
Time=0.08 Max: 1.12e-3 Surface: von Mises stress [MPa]
Surface: Total displacement [m] 110'3 Height: von Mises stress [MPa]
2.5 1 o0
: 12.mm k. S X=63I¢/IPa :
A 0.5 ’ﬁ 30
1 0.4 ' 0
e coolif® T,...... =60 °C 10
0 Al-max ’
-1 -1 05 0 05 1 15 2 Min: 1.811e-5 Min: 0.0190
a) Upgr — 1.12 mm b 50 = 62 MPa
Time=0.07
Time=0.07 Maoc: 2.401e-3 Surface: von Mises stress [MPa]
Surface: Total displacement [rm] wg? i
2.5 |
2z
o Upoy = mm  |lls S.... = 6MPa
1 1
0.5 _ — 0
0 coo| g TAI—unif]orm =60
-5 -1 -05 0 05 1 15 2 Min 4.501e-5 Min: 2.328e-7
C) U = 2.4 mm d) 50 = 6 MPa
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stress minimized when horn
has uniform temperature

G. Gaudiot, B. Lepers,

F. Osswald, V. Zeter/IPHC,

P. Cupial , M. Kozien, L. Lacny,

B. Skoczen et al. /Cracow Univ. of Tech.




Stress due to thermal dilatation and magnetic pressure

Time=0.07996 Max: 62.67
Tima=0.079% Max: 1.12e-3 Surface: van Mises stress [MPa] ]
. g Surface: Total displacement [m -3
displacements and stress plots just . = P 50
| 1
before and on the peak 2 | h 0
4 £
stress on the corner and convex region 15 0.6 29.6 )
stress on the upstream inner due to pulse 1 A= 73.5ms 7 0
. 9 a. . 0.5 2
uniform temperature minimizes s
-1.5 -1 05 0 05 1 15 2 Men 1.801e-5 Min: 0.0181
a) Upge = 1.12 mm, ¢ = 79.96 ms b) Von Mises stress 5., — G2.6 MPa, ¢ = 70.96 m
Tirme=0.08 Max: 60.336
Time=0:0 Man: 1.126e-3 Surface: wan Misas stress [MPa)

modal analysis, eigenfrequencies
f={63.3, 63.7, 88.3,138.1, 138.2, 144.2} Hz 25

Surface: Toml |:||5|-:|Iaca1'|

= = 60/MPa
2 umax . 2 m ax
15
0.5
-5 -1 <05 @ 05 1 L5 2 Min: 1.793e-5 Min: 001128
C) Umer = 1.12 mm, ¢t = 80 ms d) Von Mises stress 5., = 60.3 MPa, ¢t = 80 ms
Tirnes={.08 Man: 2.4038-3 Timf'_=|:| ng ) Ma: 30,825
Surface: Total displacernent [m] g Surface: von Mises stress [MPa) 0
2.5 | =
2
u = mm S =30MPa ||
o - 15 max .
L3 max t_ 80 ms 15
1 1 | 16
H = 0
08 2) cqoling TAI—Tniform = ;
o
15 -1 05 0 05 1 15 2 Min: 3.037e-5 Min: 7.657e-3
e) Uper = 2.4 mm, t = S0 ms £} Yon Mises siress =, — 30. MPa. t = 80 ms

peak magnetic field each T=80ms (4-horns operation)
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Horn cooling

Sortace bt e [ W -..w.\..-d‘ o 1

power distribution on Al conductor i Projet EURONu
secondary part|¢les (66%) + joule (34 %) La Corne

. L'ensemble de la Corne

IPHC Strasbourg 02/05/2011 Valeria Zeter

cooling system

’

YV V V V

planar and/or elliptical water jets

30 jets/horn, 5 systems of 6-jets longitudinally distributed every 60°
flow rate between 60-120l/min, h cooling coefficient 1-7 kW/(m?K)
longitudinal repartition of the jets follows the energy density deposition
{h h. h }={3.8, 1, 6.5, 0.1} kW/(m?K) for T, ., = 60 °C

corner ? hhorn' inner 7 " ‘convex
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6 — 60 MPa expected

horn lifetime

Horn response under pulse magnetic forces

SINGLE PULSE with static thermal stress SVM=102.5 MPa
and maximal magnetic stress SMAX=41 MPa—estimg i

S-N curve - Life time [s]
probability Rayleigh Dirlik Benascivtti-Tovo
95% 2,707 4e+007 8.6147e+007 79627007
50% 6.0195e+006 1.858%9e+007 1.7026e+007
5% 2.1816e+006 6.5918e+004 &.0132e+006 Ny
o highly conservative
Alloy EN A GOAZ [TH. shesl, =5 mm.
@ ' i T Cenghetinat NUMBER OF PULSES 7
| o Dirlik model
. f=125Hz
| SN CURVE || LIFE T NUMBER |
8 i | PROBABILITY q OF PULSES
] AT T TTRSON T 1 .:::l: - 95 % 56107 08 - 107
220 1 1 1t e r oo =TT =2 50 % \l DT 238 10°
U S O A WA 5 % N 107 825107
1.25 108 pulses = 200 days = 1 year ‘ A-Nieslony
M.S Kozieri Fourth EUROnu Anmal Meeting . June 12-15, 2012, APC, Paris 12/13
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Power Supply
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P. Poussot, J. Wurtz/IPHC
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conclusions

» Al 6061 T6 alloy for radiation, reliability and cost
» convex shape defined for optimum physics

» low stress on inner conductor when uniform cooling is
applied < 30 MPa

» horn lifetime > 108 cycles (1 year)
highly conservative

> ,', - i A
S /;J o —
N J 4
/4
//,/ Z &

» power supply & cooling R&D needed
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21y A L2
Parameters value [mm]
L1, Ls, L, Ly, Ls | 589, 468, 603, 475, 10.8

ty, Ly . t3. Lg 3, 10, 3, 10

ri, s 108

T3 50.8

Rts 12

Ls T80

2ta 68
Ry, Rs, Ry 191, 359, 272

Ity non integrated 30

Table 1: Horn geometric parameters.

Parameters Range Reference value
Beam Power P, [MW] - 4
Energy per pulse[klJ] - 80
Kinetic energy of protons|GeV] 4.5
Number of pulse in 1s 50
Number of protons per pulse 1.11 x 104
Number of bunch per pulse 6
Number of protons per bunch 1.85 x 1013
bunch duration|ns] 120
Energy per bunch[kJ] 13.33
Power-for&ach bunch|GW] 111
~  repetition rate per horn|Hz| - 12.5(16769
Power per horn[MW] 1...1.3 1.4
Peak Current I, [kA] 300 ...350 350
Beam width ¢ [mm] - 4
Current frequency per horn [Hz] - 12.5 (16.6)

Table 2: Beam and horn parao
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