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Horn evolution

evolution of the horn shape after many studies: http:/ [WWW-EY

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

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

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

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

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

initial design
horn+reflector
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Horn shape and SuperBeam geometrical Optimization |

4
-
Horn geometrical model
5}
3 la MiniBoone b, GEANT4 based simulation
(“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 o8 limits
Good suppression of wrong charge pion

dangerous in “-” focusing mode due to Figure of merit: A =
+ + *v v + 0 a* gy 6. sensitivity limit at 99% C.L. averaged over the §_  phase
v froma® > pu” —e*v v andK ' —>n’e’v, & EUROnu-WP2 note 0§ v ] ; $ o
103 %7 = ) We want as
A. Longhin Third EURONU annual meeting, RA A=or J, Peslocr)dicr EIGHEEEE
possible A

* Broad sampling of the (many) parameters to identify

> para meterise the horn d nd the Other bea m elements the most relevant variables. Then restrict the ranges of
variation and iterate.
as decay tunnel dimensions, etc...
> pa ra mete rS a I Iowed to Va ry i n d epen d ently A. Longhin Third EURONU annual meeting, RAL 19 Jan 2011

> minimize the §.,-averaged 99% CL sensitivity limit on sin?20,,
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Horn Shape and SuperBeam geometrical Optimization Il

Broad scan

Allow parameters
to vary independently

=
— ST R
Limit value - L i> Le —E
Lmazx 25%0cm | ‘BT - — — — - — — — — s
Rmax 80 cm
Romin 1.2 cm
I Parameter I Interval I . A distribution
Ly [50, an.r] cm gi‘w» (1, With 2 y neutrino + 8 y anti-neutrino running
13 = 3 . "
Ly, L3, Ly | [1, Limaz] cm ® 20— ‘ Configurations with A < 1.05
Ls [ 15 ] cm F I
R, Ry, R> RiiiciBias) 100 Ir -L
R” P ns ] cm 80— + 3000 configurations x 2 horn pol3rities
Ztar [ ;[) ()] cm B + 10° pot for each configuration
Liun [35, 45] m 60~ ’ ’j\‘
Tiun [1.8,2.2] m SE |
Parameter Value E
£ -
Liar 0.78 m 201 1L1rﬂ1"
Prar 1.5 cm Py S E—— L e s
; 300 KA 1 1.2 14 16 1 ;
& ol A
s 3 mm - -
5.08 om L .. andR__:keep the horns small to allow for the 4-horns in parallel to fit
r 5. >
A. Lonahin Third EURONU annual meetina. RAL 19 lan 2011
Parameters value [mm]

Ly,La, L3, Ly, Ly

589, 468, 603, 475, 10.8

t1,1fo,1a, 14

3,3,3,3

.2 108 A
T 50.8
R 12
L' 780
ztd 68
Ry, Ry 191, 359
Ry combined 12
Iy separate 30

&, Lonahin

fix & restrict parametersthen re-

mmm) iterate for best horn parameters &

SuperBeam geometry

1U

Converging to better limits

R A RRRE I
— lteration 1

----- Iteration 2

100 - Iteration 3b
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a0f
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T N R 1o R VS R

* 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

Third EURONU 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, resistances
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 stres

Projet EUROnu
Intégration Power 350KA et Beam switchyard

» horn stress and deformation
v’ static mechanical model, thermal dilatation
v' magnetic pressure pulse, dynamic displacement

v COMSOL, ANSYS software /A
> cooling — A
v water jets Max magnetic flux density[T], Imax=350[kA]|

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

[=]
=
oo
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Packed-bed

—¥ Cold flow in
<«— Hot flow out

» Large surface area for heat transfer
» Coolantableto access areas with
highest energy deposition
» Minimal stresses
» Potential heat removal rates
at the hundreds of kW level powe/ input = 45304.7 { W)

» Pressurised cooling gas required at high power levels
SPL Horn Studies @ NBI2012, CERN




Energy Deposition from secondary particles

radial profile of power density kW/cm3

P, = 105kW
Ph = 62kW

e Rt R 1 Y ST L P e R P

: 368
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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 Max: B2,793
Time=0.08 Max: 1.12e-3 Surface: von Mises stress [MPa]
Surface: Total displacement [m] a0} Helght: won Mises stress [MPa]
2.5 i
2 S = 63 MPa
1.5 0.6 R
1 0.4 I
0.5 = 0
02 Taman=B0 °C,
v} A .
A5 1 05 0 05 1 15 2 Mn Lotles Mmoo Stress minimized when horn
has uniform temperature
) Upar = 1.12 mm b} smax = G2 MPa
Time=0.07 Max: 6083
Time=0.07 Mane: 2.401 Surface: von Mises stress [MPa] —
Surface: Total displacement [rm] wg? | L
2.5
3 umaX: mm Smax_ 6 Mpa
L - = 0 3 1
L L5 Ta - unifolm=60-2C G. Gaudiot, B. Lepers,
2
1 1 F. Osswald, V. Zeter/IPHC,
i0.5 . .
5 ! P. Cupial , M. Kozien, L. Lacny,
o g
15 1 05 0 05 L L5 2 Mn: 450185 min: 232067 B. Skoczen et al. /Cracow Univ. of Tech.
C) U = 2.4 mm d) 50 = 6 MPa
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Stress due to thermal dilatation and magnetic pressure

» displacements and stress plots just
» before and on the peak

v’ stress on the corner and convex region
v’ stress on the upstream inner due to pulse
v uniform temperature minimizes stress

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

peak magnetic field each T=80ms (4-horns operation)
SPL Horn Studies @ NBI2012, CERN

Time=0.07996 Mao: 62.67
Time=0.079% Max: 1.12e-3 Surface: von Mises stress [MPa]
Surface: Total displacement [m] :::IIZI-3
2.5 A ‘ *
: . A
1.5 I3
1 £=79.6 ms ¢
0.5 2 10
-15 -1 05 0 05 1 L5 2 Min 1.B01e-5 Min: 09,0181
a) Upge = 1.12 mm, ¢ = 79.96 ms b) Von Mises stress 5., — G2.6 MPa, ¢ = 70.96 m
Time=0.08 : 60,336
Tirme=0.08 Maw: 1.126e-3 Surface: wan Misas stress [MPa)
Surface: Total displacement [m] xll]-3 £
" oy Srmax = 60 MPa
2 umax - mim 0.8 o
1.5 —_
“5t= 80 n a1y
1 0.4
— 0 10
0 Al-max— 6‘0 C,
-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 Mam: 2.403e-3 TimE_=U ng Ma: 30,825
Surfoce: Total displacement [m] o Surface: van Mises stress [MPa) 0
5
2.5 _— ~
? 2 S oy = 30 MP3?
u = mm
L5 'max 15, _ 15
i t=80 ms -,
1 1 10
0.5 . =t 0
. °Fal-uniform 60 %
1.5 -1 05 0 05 1 15 2 Min:3.037e5 Min: 7.657e-3
e) Uper = 2.4 mm, t = S0 ms £} Yon Mises siress =, — 30. MPa. t = 80 ms



Horn cooling

Sortace bt e [M] Wy west sourcs et

t. [ 'm
power dlstrlbutnpn on Al “conductc\)r Projet EURONu
secondary particles (66%) + joule (34 %) §' La Corne
[

. L'ensemble de la Corne

. IPHC Strasbourg 02/05/2011 Valeria Zeter
cooling system
planar and/or elliptical water jets
30 jets/horn, 5 systems of 6-jets longitudinally distributed every 60°
flow rate between 60-1201/min, h cooling coefficient 1-7 kW/(m2K)
longitudinal repartition of the jets follows the energy density deposition
{hcorner ’ hhornr hinner ’ hconvex}= {38; 11 65: 01} kW/(mZK) fOI‘ TAI-max =60 OC
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lower than 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—estimated }i
S-N curve - Life time [s]
probability Rayleigh Dirlik Benascivtti-Tovo
95% 2,707 4e+007 8.6147e+007 79627007
50% £.0195e+0048 1.858%e+007 1.7026e+00/
5% 2.18146e+006 6.5918e+006 &.0132e+006 Ny
. highly conservative
.I'I.||I'Iy‘|“ A BN TE. shgal, =5 mm.
@ ' ] TTTT  conghwtinst NUMBER OF PULSES 7
| o Dirlik model
. f=125Hz
| SN CURVE || LIFE T NUMBER |
H Ll || PROBABILITY q OF PULSES
] AT T TTRSON T 1 .:::l: - 95 % 56107 08 - 107
a1 b SN 5B 50 % \1.9 - 107 238 10°
U 1 O O A 5 % N | Sm
1.25 108 pulses = 200 days= 1 year ‘ A-Nieslony
M.S Koziei Fourth EUROnu Annual Meeting , June 12-15, 2012, APC, Paris 12/13
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Target station, service galleries

Control Room

: Crane ) . Main
e e e Hall
~ : Delivery Access — "
Office Space - . .
P s v == —— Truck unioading area
Ground Level - EBT < : - — — - :ump
Power supply — ——— ouse
room
Hotcell —_ T ———— : ..
QPSYEOF R B Ground Level
j
Hot cell :
Beam dump
Morgue — - i building here
Beam <
— Direction

Design includes:

* Proton Driver line
* Experimental Hall: 4 MW Target Station, Decay Tunn
* Maintenance Room
e Power supply, Cooling system, Air-Ventilation system
* Waste Area

SPL Horn Studies @ NBI2012, |



Radiation Studies for horn/target qgallery

|+ lran 220cm = lron 260cm  Iron 280cm |

*

prompt dose rates vs. concrete depth above shielding

d b= h 31 ~ O

Rate (mSv'hi




Four-horn support .

::,:P:’ Blencarsmaendied ms ealy

PREC=17.372 MAY 21 2012

: vaum (AVG) 10:51:20
I Upper horn supporting plates: | i ¥

) DMX =.045162

t : | Vertical supp.plates, thickness &, = 12[mm] WX =.045162 +005018
. 010036
__,.--"""i Horiz.supp.plate, thickness t, = 48 [mmj] | 015054
Quter ribs, thicknes {,,,,= 12 [mm] | .020072
e 02509
| Inner rib, thicknes t,,,= 17 [mm] | BAGAN
. 035126

i

| Vertical supp.plates, thickness t, = 12[mm] | L040244 18
045162

’1 Heriz.supp.plate, thickness £, = 50 [mnm] |

Outer ribs, thicknes £, = 22 [mm] |

Inner rib, thicknes £,,, = 12 [mm]5 |

AFR 17 201
13:02

ey s

1

-.496E-03

-.441E-03

-.386E-03
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-.220E-03 TYPE NUM
-.165E-03
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-.550E-04

+149E-06

displacement(m foreseen design
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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

» support designed

» power supply & cooling R&D needed

Thank you

SPL Horn Studies @ NBI12012, CERN



Parameters

value [mm]

Ly, L, Ly, L, Ls

580, 468, 603, 475, 10.8

1, g, 13, Ty

3, 10, 3. 10

ri, s 108
T3 50.8
Rta 12
Lts T80
2te 68
Ry, R, Ry 101, 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

SPL Horn Studies @ NBI2012, CERN
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Projet EUROnNu
Intégration Power 350KA et Beam switchyard
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beam window

AN
SEP 8 2
18:29:

Radius of curvature =30 mm

Circumferential water coolinj
heat transfer coefficient

I 1 bar pressure | — - - —
| + heat transfer coefficient — s T s aes 7 i
| |
| 60 4
. I
| R=25mm \l ‘I j‘ o
: 1
L.O.S. fixed £
% a0
,‘Eﬂ
g 20
>
0.25 mm thick beryllium window
Circumferentially water cooled (assumes 2000 W/m2K) N —
o 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
Max temp ~ 180 °C Max stress ~ 50 MPa Time (s)

(109°C and 39 MPa using He cooling) feasible
Matt Rooney/RAL
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P. Poussot, J. Wurtz/IPHC

— «lifetime > 13 Beycles (10 years,

'z;;) TH1a Stripline 1 # Corne 1
——t 1- Sl > each MODULE delivers a
—@—l TH1b LT T -
o - current of 44kA max at
— - | 11) 3 VA
Stripline 2 4+ Corne 2
W B i
o AN AN '
(2 TH2D 008 4o » For each HORN :
= @ ™ current of 350kA max at
o
< Stripline 3 + Corne 3 IZ’SHZ
{9 TH3a .~y
1 . AW mmrg—p0
£ THab L
W5 =
45 TH3)
o 10puf capacitors
Stripline 4 + Co: recovery discharge
¥ diode|
- TH4a L R
{JG WA,
o, (@ TH4b 0P g ooy
() TH4J 12kV
o Er;‘,l - capacitor
charge
M J '
—
switch

_*energy recuperation (>90%) and
reinjection

\
\

recovery
coil

200 days/year)

charging

M coil

M. Dracos =
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v/anti-v power distribution
iron, concrete, molasse,

beam dump
- graphite = 778/485 kW
iron = 229/196 kW

surr. concrete =  4/3.6 kW

horns/target gallery decay tunnel
iron =437/496 kW iron vessel =390/392 kW
horn =32 kW upstream iron = 610/775 kW

target =85 kW surr. concrete = 485/588 kW

SPL Horn Studies @ NBI2012, CERN



| #Iron 220cm w Iron 260cm  Iron 280cm |

Dose Rate (mSwh)
[ I

100 150 200 250 300 350
Concreie Thickness (cm)

o
A

Figure 161: Evolution of the dose equivalent rate for several configuration of iron and concrete.

D ose E quivalent Rate at 140 cmfromthe azis

—a— Al
—8— Target
Harn

DER [mSwh’

o Wessel

—— Tunne|

0 a0 00 450 200 /0 00 /O 40
Cooling Time [ D=y

Figure 151: Dose equivalent rate contributions in mSv/h.
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