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ESS neutrino Super Beam plus the European Union
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Horn Optimisation using deep learning method
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Optimisation done by Deap Learning technics based on
Genetic Algorithm
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Geometrical definition of the horn shape
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Horn Parameters:

|| . Baseline (cm) Scale factor range
\ R3
o N = 83.08 1.0, 2.5
. . e — - 46.80 05,25
TR 0 0528
womoe e 47.50 05,25
For this work, the following parameters of the 108 _
horn have been considered:
| ro TR 05,25
« L1, L2, L3, L4, R2, R3, zig “ 330 _
The value of the i-th parameter has been rescaled 22.10 —
by a scale factor, which value is included in the “
range [0.5, 2.5], w.r.t. the corresponding baseline &0 [0.5,2.5]

value.
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Horn Parameters:

I I =Ly
""""""""""""""""""""""""""""""""""""""""""""""" Y BARED oT
T A T EXPARER

ztg L1 L2 L3 L4

» Note: aperture at ~50 cm from horn
* Pions scored with all energies
» Figure of merit for optimization:

For this work, the following parameters of the
horn have been considered:

L1, L2, L3, L4, R2, R3, ztg N;T?gored
fﬂi = NTarget
The value of the i-th parameter has been rescaled mt

by a scale factor, which value is included in the

range [0.5, 2.5], w.r.t. the corresponding baseline
value.

Note: Current is fixed at 350 kA
Parameters hO, h1 and L5 are fixed
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—— Optimized Parameter
60 1 (cm) range (cm)
N 83.08 [1.0, 2.5] 91.66
! 46.80 [0.5, 2.5] 43.99
20 i 60.30 [0.5, 2.5] 37.38
: g 47.50 0.5, 2.5] 26.60
. \ 1.08 = 1.08
- \ BT 54.40 [0.5, 2.5] 43.52
] B ::0 — 3.30
e Ji 22.10 — 22.10
w0l _ _ ' _ | T s.10 [0.5, 2.5] 7.14

0 50 100 Z(c":.;io 200 250

Reshaped horn Parameters of the reshaped horn
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(Left) Momentum vs. angle distribution of negative pions exiting the target an Upper and left plots show the projections on the X- and Y-axis of the pion

(right) entering the aperture of 2m diameter 50 cm from the horn. beam distribution with Gaussian fit.
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p.o.t: 4"e4
80 =
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Region of Interest : 700 + 70 MeV => ~2.7% pions in 60 cm aperture
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Power Supply Unit
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) = ESSnuSB+ PSU specifications
Target Station of

ESSnuSB

striplines

- 1 horn pulsed @ 14Hz

- supply 1/2 sinusoid 350kA peak current, 100us
width

- high RMS current to the horn: 9,3kA

- long lifetime of 3,6 billions cycles
(300daysX10years @ 14Hz)

1 Horn
400000 current
350000 -
Vessel 300000 4
& (contaminated area) !
Switch yard of X e Rl N / 4 < 200000 ] 350kA
ESSnuSB 150000
100000 1 0 0 u S
Thanks to Valeria Zeter from IPHC 00001 width
4 for drawings ESSnuSB PSU 0 - - e -
N 1745 175 1755 176 1765
(P.Poussot) Tineinms
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= Voltage of capacitor in an oscillation circuit is governed by the general equation: discharge

Irecove bigswitch
di2 dt 2V L - — ‘

\
_ C R \
0=V, Caoe™ sine > peak currentC peu =Vo\/S | !
. . . — | "
di;;) v, Co e @osa-msnan~ Tinal voltage:  V,,(T,,,)=-V,e™ ]charge/T £
o Oy~ dit=0) 7, | £
dI/dt(t OCT -7 > 400000 Rr ¢ -z
350kA — L
—————— , Rd
15000 - 12KV 350000 ~ ‘” oy 1 Idzs@e : o
—_— — e — — — — < Current l
% 10000 - \ +11,2kV 300000 e Charger Tor Vl A |
o0 250000 | @ | ’
+ 5000 ~ 5 Recovery l
S 200000 | © diode =
- 0 | | | | | 5
£ 7 17.5 18 18.5 19 19.5 150000 | =
g -5000 4 time (ms) 100000 § Discharge and Recovery
© | Q current
= -10000 1 g gy 50000 .
_122400A 0 | . time (ms)
-15000 - > > > n ; ; :
(P.Poussot) Discharge Recovery  Charge during ~ 70ms 175 18 18.5 19 19.5
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striplines for capacitors and
other connections

120uF capacitor For ESSnuSB+
bench (12X10uF)

ESSnuSB 2x44kA module

striplines horns 1&4

 module reduced to 1 output of 44kA

discharge big switch [ update dimensions of PSU room: 8 Modules
branched in parallel to deliver 350kA

I recovery coil O update solution of bigswitch for increasing
electrical safety margin

hight: 3,2m

O update definitions and performances (stability of
regulation) of the capacitor bench current
charger

Charger of Capacitor not drawned
(P.Poussot) (dimensions width *depth*high - 0,5%0,75%0,5m)
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Ipeak: 350kA | Baseline Update ESSnuSB+
——hornl C=1000uF (Euronu) (EssnuSB)
or

"""" h 3 Ld, pH 1,041 1,47 << 1,5
m
\ Rd, mQ 0,89 1 <<1
— N\ Current Pulse of Vic/-Ve, kV +12/-11,5 13,7/-13,2 | << 14kV
ime : S :
H 100ps width ischarge dI/dlt 11,5 9,3 <115
“ > 350kA peak (kA/us)
Frequency : 14Hz
Irecovery\\ gifs;l\iiigﬁ :'EZ’;’QW peak 22’ 4 25’ 6 << 26
. . . Lr N \
Electrical characteristics Recover l Ldi =B Electrical margin Baseline | Update
1 Horn y i SSEN safety (Euronu) | (EssnuSB)
charg +
(ESSnuSB) Rr ¢ - Discharge Bigswitch vdrm  47% 39%
Lhorn 1,35uH ke Sral B
Rhorn 0.352mQ Il X N : 8= |[Vrrm | 25% 16%
urren Q_‘
Ll T 40 16 807 ) ey Charger Drvl v &% Recovery diode |Vrrm | 50% 42%
(P.Poussot) Recovery J_. « +-14kVmax applied on horn
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discharge New values for the electrical components
Irecovery bigswitch
e _ C= 1120 uF | Charging | Discharging | Recovery
Lr B N Ec = 10kV lc=25mH Ld=0.911uH  Lr=0.25mH
Recovery . Ipeak = 350 kA Rc=0.475Q Rd=0.866mQ Rr=5.94mQ
-, NN 0.050 0.0152 0.0063
Icharge : % w (rd/s) 189 31300 1890
Rr C - % ENLEEYITO B 0.014 10955 38
o] Sra! & NAU 9332 10000 -9518
+12kV N i = 10000 -9518 9332
comen( 4] 2N . PO - 350k 20,14
Charger v v / =
Dr , IRMS (A) [PERG 9276 2173
Recovery
diode Jf

=> No impact on the PSU concept due to the change of the horn shape
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discharge discharge discharge discharge
bigswitch Irecovery bigswitch Irecovery bigswitch Irecovery bigswitch
A A P

discharge
Irecovery bigswitch

N -
Ny

C C

Idischarge Idischarge

Lr
Recovery

coil Ld

Recovery Recovery Recovery Recovery

diode = diode = diode = diode =

, 2striplines

7

2 -
g , 2 striplines
Icharge = I .
g« 42 striplines
n HORN inli
_|é , 2striplines
; L Rd o 4 Transmission Lines/Horn
ldischarge us s stpinesin ot e — 422 .2 A

+12kV

Current ZX

Charger

\
|
|
|
I
|
|

Rr C I_
|
I
|
|
I
/

\ 4 \/

C

Dr

Recovery l
diode =

Idischarge Idischan Idischar Idischar

j Recovery j Recovery j Recovery j
diode dode  + dode L

Layout of the transmission and strip lines for one horn

providing 350 kA at 14 Hz.
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Summary:

* Horn has been reshaped to optimize the pion fraction and lead to an overall
reduction in the size of the horn.

* Small fraction of pions in the region of interest 700 + 70 MeV at few percent
level.

* Power Supply Unit has been update with respect to the new shape of the horn
and no change of the concept.
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