
WP3 : Target Station and Pion Extraction
“Summary”

Eric Baussan on behalf WP3+ Members

25/09/2024 ESSnuSB+ - 2nd Annual Meeting 1

ESSnuSB+  
2nd Annual Meeting 

Hamburg (23-27/09/2024)



ESSnuSB Near Detector

LEMNB

Low Energy Monitored neutrino Beam

LEnuSTORM
Low energy neutrino from STORed Muons

Target Station

ESS linac

Accumulator Ring

One horn-target system

ESSnuSB Near Detector

Friday

ENUBET

WP3 : Global Overview
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Beam Entrace Window (BEW)

BEW with a 3mm grooved channel
creating a bypass flow

ESSnuSB+ TARGET STATION CONFIGURATION

WP3 : Target

J. Aguilar
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3 mm BEW
ሶ𝑚𝑃𝑜𝑟𝑜𝑢𝑠 = 0.18 kg/s
ሶ𝑚𝐵𝐸𝑊 = 0.02 kg/s

𝑣𝑝𝑜𝑟𝑜𝑢𝑠 𝑚𝑎𝑥 = 38 m/s        

90% flow through spheres

∆P=0.5 bar

10%  flow through BEW

An additional effect of creating a bypass Flow is that the velocity through the 
porous media lowers reducing the overall pressure drop.

𝑇𝑝𝑜𝑟𝑜𝑢𝑠 𝑧+100 ≅ 670 º𝐶
T BEW= 500ºC

ESSnuSB+ TARGET STATION CONFIGURATION

Beam Entrace Window (BEW)

WP3 : Target

J. Aguilar
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WP3 : Target

17/09/2024 Jorge Aguilar Villamor   ESS-BILBAO 17

ESSnuSB+ Target PROTOTYPE DESIGN

J. Aguilar
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WP3 : Target

17/09/2024 Jorge Aguilar Villamor   ESS-BILBAO 18

ESSnuSB+ Target PROTOTYPE DESIGN

TARGET
ሶ𝑚𝑃𝑜𝑟𝑜𝑢𝑠 = 0.18 kg/s
ሶ𝑚𝐵𝐸𝑊 = 0.02 kg/s

𝑣𝑝𝑜𝑟𝑜𝑢𝑠 𝑚𝑎𝑥 = 38 m/s  
ሶ𝑄 = 138 𝑘𝑊 90% flow through spheres

∆P=0.5 bar

PROTOTYPE
ሶ𝑚𝑚𝑎𝑥= 3 g/s

𝑣𝑝𝑜𝑟𝑜𝑢𝑠 𝑚𝑎𝑥 = 21 m/s
ሶ𝑄 = 0.5 𝑘𝑊 (not enough?)   

774 mm

74 mm

1/10 in length T variation really 
close to heater

J. Aguilar



26/09/2026 ESSnuSB+ - 2nd Annual Meeting

7

Cooling He_In

78 mm

Ti pellets
(4000 pellets
Dpellet = 3 mm)

Cooling He_In

He_Out30
 m

m

Mechanical Measurements Lab
(MML) @ESS

ESS Target Helium
Experiments at LTH

(ETHEL) @LTH
(https://indico.ess.eu/event/648/attachments
/5153/7015/essDocumentDownload_002.pdf)

• ESSnuSB adopts a granular target concept of 3 mm titanium spheres in 78 cm Ti

Canister, cooled by transverse helium gas.

• A Prototype of 7.8 cm length and a 3 cm diameter will be tested in the ETHEL test 

facility in ESS.

R&D Program (Target Prototyping)

https://indico.ess.eu/event/648/attachments/5153/7015/essDocumentDownload_002.pdf
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For this work, the following parameters of the
horn have been considered:

• L1, L2, L3, L4, R2, R3, ztg

The value of the i-th parameter has been rescaled
by a scale factor, which value is included in the
range [0.5, 2.5], w.r.t. the corresponding baseline
value.

Horn Parameters:

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

!"± =
%"±&'()*+

%"±
,-).*/

Note: Current is fixed at 350 kA
Parameters h0, h1 and L5 are fixed

WP3 : Horn Optimisation
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Parameter
Baseline 

(cm)
Scale factor 

range
Best fit 

(cm)
L1 83.08 [1.0, 2.5] 91.66
L2 46.80 [0.5, 2.5] 43.99
L3 60.30 [0.5, 2.5] 37.38
L4 47.50 [0.5, 2.5] 26.60
L5 1.08 — 1.08
R0 54.40 [0.5, 2.5] 43.52
h0 3.30 — 3.30
h1 22.10 — 22.10
ztg 8.10 [0.5, 2.5] 7.14

Reshaped horn Parameters of the reshaped horn

WP3 : Horn Optimisation
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350kA

C = 1120 μF Charging Discharging Recovery
Ec = 10kV Lc = 25 mH Ld = 0.911 μH Lr = 0.25 mH

Ipeak = 350 kA Rc = 0.475 Ω Rd = 0.866 mΩ Rr = 5.94 mΩ

m 0.050 0.0152 0.0063

ω (rd/s) 189 31300 1890

dI(t=0)/dt (A/μ
s) 0.014 10955 38

V0 (V) 9332 10000 -9518

Vend (V) 10000 -9518 9332

Ipeak (A) 69 350 k 20.14 k

IRMS (A) 23.46 9276 2173

New values for the electrical components

WP3 : Power Supply Unit

(P. Poussot)
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discharge big switch

recovery coil

recovery diode

120µF capacitor
bench (12X10µF)

width: 4,25m

hi
gh

t:
  3

,2
m

ESSnuSB 2x44kA module

striplines horns 1&4

striplines for capacitors and 
other connections

width: 2,36m
(P.Poussot)

WP3 : Power Supply Unit
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4 Transmission Lines/Horn
(8 striplines in & out)

HORN

Layout of the transmission and strip lines for one horn 

providing 350 kA at 14 Hz.



WP3 : Dipole Magnet
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The secondary-beam distribution, at a distance of 10 m from the target/horn system, shows a 2D-Gaussian distribution

with σ ~ 0.38 m è Requires large-opening dipole magnet!

Y

X
Z Beam direction

x [cm]BGO-OD @ at the ELSA facility in Bonn 

2.
8 

m

1.5 m
3.9 m

0.
84

 m

1.5 m

1.5 m

Operates @ Imax = 1340 A and a central magnetic 
field strength of Bmax = 0.54T (∫B dl ≈ 0.74Tm)

10 m
σx/y = 38 cm

(T. Tolba)
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Magnetic field flux, B, normal to the beam axis at coil current of 1540 A. No B field found outside the iron yoke  

I = 1540 AIron yoke

2.
3 

m

0.6 m 3.2 m

0.
6 

m

WP3 : Dipole Magnet

(T. Tolba)
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Closer dipole to 
the horn exit

Larger shield, 
smaller opening

1st beam dump 2nd beam dump

1 m

WP3 : Dipole Magnet

(T. Tolba)
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π+ beam only
Assuming 1 Tesla magnetic strength

Only fraction of the beam is collected

Beam axis [cm]

X 
ax

is 
[c

m
] Energy [GeV]/cm3

WP3 : Dipole Magnet

(T. Tolba)
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16

Closer dipole to 
the horn exit

Larger shield, 
smaller opening

1st beam dump 2nd beam dump

2 m

WP3 : Dipole Magnet

(T. Tolba)
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π+ beam only
Assuming 1 Tesla magnetic strength

Beam axis [cm]

X 
ax

is 
[c

m
] Energy [GeV]/cm3

WP3 : Dipole Magnet

(T. Tolba)
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Summary Deliverable & Milestones

• MS 3.1 : First design of the hadron collector (M12) 
• D3.1 : Optimize the ESSnuSB+ horn design and its pulse generator (M18)
• MS 3.2 : Preliminary design of the pion extraction and focusing system (M24)
• D 3.2    : Design of the pion extraction and focusing systems (M24)
• MS 3.3 : Final estimation of the pion beam (M36)
• MS 3.4 : Evaluation of the baseline design of the target station (M42)
• D 3.3.  : Design of the Target Station (M46)


