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All p-id distribution

Distributions are monitored at three locations: 200
(1) Leaving the target  : Particle production
(2) CLMT entrance : Particles reaching the collimator, ~
whether inside the aperture or not £ o
: Particles leaving the magnetic field of the dipole 100
108 - B Leaving Target Q@&\ &‘P{‘ 200
] ZZA at CLMT entrance o <F
| EE88 After Magnet Q\Qésa , , -300
107 4 @ f:.:.: f;;;;;
] 6§=° ’fifif ’fifif o 500 1000 1500
| < 1
$ 10° ?ﬁ ﬁ ; A total of 3,505,011 pions are produced,
% . ’ ? ‘ including 135,166 " with energies in the 1050 + 10%
o ; g g MeV range. This corresponds to 0.013 useful m* per
= 10°. ¢ ; g POT.
kS Es
. g: g7
310°4 ; ? ; A large number of particles, especially neutrons and
102 ’ ? ; photons, are also produced.
73
g g7
10" ] ’ ? ; —> Significant radiation levels require shielding to
' ‘ | protect critical components.
Particle ID
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Pions distribution at the transfer line entrance
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Proton Beam: 2.5 GeV at 14 Hz with 1.25 MW
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Power Deposition in the Horn 60— _
s 1.61e+04 W ™
3 45% 3.74e+02 W
50t | 1%\
\
\ 110>
\

40 PtOt = 3.74e+04 W \ _
s 2.84e+03 W E
S 30l 8% 5.51e+02 W S
o 1% 5]

Cooling system (ESSnuSB): e

* 30 jets, 5 systems of 6-jets 201 /3/ 1'772;2)3“' \
longitudinally distributed every 60° s 2, /

* Flow rate between 60-120I/min, h 4,/‘11\“"0 $® % 06’2\\1 W

. . 9.02e+03 W . .04e+03
cooling coefficient 1-7 kW/(m?K) i 504 / | a%

* Longitudinal repartition of the jets | | | | T o7
foIIow's 'the energy density 0 >0 100 2 [em] >0 200 230
?eposutlorj 600 Total power deposition in one horn for:

or TA"[“aX_ ¢ " e ESSnuSB:50.81 kW (35.85 kW Nuclear and 15 kW Joule)
(assuming 1 MW per horn) * ESSnuSB+: 55.82 kW (37.40 kW Nuclear and 18.42 kW Joule).
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Power Deposition in the CLMT

Power Deposition in the DIPOLE

Co-funded by
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Power Deposition in the BEAM DUMP
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Dose evolution with time for different tungsten thicknesses

These values were obtained assuming 365 operational days per year. @

w
The dose study in the coils shows that the material may last at °
least 10 years with the current configuration (40 cm
tungsten), when compared with the PEEK limit (P. Beynel et al.
(1982), H. Schonbacher (1982)). 107 4

IRON

COPPER 100
colLs

TUNGSTEN ——
RING

Note: The dose inside the region is, by definition, an average value. o ﬁqﬂ*
However, we can look at the voxel containing the maximum ’ k
dose to estimate the local peak dose inside the coils:

5.67 x 107 Gy after 10 years *, assuming 365 operational days per 0 2500

year and 40 cm tungsten. Above the PEEK limit !

1|:|l5- i

12500 15000 17500 20000
time [day]

5000 T500 10000
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Target To Ring (T2R) Transfer lines

spallation
target

pbeam ESS Linac - p/H-beam

£
proton Target & Horn non-interacted
r-ﬂ‘.g&;ln\:' aceumulato’ assembly proton beam
. ~ + LEL near

LS detector

. Al; Near detector
™ beam arge-Aperture LEMOND
(wrong sign)  Dipole magnet

{LADM)
momentum &

charge
selected mbeam

llias Efthymiopoulos
Max Topp-Mugglestone
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Race track ring (LENuSTORM)
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Trajectory of the selected secondaries The trajectory of the non-interacted,
(pion) along the target to ring transfer line. primary proton beam.
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ESS neutrino Super Beam plus

* Initial pion beam parameters at the exit of the collimator (Julien’s FLUKA simulation)
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100 4

50 1

-504

=100 1

~150 ~100

-50 0 50

x [mm]

100 150

SR C s TR beam fraction e [ml] B [ml o
— — — ]
1.46 1073 rt/pot in the T2R momentum 10% 4.28 > 107 0.47 >-13 > 10 "~
100 25% 7.10 x< 10 0.79 —1.49 X< 10
range of 1.050 GeV + 10% 50% 1.11 < 10—3 1.26 _1.73 % 101
/ 90% 1.75 < 10~3 | 2.66 | —2.99 x 10~2
. . . . —3 _ —2
used in optics and tracking studies 100% 1.91 < 10 3.11.10 6.73 X 10
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* Three segment design T2R line - conceptual layout
e 0.0p* [ Bending magnet
T i & 1 Loy ;
----- S \ o5l TRy TS Quadrupole magnet
* f e — 7 e T2R end
~5.0f
mi AR | - —7.5F dispersion- :
< 3 > suppression straight ’
Collimator end plane _ 1 D. 'D B )
e Target-station arc: match to pion —12.57
production from the horn/collimator
* Injection-matching arc: match to the —15.00 | |
parameters of the pion beam in 0 5 10 15 20 25 30
nuSTORM injection point and have zero Z/m
dispersion at the start of the production
straight Expected pion flux at the start of nuSTORM:
 Dispersion-suppression straight: connect 1.46 107 X 50% X 16.4% X 60.6% = 7.2 10° rt/pot
the optics between the two arcs X 3.22 10%% pot/y (2004, 60% eff) 2 2.33 10' m/year
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From Jorge Aguilar
ESS-Bilbao/ESS/UHH
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Parameter 2023 design basis Current status

Beam power per 1 25 MW

fqrg ei Canister
Sphere diameter 3 mm vessel
Helium cooling 10 bar, 200 g/s

=777 mm length; @56 mm outer tube; @34 mm

Target dimensions : s
inner canister;

Geometric porosity £€=0.34 €= 0.45-0.46
180 g/s bed, 20 g/s BEW

F|OW dlSiTIbUi'IOﬂ 2009/5 40 g/s sheII bpr]SS explored ]Terizi::i::h:?;i)
Predicted pressure 5 =0.5 bar, model
drop =(0.5 bar) 0.7 bar dependent .
Peak bed temperature  (530°C) =670 °C =300 °C updated A

baseline
Ouvuter-wall o =216 °C with mid-span

=356 °C

temperature bypass

PVT

08/10/2026 ESSnuSB+ -4th Annual Meeting 15
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ESSNnuSB+ Target Progress

The programme progressed from feasibility to experimentally anchored design decisions.

2023 2024 2025 2026
Feasibility Validation route Model fidelity Evidence
Steady-state CFD and first Dynamic response and Random packing and ETTF campaign and shell-

mechanical screening ETTF concept resolved CFD bypass exploration

08/10/2026 ESSnuSB+ -4th Annual Meeting 16
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ESS neutrino Super Beam plus

Co-funded by
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Exploratory screening of three axial slot locations to cool the outer shell and reduce the asymmeiric thermal load
that drives target bending.

=  Porous Flow
= Slot Flow

Outlet

p* beam
L
@
X zZ

Inlet

Total Deformation
Type: Total Deformation

22,163 Unit: mm

17
15
12

o W o
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| ETTF @ MML-ESS, Lund ~.  ~
- - 28,09. - 02.10.2026 <9

08/10/2026 ESSnuSB+ -4th Annual Meeting 18
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ESS neutrino Super Beam plus

Co-funded by
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ETTF Experimental Setup 18m

Pressure regulation valve

massflow meter

Reflief valve Reflief valve
(045 barg) (0.45 barg)
1o
Pc
shut-off valve Space for future Su
heat exchanger

<« <« <« Purge valve

3m
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N Co-funded by
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EIIF - 1ESTI SIAND AND DAQ _

Test stand at the MML: loop, DAQ, campaign /w”‘ N @>

Why: how the coolant flows through a packed bed should be measured, not only simulated

= Hand-over pack for the MML lab engineer (M. Snyder):
envelope, loop sequence, tag list, checklist

= Loop: blower — shut-off - non-return — regulator —
needle valve — vessel — vent; relief at 0.45 bar(g)

= Instruments: AP transmitter 0—50 mbar - supply pressure
0—1 bar - mass-flow meter - 6 type-K thermocouples -
certified 24 V panel - 9-channel recorder at 2 Hz

= CATIA sections fixed minor issues with assembly

= Commissioning: first air-flow runs of loop and DAQ, 3
records (without the packed bed)

= Test campaign with ESS Bilbao and U. Hamburg at the
MML: sampling plan at fixed pressures and mass flows

ROLES IN THE TEST CAMPAIGN

ESS commissions loop, DAQ and safety paperwork - ESS Bilbao Data recorder - instrumentation panel - pressure transmitter and sensor -
brings the sampling plan and the target model thermocouple and air inlet on the top flange.

16

|. Christodoulou - ESS ERIC - ESSnuSB+ 4th Annual Meeting, Wik, Oct 2026
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TCHeater

TCHeater control

08/10/2026 ESSnuSB+ -4th Annual Meeting



S, WP3 Summary : Test Stand at the MML

ESS neutrino Super Beam plus

Co-funded by
the European Union

Temperature vs Heating time
@Tyyeqter = 100/105 °C

60

TCs positions

o
o LIy
=
1= =
K
° A1l (Cnt_bulk) ® A12 (Cnt_out)
e A13 (Cnt_surface) @ Al14 (Cnt_in)
e A15(Chmb_in) @ A15 (Chmb_out)
o 500 1000 1500 2000 2500 3000 3500 4000

t[s
Temperature vs Cooling time
@Tyearer = 100/105 °C & @VFR = 172 L/min (~ MFR ~ 3.7 g/s)

100
920 i e A11 (Cnt_bulk)
°
®
80 ¥ * A12 (Cnt_out)
®
® e A13 (Cnt_surface)
70 *
b * Al14 i
w (Cnt_in)
o Sy
t A e A15 (Chmb_in)
50 4

# A16 (Chmb_out)

Temp [°C]

e A17 (Heater)

10

150 200 250
t[s]
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ESS neutrino Super Beam plus

Next Documents : Costing + D4.3 + CDR
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ESS neutrino Super Beam plus

Co-funded by
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PBS Name Cost (Euros) PBS Name Cost (Euros)

Target + Integration System 3 750000 Dipole Iron Yoke 4 280
Hadronic Collector System 3 750000 Dipole Core soft iron 6 040
Horn Support Structure 2 000000 Dipole Copper Conductor 109174
Power Supply + Striplines 1 300 000 Dipole Electrical Insulation (PEEK) 607878
Proton beam window 1 300000 Power Supply tbd
Upstream shielding (ESSnuSB 3300000 Cooling system tbd
Beam Dump)
Target and Horn Replacement 40.400 000 Shielding Iron 4915
System
_ Shielding Tungsten 1913 856

General Systems and Services 21 800 000

» o Total 2 646 143
Facility Building Structure 20724000
Total 98 324 000

First estimation of the total cost of ESSnuSB+ (without T2R elements) looks compatible with ESSnuSB total costs

08/10/2026 ESSnuSB+ -4th Annual Meeting 25
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ESS neutrino Super Beam plus

Deliverable 3.3 : Design of the Target Station (M46)

1. Overview
2. Target Station
1. Magnetic Horn
2. Granular Target Concept
3. Target-Horn Integration
4. Power Supply Unit
Large Aperture Dipole Magnet
Target To Transfer Ring Line
Civil Engineering
Perspective for Improvement
Conclusion
References

N LA W

Will be used as baseline for the CDR

Co-funded by
the European Union

D,

ESS neutrino Super Beam plus

Co-funded by
the European Union

Project Number:
101094628

Project Acronym:
ESSnuSBplus

Call Identif er:

Project Full Title:
Study of the use of the ESS facility to accurately measur
ESSnuSB leptonic CP violation measurements and
and astr opart

eutrino cross m
sterile n% ches

Start da te of project: 2023-01-01
Duration: 4 years

Mi Iestone title: Final estimation of the Qm (WP3+ )
Due delivery date: 2025-12-31

Actual delivery date: 2025- 12 27
or this mlles® re National de la Recherche

b ¢
Mgmbers of the consortium (including the

Organisation name of lead
Scientif que (CNRS)

Public
Con fdent al, onIy

EU-RES | Classif ed infol
2005/ 44. )
EU-CON | Classif ed'i
2005/ 444/ EC;
EU-SEC | Classif ed infSrmation: SECRET UE (Commission Decision
2005/ 444/ EC)

M22

Final estimation of the pion beam
Report

WP3: Target Station & Pion Extraction
CNRS, France

UU Sweden, CERN Geneva

of the pion beam

ion: RESTREINT UE (Commission Decision

atébn: CONFIDENTIEL UE (Commission Decision

ESSvSB+ GA10109462 - MS22: Final estimation

08/10/2026

ESSnuSB+ -4th Annual Meeting

26



SO,

. Co-funded b
ESS neutrino Super Beam plus the European U)rllion

* WP3 Summary

* All the elements of the Target Station Facility has been defined from the horn the
entrance of the nuSTORM ring.

* Implement all the FLUKA frameworks to a complete simulation of the facility

* Technological solution are proposed regarding the granular target concept and
preliminary measurements on the ETTF were performed in air phase.

* Finalise the last documents D4.3, Costing and prepare the CDR

08/10/2026 ESSnuSB+ -4th Annual Meeting 27
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