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Neutrino mixing :
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With ¢;=cos(0;), s;=sin(0;) and d¢p CP violation phase
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<l 35221 MHz sl <l 704.42 MHz sl
“2m—=> €€m-> <« Im— «lI9m—> «—7/Sm— —IllI7Tm— «—200m— &———I63m——>

5 MW proton beam

HEBT & Upgrade for neutron users
(2.86 ms pulse width)

75 keV 3 MeV 50 MeV 191 MeV 653 MeV 2000 MeV

* The ESS will be a copious source of spallation neutrons. )
8 X 14

ESS 5 MW
2015 design

e 5 MW average beam power
e 125 MW peak power. 6 —

* 14 Hz repetition rate (2.86 ms pulse duration, 10%> protons).

e Duty cycle 4%.

ESS 5 MW
2012 design (TDR)

Brightness (n/cm?/s/sr/A)

2.0 GeV kinetic energy protons

ILL 57 MW

time (ms)
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5 MW proton beam
<l 35221 MHz sl <l 704.42 MHz sl for neutron users

“2m> €5m> «Im—> «lIm> «—75m—> <«—Il7Tm—> «200m—> <«—I63m—> (2.86 ms pulse width)

HEBT & Upgrade 2=
{} G ﬁ ﬁ ﬁ Q 5 MW proton beam
for neutrino users
75 keV 3 MeV 50 MeV 191 MeV 653 MeV 2000 MeV 1 us pulse width =>
Accumulator requested

* The ESS will be a copious source of spallation neutrons.

* 5 MW average beam power =>10 MW H:
e 125 MW peak power. Beam _ﬂ IIII n III

in linac «— Bz o BHz
* 14 Hz repetition rate (2.86 ms pulse duration, 10%> protons). Tetois 1.1 kKHz
e Duty cycle 4% => Duty cycle 8%
* 2.0 GeV kinetic energy protons => 2.5 GeV 4x1.2ps
* Accumulator ring to shorten the pulses to us order for the horn  After
* Extra H-source accumulator “ H e >

Proton beam pulses
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Accumulator injection Ring-to-switchyard transfer line and beam switchyard bring the
I proton pulses from the ring extraction to the beam switchyard and
384 m circumference A ‘ \\. distribute the resulting four beam batches over four targets.
(4 arcs, 4 straight sections). f I Hmd A A i T
. ] ) ] esnsringinj ___ MAD.X5.0200 OSOR/1S 154316 ast kicker magnets
« H- stripping using foil. i E | | p &
- Laser-assisted stripping also | § :*»‘3 || E 2| ‘I _____ HH """" BN AY circulating _
considered. IS M g T — gy beam
* Correlated and % 15 |‘|'|‘|| (l ||||’ (] |||||' () |||'| | ! %
anticorrelated painting of the | ° , ,:::',;';:, .::;:g:g:. M ,:;35:::', : @ Lattice quadrupole magnets
beam_ ,,:,i ‘ oo e ' : Extraction septum magnet
. A o0 350. /IPII_l “"II 0. 200. 250 J00. 350. <400, ';
* Geom emittance at the N ? 1/ The switchyard splits the 5MW proton beams in four parts
switchyard: 70 = mm mrad. i d ‘
|
| extraction |

X (mm) Y (mm) X {mm]

Y.Zou « The Accumulator Ring for the ESSnuSB Project», Nufact 2019 E. Bouquerel « Status of the Beam Switchyard for ESSnuSB», IPAC 2018
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05 SUPER BEAM :
* Able to manipulate/repair Store radioactive waste

Power Supply Unit

(T.Tolba)

Hadron collector. T

Work under radioactive
environment.

7

2

ANNIANANANN

IAAS

16 modules (350 kA pulse/14 Hz)
Located above the beam
switchyard

Outside of the radioactive part

of the facility
Good position to synchronize
with switchyard PSU

Proton Beam
4x1.25 MW

Hadronic Collector
Four Horn System
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Production of the neutrino beam:
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DIRECTION OF

nt -> Ut + v, (Positive mode) PROTONEEM
> +v, (Negative mode)
Concept packed bed target:
Simplified model of the granular target
Cross-section of the target-horn (Titanium Spheres 3 mm diameter, 66%
integration system. packing Fraction)

T T R
Cooling medium: water or gas helium Identical hole length, width w=1.5 mm
128 holes every 780/128 mm

X
/ BELLOWS AA4GN, HORN =
| =l AT 4448000001 110000000000 NNNNIO00000NNNNNNNDOOO0O0UNNNNNNDOO0000UNNNNNNOO000ONNNNNDO000OORNNNNEDE
: ;b_gl x
Ny "‘/
VY ARCOOLING : 3 =
e ol GRANLIR s Hole length proportional to power, width w=1.5 mm
s 128 holes every 780/128 mm
Concept of target integration inside a X
magnetic horn 'H‘H'é“ﬂuﬂn“”l||ﬂﬂﬂﬂﬂﬂ||||||ﬂﬂﬂﬂll[llllllllllIlllllllIlllllllnlllllllllllllllluuunuluuuu

Main conclusions (P. Sievers ,A Stationary Target for the
CERN-Neutrino-Factory”, CERN-NuFact-Note 065):

15/10/2021 Journées Accélérateurs 2021 - Roscoff 10




ESS
@S]DNEUTRINO The ESSvSB Superbeam : The Packed Be
DV supereean

Temperature
ContourTemperatureYZ

Funded by the Horizon 2020
Framework Programme of the
European Union

Temperature
ContourTemperatureYZ

B X B B O D A A DB N A DD, D N
N S - - = S 2 5 NS 2 = =
N i A e AV Al PR o P 0D R N (S gD PP
3
© 8 ooooooo a.:'uA.u_‘-uooou nnnnnnnnnnnnn DoEbOOOODEOCODODD ‘coooaoo ‘odoodoooooo M . MMM UM U H YN MY Y Vo E s d b e AR RN O R W S S S O Ge R

o 0.100 (m) .
| I_. z
0.050 0.050
View1l ¥ mM Vi“ewl >, »D

Sttoar:YineVelocity StrearirsriheVeIocuty
H’ 215.0 H’ 207
161.3 - 185
L 107.5 N RN , - 104 N S— L E
- 53.8 s = S e
£ o 0.060 (m) -
) 0.060 (m) .
0.0 I | x ¢_1 o 0.05 > ‘_I
[m s”-1] 0.03 [m s~-1]

Temperature and velocity of helium inside the target-horn integrated system under the steady-state operation condition for
the shell with standard (identical size) holes on the left and shell with optimized (proportional size) hole on the right.
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SUPER BEAM
Design : MiniBooNe-Like Horn E
Material : Aluminum Al T 6061 — T6 B
Geometry : Length 2.4 m — Diameter 1.2 m
Inner/Outer conductor thickness : 3 mm /10 mm
Peak Current : 350 kA

—> Conductors geometry fixed by GEANT4/FLUKA
Simulation.

Updated Design

« An optimization study (Genetic Algorithm) has been carried out, based on
FLUKA simulations with different configurations of the magnetic horn and decay
tunnel geometry [1,2].

« After the optimization study, it has been proposed to increase the length of the
decay tunnel from 25 m to 50 m.

« The new geometry provides higher statistics in the neutrino beam and a
consequent better performance of the experiment.

« Studies are currently on-going to verify the feasibility of the new horn in terms
of thermomechanical stresses.

N,/20 MeV/100 m%/200 days

[11L. D’Alessi et al. [ESSvSB], "Optimization of the Target Station for the ESSnSB Project Using the Genetic Algorithm", NeuTel Conference 2021.

[2] L. D’Alessi et al. [ESSvSB], “Neutrino Beam Optimization for the ESSnSB Experiment”, International Research Network - Neutrino 2021

g
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Each horn is pulsed by a half-§inusoid current waveform of 100 ys width 7 Big switches 44KA to H1  44KA to H2
and 350 kA.peak current, with a very high RMS current of 9.3 kA. o =zl y 1A to 1 wir |
The magnetic horn has a very low inductance of 0.9 yH and a low § E 33
. (g} \
resistance. % q| Cl 2 J“Hl o 1 Q2
(g\| = == =
n b N hormn1 z 8 A 8 ZS (—$r4 ZS &S
Il . & | - - o i
| & — — horn3 = =
N \/\ N~ Current Pulse of . . 1 9 ¢ ¢
Time :750ns 100ls width
350kA peak I I I I
Freguency : 14H=z X8
| | | X8 |
discharge 2 """""
Irecovery bigswitch % uee I I I I
— E . I
Lr \ - I
Recovery Vol iooee :
coil l La) 8 . led Ui LAl b m
R - Rec -
J : S i Discharge ecovery g / 44k A to H4 4k b 13 Y,
Icharge C : A0 350KkA pulse synchronized 5
Rr T cca 00000 with proton pulse
tischarke §Rd: %fg s 8 5] 8 5T Yy v 5 £ |
iscnar; 200000 7\ Z N
+12kV \g : % %) 150000 Dischﬂrg(‘ and
Current /N v L © % ome Recovery current = Hl H4  H2 H3 L
Charger v / 50000 22400A )
UNRAp o moml| T 3 16
Recovery ) 1 s " W5
diod = .
o ESSvSB 4X350 kA PSU made with 16 modules, 2X44 kA each.
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. Neutrino mode (positive polarity) Antj-neutrino mode (negative polarity)
%10§ I B B B M- %10?"|"'|"'|"'|"'|"'|"'|' 5
s ¢ — %] s ¢ — %
S 10" — % 3 g 10" — % 3
N = — V, 3 N & — V. 3
~ n — V. ] o C —V, .
§ 10105_ = § 10105— =
Q = = [} E 3
= C 3 = C ]
& 10°H = & 10°g 2
z . z :
10° E 10°g E
1075 e - 105 -
0 02 04 06 08 1 12 14 16 0 12 14 16
E (GeV) E (GeV)
Positive Negative

* Almost pure v, beam

at 100 km from the target
e Small v, contamination which Ny (107%/m?) % | Ny(107%/m?) % and per year (in absence
could be used to measure v, Vi 743 97.4 13.7 33 of oscillations)
cross-sections in a near Vu 14.5 1.9 397 95.9
detector Ve 5.2 0.7 0.7 0.02
Ve 0.01 0.002 2.7 0.7
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IO Near Detector

F N * A magnetized Super Fine Grained Detector
, Garpenberg mine, 540 km (SFGD) for cross-section measurements.

| from the neutrinosource,” / 1\ S 7 1 kton WC detector for event rate -'-r--;iv--> i e e
correspondmgto 2nd { s G X7 R g HT:”:”EE!_:JE]

oscnlatlon mamm‘um P !
&5 fag o = i SR NS it S event reconstruction comparison with FD.

measurements, flux normalization and

e

Emulsion setup, similar to NINJA[1]
experiment, upstream of the SFGD, for

cross-section measurements.

Far Detector
kagmvan ’mme N frém » 538 kt fiduc'i'al volume ("‘10x§uperK)
| source partly covernig 1st and * Readout 20” PMTs (40% optical coverage)
anmaX,mum * Event reconstruction with fiTQun [2,3]
* New migration matrices obtained
Can also be used for other purposes: Proton decay,
v i astroparticles, Galactic SN , Supernovae "relics”, Solar
S ANDTS ;" Neutrinos, Atmospheric Neutrinos

Go,;i'%rth J A [1] A. Hiramoto et al., Phys. Rev. D 102, 072006 (2020), arXiv:2008.03895.
APOS N ‘;c*r ‘*a N [2] T2K Collaboration, A. D. Missert, J. Phys. Conf. Ser. 888 (2017), no. 1 012066

o [3] Super-Kamiokande Collaboration, M. Jiang et al., PTEP 2019 (2019), no. 5 053F01,
N VTR [arXiv:1901.03230]. WC type detector
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SUPER BEAM A x European Union
CPP
[ j— L% 100 ] 16""""""""L'L'—5'46|lm"
B —  L=540 km < — L=540km ] ¥ = j
14F — 360 - = — 360 - 14 - — 360 =
= - () 80—_ _- B
12 1 8 ;
B - 0 C e m
10 1 3 60'_/ _'
o S ]2
I\X °r 108 V 1 .
6L 1 5 ¥ 1 -
L A,
4L - S I i
C ° 201 ] B
o[ ) i i :
" £ 7 _ 2r E
) Ara——— L v v by PRI BT BRI (] —— [ v L PR T R T T T -
—180 —120 —60 0 60 120 180 5 10 15 20 ) P R N B I B,
5CP[O](TVUG) Run-time (years) —180 —120 —60 0 60 120 180
L dcp[’](True)
Sensitivity for 6¢p = + /2 75% &¢p coverage @ 5 o:
11 0 (540 km) 11 years (540 km) High precision of 8. measurement
13 0 (360 km) 6 years (360 km)

From: A. Alekou et Al « Updated physics performance of the ESSnuSB experiment » arXiv:2107.07585
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Acceptance 4m x 4m
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><1|0_|3 ' N _ %10~
s - L, = 25m - < 04 | | Ly = 25m =
= - Mean 0.7952 7 = B ™M 0.4823 —
g 0-25 o StdDev  0.3459 5 > 0.35— s:;ev 02493 |
E - Integral  0.01723 . E 0.3 i Integral _ 0.01962 |
- 0.2 Ly = 50m = = E Ly = 50m =
— B Mean 0.9 . = 025 Mean 05571
° i, Std Dev 0351 7 ° £ StdDev  0.2618 =
-E' 0.15 n Integral  0.005243 1 E— 0.2 Integral  0.01173 —
+ E L, = 100m & + - L, =100m =
= 0.1 =5 Mea:l 1.055 ] = 0.15 = Mea:l 0.6437 —:
3 Sid Dov 0.3659 3 0.1— StdDev 02877 | 3
0.05 ~ integral  0.0008528 N E Integral  0.004576 =
. Ay - 0.05- :
B ! h | Ak " h‘*‘!‘—#&@!‘-&; s E | | L o - | -
00 0.5 1 1.5 2 2.5 00 0.5 1 15 2 2.5
P (GeV/c) P (GeV/c)
N, (" /pot) +/£0£)d) (Pr) (GeV /c) N, (u"/pot) | N, (u*/s) | N, (pu*/200d) #) (GeV/c)

14 21

14 21

-3 14 21

From: L. D’Alessi (HEP-EPS2021)
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2.7x10% p.o.t./year Short neutron pulses )// D — o ;
— \ : L End of 2.0GeV linac. N //\
ons dump - i o i
' Long ALLS I i & X
i ® N i) ESSNUSB 1 ] 7 /" /LEnusTorm \\/
= s ' decs TS ty '—L 1 ESSnusB  +* /"~ Far Detector z
0 1
M nuSTORM N\

T
|
|
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e L

Near Detector
nog, pt or ,3 3 ! A
ity i !
4x10%° muons/year of B [ T U y—;l .
average energy ~0.5 GeV i : ]1 — ‘ ACC};LERATOR | | l ==l]
at the level of the beam 00 [ ’

Long Neutl‘illo ~|

A/0 04 0 1 [0 1

00 0 0 [

Baseline

d“mp o Factory EUTRON TARGET STATION — :
I8 Muon
ng Collider , E;AIFFRGENCY E})J(\IgrRGENCY
(Tl | l H\
Several proposals have been discussed during | |
the first HIFI (High Intensity Frontier Initiative) ESSnuse 4 auSTORM ear detector! | .|

TARGET STATION

workshop held in Uppsala (02-03.03.2020):
* ESSvSB

*  Muon Collider R&D

* Short-pulse Neutron Physics

LOGISTICS CENTER

for muon studies

b High intensity Target Station R&D

* nuSTORM p target 2850
* Neutrino Factory pulse geneigarie TRAM DEPOT
* Neutrinos from Decay at Rest Accumulator ring to be ggmplemented {\/ ‘
« Coherent Elastic Neutrino Nucleus Scattering ~ Witha Compressor rig |
(CEVNS) See : « Introduction of the ESSnuSB/HIFI Design Study program 2022-2025 »
https://indico.cern.ch/event/849674/ M. Dracos (Nufact 2021)
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Outlines:

 The proposed design for the ESSvSB represents an unique
opportunity to have a Neutrino Superbeam in Europe.

* Recent optimizations predict that in 10 years of data taking
ESSnuSB will be able to reach 5 o over 75% of 6. range

* Through the “High Intensity Frontier Initiative” workshop,
the capability of the European Spallation Source has been
discussed to a rich complementary physics program.

A R&D phase is necessary to prepare the future.
* Synergies with other facilities can interest more people.

* Prepare next European calls. E E
|

Website : https://essnusb.eu/ E

ESSvSB has received funding from the European Union’s Horizon 2020 research and

innovation program under grant agreement No 777419 and also in part by the Deutsche Map of the European contributions
Forschungsgemeinschaft No 423761110.
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