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Uﬂgmmm L -pand Matter-Antimatter Asymmetry Magnitude é@%

U The observed universe is dominated by matter only!

U Theamountof ChargeParity violation (CP\heeds tobe large enough to

explain this matter/antmatter Asymmetry

U CPV has been observed in the hadronic sector (in the negiredson decay)

==

10,000,000,001 10,000,000,000

but not confirmed yet in théeptonicsector

Aaﬁ = P(‘va - VB) P(va - vﬁ)
=Jcp° - sindcp  (Jarlskognvariant)

with: JEMNS ~3x1073

(for hadrons: JEKM ~3x107°, not enough
even if 6.p~70°)

(from the already observed CP violation in the hadronic sector)
U Theoreticaimodels predict that if $int . m0.7 (45<t <135 or 225t <315)

C This could be enough to explain the obserasymmetry (ucl.phys.B774:32,2007 arxiv:hepph/0611339)

U 4 pneeds to be measured with the highest precision to decidéherLeptogenesisnodels
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https://arxiv.org/abs/hep-ph/0611338

Neutrino oscillations
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U Neutrinos do have mass and oscillate.

5 (0
ESS neutrinc Sup:

Super Beam plus

U It can be expressed as a transformation relating the flavor and mass eigenstates through a unitary ma&Roxtémeorva

MakicNakagawgSakataPMNS)matrix. = 0=B Y |u)
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Oscillation in the
13 sector

0 The neutrineflavor oscillation probabilifpp (" © * ),

Am?2. L Am?2. L
, . 9 i .
P, v, =00 — 4ZRe (A%ﬁ) sin 45 + 2 Zlm (A%B) sin 4—5
1>>7 1>
C three mixing anglesyl;,, d,;andd,, Known
C two independent squared masplitings Y& andYa

C one CRviolating phase factor F I Unknown/Hint!!
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D o e simfléehce neutrino
flavor oscillations

2 _ 2 2
Amy; =m; —m;

af _ rrx *
Aij = UpaiUa;UpiUg;

Sij = sin 0

cij = cost;;
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S— CP violation in neutrinoscillations

Oscillation probabilityor neutrinos(for 3, 'H3; ) is different thanthe oscillation
probability foranti-neutrinos(for ', 'bs;) in vaccum(same for oscillation in
matter for the 2 oscillation maximum)

probability of oscillation

Pl/a—H//@ # Pia—ﬁ/@

neutrino flavour at production

neutrino flavour at detection

5 (0
ESS neutrinc Super Beam plus



Neutrino OscillationgLeptonicCRViolation) aReh)
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' O’ oscillation probability:

ESS neutrino Super Beam plus

¥, , AN N 7 o S'/é( 0 where 0Tk QO é—+ i Q& Q&qd Qe—vt D k Yo Tc Q
U( © ) I Qe 1 Q@ — Q{ C ) tEﬁeisb?Seelri]ﬁgtrino energy, L is the source-to-detector distance, d'13 playS a Signiﬁcant I‘Ole in
. . O S'/q 0 The sign ofl isthe opposite for antineutrinos. eva|uating the performance
we e - 6KSY LXFyyAy3
0 (O Ve i)) ya u) g{ya u) 4~ 'Mportantfor CPVireptonicsector baseline neutrino experiments
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' O’ oscillation probability:

N Ty 0 _
O( ) 0ei 00 - dy; found to be at higher
., (Ya i)) values~ &
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Uﬂgiv;:mm Neutrino OscillationgLeptonicCRViolation) e@@}

Am3,L . Am3,L . Am3,L

Acp=P, ), — P,y = —16Jsin W5 sin W5 sin v,
E = 400 MeV sij = sin 0y
. cij = cos;;
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The European Spallation Source (ESS) layout e/ggvsb%
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ReOMRGG

{ el

U The ESS facility is under construction in Lund, RS ' e — 1 | . & ) curoeean
Sweden Rl s ~ e , : — _

U The most powerful proton linear accelerator eve
Target
Monolith Exp. Hall

of 5 MW — = E01
.. a . SR < A g ~ - = Central Utility
Ue¢CKS @g2NI RQa Y2z2au 07 ¥-o.dzU NE Y PSS O Building

(ca. 40x1% n-cm?-s?)

built, with beam kinetic energy of 2 GeV and po T

Co@()® ()i
wPQUOOH
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B et tamour ES8SBat the European Level

A H2020EU Design Study(Call INFRADEV-01-2017)
U Title of Proposal Discovery and measurement of leptonic CP violation usingtansive neutrino

SuperBeam generated with the exceptionally powerful ESS linear accelerator

EURQ® LAGUNA
(20082012) (20082010)
LAGUNA

LBNO (2010
2014)

U Duration: 4 years

U Tot al cost: 4 . 7 MU

u
U Requested budget: 3 Mu

U 15 participating institutes from

COST Actio

11 European countries including CERN and ESS |-54= cie orisis

2008)

(20152019)

U 6 Work Packages

U Approved end of August 2017

05/11/2023 T. Tolba, BSM2023, Hurgada 10
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#....... The European Spallation Source neutrino Super Beam$BBS cd,

.

It will benefitfrom the powerfulproton beam of the ESSLINACto produce
intense neutrino beam.

Aims atsearching and measuring, with precisidor CPviolation in the

£

. ESLI2yAO a8OG2NE +{ p 700k tHeyiehtdnic O

Dirac CP violating phase range,

Theneutrino sourceto-detectordistance, the baseline, is sat the

second oscillation maximum

ke
N
R

E | decay tunnel E near far E
linac ' accumulator itarget e n : :
E— N & =
A schematic overview of the ] — ) —_— : :
main work packages (WP) " — || I@T\ " i
withinthe E S S 3 Brject ' : " : : " :
: swn‘chyard: hadr'(?r;z:u;:?rllge)cfor wT— U 5 2l 4 : Detectors + physics
wP2 | WP3 : WP4 : WP5 i WP6
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Upgrade of the accelerator

-14 Hz to 28 Hz

- use Hinstead of protons in
ES8uSB cycles

- increase energy to 2.5 Ge
kinetic

N TARGET STATION

L8]
7/ NEAR DE?[ECTOR
* S

D,

Build a near detector site

- water Cherenkov detector
- fine grained scintillator

- emulsion detector

Build an accumulator ring
- shorten ESS pulses from _
HPyc Yé& (2

05/11/2023

TARGET STATION

Build a neutrino target station
- 4 identical targets and horns

- need switchyard

TRAM DEPOT
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ES8SBTarget Station Facility D,

DER FORSCHUNG | DER LEHRE | DER BILDUNG ESS neutrino Super Beam plus

To produceo, (o) beamand to withstand the energy deposition from tBeMW proton beam on thel-horn/target system

_ Hot Cell Beam dump GranularTargetConcept
Power Supply Unit . . . . K A Target made of 3 mm titanium
A Able to manipulate/repair hadronic collector spherescooled by transversehelium

A 16 modules (350 kA, _1[33) A Work under Radioactive Environment

A Located above the switchyard

A Outside of radioactive part of Facility Mor u_e _
To Store radioactive

gascooling

hight: 3,2m

4-horn/target / _
Proton Beam systfem =
(Ep=2.5 GeV, 14 Hz)

4 x1.25 MW

Shape optimized with genetic algorith
05/11/2023 T. Tolba, BSM2023, Hurgada
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A Baseline ~ 250 m

A Water-Emulsion neutrino detector
for flux and cross sections
measurements

A A 1t Super Fingrained (SFGD)
Scintillator Tracker inside a magneti
field for crosssection
measurements.

A A0S5ktad TA RdzOA Miaterd 2 f
Cherenkov detector, foevent rate
measurements, flux normalization
and eventreconstruction.

05/11/2023

ES8SBNear Detector

NINJAlike wateremulsion
i tector (1 tfiducial

T. Tolba, BSM2023, Hurgada

SuperFGDike detector (1 tfiducial

Scintillation cube

Optic fibers

14
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05/11/2023

ES8SBFar Detector D,
A Baseline 360km (Zinkgruvammine, Sweden)
A Total Length (external): 86.00m
A Total Width (external): 86.00m
A Height (external) : 97.52m
A Depth (w.rt.) ground level : 100000 m
A Detecor Radius 73.60 m (Internal)-78.00

m (external)

T. Tolba, BSM2023, Hurgada 15
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Zinkgruvamine

ES8SBFar Detector site

Zinkgruvan

[7] Reserves

asources

New shaft

Site 2in Zinkgruvammineis considered as best
considering access to main transport infrastructure and
located in an area less disturbed by mining activities

05/11/2023

T. Tolba, BSM2023, Hurgada

% Y

Garpenbefgy -
(540 km) P -

Zinkgruvan

Depth1500 m

Cylinderical caverns -~

Location of shaft

16



ES8SBNeutrino Beam Do)
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11 O [ ) 113 O 1 b r
N . 107 — : 10" g . .
(Positive polarity) (Negative polarity) Positive polarity ¢ mode) = Negative polarity © mode)
H) g - °-‘2§. 10" :% 10“,;— ::—”
: : P —, - —v.
v I Ve

(After focussing)

2

2 . . 25 108
p (GeV/t:) p (GeVic)

Neutrino Fluxes /20 MeV/ m* 200 days at 100km
Neutrino Fluxes /20 MeV/ m? 200 days at 100km

g g :‘ 7 ; I I I I ] I 7 |H|..H.|...|...
“ 25 100 02 04 06 o8 1 2 s s 10 . . I . 1.2 1.4 1.6
Energy (GeV) Energy (GeV)
(At target level) =
0.5
oV A GV Neutrino flux at100 km from the target per year
(in absence of oscillations)
U AImOSt pur% beam Flavor v Mode 7 Mode
U Smalla, contamination which could & N, (10%/m?) % N, (107 /m?) %
used to measure, crosssections in v, 674 97.6 20 47
the near detector 17,, 11.8 1.7 396 94.8
Ve 4..76 0.67 0.13 0.03
Ve 0.03 0.03 1.85 0.43

05/11/2023 T. Tolba, BSM2023, Hurgada 17



ES8SBPhysics Reach D,
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A. Alekouet al® Ipdated physics performance of the
ESSnuSe&xperimeng Eu Phys. J. C 81, (2021) 1130

16 T T T T T T T |C||P|V| T T T T | T T T 100 T T T T T T T T T T | T T T T 16 T T T T T T T |Q|P|P| T T T T | T T T
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10 7 ;3 6oL I I _ 10 .
™ C i 0O B | | ] Z - i
s °r 1 9 F : i 1 5 8F 7
: : L / | 50)/0 1 = B 7]
B 1 © 40k : 4 < ¢ )
OF 5 ¢ 1 e | ! ] 6F .
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4 4 = I I | 1 - N
2t {1 9 I I I i oL B
I [ ' l ] B ]
ol v b v v Ve ol v v vty T
—~180 —120 —60 0 60 120 180 5 .10, 15 20 OR300 060 o I=o
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Sensitivity for p=%"/2: 72% 1 -pcoverage @ 5:
11" (540 km) 11 years (540 km) High precision of .omeasurement
13" (360 km) 8 years (360 km)
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https://doi.org/10.1140/epjc/s10052-021-09845-8
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ES8SBFinal Facilityonfiguration D,
ES8SBphasel hasbeen concluded in March 2022

near detector
far detector

o )
accumulator target station o
ESSnuSB
Conceptual Design Report
Conceptual Design Report &b

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\ \\\\\\\\\\\\\\\\\ e W \\\\\\
i 1] h‘\\

Eur. Phys. J. ST. 231 (21), (2&ZZ9 | .o

05/11/2023 T. Tolba, BSM2023, 19


https://link.springer.com/article/10.1140/epjs/s11734-022-00664-w
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Super Beam

Muon Collider Neutrino Factory

ESSSB Future Opportunities

proton driver

I! target

Target
] O ] MuonDecayRing Qé“t””o Beam
= T ‘s“(- E°
. 5 5|2 { NuSTORM D
c © 5] c
= = D 2 @©
; : o3|
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8 .
(with short pulses)
proton driver front end acceleration u storage ring
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U The influence on ,0of the systematic errors will be close to three times smaller as compared to eperiments

U Even so, it is of vital importance to measure the neutrino eeesgions in this energy range as precisely as possible for
precise measurements of the., especially since data on neutrino cregtions in the neutrino energy range®f{ { A {
0.2-0.6 GeV, is currently vepgarce 1

§1.4 .
A A A\ A\ = I neutrinos
E.
\/ \/ 2
=
0 w08
K .§°°6
/\ |—————————— 80.4
e e N 4  Missing measurements )
Elastic Resonant (RES) at t he ESSEl *,

below 500 MeV

Eua
\/ \/ 30
'5‘: 0.3
=0.2
uf (1]}
/\ /§ -En 1
hadrons '
n n n From eV toEeV: Neutrino cross sections E 0.
across energy scald®ev. Mod. Phys. 84, gﬂ 0
QuasiElastic (QE) Deep inelastic (DIS) 13071 Published 24 September 2012 3 obul . P Ll = e
05/11/2023 T. Tolba, BSM2023, Hurgada 10" 1 10 107 21



Upcoming Studies e@i‘)
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(mainly crosssection measuremenjs

Crosssection measurements with: A\ | End of 2,068 nge. '
o } Y | \Enu
A Low EnergnuSTORM & e +3,+ 3, ;Zj Ij&\,\ | FESE s
A Low Energy ENUBET: ¢ + 3, ﬁ} ~ f TR o —
ﬂ : | ./ ACCELERATOR
1. Desigmatransfer linefrom the ES&Baccumulator ring to the target. o '
2. Design apecial target facilitythat depends on one horarget system
3. Design a piomxtraction and deflection system / - .
4. Designaninjection schemdor the extractedpionsto the racetrack / 3
storagering, where thepionswill decay to muons s S 4T e deecort
5. Designastorage ringfor the lowenergynuSTROMfor cross section
measurements and sterile neutrino searches) beamdump
6. Designma Monitored Neutrino Beam(low energyENUBET for cross A A
p's target R&D
section measurements) P generalo D
TRAM DEPOT
7. Optimizethe performance2 ¥ { K Sdet@dtofs A { .

05/11/2023 T. Tolba, BSM2023, Hurgada 22
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Research and Innovation actions

Innovation actions

H ¢ K Design Study H
HORIZON-INFRA-2022DEV-01

And the EU decision arrived earlie

Study of the use of the ESS facility to accurately measure the neutrino cross-sections for ESSvSB
leptonic CP violation measurements and to perform sterile neutrino searches and astroparticle physics.

Acronym of Proposal: ESSvSB+

05/11/2023 T. Tolba, BSM2023, Hurgada 23
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civil engineering
+mining

-
"

o

hadronic collector

l : u L_ g
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| : A7
: | Detectors+Physics |
I 1 1
! ! WP5 ! WP6
A crosssections A crosssections
A sterile neutrinos

/K
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Short, narrow band
focusing and transfer line
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) 8t
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| ESSAc@lerator |

Transfer Line |

Accunulator Ring

ESSNdESESBand ES$SB- site layout

| Near Detector

<

| 50 m DecayTunnels +Proton Dumps |

ES B Target (5MW)
(4 horn)

/ \ nuSTORM near Detectors]

"~ :
| LEnuSTORM Racetrack |
/

ESPUSB Target (1.25 MW) |

Facility Buildings

05/11/2023

GommonMorgue and PU room |

T. Tolba, BSM2 26
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A The ESS protdimacwill be soon the most powerfuinacin the world, something which cannot be ignored.

Ao{{ OFly Itaz 06S02YS | ySdziNAy2 7Tl ORbstillaon maSigiymafd.incréasesd A

significantly the CPV sensitivity and precise measuremeingof
Alt+xYy p ° O2dAf R 08 NUBIEAGK SR DIINI{T ¥ ALK f | NBAprecislEne 4 A O &
A The European Spallation Source will be ready by 2025, upgrade decisions by this moment.
A Conceptual Design Report published.
A Rich muon program for future ESS upgrades.

A New applicationnow accepted by ELESSnuSBalready started!

05/11/2023 T. Tolba, BSM2023, Hurgada 27



i
(23 Universitit Hamburg
'ORSCH LEHRE | DER BILDUNG

Spare slides

05/11/2023

T. Tolba, BSM2023, Hurgada
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Universitdat Hamburg 2nd ma.XImum
- larger sensitivity t0 p

Matter effectsl-y" 6isw rReSayai viadsn

(L = 360 km)

v, >V, (8gp = 0)

1st maximum
e - smaller sensitivity td — Py v (8gp = 1/2)

Probability
o
o
d
m<
I
-

'ji] "7\ - matter can mimic CP violation—--- P, _,, (3, = -n/2, matter)
0.08 .jf—k P, = 0, matter)

I E , - /2)
0.0 {H { - -1/2, matter)

.—’] ‘ i ’ - 0, matter)
0.04 Ht

ol
0.02
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Performance Comparison with Other Experiments é@i}
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Already after 5 years very competitive performance

20 | 1 1 I 1 T T T I 1 1 T 1 I 1 T 1 T _
0.78 4 = Zinkgruvan a — L=540km, 5 = —90° 1
Garpenberg [ -
arpenberg 18 [~ — 360 km, —90° .
0.76 16 N 540 km, 0° A
""" 360 km, 0° N
5 0.74 4 14F -
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