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Clystrons and
modulators
provide the power
to accelerate the
protons.

Neutron facility
(equivalent to SNS in the USA)

European Spallation Source

Target station
where neutrons
are emitted and led
to neutron beam
guides.

Superconducting
linear accelerator
where protons
are accelerated.
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ESS Data Management and
Software Centre, Niels Bohr

Institute at the University of
Copenhagen.
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EUROPEAN
SPALLATION
SOURCE

Laboratory for
sample preparation.

Data management
centre, where
experimental data is
gathered, analysed
and disseminated.

Instrument, where
the neutrons scatter
off the sample, hitting

detectors and generating
experimental data.
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Instrument hall
with instruments
for different
measurements.

under construction phase
(~2 B€ facility)
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Source

ESS proton linac
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empty space for
energy upgrades
163 m >

HEBT & Upgrade

75 keV

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

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

14 Hz repetition rate (2.86 ms pulse
duration, 10° protons).

* Duty cycle 4%.
* 2.0 GeV protons

o up to 3.5 GeV with linac upgrades
o >2.7x102% p.o.t/year.

3 MeV 50 MeV 191 MeV

Linac ready by 2025 (full power)

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

x104

UK TS1
128 kW

A=15A

ESS 5 MW
2012 design R

2000 MeV

UK TS2
32kW |

ESS 5 MW
2015 design

JPARC

1-2 MW 10.3-1 MW



NEUTRINO

e~ . ccosE
éb@Sbsum BEA ro p ean S p al | atl on S ource & e coomon

e

EUropean Resgarch lhffastructure .
Consxortlum( IC) since- 201}5 X o

LL2021, 24/02/2022 M. DraCOSIHC-INZPB/RS/UN ISTRA



ESS ”~S t
SNG NEUTRIN o O5
A SUPERBEAM N CUROREAN COOPERATION

NNNNNNNNNNNNNNNNNNNNNN

European Spallation Source as Neutrino
Facility for CP violation observation
(2"d Oscillation maximum)

or, what else can we do with 5 MW proton beam?

V,—V,

LL2021, 24/02/2022 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA 5
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Oscillation probability = ~ ===

(neutrino beams)
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v matter effect

 for antimatter: 6., —-0.pand a—-a

« fake matter/antimatter asymetry due to matter effect | * 9cp dependence,
p p  sizable matter effect for

I Pl VoV, long baselines and high
- ener
P, v *+F | 9y
# V Matter-antimatter asymmetry
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Institut Plur|d|s|:|p| naire
Hubert CURIEN
STRASBOURG

Agp = P(va = vp) = P(Va = 7p)
=Jep ° +sindcp

with: ]PMNS ~3><10_3 (Jarlskog invariant) | Antimatter

(for hadrons: JéKM ~3x107>, not enough
even if 6CP~70 )

(from the already observed CP violation in the hadronic sector)

Theoretical models predict that if |sind.,|=0.7 (45°<6,<135° or 225°<6,<315°),
this could be enough, under assumptions, to explain the observed asymmetry.

(Nucl.Phys.B774:1-52,2007, arXiv:hep-ph/0611338)

LL2021, 24/02/2022 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA 7


https://arxiv.org/abs/hep-ph/0611338

b, Ccost
Use all this ESS linac power to go

to the second oscillation maximum

LL2021, 24/02/2022 | S * M. Dracos, IPHC-IN2P3/CNH
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Neutrino Oscillations with “large 913

solar (after 2012)

05 atmospheric .
- for "large™ 0,,
Aar\ 1t oscillation
T maximum is

IN SCIENCE AND TECHNOLOCY

(before 2012)

for small 6,
15t oscillation

rbnaglmum IS : ‘ \/ L/E dominated by
etter -
~0.005 Cp interf 005 CP interferenc ?et:]::SpherIC

. Interrerence
(arXiv:1110.4583) 913:10 913:8.80 H

0.030 0.20 . . .
- 2nd oscillation maximum

>CD().025
. . . 0.15}
T ool 15t 0scillation maximum
2
D_ 0.015 0.10} 913:8 80
—10 =- '
0.010 N 013_':." SCP 90 ("large™ 0,;)
(“'small™ 0,,) Ocp=0 0.0}
0.005 SCP=+9O
two 300 - 500 1000 2000 L/E 100 200 500 1000 2000 L/E

° S i I - = I e e . . .

1ndOSC|!Iat|_on max.._A 0.3sINdcp more sensitivity at 21 oscillation max.
« 2"%oscillation max.: A=0.75SINdp (see arXiv:1310.5992 and arXiv:0710.0554)
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Having access to a powe rful =
proton beam...

conventional neutrino (super) beam

What can we do with:
proton
TL»physics

beam
* 5 MW power p » 0 4
" +am; = +Q0 [§
* 2 Gev ene rgy target hadronic cpllec’ror' p—>m+n Detector
(focusing)
. e gﬂ]12 T T L B B BN g‘ﬂ]12 L L B T T
* 14 Hz repetition rate S ol U - .,
%mmi :;E —_ %10‘” :;g =
* 10%° protons/pulse . 18, ;
* >2.7x1023 protons/year ™" I
107;.‘\‘.|H.|‘..‘..“\‘HHH-|‘”.E 107.‘.|..‘..‘\.H.H| =
07 0.2 04 06 08 1 1.2 14 16 0 0.2 04 06 038 1 1.2 1.4 1.6
En (GeV) En (GeV)
* almost pure v, beam v Mode v Mode
o N,(10"°/m*) % N, (10'9/m?*) %
 small v, contamination 5 57 30 =
. V# .~ . .
which could be used t_o _ v, 128 ) 340 932
measure v, Cross-sections in v, 1.93 0.3 0.08 0.02
a nhear detector v, 0.03 0.01 0.78 0.21

at 100 km from the target, per year (in absence of oscillations)
LL2021, 24/02/2022 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA 10
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Can we go to the 2" oscillation maximum
using our proton beam?

Yes, if we place our far detector at around 500 km from the neutrino source.

Water Cherenkov detector
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« Neutrino Oscillations A N
* Proton decay 0"
* Astroparticles S \Y
» Understand the gravitational collapsing: galactic SN v
 Supernovae "relics"

» Solar Neutrinos

« Atmospheric Neutrinos

* 500 kt fiducial volume (~20xSuperK)

e Readout: ~20” PMTs
« 30% optical coverage

W 8/

LL2021, 24/02/2022 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA 11
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" Neutrinos in the far detector =

540 km (2.5 GeV), 10 years
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Appearance Events (Posttive Polarity)
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Below v_ production, almost only QE events, not suffering too much by n® background.
LL2021, 24/02/2022 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA 12
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2nd Oscillation max. coverage
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L=540 km ( &p = —90°)

= = 540 km (0°)

= 360 km (—90°)

== 360 km (0°)

------ Flux x Cross-section

2nd oscillation max.
_— well covered by the ESS
neutrino spectrum

TS~ T~ 15t oscillation max.

—

1/
|||||||||||{||

Sy M il il full coverage of the
02 04 06 08 1.0 1.2 14 1.6 2nd pscillation max.
E (GeV)
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« The neutron program must not be affected and if
possible synergetic modifications.

« Linac modifications: double the rate (14 Hz —
28 Hz), from 4% duty cycle to 8%.

« Accumulator (C~400 m) needed to compress to
few us the 2.86 ms proton pulses, affordable by the
magnetic horn (350 kA, power consumption, Joule
effect)

« H-source (instead of protons),
 space charge problems to be solved.
« ~300 MeV neutrinos.
« Target station.
« Underground detector.

 Short pulses (~us) will also allow DAR
experiments (as those proposed for SNS) using the

neutron target. .
LL2021, 24/02/2022 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA N 15
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Which baseline?

pre-project studies

CPV (Nucl. Phys. B 885 (2014) 127)

10

2GeV 25GeV 3GeV 35GeV
|} pp——— g I ———
0.6 ===

fraction of o

i (@2}
04 &
c O
r © c
> 2
~ gl &
0.2 = -
L N
0 0 | 1 1 1 .v 1 1 1 v. 1 1 1 L 1 1 1 1
' 200 400 600 800 1000
L [Km]

* ~60% o6.p coverage at 5 o C.L.
e >/5% d.pcoverage at 3 o C.L.

» systematic errors: 5%/10% (signal/backg.)

LL2021, 24/02/2022
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Candidate active mines
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e ESS modifications and operation

H- source time operation option

[ : 11
j S A SR I |1 Into Iinaj ||I| H |II|
I
L e [ 14 Hz
b - ' A= | 100ys 0g5 s
! d 5% =
Into ring
JL
L4
14 Hz
~1.4 kHz
— -»‘Hi 0.75 ms
Into horn | | | | |
/L
77
4 Hz
Horn | Horn 4
Horn 2 Horn 3

accumulator latice

injection

4 N Split
RE | aoam
L =384 m

Q. = 8.24
Collimators Targets Decay Volume

Qy = 8.38 - (He, 4x4x25 m3)

Neutrino
Beam
Directio

extraction

4
N

W O s

A

.

collimation
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_atest Improvements

* New Magriation Matrices for the far detector

* Genetic Algorithm for Target Station optimisation

EFFICIENCY v, CC

05 (g o
r S ——t
=
g r
8 03
2 -
E B
0.2_—
- WC detector
0.1
:J Phys. Rev. ST Accel. Beams 16, 061001 (2013)
C L ' I L L L I L L L l 1 A L l A L 'l I L L L I il 1 1 l L L1 L1 l
%0 200 400 600 800 1000 1200 1400 1600
Nominal Energy
horn optimisation
= 100 T T T T
E _F
L B0 7/ =
T e0f y -
40 -
205 -
oF E
20 E
a0t :
-60F S 3
80\ 3
1005557966 80 0 50 100 150

z (cm)

Selection efficiency

=1 < < < < < < < <
—_ 1] [ . w [=1] -~ o w
< IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

=]

nu_e_cc-eff_vs nue
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nu_e_cc-eff_vs_nue

new far detector

reconstruction algorithm
(publication is coming)

1 r 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
0.2 0.6 0.8 1

Entries 17525
Mean 0.7446
Std Dev 0.3915

0.4

LL2021, 24/02/2022 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA
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very preliminary very preliminary
(to be confirmed) (to be confirmed)

=2 1 F 1af
12} : 12} :
10F . 10 .
8- = 8- .
61 [N = 6f -
Y8 S/ R — = af .
2 = 2k =
02300 —150 100 50 0 50 100 150 200 0%300 ~150° ~100 50 0 50 100 150" 200

Scp (deg) Scp (deg)
ESSnuSB

0,, = 33.44°

0,5 = 8.57°

B, = 49.2°

Am?2,, =7.42e-5 .

Am?., = +2.517e-3 https://arxiv.org/abs/2107.07585

2"d psc. max.

507 ktons far detector

LL2021, 24/02/2022 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA 19
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Improvements and optimisations ===

very preliminary
540km
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Muons at the level of the beam dump

<Eu>~0.5 GeV

®$ EISESUTRINO c EDEt

<Lu>~3 km
S
o 040 Ly = 25m =
3 0.35- Saver  onas| —
= - Integral  0.01962 3
2 03 L=som | |
= 025;— Mean 05571 3
§- 0.2 f:;:rea‘: s =
:L 015;_ L, = 100m _é
01 ey |
0.052— E
06 - ‘0.|5‘ - "I - 1.5 - S.l’ — ‘27.5
P (GeV/c)
N, (ut/pot) | N, (u*/s)| N, (u*/200d) | (P,)(GeV/c)
0.02 2.5 x 1014 4.3 x 10%1 0.48
50 0.01 1.2 x 1014 2.1 x 1021 0.56
100 45 x%x 1073 0.6 x 1014 1.0 x 1041 0.64

decay tunnel length

LL2021, 24/02/2022 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA 21
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2.7x10% p.o.t/year
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proton driver

target

o
I

SSvSB and (R&D) synergies

Vﬂ or Vﬂ

Muon Decay Ring
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v, + Vv,
Ve + Vv,

Neutrino Beam

NuSTORM

D

SC linac

accumulator
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— OCA

combiner

i
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capture sol.

decay channel

phase rotator
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charge separato

6D cooling

<
o
c
>
Ko}

()
o)
S
(9
S

|

6D cooling
final cooling
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8 accelerator types:
linac, recirculating
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proton driver front end cooling acceleration collider ring

accelerators:
linacs, RLA or FFAG, RCS

Iy
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~ Supporting institutions of
ESSvSB

e COST Action EuroNuNet (CA15139): ended March 2020

EcraNuNet

* https://euronunet.in2p3.fr ESSnuSB Design Study Project

' ESSnuSB Desagn Stu... 5

=5
) 00:00

0626 o) |

e video for scientists:
https://www.youtube.com/watch?v=PwzNzLQh-Dw

 EU-H2020 Design Study ESSvSB: on going up to March 2021 (3
months extension due to COVID19) b ESS

ALY NEUTRINO
CD

SUPER BEAM
ESSnuSB looking for the answer.

* video for general public: D cosuss Lookng or
https://www.youtube.com/watch?v=gAnvftOnAlg

* https://essnusb.eu

» 000 o628 of) L3

LL2021, 24/02/2022 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA 23
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« The ESS proton linac will be soon the most powerful linac in the
world.

* ESS can also become a neutrino facility (ESSvSB ) with enough
protons to go to the 2" oscillation maximum and increase significantly
the CPV sensitivity and precise measurement of dp.

» The European Spallation Source will be ready by 2025, upgrade
decisions by this moment.

 Rich muon program for future ESS upgrades
* Low energy nuSTORM
* Muon Collider R&D
« Conceptual Design Report by end of March 2022

* New applications under preparation
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Backup

IN SCIENCE AND TECHNOLOGY

LL2021, 24/02/2022 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA 25
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Possible ESSvSB schedule

(2"d generation neutrino Super Beam)

ccosE

EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY

SO

4

y’
2012: COST
inceptionof  Action

the project EuroNuNet

Nucl. Phys. B 885
(2014) 127

LL2021, 24/02/2022

4
2018:
. | beginning of
2016-2019:
H beginning of  EoSVSB

Design
Study (EU-
H2020)

ESFRI

NEUTRINO

V|
SUPER BEAM y
2022-2024.
: H Preparatory
2021: End of
ESSVSB Phase, TDR

Design Study,
CDR and
preliminary
costing

on Phase,
International
Agreement

'/ SOURCE

M. Dracos, IPHC-IN2P3/CNRS/UNISTRA

a0 NC back. |
-_= 1

2036-:
y H
2027-2035: M D@
2025-2026: b
Preconstructi the facility and
detectors,

Construction of taking

including
commissioning

26
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ESSvSB at the European level

List of ESSnuSB Participating Institutions / Organisations

# |Institutions / organisations name Accronym Country

1 |Centre National de la Recherche Scientifique CNRS France

2 |University of Uppsala uu Sweden

3 |Kungliga Tekniska Hoegskolan KTH Sweden

4 |European Spallation Source Eric ESS Sweden

5 |University of Cukurova (oV) Turkey

6 |Universidad Autonoma de Madrid UAD Spain

7 |National Center for Scientific Research "Demokritos" DEMOKRITOS Greece

8 |Instituto Nationale di Fisica Nucleare INFN Italy

9 [Ruder Boskovi Instgitute RBI Croatia

10 (Sofiiski Universitet Sveti Kliment Ohridski UniSofia Bulgaria

11 (Lunds Universitet ULUND Sweden

12 Akademia'Gorniczo-Hutnicza Im. Stanislawa Staszica AGH / AGH-UST Poland
w Krakowie

13 |European Organization for Nuclear Resarch CERN Switzerland

14 |University of Geneva UNIGE Switzerland

15 |University of Durham UDUR United Kingdom

11 countries

LL2021, 24/02/2022

M. Dracos, IPHC-IN2P3/CNRS/UNISTRA

ccosE

EUROPEAN COOPERATION

Starting date: 01/01/2018

Ending date: 31/12/2021 —
31/03/2022,

Duration: 48+3 Months,
3 months extension due to COVID19

Kick-off meeting: 15 January 2018,
Lund (ESS),

90% of the budget already received,

All deliverables and milestones ready
on time (some rescheduling due to
COVID19 has been arranged with the
EU Project Officer)

27
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ESSvSB at the European level ______

. AH2020 EU Design Study (Call INFRADEV-01-2017)

» Title of Proposal: Discovery and measurement of leptonic CP violation using an intensive
neutrino Super Beam generated with the exceptionally powerful ESS linear accelerator

» Duration: 4 years

 Total cost: 4.7 M€ M

2014)

* Requested budget: 3 M€ “

» 15 participating institutes from

11 European countries including CERN and ESS — v

» 6 Work Packages
» Approved end of August 2017

(2015-2019)
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Muon Collider as Higgs Factory

Carlo Rubbia

Main future muon Higgs alternatives

® Two adequate Higgs alternatives of a -+ u—collider will be
discussed:

» the s-channel resonance at the Ho mass, to sTudT with #
40'000 fb and L > 1032 all decay modes with smal
backgrounds;

> A higher energy collider, eventually up to /s # 0.5-1 TeV

.4’
w
|
. VY [

arXiv-1908.05664 and L > 1034 to study all other Higgs processes of the

scalar sector.

® The colliding beams ring can easily fit within existing
locations:

» For Vs = 126 GeV the ring radius is # 50 m (about 1/2 of
the CERN PS or 1/100 of LHC) but with the resolution

0.003%
» For /s = 0.5 TeV the corresponding ring radius is # 200 m
HIFI Uppsala Workshop (about twice the CERN PS) and the resolution = 0.1 7
2-3 March 2020 ® Two u+ u—bunches of 2 x 101‘\3}3pp can likely be produced by a
= protons at ¥ 5 MWatt.

= | —mEre & high pulsing rate of a few Ge

— ] Slide# : 12

e .
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https://arxiv.org/abs/1908.05664
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Estimated performance for the He-factory (ESS)
® Two asymptotically cooled p

Proton kinetic energy 2.0 GeV

! l 1 Proton power 5.0 MW
.bunCheS Of opp0§lTe Slgr!s CO”lde Proton collisions 56 =14x4 ev/s
In fwo IOW"be'rCl Interaction Timing proton collisions 17.86 ms
oints with *= 5 cm and a free Protons/collsion 250w pel
inal muon momentum : eV/c
engTh Of GbOUT 10 m, Where The Final muon lifetime 1.295 Ms
two detectors are located. Total  surv. fraction 0.07
. . . llider ri 2.93x1012 11
® With PIC cooling a peak collider "3 0 e i ﬁjﬁgu
a |le|n05l?l Of x 1032 Cm‘2 s Inv. transv. emittance, ey 0.37 T mm rad
1 l Inv. long. emittance 1.9 T mm rad
IS GChleve Beta at collision Bx=fy 5.0 cm
» The bunch transverse rms Circumt. of collider ring 350 m
1 1 — Effective luminosity turns 555
i'ze Ishof?_t-) mOmO%néd The S Effective crossing rate 29’970 sec-1
une sni Is U. . Luminosity no PIC 424x10% cm2sl
» The SM Hiaas rate is & 10° Luminosity + PIC (10 x) 42x10%*  cm?s!
/ 1 . h h Higgs cross section 3.0x10-2* cm?
Year ( S) In eac Of T e Higgs @107 s/y, no PIC 1.2x104 ev/y
detectors. Higgs @107 s/y + PIC 12x105  ev/y
5 Higgs -> vy, 107 PIC ~ 2400
» An le'f'angemenf WI'I’h 01: leGST Tlllgng: S;i}:(tywithS]:b/l}(’;+ 0.086 ¥y
two de'rec‘:ior;j positions is Without PIC
recommenaea. 4
CERN March 2021 1 2 X 10 eV/yeaEhde# : 30

LL2021, 24/02/2022 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA

30



ESS ~S t
Q) NEUTRINO [ ] EDE
SUPER BEAM EUROPEAN COOPERATION

Decay At Rest at ESS

Possible if short pulses (~us)

« Well known neutrino spectra (DAR). D
« \ery high neutrino intensities ~ 5x10% v/s.

/N ;

« Separate neutrinos of different flavors by

time cut. Fragments Vu
* Role that neutrino-nucleus interactions play aE
in the supernova explosion process and SE — \‘1
subsequent nucleosynthesis. = eV, (VAT V)
Y A N — SNS v,
« Accurate knowledge of neutrino-nucleus £E T ans Y
Cross sections is important (almost no data ;_ s
exist). = J—
 This lack of knowledge significantly limits =
our understanding of supernovae and of =
terrestrial observations of cosmic neutrinos =
to probe the deepest layer of these powerful - :
explosions. Y et NI~ ~—
0 10 20 30 40 50

MeV
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Coherent Scattering at ESS ™

JHEP 02 (2020) 123 S
Coherent Elastic Neutrino-Nucleus Scattering at the European Spallation Source

D. Baxter,! J.I. Collar,!"[*| P. Coloma,z’lﬂ C.E. Dahl,>4 1. Esteba.n,5’E| P. Ferrario,ﬁ’T’H
J.J. Gomez-Cadenas,® "\ M. C. Gonzalez—Garcia,> 3 %[**| A.R.L. Kavner,! C.M. Lewis,!
F. Monrabal,® 7:[ff] J. Mufioz Vidal,® P. Privitera," K. Ramanathan,! and J. Renner'®

T T * A
— — Csl B B |
> —=- Xe ® i m Piezo
o0 * IRLED
2 N Ge = I VUV SiPM
— = h
% . — Ar CF:| Ar+ |!
§ 100 Si ] 45 10ppm xe"': 130K £
5 == C3Fg : F ;
<@ t — —_— e R
= L
0
% 90 K
5 10}
L 1 1 L el 1 L--
0 5 10 15 2 25 30 35 L/ |
Detector threshold (keVnr)

» ESS can generate the largest pulsed neutrino flux suitable for the
detection of Coherent Elastic Neutrino-Nucleus Scattering (CEvNS ).

* Innovative detector technologies able to profit from the order-of-
magnitude increase in neutrino flux provided by the ESS, along with
their sensitivity to a rich particle physics phenomenology accessible
through high-statistics, precision CEvVNS measurements, are under

study.
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future applications

—4 |

End of 2.0GeV linac.

57 s Possible WPs:
% %;“’;::;‘;‘;;‘: * Civil engineering (onsite and
: offsite) abd safety.

Far— 1

ﬁm

Y
EXIT I
HEBTLOADINGBAY d
EMERGENCY I
4

* Linac accumulator and race-
track.

ACCELERATOR

* Target Station, hadron/muon

EMERGENCY EMml
EXIT Exi

production and muon

NEUTRINO
TARGET STATION

Hi:h intensity Target Station R&D
rget R&D
orn R&D

pulse generator R&D

LL2021, 24/02/2022

)

extraction.
* Low Energy nuSTORM.

* Detectors and physics
performance (synergy between
ESSnuSB and LEnuSTORM).

* Muons for future. applications,
including 6D cooling tests
(several locations are possible).

61°°°

TRAM DEPOT
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" Low Energy NUSTORM at ESS ™

e Sterile Neutrino searches
* Neutrino cross sections measurements with unprecedented precision
e LBL performance improvement by systematic error mitigation

* To be adapted for lower muon energies (~0.5 GeV)

Appearance
p 0.008 ; -
L=15km
0.006
Target
Horn " 2 o004} L=1.0km
< Dump
0.002
( y L= 0.3 km
1 = Detector 0.000
: Ver Vu 00 0.2 04 06 08 10 12 14
Energy
10 T _______::>I 3\
B ~ >
Proposed at FERMILAB and CERN (~3.8 GeV muons) ~_ 2 /
f/’ rn
= . . . \
preliminar studies for ESS X
99% CL 0.1Km i ]
99% CL 0.25Km S
fsa R
sterile neutrino searches | os%ct i5km
0.4 L_%9%CL20Km - .
0.0001 0.001 0.01

sin® (QBEH)
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