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14:00 - 17:30 Parallel session 4: Beams

Responsable: DR. Wilson (Colorado State Univ.)

Lieu: Francois Araqo Centre ( 360 )
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Neutrino beam layout for
LAGUNA-LBNO
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The LBNO Study - CN2PY LBL v-beam
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CERN Neutrinos 2 PYhasalmi beam

» Phase 1 : proton beam extracted beam from SPS

- 400 GeV, max 7.0 103 protons every 6 sec, ~750 kW
nominal beam power, double extraction, 10 ps pulse

» Phase 2 : use the proton beam from a new HP-PS

» 50(75) GeV, 1.33 Hz, 1.9 10" ppp, 2 MW nominal
beam power, 4 us pulse

- alternative option: upgraded SPS

’j‘.?ij‘ ..... - CN2PY baseline also compatible with a NF option
* '1"‘“ l\.l.AI’“l‘)"“‘ o e
L;}KAI‘IE Sh
s . Beam parameters
o ey O » 400 GeV protons from SPS (initial)
FOMANIA T z i
Pty fie » Survey info:
T - CERN (TCC2 target station -NA) 46°15'26 27"N, 6°
T b IS 3BATE
iy s """‘.'M Jegilias /';L";':u - Inmet Mine (Finland): 63°39'30.92"N, 26° 2'47 65"E
s ;‘nﬂrcsﬁ i - distance: 2296 km
p- A s O SR " O -
), o GERE - dip angle - 10.4 deg, 181 mrad
& A L ol » Neutrino beam at Pyhasalmi (6max = 30 MeV/E,) - 1434 Km
7%, Do SRS ST for E, 2-5 GeV
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» Two options for consideration

~1 Hz

CN2PY Phase 2: HP-PS Design

“
T R

present, p

LINAC 4
upgrade, H-

CN2PY
Target

HP-PS Parameter 50 GeV 75 GeV Units
Inj. / Extr. Kinetic Energy | 4/50 | a/75 | [GeV] _
Beam power 2 [Mw]
Repetition rate | 1 | [Hz]
frev 0.234 / 39.31 [MHz] -
RF harmonic | 168 - / I-[P-PS: Optlons
£ 0.238 /2008 0.238 jaocs iz 20 G€V I more convenient HW parameters
Bunch spacing @ extr. 25 m but more demanding beam dynamics
Total beam intensity 2.5E14 1.7E14 - _ d1pole magnets ~available (FCM R&D)
Number of bunches w7 " 75 GeV : more demanding magnet
Intensity per bunch 1.6 E12 1.1E12 - . .
Main dipole field inj. / extr. 0.19/2.1 | 0.19/3.13 m parameters but reduced beam mtenSlty
Ramp time 500 500 [ms]
Dipole field rate dB/dt (acc. ramp) 3.5 | 5.5 [r/s] xdo State University 6




CN2PY v-beam optimisation

» Beam target and focusing system optimization using Genetic Algorithm
- Multi-variable analysis of homn/reflector parameters

- Optimization: 0 v, PHF
X
» use GLOBES to maximize the 0., sensitivity at the FD [

» HE-optimization: maximum yield of v-s in the range [1-10]GeV
» LE-optimization: maximum yield of v-s in the range [1-2] GeV

— HPPS sominil

T T T s 5P5 GLEB cptimization
s SPS HE optisnicaton
SPS LE optlenbaanion
HPPS GLB aotimization
s HPPS HE Optimmizaton
. HPPS LE opuanizasoa

0 (100 Me Ve’ ubbbimaidad |
| T LI ; T T é

@ Engineering Department Beam Optics 100l HL“-\HH ]
Parameterization - n,
Fxed pruaimeters: : | 4 h d
» mld"w[‘?lwﬂllﬂ'w' - — L 4 G PR Y wda gl | I N | . . P
©and hom inner redius: G mim 0 | 2 3 4 S5 6 7 8 9 10
' Cumentsheel hickness: 2mm  _ *° ' E, (GeV)
= 1 v
Fu;e potamatses: . | 1 POT normalization for SPS: 3.75€+20
¢ Targetradius & le L ] ot .
: Hom & Reflectcr Shape<.* A ‘ POT normalization for HPPS: 3.0E+21
¢ Distance between homrs W T T ¢ ? -
* Circulating currents ~ -

. »New optimization for CDR, usi.n?
additional engineering constraints:

- R, horn ~27mm

- Same relative position horn/reflector for
400/50 GeV beams

W m  wm w e m e e - Target length <1.3 m

w b)
p2 .SI'.I W Ph. \Velten |
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RJW Addendum

J.Strait — this meeting
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CN2PY - Horn design

» Integrated target design - He cooled
»400 GeV operation: graphite rods, similar to CNGS
» 50 Gev operation: graphite roods similar to T2K

» Full structural analysis - no showstoppers identified

11/6/14 riw/Colorado State University 9




CN2PY - v-beam underground structures

" CN2PY - Hadron Stop

CN2PY — Near Detector
» Major challenge * the depth of the pit, ~300 m
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2011 | 2012 | 2013 | 2014

LAGUNA-LBNO EU Project : : | :

CN2PY Conceptual Design H [
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Summary

» The possibilities for a future long-baseline v-beam
from CERN to a far site in Europe to study the CPV
and Mass Hierarchy in the Neutrino Sector were
studied in the framework of the LAGUNA-LBNO
EC/FP7 Design Study

» The study includes a conceptual design of a new
High-Power proton synchrotron to be used as
proton driver providing a 2 MW beam in the range
of 50-75 GeV.

» The study builds upon the experience and available
expertise at CERN from CNGS and the design of
hadron machines, and is done in view of promoting
solutions and technologies as well as synergies
with other projects in the Lab

» The findings of this study will be documented in the
CDR report of LAGUNA-LBNO, soon to be
released, that could serve a basis for a technical
design in a future realisation of such a facility at
CERN or elsewhere

11/6/14 riw/Colorado State University
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LAGUNA-LBNO

Conceptual Dcsi?'u Report of a Long-Baseline
Neutrino Beam Facility from CERN to a Far
Detector Site at 2300 km Distance

LACUNA-LEBNO WP4 Deliveratls Report

Fobrway 10. 2014
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2= Fermilab

Managed by Fermi Research Alliance, LLC for the U.S. Department of Energy Office of Science

Fermilab Future Beam Studies

Vaia Papadimitriou

Accelerator Division Headquarters — Fermilab
NNN 2014, APC, Paris, FRANCE

4-6 November, 2014
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Fermilab Accelerator Complex
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Neutrino Program at Fermilab
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Proton Improvement Plan (PIP)

» Replaced obsolete components to improve reliability

= 40 year old Proton Source ] '
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Near future, PIP-Il , ca 2023-24

The PIP-1l goal is to support long-term physics research goals by providing
increased hgam power to LBNF, while providing a platform for the future

120 GeV RCS
Main Injector

8 GeV ™ |
Recycler
1.2 MW
target
=
800 MeV 8 GeV RCS
SC Linac Booster

2= Fermilab
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PIP-1Il “multi-MW?” - Option A

120 GeV RCS
Main Injector

8 GeV
Recycler
8 GeV SC Linac >2-MW
target

=0.8>3->8
I

2= Fermilab
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PIP-1ll “multi-MW?” - Option B

120 GeV RCS
Main Injector

8 GeV
Recycler
>2 MW
target
S — New 8 GeV
~2=0.8¥1.2 GeV RCS
SC Linac (or “greaty upgradedt
35 Fermilab

16 V. Papadimitriou | NNN 2014 11/04/2014



Opportunities for expansion include full energy (8 GeV) linac
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LBNE Beamline Reference Design:
MI-10 Extraction, Shallow Beam

Beamline Facnllty contained
within Fermilab property
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Target Hall/Decay Pipe Layout

Decay Pipe concrete
shielding (5.6 m)

S

Target Chase: 1.6 m/1.4 m wide, 24.3 m long
11/6/14 riw/Colorado State University

Baffle/Target C I N

//

Considering a 250 m long Decay Pipe

-
—————
----

Geomembrane barrier/
draining system to keep
groundwater out of
decay region, target

chase ami absorber hall
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47 graphite target segments, each 2 cm long
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Possible improvements in the focusing system

LBNE CD-1 — NuMI like horn 1 LBNE prereconfiguration horn 1
——_— - i——-——q
Beam Power 708 kW 708 kW
Homn 1 shape Double Cylindrical/Parabolic
Parabolic
Horn current 200 kA 300 kA
Target Modified IHEP cylindrical
MINOS (fins)
Target “Carrier” NuMI-style New handler, target
baffle/ target attaches to Horn 1
carrier It Cavmilal

11/6/14 riw/Colorado State University 24



A Shift in Beamline Planning

* We had been planning till ~10 months ago to start with a 700 KW
beam (NuUMI/NOVA at 120 GeV) and then be prepared to take
significantly increased beam power (~2.4 MW) allowing for an
upgradeability of the Beamline facility when more beam power
becomes available.

« Fermilab is now planning to raise the beam power to 1.2 MW by
the time LBNF starts operation (PIP-Il).

— We are currently assuming operation of the Beamline for the
first 5 years at 1.2 MW and for 15 years at 2.4 MW.

« The lifetime of the Beamline Facility including the shielding is
assumed to be 30 years.

11/6/14 riw/Colorado State University 25




What is being designed for 2.4 MW

Designed for 2.4 MW, to allow for an upgrade in a cost efficient
manner:
— Primary beamline

— the radiological shielding of enclosures (primary beam enclosure,
the target shield pile and target hall except from the roof of the
target hall, the decay pipe shielding and the absorber hall) and

ooling and decay pipe downstream window
— remote handling
— radioactive water system piping (in penetrations)

2= Fermilab
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LBNE Absorber Complex

9 sculpted Al blocks and 4 solid Al blocks in the core
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The Beamline Team and collaborative activities

From Fermilab’s Accelerator, Particle Physics and Technical
Divisions, FESS (Facil. Eng.) and ES&H Sections.

University of Texas at Arlington (Hadron Monitor)

STFC/RAL (target R&D and target design)

Bartoszek Eng. (Contract on baffle/target and horn support
modules)

RADIATE Collaboration (radiation damage for target and
windows)

CERN (target R&D, corrosion, Beamline monitoring,...)

US-Japan Task force (radiation damage, non-interactive
profile monitor, kicker magnets)

IHEP/China (simulations, beam window, special alloys)

Six contracts completed already with ANL, BNL, IHEP
(Protvino, Russia), STFC/RAL, ORNL, Design Innovations.

11/6/14 riw/Colorado State University 28



Summary/Conclusions

Upgrades to the Fermilab accelerator complex and the
NuMI/ NOVA beamline recently completed, PIP in progress

= presently at ~360 kW, Recycler operational, increasing beam power up
to 450 kW in FY15, 700 kW operation expected in FY16

PIP-Il is a complete, integrated, cost effective concept,
building on the accomplishments of PIP, with a goal of
delivering > 1 MW by 2023-2024

The emerging LBNF Collaboration/Project will enable a
world-leading program on neutrino oscillations that will
address profound questions about nature.

A new long-baseline neutrino Beamline is needed for
LBNF. A lot of progress in the Beamline design. No
showstoppers seen so far for 1.2 MW operation.

Plenty of opportunities for international collaboration

11/6/14 riw/Colorado State University 29



J-PARC future beam studies

2014.11.4
KEK, IPNS
J-PARC center
Tada



T2K Long Baseline Neutrino Experiment

Contents

Upgrade for the high-pewer-eperation-in accelerator
pgrade for the high power operation in neutrino beam line>

11/6/14 rw/Colorado State University S|
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Upgrade for the high power operation in J-PARC

High repetition rate operation R
(1.3 sec cycle)

More beam
power!!

High intensity operation
2.5%10*% protons/bunch x 8 bunches

»”

. .\\.
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S ‘,

1 MW operation
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Two pillars of the upgrade plan for Main Ring accelerator

High repetition rate operation High intensity operation
(1.3 sec cycle) (2.5%1013 protons/bunch x 8 bunches)
= -
e — — L — e —
New power supplies for magnets Bunch length increase
High gradient RF cavity Kicker field rise edge

11/6/14 riw/Colorado State University
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The tolerance beam power of the neutrino devices
@ 2013 summer (after achievement of the first T2K goal)

Target and window (thermal shock)
Horn power supply

Horn cooling water system

Horn strip line cooling

Helium compressor for strip line cooling

Helium compressor for target
Helium vessel and decay volume
Beam dump

Radiation shields

Radioactivation air

Radioactvation water disposal system
Cooling water system (except horns)

We plan to upgrade sequentially
from “low-limit-devices”.

: 3.3x10™ ppp
: 2.4sec cycle (250kA

I

Now

750kW

. 0.5MW : IMW

2MW  4MW




The tolerance beam power of the neutrino devices

Horn strip line cooling

I |
We plan to upgrade sequentially 8 8
| |

from “low-limit-devices”. ' 0.5MW : IMW  2MW 4MW
Now T50KW



The tolerance beam power of the neutrino devices
@ 2013 summer (after achievement of the first T2K goal)

Target and window (thermal shock) : 3.3x10' ppp

Horn power supply : 2.4sec cycle (250kA)

. . . -

Horn cooling water system
Horn strip line cooling
Helium compressor for strip line cooling _
Helium compressor for target
Helium vessel and decay volume
Beam dump

Radiation shields

Radioactivation air

Radioactvation water disposal system
Cooling water system (except horns)

ll

|
We plan to upgrade sequentially :
I

from “low-limit-devices”. 05MW  IMW 2MW 4MW
Now T50KW



The tolerance beam power of the neutrino devices

Introduce new-horn-power-supply system using 3 power supplies

Horn power supply : 1.0sec cycle (320kA

I

The new power supplies are secured.
The transformers are to be secured in JFY2015.

I

We plan to upgrade sequentially ,

from “low-limit-devices”. ' 0.5MW F IMW MW 4AMW
Now T50KW

M



The tolerance beam power of the neutrino devices

Target and window (thermal shock) : 3.3x10'* ppp

Horn power supply : 1.0sec cycle (320k 4)
Horn cooling water system

Horn strip line cooling

Helium compressor for strip line cooling

Helium compressor for target
Helium vessel and decay volume
Beam dump

Radiation shields

Radioactivation air

Radioactvation water disposal system
Cooling water system (except horns)

1

|
We plan to upgrade sequentially ) !
|

from “low-limit-devices”. 0.5MW : IMW  2MW 4MW
Now  750kW



The tolerance beam power of the neutrino devices

Add air-tight lamination (made of steel and
air-tight material) under concrete shields

Caulking between concrete shields

Lay the air-tight sheet

320KkA)
I

Radioactivation air L
: |
|

| |
We plan to upgrade sequentially Lo

from “low-limit-devices”. ' 0.5MW F IMW  2MW  4AMW
Now T50KW



The tolerance beam power of the neutrino devices

Use tanker truck

Target and window (thermal s
Horn power supply

Horn cooling water system
Horn strip line cooling
Helium compressor for strpp line cooling

ock) : 3.3X10" ppp
: 1.0sec cycle (320kA)
I

Helium compressor for t:
Helium vessel and decay

"gel
‘olume
Beam dump
Radiation shields
Radioactivation air
Radioactvation water disposal system
Cooling water system (except horns)

750 kW READY
I

0.5 MW 1MW 2MW 4MW
Now  750kW

We plan to upgrade sequentially
from “low-limit-devices”.



The tolerance beam power of the neutrino devices
TO GO BEYOND 750 kW

1 Osec cycle (320k A)

Horn strip line cooling
Helium compressor for strip line cooling

ll

j

i

We plan to upgrade sequentially ,

from “low-limit-devices”. ' 0.5MW F IMW  2MW  4AMW
Now T50KW



The tolerance beam power of the neutrino devices

: 1.0sec cycle (320kA)
I

Horn strip line cooling Add helium compressor

I

I

I

. [

Helium compressor for strip line cooling EXIBITITH KD TIYSHD :
: : O 1

I

i I o
BT
B
.
|
Add layer of concrete shields
T
Add tanks for disposal
Jpgrade pumps/heat exchang
| | o [
We plan to upgrade sequentially b ¢ ¢ :
| i

from “low-limit-devices”. ' 0.5MW : IMW  2MW  4MW
Now T50kW
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The tolerance beam power of the neutrino devices

It is relatively easy to upgrade the helium compressor system, but it is difficult to
overcome the limit by thermal shock.

: 1.0sec cycle (320kA)

!
Horn strip line cooling Add helium compressor

Helium compressor for strip line cooling EXIBITITH KD TIYSHD

Add layer of concrete shields

Add tanks for disposal

I

N (. pp———

Jpgrade pumps/heat exchang

| I

We plan to upgrade sequentially ) ¢ ¢

from “low-limit-devices”. ' 0.5MW » IMW  2MW  4MW
Now T50KW



Target
30GeV-750kW (~20kW heat load) CEX@

Conductivity 140-2>20W/mK(rad. damage)

‘,Q;‘ uﬁx

*
b@ ‘,0
I G
N o' ac

K
9" 9

AT~200K ~7MPa (Tensile strength 37MPa)

Safety factor @ 750kW ~ 3.5

L9 e O, : 100ppm
CFX analyses 1€ limit by thermal shock after S years
«9NmM3/min 3.3x10™ ppp
Ol & (V=200m/ S)% 750 kW .
| 2.1 sec
[ for example ...
3.3x10
1.2 MW : oep
- 1.3 sec

It is necessary to extend the diameter

for higher beam power.



Beam wondow

0.24DPA

Tisaav

| 1000MPa 0 DPA

3 = Limit:400MPa ?
' with fatigue
& high temp.

200M Pz
—70MPa(220kW)

0 1 B 7

Strain (%) 13

14
250 kw s — o L0TPPP <~ The limit by

=

2.1 sec thermal shock
for example ...
3.3x1014
1.2 MW : ppp
1.3 sec

It is necessary to extend the diameter or to use
the other material for higher beam power.




Imperial College K. Long,
5 November 2014

* Large 6,; makes discovery conceivable, but:

— Places premium on the control of systematic
uncertainties

V 5@0 RM

v.N and v N scattering




Conclusions [2]:

* New data, new Design Studies, new accelerator R&D allow
definition of powerful incremental programme encompassing:

— Conventional super-beam experiment(s):
* Determination of mass hierarchy;

* Initial scan of &, space;
— Critical contribution: v, cross section measurements from nuSTORM

* nuSTORM:

— Control of systematic errors in long- (and short-) baseline neutrino-
oscillation experiments requires precise measurements of v.N and v N
cross sections;

— Programme of sterile neutrino searches:
* Development of existing sterile-neutrino search programme;

— Development of muon accelerators for particle physics:

* nuSTORM offers the technology test bed required to develop the
techniques and capabilities required to mount the Neutrino Factor and/or
the Muon Collider



NUSTORM and cross section measurement:

LOI to FNAL PAC: 1206.0294;
Eol to CERN: CERN-SPSC-2013-015, SPSC-EOI1-009,1305.1419;
Proposal to FNAL PAC, May 2013

3.8GeV[+10%]
-
/“ \
18
\ \ 10~ decays/yr .“‘%
"l

5GeV[+10%] [ 226 m

* NUuSTORM e _ _

_ statistical | IS ARTLZ u —>ev, ve

u

800000 a00000LEvents per 100 Tonne

600000F 300000
400000 200000

200000 100000

Number of Events / 0.30 GeV

Number of Events / 0.30 GeV

6
Neutrino Energy [GeV] Neutrino Energy [GeV]




R&D for muon accelerators

6D ionization cooling experiment:
Reduction of 6D phase space of muon beam essential for future
Muon Collider
— MICE will provide proof of the ionization-cooling principle in 4D using a
single-particle technique

nuSTORM will provide the pulsed, high-flux muon beam required for
the development of ionization cooling

NuSTORM and muon accelerators for PP:

Muon accelerators have the potential to:

— Make definitive measurements of neutrino oscillations at the
Neutrino Factory;

— Provide multi-TeV lepton-antilepton collisions at the Muon Collider

Incremental development of the Neutrino Factory programme offers
exquisite sensitivity and precision:

11/6/14 riw/Colorado State University




| Implementatlon at FNAL:

* Benefits from existing extraction tunnel;
* |deal baseline from storage ring to DO assembly building:
— Space and infrastructure for SuperBIND and LAr detector;

* Space and access for near detector



INVESTIGATE
NuSTORM at CERN

M. Nessi; CERN Neutrino Platform

CERN Neutrino Platform

nuSTORM
feasibility
study

Investiqate new
programs (mu storage

Logistics + :
ring, betabeams ?, __.)

Neutrino deteciors R&D.: Test Beams Infrastructure

prototypes, components, / B
” and eventually
impi€ment a Neutrino

final assemblies
U participation in a High Beam
Intensity Facility & SBL

(detectors, beam, infrastr.)

11/6/14 riw/Colorado State University



M. Nessi; CERN Neutrino Platform

CENF - Civil Engineering Extension B887

CERN Prototype Meeting — M.Nessi
N.Lopez, M.Manfredi (GS-SE)




NuSTORM serving the CERN Neutrino Platform

under study; M. Nessi et al

100m from the front face of the detector

1400m from the e yisling detector-Extension EHN1

upstream limit of CERN

Option 1

100m from the front face of the detector

1400m from the xisting detector-Extension EHN

YTV N\
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100m from the front face of the detector

\ ) .,,A ° date - Evie . 14
1400m from the 2 A Existing detector-Extension EHN

\.\ h!‘:‘.r N\
\ Jj 0 Option 3
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'\ ”
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N
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upstream limit of CERN land\ , ‘p"
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Opportunity?

* Is it true that accurate measurements of v_N
cross sections are critical to realising the

potential of the LBL programme?

—If it is, nuSTORM seems to be the only way to
achieve few-% precision

* NUSTEC, Nulnt and NNN perhaps ideally
placed to address the “in principal” physics

question:
—|ICFA Pa nel. riw: KL chairs the ICFA Neutrino Panel

* Seeks to find a way to promote this discussion



UPPSALA
UNIVERSITET

European Spallation Source ESS AB
For Immediate Release

Lund, September 2, 2014

The Construction of ESS is
underway




How to add a
neutrino facility

2014-11-04

Increase the linac average power
from 5 MW to 10 MW by
increasing the linac pulse rate
from 14 Hz to 70 Hz, implying that
the linac duty cycle increases from
4% to 8%.

Inject into an accumulator rin
circumference ca 400 m) to
compress the 3 ms proton pulse
length to 1.5 ps, which is required
by the operation of the neutrino
horn (fed with 350 kA current
pulses). The injection in the ring
requires H- pulses to be o

accelerated in the linac.

Add a neutrino target station
(studied in EUROV)

Build near and far neutrino
detectors (studied in LAGUNA)

ESS v Beam Sruc}ies \?N\:&QQIQ%W Cond'Tlon: The neu.rr‘o,"
Tord Ekelof, Uppsala ppggpam must not be affec-‘-ed~
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Tests of increasing the linac average power

by increasing the proton pulse frequency
A prototype 352 MHz spoke cavity for the ESS linac will be tested in the

FREIA Laboratory at Uppsala University already as from spring 2015 in
a cryostat at 70 Hz pulse frequency and at the full instantaneous power

dll’N SDIMS, August 2014 October 2014

OIS.IV ’{'

) oD V - = > =
2014-11-04
014-11-C To 1d Ekel f L}p ala University
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For what is this high power
5 MW needed and which is the
optimal distance at which to
locate the detector?

After the spring 2012, when O3 had been measured and ESSnuSB was
designed, CP violation discovery probability did not increased at the first
maximum - at the second maximum it however increased drastically and
became significan‘glz higher than at the first

2 GeV 2.5 GeV 3 GeV
0.8F o0
3
< 5 £
o 0.6
o 0 put
0,;=8.73 5
& o4f
0.2 30
— 5o
0_0 1 L A4 1 L v 1 L L 1 L 1
? 4004 . 600 8* 1000
[Km]|
B 15 0sC. MAX, 5.:2205CxMAK . pc P31 OSC. MAX "

Tord Ekelof, Uppsala University

riw/Colorado State University

60



g L]

mOoOmwWEG

.hoar

mine 2011-12-31 —

oo moree 22

e e

Garpenberg Mine
Distance from ESS Lund 540 km

Depth 1232 m
Truck access tunnels
Two ore hoist shafts

———
===
mm —
[~ i -

—_—— e

] .
E‘ * 500 kt fiducial volume (~20xSuperK)

===« Readout: ~240k 8” PMTs
Granite

TEACR = O
Kongsberg
& L=480, D=1200m
Y
- pA A new ore hoist schaft is
DENMARK planned to be ready i 1 year,
tH leaving the two existing shafts
ey > free for other uses o
EA S W -, - o @}Sﬁm » G 5
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* 30% optical coverage
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ESS Neutrino Super Beam

® Available cnline at www.sciencediract.com _——
- -
ScienceDirect NUCLEAR
CroaMark PHYSICS B
H_m Nuclear Physics B SES (2004 127149

www.elseviercom/locale’nuciphysb

arxXiv:1212.5048
arXiv:1309.7022

A very intense neutrino super beam experiment for
leptonic CP violation discovery based on the European
spallation source linac
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ISODAR and DAESALUS

Joshua Spitz, MIT
NNN, 11/4/2014



DAESALUS / IsoDAR

R&D under way on high-power cyclotrons to provide compact,
high-intensity, low-energy neutrino sources:

. Stopped plon ‘beam”

(DAEJALUS)

» |sotope decay-
at-rest “beam”
5Li —» ®Be + ¢~ + W

(IsoDAR)

JDAR R&BFeSt Stand

Beam has been brought from the ion source, through the low energy
beam transport, through the axial inflector, and into the cyclotron where
J. Spitz, NuFact 2014 it is accelerated and make 3.5 turns (600 keV)!

€ Fermilab

1 J.Strait| Future Plans in the Americas 5 Nov 14
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The DAESALUS program

lon source

Superconducting
ring cyclotron

Target/dump

Injector cyclotron

(IsoDAR)
00 1% m — Ve
§’ 005
Zoos
ﬁo‘os
go.oz
'éom /

Constrains initial flux

Near site Mid site Far site

| | l

Constrains rise probability Fit for 7, — V. appearance
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ISODAR updates

Ue _) vm ?
(3+1) Model with Am” = 1.0 eV’ and sin’26=0.08
1.00 '
- / ™
r \
3 L\ / \J / \
O 2.95 /+ | t / Y
E \%,/ \+\_. T
(=%
? 2.90
>
j
Q
B L
O 0.85 +— + Measured fraction
[ —No position/energy smearing
0'80—IIAlllllAJIAIII‘AllAeAIIA 11111
0 1 2 3 4 5 6

L/E (m/MeV )

820,000 IBD events in 5 years at KamLAND
(16 m baseline to center of detector)

p+?Be - B+n
n+ "Li — 8Li + v

8Li — ®Be + e~ + ¥
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ISODAR challenges

* Space charge

The beam width increases because the Hzt ions repel each other.

This is a big problem at injection and near the outside of the cyclotron

* |on source intensity

* |nflection

e .14

The ion source

where the turn spacing is low.

SIMULATIONS UNDERWAY

The first turn after axial inflection

Getting the beam into the cyclotron requires taking it from the vertical to

11/6/14

the horizontal plane. This is hard.
riw/Colorado State University

Beam dynamics sim
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10

1C

1870 1880 1890 1800 1910
R (mm)
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Beam is now being characterized at Best Cyclotrons, Inc, Vancouver
(Best Cyclotron Systems, INFN-Catania, and MIT -- NSF funded)

GOALS
* How much beam can be captured?
» What are the properties of the captured beam?

* Develop experience for designing the central
region of the IsoDAR injector cyclotron.

24
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Beam is now being characterized at Best Cyclotrons, Inc, Vancouver
(Best Cyclotron Systems, INFN-Catania, and MIT -- NSF funded)

¢ |on source from INFN-Catania installed at
BEST Cyclotrons Inc. lab in Vancouver.

* 40 mA protons demonstrated (summer,
2013) and now focusing on Hz*.

~* Initial output is 12 mA (20-30 mA anticipated
| with new plasma chambers).



There were a number of important
milestones reached this summer!

Best vacuum Direct current Vacuum Beam Horizontal Vertical INFN Diaphram
chamber with transformer gate Pipe steering steering vacuum (80 mm) Solenoid HV cage
beamstop  (DCCT) valve pejlows | ™Magnets magnets chamber

I] - N 1 ‘ y 3l
. & 1)‘.’1"'! "", L

p

Dual channel steering

RF Controller
magnet power supply

(Magnetron)

Beam direction

>
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Conclusions

The DAESALUS collaboration is pursuing a phased approach
towards a precise measurement of Ocp.

There is physics at each phase.

ISoDAR, in combination with (e.g.) KamLAND, will provide a
definitive statement on the sterile neutrino.

These cyclotrons have applications outside of particle physics
and industry is pursuing these machines by our side.



SUMMARY

A fascinating/feature packed session — a challenge
to summarize for a non-expert

| hope | was sufficiently “responsable”

Thanks for your attention
All together a

wonderful programme!

Thank you

11/6/14 riw/Colorado State University 73



