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* Study of the CERN to Fréjus -
Super Beam based on SPL

* 4 MW
* 130 Km baseline
MEMPHYS@Fréjus

e ....& 5 GeV proton beam

—#.._» Focus.on a solution for the



Activities
* 13 presentations in the WP2 parallel sessions

* Beam simulation, setup optimization, physics
sensitivities (Saclay, Strasbourg)

* Beam/target interface (RAL)

* Target design (RAL, Strasbourg)

* Horn design (Strasbourg, Cracow)

* Target horn integration (Strasbourg, Cracow)
* Target station (RAL)

» Milestones and deliverables met successfully

ﬂloiwlione meﬁ' is +one face to face .



Important steps forward

* Solid static target, low Z

* Use multiple (4) targets+collectors
* Fach pulsed at 12.5 Hz

* Use single horn (no reflector)

* Optimization of horn shape

* A lot of progress towards a working solution, at
constant (or improved) physics performance




Target and horn setup




The 4-horns scenario ) "”

Reduced stress on target via
* lower frequency (12.5 Hz) or
« lower p-flux (1 MW)
depending on injection strategy

Profits of horn compactness
(r~0.5m)

Small flux loss even up to
big lateral displacements.
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Typical ANSYS model showing cooling options
yP : JOP M. Rooney

AN

JAN 20 2010
i i B 1)

ELEMENTS

beam

l

Graumferential water cooling
heat transfer coeffident 1000-2000 W/n?.K)

1 bar pressure

AT

( +heat transfer coeffident } If } IIJH j ?I
10W/me.Kfor air, T
100-1000 W/ m¢.Kfor forced convection helium) fixed

LO.S

ANSYS Multiphysics v11 used with coupled field elements (axisymmetric model)

Science & Technology Facilities Council

W@ Rutherford Appleton Laboratory Matt Rooney, March 2010



TARGET STUDIES — SUMMARY

C. Bobeth

low-Z high-Z
L~ 2\ (80 - 90) cm (20 - 30) cm
pit 0.65- 0.71 0.55-0.58
pi— 0.44 - 0.49 0.47 - 0.50

pi~ /pi™ 0.66-0.72 0.85

pit [0.5, 0.8] GeV 0.13-0.15 0.13-0.14
pi— = [0.5, 0.8] GeV 0.09 - 0.11 0.11-0.12
pi—/piT 0.66-0.72 0.86 - 0.88

n 1.9-4.0 42 - 48

o 1.9-57 50 - 54

deposited power*) || (170 — 290) kW | (1000 — 1300) kW

“) for reference target at 4 MW beam power
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C. Bobeth

TARGET STUDIES — ENERGY DEPOSITION: C [UPPER] VS. TA [LOWER]
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Ref. Target for beam width ™™ = 0.0 ¢m [left] and ¢™™ = 0.2 em [right]
One order higher in Ta (high-Z) compared to C (low-Z2)!

Christoph Bobeth

EURO:: annual meeting - 2010
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C. Bobeth
ENERGY DEPOSITION — ALL

Energy deposition [P:W.!::mE] -- Quter walls, Hom, Decay tunnel, Beam dump [Y = 0 cm]
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... Infroduce some additional shielding for target/horn service and exchange
area’s
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B. Lepers
POWER DISTRIBUTION, BERYLLIUM
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FICURE: Power density distribution in [W/m®] for P79™ = 11, 4} MW and beam profile = = {4, &} mm in Be target.
Electrical current s = 15 kA at 5000 Hz, tor z = {0, 10, 30, 60} cm (blue, green, red, ight blue)
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G. Gaudiot
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P=35Wmm3 in @310 et 1,5 W/ mm?3 between @10 and @20
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Combined Target + Inner ¢ pensham
Conductor

* Analysis Process

Current density

Joule heating

Software: FLUKA ANSYS ANSYS ANSYS
(¥*D) (VD slice) (¥D slice) (¥D slice)
Beam heat
cETTETTETETEETEET T > generation rates
1 - Nodal
" -
Inputs: Proton beam 1 Curre.nt. pulse Resistive heat 1 temperatures
parameters : definition generation rates : ~p|  Nodal forces
|
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water inlets V. Zeter

EURONu - la corne

water inlets Quelques détails

glass insulator disc

screw shaped neck
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P. Cupial
Energy deposition due to secondary particles
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+8KW from . f i
Joule --
effect “4MW, 2.2 GeV proton beam |

Main assumptions:

- The power dissipated is for a 4MW, 2.2 GeV proton beam and has been taken from the
available sources and will be updated during the design stage when more detailed data
are availabe for the Superbeam horn (recent study by C. Bobeth)

<t is assumed that the power dissipated has a uniform density. Localized power release

-

(e.g. highly non-uniform through-thickness distribution) will effect significantly the results

P Cupial EUROnu annual meeting, Strasbourg 2-4 July 2010 3/30




Response of the horn to a pulse of secondary
particles — stress levels

The equivalent (von Mises) stress is locally above 10 MPa. It stays
below10MPa away from the region of localized stress.

P .Cupial EUROnmu annual meeting, Strasbourg 2-4 July 2010 18/30




Fatigue estimation for EURORU horn —

CRITERION
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A. Longhin

Sensitivity curves for tuned configurations

Conical homns (see next presentation by Christoph) s
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« similar/better exclusion obtainable even without reflector
+ using high current (400 kA and large outer radius) or
» using 300 kA current and allowing for a small inner radius 1.2 cm
" = conical shapes worse on average p 4
« perform an optimization with similar tools

A Longhin EUROnu annual meeting / WF2 Strashourg 2 Jun 2010




A. Longhi
Optimized setup: fluxes SO
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Fluxes: new VS old horn AR

« gain v at higher energies

« Effectively suppressed contributions from wrong
charge pions (more than a factor 2 less anti-\!u. lower

Carbon target
new horns / old horn
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Other Super Beam options (@ higher E, L)

The GEANT4
simulation and
optimization tools
are being used to
study Super
Beams from a 50
GeV proton driver
("HP-PS2")

to LAGUNA sites
equipped with a
100 kton LAr
detector

study ongoing
within the
LAGUNA-WP2

(physics)

A Longhin
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Deliverables

Deliverable Delivery date (months)
quuirements for proton 5 Completed
driver
Target and Collection
; 30
design report
Target and Collection
: . 36
integration
Beam characteristics 36
Final report 48

23



Milestones

Milestone Delivery date (months)
Proton driver report 12 Completed
Prel. Design of Target and
. 24
Collection
1st Target and Collection 24
integration drawings
1st Est. of Nu Beam Intensity (24
Final Target and Collection
; . : 36
integration drawings
Design of target station 40
Report on Nu Beam Intensity |42

24



Next steps

* Rapid progress towards the preliminary design

* Ongoing studies on all the key component of our
project

* Including the tools for physics performances and
optimization

* Important task for the next month: finalize studies
towards the baseline technology for the target

e ——
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