The Long-Baseline Neutrino Experiment Project
—

LBNE Beamline Planning and Options

Vaia Papadimitriou
Manager of the LBNE Beamline

¥ Accelerator Division Headquarters - FNAL
vala@fnal.gov

P5 Meeting at FNAL
3 Nov 2013



Outline
(items requested by P5)

A Beamline Scope

A Requirements and Assumptions

A Design Overview

A Considered design changes to increase the physics potential
A How we will deal with increasing beam power

A Summary

P5 meeting - 3 Nov 2013 2



Main Points

A We know how to build neutrino beams. Following closely the design
and lessons learned from NuMI (including re-using components)
and many LBNE team members have the experience of NuMI.

A We have a well developed design for the LBNE Beamline for 700
KW, upgradeable to 2.3 MW. (Many Beamline, Project, Director and
DOE internal and external reviews have validated this).

A The high power LBNE Beamline is the key application for the MW
class facility at Fermilab. The strategy to design for a facility
upgradeable to 2.3 MW will serve us well in the long run.

A We are exploring a number of improvements to the design (beyond
CD-1) which could increase the number of neutrinos per proton by
up to 50%.
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Neutrino Program at Fermilab
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A Beamline for LBNE

AfiDesigno started just after t
we design a new, high power neutrino beamline to
DUSEL(now SURF)

I Began with a working group to
NuMI

A In 2009 we began addressing particular details to meet the
requirements for this new beam

I Team built on the experience of the NuMI scientists and
engineers

A Working on this for the past ~ 5 years; ~20 FTEs now
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Past and projected performance
Building on past experience

Past (FY2012) Projected
NuMI NuMI
Multi-batch slip stacking in Mainnj. Multi-batch slip stacking in Recycle
MI cycletime (s) 2.1 MI cycletime (s) 1.333
MI intensity 3.7x103 MI intensity 4.9x103
(PPP) (PPP)
NuMI beam NuMI beam
oower (KW) 340 (at 120 GeV) power (kW) 700 (at 120 GeV)
PoTyear to 3 PoTyear to ]
NUM| 3.6x1C NuM| 6.0x1C

Main Injector World Record(120 GeM}8 Feb. 2011
401 kW, 4.6 x1G3every 2.2 sec

In the past 15 years the Fermilab Accelerator
complex has delivered 4x1G° POTto NuMI and
18x1C3° POTio the Booster Neutrino Beamling
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Requirements driven by the physics

A The driving physics considerations for the LBNE Beamline are the
long-baseline neutrino oscillation analyses.

A Wide band, sign selected beam to cover the 1t and 2" oscillation
maxima. Optimizing for En in the range 0.571 5.0 GeV.

A The primary beam designed to transport high intensity protons in the

energy range of 60-120 GeV to the LBNE target.
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Requirements and assumptions

A We have been planning so far to start with a 700 kW beam
(NuUMI/NOVA at 120 GeV) and then be prepared to take
significantly increased beam power (~2.3 M\W) allowing for an
upgradeability of the facility when more beam power becomes
available.

A Fermilab has recently set a goal to try to raise the beam power
to >1 MW by the time LBNE starts operation (to be presented to
P5 at the BNL meeting in December) and we have taken 1.2 M\W
as our target for evaluation.

1 Just starting to understand how we would modify the initial
beamline configuration to accommodate this beam power.

A The lifetime of the Beamline Facility including the shielding is
assumed to be 30 years.
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LBNE Beamline Reference Design:
MI-10 Extraction, Shallow Beam
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Major Components of the Neutrino Beam

The neutrinospectrumis determinedby the geometryof
the target,the focusinghorns and the decay pipgeometry
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Target Hall/Decay Pipe Layout
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