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GOAL: Search for v, — v. appearance using massive detectors at DUSEL

See Mark Dierckxsens presentation on DUSEL LBNE physics

Needs a high power, high purity v,, beam from Fermilab
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BROOKSAEN Requirements of the FNAL-Homestake Beam

The Beamline The design specifications of a new WBLE beam based at the Fermilab Ml
for the are driven by the physics of v,, — V. oscillations:

DUSEL Long
Baseline v/ v, —> Ve CP Phase Effects - VLBNO
(Eqpemeit L =1300 km — FNAL to Homestake
—0deg .
016 7| g5 deg Requirements:
—+135deg  § _Phase TV P P .
12 1| —asdeg -Maximal possible neutrino fluxes
> - 135599
£ —Ex Flux (Arb Units) Beev to encompass the 1st and 2nd
- N 2 0.08 . . . .
Collaboration) 8 X A/ mﬂ/cmr\ oscillation nodes, with maxima
E =0.04
* 004 — at 2.4 and 0.8 GeV.
The DUSEL M 3 . ]
Long Baseline - ‘ ; : -High purity v, beam with
v Exp. 05 10 2 s 10 negligible v,
A’ =0000080eV2  E (GeV) sin®20,,=0.84
Am?y; = 0.0025 eV2 v sin?20,,= 0.95
L = 1300 km

-Minimize the neutral-current feed-down contamination at lower
energy, therefore minimizing the flux of neutrinos with energies
greater than 5 GeV is highly desirable.

Need to produce a conceptual design for the beamline by 2010



BROOKSAEN Focusing system alternatives

The Beamline

for the Two INDEPENDANT efforts on focusing system designs

DUSEL Long

poseine ¥, | M. Bishai Fluka05/GEANT3 (NuMI) [l B. Lundberg MARS (T2K-like)

Experiment

Target Area - Side View

Q== | v
Focusing
designs/Beam e - -
Energy —_— 5 am

Both designs use fully embedded carbon targets and similar horn 2

In a 2 horn system, optimal separation = 6m (both designs)



sRooii  Beam spectra from 2 alternatives

The Beamline Using a decay pipe of 4m diameter and 250/280m (T2K/NuMl-like)

for the

DUSEL Long decay length ON AXIS flux (cc events/0.1 Gev/kT/10%° protons):
Baseline v Fluka type=56, 250 ki, 120 GeV, Z=380m, R=2m, CC rate Energy E“meip‘fum
Experiment 5 F E nnn;;asn ::xm
5 NuMI-like “ | T2K-like i
g0 — 120 GeV s e
§ o — 60 GeV (x1.5 03F o
(DUS é: agi 0.25F
Collaboration) Pr 02f-
l ; L L W n'nsg 1 L 1 Il WMFJ\WW
2 4 6 8 10 12 14 16 ‘Z(\,)G:"} 2 4 6 8 10 12 14 16 18 20
Focusing
designs/Beam
Energy
Simulation 0.8 GeV Rate Peak Rate (E) 6 GeV Rate
CC events/GeV /kT/MW.yr at 1300km
T2K-like (120 GeV) 17 46 (2.0 GeV) 13
T2K-like (60 GeV) 23 52 (2.0 GeV) 9
NuMI-like (120 GeV) 12 61 (2.4 GeV) 7
NuMlI-like (60 GeV) 15 66 (2.4 GeV) 3.6




BROOKSAEN Impact of primary proton energy on spectrum

The Beamline
for the

DUSEL Cong . ___——2200kw
Baseline v 2000 L —
Experiment §‘ /
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g /
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®  so00 7 -
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= Current 280kw
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Focusing 30 60 90 120
designs/Beam Primary Proton Energy (GeV)

Energy

Lowering the beam energy is very effective at reducing HE tails and
increases flux at lower beam energies - BUT we lose power!.
Power(60 GeV)~ 3/4x Power(120 GeV)

Design beamline to operate at 60-120 GeV.



sy \Whats a beam “plug"?

The Beamline
for the

DUREEL (Loigg Suggested by Jim Hylen (NuMI/FNAL) to cut down the contribution

Baseline v

Experiment from the high energy tail:

v, interaction spectra

5
§° 102 W neckneck
[ W neckfocus
~ ‘ 3
Collaboration) z B under-focus.
g
H W focusneck
w
3
z
E]

AN

Focusing —e] - \sz)

designs/Beam — (3)
I (1)

Energy : 0

e a5 4D 45 50
Neutrino Energy (GeV)




BROOKSAEN DUSEL/NuMI spectra with different plugs

DUSEL spectrum NuM! horns, embedded target, 250 kA at 1300km

The Beamline FDDUSEL spectrum with beam plugio plug

for the g 21 ”
DUSEL Long S — Noplig L
Baseline v g F ﬂ 3
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Collaboration) g 04—
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L —— Imgraphite plug, r=1.5cm, 25702 fromH1
02—
[ —— I5mgraphite plug, r=1.5cm, zm-o,ZmIromHl
L Ll Ll
% 5 0 5

2%
Focusing Ely) GeV
designs/Beam

Energy

With 1.5m plug
Plug ( 5GeV) = 0.62 P& (< 5GeV) = 0.99

no plug no plug

PROS: Reduces the HE flux exactly where you need it > 5 GeV
without any impact at low energy
CONS: Requires expensive material R&D and engineering
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Decay Pipe
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Decay pipe width
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and length need to be optimized
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BROOKSAEN Decay pipe shape optimization

DUSEL Ni“t vs DK Length

" 100
The Beamline C ! 1 ! ! ! 1
F[—~—05<E<13Gev E
for the [ 1
DUSEL Long F| —=—10. < E <50. Gev i
Baseline v I q
Experiment - 3
=
= 10 | =
@
=
=]
E=1 - ]
s L 1
Laboratory ﬁ
(DUSEL = E s - — — 4 — — —4 e 2
Collaboration) ==
=
= il 3
= L E
[o=
— 1m radius, - - - 2m radius
0.1 i i i i
o 100 200 300 400 500 600 700

DK length (m)

Decay Pipe DP length Rate 0 — 2 GeV Rate 2 — 6GeV Rate > 6GeV

Optimization 180m 3.1 1 0.3
280m 3.5 14 8.1
380m 3.6 16 9.7
480m 3.7 17 11
580m 3.7 17 11

Decay pipe dimensions: 2m radius, 300 = 50 m length



BROOKSAEN Going off-axis

The Beamline
Dug"g["fong Another alternative to cutting down the high energy tails is going

Baseline v/ off-axis - redo calculation with optimized on-axis beam:

Experiment

DUSEL off-axis fluxes at 1300km DUSEL off-axis fluxes at 1300km
7]

3

— On-axis NuMI horns, embedd
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Collaboration) 5 - - 0.5° off-axis
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Off-axis?

On axis flux is best for broad-band coverage



sRooii  Beam designs and NC backgrounds

The Beamline Used NUANCE to model Eyisibie from NC interactions in a water

for the .
DUSEL Long Cerenkov detector:

- DUSEL 120 Ge¥, NuMl horns 250kA, beam plug, 280m tunnel. NC background
Baseline v

Experiment

v, CC

VNG

VNG, 1.5 < E, <3 GeV
vNC,3<E, <6 GeV
vNC,6<E. < 10 GeV
vNC, 10<E < 15 GeV
vNC, E, > 15 GeV

sl st rhy i oh
LY

L= e

Collaboration)

vinteractions/GeV/kT/1E20 POT

RS NN
E (CC), E, INC) GeV

vis!

Simulation CC/NC 0.5-1.5 GeV  CC/NC 1.5-6 GeV
events/GeV /kT/MW.yr at 1300km
: NuMT-Tike (120 GeV) 16/31 156/19
Beam designs NuMl-like (120 GeV) with plug 15/27 153/15
and NC NuMi-like (120 GeV) 0.5° o.a 16/22 105/13
backgrounds NuMI-like (60 GeV) 19/24 158/10




ool Status of DUSEL LBNE design

The Beamline
for the
DUSEL Long
Baseline v

Experiment DUSEL LBNE detailed studies of two targeting and focusing
system designs. We have LO designs that can do the physics!! .
But only simulated not engineered.

m Consensus on dimensions of gas filled decay pipe for input to
Collaboration) civil: DP ~ cylindrical, r = 2%%% m, | = 300 & 50 m.

m We have also determined that the target hall length is < 20m -
details are now up to engineering, civil construction.

m Primary proton beam power: 90 £ 30 GeV . We have a
preliminary primary beam extraction, transport, and
semi-detailed layout.

Mark Dierckxsens will present the physics potential of the different beam
designs.

Summary
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