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The premise:

Absorber
Decay Pipe

Horns

Target /
wt,

Commissioned in 2005 for MINQOS

Supported the flagship v program at Fermilab
«  MINOS, MINOS+, MINERVA, ArgoNeuT, PEANUT, ...
Delivered 1.55e21 POT in 7 years
 3.7e13/2.2sec @120 GeV =323 kW
Undergoing an upgrade for NOvA (ANU + PIP)
» Slip-stacking in Recycler (12 batches)
* Faster Ml ramp time (1.3 sec)
* Booster RF upgrade

... (and much more)
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Whatis -N ?

a powerful neutrino beam @ Fermilab for years and until
the LBNE beam turns on (circa 2023)

L to maximize its use to advance the neutrino
oscillations physics program

4
exploiting
extending
expanding
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More NOVA
Liquid argon TPC (RADAR)

Water Cherenkov detectors (CHIPS)
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More NOVA

v Adding 4kt more detector mass
v And running for 10 years
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More NOVA

Neutrino mass hierarchy CP Violation at 95% C.L.
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RADAR — R&D Argon Detector at Ash River
|

| mmn)in i A
! '

g - =
™ '\A’D/,. P
IN.T. { : = n rr ' rr r rr
1< :{5 '»\‘l:-/O"ﬂ LAK

l =

< e

Cold Electronics

Field Cage Bars

APA = Anode
Plane Assembly

CPA = Cathode
Plane Assembly
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RADAR vs LBNE and

Normal hierarchy, 8=0, 6, >m/4
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Studies based on scaling NOVA reach
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- Water erenkov n Mine its

Aqualine FregyaRing Sinker Tube

Aquokne Ve more then 15 yenrs.of experence supplying and operating sinker tiives
More and ore fish formers discovers the bepefitsdy.using the-system. :

P 5111544
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50 m DIA
Fiducial Region

2m Fiducial Cut

CHIPS Overburden (mwe)

-N

K. Lang, U. of Texas:

LS
e — R
p gt 0L el A A S DNA N b 4L
s:nl_ ?“««\\suuexh....u(.«wﬁz.}»(;)i«“ﬁ

S e ER AN L)
S A R 3
{ h.ﬂw p ARG pac X

| G

"
A

(0p)
S
@)
)
8]
Q
=)
Q
O
@)
)
v
= .
O 3
C
O
S
Q
c
<
W
o
T
@

il

ﬁ

faaty
‘\"‘.l *{




CHIPS components

50(D) x 20 (H) m?
10% PK coverage

14,000 + 600 PMTs (10"
diameter)
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Wentworth Mine Pit 2W

site of Cliffs Natural Resources

— 300 L/E b -
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CHIPS 100kt — hierarchy exclusion

NOvVA + T2K
CHIPS
NOvVA + T2K + CHIPS

=)
=

Normal hierarchy

1
=

e ©)

=
(=]

[III|[]II|IIII|I

(7]
=

IIIIIIlIIII|IIII|IIII|I

Resolution on §

[\
(=]

—
No”
5
<
=
s
=
=
=
&
*
17,]
=
=
172}
=
>
P
5]
>
=
&
S
s
S
2
=
e
=
S
=

Nlormzla\l hiqrarchy
150 100 50 50 50

Normal hierarchy

Using GLoBES for now ...

8/20/13 K. Lang, U. of Texas: --N




CHIPS — more realistic

NOVA + T2K
+ CHIPS (slow)

+ CHIPS (fast)
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Events / 250 MeV

Events / 250 MeV

CHIPS: 3y of neutrinos and antineutrinos

CHIPS, 3y v, NH
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CHIPS in the LBNE beam
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NuMI land:

First Measurement of v, and
. Events in an Off-Axis Horn-Focused Neutrino Beam
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NuMI neutrinos in

NuMI Flux at MicroBooNE vy NuMI CC Interactions at MicroBooNE
Parent Particle

=
-K;
K,

-
N
T

v/ 50MeV/ m?/ 10° POT

CC int/ 50 MeV /6 x 10*° POT /70t

2 4 2 4

3
Energy (GeV)
n* parent born at the target yielding CC v, K* parent born at the target yielding CC v,

3
Energy (GeV)
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NuMI land:
¢ Facts:

v 5 detectors (on-, off-, and off-off- axis) in one beam line

v Better knowledge and improved simulations of flux is
essential for future ‘precision’ neutrino experiments

Flux modeling undermanned in all NuMI experiments

NuMI-X

v MINOS, MINOS+, MINERVA, ArgoNeuT
v NOVA,, MicroBooNE.

the US NA61

LBNE
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Summary and outlook

¢ NuMI (soon) at 700 kW

4
exploiting, extending, expanding of the

NuMI program
4

v Liquid Argon TPC (RADAR)
v Water Cherenkov Detector (CHIPS)

Physics
Technology (potential for substantial savings for LBNE)
Training and expertise buildup of younger generation

Engage international partners

L 2 WIin-win-win-win
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BACKUP SLIDES




CHerenkov detectors In mine PitS (CHIPS)
Letter of Intent to FNAL

P. Adamson®, S. V. Cao'?, J. A. B. Coelho'®, G. S. Davies*, J. J. Evans®, P. Guzowski®,
A. Habig®, J. Hartnell'*, A. Holin®, J. Huang'?, A. Kreymer®, M. Kordosky!*,
K. Lang'?, M. L. Marshak’, R. Mehdiyev'?, J. Meier’, W. Miller’, D. Naples®,
J. K. Nelson'#, R. J. Nichol®, R. B. Patterson!, G. Pawloski’, A. Perch®, M. Pfiitzner®,
M. Proga!?, A. Radovic®, M. C. Sanchez*, S. Schreiner?, S. Soldner-Rembold®,
A. Sousa?, J. Thomas®, P. Vahle!, C. Wendt'®, L. H. Whitehead®, and S. Wojcicki'®

RADAR - R&D Argon Detector at Ash River
- Letter of Intent -

P. Adamson®, J.J. Evans?, P. Guzowski?, A. Habig®, A. Holin*, J. Huang®, M. Kordosky®,
A. E. Kreymer!, K. Lang®, M. Marshak’, R. Mehdiyev®, W. H. Miller’, D. Naples®,
R.J. Nichol*, R. B. Patterson®, A. Sousa!®, J. Thomas?*, L. H. Whitehead*
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Proton

Plan
Present Multi- NOvVA

Operating Multi-batch
Conditions patch Slip-stacking

Slip- .
(May 2007) stacking in Recycler
in MI

43-45x10" | 4.3x10" 4.3x10"

8 GeV Intensity
(p/Batch)
Number of 8 GeV
Batches to NuMI

7 11 12

MI Cycle Time (sec) 2.4 2.2 1.3
MI Intensity
(protons per pulse or 3.3x10°™" 4.5x10"
PPP) .
MI to NuMI (ppp) 2.45x10" 3.7x10"
NuMI Beam Power

(KW) 192 320
Protons/year to 20 20
NuMI 2x10 3x10

MI Protons/hour 4.95x10'™ 7.3x10'°
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Integrated Beam to NuMI Best Protons in an Hour to NuMI

A

Integrated Protons (1el8)
Best Protons in an Hour (1e15)
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v Fiscal Year 07 « Fiscal Year 06 » Fiscal Year 05 v Fiscal Year 07 = Fiscal Year 06 » Fiscal Year 05

11 batch -> 12 batch

(204 GeV/s -> 240 GeV/s)

K
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CHIPS statistics

Event Type v Mode
NH IH

Appeared v,

v,-CC

NC

Beam v,

Wrong Sign v

v Mode

NH

IH




Parameter values used in simulations

Parameter Value

sin“ f19  0.312
sin® 26013 0.096
sin?fy3  0.39

o3 octant o3 < /4
Am3, 7.6 x 107> eV?
Am%l (NH) 2.45 x 10-3 aV2
A-n‘lgl (IH) —23]1 % 10_3 eVQ
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CR in shallow overburdens

x? / ndf 0.2093/ 35
Prob 1
po 51.32 + 0.6791
p1 -15.56 +0.3817
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Veto for CHIPS

- reflectivity = 0.98

reflectivity = 0.75

e
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CHIPS event span

= veto refl = 0.98
I:I veto refl = 0.75

Num of Hits
Num of Hits

00 200 400 600

Time of a Photon Hitting an ID PMT (ns) Time of a Photon Hitting a Veto PMT (ns)
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Water filtration

Filling Filtration Sub-System

Detector

Recirculation Filtration Sub-System

De-10mization
OR
Various 1-5pm filters
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NuMI in Northern Minnesota
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CHIPS concept
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NuMlI spectra
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CHIPS event display: 1.6 GeV CC v,

(in the middle of the detector)
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significance of hierarchy resolution (o)
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MicroBooNE and NuMI
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CHIPS 100kt — hierarchy exclusion
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CHIPS 100kt — 9, resolution
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CHIPS 100kt — CP violation discovery potential
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