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Neutrino Factory Physics Goals:
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e Nu Standard Model
* Beyond Nu SM

® Staging & Conclusions

Stephen Parke MAP @ SLAC 3/7/2012



# Nu Standard Model:
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Masses & Mixings:
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Masses & Mixings:
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Masses & Mixings
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Unitarity Triangle:

Unitarity Triangle:
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CP

V), — Ve < Vi — Ve
T ) CPT across diagonals ﬁ T
Ve — U, < Ve — Uy
CP

e First Row: Superbeams where v, contamination ~1 %

e Second Row: v-Factory or 3-Beams, no beam contamination



Vy, — Ve < Vy — Ve
T 9 ¢ T
Ve — Uy, <~ Ve — Uy
CP

e First Row: Superbeams where v, contamination ~1 %

e Second Row: v-Factory or 3-Beams, no beam contamination

However
for v-Factory: Distinguish u™ from p= at 1074

for 3-Beam: Distinguish p from e in Water Cerenkov or LAr



Neutrino Factory: accelerator facility:

FFAG/synchrotron option Linac option
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ke 1.5 km >
IDS-NF Baseline 2007/1.0

| DS' N F'002 = https:/www.ids-nf.org/wiki/FrontPage/Documentation?action=AttachFile&do=view&target=IDS-NF-002-v1.1.pdf

Also Low Energy Nu Factory option
plus a very Low Energy Muon Storage ring.
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Special Baselines:
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Pp,—>e ~ | \/Patme_i(Agz__é) +

Psol

Special Baselines:

"Magic’ Baseline

CERN to INO
— 0 when alL = m,2m,...
in earth this happens for L~7500 km JPARC 1o INO
. 2 . 2 in?(A L
atm = Sin” O23 sin 91381&(31:3;;':;;2 )A§1

then P, ~

Stephen Parke

No sensitivity to CPV (9)

Good for measuring sin” ;5 and Mass Hierarchy

MAP @ SLAC 3/7/2012
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In Matter:
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In Matter: Max for one Hierarchy and 0 other
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In Matter: Max for one Hierarchy and 0O
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Sushant K. Raut, Ravi Shanker Singh, S.Uma Sankar arXiv:0908.3741
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other
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flip when v and v interchange

Approx. Fermilab to Yucca Mtn:
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CP fraction

Mass Hierarchy:
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CP Violation:
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ne Large Theta_13

eLarge Theta_13, if confirmed

- wonderful opportunity for all !l
» Double Chooz, Daya Bay and Reno, T2K, NOvA ...
» precision determination of Theta_13
- exclude wrong Hierarchy at high CL
* CPV, precision dominated by systematic effects!
* New Physics less likely o be entangled with Theta_13 effects |

More at or before Nu 2012 (June) !!!
especially RENO and T2K

Stephen Parke MAP @ SLAC 3/7/2012 14



Asymmetry:
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Asymmetry:

CPV

—\n
0.8+ IDS—NF 2010/2.0 s— >< J

MIND L E e—— B

)

§ ot e /T A ~ 1 sin 26013 sin 6
g 2025 NG .
5 | vac 11 (sin®2613+0.002)

000000000 _

P E T (A= BEE = BB g ay, = 7 (VOM) |

Stephen Parke MAP @ SLAC 3/7/2012



Asymmetry:

CPV
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CPV
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Beyond Nu SM

e Sterile

e Non-Standard Interactions
(NSI)

e Surprises |

|
17
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Sterile Neutrinos:

e hints of Sterile Neutrinos
- LSND (3.8 sigma)
- miniBooNE anti-neutrinos (?)
- Reactor Anomaly
- Gallium Anomaly

MAP @ SLAC

3/7/2012
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Sterile Neutrinos:

I
.2

e hints of Sterile Neutrinos
- LSND (3.8 sigma)
- miniBooNE anti-neutrinos (?)
- Reactor Anomaly
- Gallium Anomaly
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... without any constraints on Am,,2

107, 1077 10°;
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i E 10 g 10 2d.of
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sin®26)4 sin“2624 sin*26s4
From v, From v, From LBL-v,
disppearance disppearance disppearance
(higher order effect)

(Meloni, Tang, Winter, arXiv:1007.2419)

[ |
Stephen Parke MAP @ SLAC 3/7/2012 19
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NDFDe@NF v.s MINOS

= Comparison to
MINOS: Tremendous
increase of
sensitivity, especially
for large 0,4

T ()

..

MINOS, ,3=12"
MINOS, #,3=0"
NF, 8,3=12'

NF, 6,3=0"

ST
023

(Meloni, Tang, Winter, arXiv:1007.2419;
compared to MINOS, Adamson et al, arXiv:1003.0336)

L
MAP @ SLAC

Stephen Parke

3/7/2012




ne Very Low Energy NF (VLENF):

e Motivation:
+ Address large 6m? regime (LSND,
MiniBooNE)

+ Reactor flux anomaly (v,
disappearance)

Muon Decavk Cross-section measurements

Ring A u storage ring presents only way
to measure v, & v, x-sections in
94 m same experiment

a Supports future long-baseline
experiments

A technology proving ground and a
test bed for u storage ring
K | instrumentation (Goal of flux
10-100kW normalization to 1% or better)

A BGN
a Polarimeter
a Beam divergence monitor

Neutrino Beam

Alan Bross Neutrino WG Meeting October 24th, 2011

Stephen Parke MAP @ SLAC 3/7/2012 21



VLENF (conti)

Stephen Parke

straight line

o
111 [ B -l - 4
H———H—1 ——

dispersion
suppressor

T

MAP @ SLAC
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VLENF (conti)

straight line

Number of Events / 0.17 GeV

0 1 2 3 4
Neutrino Energy [GeV]

Stephen Parke MAP @ SLAC 3/7/2012 22



VLENF (conti)

I
(3+1) VLENF Appearance Sensitivity

99% MB7 + LSND7 (1107.1452)

S

<

: Preliminary

Chris Tunnell
10/2011

10 1 16> 10™

MUST be DEFINITIVE !l

Stephen Parke MAP @ SLAC

3/7/2012
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Beyond Nu SM

e Sterile

e Non-Standard Interactions
(NSI)

e Surprises |

|
24



Non-Standard neutrino Interaction

Shoichi Uchinami

Non-Standard Interaction
=:ta Zukanovich Funchal™

@ vayuPrvg) (fy*Pf)

P;,=3(1—7s5),Pgr=3(1+7s)

m2ﬂr
[ ] [ ] [ )
Naive Estimation € b ﬁ X — 5"
Tr.
v 5f p
If new physics scale ~ 1(10) TeV
9x= €,5GF Py (19)

€a ~ 0.01(0.0001)

1% Y f Wolfenstein ’78, Grossman ’95, Berezhiani-Rossi '02
and many people...

2-4, Jun. 2008 Melbourne Neutrino Theory Workshop 6/19



# NSI

NF constraints on NSI

Model independent approach. Mild experimental constraints:

{4.2 0.33 3.0 )
€21 < | 0.33 0.068 0.33
\ 3.0 033 21 )

relative to G'g

Stephen Parke MAP @ SLAC 3/7/2012



2-4, Jun. 2008

standard case
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2 detector setting

€, and £ marginalized £ and £ marginalized e and £ marginalized
&F
a =
i
T lopat: 5=3n2 sw'le =001 | ™
e, =g _=¢_=0
=
=i
-
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e =
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T tSolved!!} S
- 30
0 i i i
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2-4, Jun. 2008 Melbourne Neutrino Theory Workshop 12/19



Neutrino factory with
two detectors at L=3000km and 7000km

1. solves the problem that the presence of
NSI confus




Beyond Nu SM

e Sterile

e Non-Standard Interactions
(NSI)

® Surprises |

|
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STAGING & CONCLUSIONS

MAP @ SLAC

3/7/2012
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- STAGING & CONCLUSIONS

e \Very Low Energy NF
-technology, Xsections, steriles

e Low Luminosity Low Energy NF
-comparable to SuperBeam exp.

Stephen Parke MAP @ SLAC 3/7/2012
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CP fraction

0.8+

0.2~

0.0

1073

Staging — luminosity

0.6 -

04~

L luminosit
~ CPV i
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- MIND LE
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AMW 100kt o
LBNE .
LBNE +Project X f
T2HK 1
T2KH - known MH / T
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' GLOBES 2011 |

1072

True sin®26;3

107"

1/20-1/10 of luminosity
- NF as good as the best SB

1/50-1/20 of luminosity
- NF on par with LBNE

= Start somehwere bet-
ween 1/50 and 1/20 and
work your way to full lumi-
nosity

P. Huber — VI-CNP - p. 14



Tt
e STAGING & CONCLUSIONS (conti)

e Low Energy NF

-precision measurements
e Two Baseline NF (NSI etc)
* Muon Collider

Stephen Parke MAP @ SLAC 3/7/2012
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Tt
e STAGING & CONCLUSIONS (conti)

e Accelerator Physics/Technology
* Bread & Butter Physics Measurements
e Possibilities for New Physics

at Every Stage:

|
34



Tt .
e STAGING & CONCLUSIONS (conti)

e Accelerator Physics/Technology
* Bread & Butter Physics Measurements
e Possibilities for New Physics

at Every Stage:

deserves much, much more support IMHO !

Stephen Parke MAP @ SLAC 3/7/2012
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