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Very Briet MoTivation

* Neutrino masses and mixing - evidence of Physics
Beyond the SM

* NST1: a model iV\olepeV\oleV\Jf way of parameterizing the
whole possible New Physics effects in neutrino oscillations.

* We will focus on NS/ effects in neutrino propagation. Paying
special attention to:

- Correlations among the oscillation parameters.
- CP violation effects.
- Impact of large 613 on NSI sensitivities
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NSI @ production/detection

o Zero distance effect @ L=0. Can be tested with Near Detectors
2
Paﬁ(L ) |€ 5+€/804|

Analysis in the context of IDS-NF when only New Physics in production is
considered: Tang, Winter 09; arXiv:0903.3039 [hep-ph]

Study in the context of IDS-NF when New Physics comes from dimension
6 effective operators (non-unitary lepton mixing matrix):
Antusch, Blennow, Fernandez-Martinez, JLP 09; arXiv:0903.3986 [hep-ph]

: !

Tau Near Detectors very useful to constrain
this kind of New Physics



NSI @ production/detection

* Interference with standard neutrino oscillations at longer L gives
interesting sensitivity To new CP—violation eftects

AL o
{?\\em| sin 0, sin 2653 sin Agl%} 4‘%7‘2

P = sin® 2655 sin’

If New Physics comes from dimension 6 effective operators. 50 GeV NuFact
with Opera-like tau detector at L=130 km:
Gavela, Fernandez-Martinez, JLP, Yasuda 07; hep-ph:0703098

Similar new CP-violation effects with sterile neutrinos
Donini, Fuki, JLP, Meloni, Yasuda 08: arXiv: 0812.3703
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Effective matter
Potential:

Far Detectors
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NSI in propagaTion
— _QIGFZ €as ( (Tavzve) ([P f)

1

1+ €c €cp  €er

AV = A € €up €ur
627' E;Ijm- €rr
H = —Uszagonal{ml,mQ,mg}U+ ANST |

In the SM flavour basis



NSI in propagaTion

 Model independent approach. Mild experimental constraints:

{4.2 0.33 3.0\ /2.5 0.21 1.7\
€5l < | 0.33 0.068 0.33 e < | 0.21 0.046 0.21
3.0 0.33 21/ 1.7 0.21 9.0/

neutral Earth-like matter neutral Solar-like matter

C. Biggio, M. Blennow and E.Fernandez-Martinez; ArXiv: 0907.0097

 However, from a theoretical point of view, NSI parameters are
not expected to be so huge at all!

Gavela, Hernandez, Ota, Winter 2008: ArXiv: 0809.3451
Antusch, Baumann, Fernandez-Martinez 2008: ArXiv: 0807.1003



NSI in propagatioy

« NSI effects in propagation have been widely studied in the
literature, even in Neutrino Factories.

Blennow, Fernandez-Martinez, Gavela, Huber, Kopp, Lindner, Meloni, Minakata, Nunokawa,
Ohlsson, Ota, Ribeiro, Schwetz,Tang, Uchinami, Valle, Winter, Zukanovich-Funchal, etc, etc

« However, correlations have not been studied before.

| Many parameters
« We want to study correlations ﬁ at the same time

INn the simulations!

? Huber, Lidner, Winter 04
« MonteCUBES allows to introduce all parameters at once

L M.Blennow, E. Fernandez-Martinez; arXiv:0903.3985



Why a Neufrino Faclory?

* Long baseline } ﬁ Large matter
» High energies effects!

* Multi-channel facility



Why a Neutrino Faclory?

Long baseline } ﬁ Large matter
High energies effects!

Multi-channel facility

Nice sensitivities to standard oscillation parameters
Finally it seems that 613 # 0! T2K, Minos,

Daya Bay, Reno

Optimization of NF to
search for New Physics?



Sel ups

1. IDS25:

e 25 GeV muons;

e Two 50 kton MIND detectors

- @4000 km
- @7500 km

. 5 x 10°° useful muon decays/year/baseline/polarity
 Running time = 5+5



Sel ups

1. IDS25:

e 25 GeV muons;

e Two 50 kton MIND detectors

- @4000 km
- @7500 km

. 5 x 10%° useful muon decays/year/baseline/polarity
e Running time = 5+5

2. IDS50: 50 GeV upgrade of the IDS25



Sel ups

3. 1B50:

e 50 GeV muons:

* A composite detector @ 4000 km:

- 50 kton MIND to detect muons:
- 4 kton MECC to detect taus

* Double flux: useful muon decays/year/polarity
* Running time: 5+5



Sel ups

4. LENF:

e 4.5 GeV muons;

 One 20 kton magnetized TASD @1300 km

« 1.4-10*" useful muon decays/year/polarity
* Running time: 10+10

Fernandez-Martinez, Li, and Pascoli (work in preparation)



Intformation trom oscillation probalilities

Brief review of the analytical dependences:

* cao appear always in the same combination:

€ee — €+ — O (63)
€up — €rr = 0O (62) only in P, Pur

T. Kikuchi, H. Minakata, S. Uchinami; arXiv:0809.3312v2 [hep-ph]
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Intformation trom oscillation probalilities

Brief review of the analytical dependences:

* cao appear always in the same combination:

—ETT<:>O( )

@ = O (e*)only | |
 Linear dependence o @

—Re (Ew )(AL) sin (As1 L) + O
a

(€")

a o O \
» Up to second order, Peu and PeT only depend on €ep and €er:
O Al A >

— cuadratic dependence

T. Kikuchi, H. Minakata, S. Uchinami; arXiv:0809.3312v2 [hep-ph]
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Sensifivity To 613 & § in presence ot NSI

150, 1DS25 | 150
100 100
50 50
0 w
-0 50
~100 ~100
150 ‘ ~150
107 — Ill()l_5 T Hll()l_4 Hll()l"l ) Ill(]l_5 I‘IIH Ill()l'4
sin’(203) sin’(20,3) sin(26}3)
without NS| ggf;z gt
No correlation at all with ¢ 90% CL
HT 95% CL

Slight worsening exclusively due to €qq,

Marginalization performed over all standard parameters

e
Cury €Caa
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Sensifivity to f13 &« § in presence ot NSI
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Strong correlation with e, and e,

Marginalization performed over all standard parameters
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Sensifivity to 013 & § in presence of NSI
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Results from T2K, Daya Bay and Reno!!! 68% CL
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sin” 2613 > 6 - 10 @ 95% CL 90% CL

95% CL

see talk by K. McDonald (Daya Bay)

Marginalization performed over all standard parameters
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Sensifivity to 013 & § in presence of NSI
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Sensitivity To NSI parameters
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SensiTivity To €,

* Linear dependence on 15( ‘ IDS50

the real part:
P/ﬁsj () < Re(epur)
3
S
=50

100 68% CL
90% CL
—-150 95% CL

104 102 102

(Marginalization performed over all parameters)



sensifivity To €,

e Linear dependence on 150_ IDS50
th I t:
e real par 100 : .
P/ﬁ\/ZSI(s) x Re(e,r) 50 K
& 0

 Dependence on the =30 K

Imaginary part through
2" order terms:

PNSI PNSI( )

10+ 103 102
(Tm(en)) +

(Marginalization performed over all parameters)



SensiTivity To €,

« No correlation 150 IDS50
with 013, €ap 100
Mild correlation 50
: .
with €, < 0
-50
~100 68% CL
90% CL
. Same result for ~150 95% CL
all set=ups. 104 1073 1072
€]

Here 613 = 10° but no significant

differences for smaller inputs.
(Marginalization performed over all parameters)
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S@WS‘A\W\“*[{, AtO Eeu 013 =3% 6 = —7/2
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Sensitivity To NSI al LENF

Fernandez-Martinez, Li and Pascoli (work in preparation)

- Sensitive to Golden (V. — v,,, V. — V,,), disappearance

(v, — v, U, — U,) and maybe Platinum (v, — Ve, V), — Ve)

channels

|

In principle, sensifive To all NSI parameters



Sensitivity To NSI al LENF

Fernandez-Martinez, Li and Pascoli (work in preparation)
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« Sensitivities down to (9(10_2)

* Non negligible impact of the platinum channel

e Update in preparation
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We have studied the region of the (0, ¢.,., ot )
parameter space for which a CP-violating signal can
be distinguised from a CP-conserving one.
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e 013 < 3°, such that it could not have been tested.
—— We marginalize over 013
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Generalized CP—1yraction (CP—volume)
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Generalized CP—1yraction (CP—volume)
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Generalized CP—1yraction (CP—volume)
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Generalized CP—1yraction (CP—volume)
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Generalized CP—1yraction (CP—volume)

(lcul; leer|) = (107%,1077)

1.0 -\ 1-0""I""I""|IIII|IIII
0.8+ s 0.8+ R 0.8+
L L —— o~ J
g 06 g o6l = SR | 1 8 06 _
g = /i g= formm——.....
Q i Q i .: --'{"a..'." Q i ; " RV
S g L i I - A e
o Sl L E :
B 04} By 041 /.'" - VI
i S | O ,
02} ji 02f : 02}
j ; IDS50 - /i
O.O;IIlllllllllllllllllllll 0_0||||||||||||||||||||||| 0_0|||\||||||||||||||||||||
0 1 2 3 4 5 0 1 5 0
013 013

Important New CP-violation effects

sofltly dependent on 643

(lecyl, leer]) = (107%,107%)
eepls [eer[) = (107%,107)



Conclusions: HENF

« NSI in propagation do NOT affect sensitivity to #13and §

« Sensitivity to diagonal NSI parameters: independent of the set up

- Sizeable effects due to 960s3 #~ 0, 013 # 0;

- No correlation with non diagonal parameters

- (€ce — €r7) < 1071 (limited by matter uncertainty)

- (eup — €rr) < 0(10_.2) IDS25 & 1B50 worse by factor 3 for
013 = 10°

* Sensitivity to off-diagonal NSI parameters:

- €y, ¢ higher Energies are the key

- €er : the MB Is the key

- worse 66,[1,/667 sensitivity for large 645
- €ur: Independent of the set up.

O(107% —107?)




Conclusions: HENF

e CP violation:

- CP violation exclusively due to NSI could be measured for
reasonable input values of the NSI parameters.

- €ep N €cr  €ep dominates, correlations only between 0, ¢,
- €eu K €Eer 1 more complex behaviour, involved correlations
among 3 CP phases: 0, @cy, Per

- €eps €er < 103, Hard to see any NSI CP-violation signal

 In general, higher Energies set ups perform better as
expected

LENF

* Sensitive to Ee/,b and €, down to 0(10_2)

* An updated study is coming (work In progress)
Fernandez-Martinez, Li, and Pascoli
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New CP violafion ettects

& We have measured the 3D CP discovery potential:
the region of the (0,Pep,Per) parameter space for
which a CP-violating signal can be distinguished from
a CP-conserving one

& This corresponds to check if, given the input triple
(0,Pep,Per), the X? at the CP-conserving points
{(0,0,0), (0,0,T1), (0,T7,0), (17,0,0), (0,77, TT), (77,0, T7), (TT,T7,0),(7TT,TT,TT) }
is larger than a given (3dof’s) CL

IE‘F{'[HIHrglE; {'-'EH = min (XE{HB-. II371:-1? {ﬁi’}uycn {rﬁ}})

{¢}epe

W.Winter, Phys. Lett. B671 (2009) 77, arXiv:0808.3583



MIND & MECC

€
1.0}
0.8}
0.6/ *
| : s MIND
0.4} « MECC
0.2:_ ..... Ill
D TN AT -S'OE(GeV)

o(E) [s IB

MIND | 0.55vVE | 2.5% | 20%

MECC| 0.2E 15% | 20%




TASD

| TASD
Energy threshold 0.5 GeV

Efficiency of v, (v,) detection _73% forE < 1 GeV, 90% for E > 1 GeV
Efficiency of v, (7,) detection 37% for E < 1 GeV, 47% for E > 1 GeV

Systematics 2%,
Energy resolution - QE (non-QE) events 10% (10%)
Background for v, (v,) detection 1 x 1073

Background for v, (v.) detection | 1 x 1072




New CP violation etfects: €., R €

|€cu| = |€er| = 10~ Neen| = |€er| = 107°
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New CP violation etfects: €., R €

€cp| = |€er| = 10—2
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100f | | | 100} || | ]
[ [ || | | | ]
S0k | |' '| - sok | E
|:| | | f |II 1 Lé-h:i 0 I| | ||é
50 | o ~50} | - :
i | | ! I
100} ‘ o | | ] —100} || ]
3 IEJIH =3 |I I L ‘ [
“150f 1 §=0° | | -150-: | |
--ul..||||.--Iluuuu|||||-||-||||||I-||-- " | PRI R R ||||I|-||-||||||-|||---
T150-100 50 0 50 100 130 C150-100 50 0 50 100 150

';be,u

ey

Pure NSI CP violation

€en dominates over the rest €af @

€en| = |€er| = 1072
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New CP violafion eftects

Easy to understand from oscillation probability:

SM
e |sin (AE) e= 757 4 ( 524 ) sin (224=4 L)
Cen 2 T\ ma 2

667'/ sin (%) e_iw@ﬁ> sin (%L)

partial cancelation
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New CP violation eftects: e, < €.
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New CP violation eftects: e, < €.

99 % CL .
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New CP violation eftects: e, < €.

99 % CL .
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New CP violation eftects: e, < €.

l€ep]| = 1077 |eer| = 1072 013 = 3°
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New CP violation etfects: €, X €

99 % CL. |€eu| — |€e7'| — 10_2; 913 = 3°
150} ISD;-
100} lﬂﬂ;-
50} Sﬂé-
{E 0 ﬁ'ﬁ n
-50 ~501
~100} -lﬂﬂé—
150} -lSDé-

SO 100 50 050 100 1350 ';'l'ﬁﬁ'-'md'-'sﬁ 050 100 '1'5" : :"-'l'f'.ri'-'lrid'-"jﬁ "0 50 100 150
Pey bep ey
5-40 %
40 — 60 % fraction of § - axis for wich we

oc p-fraction o e
60—-809%  are able to distinguish CP-violation

90 -95%




-
o
N
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Eﬂ=10 GeV

| Current experimental bound

90% CL

1 I‘IO
L (km)

Malinsky, Ohlsson, Zhang 09; arXiv: 0903.1961
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