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SBL phenomenology
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Short-baseline (SBL) experiments
> v, — Ve, Uy — Ue appearance searches
LSND, MiniBooNE, KARMEN, NOMAD
» 7. disappearance experiments (reactors)
Bugey-3 (15, 40, 95), Bugey-4, Goessgen, Krasnoyarsk, Rovno, ILL,
Chooz, Palo Verde
» v, disappearance

CDHS, MiniBooNE, atmospheric neutrinos, MINOS NC

SBL: E/L~eV? — set Am3, ~Am3; ~0
exceptions: Chooz, Palo Verde, atmospheric, MINOS NC
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SBL phenomenology

4-neutrino schemes
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3+1: small perturbation to 3-active case
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3+1 SBL oscillations

appearance
Am3, L
Pe = sin 20, sin? 4721 sin® 20,pp = 4| Uea|?| Upua|?

disappearance

2 AmjL
4E

Puoo = 1 — sin? 204 sin sin? 20455 = 4|Una|?(1 — |Uaa|?)

» effective 2-flavour oscillations
» no CP violation — can't reconcile 7 (LSND, MB) and v (MB) data

> constraints from v, (v,) disappearance experiments on Ues (Uu4)
appearance mixing angle quadratically suppressed
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5-neutrino schemes

A 2
(3+2) scheme Mo

2
Arr‘ll.SND

Peres, Smirnov, hep-ph/0011054; Sorel, Conrad, Shaevitz, hep-ph/0305255
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3+2 SBL oscillations

appearance:

Pomve = 4|Uea|?|Upal® sin® pa1 + 4 |Ues |*| Uys|* sin® ¢s1
+  8|UeaUuaUes Uys| sin ¢a1 sin 51 cos(dsg — 0)

disappearance:

Py—v, ~ 1—4 Z |Unil?sin® ¢i1 — 4 |Uaa|*|Uas|? sin® ¢sa
i—45

(¢ = AmL/AE]

> phase 5 = al’g (U:4 U;M4 Ue5 U;5> — CP V|O|at|0n Karagiorgi et al. 06; Maltoni, TS 07

» BUT: constrain |Ue;| and |U,;| (i = 4,5) from disappearance
to be reconciled with appearance amplitudes |Uq; U,
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Outline

Active-sterile mixing
Ue4
Ua
UT4
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What do we know about active-sterile mixing?

Ue 1
Uu 1

Usl

Ue2
U;1,2
U7'2
U52

Ue3

UT3
Us3

independent information on U,4 mainly from disappearance exps

T. Schwetz (MPIK)
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Active-sterile mixing Ueq

The “reactor anomaly”

Mention et al., 1101.2755, talk by D. Lhuillier

ROVNO

w0
Distance to Reactor (m)

oscillations with Am? ~ 1 éV? may account for disappearance

T. Schwetz (MPIK)

at baselines L < 100 m

LNGS
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Active-sterile mixing Ueq

The “reactor anomaly”
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TS, Tortola, Valle 11

» x? = 8.1(13.0)/12 dof for old (new) fluxes =
still acceptable fit within errors (P-value: 37%)

> flux free analysis with new fluxes: f =0.942 +0.024, f =1
disfavored with Ax? = 6.2 (2.50)
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Active-sterile mixing Ueq

341 and 342 fit to SBL reactor data
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preference for sterile neutrino oscillations with new fluxes
» Ax?(3 +1/no-osc) = 8.5 — 98.6% CL (2 dof)
» Ax?(3+2/no-osc) = 12.1 — 98.3% CL (4 dof)
> old flux: Ax? = 3.6(4.4) for 3+1 (3+2)
» further improvement of fit for 3+2 wrt 3+1 with new fluxes

Kopp, Maltoni, TS, 11
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Active-sterile mixing Ueq

341 and 342 fit to SBL reactor data
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Kopp, Maltoni, TS, 11
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Active-sterile mixing Ueq

3+1 and U, from SBL reactor data
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> previous constraints become now “preferred regions” with Ugq > 0
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Active-sterile mixing Ueq

3+1 and U, from SBL reactor data
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> previous constraints become now “preferred regions” with Ugq > 0

> “Gallium anomaly” gives additional hint for Ues > 0

Acero, Giunti, Laveder, 0711.4222; Giunti, Laveder, 1006.3244; talks by E. Bellotti and C. Giunti
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Active-sterile mixing Upsg

3+1 and limits on U 4
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» v, disappearance CDHS (and also MiniBooNE)

> atmOSpherIC neutrinOS Bilenky, Giunti, Grimus, TS 99; Maltoni, TS, Valle 01
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Active-sterile mixing Upsg

3+1 and limits on U 4
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Kopp, Maltoni, TS, in prep

» v, disappearance CDHS (and also MiniBooNE)
> atmOSpherIC neutrinOS Bilenky, Giunti, Grimus, TS 99; Maltoni, TS, Valle 01
> M|NOS NC data 1001.0336, 1104.3022; talk by R. Nichol
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Active-sterile mixing Upsg

3+1 and limits on U 4
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Kopp, Maltoni, TS, in prep

» v, disappearance CDHS (and also MiniBooNE)
> atmOSpherIC neutrinOS Bilenky, Giunti, Grimus, TS 99; Maltoni, TS, Valle 01
> M|NOS NC data 1001.0336, 1104.3022; talk by R. Nichol

» additional constraints from MiniB v,(7,) at Am? 2> 10 eV? wib, 1 so
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Active-sterile mixing Ura

341 and limits on U4

CDHS +
10 atmos +
MINOS NC

.1<Dm?< 10

ii9973%CL

|U2,| = sin® 024 < 0.03

T. Schwetz (MPIK)

10 15
024 [°]

25 30 35

|U34| = c0s2 fpg sin® O34 < 0.16
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What do we know about active-sterile mixing?

Ui Ue Ue =~0.15 |U2,| =~ 0.025
U— Uul UHQ Ult3 < 0.17 |Ui4| < 0.03
Ui U Us <04 |U2,| <0.16

Usl Us2 Us3 Us4
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Active-sterile mixing

What do we know about active-sterile mixing?

Uel
_ Uul
U= UT].
Usl
for 3+n:

UeZ

U7'2
Us2

Ue3
U3
UT3
Us3

~ 0.15 |U2,| =~ 0.025
<0.17 |UZ,| < 0.03
< 0.4 |U2,| <0.16
Us4
3+n

limit on |U2,] — limit on Z|U§,\
i=4

T. Schwetz (MPIK)
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Outline

Global data
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v, — Ve data at the E/L ~ 1 eV? scale

» LSND 7, — e, 87.9 4 22.4 £ 6.0 excess events
P = (0.264 4 0.067 £ 0.045)% ~ 3.80 away from zero

» MiniBooNE 7, — Ue, ~ 20 excess
consistent with LSND in 2v framework

» MiniBooNE v, — ve
E > 475: no excess, E < 475: ~ 30 excess

» KARMEN 7, — 7, tight constraint on LSND region
(slightly smaller L/E than LSND)

talk by M. Sorel
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3+1 global fit

99% CL (2 dof)
L

10 10°

)
Sin20gy,

» no CP violation — LSND-+MB© versus MBv

> despite relaxed constraints on U4 no improvement of global 341 fit

» LSND-+MB#? versus rest: x3. = 21.5(24.2) for new (old) flux
— compatibility of less than 107>

T. Schwetz (MPIK) LNGS 3 May 2011 20 / 34



3+2 global fit
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> Ax3,, (old vs new fluxes) = 11.1

» Ax? (3+1 vs 3+2) = 11.2 (97.6% CL, 4 dof)
6.3 for old flux

Kopp, Maltoni, TS, 11

T. Schwetz (MPIK) LNGS 3 May 2011 21/ 34



Global data

3+2 global fit
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342 0.47 0.128 0.165 0.87 0.138 0.148 1.64 110.1
342 0.47 0.117 0.201 1.70 0.151 0.101 1.39 1144
342 1.00 0.133 0.163 160 0.122 0.079 1.48 1144
342 0.90 0.123 0.163 6.30 0.135 0.091 1.67 115.0
1+3+1 0.47 0.129 0.154 0.87 0.142 0.163 0.35 106.1
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3+2 global fit
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» 3+2 fit to appearance data only (LSND, MBr, MB7, KARMEN,
NOMAD) allows for explanation of MB low energy excess waiwni, 75, 07

» BUT: this requires large Ues4, Ues, U4, Uys in sever disagreement with
disappearance bounds

» MB low-E excess cannot be explained using global data
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Global data

CP violation?
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Global data

Still considerably tension in 342 fit

LSND+MB(7) vs rest | appearance vs disapp.
old new old new
XpG.342/dof | 25.1/5 19.9/5 19.9/4 14.7/4
PGs.t2 10~4 0.13% 5x 1074 0.53%

> explanation of appearance signal requires U,; and U,; (i = 4,5)

» no hint for oscillations seen in v, disappearance
= constraints on U,; in tension with signals

» MINOS NC data not (yet) included in the fit, slightly change
Compatiblllty Kopp, Maltoni, TS, in preparation
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Outline

More exotic proposals
Sterile neutrino + NSI
Soft decoherence
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More exotic proposals

v

3—neUtrInOS and CPT ViO|atI0n Murayama, Yanagida 01;

Barenboim, Borissov, Lykken 02; Gonzalez-Garcia, Maltoni, TS 03

4-neutrinos and CPT violation sareer, Marfatia, Whisnant 03
Exotic muon-decay &by, pakvasa 02

CPT viol. quantum decoherence sarenboim, Maviomatos 04
Lorentz violation kestelecky et al., 04, 06: Gouvea, Grossman 06

mass Varying U Kaplan,Nelson,Weiner 04; Zurek 04; Barger,Marfatia, Whisnant 05
shortcuts of sterile vs in extra dim racs, Pakvass, Weiler 05
decaying sterile neutrino paiomares Rivz, Pascoli, TS 05 Gninenko 10

2 decaying sterile neutrinos with CPV

energy dependent quantum decoherence rarzn, 75, Smirmov 07
sterile neutrinos and new gauge boson weison, walsh 07
sterile v with energy dep. mass or mixing s o7

sterile v with nonstandard interactions axnmedov, T5 10

VVyVVVVyVVVYVYVYY
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More exotic proposals
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3-neutrinos and CPT violation wurayama, Yanagida 01

Barenboim, Borissov, Lykken 02; Gonzalez-Garcia, Maltoni, TS 03

4-neutrinos and CPT violation sareer, Marfatia, Whisnant 03
Exotic muon-decay &by, pPakvass 02

CPT viol. quantum decoherence sarenboim, Maviomatos 04
Lorentz violation kestelecky et al., 04, 06: Gouvea, Grossman 06

mass varying U Kaplan,Nelson,Weiner 04; Zurek 04; Barger,Marfatia, Whisnant 05
shortcuts of sterile vs in extra dim pacs, Pakvass, Weiler 05
decaying sterile neutrino paiomares Rivz, Pascoli, TS 05 Grinenko 10

2 decaying sterile neutrinos with CPV

energy dependent quantum decoherence rarzn, TS, Smirmov 07
sterile neutrinos and new gauge boson neion, walsh 07
sterile v with energy dep. mass or mixing s o

sterile v with nonstandard interactions axhmedov, 5 10

most of these proposals involve sterile neutrinos
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More exotic proposals

v

VVyVVVVYyVVYVYVYVYY

3-neutrinos and CPT violation wurayama, Yanagida 01

Barenboim, Borissov, Lykken 02; Gonzalez-Garcia, Maltoni, TS 03

4-neutrinos and CPT violation sareer, Marfatia, Whisnant 03
Exotic muon-decay &by, pPakvass 02

CPT viol. quantum decoherence sarenboim, Maviomatos 04
Lorentz violation kestelecky et al., 04, 06: Gouvea, Grossman 06

mass varying U Kaplan,Nelson,Weiner 04; Zurek 04; Barger,Marfatia, Whisnant 05
shortcuts of sterile vs in extra dim pacs, Pakvass, Weiler 05
decaying sterile neutrino paiomares Rivz, Pascoli, TS 05 Grinenko 10

2 decaying sterile neutrinos with CPV

energy dependent quantum decoherence rarzn, TS, Smirmov 07
sterile neutrinos and new gauge boson neion, walsh 07
sterile v with energy dep. mass or mixing s o

sterile v with nonstandard interactions axhmedov, 5 10

most of these proposals have problems with some data
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3+1 + NSI

Akhmedov, TS 10 aSsUme

> a 4th neutrino with Am3; ~ 1 eV?

> a new type of CC-like interaction

Lxst = —2V2Gr Y el (FPLrY ') (In Puryuvs) + hc.
a7ﬁ

f, ' fermions depending on production or detection process

(NC-like NSI will have no relevant effect in short-baseline experiments
since matter effect is very small)
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Transition probability in (3+1) NSI

» CP viol and zero-distance effects:

Pas(L) =4 Uaamz — Re(ﬁzﬁaag)] sinz(A/2)

similar to standard oscillations

+ |Basl? +  2Im(B;500ap)sin A
~—— ~~ d
zero-distance effect  NSl-osc interference — CP viol

g, Bap: functions of Uas,enp
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Source and detection processes

» CP viol and zero-distance effects
» can decouple LSND/KARMEN from the rest:

source detection

LSND/KARMEN i decay v-nucl CC (e)

MiniB/NOMAD 7 decay v-nucl CC (e)
CDHS (atm) 7 decay v-nucl CC (p)
Bugey/Chooz | v-nucl CC (e) wv-nucl CC (e)

’ab£(|7 |6}%§‘75LK1 Cle,O[u, |ﬁ,ue|561 Amz]_

— 8 parameters (7 for 342 osc)
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3+1 + NSI

CP viol, decouple LSND/KARMEN =

> X(311)0sc — X(3r1yns) = 18:5(5 dof)  —  99.76% CL
appearance versus disappearance: PG compatibility of 15%
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3+1 + NSI

CP viol, decouple LSND/KARMEN =

> X(311)0sc — X(3r1yns) = 18:5(5 dof)  —  99.76% CL
appearance versus disappearance: PG compatibility of 15%

> ]Ue4| ~ 0.116, |UM4] ~ 0.205 (more freedom from new react flux)
[ 9| ~ 0.05, |€eu‘ ~ 0.011, |egZ| =~ 0.03, |ej4| ~ 0.01
strength of new interactions at the level of few % compared to Gg
in agreement Wlth boundS Biggio, Blennow, Fernandez-Martinez, 0907.0097
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3+1 + NSI

CP viol, decouple LSND/KARMEN =

> X(311)0sc — X(3r1yns) = 18:5(5 dof)  —  99.76% CL
appearance versus disappearance: PG compatibility of 15%

> ]Ue4| ~ 0.116, |UM4] ~ 0.205 (more freedom from new react flux)
[ 9| ~ 0.05, |€eu‘ ~ 0.011, |egZ| =~ 0.03, |ej4| ~ 0.01
strength of new interactions at the level of few % compared to Gg
in agreement Wlth boundS Biggio, Blennow, Fernandez-Martinez, 0907.0097

> if due to dim-6 operator e Gg(ff')(/v) expect a charged mediator
with my ~ my //e ~ TeV — excellent prospect at LHC

» BUT: seems difficult (impossible?) to obtain such operators at dim-6
in gauge invariant way — go to dim-8 and involve some fine tuning

Gavela, Hernandez, Ota, Winter, 0809.3451; Antusch, Baumann, Fernandez, 0807.1003
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Energy dependent quantum decoherence

Farzan, TS, Smirnov 07

» no sterile neutrino needed

> postulate quantum-decoherence of the mass states =
damping of the interference terms in the oscillation probabilities.

» damping affects only oscillations with Am%l and rapidly decreases
with the neutrino energy

» reconcile LSND signal with MBv and other null-result exps.
(signal in MB7 requires CPT violation decoherence)

» standard explanations of solar, atmos, KamL, MINOS not affected

» LSND signal controlled by the 1-3 mixing: 0.0014 < sin® 613 < 0.034

» comparison of near and far measurements at reactors: null-result
positive signal for 613 in long-baseline accelerator experiments

> seems to be consistent with reactor anomaly!
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Outline

Conclusions
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Conclusions

» There are a couple of "hints" for sterile neutrinos at the €V scale

» Unfortunately none of these "hints" is convincing by itself
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Conclusions

» There are a couple of "hints" for sterile neutrinos at the €V scale
» Unfortunately none of these "hints" is convincing by itself
> It is intriguing that they all point to a similar mass range
BUT, significant tension remains in the global fit
(non-observation of v,, disappearance)
> Are these sterile neutrinos consistent with cosmology?

(CMB, LSS, BBN) see talks by F. Villante, A. Melchiorri

Thank you for your attention
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