Neutrino oscillations today and tomorrow

Agnieszka Zalewska
Masurian Lakes School, 5.09.2005

Present status of measurements:
SuperKamiokande, K2K, SNO, KamLAND, LNSD, MiniBooNE

Future projects:
MINOS, OPERA, ICARUS, T2K, NOVA, reactor experiments,
new sources of neutrinos
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With neutrinos physics is unified
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Neutrino oscillations - one page summary

1998 - 2002 - romantic era of great discoveries

1998 SuperKamiokande - atmospheric anomaly explained
by the v, -> v_oscillations
2002 confirmed by the long base accelerator experiment K2K
2001-2002 SNO solves the 35 years old solar neutrino puzzle
by the v, -> v, transmissions
Dec 2002 KamLAND shows that reactor anti- -v,'s oscillate like solar v,'s

from 2003 onwards - realistic era of precise measurements
- precise determination of the oscillation parameters and
neutrino mixing matrix elements
- determination of the neutrino absolute masses
- character of neutrinos - neutrinoless double beta decay (Bp0v)
down 1o 0.01 eV
LBL accelerator (on-, off-axis) and reactor expts, superbeams, niu-factories,
B-beams, bigger and improved detectors for all kinds of neutrino experiments,

sky surveys,
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Neutrino basics

Oscillations: studied with solar,
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Present status of neutrino
oscillations
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Neutrino oscillations primer

In the two-neutrino oscillation scheme with two flavour eigenstates
o and § and two mass eigenstates 1 and 2, the probability that
neutrino of flavour o transforms into neutrino of flavour p:

- 2 ; 2( 2 L
P(v, - vﬂ): sin 26s1n \1.27Am E)
Appearance experiment:
P (va —>V ﬂ) > ()
Disappearance experiment:

P(v, »>v,)<1

Matter effects: the same formulae for probabilities like for
vacuum oscillations but effective masses and effective mixing angles
Neutrinos are born in weak interactions as flavour eigenstates but

propagate in vacuum or matter as mass eigenstates
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Three neutrino mixing

v, V) Oscillation parameters: 3 mixing angles,
v 1=U|v, 2 differences of mass squares, 1 phase
" If neutrino is the Majorana particle, 2 additional
v, v, h
phases
Atmospheric neutrinos CP phase solar neutrinos
\f’] 0
U=(0
O

connects solar and atmospheric regions

If 6+0,n,2n...then CP is violated for leptons (like for quarks), 6,5 is a gateway
to a megsurentefus, 5.09.2005
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Three neutrino mixing

Present values of the oscillation parameters:

0,5 = 450 (maximal mixing), 64, = 33° (large), 6,5 < 109 (small),
Am?,; = 2.5 x 103 eV?, Am?,, = 8 x 10 eV?,

| Am2;5 |=| Am2,5 - Am2,, |

A.Zalewska, Mazury, 5.09.2005



Neutrino oscillations

Two oscillation regions with a very
solid experimental evidence:
atmospheric region
solar region
Third region:
LSND
being checked by the dedicated
MiniBooNE experiment

Note: SNO reduced the allowed
oscillation space for solar
neutrinos by 7 orders of

magnitude
CHOOZ excludes v -v,

oscillations in the atmospheric
region

A.Zalewska, Mazury, 5.09.2005
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Solar neutrinos primer
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Most of the solar neutrinos in pp
cycle

4p — ‘He + 2et + 21, + 2y

Experiments measure the reactions:

Ve+n —p+e” All

In particular:
Ve +3Cl - 3Ar + e

v+ 1Ga— "Ge+e”
ve+e” — 1y +e- SuperK, SNO
Ve+n—vi+n SNO

--Matter effects in the Sun are important for flavor conversior

--We have to count on solar models o provide the needed input R = Nups/Nuc
--The distance to the Sun varies by about 7% during the year

--During the night neutrinos pass through the Earth on their way to the
detector, while during the day they do not -> the Earth matter effect provides

further sensitivity to the neutrino parameters.
A.Zalewska, Mazury, 5.09.2005
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SNO - oscillations of solar neutrinos

v, heutrinos produced in Sun

ve —>Vv, . on the way from the Sun core to
the Sun surface i
total neutrino flux in agreement with the ==
Standard Solar Model '

Phase 1: 1000 tons of D,0, 9456
photomultipliers, 7 kton H,O, 2000 m.
under surface, detection of the
Cherenkov radiation

Phase 2: addition of two tons of salt to ::
improve the neutron capture efficiency © (=

Phase 3: addition of He detectors

Phase 1 publications
PRL 87, 071301 (2001) (SNO + SK)

PRL 89, 011301 (2002) (SNO only)
A.Zalewska, Mazury, 5.09.2005
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Processes measured In the SNO experiment
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Only v,, good measurement of
v, energy, weak dependence on the
neutrino direction 1-1/3cos6

E,=1.4MeV

All three flavours with the same
cross section, measurement of the
total neutrino flux g =2 2MeV

Mostly sensitive to v, very
sensitive to the neutrino direction,
relatively small cross section

Reaction measured in SuperK



SNO - comparison of phase | and 11

D,0O Salt
NC Sensitivity Enhanced NC Sensitivity
e,~24% e,~83%
n+2H->3H+y n + 3°Cl — 3°C| + Xy
E, = 6.25 MeV Ey = 8.58 MeV

NC and CC separation by
energy, radial, and
directional distributions

NC and CC separation by
event isotropy

A.Zalewska, Mazury, 5.09.2005
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SNO - phase 111

D,O + 3He Proportional Counters

- Good neutron sensitivity

- Great neutron/electron separation

A Zalewska, Mazury, 5.09.2005 775 m total active length of He counTeLt:s



SNO - answers to the questions:

()

day night ?

A= 0.037+0.040

A.Zalewska, Mazury, 5.09.2005
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SNO phase 1+11 results on solar fluxes
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2002 SNO results on solar fluxes
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Reactor antineutrinos

Long tradition, started
by the first observation
of neutrino interactions
by Reines and Cowan

Typical power station
gives 6x1020 anty-v/s and
3GW of power

. ]
| i -, \ mmmmu{&bvmmnnumel &
. | | A k L £

The Palo Verde reactor
experiment

A.Zalewska, Mazury, 5.09.2005



KamLAND - very long baseline reactor experiment

Detector: inner detector - 1 kton of liquid
scintillator, light registered by about 2000
photomultipliers, outer detector filled with ail,
veto part filled with water,

Detector "looks" at more than 30 reactors in
Japan and Korea at average distance of 180 km
Experiment started in January 2002, first
results published in Dec. 2002

A.Zalewska, Mazury, 5.09.2005



A.Suzuki at
Neutrino telescopes 2003

reaction process : inverse- 3 decay (v, +p—> et +n )
p—>d+vy
distinctive two-step signature

© prompt part : e

Ve €nergy measurement

P 2 2
E\, ~(E,+ N[+ _Lf!+ A“ -,
| My, M,

A=M,- M,

@ delayed part : y (2.2 MeV)

© tagging : correlation of time,
position and energy between
prompt and delayed signal
20




KamLand results

1.4
1.2

1.0

KamLAND, PRL 90, 2003

o

?é: 0.8

° 60— #* Savannah River

z zj_ % gggzz Interesting: distance between the
[ 2 Kenoyams detector and the most powerfull
R reactors is too long
00 ' | | | L=70 km corresponds to the first

L A oscillation minimum

Distance to Reactor (m)

Event numbers for 766 ton-years of data:

Expected (no oscillation)=365.2 + 23.7 KamL AND. EPS HEP200S
Expected background  =17.8 + 7.3 ’
Observed =258

Disappearance with significance of 99.998%

A.Zalewska, Mazury, 5.09.2005 51
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J Klein, EPS HEP2005 :

» KamLAND: Testing the Model with L/E Behavior

KamLAND data
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» KamLAND+SNO: Testing the Model

A.Zalewska, Mazury, 5.09.2005

KamLAND, PRL 94, 2005
J Klein, EPS HEP2005

| Reactor Solar
B >
bt E 2-10 MeV 0.1-15
H MeV
H P
B L 150 km 1.5 x 108
km

o 4
B KamLAND MSW | No Yes
B Solar [[] 95%C.L.{Rate) >

i Q5% CL, Bl 95%C.L. -
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SuperKamiokande - solar neutrinos flux
modulation in time

X &ms

Flux in 10%

B

1996 | 1997 | 1998 | 1999 | 2000 | 2001
0 ="0"""0 500 750 1000 1250 1500 1750 _ 2000
Days since Analysis Start
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Atmospheric neutrinos primer

: : For E, > a few GeV,
primary cosmic rays (Up-gbing 7 down-gding) u ~ 1

Zenith
________________________________________________________________ Isotropic flux of :
COSMIC Fay's
atmosphere \ g
production height
10~30km 4
PV

¢p(vu+v.) | ~2(for E <1GeV) |Can't measure E, orL,, but can
A( VA7 lexxr)ka g (%09 Z(i‘:b ~1GeV) look at cos0,,,..,, in bins of E,eip;mn



SuperKamiokande - oscillations v, <> v,

.Ill

- 41.4m

'
1

 40m

Measurement of energy and direction
of muons and electrons from CC
neutrino interactions, about 15000

events from SuperK I
A.Zalewska, Mazury, 5.09.2005
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SuperK - e and p.

* EHEFF Kamiakande A
8071
EVENMT 4875&%
DATE QB-E'GV- [
TIME 15:17: &
TOT PR: 5647 ..
M&X PE: 39.2
NMHEHIT : 211?
ANT-PR: 31.5
AT -M - 23.3

o SUEer I{ﬂmiﬂkundi:*

RIIMN 9955
SUERUN 443
EVENT 72736724

.1z 13-!].E
Ve u‘334:-ﬂ.55

Commnt ;

poI11
4
D3803
Z 3
B
D%c-e- {::I{_2 é o/
EKGPQ: 13143 094
131473205
EM: 2150D8B:
BSGPS: 94iB69p2
83767476
GPSOIF: 0.41 et ;

A.Zalewska, Mazury, 5.09.2005

RUNMODE : HORMAL
TRG ID :00000111
T Aiff_:0_ 48TE+0Q5U

Dec-a: 1{ 0/ 1
RN: 55945P:

GPSDIF: 0.414
NHITAL =

27



SuperK - multi-ring event

A.Zalewska, Mazury, 5.(
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Super Kamlokande 1 "from Hayato at EPS2003 |
s AT k1 the detector rebuilt successfully

and
resumed data taking in Dec. 2002.

W ““_.‘:

~~~~~~~

SK-Il Cosmic ray muon sample

1-!.5_

| 20inch PMT with

Acr lic + FRP vessel
Inner detector yie- -

$» ~5200 20inch P|\/|TS with covers

Outer detaciah Ma&y SinsdosPMTs

29



»>Zenith angle distributions showing v, disappearance
S-K I: 1489 live-days, 100 yr MC,15 OOO neutrino events

Sub-GeV e-like - Sub-GeV p-like
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»>Zenith angle distributions showing v, disappearance
S-K IT: 627 live-days
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> Tes’rmg ’rhe Model L/ E Behavuor'
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K. Scholberg, WINO5
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K2K - first LongBaseline accelerator experiment

<E, >~1 3GeV

A.Zalewska, Mazury, 5.09.2005 almOSt pure V (N 98%)3



K2K - measurement principle

SCIFI/Water
target
Lead
Gl )
| e Gl = \ ZEETEiiiiic
Near detector at KE K it g =g
_ KZK I | — = I : H
Upgr'ade |n 2003 MNeutrin
To Super-Kamiokands v ﬂux md i»
for K2K II st T e ]
- ; directipn
IE @@@@ ?@ = E '
.................. - e 1

Measurement of the muon momenta and directions in the near detector at KEK
-> neutrino flux and energy spectrum in the near detector

-> extrapolation of the flux and energy spectrum to the far detector, assuming
no oscillations

Measurement of the neutrino flux and energy spectrum in the far detector

-> conclusions concerning the oscillations based on the flux reduction and

Tl !
moditicalionotulhs Sgrgy spectrum )



» K2K Long Baseline Accelerator (KEK to Kamioka)

E | Entries 57
g K2K T +IT
R <+  Best Fit Results:
) Am?=2.8 x 103 eV?
’ 1| [sin?20)=1.0
5 (constrained to
;% physical region)
& L
;
| ﬂ ?
uﬂ 0.5 1 1.5 Pl 2.5 3 3.5 4 4.5 g
Ey'eC [GeV]
Single_ring TOtaI 107
u-like beam events
expect ,,1\49 7

A.Zalewska,

azulry, J.U7.Z2UUJ

101
Ok
posl. K2K-1 & K2K-Il
OodE
Nalers B QO
LAF ey
68% o
5 Super-K 90%

3
1] 0.2 0.4 a8 0.8 i
S| 20

) ] K. Scholberg, WINO5
No-oscillation J

excluded at >4c

Consistent with SK
atmospheric v's 35



Neutrino mass hierarchies

Bounded by CHOOZ

From Max. Atm. mixing,
V3Z (Vp + V) A2

{From Vu{Upj oscillate

z
2 AMG ——
(mass) atm but Vp(Down) don't

J\ {In LMA-MSW, R(Ve — Ve)

‘ ‘ Va fraction of 3
From distortion of Ve(solar)
}"ﬂ"mé and Vg(reactor) spectra
‘ ‘ {Frr::m Max. Atm. mixing, ¥1 & V2

include (Vp — V) N2

Two important questions:
How far from zero the whole picture is?
Normal hierarchy (above) or inverted hierarchy (w.r.t. Am?,)

A.Zalewska, Mazury, 5.09.2005



LNSD effect

above background
interpreted as anty-v,
appearance due to
oscillations

L
i

® Bpam Excess

55 pie,~v 000

Beam Events
> 8

PV &

4 R UVALN VY UARMAY LVAMNEINEL ] g o e S

AV VRS

20 25 30 35 40 45 50 55 60
E, MeV



Eksperyment
LNSD (Liquid
Scintillator
Neutrino

Detector)

relics of the ool war)

U proton beam with megentun 800 Me
data from 1993-1998, mostly pions at
rest

U detector: 30 m from target, 167 tons

of liquid scintillator, signal: positron  cucmdom sw
anihillation in coincidence with a delayed
signal from neutron capture v o (e i

U Effect not confirmed by the KARMEN
experiment but allowed region not fully
covered



» MiniBooNE - checking the LNSD effect

target and horn decay region absorber dirt (~450 m) detector

4

primary beam secondary beam - tertiary beam
(protons) (mesons) (neutrinos)

- . Fu't,uni Delector 2 -
|

U 8 GeV protons from the Fermilab booster
neutrino beam of energy about 1 GeV

U detektor at a distance of 500 m from the target
U 102! p.o.t. to confirm/exclude the LNSD effect

2
P(v, —>v,)=sin’ 295in(1'27ém L

Results expected ~end of 2005

A.Zalewska, Mazury, 5.09.2005




The MiniBooNE detector

I T The MiniBooNE Detector g

* 12 meter diameter sphere

* Filled with 950,000 liters
IR RN (200 tons) of very pure
P mineral oil

* Light tight inner
N R R region with 1220
s o 5550sse photomultiplier tubes
TR A& EaRRRn * Outer veto region with
i & & & 8 & 888 EJ-IPMTE
# & & & & 8 F B
iy » Oscillation Search
LI N AT Method:
. w e FrE——— Look for v, events

B & o R R okl

10 a pure v, beam

TV



MiniBooNE - event examples

FEen . Stopping muon
L

Stopping muon event

L]
V,th =V, +p+7T

A.Zalewska, Mazury, 5.09.200: 0
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1T LSND confirmed ... revolution !

.

V3
AMZ, = 0.24 ¢V < D

Am-, =2.5x 103 eV?

x'lm }i\l"ﬂz — 8 X 10_5 eVz

W ol
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|Ir Ve w'\ Ve g Ua | Ua Us ... \'I Ir E1 3
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Future of neutrino oscillations

A.Zalewska, Mazury, 5.09.2005
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A few important questions

Future oscillation experiments should/could answer:

Is 0,3 really maximal?

How small is 6,5?

Is CP violated for neutrinos?
Mass hierarchy - normal or inverted?

Is LSND effect true? Sterile neutrino(s) are needed?

A.Zalewska, Mazury, 5.09.2005 24



0. Oscillation Experiments

Meosurement | Method Comment

Am,, v, disap. L BL
By i disop.  (maximal? | BL
HB \rF >V | BL

v, disap. Reactor
CPV vovvs v VIRl . charge
matter effects|v,>vvs v> v|  VIBL
Hierarchy [V, 2v,¥s v ;H VI BL

F Slschex (UARTFAE), BP5 Confarance, Lisbon July 2008,



0 . Oscillation Experiments

gin*[{1 ]
v, Y, PE-IHIZ@“IF" (1-4

n{dA)nf(1-A}a] sty to:
Gutsegus il

gin (A A)sin[{1-A4)4
+o cos® @, uin" 28 "‘IE.E‘M |mﬁ-

d-; 12426 p E
a-}l Aml

:-:I.
Am ,Emein 28 iin 24, Am

F Sischex (UAR/TFAE), BFS Conflormncs, Lisboa July 2008,



0 . Oscillation Experiments
Degeneracies
» The sign of Am,,. octanct of 8, ond the coupling
hzlmﬂﬂmda_'rﬂuﬂmmjﬁuwm B,

* To resolve this problem several experiments has to be
combined:

- v_ dissopearance and v v fransition

- different matter effects in v ->v fransition

- several transitions measured in a single experiment.
- measre different oscillation modma

F Sdacher (UAG/IFAE), BPS Conforancs, Lishon Tuly 2008,



Oscillation Experiments: mass
hierarchy

o AEWEI-IT ﬂl'l,'“hr' Wrong-Sgn Muar Measramsnix
To E]’-"‘f. : _\“__"

2 =Fr

* Maximal at P
~ FOO00km for % ——
b o ol =
oscillation 1, |

* Also correlation to oo b e
B,and 3 Vacseline (hm)

F Sinchey (UARTFAE), BFS Conforancs. Lishon July 2008




Three phases of experiments

Phase 1 (years 2005-2010):

* MINOS experiment on the NuMi beam

* OPERA and ICARUS nexperiments on the CNGS beam
* Double-CHOOZ reactor experiment

Phase 11 (approved experiments - years 2010-2015):
+ T2K off-axis experiment (Tokai to Kamioka) on the Japonese
superbeam

* NOvA off-axis experiment on the superbeam NuMi

* More sophisticated reactor experiments?

Phase 111 (now only R&D programs) ~ 2020 ?
* New neutrino sources: neutrino factories, B beams, ???
* Huge detectors: 1 Mton water Cherenkov, 100 ktons Liquid Argon, ???

A.Zalewska, Mazury, 5.09.2005 40



Phasel - Long Baseline accelerator projects

¢ NuMi - neutrino beam USA: NUMI
from FNAL to the MINOS (732km)
detector in the Soudan

mine, started in January

2005, near and far Europe: NGS

detector, v, disappearance  "*%g™

¢ CNGS - neutrino beam
from CERN to Gran Sasso,
far detectors OPERA and
ICARUS, start in 2006,

v, appearance
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MINOS experiment
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NuMi beams

5.4kt in total, calorimetric detector

- 484 planes in two ~14.5m long
“super modules”, each plane 8m
octagon

- 2.54cm Fe, 1cm Scintillator
- ~1.5T Magnetic field !l
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MINOS experiment
5 years of data taking - 25 x 1029 p.o.t

oscillation pattern
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Will improve the CHOOZ limit on 6,;by a factor 2
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CNGS - the OPERA experiment

High energy neutrino beam, optimized for v_ appearance
The OPERA experiment: emulsions + magnetic spectrometer, small
signal with no backaround

\ i L= -/i
Target hpis ::..-*'.
» Trackers M spectrometer ::i:::“ﬁ
Ph/Em. Mibiiiea
target
|
| A “hybrid”
Y. Pb/Em. brick experiment
g
| u;; | Basic “cell” VT
Y Extract selected
brick 8 cm Pb Emulsion 1mm
Electronic detectors Emulsion scanning

et v interaction brick — vertex search
— select v interaction bric — decay search

— u ID, charge and p — ¢/yID, kinematics




Tonization electrons drift (msec) over large distances (meters) in a volume of highly
purified liquid Argon (0.1 ppb of O,) under the action of an E field. With a set of wire
grids (traversed by the electrons in ~ 2-3 ps) one can realize a massive, continuously
sensitive electronic "bubble chamber”.

Single "bubble” 3x3x0.6 mm3
no signal multiplication, about
8000 e -ion pairs per mm
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T600 - data quality

Drifttime




Complementary experiment: Reactors

‘Long Baseline (~1 km from source)

—+Disappearance v,—v,

Use near detector to measure
reactor flux, spectrum and
detector efficiency to
cancel "all systematics”

‘Look for small deviation from 1/r?

\WITh plenty of reactor signal

|\

Survival Probability

P(7a—>Ve), 4 MeV
1/r€

1000

Am; L ,. * Very clean 8,; measurement (no
|- Py =sin”20,;sin [ AE ]J“O(a ) ambiguities, no matter effects)
Detector 1 Detecior 2
> >

~100m

~1000m

- Several sites proposed: Brasil, China,
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Osc. Experiments: double CHOOZ
o it gy Fuilities con e rared il

* _burt, not optimal length {1 1km instead of 1.5km} MNear site ai
100¥ 200 m.

» 56 ev/day at the far detector (from 12 to 200 &W/fonfyear)
* Sharts in 2007 with far detector.

design: double the
Tiducial vokme,
better stobility.

{veto and buffer
detectors). .

F Sischer (UAR/TFAE), BPS Conforancs, Lisbhon July 2008,




Phase Il - off-Axis principle

Two body decay kinematics

Medium energy setting
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At an angle of 15
mrad, the energy of
produced neutrinos is
1.5-2 GeV for all pion
energies = very
intense, narrow band
beam

‘On axis": E,=0.43E,
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T2K (Tokail to Kamioka) experiment

From Kajita-son presentation
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Next generation LBL experiments in Japan

“J-PARC - Kamioka neutrino project” First SUper'bZClm

. B Baseline ~295km
¢4 j Conventional v, beam

Beam Energy ~1GeV

=
{}Elﬂ[l,E'gl'Il T, - 420.0 mi /E75.8 km aras _
Beam power Far detector Physics
' —>
Super disappearance v, = Vy
1st phase| 0.75MW _ appearance Vv, >V,
Kamiokande(50kt)
NC measurements
Hyper CP violation
2nd phase .. MW
AR sta MEE 20 Kamiokande (1M1) | Proton decay




J-PARK construction

sSpring
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3 GeV Synchrotro
(25 Hz, 1MW)




T2K - further future

0.77 — 4 MW i | 106 przypadkow
(vu and anti-y,)

detector 1 Mton
(Hyper-Kamiokande)
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NOvVA experiment

- 30 ktons in total, 80%
of mass in a form of
liquid scintillator i.e.
active medium (5% for
MINOS), individual cells
are 3.9 cm wide, 6 cm
deep and 15.7 m long

* Design optimized for
the identification of v,-
type events, longitudinal
SClmp“ng of 0.15% (1.50/0
for MINOS)

» Detector will work on a surface at Ash River (810 km from the NuMi
target, 12 km of f-axis
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Phase 11l - new sources of neutrinos

Superbeams

Source Oscillation Detection
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Meutrino Factories

SOurce Oscillation Detection

B beams
very fresh idea
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Conventional beams

Ofé’w gh ln‘rengf ()2002 rok)
-przyspieszaé ®He (zrddto

antyneutrin) i 18Ne (zrddto
heutrin)
New type of accelerator:
neutrinos from decays of
accelerated muons

New type of accelerator:
heutrinos (antineutrinos)
from accelerated 8Ne (°He)
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CERN concept of the neutrino factory
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B beam concept

* P beoms hove been imirnduced in 2001 by P Fuchelli.

. ﬂuinhnishgumfnnprnv_[;.]_pruisdrhmE
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Future detectors ?

What about 1 Mton
of water?

Fmwrr | v
o M | R
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And why not

A 100 kton liquid Argon TPC detector

Electronic crates

=71 m

|||!"-£fu,:;!h

. I| .'rlf PR ||I.|| 1 _.'I {

Technodyne baseline design

* - W_ TENREUARE TERATIRAL LAATES LARCE UMDERGROUND LIHAD ARGOM BTORAGE TANK

From A.Rubbia
presentation at the
TPC conf., Paris 2004
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Cherenkov detector - principles of work

Cherenkov radiation is emitted along the particle path if particle
moves faster than light in the detector medium (bluish light in water).

Cherenkov light emitted into a
cone is detected by
photomultipliers

- signal distribution and its
timing serves the
reconstruction of charged
particle direction - neutrino
direction ,

- signal amplitude measures
particle energy

- shape of the ring (.fuzzy" or
sharp) > particle ID
shpwarmg or 4-fles 0 raA-ahoanng or p-Ses 'J.

v /‘f’
A.Zalewska, Mazury, 5.09.2005 . 1!{!_ _____ M r".-.H-uu
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