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OFEKA Hrst direct detection of neutrino oscillations in
aPPearance mode through the VH-)VT channe!

Fo”owing the 5uper~ K amiokande c}iscoverg of oscillations with atmospheric neutrinos and
the confirmation obtained with solar neutrinos and accelerator beams. F

mportant, missing tile

in the oscillation Picture.

Requirements:
1) long baseline, 2) high neutrino energy, 3) high beam intensity, 4) large mass, 5) detect short lived t's
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Detecting short lived Particles

The heart of the experiment:
THE ECC TARGET BRICKS
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DONUT experiment at FERMILAB:
(K. Niwa and collaborators):
9 Tt events, 1.5BG.

K. Kodama et al. (DONuT Collaboration),
Phys. Lett. B 504, 218 (2001).
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LNGS of INI:N, the world largcst undcrground Phgsics ]aboratorg:

~180°000 m? caverns’ volume, ~% 100 muw.e. overburden, ~1 cosmic 1/ m2xhour,
cxPcrimcnta! infrastructure, varictg of experimcnts. Ferpectlg fit to host detector and

related gaci!itics, caverns oriented towards (_ ] RN.
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2006 | 0.076x10% pot no bricks | Commissioning
CNGS Pergormancc 2007 | 0.082x10%° pot 38 ev. Commissioning
2008 | 1.78x10*° pot 1698 ev. First physics run
2009 | 3.52x10*° pot 3693 ev. Physics run
2010 | 1.74x10%° pot (19 July) | 1856 ev. Physics run
x 1018
7000 + ,
1 11175 events collected until 19
| - . . ,
Seoon |- Julg 2010 <w1thm 10 1nagreement
< , .
ot with expectations)
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events

T he measured ratio of

N -ike/C (ke events
after muon ]D and event
location is ~20%, as

expectcd from simulations
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]mpact Parameter measurement
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DATA/MC comParison: good agreement in normalization and shape

<Pion test-beam exposu re)
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Momentum measurement bg

Multiplc Coulomb Scat’ccring...

..in the lead/emulsion film
sandwich and comparison with
electronic detector measurements
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Y detection and m° mass reconstruction

2 EM showers give a reconstructed mass ~ 160 MeV

M shower energy measured }33 shower shapc analgsis and Multiplc
(_oulomb Scattcring method




m° mass resolution (real data)

1° mass reconstruction %2 ! ndf 1954 /6
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1 6 mass resolution: ~ 45%



(_harm candidate event (dimuon)

Hight length: 1330 microns
kink ang]e: 209 mrad
[P of claughter: 262 microns

claughter muon: 2.2 (3e\V/c
clecay Ft: 046 (5e\V/c

daughter muon
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(_harm candidate event <4~Prong>

1o hypothesis: Fle3i3 10 mm ;i 7%.2° invariant mass: 1.7 eV
yp




V_ candidate event
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. \ Additional physics subject:
L \ study v -v, oscillations
~_ \ ff"'
'\-\._\-\-\M‘.. "\
l'.-’
e feciron
o
/ AR
i
I
Cha



‘L (Ol vent statistics

T otal found neutrino vertices: 1617

I~ vents for which “c!c—:cag search” was completed: FO88 (T 87

NC)

T]':is is _35% of the total 2008-2009 run statistics, corrcsPonding to
1.85 x IO‘9Pot

\With the above statistics, and for Am?,, = 2.5 x107 e\/? and full mixing,

OFER/\ expec’cs: ~ 0.5 V_ events
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AT

9:27
}33 the electronic detectors)

Muonless event 9234119599,
i

taken on 22 August 2009,

(as seen

projection

XZ

uTC),

t: 9234119599, 22 Aug 2009, 19:27 (
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From (5 to vertex location

Large area scanning

Full reconstruction of vertices and
gammas
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Event tracks’ features
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range in
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HADRON

HADRON:
range in
Pb/emul=9.5/2.8
cm

HADRON:
range in
Pb/emul=1.6/0.5
cm

From a prompt
neutral particle

HADRON

tan ©, tan ©, P (GeV/c)
0.77
~10-3
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K inematical analgsis

OFERA nominal analgsis flow aPPliecJ to the hadronic kink
candidates:

(more refined selection criteria }Jeing dcve]oped were not considered here not to bias our analysis)

o kink occurring within 2 lead Plates downstream of the PrimaIy vertex
o kink ang]e ]arger than 20 mrad
° claug!ﬁter momentum higher than 2 Ge\//c

. clecay Pt higher than 600 Me\./c, 300 Me\//cif > i gamma Pointing to
the clecay vertex

* missing Ft at Primarﬂ vertex lower than 1 (3e\/c

e azimuth ang]c between the resulting hadron momentum direction and the

parent track direction ]arger than /2 rad



v detection

b

\daughter

* total radiation ]ength downstream the vertices: 6.5 X
*gamma search Pencorme& in the whole scanned volume

o careful visual scarming checks

Distance from Energy (GeV)
2ry vertex (mm)
1sty 2.2 56+x1.0%x1.7

2nd 12.6 1.2+ 0.4%0.4



y attachment to the vertices

1st y 45.0 <11> 7.5<7> <103 0.32 2ry vertex
2nd v 12.6 85.6 <56> 22 <50> 0.10 0.82 2ry vertex
(favored)

* probability to find an IP larger than the observed one

2ry vertex

Iry vertex /

N Pointing resolution (1) for a given gamma:
function of scattering and distance



K inematical variables

) ) , kink (mrad 41 %2
 The kinematical variables are computed et
by averaging the two sets of track
parameter measurements decay length (um) 1335+ 35
* We assume that:
P daughter (GeV/ 12 +6
vl and y2 are both attached to 27 aughter (Gevic) 3
vertex
Pt daughter (MeV/c) 470 *230 4
missing Pt (MeV/c) 570 *320
¢ (deg) 1732

The average values are used in the following kinematical analysis

The uncertainty on Pt due to the alternative y2 attachment is < 50 MeV



[ Smearing (20%) +Angular +Photan smeared + Brick Finite-Missing Pt All charged + Pho + Cut I

weAanyie e il dvresa PICH PheAICutl.
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Azimuthal angle between

the resulting hadron
momentum

direction and the parent track
direction
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i ventnature and

invariant mass reconstruction

* The event passes all cuts, with the presence of at least 1 gamma pointing to
the secondary vertex, and is therefore a candidate to the t > 1-prong hadron
decay mode.

 The invariant mass of the two detected gammas is consistent with the 7° mass
value (see table below).

* The invariant mass of the == y y system has a value (see below) compatible
with that of the p (770). The p appears in about 25% of the t decays: 1> p (1

) v..

120 + 20 £ 35 MeV 640 +125 . +100 _ MeV
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SOURCES

* Prompt v,

~ 10-7/CC
* Decay of charmed particles produced in v, interactions ~ 10-¢/CC
* Double charm production ~ 10-¢/CC

* Decay of charmed particles produced in v, interactions ~ 10°/CC
* Hadronic reinteractions (UPDATE wrt Proposal) ~ 10-2/CC



Measure hadronic re-interaction P(5
farfrom the ’E»dccag region

earch for “kinks” and interactions a]ong a total of 9 m of hadron track measured for scanned
events. This is about a factor 8 largcr than the so far scanned track length for NC events (numbcr
of NC x hadron mu]tip]icitg X 2 mm decag 1eng’ch>.

* (Goal: ~100 m as needed to Fu”g validate (eventua”g replacc> the MC information
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Hadronic interaction, 1-prong

5 4r
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= r signal region
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, , , Daughter P (GeV/c)
* ho events in thc 51gna] region

c900% (| upper limit of 1.54 x 1072 kinks/N(_ event

e the number of events outside the signal region is confirmed !33 MC (within

the ~30% statistical accuracy of the measurement)



Charm background

. o primary lepton not
Charmed particles have similar we  identified

decay topologies to the t

 charm Procluction in CC events represcnts a backgrouncl source to all T clecag channels
o this }Dackgrounc! can be suppressecl by ic!enti{(jing the Primarg lepton 2 ~ 95% muon ]D

e for the 1~Prong hadronic channel 0.00710.004 (sgst} background events are exPected for
the analgzcci statistics

e further charm PG reduction is under evaluation 59 implementing the systematic follow-down
of low energy tracks in the bricks and the insPcc’cion of their end~rangc, as done for the
“interesting” event. Mor the latter we have 98-99% muon | egicicncg.

Charm search: 20 candidate events selected by the kinematical cuts,
Expected: (16.0 = 2.9) + ~2 BG events (loose cuts: work in progress to reduce BG)



Statistical signhcicancc

We observe 1 eventin the i-prong hadron 1 c}ccag channel, with a backgrounc!
expectation <~ 50% error for each comPoncnt) of

0.011 events (re-interactions)
0.007 events (charm)
4

0.018 £ 0.007 (555@ events 1~Prong hadron
all &ecag modes: 1~Prong hadron) 5~Prongs + 1~Prong Q-+ i~Prong €

0.045 £ 0.020 (5351:) events total BG
Bg consic}ering the I-prong hadron channel onlg) the Probabilitg to observe 1 event
due to a background fluctuation is 1.8%, for a statistical signhcicance of 2.26 6 on the

measurement of a first | candidate eventin OF RA.

[f one considers all 1 decag modes which were included in the search, the Probabilitg

to observe 1 event fora backgrounc} fluctuation is 4.5%.

This Corresponds to a signilcicance of 2.01 o.



i Summarg of the interesting event

Onc—: muonless event showing at= i-Prong hadron

decag topolog9 has been detected and studied in
detail. ]t passes all kinematical cuts réquiréé to

reduce the Phgsics background.

ltis the first V. candidate eventin OFF RA.
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L — Events with at least 1 brick extracted
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L = |nteractions located in the bricks

. Decay Search Completed [l
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Note the change of
speed in the event

location from June
2010

With the present scanning s eed we expect to compiete the analgsis of 2008+2009

runs bg the end of 2010 (N

In Para”el the scanning of 2010 run events is in progress

we expect about 2 taus in this sample)



Thank you for your attention



