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Goals/Motivation/Status

m Goals

Directly observe the charged-current interaction of the tau
neutrino — Attempted but never sucessfully

Answer the question: is the tau neutrino is a standard model
particle?

m Motivation
Check standard model
Neutrino oscillation

m Status
Have observed tau neutrino interaction (Phys. Lett. B 504
(2001))
Upper limit on tau neutrino magnetic moment (Phys. Lett. B 513
(2001))

Paper on technical details of emulsion target (NIM A 493 (2002)
Paper on technical details of spectrometer (ref?)

Currently working toward cross section measurement for tau
neutrino — which will show whether or not the tau neutrino is a
standard model particle
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Experimental Setup — Block Diagram

directly observe cc interactions of the v, cT =0.09mm

VitN=T+X

SHIELDING

BEAM
DUMP

800GeV EMULSION

TARGET

~ 3.5x 1017 protonsfor 424 v interactions

~ 50
> Vy SPECTROMETER
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B B
'Shielding- Purify the Neutrino Beam

Shielding to protect Spectrometer
emulsion from the high
flux of muons.

Emulsion
Target

Max charged particle flux ~ 10%cm?
~107/ spill @ 10 cm from emulsion edge
~1012/ spill @ 2 m

. - _
Primary Target Sweeping Magnets
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Spectrometer

Muon ID

Calorimeter

Drift Chamberg
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Emulsion Target Stand

/ L ead Shield
: Emulsion Target
o~ Stations

Scintillating Fiber
Trackers
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260 kg total mass 500u Scintillating Fibers
| mage I ntensifier - CCD Readout.
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mulsion Target Designs

Emulsion modules consist stacks of sheets made

of , , and steel. Threeconfigurationswere used.
BULK Sampling 800 Sampling 200
1.0 mm 1.0 mm Stainless Steel

m AgBr suspended in a gel
(Fuji ET7C ) coated on
plastic sheets.

m 29+2 grains per 100 pm
for minimum ionizing
track

Resolution

Spatial Resolution: .3um

05% emuIS|on 5% emuIS|on
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Overview of Analysis

 Predict interaction point in -
emulsion from spectrometer —
tracks (software + humans) }
« Define a volume in emulsion | disk
around predicted interaction 1
point. Digitize all track segments rack fv, 8 hryevent

Selector

INn emulsion volume (hardware T
processor at Nagoya University)

« Sear ch digitized emulsion data
for interaction (software pattern
recognition)

*Use spectrometer to characterize — _.Zad

event (V. V)

.M .
« Use emulsion data to locate H

k| nkS, tr | dentS (Software pattern Automated Precision Stage

recognition
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Fit tracks,
find vertex

All In mm

CCD Camera

16 frames
~100Mm



Locating Vertices in Emulsion Data

4

drmm

Single scan volume

recorded
-segments
(~10°)

15mm

-

startimg
tracks
(~10%)

Form all vertices
Find the distance of closest
approach for every track
pair. Create vertex if’
DCA=<15xm
location 13 upstream of
both tracks
(~10%

Choose correct vertex
=moultiplicity

simpact parameter

. 3

MATCH TO SPECTROMETER

- g o
ol

rd -;‘5"_ - - e

Segment detection efficiency >98%




Criteria — Finding v, Interactions

No e, from primary vertex
At least one segment on parent

76% of 1’s have visible track
Decay with one or three charged products

85% of decays are single charge
Minimum p , - p, > 250 MeV/c

/100 microns emulsion

e Short decay length

‘ength <10 mm (mean 2.5 mm)

e Small production

angle
angle < 200 mr (mean 40 mr)

| mm
steel
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Results v, Charged Current InteractioT \ ‘
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Emulsion tracksto spectrometer

University of Hawaii Physics Seminar

ResultsveCharged Current Interaction
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Data Analysis Status — Then and Now
6.6x10° triggers

1026

predicted vertices from spectrometer

within fiducial volume

812

633

digitized emulsion data exists

633

emulsion vertex location attempted

vertex found

424
67% (590!

: .. systematic decay
L ocation efficiency

search

6 - vT candidates
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Atypical Event — Emulsion Data, Not Located
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" JEE
Typical Event — Emulsion Data, Not
Located U View
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Phase 1 v, Candidates
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Phase 2 v, Candidates

ponut [ : R I - DONUT
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Results
Charm Candidates
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Individual Event Probabilities
How Many Events Do We Expect?

We expect 14.6 tau neutrino charged current inbens

Of those ~85% will be single prong and ~15% willtbdents events.

We expect 12.4 single prong events and 2.2 trideants.

Of the 12.4 single prong events, the probabilitpadsing the selection cuts is 0.52.
So we expect to observe 6.4 single prong eventsolgerve 4 events.

Of the 2.2 trident events, the probability of pagdihe selection cuts is 0.90.

So we expect to observe 2 trident events. We wbstevents.
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Inalwaua‘ Event Probabilities

How Many Background Events Do We Expect?

For the 424 neutrino interactions we can calcul#tedexpected number of background events.
Npkg single= 0-8 and N yigen= 2.0 (1 interaction in Fe, 1 charm).

1. Asignal of 4 single prong events with an expddiackground of 0.8 events
A signal of 2 trident events with an expected bagkgd of 2.0 events

The Poisson probability of all signal events bdmagkground

Single Prong Events Trident Events
N — U N o —u N - U
f(N:ﬂ):% f(4:o.8):%:0.008 f(2:2):£:027

2. The above method is based on applying cutsetalata set. If we could use a different
analysis which uses the events’ topology, the amalyould contain more information, so
it would be more accurate. This analysis will giveelative probability of each candidate
being a tau neutrino event, which can be usedltulede a probability that all of the events
are background. Since each event is a indepentienprobability that all events are
background is calculated using the following equrati

Pal g = |_| @-P@|v,))
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Parameters

View perpendicular tov direction

Vector sum of all hadrons

Individual Event Probabilities - Observables
Use 4-parameter or 5-parameter analysisto assgn
probabilitiesto event interpretation.

Track production angle ©
Event angular symmetry v
A

Track decay length L
Daughter momentum
Daughter decay angle

Sum of daughter IP = Lsin «

Y,

hadrons

/7 hadrons
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|ndividual Event Probabilities
A [PDF, (X)

P )=
(x|every) > A [PDF;(x)
j

P = The probability of a set of observabl&s,being a result of
event, where | L{v,cc,charm hadronianteraction}

Two inputs for each event type:
1. A prior probability

Knowledge of the likelihood of each event
Relative Normalization (aka .. Neharm bkgNint. bkg),

2. PDFE(x): probability density function

Probability of finding event inx{ x+AXx)

wherex is a 4- (for trident events) or 5- (for single praagents)
tuple of parameters specific to the individual event
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Individual Event Probability 1-D example: v, vs

hadron interaction :
1. Assume the only possibilities &We or 2

hadron interaction.

2. Use only one parameteap to evaluate

measuredD
event. =
3333 17665 had =2.8rad B
Py, |®)= A [PDF (®|v,) ;I___EL[_)F(int)

" A IPDF (®]v,)+A,

PDF(d|v,) |

Expect 0.22 interaction evts. , A& 0.22
Expect 6.4V events A = 64
PDF(int. [0=2.8) = 0.23 L
PDFV, [#=28) = 081 (64)i(51 n
P O =28)= : = 099
Ve 1®=28)= (e vtan)+ (2223
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Tau Candidate Individual Event Probabilities

Single Prong Event

Parameters
Track production angle

Event angular
symmetry

Track decay length
Daughter decay angle
Daughter momentum

Trident Event Parameters

Track production
angle

Event angular
symmetry

Track decay length
Sum of daughter IP’s

14 July 2004

Single Prong Tridents
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o
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q—
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o
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V. cC

V + charm .30

v + hadron scatter 0
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3039 01910

.02

3263 25102

14

.70

3333 17665
333419920
329618816

01 .01 .15

Probability all

eventsare
background
7.6 x10"-8
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3263 25102 (Scatter) & 3333 17665 (Tau)
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Charm Candidate Individual Event Prob.

7 Charm Candidates:

Single Prong Event 3 Single Prong
Parameters 1 Trident

m Track production angle 3 Neutral Vees
m Event angular

Single Prong Trident

symmetry L @ o ©
m Track decay length S = S
m Daughter decay angle 8' 8| 8l @'
m Daughter momentum S I &
Trident Event Parameters V. cC
m Track production t 0 0 0 0
angle
+ charm 94 .98
m Event angular v 99 10
symmetry
m Track decay length v +hadron scatter 01 .06 .02 0

m  Sum of daughter IP’s
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Cross Section M easur ement

= Check to see if the number of tau neutrino chaoygcent interactions
DONUT observed agrees with theory — check leptomarsality

= Cross section can be calculated in different ways
Absolute cross section - first principles

Relative cross section — normalize against numbarwdfn neutrino
and electron neutrinos

= [For second approach, the following quantities &wensary:

o0 Must define specific cuts to create data set (meutand tau neutrino
data sets)

o Must know efficiencies (trigger, selection, locatiadentification)

o0 Must know the number of electron and muon neutcimarged
current interactions

* Electrons — multiple scattering, electron 1D
e Muons —Muon ID
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Conclusion

m Sampling emulsion tracker + spectrometer works éatter than
expected

Still learning to use all of its power

m Near 100% reconstruction efficiency possible (68% A from 59%)
(<50% was previously “excellent” ie CHORUS)

m Particle id, Momentum measurement, Single evertigiriities

m [ncreasing event sample continues
From 203 to 424

m Better understanding of efficiencies and more talicharm events
Improved understanding of backgrounds and systemati
Cross section measurements

m Technology for future detectors to study shortdiyarticles.
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Inalwaual Event Probabilities

How Many Events Do We Expect?

For the 433 neutrino interactions we calculate noany tau neutrino charged current events we
expect to observe using: total
P ; Rate,, [£,,

N, =N
VT data z Rate; &] total
i

where Raté is the calculated rate of a fypeent, ané€, s the total efficiency of a type
event, wherei [J{v,, promptcc,v, cc,v,, nonpromptc,V nc,v,cc}

Rate (per kg proton) £ total | Expected Number

v, promptcc | 2:3% 05x10™ | 0.59 |92

V. cC 2.7+ 06x10"° |0.57|104
v, nonpromptcc | 44+ 0.7x107°|0.34 108
vV Nnc 30+ 08x10™"° |0.51 |96

18
5 Mpo&c 037+ 013x10 1y9055ezmar14'6
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Inalwaua‘ Event Probabilities

Prior Probability Calculation

To calculate the prior probability, must know
1. Expected number of neutrino interactions in detec
Probability of the process resulting in a kinkestk (trident)

2.
3. Trigger, selection, and location efficiencies
4.

Probability that the event passes the tau selectiteria

Example: Calculating the prior probability of ev@333 17665

(single prong decay to electrop)

Num.exp. interactions
BR to single prong:
Selection probability:
Prior Probability:

14 July 2004 University of Hawaii Physics Seminar
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Electron * 200mrad

-800—
[ e

Tau |[D Ds N. |Charm
146 |52 |19 |2.16

0.85 |0.46 |0.37|0.65

0.52 |0.13 |0.14|0.09

6.4 0.3 |0.1 (0.1 0.54
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| ndividual Event Probabilities

Probability Density Function Calculation

Calculating multi-dimensional probability densityr fa candidate event

1. Each event has measured values of parametef®,0,L) or (®,0,,L,0,,P)
2. Define a (small) interval in parameter space aflomeasured valuestv
3. Simulate hypothesis event type:

count number of events which pass all tau selectids (\,,.)

count number of events which are within the inaéfw (N, )

Tridents Single Prong

o + AP o + AP ™

0, A, 0, A, N

L + AL L + AL > probability density for evene Av

R O, + AQ, |\Itotal LAv
Av P+ AP —

- —
Av
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