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Introduction

 DONUT is the first experiment to directly observe the
interactions of tau-neutrinos

— v, enriched neutrino beam (~10%)

Investigate v_ properties

— search for non-Standard Model interactions
Neutrino Magnetic Moment
* u,=0 in the Standard Model
* U, could explain the solar neutrino problem

e if u, =0 then m, =0
Search for ., mnteractions m the DONUT data
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Neutrino Magnetic Moment

e Current PDG limats:
— Vo W< 1.8X10%uy,
— Vi Wy, < 7.4X1010p;
— Vi W.<54x107u; (BEBC, ?)
e other limits:
— Astrophysics: .~ 1071y,
— Cosmology: p..~ 10" g

— Atmospheric neutrinos: n,.< 1.3%X107ug (?)
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* Detection channel: v_-¢ scattering
— electron from the atomic shell
* o ~1/T,
— Oy — Oy T Ogy\
— signature: production of a single electron

— forward direction (E_ 0,2< 2m,)

— typical electron energy <10GeV

— no hadronic activity in the event
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wall

The DONUT Experiment

* Prompt neutrino beam

— High density beam-dump proton target

 Short-lived particles decay

* Long-lived particles interact before they can decay (m,K)

* Spectrometer to select interactions

— lead and emulsion neutrino targets

— tracking

— particle Id

scintillating fiber grift chambers
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Monte Carlo Simulation

e Neutrino flux based on

well-established results [z~ INCUITINO rget view
reenzof a simulated ., event

This EP:
PostScript printer, but not to
other types of printers.

* Neutrino interaction
generation

— LEPTO for v-N
— calculation for v-¢

e Detector simulation Y
— GEANT

— 1nclude efficiencies,
resolution

— does not include non-

neutrino background
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Event Selection

* Analyze full data set
— 6,000,000 triggers on tape

* corresponding to 1000 v-N interactions (calculated and observed)

* Seclect v-e magnetic moment interaction candidates
— Reject non-v interactions

— Reject v-N 1nteractions
 hadron Id

e muon Id

* Tune cuts with well-understood data events
— verify cuts, control systematics

— events with identified muons (mostly v -N CC interactions)

— electromagnetic showers from knock-on electrons

» produced by high-momentum muons
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Result and Conclusions

2 events were selected 1n the data analysis

* Expected rate from SM processes: 4.4 events

No evidence for magnetic moment interactions

* 90% confidence limit for p,:
— Uy, <4.2310"u,

o preliminary (depends on the measured v_ flux)
« statistical analysis method: Feldman-Cousins
e sensitivity 5.5%10"u,

e calculation:
— o(D,)=5.2uB/nucleon
~ BR(D.—Vv.)=6.3%

* other results from DONUT: this summer



Neutrino Beam

Interacted Energy spectrum
* o(D*)=11uB/nucleon
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v.-N CC Interaction Rejection

v.-N CC V,-€ magnetic
* Reject reconstructed scattering 7T~ \moment scattering
hadrons |

 Identify electrons: 1

— In v-e scattering:

E02<2m
Require
* 0,<0.lrad 197
. E <20GeV ]

electron energy 15 s =
9 T = "P:-n"‘

(GeV) o 0.6

0 electron angle (rad)



Control Events

* Purpose:
— make sure MC looks just like data
— tune cuts with data

* Event set 1: events with muons

— neutrino interactions with one muon identified in the MID

- mostly v,CC interactions, a few NC interactions

— test background rejection efficiency for each cut

* Event set 2: knock-on electrons (0 rays)
— sample with identified electromagnetic energy
— compare directly to MC magnetic moment events

— test signal acceptance

Reinhard Schwienhorst, University of Minnesota



Neutrino Target Region

Electromagnetic Shower data

Spectrometer
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fraction removed by the cut

Selection comparison for muon events
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fraction removed by the cut

Selection for events with electrons
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Classical Statistical Analysis

4.4 background events, 2 observed events

— no signal

90% confidence Iimit 1s 2.05 events

— all periods and all modules
corresponds to cross section of 1.9x10*'m?

90% confidence limit for the magnetic
moment:

b, < 4.2x107"u,
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Feldman-Cousins method

Classical (Frequentist) statistical analysis of small
signals 1n the presence of background

— N, =N . +N

tot signal background
— N, follows a Poisson distribution

e Procedure:

— tigure out the background (N, rouq 18 known)

— for each possible value of N make a 90% acceptance

signal?
interval [a,b]
« such that a random N’ drawn from a Poisson distribution with

mean Ny . + Ny goome 18 I8ide [a,b] 90% of the time

signal

— make a plot of the intervals for each value of Nyignar
» confidence belt

— take data, find the measured value for N
— find the 90%%rconfidence. interval:formdNa

tot

from the plot

1gna1



Feldman-Cousins method
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e A horizontal line corresponds to a 90% acceptance interval

— interval found for each possible value of N

« Example: N

background:

signal

« A vertical line corresponds to a 90% confidence interval
— after data analysis, read off the interval for the found # of events

— example: N_=4 gives a confidence interval [0, 5.5]
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Bayesian Statistical Analysis

* Include systematic uncertainties
— neutrino beam: 20%
— event selection: 10%

— number of background events: 10%

* 90% confidence limit for the magnetic
moment:

b, < 43x107",

— comparable to classical limit

« statistical uncertainty (60%) 1s much larger than
systematic uncertainty
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Bayesian Method

o Statistical analysis of systematic uncertainties
~ N =N__ #*S+N

background
— N, follows a Poisson distribution { (N,,,)

signal

— S 1s the selection efficiency

- S,N, have a systematic uncertainty

ackground

« Philosophy: Probability 1s a degree of belief

* use Bayes theorem to find a probability distribution function
for N

VL Ysignal

jﬁ’ (Ntot)fO (Nsignal)]FP (S)fP(Nbackground)dS dNbackground

f(NSi nal | Ntot) =
) ij (Ntot)‘f() (Nsignal)fP (S)fP(Nbackground)dS dNbackgrounddNtot

£(S), £ (Nyaagroms) @re Gaussian distribution functions (systematic error)
o 1(Ngg,) needs to be defined (by me), prior probability distribution

 the integral in the denominator is only a normalization factor
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Experimental Parameters

Neutrino Beam Event Selection
3.56x10' POT at * L., selection efficiency
800GeV c=8 89
mealil target mass: * v-N rejection power =
550k 99.8%

D production cross
section:

— o(D*)=11uB/nucleon
— o(D%=27uB/nucleon
— o(D,)=5.2uB/nucleon
BR(D.—v.)=6.3%
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