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Standard Model neutrino
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Neutrino beyond the SM

Three types of neutrino Ve v,
L=+1 L=+1 L=+1

V, :ZUIZ.VZ., [=e,u,7;i=1,23

There is new physics beyond the Standard Model, but we don’t
know exactly what is it

Neutrino Dominance of matter Dark matter and dark energy
Oscillation over antimatter - -
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arXiv:0804.4542v2 [hep-ph]

vV I\/I S M arXiv:0901.0011v2 [hep-ph]

SM + 3 neutral right-handed heavy leptons
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How to find heavy neutrino?

Mesons decays

The search for additional peak
TM*—=>1'v,)=pxT(M" =>1'v)x|U, |

Heavy neutrino decays

“Nothing”— leptons and hadrons
N—eev N—uev N—upuv

N — 7'y, e, mu, Ke, K ...
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plot from
arXiv:0705.1729v1

[hep-ph]

Current limits

107°
= . It was suggested to
use E949 data to
KEK — 107 1 study heavy neutrino
| : mass region from 150
ad MeV to 270 MeV in
Lo | decay channel
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+ +
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Experlment BNL E949

K* — 7 vy | Phys. Rev. D 79, 092004 (2009)

SM expectation

By, (K* — 7'vv)=(0.85+0.07)x107"°

E949 + E/87

4 + 3 (from E787) = 7 |B(K" > z'vw) =(1.73"52)x 107"
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The Detector

Veto —E = —700 MeV/c kaon beam is slowed down
oL — E— by degraders.
ngndcap i i i i I
Collar = = K+ stops and decays in scintillating fiber
= %ﬁ target
& opy BEO/ B4 \\_l Target ppy
Al Drift Chamber

* Measure t+ momentum in drift
chamber, energy and range in target and
50 cm Range Stack (RS)

= 7+ stops and decays in RS — observe
nt—>ut—e* decay chain

Barrel

Veto = Set of photon veto detectors
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Heavy neutrino trigger

K+ —> ILI+VH has the same experimental signature as K+ —> 7z'+vv

single charged particle + “nothing” | =====>> Use standard E949 trigger

Wait at least 2 ns for K* decay
Stopping layer in RS between 6 and 18
Photon veto: no showers in RS, Barrel,...

n" identification: online check n*—u* decay
chain in the stopping counter

CemuHap OPB3, A. Wanxves, NAN PAH 10
Tpouuk, 10.10.2011



Range (cm)

Background sources

=]
=

h
=
T

LML B N N B S Y [ B

120

140

160

180

200

220 240 260 280

Momentum (MeV/c)

Muon band:
generally K,
decays

Pion band: K
in which pion
scattered in the
target or RS and
beam pion

2y K,u3

2y KnZ
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MC simulation of background
sources

Process || Trigger+cuts rej BR Total rejection
ey ~ 10% 6.2 x 1073 ~ 107
K3 ~ 107 3.35 x 1072 ~ 10°
Only wvv(1 4 2) trigger
Koo, ~ 5 x 10* 2.75 x 1074 ~ 2 % 10°
K., can be ignored due to 3 gamma in the final state and the

strong range-momentum rejection of pions (~500). So the

K, is the dominant background source for decay into heavy

neutrino.
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Background suppression

——  after trigger

——  after kinematics
after beam

——  after DELCO2

——  after target

after inv RNGMOM

——  after PV, 90% Acc.

] L 1 L | ; L Il L | ] L L L 1 L
1
120 140 160 180 200 220 240 260 280

Momentum(MeV!c) 1/20 of data
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Comparison between data
and MC

Km2+Km2g+Km3 events
were simulated.

PV60 is applied to
experimental data.
Spectra are normalized by
number of Km2 events.

Entries/IMeV

P O S R 1

HHIK I ll2ﬁl I LHU 160 180 200 220 240 200
Momentum (MeV/c)
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Total acceptan
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Acceptance loss due to
online pion identification

Heavy neutrino

0 =_.._._.._._....msé‘{]’.t?,!.trjggﬂé',.ﬂa_i_tn.orj.ﬂ&ﬁt.arp.é._._.._._...._._.._._E..._._
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BR(Km2) calculation

5!K

BR(K;M) = . uMc UAfC
8T02 X f; X (KBZZV€)1/20 X AKﬂz,trig X AKyz,kin X ALln X A@ X ALOrrl X Aoﬁ‘line_culs
N 7916 + 97
(K Blive ) 1/20 9.1 x 10"
€Te2 0.9505 4 0.0012
fs 0.7558 4 0.0075
AT | 0551 £0.0016

0.1074 £ 0.0021

< ‘;11‘.')&,on:’-i.ne-;_}-v
\'Lm@ 1n

(1.49 4 0.40) x 10—*

> These cuts have low acceptances

Avrcouar

0.9503 £ 0.0007

for Km2 events

AUMC
‘K 0. kin

0.7948 + 0.0010

< Aprer 0.1486 £ 0.0106
Apeamts 0.4195 =+ 0.0003

BR(K ,,) = 0.5302£0.1478

flOPS‘E-’ETO

0.9742 + 0.0006

Argrein 0.9799 + 0.0003
Apvao 0.6977 £ 0.0011
B(K,2) 0.5302 £ 0.1478

BR™“(K ,,)=0.6355+0.0011
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BR(KmZ2g) calculation

BR(K#W/) = umc = UmMcC
gT02 = fv = (KBllve)lﬂO = AK#W Jtrig = AK#W,kin = ALln = ALOrrl = Aofﬂine_cuts
| | mwvr(l) trigger ‘ wrr(2) trigger |
T 0.2676 = 0.0006 | 0.0544 £ 0.0003
N 0.5189 4+ 0.0251 0.9852 4+ 0.0066
Arin 0.0392 £ 0.0016 0.0413 £ 0.0021
Abeameetarget 0.4195 4 0.0003 0.4195 £ 0.0003
v 0.9799 £ 0.0012 0.9799 4+ 0.0012
Agin 0.9115 £ 0.0010 0.9012 = 0.0015 pnnl _3
Avrcquar | 00503 0.0007 | o0gso3 £0.0007 | | BRP"™ (Km2g)=(2.4+£0.2)x10
AopsvETO 0.9742 £ 0.0006 0.9742 4+ 0.0006
Arnarion 00730 £00012 | 09739£0.0012| | BRP"™2(Km2o)=(2.2+02)x10">
AprrE 0.9520 = 0.0007 0.9520 £ 0.0007 ( e g) ( T 0 ) O
Apor 0.3332 £ 0.0009 0.8509 = 0.0016
Apy 0.0077 £ 0.0003 0.0049 £ 0.0004 < <
Ay, 0.7558 & 0.0075 0.7558 £ 0.0075 For 155 = 205 MeV
Acres 0.9505 £ 0.0012 0.9505 = 0.0012
(K Biive)1/20 9.1 x 101 0.1 x 107
Nty 710 + 27 A4+ 21
| B(K,u-) | (24+£0.2) x 1077 | (2.2+£0.2) x 1077 |
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PDG BR(Km2Qg)

PDG value for p<231.5: BR™% =(6.2+0.8)x10"

155<p<205

Use MC simulation of the Km2g decay to measure ratio
N

p<231.5

N
9<p<2% _— 0.2351+0.0054

]Vé<23L5

PDG value for 155<p<205: | BRFPC — (1 4+ 02) 107>
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Sensitivity

1 T(K" = u'v,)=pxI(K" > u'v)IU, I
SES=—— = < ned
KBlivex 4, e,
— 1 —
E 12 -3~ | <+ heavy neutrino mass 200 MeV
1.7044x107 x1.53x10 » extrapolate 1/20 data sample to get
—38x107" total events number
» estimate sensitivity
 extrapolate estimation to other mass
For muon momentum from155 to values using muon momentum
205 MeV spectrum shape
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1p-t0 £ disfavoured by BBN an

100 200 300 400

M (MeV)
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Conclusions

According to vYMSM there is a possibility of
existence of heavy neutrino with mass
above pion mass

It was suggested to use E949 data to
search for K* — u*v,, decay

SES equals 3.8x10-1°
Final result ~ end of 2011
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Thank youl!
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BACKUP
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L1.n rejection for layers 6 — 18

For each layer we tried to fit L1.n rejection factor by function

F=A0+ Alxzf + A2 x zf~
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,where zf is Z stop position of muons in RS
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L1.n rejection for layers 6 — 18
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Fit by function

P2
100—x

f=Pl+

N =710£27

v

Use the same method:

N2 = 414421

%

PV acceptance (%)
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