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Very Preliminary Result
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A Prev1ous Experiment at TRIUMF

B “"“’*{.C,. - Previous experiment at TRIUMF in 1980’s
™ o l ju | R=[1.2265+0.0034(stat)+0.0044(syst)]x 104
e \"‘*‘%ﬁﬂ»ﬁ gﬁgg B' . Week points
wn 3 | : Lo - Small acceptance (~2%)
:"\ — v Many beam positron contamination.
o JC v Low statistics.
<\;§§I\% iiiy v Larger acceptance correction (later).
@%il - Larger error on low-energy tail.
\ &2 v Unsuppressed 7 DIF events.
NS P v Low statistics.
n [ - Bad time fit
= 7(_,91,/ ' v BG were not precisely estimated well.
7| mDIF-20% J \ _->The PIENU experiment was designed with
) R /L

> e coc o0 sx0 s tgkjng into account these weak points.
PULSE HEIGHT AWC Cnur nens) .



Suppression of mt+—ut—et

mt—ut—et events could be suppressed

Pulse fit 0.1441

oo\ Energy loss 0.2947

| | Kinko0.1542
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target and trackers.

-
(©
-
-
Q
o
-
(©
|-
)
O)
-
©
O
(©
-
99
-+
C
)
>
O
LL
A
Ny

4
D
@)
|-
©

)
)

-

)

—

ad

<

A
N

~
(D)
>
A_..
Y
o o
> e
o Q
(D] .
(- e
O @)
O c
= N
= ©
£ 2
X

© v
O (())
M L
I -
5 »

using

' t.

jous experimen

the previ

19

7100

Au
ENaI+CsI[Mev]

WC2

WCI1

S2 B3

Si

e+

B2

Bl

mDAR

7l'+

n DIF

sjuno)n

©
o
-

0
o
-—

15 16 17 18 19 20 21 22 23
E..:[MeV] 18

14



COUNTS PER GROUP OF & PHA CHANNELS
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Normalized Counts/bin
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Measured Branching Fractions

Table 1.3: Measured pion decay modes [16].

Decay mode

Fraction (I'T/I'™)

T T —=p Ty 0.9998770+0.00004
5 mt—apty,y (2.004+0.25)x10~* (E, > 1 MeV)
T at—ety, (1.23040.004)x10~*
T at—etvey (7.394+0.05)x10~7 (E, > 10 MeV)
T atonletre (1.036+0.006)x 10~
T at—setveete (3.240.5)x107Y
Table 1.4: Measured muon decay modes [I6].
Decay mode Fraction ('} /T'*)
[V pr—e v, ~100%
Iy pt—etv.r,y (1.4+0.4)% (E, > 10 MeV)
Iy pt—etvpete”  (3.420.4)x107°
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The Pion Decay in the SM

Pion was discovered by m+—ut v, decay.

EtVely
Me

0.511 MeV /c?

Why don’t we see m+—et+ve decay? _ 9
m,, = 105.7 MeV/c”

= Weak interaction: V-A theory
- Selects left-handed massless particle or right-handed massless
anti-particle : neutrino i1s (assumed to be) massless particle.
- If positron is massless, positron should be right-handed.
=»Actually hot massless particle, so m+—etve decay is allowed.
- But muon has ~200 times larger mass than positron
= T+—et+ Ve IS disfavored: helicity suppression.

- Tt mmmmmlP> \/-A theory
— <+ Angular momentum
—@

>. (AL=0)

Ve, Vu Spin=0 er, J*
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+ 2020 .
S N Expected by the PIENU Experiment =
et = ;
2010— : o Theoretical region
2000 —
1990 — Britton —e— |
: R .Bryman —
1980 Tt e Average
19701 . DiCapua
- Anderson o
1960 — P :
TR N R B | T L

114 116 118 1.2 122 124 126 128 13

Rexp (x1 0%)

-0.004) x 10~

Experiment: Rive = (1.230:

SM prediction: RZy; =(1.235240.0002) x 10 *

ESEICHAN T, REROBEHNEL,
PIENUSER(TRIUMF):0.1% & b H EWEE TR £AIE
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- BRIEBTED 2R,

= BEDEERIF20x

S ZHAEDEFNR—2 3V
o Tt D%
o Loy I
BT Sa1—FAVEEEDLENS R PO
CERE N B ERBEN T, - TP %
SNVWEMAZE=De . omEAZ Sh5,
E L _ERT: PIENUSEERT<0.1%Z B9 !
Decay mode 9u/ Ge
Brsn/Brse  1.0021+0.0016
Brou/Brse  1.0018+0.0014
B siun/Bioskee  1.159+0.069
BK—),u,/BK—m 0.996+0.005
Br —sxp/ Bk —sre 1.002+0.002
Bwosu/Bw—e  0.997+0.010
MEMEERERDFER 25
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- — RIS 1//\ fehs. V-A current& 1/,\2
e A j] S —{EBRMNFHLT D S —
R&p V27 1 m2 _ y

. ZDft: Massive neutrino . | Nucl. Part. Sci. 61 331 (2011)

1 exp I d |
s 2
SM IC-T-E- -/-\- - Zl]-;-(-’zz-d '_1.— e ) C.Campbell and D. Maybury,
/1 TeV ! Nucl.Phys.B 709, 419 (2005)
~ X107 D. Bryman et al., Ann. Rev.
; A , Nucl. Part. Sci. 61 331 (2011)
= 0.1%D 15 x’C 1000 TeV(Di%i}UJ7 DIRILF—RT—IL
- AN T DA M. J. Ramsey-Musolf et al.,
_ R_Parity violation SUSY PhyS Rev. D76, 095017, (2007)
_ O. Shanker, Nucl. Phys.
Leptoquark. B, 204(3), 375-386 (1982)
- Charged Higgs.

D. Bryman et al., Ann. Rev.




The TRIUMF Beam Line for the PIENU

Z-I EXTENSION
& r * )
500 MeV proton. H |

Beryllium
production targe

Detector

TRIUMF M13 beam line.

To Increase the detector acceptance, the beam line was updated.
Added one more bending magnet—<1/10 of beam positron.
The detector was located at the exit—x 10 larger acceptance.

v Beam rate: 70 kHz
v Beam momentum: 75+1 MeV/c Nucl. Instrum. Methods., A

VI iu:e=84:14:2 009 102 (2009)
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The PIENU Detector
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Event Selection Cuts

Beam tracking in WC1 and WC?2
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Single hit requirement Iin
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Radius cut at WC3, decay positron was | -
reconstructed by S3 and WCS3. |
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Photo-nuclear effectic & DMCTT—ILH =
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BIRTE R\,

o T H—ur—e+Zz ],

o EERMIICT—ILZ1T S,
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Photo nuclear effect
NIMA,621,188-191 (2010)
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Photo-Nuclear Effect

Using 70 MeV positron beam to
understand low energy tail empirically.

There are additional bumps below peak.
= Photo-nuclear effect.

- ¥ was absorbed by iodine.

- Neutrons were emitted.

Binding energy ~8 MeV.

This process was confirmed by MC.
= First observation.
However, not completely reproduced.

Photo-nuclear effect was also present

when measuring m+—etve.
= Need empirical estimation.

40 45 50 55 60 65 70
Deposited Energy (MeV)
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