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Known and measured pion and muon decays
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BR
0.9998770 (4) (mu2)
2.00(25) x 107*  (m,2+)
1.230(4) x 107*  (7e2)
7.39(5) x 1077 (7e2y)
1.036 (6) x 1078 (mes, m5)
32(5) x107%  (mepee)
0.98798 (32)
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3.14(30) x 1075
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~ 1.0 (Michel)
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3.4(4) x 107>
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The electronic (7rep) decay:
nt — etv(y)

BR ~ 10~%

PEN experiment: The e, decay 23 Oct '19/PS12019
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mep decay: SM calculations, lepton universality

» Early evidence for V — A nature of weak interaction.

_ 2 2 (1 — m2/m2)2
e/n = L > e(y)) _ & me (1= me/m, ) (1+0Reyp)
ooNm = () gi mp (1= mp/mz)?

r _
» Modern SM calculations: i = Leli(v)) =

i F(m — u(7)) caLc

1.2352(5) x 10=* Marciano and Sirlin, [PRL 71 (1993) 3629]

1.2354(2) x 10=* Finkemeier, [PL B 387 (1996) 391]
1.2352(1) x 10=* Cirigliano and Rosell, [PRL 99 (2007) 231801]
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mep decay: SM calculations, lepton universality

» Early evidence for V — A nature of weak interaction.

~ 5

T ety) _ gifm) (1 me/mey
T T o) gL — ma/m2)?

(1+6Re)

" (7 — ei(y))

s G = (7)) caLc N
1.2352(5) x 10~* rciano and Sirlin, [PRL 71 (1993) 3629]

1.2354 (2) x 10~* /Finkemeier, [PL B 387 (1996) 391]
1.2352(1) x 107* Cirigliano and Rosell, [PRL 99 (2007) 231801]

» Modern SM calculations: R”

> Strong SM helicity” suppression amplifies sensitivity to PS terms
(“door” for New Physics) by factor 2m, /me(m, + my) =~ 8000.
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mep decay: SM calculations, lepton universality

» Early evidence for V — A nature of weak interaction.

~ 5

»  T(r—ev(y) ggﬁa(l;mg/mi)z
e/n r(7r — /Jﬁ(’y)) - Eﬁm2 (1 — mi/m%)z (1 +6R€/H)

" (7 — ei(y))

s G = (7)) caLc N
1.2352(5) x 10~* rciano and Sirlin, [PRL 71 (1993) 3629]

1.2354 (2) x 10~* /Finkemeier, [PL B 387 (1996) 391]
1.2352(1) x 107* Cirigliano and Rosell, [PRL 99 (2007) 231801]

> Strong SM helicity” suppression amplifies sensitivity to PS terms
(“door” for New Physics) by factor 2m, /me(m, + my) =~ 8000.

» Modern SM calculations: R

> Rg"/ tests lepton universality: in SM e, p, 7 differ by Higgs couplings only;
there could also be new S or PS bosons with non-universal couplings
(New Physics); repercussions also in the neutrino sector, SUSY, ALPS ...
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mep decay: SM calculations, lepton universality

> Early evidence for V' — A nature of weak interaction. _

= 2 (N1 "0 a2
. T(r—en(y) _ g2[md| (1= m2/m)
/= T up(1)  g2\m) (T w2 jme

(14 6Re/y)

" (7 — ei(y))

» Modern SM calculations: R7, = — =
i F(m — u(7)) caLc
1.2352(5) x 10~* rciano and Sirlin, [PRL 71 (1993) 3629]
1.2354 (2) x 10~* /Finkemeier, [PL B 387 (1996) 391]
1.2352@>< 107*  Cirigliano and Rosell, [PRL 99 (2007) 231801]
> Strong SM helicity\suppression amplifies sensitivity to PS terms

(“door” for New Physics) by factor 2m, /me(m, + my) =~ 8000.

> R:/ tests lepton universality: in SM e, p, 7 differ by Higgs couplings only;
there could also be new S\or PS bosons with non-universal couplings
(New Physics); repercussion,also in the neutrino sector, SUSY, ALPS ...

v

Experimental world average is 23x less accurate than SM calculations!
[1.2327(23) x 10~4]
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The PEN/PIBETA apparatus

e 7E1 beamline at PSI

e stopped 71 beam

e active target counter

e 240 module spherical
pure Csl calorimeter

e central tracking

e beam tracking I

o digitized waveforms o, ; -L‘%:/MWPG
Il 7 mIlP
— B*C’wm’g | vacuo | L

PEN detector
Runs 2-3

o
BC: Beam Counter PH: Plastic Hodoscope (20 stave cylindrical)
AD: Active Degrader MWPC: Multi-Wire Proportional Chamber (cylindrical)
AT: Active Target mTPC: mini-Time Projection Chamber

-
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Experimental branching ratio ( R™ eXp)

Knowing that:
> timing gates affect the analyzed number of 7, and m — p — e events;

» MWRPC efficiency depends on energy,

we have: R™&P — ?Teikey(l + Etaul) fﬂ'*}/J.*}e(Te) G(EMHEVE)MWPC Aw—)p,—)e
e/n N7r—>;u/ fTr—>eV(Te) F(Efr—nez/)MWPC Aﬂ'—>el/
re re ra
16000F N
14000} E. 1 E. = cutoff energy
312000? 1 N = number of events
S10000f b
& T \ A = acceptance
8000} ]
so00f ] erail(Ec) = tail to peak ratio
4000f T e T — ev ] e(E)mwepc = efficiency of MWPC
2000 Win ] f(Te) = decay probability during

T e e T observation time window

P E<! (MeV)
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Branching ratio/uncertainties

T 7priléy (1 + ) f7r—>p,—>e(Te) 6(Ey—>ez/ﬁ)|\/|wpc Aw—>;4,—>e
T N Fa(Te) (Ere)umee Arse
rn rf re ra
blinded

Uncertainties:

OR _ [(3m\* | (dean \* (0r\* (0r" (0ra)?
R N 1 + €tail re re ra

emwpc(E): chamber efficiencies.  ra: acceptances

PEN goal: R/R ~5x 107*

-
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Discriminating me2 and 7,5 in TGT

et t(e™) in AT predicted from t(PH)

mTPC = (x, y) of msop in AT
ToF from B0 m-IlDCI ____( y) top
mt 1, PMT

E(r™ I
(7T ) AP A‘T EdeP(AD) = Edep,Z of Tstop in AT
t(w™) in AT predicted from t(AD)

Predicted 7T and e™ energies agree VERY well with observations:

Evhs: (MeV)

paui
pred 4
El (MeV)

= E and t predictions are used for mes /7,0 discrimination.
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Target waveforms and event type discrimination

‘ ‘ ‘ ‘ ||TéW| | 0.07F gejuerze/ri?r:tulation
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2
5 00 2. evaluate 3 peak fit = X3,
=
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0.005
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0.000| 7 1 mi 1
j—— n s n " 2 discriminating e / 2 event classes.

A\ EPred-obs
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Realistic simulation of beam det’s vs. measurement
™ — UV — evv
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Choice of time interval, f(T,)

™ — p — e (“Michel”) timing selection: symmetric time window .

Il Il
0 50 100 150 200
t (ns)
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Choice of time interval, f(T,)

™ — p — e (“Michel”) timing selection: symmetric time window .

ot 1
Frope(t)= /0 oot — ) e se(t)dt = —1— (e*f/fu -~ eff/ﬁ) .

Ty = Tr
2 w w
t _ . - .
e T = — = | 7,7/ sinh = — 7,e /™" sinh —
e T T T,
" ™ I ™
20t

Ty — Tr

_ LW _ W
et/ sinh — — e /77 sinh —
T T

(Sfﬂ'»#—e =
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Choice of time interval, f(T,)

™ — p — e (“Michel”) timing selection: symmetric time window .

ot 1
Frope(t)= /0 oot — ) e se(t)dt = —1— (e*f/fu -~ e,t/T,T) .

Ty — Tr

2 w w

t _ . - .
e T = — = | 7,7/ sinh = — 7,e /™" sinh —
e T T T,
" ™ I ™

26t _ W _ LW
§fw,#_e = " let/"mginh — — e /™ sinph —
Ty — Tr Tu T
7 — ev(7y) timing selection:
1 4
05 4
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0 50 100 150 200
- t (ns)
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Choice of time interval, f(T,)

™ — p — e (“Michel”) timing selection: symmetric time window .

ot 1
Frope(t)= / oot — ) frse(t)dt = (e*f/fu -~ eff/ﬁ) .
Jo Tu — Tr
t+w 2 —t/Ty o w —t/Tr o w
[frpels v = Te” /T sinh = = 7. e7 Y7 sinh —
Ty — Tr Ty Tr
20t

_ LW _ W
et/ sinh — — e /77 sinh —
T T

(Sfﬂ'»#—e =

Ty — Tr

7 — ev(7y) timing selection:

1oe ) i
fﬂ'*)ey(t]_, t2) = k/ e t/Tr —e t‘l/T7r —_e tZ/Tw
t

™

ot
Choose t1 < 0: 0fy ey = —e 2/
T-

™

Analysis requires: ot, w, t and t,.
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re: Ot for beam particles

wi AL L |
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r¢: decay time windows

220 0.8
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ry: number of m — 1 — e (“Michel” ) events
X
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T o N
— v,
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Counts
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Nr-p-e, Run 2 = (5203.57 & 0.32) x 10°
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SNr_pe, Run 2/ Nr-je, Run 2 = 6.2 X 107°
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contribution to ARW/“/Re”/H ... not significant

e
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ry: number of meo(,) events
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Csl EM Calorimeter: realistic simulation

Crystals are not all the same:

» different detector response, non-uniformities, AQ2 coverage;

» 240 PMTs, with shghtly different propertles opt coupllngs

Xtahi04. ;.

teas

Xla\ 14

Simt

D. Poéani¢ (UVa)

hew)”

PEN experiment:

e !
TES e

Method

x.(a|44,, b

Xiat 194 -

e e H S e

23 Oct '19/PS12019
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Csl simulation cont’d.
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Tail trigger

s N RS AR R A ~Trigger events
\ ?@@@@ﬂﬁgt@[@

?Track Constructed
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10°
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Measured “tail” after subtraction

Counts
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Measured “tail” after subtraction
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O€tail /(1 + €ait): photoneutron reactions

Nal(TI) Response (BINA)

||||I'ITI|

(ot [PIENu: NIM A791 (2015) 38]

I L1 1 1l I L1 11 I L1 1 1 I L1 1 1 I Ll
0 10 20 30 40 50 60 70
— Energy [MeV]
Bl D. Pozani¢ (UVa)
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Photoneutron cross sections, a(~, xn)
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Chamber efficiencies
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Chamber efficiencies: simulation

1
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w—ev 0 —52.5MeV spectrum

Monte Carlo is weighted to simulate chamber efficiencies
Absorbed into acceptances (blinded)
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Radiative electronic (7e2~) decay:
7t — etr.y

BRnon—IB ~ 10_7

(Unavoidable part of 7 — ev decay)

-
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Physics of
7+ — etvy (RPD):

QED IB terms:

SD:Fy, ¥ e SDIF, v R

A tensor interaction, i Exchange of 520 leploquarks
too? —
T P Herczeg, PRD 49 (1994) 247
14

-
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The m — er~y amplitude and FF's

The IB amplitude (QED uninteresting!):

.eGF Vg _ <k P, ouwq”
Mpg = —i frmeet*e [ £ - TH 4 ZF x(1—"s)v.
The structure-dependent amplitude (interesting!):
eGrViud s .
Msp = Fi\/”zfde &Y (1 = 95)V X [Fy€uorp”q" + iFa(guPq — Puau)] -
™

The SM branching ratio (x = 2E,/my; y = 2E./my),

dr7re2'y « m?2
—Tea{ 1B (. x

dxdy 271 " (Xy)+<2f7rme
X

[(Fv + Fa)?SD™ (x,y) + (Fv — Fa)>SD™ (x,y)]

My

+ T [(Fy + Fa) S (x,9) + (Fy = Fa) S (x,1)] | -

-
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Pion radiative decay regions
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Best sensitivity for SD

1.0p 1.0p
09; 09
08 0.8f
0.7f 0.7
06; 0.6F
0.5f 0.5F
04t : 0.4f
0.3f H03 03
02 SP* Contribution 102 02§
0.1 fo1 o

0

E | E i
0‘8.0 01 02 03 04 05 06 07 08 09 10 0'8.0 01 02 03 04 05 06 07 08 09 10°

SD* region favors high energy et and v's.
High energy track pairs occur with large opening angles.
Large solid angle coverage required = good match to PEN!

SD™ notoriously hard to measure directly.
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PIBETA results for m — evry

Best values of pion Form Factor Parameters:

1 Combined analysis of all PIBETA
%> Contours | data sets

150 F Ry

140 [

- [Bychkov et al., PRL 103, 051802 (2009)]
- 130 | H ] 0028 [7
= [ Dl ]
S0l \ 1
g 20 / \g\ T
g [ H 1 £
S 110 [ lo LN 1 £
i L H 1 g
LY:: [ \ 1 & oo
100 : 5
F,'°=255(3) x 1c\\ 2
wl 2 s L slope =0.10£0.06 [PIBETA, 2009]
{ Res(PT calculation [Mateu & Portoles, 2007]
80 [ 1 0024*“\””\””\HH\HH\HH\“;
0 o a o3 o1 95
20530 240 250 260 270 280 290 o= 126 m,

Fy; Form Factor x 104

Tight constraint on SD™; not so on SD™!
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Identifying hard radiative decays in PEN

100

90|

'S
Measurement S
2y PEN indirectly measures p, in m — evy

80

70
60 Pe + Py = —Pu = Pobs; With:
50 )

o E. + EA/ = Eobs

P N
30 " A o < — 2
S N A Eobs + PobsC = Mz C
20 ¥ ! et

40
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10 . LR
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100 100

T— ev ool T VY
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Data regions (PIBETA measurements and PEN)

70r T
- C Sp+ A
60 7
__50f 1  post-2004 data
> | D 1 subdivision:
= 401 R
g SDT ° IR
] + ] - -
W 1.0 ®
: Eo7 | 5
200 WoF 1
N 1 USos5 - FL:
10F 1 [ 77
- ] 03 [~ =
] I B R I B
0’ | | ! L I | ] 0.5 1
0 10 20 30 40 50 60 70 x=2E, /My
Csl
EC (MeV)

PIBETA (1999-01, 2004): regions A, B, and C.
[B was problematic in 1999-01 = resolved with 2004 data].
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Parameterizing A\ = 2E./m; sin?(f,) (PEN Run 3 data)

T 250
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Timing for radiative decays

I i
‘H‘L Measurement ‘LH Measurement a Measurement
| : y . .
LM Simulatio L Simulatio ‘ﬁh Simulatio
w ol . @ i 3 @
< H‘TM egion A < % Region B < egion C
8 “”]l 8 M 8
‘H i M
i b (N
‘ 4 At tﬁ\\
RIS ot SO . -
5( 100 150 200 5( 100 150 200 5( 100 150 2
decay time (ns) decay time (ns) decay time (ns)
=121 y P/B =17 P/B =44
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! Simulation Simulation 1 imulation
w 2P P/B A 100 ; w P/B =10 - n P/B =30
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o o <]
o o o
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urrent urrent
i C | C |
okttt | b L I g ]
T T 167152 [ T (R 10715 2 %15 10 - 10 15 2
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Observed spectra determined by instrumental response and event statistics.
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Region D: only in PEN
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Table of uncertainties

T Erikey Aﬂ'—u—e E(E/z,—>em7)MWPc fw-;t—e( Te)
e/u — (1 + 6tail)
H N7r—>;w Aw—u—e E(ETT%GV)MWPC W—u—e(Te)
ra re re
Systematics Value ART H/Rg i
Etail 0.032 3.5 x 10~*
re 0.04292034 5x 107
“rar. ~ (.98 ~3x107*
Statistical:
ANy e/ Ne—ser 5.15 x 10~* (Runs 21&3)
Goal 5x 10~%

-
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* Blinded

PEN experiment:
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Summary

» PEN is on track to evaluate the experimental ratio
_ T(m"—etre(n))

g . ~ —3 . ..
o/u = TS, 0) with sub-107> relative precision.

» Comprehensive systematics studies have been completed;
all relevant contributions are understood.

» Radiative component of the decay is well accounted for, and
will add to the existing PIBETA data set.

» Work is under way to improve the statistical uncertainty of
AN/N ~ 5.1 x 1074

» Unblinding will be performed once the MC acceptances and
efficiencies for all beam subperiods are optimized.

» Analysis is ongoing; special recognition to Charlie Glaser.
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Current and former PIBETA and PEN collaborators

L. P. Alonzi® K. Assamagan? V. A. Baranov®, \W. Bertl¢ C. Broennimannt,

S. Bruch® M. Bychkov? Yu.M. Bystritsky®?, M. Daum®, T. Fliigel, E. Frle¥?,

R. Frosch® C. Glaser® K. Keeter®, V.A. Kalinnikov?, N.V. Khomutov®, J. Koglin?,
A.S. Korenchenko® S.M. Korenchenko® M. Korolijad, T. Kozlowski®

N.P. Kravchuk®, N.A. Kuchinsky®, E. Munyangabe? D. Lawrence”, W. Li?,

J.'S. McCarthy?® R. C. Minehart? D. Mzhavia®f E. Munyangabe? A. Palladino®:,
D. Potani¢®*, B. Ritchie", S. Ritt*, P. Robmanng O.A. Rondon-Aramayo?,

A.M. Rozhdestvenskyb, T. Sakhelashvilif, P.L. Slocum? L.C. Smith® R.T. Smith?
N. Soic¢?, U. Straumanné, |. Supekd, P. Trudlg Z. Tsamalaidze® A. van der Schaaf®*,
E.P. Velicheva® V.P. VoInykhb, Y. Wang? C. Wigger, H.-P. Wirtz<, K. Ziock®

@Univ. of Virginia, USA bJINR, Dubna, Russia
¢PSI, Switzerland 4/RB, Zagreb, Croatia
€Swierk, Poland fIHEP, Thilisi, Georgia
&Univ. Ziirich, Switzerland h Arizona State Univ., USA

Home pages: http://pibeta.phys.virginia.edu
http://pen.phys.virginia.edu


http://pibeta.phys.virginia.edu
http://pen.phys.virginia.edu

Additional slides
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Reach of 7z decay beyond the SM (New Physics)

Lnp = 0vad £ U’Yo/)/5d} A1 =)y

[ 202, 202

+ |: 2/\2 od £+ 2/\2 U’}/5d:| _(1 — ’}/5)1/, (A; .. .scale of NP)
CKM unitarity and superallowed Fermi nuclear decays currently limit:

ANy > 20TeV, and Ns > 10TeV.

At AR /RT, =

[Ap <1000TeV|  and A < 20TeV],
and indirectly, through loop effects to |As < 60 TeV|.

In general multi-Higgs models with charged-Higgs couplings

1073, 7o decay is directly sensitive to:

Aev = Ay = Ary, at 0.1 % precision, R, e/, probes ’ my+ < 400 GeV‘

-
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Lepton universality (and neutrinos)

F :
o M(r — eb(y)) g2 m2 (1—m2/m?)>?
R — —’Y = g—eie—e " (1 + 0R )
T T = pui(v)) g2 m2 (1 — m2/m2)? e/u
T (r = pp(7)) g2 2m2my (1 — m2/m2)? T/

one can evaluate:

<ge> — 0.9996 + 0.0012 and (gT> — 1.0030 + 0.0034.
8 T 8u T
For comparison,

(ge> —0.999 +0.011 and (gT> — 1.029 + 0.014.
8u/w 8e/w

» significant consequences in the neutrino sector;
> interesting limits on MSSM extension observables.

-
BIE  D. Potani¢ (UVa) PEN experiment:  The ey~ decay 23 Oct '19/PS12019 40 / 36



MSSM calculations (R parity COhS.) [Ramsey-Musolf et al., PR D76 (2007) 095017]

0.005 T T T T T 0.005 T T T T T
CURRENT|UL (90% c.l.) CURRENT|UL (90% c.l.)
0.002 - e 0.002 b
P = 1
minimal 2 ootk lowest g 0001}
selectron, & - mass g =
smuon 5 0000sp - , 5 00y -
chargino:
masses:
00002 0.0002
100 15‘0 260 3(50 5(;0 7(;0 1000 100 15‘0 2(;0 3(3;0 5(;0 7(;0 1000
Min (me,, mz ) (GeV) my, (GeV)
0.005 T T T
CURRENT |UL (90% c.l.
0.002 - B
. _—
5 Higgsino _
slepton = oo g8 2
de. B mass 8
mass de- # , =
g 000s param'’s.
generacy: )
Ky mag,
0.0002
100 150 200 300 500 700
Mg /My, mgp (GeV)
(R parity violating scenario constraints also discussed.)
-
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0.04 —

Loinaz et al.,
PRD 70 (2004)
113004

0.02
(8:/8u)nr

0.00

A

Dy =

(5 1)
8v

-0.02

—0.04
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PIBETA detector assembly
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PIBETA detector on platform
[ -

-
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GEANT4 Monte Carlo

Canonical Geant gives energies, timings, and positions

Requires additional physics input to simulate full detector response

In the Experiment:

» digitized energies and timings of detector elements
» mTPC, beam counters, and target waveforms

» photoelectron statistics smear signal

0.040 H |
- Crystal 24
0.025 | 0.035
Measurement 0.030 Measurement r 1
0.020) Simutation No PE ’ Simulation No PE JJ h
\ Simulation W PE 0.025—Simulation-W-PE
T e
-5 0.015] =
L [
2 \ Zo.020
0.010] 0.015
j) 0.010|
0.005|
..4{ NM oo
2 Frrome, A
0.0005 05 1 15 2 25 0.00g

Etiodoscope (MeV)
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Observables to aid discrimination
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Tep tail including photoneutron corrections
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MC simulated vs. experimental 7, tail

Simulation unavoidable!

Systematics from :
Gain Variation
Photo-nuclear physics

B e T T S—

i H i i =
80 100 120 140 160 180

Invariant Mass (MeV

125 130 135 140 145 150 155 110 112 114 116 118 120 122 124
Invariant Mass (MeV) Invariant Mass (MeV)
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Pre-2004 data on pion form factors

cvec 1 2h
|Fv| = —y/——— = 0.0255(3) .
o\ T oMy

Fa x 104 reference

106 4= 60 Bolotov et al. (1990)
135 +16 Bay et al. (1986)

60 £ 30 Piilonen et al. (1986)
110 4+ 30 Stetz et al. (1979)

116 4+ 16 world average (PDG 2004)
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Pre-2004 data on pion form factors

cvec 1 2h
|Fv| = —y/——— = 0.0255(3) .
o\ T oMy

Fa x 104 reference note

106 4= 60 Bolotov et al. (1990) (Fr = —56 £17)
135 +16 Bay et al. (1986)

60 £ 30 Piilonen et al. (1986)
110 4+ 30 Stetz et al. (1979)

116 4+ 16 world average (PDG 2004)
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Summary of PIBETA results on m — ev~y [PRL 103, 051802 (2009)]

Fv = 0.0258 + 0.0017 (8%)
Fa =0.0119 + 0.0001?’;'\’C/VC) (16x)
a = 0.10 = 0.06 (g? dep of Fy) (o0)
—52x107* < Fr < 4.0 x 1074 90% C.L.

B, (Ey > 10 MeV, 6., > 40°) = 73.86(54) x 10—% (17x)
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Summary of PIBETA results on m — ev~y [PRL 103, 051802 (2009)]

Fv = 0.0258 + 0.0017 (8%)
Fa =0.0119 + 0.0001?’;'\2’%) (16x)
a = 0.10 = 0.06 (g? dep of Fy) (o0)
—52x107* < Fr < 4.0 x 1074 90% C.L.

B, (Ey > 10 MeV, 6., > 40°) = 73.86(54) x 10—% (17x)

’ Above results will improve with the new PEN data analysis! ‘
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Summary of PIBETA results on m — ev~y [PRL 103, 051802 (2009)]

Fv = 0.0258 + 0.0017 (8%)
Fa =0.0119 + 0.0001?’F<gvc) (16x)
a = 0.10 = 0.06 (g? dep of Fy) (o0)
—52x107* < Fr < 4.0 x 1074 90% C.L.

B, (Ey > 10 MeV, 6., > 40°) = 73.86(54) x 10—% (17x)

’ Above results will improve with the new PEN data analysis! ‘

At L.O. (lo + ho), Fa, Fy are related to pion polarizability and 7 lifetime
okl = —BLO = (2.783 £ 0.023p) x 1074 fm?

current PDG avg: 8.52(18)

7.0 = (8.5+1.1) x 107
PrimEx PRL '11: 8.32(22)
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RMD preliminary results, cont'd.

Preliminary result for RMD branching ratio (thesis E. Munyangabe):

Bexp= 4.365 (9)stat. (42)syst. X 1073,

> 18]

Bsy= 4.342 (5)stat-mc x 1073

16,

14/

1

‘ﬁ =0.006 + 0.017'

10,

\ [ X2INDF = 0.8 |

8

6

/

4

<

.

-0.08 -0.06 -0.04 -0.02 0 0.02

r -
il p

0.04 006 00
n

NB: preliminary results!

. Potani¢ (UVa)

PEN experiment:

(for Ey > 10MeV, 6, > 30°)

Analysis of PS subset:
13MeV < E, < 45MeV, and
10MeV < Eo < 43 MeV, yields

7_]: 0006 (17)stat. (18)syst.7 or
7< 0.028 (68%CL).

better than best previous
experiment (Eichenberger et al, 84).
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Radiative muon decay:
pt — etvw,y
BR ~ 1073 for energetic v's

» Sensitive to admixtures beyond V — A
» Limiting factor in ;4 — ey LFV searches
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RMD: put — eTviry, [E. Munyangabe'’s analysis of 2004 PIBETA data]
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NO. of Events = 518813 + 946 ]
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[ [

. signal MC + Misid. events.
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"Split clumps” very well accounted for!
~30-fold improvement in precision of the RMD BR.
~4-fold improvement over best previous limit on 77 Michel parameter.
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PEN experiment:

Radiative muon decay
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PEN RMD plots (Run 3 data set)
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