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Outline

e Background on muon decay
e The E614 Experiment
e Sensitivity to new physics
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The Standard Model for p decay

v
it

Only one coupling is non-zero
(V-A) Interaction is built in I 1 SEOEel et

. . . . S _ W -0 T
- parity violation is perfect ofp 20 19RR 120 jgkg |- zero
o lgtr =0 19RIE0 |gT: =0
- exchange particle is known g8 =0 9k IEO gk =0

S T
ot =0 [NGHENEE 19l |- zero
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The operator (V-A) satisfies the requirement that the Weak
Interaction violates parity.

e (V-A) violates parity perfectly

e The (\V-A) operator projects out the left-handed (negative
helicity) component of the wave function

- - v,
vyt Q-y )y =y A-y°)
v _
0 Oly.
7y {0 1](//_ oy

e the (V-A) theory therefore states that leptons with positive
helicity do not undergo weak interactions.
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A more general interaction - which does not presuppose the W

V

V| — — 2
rate~| > ({U|w, 7, IGJvs)|
y=S\V,T
LJ=RL Scalar Ty
Vector wyty
Allows for possible Tensor ToH
- scalar Axial Vector 7y rHy

— 5
_ vector Pseudoscal ar  wy~w

- tensor

Interactions of right-handed and left-handed leptons
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The preceding - in terms of the Michel parameters

Where the Michel parameters are defined to simplify the above expression

rate ~ x° [3 —3X+ % p(4x-3)+ P& cos(@)(l— X+ g o(4x— S)H

For example-

Si
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3
p=>lal P10k +19T I+ g% ]
3
+E[|QEL |2+|9F82R i +|gER B +|g|§L |2]

_ % [Re(g%01 )+ Re(gS om )|

=3/4 when|g/, [°=1
and other couplings are zero

milar expressions exist defining &, 8, and n.

, University of Alberta - Tau2000

A fourth

parameter, n,
contributes to
order (m¢/m,)



The Expression becomes considerably simpler in the

Standard Maodel
3/4

rate ~ x2[3—3x + %/@x -3)+P,¢ cos(@)(l— X +§§(4x —3))}

For example- Standard Model

! 0 0 0 , Values
o= S|l +10¥R P 4108 P + e P

Q Q
+ 2 eF 165K 1681 + 193]

0 0 0 0
—%[Re(g{ggv +Re( S,_ga/)]'

=3/4 when|g), |°=1
and other couplings are zero

Similar expressions exist defining &, 6, and 1.
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This simple model may be too simple

exchange particle:

spin o spin 1 spin 2
Jne |< 0.066 Jnr |< 0.033 RE

g2, |<0.125 g/, |< 0.060 g/, |<0.036
g5 |<0.424 gy |<0.110 gL |<0.122
gS |<0.55 | g}, [>0.96 g7 =0

All but one of these terms has been set to zero in the Standard model
for simplicity

The Weak Interaction may not be purely (V-A)
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We propose to study 108 u* decays

Goal:
 to determine the Michel parameters to a
few parts in 10

« to test for weak couplings inconsistent
with the Standard Model
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Secondary beams at TRIUMF

u polarization due to 2-body decay

Back to back to conserve linear momentum

Y

m Production
Target Proton Beam.

Jaws

First Focus

proton beam

Second Focus

Final Focus

Momentum Resolution Ap/p = 1%
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Channel acceptance => ~ 0.0001 depolarization
due to multiple scattering in production target

e

slope=
10%

depolarization per 25 x depth

M13 acceptonce= +,/— 1P
M1E accepfance= +/— T
M13 accaptonege= 47— #F
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The E614 spectrometer

Superconducting magnet and cryostat

Support cradle
Prop. &drift chambers
Target

Beam pipe
Yoke

NL Rodning, University of Alberta - Tau2000 13




E614 Chamber Planes

80 sense wires (20 pm @) + 2x3 guard wires at 4 mm distance. 22 pairs of
drift chambers (each one U and V plane) with DME gas, 6 pairs of
proportional chambers with CF, / Isobutane, ~5000 wires with VTX
preamplifiers
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E614 Chambers - half detector

[ I |

“— Cradle
Cital (ceramic)
Glass

«— VTX Preamplifiers

Only the right half of the
chamber stack is shown

15
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Detector Cradle- slides into solenoid

Delivery of last major
elements October 1, 2000
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Spectrometer Resolution

NL Rodning
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E614 Precision

Accepted Experimental Values

p=0.7518+0.0026
P,& =1.0027+0.0085
S =0.7486+0.0038

n=-0.007+0.013
-

E614 Proposal
o, =%0.00005+0.00009

o, . =£0.00010+0.00010
o, =10.00008+0.00010

o

o, ~+0.003
25-60 fold improvement in precision on the Michel parameters

3-10 fold improvement in couplings
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Deviations from the Standard Model

Any (extra) non-zero
couplings will distort the
shape of the probability
distribution

Decay Rate

0.8-
0.6
0.4
02] £

0l

1

Positron Angle

The probability distribution above is equivalent to the expression below

rate ~ x2{3—3x+ 2 p(4x—3)+P,& cos(@)(l— X+ §5(4x —3)ﬂ
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The (forward - backward) distribution goes flat at a

value of x dependant (only) upon &

xz[zpﬂg@— x+§§(4x—3)ﬂ

9 2
[Forward — Backward |~ x {2 P& cos(&)(l— X + 55 (4x — S)H

\

Find x such that
term vanishes

NL Rodning
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Same as the previous slide - on expanded scale

2
Xz[zp”é(l_ X+§5(4X_3)H Zero crossing
determines &

0.0031

} Slope Is
0.002 ‘ assential |y PH E_,
0.001-
-0.001

| Standard Model
Uncertainty in &
-0.003- E614 Sensitivity
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Minimal extensions to the Standard Model

Allowing only vector couplings result in
simplified Michel parameters

3
p=2at P +loke P +16% 2 +16% P]
4 In the context of the model
3 ]
+16ﬁ Of. * +1 dRe I” +1dRe I +1 gRL |2] Four parameters and four unknowns
3 « .
—4[RG(QM[R )+ Re(g%h)}

£l P +3laVr * -3 gk ¥ | ks [* +51 g I°
1 1 1 1
-5IGRL 17+ 198 P~ 198 [P+ 1 0% P — 1 9% |

S\AT* T*
3 +4Re(97%G 1) — 4Re(9R2GR,)
=2l P -1oke - 1% I + 6K ]

v of - 1g% -1 98 P +1 98
_1 V .SV
3JreaiaTe) - Re(a6E) 7= 5 Relati o ghnoit]

el (68 + 6015 b ot + 60 ]
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Anticipated sensitivity to new couplings

Current Limits E614(A) E614(B) E614(C) E614(D)
|93zl <0.066 — — 0.020 0.045
I <0.033 0.012 0.014 0.013 0.022
|92 R <0.125 — — 0.027 0.046
|9 z] <0.060 0.012 0.013 0.012 0.018
97 7| <0.036 — 0.009 — 0.013
93z ] <0.424 — — _ _
lg¥: | <0.110 0.012 0.012 0.011 —
9%z | <0.122 — 0.008 _ _
971 ] <0.55 — — — —
g, | >0.96 >0.99977 >0.99953  — _

Upper limits (90% CL) for weak coupling constants with current limits taken from the Particle Data
Group. Improved limits expected from TWIST based on measurements of p, £, § and 7 assume:

s (A) V, A couplings only,

)
e (B) V, A and T couplings,
e (O} V, A and S couplings or
)

s (D) most general V, A, S, and T derivative-free couplings.
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One way of looking at the discovery potential

Assume manifest L-R

Symmetry 0.04 L
le gr =0, I
CKMg = CKM, s 002 F
and no cp violation © 500 |
_g—o 92 7 1/ Strovink :
= o4 | Allowed o
—006 |
 DO* DO Allowed
—0.08 -

. | ! !
500 400 \o00 600 700 800 900 1000 1100 1200
W, mass (GeV/c?)

R _
Vud =0
V5321

Beta decay, pp direct production, and muon decay
are complimentary
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E614 Timeline

WC Review - January 1999

Mechanical Review - June 1999

Beam Tests - final prototype - August 1999

Full WC Production underway - March 2000

WC Module Completion May 2000 — April 2001

WC Bench tests beginning June 2000

Yoke delivery Fall 2000

Yoke, Solenoid, and cryogenics assembly: Winter 2000/01
Beam tests, November/December 2000

® ¢ o X Vv X X X

e Preliminary Physics: December 2002

25
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