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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
chirality) component of the wave function

vyt (l-y° )y = 977”(1—75){:’1*}

0 0}l .
=gy” l=wrty
0 1|lw._ )

e the (V-A) theory therefore states that leptons with positive
chirality 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

rate ~ x° 3—3x+§p(4x—3)+ P& cos(0) 1—x+§5(4x—3)

For example- 3
g p= Lol P +1k P +1gla P +107 ]

3
+E[|gEL|2+|g§R|2+|gER|2+|g§L|2] ——
3 * x exist definin and
_Z[Re<g ERg[R )+ Re(gFSQLg-FI;L )] 5 95

=3/4 when|g), ’=1

_ A fourth parameter,
and other couplings are zero

n, contributes to
order (m,/m )

Above expression Is

0.5 modified by radiative

13 :

Energy =5 25" Positron Angle

corrections, required
to second order
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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 &, 5, 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 10° 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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TWIST - Spectrometer

Superconducting magnet and cryostat

Support cradle
Prop. &drift chambers
Target

Beam pipe
Yoke
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TWIST - Beamline

concrete shlelding
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TWIST- 1AT1 depolarization

[1 — Cos(8

NL Rodning, Univers

1AT1 Scatter => ~ 0.0001 depolarization
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TWIST -Chambers & half detector

Planar drift chambers sample
positron track

i
TR - T 1 N | SR | 1 1 NN I | £ 11

Al
‘ Cradle
Cital (ceramic)
Glass

= 1 VTX Preamplifiers
Only the right half of the

chamber stack is shown
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TWIST Yoke

The TWIST
yoke pieces
were delivered
and assembled
before
Christmas

Alignment was

completed in
the first week
of January

NL Rodning




TWIST— Solenoid and WC track

Track is in place and aligned to accept detector cradle and stack

Magnet is cooling

Commissioning
begins this week

Mapping complete by
end of March |
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Chambers
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TWIST Glass Planes

Planes are assembled on
glass plates with optical
precision relative to
longitudinal coordinate
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TWIST — Chamber Support Cradle




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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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
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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

High Priority at TRIUMF — 1993

First Capital Funding — April 1997

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 assembly December 2000

Yoke, Solenoid, and cryogenics Commissioning: February -
April 2001

First beam: Summer of 2001

® < X VvV X X X X X «

e Preliminary Physics: December 2002

26
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Spectrometer Resolution

NL Rodning

, university ot Alberta - Februar
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TWIST - Chambers

Quality Control on stringing :
of Wire Planes N

5=4.0000+0.0026mm _

4 [

~a

The figures show:

residual, m
o

|
1]

1. Wire-to-wire variation in z
position for a typical plane; i
G=26u

O 20 40 60 B0 100

2. Average error in wire wire. number
position over 25 drift 35 plames, conters of shambers fension of sense wires
planes; o =2.58 u ® [means 258 1200 S —

3. Average wire tension over 200 | ]

38 drift planes;
L i = L
'ms = 094g =4 600
300 r L
O e O R
0 1 2 3 4 &) 25 30 35 40
g, pum Tension, g
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TWIST - Electronics

e e o e S e - Nl

sTaTiTiTaTATATS IiIiﬂ“iTAIiﬁ'tI:,

e — ———

TWIST Requires e TN l_l—“
240 ream I'f'ers HV pOttIng obobobobodododad
* ifi L 1
P P and isolation Hﬂ“ﬂéﬂéé{ m

. 268 postamplifiers ~ caPacitors

« 42 TDC’s VTX board

Status 1'![!'."1 '.'!'f'.*-.l*.lt'r". o

» 86 preamplifiers tested, 41 in
mid-production

TWIST preamplifier

* 120 postamplifiers tested, 180 16 and 24 channel versions based on

) : Fermilab CDF VTX boards
more In production
Cross talk is minimal (0.8% amplitude),

e 47 TDC’s in hand and is easily rejected in software by
cutting on pulse width
NL Rodning,

University of Alberta - February 2001 29



TWIST - P03|tron Background

Beamline studies from
October/November 2000

 Backgrounds
e Rates: e*/u*~4
(as expected)

A pyrolytic graphite target will
give us a 33% improvement in
the rate relative to the
positrons

University of Alberta - February 2001
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Flight time through beamline

Surface Muons gated_on
cyclotron RF

Time characteristic of = decay

Backgrounds (extrapolated
from higher momentum)

RF Time of Flight (data/rf_r340_p28 swr)
\

0 10 20 30 40
RF Time of Flight (ns)

Projected 71 and p peaks at 28 MeV/c
50 \

Cloud Muons
Rate: 9% that of
surface muons
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e+ |

O 10 20 30 40
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TWIST — Cloud muon polarization

50000

Surface muons

e

fotetalals

ol

20000

12000

Polarization of the o
cloud muons is
approximately 0.30
(opposite to the
surface muon
polarization of -1.0)

Soo0

400

S30C0

Counts

20C0

1003

Cloud muon flux is
9% that of the surface o
muons
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TWIST — Unpolarized data sample

Flight time through beamline

By selecting a data sample
with an appropriate RF
gate, we can select an
unpolarized sample of
muons

University of Alberta - February 2001

NL Rodning,

40

Arbitrary scale
Mo L
O O

)

]

RF Time of thwt (data/rf_r340_ p28)SW|

Surface muons

| | | V\MWT\\WX
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RF Time of Flight (ns)

Projected 71 and p peaks at 28 MeV/c

Cloud muons

e+

N \J | | |

T+

10 20 30 40
RF Time of Flight (ns)
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TWIST — Energy Calibration

The edge of the distribution is used to calibrate the energy scale at large x

The polarized distribution has no The unpolarized distribution will be
edge at forward angles used to calibrate the energy scale at
all angles

0.5 ===
0.4—5
0.3—5
0.2—5

0.1

1 15 0.4
theta = 25 0.8 X

52.8 MeV
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TWIST — Energy Calibration

Endpoint energy
calibrations can
be done to a
precision of
approximately

2 keV (where
~10 keV is
needed).

Unpolarized
beam will be
used to provide
energy
calibrations
independent of
angle.

NL Rodning

2000
1800
1600
1400
1200
1000
800
600
400
200
0

, University of Alberta - Februa

rec?

X__,35.6667<0<38

- + N'El'lt = 55196
1 4 14, + Chi2/ndf =9.161/ 11
t+++ T ++++T 3 Constant = 1942 + 25.27
- | Edge =0.999 + 3.012e-05
— % | 6 =0.001013 + 2.289e-05
- +
- . | . B
.99 0.995 X 1 1.005 1.01
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TWIST- 1AT1 modifications

The surface muon beam is produced in

part on the surface at which the protons i
enter, and in part along the length of the 1AT1 target as 'maged by M13

target cylinder. Surface muons

A shorter target would reduce the size of 25 ! | | | |
the beam spot -
220 -
A hidden proton entry point would reduce S
sensitivity to wander in the proton beam g 15 F _
1AT1 target Proton beam i_;/ 10 b i
D o
| |
O ] | ] | U |
-30 =20 =10 O 10 20 30
M13 field x (mm)
of view
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TWIST- Modified target

Pyolyhi - graphtte

“"d’: S u"t /
S\E‘u:MDH_y

V. e Chasitie
( VIEW FROM ABOVE

P Ections
Caohib wifer 5?’3 40 hign

N\

VA

G=—— BEAM

SIDE VIEW VIEW FROM CHANNEL
OF TARGET LOOKING TOWARDS TARGET

NL Rodning

, University of Alberta - February 2001
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Summer 2001 Commissioning data. Preliminary alignments and

calibrations

End of 2001 - Michel distributions on tape suitable for preliminary
determination of p and &

2002 - Installation of the TEC
- Modified production target
- Beamline improvements, including realignments
- Improved Michel distributions based upon experience
with alignments and calibrations
- Field alignment studies

2003 - Studies of depolarization in the stopping target
- Preliminary P, data
- Precision measurements of p, 3 and n

NL Rodning, University of Alberta - February 2001 38



TWIST- 1AT1 surface selection

Ap/p of 1% selects
muons from within
about 20 microns of
the surface.

These muons have
limited multiple
scattering, and little
depolarization

NL Rodning,

University of Alberta - February 2001
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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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Planar chambers give
us a simple dependence
of energy loss on
1/cos(theta).

Each successive curve
IS the result of a track
fit using only four
successive chambers.

The difference between
successive curves
demonstrates the small
Incremental energy loss
per plane of ~10 keV at
0 degrees

NL Rodning

, University of Alberta - February 2001
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TWIST- Radiative corrections

'I)\’w%J‘ms wesﬁxmsﬂ:\e, for%o_, double. ~ (QMMTC
O( S %) wwedsons o B et gk,

These diagrams have recently been calculated by
Czarnecki and Arbusov (Alberta)
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Happy physicist with magnet in hand




TWIST- Event Display
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Planes with max.
fringe field

158 cm

=

165 cm

z

170 cm

Z

6 mkm mylar w1n%<: X Z counter Y Z counter

TWIST- TEC Design Concept

150 cm
45

Z
100 mkm mylar window

)

160 cm
{ beam focus

Z
DME gas at 20 torrx

35 mm

20

35

Vacuum beam pipe
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ense wire

10 m&m

TWIST- TEC Design Concept

The TEC has been part of our planning since June 1998
Installation planned for Spring 2002

Field wire 50 — 100-mkm g

Aluminized myLQ£\

as
<
S

0.5 mm

Vs

i

20 mm

y HY 4

DME drift gas @ 20 td{Z////

Figure taken from detector
review document, January 1999

Aluminized mylar
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TWIST- TEC Projected Performance

Effective Depolarization vs. TEC Tracking Angle

0.014

0.012

0.07

0.008

0.006

0.004

0.002

0.08 0.1 0.12

Sin{theta) (x—axis) and depolarization (y—axis)

Correlation relies upon a highly convergent tune,
focused at the peak in the radial fringe field

47
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TWIST- Proton Beam Monitor

|
S 10 Oct 25, 2000
= Down Plate
© P Top Plate
= 0.8 |r -
o
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T 04 .
S 0.2 f i
= &
G Y e e T
3 0.0 EEEE Tan'an T uuW
m
_02 L | |
—200 —100 0 100 200
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1.2 T T
f% 1.0 H
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—600 —400 —200 0 200 400
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TWIST- stopping distributions

Signal ratios in the target PC’s can be used

NL Rodning,

to monitor the stopping distribution

Ratio +2/-2 vs mean stopping dist.

Ratio +1/—1 vs mean stopping dist.

mean z position (um)

2001

0.05 0.12
0.045
0.1t
0.04F
0.035
& ?0.08—
G 0.03 1
[a [a
£ £
¥ 0.025¢ ¥ 0.08r
[aY] —
i i
$ o0.02 5
£ £
#* #0041
0.015}
0.01f
0.02f
0.005
! K X 0 L3 X X
-10 -5 0 5 10 -10 -5 0 5 10

mean z position (um)
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TWIST - Field Calculations

Y4 yoke and all coils shown

B steel
Bl coils

cryogenic hole

Anticipated field
uniformity to 1
part in 104

NL Rodning, University of Alberta - February 2001

Dennis Wright
with Y~ OPERA-3d

B volume of reduced potential

o

A

NN/

A S
Dy,

0"

cable slot
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Unpolarized distribution in x

Forward + Backward Joc 2x?| 3(1— x)+ g,o(4x -3)
3

0.5021
0.4 05
I 0.498
0.496

A\

0.95 097 099 1
X

Sensitive to shape
effects at 0.4% level

] 0.014H ooy
0.1 0.104 0.108
X

U.l‘_

04 06 08 1
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Michel Parameters - defined

3
PE4[|9YL |2+|g\F£R |2+|g[R |2+|9E|_ |2]

3
+16[|QEL |2+|9|§R |2+|gER |2+|grse|_ |2]

-3[Relgteala )+ Relosuof: )

Vo2 Vo2 Vo2 Vo2 T 2
E=gL 1”3l 9(r T 8l9rL I —|9rRR | 5| 9(R |
1, s 2 1 s 2 1 s 2 1 5 9
—5|gp |° += —— +— ——
| 9RL | 4|9|_L| 4|9|_R| 4|9R|_| 4|9RR|
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