Precision Muon Physics:

New results and a hint at things to come
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The predictive power of the Standard Model depends on well-
measured input parameters

The most precise electroweak parameters...
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A connection in
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What is the weak-nucleon charg€d current?
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Exploring Physics Beyond the Standard Model

m At the LHC, many of you will find all
sorts of new particles ... gershope)

¢ But, what are they ?

m The genome mapping of the new
physics will require a broad toolset,

¢ Branching ratios
¢ Masses

¢ Precision measurements
= Lepton flavor violation (signals or limits)
= Electric dipole moments (signals or limits)
= Rare decays

= Precision measurement vs SM predictions
o Unitarity tests
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MuLan:
Muon Lifetime Analysis

Muon decay is a pure weak process ... determines 6, often called G¢




The Fermi constant is related to the electroweak
gauge coupling g by

Gr 9°
— = > (1 + Ar(mg, mu, .. .))
V2  8My |
W Contains all weak interaction loop
ut »  corrections

In the Fermi theory, muon decay is a contact interaction =

1 B Gb‘zmi pt
L 19273

In 1999, van Ritbergen and Stuart completed full 2-loop QED corrections reducing the

uncertainty in Gg from theory to < 0.3 ppm (it was the dominant error before)
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[The experimental concept in one animation ... ]

. Realdata-ast-switching electric kicker on i--
ol B ; -t
—_— 3 Accumulation Period el
8 o1(:!":— : G>J -t
U) B E ) H = o
(@)) Measurement Period erl Od _‘Q.)G a3
ke s T
N 10°F ' n ]
S = Lany
) S Electron energy
= g
S| ey &
> S i R s | .

5000 0 5000 '1'ooob'T'1'suFagl't_‘ zotoogkz?oo]o
I TTTe

Fill Period

100% polarized muons at ~4 MeV

\

Rapidly precessed here



10°
104

Extinction ~ 1000

10°
rAdjustabl
102 i’ -7

a9 Eccumulation Measuring Period

1

TN T TV T O [V O VO N T S T N TS I T VO T Y VO T O N O S
-100 0 100 200 300 400 500 600

- [ticks] _




¢ “Early-to-late” changes

® |nstrumental shifts

® Gain or threshold
® Time response
® Effective acceptance

® Residual polarization or precession
® Errant muons

®* Pileup
® Missing events
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Lifetime Histogram

The 7-parameter fit function includes:

10° -
. The muon lifetime,

. . A flat background, and
. An independently validated

- electronics oscillation with low
correlation to the lifetime)

10°

10’ _
The analyzers are blind

v2ldof = 453/484 to the clock frequency

1 1 1 | L1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 11 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
-2000 0 2000 4000 6000 80001000012000140001600018000 J
time [ticks]

:
=
¥




Residuals from Global Fit 42 [ ndf = 471.9 1 490
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Vi = 22.75 kV 3 +79 + BB ps
Vy = 22.50 kV 4947 ps 5o
Vie=2200kV —w— ZE 108 + 30 ps i
V, = 20.00 kV 144 + 32 ps
200 mV threshold +19+32ps

TwTsTq 80 mv threshold 18 + 28 ps
EMC field right +24 + 30 ps S
EMC field left 17 + 30 ps
‘ Target field right 4 +30ps
w ‘ Target field left = | +11+ 30 ps
i3 -100 0 100
— sum of all data = 2197013 £ 21 ps
:5: Target |
g tera - ... and a host of other variables argue

for consistency of the global fit.



2007: First Physics Result
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First Physics from MuCap

(muon capture on p to get induced pseudoscalar coupling

The Black Sheep of Form Factors — T. Hemmert

quark level

relevant
degrees of
freedom ?




Short story: Muon Capture and Axial Nucleon Structure
U +p—>ntv,
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difference, which gives the capture rate:+ p > n+v,

20 ppm :> 10 ppm :> 1 ppm
. 2? =130 ppm => 10 ppm
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Difference in lifetimes leads to first
unambigquous results: prL to be submitted next week
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: Supports chiral prediction
Nearly independent of A
Expect final error ~7%
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=—p Momentum

: Spin

In the last two years:,
Final report: Bennett et al, PRD 73, 072003 (2006)
Future: BNL E969:; precision by > factor of 2 increase
Theory: Reduced uncertainty; Increased consistency

> 1300 citations to the project papers

a, (Expt.) =11659208.0(6.3)x10™ (0.54 ppm)




Counts per 150 ns
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See Z. Zhang's theory review talk later today

m Key points:
¢ Theory: 0.48 ppm
¢ Experimental 0.54 ppm

m Aa (expt-thy) = (27.6+8.1) x 10-19 (3.4 o)
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Arguably, strongest experimental evidence of Physics Beyond Standard Model




tanf=10, p>0 Future (if E969 funded)
Aap = 295 + 39 x 10"

scalar mass my (GeV)

Excluded for neutral
dark matter

100 200 300 400 500 600 700 800 900 1000
gaugino massmy; (GeV)

With new experimental and theoretical precision and same Aau




The goal of E969 at BNL is a 0.22 ppm final total
uncertainty, factor of >2 improvement

m Vlore muons by clever improvements in beamline and
other items related to delivery and storage

m New technigues to measure higher flux of events

m Across board continued reduction in systematics

Systematic uncertainty (ppm) 1998 1999 2000 2001 Goal
Magnetic field — @, 0.5 0.4 0.24 0.17 0.1
Anomalous precession — , 0.8 0.3 0.3 0.21 0.1

But, how we do all that is another talk for another day...



.
PRELIMINARY

uCap:

o First Jp with non-controversial interpretation
= gp=73%21.0
= Agrees with xPT expectation

theory
= Awaits funding opportunity

m Q-2
¢ Aa (expt-thy) = (27.6 £ 8.1) x 10'° (3.4 o) A
& E969 in future: 2-fold improvement in expt and Thy ________ Exot
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Plon Production Target
AP ~1.7%

Pions @ 3.115 GeV/c ¥
A

&

Far Side /Nér Side

This baseline
limits how early
we can fit data




Pion Production Target

Pions @ 5.32 GeV/c

Approximately the same
muon flux is realized, but
studies continue on this

No hadron-induced

prompt flash

X1
more
muons
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Presented to P5 Committee March 06

E969 Costs (2006 M$) (full cost review)

Baselining costs 0.4
AGS/Booster Rehab including ES&H 11.7
- — e —_—
_ - f[Tonstruction (44% contingency) 12.2 S~
{ A
S~ Universities (27% contingency) 2.4 _LE-T
____________ y
e — e~ — e
Operations (includes FTEs to support cryo 13.6 ‘\
and external beam operations) \
\
Total Costs 40.2 ||
|
I
I
The upgrade construction is ~$15 M )
Including large contingencies Y- e

> “Lab” costs for machines and running that
normally aren’t charged to an experiment

Seek: Partnership with DOE-NP / HEP and NSF



Muon capture and muon molecular processes

Q')\'QQ ortho (J=1)
%terpretation requires knowledge of ppu population

_ trong dependence on hydrogen density ¢
singlet (F=0)
rate-proportional-to Hydensity

A
A H, - 1oLH,
=691 st
S PP
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P Kammel




Precise Theory vs. Controversial Experiments

exp theory

TRIUMF 2005
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= 8.26+0.23
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G- dependson n

(7)

GF e Gg_‘l(l — LN

where m,/m, is the mass ratio of electron and muon.

70 ppm

n=(=2.1%+7.0+ 1.0) % 1073,

uncertainty

on Gg

Access to n through transverse polarization measurement of

outgoing positron
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