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scientific goals, experimental setups, experimental challenges,and results and status

from the Fermi Constant...

to the proton's weak interaction... _
g and solar hydrogen burning

by part-per-million measurements of u*, wH, and uD lifetimes
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Why we measure T _7?
M+

knowledge of muon lifetime t , allows precision
measurements of weak nuclear interactions in muonic
hydrogen, deuterium atoms.

twenty-fold improvement in knowledge of fundamental
constant G_of weak interaction. [previously G_ (+10ppm)].

knowledge of a, G_, M_allows precision tests of standard
model via measurements of Weinberg angle ©,, , W-boson
mass M, ...



How we determine G_7?
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%\/ %/ Aq contains QED, QCD
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~0.1 ppm uncertainty in T .-G, relationship from Aq, m,



pre-MuLan history of T, = 2.19703(4) us
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accumulating p*'s and measuring e*'s
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accumulating u*'s and measuring e*'s
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- most worrisome systematics -
positron pulse pile-up
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- most worrisome systematics -
muon spin rotation
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magnetized ferromagnetic foil
(high internal B-field, fast u* precession)

single quartz crystal
(moderate external B-field, fast |1*e” precession)



MuLan Results

2006: T, = 2196980.1 * 2.5(stat) £ 1.2(sys) ps
2007: t, =2196980.7 + 3.7(stat) *+ 1.2(sys) ps

G._=1.166 381 8 (7) x 10-5 GeV2 (0.6 ppm)*
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Why we measure T”p?

muon capture, beta decay,
I'p —=vn p —ne’v
v v v
w w
P n n P
proton's weak couplings proton's weak couplings
9,9, 9. 9, 9, 9,

knowing g, g, g, determine g,
the poorly known proton induced pseudoscalar coupling



Why we determine 9,7

fundamental quantity describing the proton's weak interaction

the approximate conservation of axial current enforces a rigorous
relation between the weak couplings g, 9,

gp(qz = -O.9m2“) = (6.47+0.18) g_(0) =8.26+0.23

Verification represents an important test of QCD symmetries

knowledge of g, (with g, 9., 9_) allows precision studies of

weak nuclear interactions through nuclear muon capture (e.qg.
u'D experiment).



How we determine 9,7

determine the up -»vn rate
by A =1/, -1/,

s

log(counts)

exp(-t/'ru)

~1073 differe

time



v chemistry, a complication

!

N ~12s?

triplet
(F=1)

4

(F 0)

A ~710s

use ulltra-pure (chemically, isotopically
10 bar H, (1% liquid hydrogen density)



Relative populations of
singlet atoms, ortho molecules, para molecules
In liquid and gas

AP\

Rel. Population

T sy m B n

Time after up Formation

Rel. Population

6 = 0.01 (~10 bar gas)

Lk

[ =1
o

\

.--'_'_'_'r-'__'_'-"

— b sl

¥ i l

T m

Time after up Formation









Event display of i stop in H, gas
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proton

= recoil L W pZ
&~ 3 capture

Rare |1 scatter Rare U transfer
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MuCap Results

2005: A_ = 725.0 = 13.7(stat) £10.7(syst) s™
g, (9>°=-0.88m?) = 7.3+1.1

1 E‘ T I T I I I I I T I T T T I T T T

I

14

10

Q
@)
O

g,(q" =-0.88m)

N A O B

1 [ I [
100 120 140
Aop (1 03 s

aﬂ
N
=]
A
Q
0
=]
&
Q

goal for 2006/2007 dataset Is A_to £5s™






Why we measure 1 _.?
ud

muon capture, pp fusion,
ud -»vnn pp —»de*v
Ul V v
W W
P
d " d
4 p

knowing g, 9., g_ and g,

the deuteron wavefunction and NN interaction,
measure the poorly known pd capture rate and
determine the poorly known two-nucleon weak axial current.



Why we determine A7

two-nucleon weak nuclear interaction where precision
measurement and precision calculation are both possible.

determine the contribution of two-nucleon axial current.

relation of ud capture to other weak processes of intense
Interest in solar physics (pp fusion) and neutrino physics (vd
Interactions).

goal of £1.5% measurement of capture rate A, Is five-fold

Improvement over existing measurements of 470+£29 s
(Bardin et al.) and 40940 s*(Cargnelli et al.).



U chemistry, a complication

I

muon recycling
W+ °He + n

‘ w+3H+p

I
o

muon sticking

AN

u3He + n
u3H + p

use ulltra-pure (chemically, isotopically)
30 Kelvin, 5% liquid density D, gas



temperature dependence of dud formation.
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Relative populations of
doublet atoms, quadruplet atoms, H*He atoms
In warm/cold gas
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Cryogenic TPC

Rear neon

Aluminum collector
shell

Be window
flange Be window Front neon

collector




Conclusions

MuX experiments - precision measurements of positive muon,
muonic hydrogen, muonic deuterium lifetimes addressing
fundamental leptonic, nucleonic and nuclear weak interactions.

MuLan experiment - T = 2196980.1 + 2.5(stat) + 1.2(sys) ps [2006], T =
2196980.7 * 3.7(stat) * 1.2(sys) ps [2007], G,_= 1.166 381 8 (7) x 10°

GeV? " a twenty-fold improvement over earlier experiments.

MuCap experiment - A, = 725.0 + 13.7(stat) £10.7(syst) s,
g,(0?=-0.88m? ) = 7.3+1.1 — with goal of reaching £5s™.

MuSun experiment — goal of A to +1.5% - recent milestone of
operation of 3K, 5% LD, cryo-TPC
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Relation to Standard Model

\/41T0(=gg '/\/gz—l—g'2

Gp.=2/V’

MZZ\/gz—I—g v




Detection of 1 stops in H, gas
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