Physics: Interpretation
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m Experimental issues
" Aop +5ppm
neutron detectors
" App + 9 ppm
measure 2007
" Mhts small

start time scan

m Other issues
* consistency Ag calcs
* new neutron lifetime measurement
* radiative corrections
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Kinetics: Overview

triplet
(le) 0.4
PPLo PPH,

}’hf ) A o —

ortho (J=1) time (us)

singlet (F=0) 95.2% pu

- Apara

para (J=0)

As

n+v state rate theoret. prediction (s7')
pu(singlet) A, 664
pultriplet) A, 12
ppp(ortho) A, = 29,(0.75A, + 0.25)A, 506
pppe(para) Ay, = 29,(0.25A, + 0.75)A; 200

T'rll)](‘. 4: Nl]('l("{lt' ("(Ipl-l'l]'(‘. rates 1]1 P atorms ."ITI(l ppp T]I()]('('.'Il]('H.

The molecular overlap factors are calculated by theory as 2+, = 1.009 £+ 0.001 and
24, = 1.143+0.001 [8]. Further relativistic corrections might lead to 1—2% corrections



hfs transition
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from MuScat, T=30K, PK check,
A= 170 MHz = 1/(5.9ns)

m Experiment: fairly uncertain, Siegel, Mulhauser

m Run8: check experimentally with different A,

PK finish study, T&S Fit




p pu fOrm atl on E1l transition }“of

ortho (J=1)

Theory Rate (106 s~ 1) Ref.
2.6 [7]
3.9 [44] j’ f
2.2 [9]
1.8 (8]
Experiment Rate (10° s71) Conditions Ref.
0.675% Gas [45]
1.89+0.20 Liquid [18]
2.55+0.18 Liquid [37]
2.74+0.25 Gas [38]
3.56%(0.38) 570 = (0.17) 5350 Solid [40]
3.21%(0.10) 50¢ % (0.14) 510 06 modiet Solid this work
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ortho (J=1) para (J=0)

m results
year Method Mop (10%/s)
1981 Exp LH2 4.1(1.4)
1982 Theory 7.1(1.2)
2005 Exp LH2 11.1+1.7+0.9-0.6
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m MuCap limit with neutron detectors runl10 ?

* The situation is confused and not much guidance available from the
literature.

* MuCap uses 1% of LH2 density which, though not expected, might
change A, from the measured value(s) at LH2




Equations

'n17[£] = (-r0- phrpp - Rs) nl [£] be expressed by Rs

Rom and Rpm can

nd“[t] ==phrppnl[t] + {(-r0 - Rom - rop) n [t] as shown in
n3’[t] =rop n [£] + (-0 - Rpm) n3 [£] . .
fnl[0], nZ[0], n3([0]} = {1, O, 0} previous slide.

solutions

g~ (PhIFP+RE) &
(e-(Bom+T0p) ¢ _g-(Ph Ipp+Bs ) 6
~Rom-rop4phrpp4B=
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(Romtrop-Bpm) (Romtrop-ph zpp-B=) (Epm-ph rpp-E=)

JphIpp

pup:  Power(E,-((ph*rpp + Rs)*t))
uppO:((Power(E,-((Rom + rop)*t) - Power(E,-((ph*rpp + Rs)*t)))*ph*rpp)/ (-Rom - rop + ph*rpp + Rs)
uppP: (ph*rop*rpp*(Power(E,(Rom + rop + Rpm)*t)*(Rom + rop - Rpm) + Power(E,(Rpm + ph*rpp + Rs)*t)*(Rpm - ph*rpp -

Rs) + Power(E,(Rom + rop + ph*rpp + Rs)*t)*(-Rom - rop + ph*rpp + Rs)))/
(Power(E,(Rom + rop + Rpm + ph*rpp + Rs)*t)*(Rom + rop - Rpm)*(Rom + rop - ph*rpp - Rs)*(Rpm - ph*rpp - Rs))




] ] Sensitivity studies
KlnetICS StUdy oorigina| pr0p05a|

e neutron detector proposal

The results are summarized in the following table.

Kinetic assumption Eelative change in Eelative change in , .
Rates in L) electron dizappearance | neutron disappearance hd Steve S new f|tS
AEs 10 |2 rate (ppm) rate (ppm)
Agp=0.0, Agp=2 0 0 moment method
0 0 fit method (0.05-20 ps)
=0.08, fit 0.05-20us 11 5569 moment method systematically calculate
12 5482 fit method Ae; A, @s function of App
hep=0.20 -23 10468 moment method (0_3 /us) PK’ Steve’ Tom
-216 10330 fit method
Rop=0.20), fit 0.05-10us 15 9306 fit method |
App*1.5 -18.4 7054 moment method
-17.6 6599 fit method
http //kao n DhVS|CS berkeleved u: 8080/ru n 9_0 rep/lz Electron and neutron time distribution devided by mu+ time distribution, normalized to identical iitial point by Rafr0
I will pOSt Update " ::u’:[':ne[t]fneﬂlt], no[t]/ned[t1T0/Rs}, {t, 0, 20}1; el eCt ro n S
— ~ — 3 1
AL=10ppm = AA =510 \\
0.96 ~.neutrons
We need to measure AA, to ~3 103! |
. 0.94 \\
(At present AA,= xx 103, Tim) N
0.9 \\
0.86 \\.




e decay rate vs A,

die (ppm)
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first moment method

weak rates fixed,
A, varied to generate kinetics,

first moment of resulting kinetics calculated.

}"obs

t42ppm=A,+tAg ?

2
App(l/us)

last moment exercise. Check analytically, and with fit of MC

and real data to investigate consistency and start/stop time
dependence.




Steve’s fit to prod-50 data
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18 Hz (40ppm) change for A ,=2.3 /us 5 Hz (11ppm )change for A,,=0.08 /us

|_pf=0.0074 MHz |_pf=0.0074 MHz
| op=0.08 MHz | of =1.80 MHz
phi =0.0116 phi =0.0116



Correction and uncertainty

= Approximate correction dA=2%-A; o2 _i37pmpus @ lop=0.08
Shop= (0.1-0.) MHz = -13.7 ppm 81 /A, ’ ]

d Ae

OA,,=(3-2) MHz ~ -18 ppm SA /A, aae _ _

= ops - -18ppmps @ App=2.0,LH2

m Perform fit to final corrected time spectra
Solution as given in appendix of proposal and this talk using

analytical correction for 6A./A,observed
Aop= 0.08 MHz +11 pp

App= 2.3 MHZ +42 ppm FM check best value

m Calculate uncertainty as

OAe/Ae= £ 5 ppm from 6, = + 0.04 MHz
OAe/Ae= £ 9 ppm from 8A,, = + 0.5 MHz

m Parametrize correction

OAe/A= + 137 (A, (new) — 0.08) ppm
OAe/A= + 18 (A, (New)-2.3) ppm

If new results for A,, and A,, (MHz) become available.



