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m CtaHpapTtHasa Mogenb M CTpPyKTypa
HYKJTOHOB

s G, = 0.9755 * 0.0005
s G, = 1.245 + 0.003
= G_=3.582 % 0.003

Gp(th) = 8.26 * 0.23
m Gp=6-12
m Gp (RMC)=12.2 +0.9 + 0.4
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pseudoscalar form factor g,
PCAC: .
n
. 2m M P § 3
HP(EIZJ' = m,:P pE & E{)}‘ .ﬁ
gp=8.7 -9
heavy barvon chiral perturbation theory: "
2 nF, 3 W
gr(q?) = BN _ L g (O M 1 Vi
2:=(8.74 £0.23)— (048 £0.02) = 8.26 + 0.23
A calculations O(p”) show good convergence: 100% 25 % 3% ZmNN
delta effect small LO NLO NNLO 13.31(34)
13.0(1)
13.05(8)
author year o Ag Mg comment
Primakoff 1959 664(20) | 11.9(7) smaller g,
Opat 1064 634 13.3 smaller g,
Bernard et al 1994 | B.44{23)
Feanng et al 1997 | 8.21(9)
Govaertsetal 2000  8.475(76) 688.4(38) | 12.01(12)
Bernard et al  2000/1 6874 (711%) 129 NMLO, small scale . o
Andoetal 2001 695 (722%) | 110 NNLO "NLO result
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Experimental information on g,

Ordinary Muon Capture w+p—vtn

BR~10-, 8 experiments 1962-82. BC, neutron. electron detection
“in principle” most direct g; measurement

Radiative Muon Capture W+p—vtnt+y

BR~10% TRIUMEF (1998). E. =60 MeV, 297 = 16 events
closer to pion pole = 3x sensitivity of OMC
theary more invelved (min substitution, ChPT)

* Muon capture in nuclei

Lw+He —» v+3H A _=1496=4s1 PSI(1998)
gp=gpﬂ1 (1.08 £0.19) error dominated by 3-N theory
correlation measurements

uCap
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Table 1 presents the available experimental data on the OMC rate, A,. Most of the measure-

Year Exptlplace Ha-target A.+dA,.s71 dA./A. Ref Method

1962 Chicago liquid 428485 20% [12] neutron
detection

1962  Columbia liguid 15485 17% [13] -

1962  CERN liquid 45050 1% [14]

1963  Columbia liguid 464442 9% [15] =M.

1969 CERN gas, & atm 651457 0% [16] -

1974 Dubna gas, 4latm 686488 13% [17] -

1981 Saclay liquid 46020 4.5%  [18] life time

measurernent
1981  Saclay liquid 531433 6%  [19]

Table 1: Present status of pp capture measurements.
*) corrected for ortho-para transitions in the ppp molecule.
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Ref. nin, At (ps)  S:O:P Rate (s71) gpl —ﬂ.SSH?i]
Ordinary muon capture
Hildebrand (1962) 1.0 0.0 0150.77:007 420+120 195116
Hildebrand and Doede (1962) 1.0 00 015077007 428+ 85 18.7+8.2
Bertolini et al. (1962) 1.0 0.0 0150.77:007 450£50 164x49
Bleser et al. (1962) 1.0 1.0 0.01:0.88:0.11 515%85 6.3+8.7
Rothberg ef al. (1963) 1.0 1.2 0.01:0.88:0.12 464+42 114x42
Alberigi-Quaranta et al. (1969) 0014 09 1.00:0.00:0.00 651+57 11.0+38
Bystritskii et al. (1974) 0072 14 1.00:0.00:0.00 686+ 88 8.7%5.7
Bardin et al. (1981a) (original 7, ) 1.0 25 460+20 79+3.0
(new 7,) 435£17 106+2.7
Radiative muon capture
Wright et al. (1998) (original theory) 1.0 0365 0.06:0.85:0.09 (2.10+0.21)x 1078 124+09+04
(new theory) 122109104




MuCAP - PSI: precision goal
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Ctpaterna MuCap akcnepumMmeHTa

= 3MepeHne BPEMEHU XKU3HU T, log(counts)

U* ,no capture
C ToYHOCTbLIO 10ppm, perncrpauusa

y-

10" n—evv pacnapos
> As =1k, -1t ~1%

m OpgHO3HaA4YHOCTbL MHTEepnpeTauum
3axsaTt u3 F=0 cocTtosaHua pup atoma npu nnotHoctu LH, 1%

m lcnonb3oBaHne metoaukn aktuBHou muwieHu (TPC)

C TOYHOMU peructpauven KoopamHaT U BpeMeHU OCTaHOBOK
MIOOHOB, PEKOHCTPYKLMSA TPEKOB 3NIEKTPOHOB K TOYKe pacnaaa

s Wcnonb3oBaHue ynbTpaunucrtoro sogopoaa C,< 108
m KoHTponb npumeceun no peakuuam: up +Z —» uZ + p, ~10 ppb N,
m ObecneyeHne N30TONMMYECKOU YUCTOTbI Boaopoaa

up +d - ud + p + 134 eV, npumecs D,~1 ppm, anddy3ua pd ~cm

> time
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o Slprt Moniteoring of impurity concentration, 2003
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Rung Gas Impurity vs. Time
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Hydrogen flow (22.06.05 - 23.06.05)
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Humidity behaviour during 29.11.2005
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Captures per mustop [ppm], humidity sensor
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IV. the new protium isotope separation facility:
production of ultra-depleted protium

CHUPS
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1) sample #74 from column after separation run: cd<0.14 ppm
(twice analyzed April-15 & May-18)
2) 3 stp-Itr protium sample from run-10 gas cd < 0.07 ppm
3) 0.5 stp-Itr sample with end-of-run-8 gas cd =1.44%0.13 ppm
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Ortho-Para Hydrogen

(Natural hydr{gen, Column pressure = 1.2 bar; Reboiler power = 10W)

Chromatogram




B Single muon requirement (to prevent systematics from pile-up)

m limits accepted u rate to ~ 7 kHz,
m  while PSI beam can provide ~ 70 kHz

m Muon-On-Demand concept

B
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Histogram shows dramatic accidental suppression in the lifetime spectrum
due to m-e impact parameter cuts (cut radius given in the legend).
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ObLwaga HabpaHHaa cTaTUCTUKa

[on ut*x 109 [y x10% |D,(ppm) |H,0 (ppm)
2004 0.2 2.0 ~1.5 0.07
2005 1.4 3.5 ~1.5 0.036
2006 1.56 8.6 <0.07 |0.02
2007 5.4 6.0 <0.006 [0.01

8.56 20.1

O6wmm obbem gaHHbIX 3a 2006-2007 rr. ~40 Tb

AHanus3 ogHoro panna aaHHbIX pasmepom 1.6 Gb 3aHnmaeT npumepHo 1
4Yac NPOLLEeCCOPHOro BPEMEHMN.
Ha paHHbin momeHT B [TADe ectb 1Tb gaHHbIX 3a 2006-2007 roga.
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PesynbTaThl aHanu3a gaHHbix 3a 2004 roa

N=1.6 x10°
A, =455162.2 + 4.4 s (ULAN experiment, to be published)
A,.=455851.4 £ 12.5stat * 8.5syst s*' (MuCAP 2004)

AMuCap = 725.0 £ 13.7stat £ 10.7syst s

A = 691.2 s-1 (averaged) + 19.4s-'(radiation correction)

gPMuCap = gPTh + (dgpld/\s) X (/\SMuCap - ASTh) =7.3%1.1 (15%)
g, = 8.26 + 0.23 (2.8%)



Earlier, in 1998, we have studied the muon capture on 3He. The muon capture
rate in the channel p-+ 3He — 3H + v, was measured with high precision :
A, =1496.0 £ 4.0 s,

This result have been used in some theoretical analyses

(T.Gorringe and H.W.Fearing, 2004) for deriving the proton’s pseudoscalar
coupling g,. They applied the microscopic theory based on impulse
approximation supplemented by explicit calculations of the meson exchange
corrections .

Their result was

Op = 8.77 £ 1.58.



[Myonukauum B 2007 roay no teme «MoOOH»

V.A. Andreev, T.l. Banks et al. “ Measurement of the Rate of Muon Capture in
Hydrogen Gas and Determination of the Proton's Pseudoscalar Coupling

gP.” Phys.Rev.Lett. 99, 032002 (2007)

V.A. Ganzha, P.A. Kravtsov et al. “A Circulating Hydrogen Ultra-High
Purification System for the MuCap Experiment”
Nucl. Instr. Methods Phys. Res. A 578 (2007) 485-497
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Physics motivation

p Vi

E, (MeV)

* nucleon FF dependence similar to p+p
gp dependence ~20% 2

* 2-N physics important (d wavefunction, a . ...) 90

* MEC’s contribute, dommantly A 1sobar current
EFT: two-body currents parametrized by 100,

LECL,, (isovector, axial) 4N vertex

* 3 body final state

uD

E, (MeV)
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1% precision experiment possible? ves
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ONHAHCDbI 2007

s Tema PAH — 400 T.py6 + 550 T.py6

m [ paHT CRDF ~49 K USD
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