FPYNMA ME3OSOEPHbLIX PEAKLNN

NTornm 2004 roaa




"

Precision Measurement of Muon Capture on the Proton
“uCap experiment”

U =p—=>V 0

www.npl.uinc.edw/exp/mucapture/

Petersburg Nuclear Physics Institute (PNPI), Gatchina, Russia
Paul Scherrer Institut, PSI, Villigen, Switzerland
University of California, Berkeley, UCB and LENL, USA
University of Illinois, Urbana-Champaign, USA
Universite Catholique de Louvain, Belgium

TU Munich, Garching, Germany
Boston University, US4
University of Kentucky, USA

uCap (@ PSI




"

pseudoscalar form factor g,
PCAC: o
1
 2my M P i |
g @) = 535 ;:_f.{m‘ "
gp=8.7 F. ¢
heavy barvon chiral perturbation theory: .
2 my g F, ) o
gpl(q) = —ﬂ:%a—“ - l 240y M r Vi
2:=(8.74 £ 0.23) - (0.48 £0.02) = 8.26 + 0.23
A calculations O(p”) show good convergence: 100% 25 % 3 % SN
delta effect small LO NLO NNLO 13.31(34)
13.0(1)
13.05(8)
author vear e As Ag comment
Primakoff 1959 664(20) 11.9(7) | smaller g,
Opat 1964 634 133 smallerg,
Bemardetal 1994  8.44(23)
Fearing et al 1997 | 821(9) _
Govaetsetal 2000 | 8.475(76) | 688.4(38) | 12.01(12)
Bernard etal 20001 6874 (711%) 129 WL, small scale o g
Andoetal 2001 695 (722%) | 119 NNLO NLO result i




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—vtnty

BR~10-%, TRIUMF (1998). E. =60 MeV, 297 = 26 events
closer to pion pole = 3x sensitivity of OMC
theory meore invelved (min substitution, ChPT)

* Muon capture in nucle

n+ ‘He —» v+H A =1496 =4 sl PSI(1998)
g~ gpﬂl (1.08 £0.19) error dominated by 3-N theory
correlation measurements

 Neutrino scattering

» 11 ¢lectro production at threshold

uCap




uCap Experimental Setup

Key ideas: active target of ultra-pure H, gas 10 bar for muons,
separate large tracking detector for electrons.
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o Slpl b Monitoring of impurity concentration, 2003
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1. [lpoBecTu cOOpPKY «4UCTOU» BAKYYMHOWN CUCTEMDI
OTKa4ykun (AHBapb - peBparnb)

2.  3aBepLuunTb U3roTOBIIEHME KOopnyca 1 Ha4YaTb COOpPKY
TPC — geTeKktopa B «4UCTOMN» KOMHaTe (SHBapb - Man)

3. OcyuwecTtBuTb 3anycKk cMcTeMbl LIUPKYNALNOHHON
OYNCTKM Bogopoda (AHBapb - Man)

4. HapaboTtaTb HEODXOOMMOE KONMYECTBO NPOTUA ANs
TECTOBbIX UcnbiTaHnn (~ 1m3) (AHBapb - heBpanb)

5. 3anycTuTb YCTAHOBKY B NOJIHOM 0b6bemMe Ha ny4ke PSI.
[1o6utbca He meHee 20 kI 'Ly, ocTaHOBOK MIOOHOB B
obbeme TPC — geTekTopa (aBrycrt - OKTA0pb)
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experimental challenges

L p (N,) - vqu n ‘ L — etV +v,

(Rich) physics effects

* Interpretation:
where does capture occur ?

Critical because of strong spin
dependence of V-A interaction

* Background:
Wall stops and diffusion
Transfer to impurities up+Z — pnZ +p

* Rate and statistics (BR =107)

* USR effect for 1™
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Concentration of N2 in Protium versus time from the TPC connection
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10 imp urity analysis of FADC data, run8
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experimental strategy

Physics 17 T100% L, Hm IH,| R 1%IH,

"‘--..
* Unambigous interpretation - n ' ﬂ

At low density (1% LH,) mostly . m Bl \\

capture from pp(F=0) atomic state. | m - u:

& |I -.-._.
|._.-'

* Clean muon stop definition: s B e B m
Wall stops and diffusion time (us)
eliminated by 3-D muon tracking

« In situ gas impurity control (c,<103, ¢,<10°)
hydrogen chambers bakeable to 150 C, continuous purification
TPC monitors capture on impurity and transfer to deuterium
10-% sensitivity with gas chromatograph

*SR: calibrated with tranverse field 70 G

Statistics

» 101 statistics: Complementary analysis methods

nCap
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AHanNn3 rasa n NPOoTMEBOU BOAbLI Ha
npuMechb enTepus.

AHanus rasa n3 oorema TPC (PSI):
(5.6 £ 0.5 ppm) — HosA6pbL 2003
AHanuna rasa (NMANAD):
(4.3 £1 ppm) — man 2004
AHanna rasa n3 sogpbl (MNAD):
(3.27 £ 0.17 ppm) — noHb 2004
AHanuna Boabl n3 NNA®, copenax B PSI:
(2.86 £ 0.11 ppm); (1.64 £ 0.11 ppm) ras n3 KaHagbl
AHanus soabl NNAD (caenaH B PSI) — ceHTs6pb 2004
(12.8 £ 0.2 ppm)
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Maev O.E. EXAD2 November, 2002
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Figure 3: Display of flash ADC’s showing typical event with signals from muon,
Auger electron and signal from recoil nucleus.
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first analysis of run7 p* data

by Claude Petitjean, Nov 2003

(see also electronic muCap analysis report 1D=19 of Dec 09, 2003)

useful runs before taking the ,clean” py- data:

- run group A: # 4403 - 4863, 288 runs from Sept 11 - 15, 2003
- run group C: # 5356 - 5430, 58 runs from Sept 22 - 23, 2003

runs after the clean p- data:
- run group B: # 7404 - 7488, 81 runs on Oct 10, 2003

total statistics of good p* & e* decays: 6 - 10%events
statistics of +20us - pileup protected events: 2 - 108



TGond 4-fold ™ TMu of TPC XYZ I

¥2IN = 1.43

hGondTpcMuTdiff
Entrles 3.826153e+08 |
Mean 4254
7 RMS 9298
10 = 21 ndf 268.7 / 188
— A 7.32e+06 + 1052
B lambda 0.0004495 1 4.889e-08
- epsilon 0.00448 + 3.117e-06
L alpha 0.005274 + 0.0002143
omega 0.00484 + 1.632e-05
— phi 5.383 + 0.04369
lambda_relax 6.029e-05+ 1.566e-05
6
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¥2IN = 1.47

TGondIepc1 Anode Cluster = | Mu of TPC XYZ I hepc1AnodeGondTpcMuTdiff

Entries 1.648851e+08

B Mean 4904

B RMS 1.01e+04

B 2 I ndf 276.5/ 188

1 06 - A 2.766e+06 +632.2
— lambda 0.0004494+ 7.438e-08

- epsilon 0.001606+ 3.53e-06
B alpha 0.005+0.0003298

— omega 0.004744+ 2.569¢-05

5 phi 5.73+£0.07328
10 lambda_relax 5.018e-05 + 2.46e-05
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" 2nd International Workshop on the Muon Capture Project "
Petersburg Nuclear Physics Institute, Gatchina, Russia, June 14-18, 2004
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MwuHHayka «MwoH»: 300 T. py0.
PAH: 600 T. py6. + 900 T. py0.
KomaHaOupoBKu: 22 4yen/mec



