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Pionic Atom Factory Project in RIBF
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Precision spectroscopy
of deeply bound pionic atoms
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Pionic Atom Factory Project in RIBF

d%c/(dE dQ) [ub/(MeV sr)]

i 124Sn(d 3He)

Calibratior’:l

B [Me
[‘ \/]0123‘45

i 1zosn(d 3He)

BMeV] Lt 1 1 1 ]
[‘\/10123‘45

[ 1168n(d 3He)

[ BMeV]

SO BN N DUV B
l01234l5

 110Rh 111K

3He Kinetic Energy [MeV]

360 365 370

1181 1151 1201 @ 1211

| 117Te 118Te 119Te PREcD
: | \

)} 116sb 1175b 118sb [{iSsn

|

114In

12}

121Te - 4

o m[izzsb{ 1235b
|

1165n §1175n |11585n (1195Snf1205n pealsMl 1225n

[ n 11%in 117In 118In 115In 120In 121In 122In 123In 124In

Nuclear chart

AR 127 Te

1265h

1255n

V li 114Cd 1115ca| RTeh] 117Cd 115Cd 119Cd 120Cd 121Cd 122Cd 123Cd

112Ag 1134g 114Ag 1154g 1164g 117Ag 1184g 1154g 1204g 121Ag 1224g

111Pd 112Pd 113Pd 114Pd 115Pd 116Pd 117Pd 115Pd 115Pd 120Pd 121Pd

Targets we measured in GSI

69 71

73

M

K. Suzuki et al.,
PRL92(04)072302.

RIKEN Nishina Center, Kenta Itahashi

NNDC,BNL




Pionic Atom Factory Project in RIBF
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Pionic Atom Factory Project in RIBF
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Pionic Atom Factory Project in RIBF
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High quality spectroscopy

\ 4

Precise information on
7T - nucleus strong interaction

» Partial restoration Chiral symmetry
in nuclear matter
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TT-nucleus Strong interaction potential

Vs-wave = bo p + b, (pn - pP) + Bo p2

rt density distribution and 7N potential
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Experimental Method

(d,*He) nuclear reaction
to produce pionic atom directly

Pion bound state
(coupled with n hole)

Missing mass spectroscopy
to measure excitation spectrum

We are aiming at
300 keV (FWHM) resolution
at ~140 MeV excitation energy.

threshold
3He Kinetic Energy
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Brief Report on Pilot Experiment
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Pilot Experiment

e Same experimental condition as main exp.
for systematic study.

e Check if all system works.

e Trial for first measurement of pionic '?!Sn.

\4

3 day-beamtime in Oct/2010
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RIBF/RIKEN (= Experiment site)
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Detector Installation
(~1000 ch within 24 hrs!)

photo by K. Suzuki
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Detector Installation

photo by K. Suzuki
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Detector Installation

photo by K. Suzuki
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Particle Identification
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Typical Event
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3He Track is reconstructed
tHo2-0 --> 3&% 1
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Particle ID by MWDC itself
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Overview of the so far analysis

MWDC analysis
residual distribution of plane |

residual:

: defined as the distance between
- the position of the track on the
plane and hit position of the plane

~ 0.28 mm(FWHM)

cf. designed value;
0.3 mm (FWHM)

— overall
0.13mm (FWHM)

tracking efficiency by MWDC ~ 95 %

cf) % of 3He event in tracked event ~ 97%

i Nt pesolution ~ 0.12 mm (0)
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Focal Plane 3He Spectrum

(acceptance uncorrected)
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Focal Plane 3He Spectrum

(acceptance uncorrected)
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Focal Plane 3He Spectrum
(acceptance uncorrected)

We expected
|s and 2s peaks...
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Focal Plane 3He Spectrum
(acceptance uncorrected)
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Focal Plane 3He Spectrum
(acceptance uncorrected)
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Focal Plane 3He Spectrum
(acceptance uncorrected)
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Focal Plane 3He Spectrum
(acceptance uncorrected)
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Focal Plane 3He Spectrum
(acceptance uncorrected)
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Focal Plane 3He Spectrum
(acceptance uncorrected)

sub-components
have almost same
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We are observing for the first time
angular dependence (= momentum

transfer dependence) of pionic atom
production cross section
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Analysis is in progress...

|. Higher order aberration correction
2. Calibration of abscissa

3.Acceptance correction
4. Deduction of Band I'

Finalized soon.

>
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sSummary

*We have performed first pionic atom production
experiment in RIBF, and proved that we can accumulate
statistics rapidly thanks to the high beam intensity.

* We have successfully measured for the first time

the |s pionic '2!Sn as a distinct peak.

* Angular dependence of pionic atom production cross
section is also observed for the first time.

*Now, we took a certain step toward precise and systematic
spectroscopy of deeply bound pionic atoms. Our first main
experiment to measure isotope- (or isotone-) chain will be
scheduled in the near future.
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