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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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Pionic Atom Factory Project in RIBF
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Pionic Atom Factory Project in RIBF
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Chiral symmetry at finite density

Daisuke Jido, Tetsuo Hatsuda, Teiji Kunihro, Phys.Lett.B670:109-113,2008.
Kolomeitsev, Kaiser, Weise, Phys. Rev. Lett. 90(2003)092501 l 8 -

. Gell-Mann-Oakes-Renner relation }
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2 2 »
fr : pion decay constant

Y. Tomozawa, NuovoCimA46(1966)707.
S.Weinberg, PRL17(1966)616.
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Present b, precision

-0.14 —-0.13 —0.12 —0.11 -0.10 —0.09

/ _— In-vacuum b

In-medium b,*

(at p=0.6p.) K. Suzuki et al.,
PRL92(04)072302.

bl still has a large error

+ exp. error in
pionic atom spectroscopy

In-medium b1 is calculated based on deeply bound pionic states
data combined with light spherical pionic atom data.
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Experimental Method

(d,3He) nuclear reaction
to directly produce pionic atom

Pion bound state

Missing mass spectroscopy (coupled with n hole)
to measure excitation spectrum l
by Q-value measurement threshold

We are aiming at
< 400 keV (FWHM) resolution
at ~140 MeV excitation energy.

W Q-value g
&
A RIKEN Nishina Center, Kenta Itahashi



Momentum Transfer
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Precision spectroscopy at Rl Beam Factory
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Precision spectroscopy at Rl Beam Factory

RIKEN-RIBF Performance of theﬂR{BF\accelerators
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Precision spectroscopy at Rl Beam Factory

RIKEN-RIBF RILAC
AVF

S RIPS =

SRC ~

fRC RRC > 2

| BIgRIPS|
IRC
o som GSI RIBF
d beam Intensity 10'/s 10'%/s
Target 20 mg/cm? 10 mg/cm?

Apdlps (FWHM) 0.03% 0.1%
Resolution (FWHM) 400 keV 1000 keV
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Precision spectroscopy at Rl Beam Factory

RIKEN-RIBF RILAC
AVF

S RIPS =

SRC ~

fRC RRC > 2

| BIgRIPS|
IRC
o som GSI RIBF
d beam Intensity 10'/s 10'%/s
Target 20 mg/cm? 10 mg/cm?

Apdlps (FWHM) 0.03% 0.1%
Resolution (FWHM) 400 keV 200 keV

by using the dispersion matching

RIKEN Nishina Center, Kenta ltahashi




Dispersion matching

DM: resolving power of incident
beam momentum = r.p of &
N do = +Ap/p

emitted particles SR 50 =0
do = -Ap/p.

N
— contribution of beam |
momentum spread to the

|
resolution is eliminated. Magnetic Va

spectrometer
Accelerator =

Target

H. Fujita et al., NIMA484(2002) 17
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Precision spectroscopy at Rl Beam Factory
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Target

Material =~ Thickness Width Purpose Target Run Duration “He entry
122Sn 10 mg/cm® 1.0 mm Production 1228n strip 12 926 min. 565626
1226n 10 mg/cm? full  Production 12281 full 3 169 min. 213084

(CH2)y 100 pm 2.0 mm Calibration (CHs),, strip 3 51 min. 244216
1 17 min. 122535

(CHaz)y 100 pm full Calibration (CHz)y, full

¥ p(dHe)Tro |

o
B

—_—
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Experimental setup

BigRIPS




Experimental setup

MWDC x 2
Scintillator

NiSHINA
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Focal plane detectors
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Particle identification
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Typical Event in MWDC
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Typical Event in MWDC
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SHe Track is reconstructed
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Energy calibration
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Kinematics:
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Energy calibration
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Pionic Atom Spectra in (d,He) reactions

RIKEN Nishina Center, Kenta ltahashi
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Preceding exp. at GSI for pionic lead
atoms in 208Pb(d,3He) reaction
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Theoretical Spectrum for '22Sn(d,’He)
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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
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Focal Plane 3He Spectrum
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Focal Plane 3He Spectrum
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Focal Plane 3He Spectrum
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NISHINA

We are observing for the first time
the angular dependence (= momentum
transfer dependence) of pionic atom
production cross section in (d,3He) reaction

K. Itahashi, Advanced Meson Science Laboratory, RIKEN Nishina Center



Theoretical Calculation at Finite Angles
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Energy spectrum
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Decomposition Procedure
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Cross section [ub/sr/MeV]
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Spectrum decomposition

Q-value [MeV]

Fit parameters

No. Name Description State
Background 1 co constant free
2 c1 slope free
1s 3 S1s scaling factor free
4 B binding energy free
5 I, width free
2p 6 Sap scaling factor free
7 Ba, binding energy free
8 I, width fixed
25 9 Sos scaling factor free
10  Bag binding energy free
11 I, width fixed
3s 12 S3 scaling factor free
13  Bsg binding energy fixed
14 I3y width fixed

RIKEN Nishina Center, Kenta ltahashi



Summary

Achievements
v We have successfully measured 121Sn x pi for the first time with

surprisingly rapid accumulation of statistics.
v Angular dependence of the production cross section is measured
for the first time.
v We are close to start systematic study.
Perspectives

-We’re analyzing energy spectra to extract binding energies
and widths.

-We still have room for resolution improvements.

-Main experiment will come soon (Jan/20137).

- Feasibility study is ongoing for “inverse kinematics”.

NiSHiNA K. Itahashi, Advanced Meson Science Laboratory, RIKEN Nishina Center



