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partial restoration of chiral symmetry
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0p(r) = pp(r) — pp(n)
Gell-Mann-Oakes-Renner relation  Tomozawa-Weinberg relation
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Review: T. Yamazaki et al., Phys. Rep. 514 (2012) 1
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energy levels of pionic Pb atoms
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pionic 1s state in Sn isotopes
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(d,3He) reaction at RIBF
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(p,2He) reaction at RCNP
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(p,2He) reaction at RCNP

compared with (d,3He) reaction

advantage: high-resolution spectrometer“Grand Raiden”
+ dispersion matching (planned)

disadvantage: small detection efficiency for two particles

note: production cross section is not largely different

Hiroyuki Fujioka (Kyoto Univ.), NSTAR 2015 @ Osaka Univ.



RCNP E29 experiment
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comparison with (d,3He) at GSI
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Grand Raiden LAS
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LAS at 0 degrees Grand Raiden at 4.5 degrees
beam intensity : 0.5-1 nA beam intensity : ~100 nA
target : 22.3mg/cm2 208Pp target : ~20mg/cm?2 208pp

resolution : 700 keV (FWHM) resolution : 200 keV (FWHM)
(beam width ~150 keV, AEgifr~AEstrag.~ 100keV)
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theoretical calculations

J. Yamagata-Sekihara, N. Ikeno, S. Hirenzaki

d ' ' R —
_ .10 degrees L —
> 252 hole
= 3p32 hole e
= 11132 hole ------
—
s
E|
=
G|
5
o L
i T T T I ]
% 208Pb(p, He)j
Z B
Iy 390.6 MeV |
3 gt *
S - - bl
3 | -
5 - LJ B
% : ilTr}TTrH'L}T T
RS «— -
0 L | l L , l . . I . ) l .
—20 -10 0 10 20

cf. (d,3He)

-BE [MeV] experlmental resolution

= 200keV FWHM

(700keV rwhm)

H. Gilg et al., PRC 62 (2000) 025201 ,
K. Itahashi et al., PRC 62 (2000) 025202

d2c/(dE dQ) [ub/(MeV sr)]

80 [

Quasi-free
T~ emission

contlnuum
threshold\ﬁ

oL
120

60
40 -

20

a (2p)n_(3p3/2)n-1
- (2p)n_(3p1/2)>&
b
_ N,
(15)713_ *ﬂl} |
- \ f i:
FERY
#
f
Eh* D e
| Y T SN W T SN WO TN TN HNY S S DT . N L
125 130 135 140 145
Excitation Energy [MeV]
| Theoretical Calculation T emission
| threshold

(3p73|ds4p’4d)7'c_

(

125 130 135 140 145

Excitation Energy [MeV]

Hiroyuki Fujioka (Kyoto Univ.), NSTAR 2015 @ Osaka Univ.



d<o

theoretical calculations

J. Yamagata-Sekihara, N. Ikeno, S. Hirenzaki
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theoretical calculations

J. Yamagata-Sekihara, N. Ikeno, S. Hirenzaki
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counts/200keV

expected spectrum

100nA proton beam on 20mg/cm? Pb target for 5 days
same background level as E29 (at O degrees)

acceptance maximum at B=4MeV
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expected spectrum
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100nA proton beam on 20mg/cm? Pb target for 5 days
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feasibility study

+ determination of absolute beam energy
< (p,2He) measurement with Grand Raiden
»  209Bj(p,2He)208Pby .
v p(p,2He)mY
»  208Pb(p,2He)207PbxTr

» accidental coincidence of two protons
4-day beamtime approved in B-PAC77 (RCNP E451)
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____ condusion |V

< pionic atom production by (p,2He) reaction

» 208Pp target at first — different targets such as Sn
< aiming at 200 keV resolution (FWHM)
» improved by dispersion matching? (future plan)
<+ small acceptance compensated by intense beam
» beam dumped via newly-constructed GRAF beamline

< 2p states may be observed by 5-day data acquisition
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