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WASA at FRS

from viewpoint of spectroscopy
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Meson-nucleus bound states
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Pseudo-=scalar mesons
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Masses of Pseudo-Scalar Mesons
with various symmetry breaking patterns
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PS in high density medium
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Motivations in PS mesic atoms/nuclei
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Hadrons as probes
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n’ Mesic Nuclei in (p,d) Reaction Spectroscopy

N’ transfer reaction + Missing mass measurement

n’ x 11C

mesic nuclei

q ~ 300-400 MeV/c cf. (Y,p)
by BGO-OD at Bonn or
‘:\', by LEPS2 at SPring-8
Al
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Theoretical Prediction
N’-nucleus potential:

Vo(r) = (Vo + W)

p(r)

L0

p: nucleon density
Vo: Real potential depth

Wo: Imaginary potential depth

2C(p,d) at Ty = 2.50 GeV
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Missing mass measurement GSI S437

Signal
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Constraints to potentials parameters

Vy(r) = (Vo + W) pir)

A PO

QMC Linear o NJL

CB-BELSA

GSI-S437 rejected

Deep attractive
| less absorptive
| region is rejected
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with theoretical predictions. (Y.K.Tanaka, PRL) 3



Constraints to potentials parameters

Vip(r) = (Vo + W) o)
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Missing mass measurement GSI S437

Signal 2C(p,d)''C @ 1/

Deuteron momentum [MeV/c]
2920 2900 2880 2860 2840 2820 2800 2780

6.2 '_l | L I | | | L | | _l | I | L I LI I | l_ I | l_l

p. R d = 60} £ iggg L e :
. ) OF 5 - - 3

‘ = gql S of, 7. g 3

a - [ | I | | I .| L1 || __

= C s

g 5_6 :—- wﬂﬁ* Fuﬂ __:

g 54 e R > 3

€ s52F e ﬁ\&ﬂ E

Background Z cof Bt E
R 2C(p, d) 1

p 48 — A - T =t
o gl: 3
of E

: 1 1 I 1 1 I 1 1 1 | 1 1 1 I 1 | 1 I 1 1 1 | 1 1 I:I

4

100 =80 =60 40 =20 0 20
Eex—Ej [MeV]

)

Y.K.Tanaka et al., PRL117,202501 (2016)

|5



Decay modes of n’-nuclei
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Decay modes of n’-nuclei




Semi-Exclusive Measurement at GSI S457
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Semi-Exclusive Measurement at GSI S457

n'p—np
Tag p (300-600 MeV) emitted d

in the decay of n’-nuclei for ‘ o—
semi=exclusive measurement. .\n
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WASA at FRS

for 12C(p,dp) spectroscopy
SIS s 0 10 20m

2.5 GeV p 2.5%108/s
(10s spill / 15 s cycle)

Experimental Setup at FRS-S2
(FAIR-Phase 0)
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WASA at FRS

for 12C(p,dp) spectroscopy
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S457-n’

Expected spectrum in 10 days of DAQ at FRS
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S457-n’
Expected spectrum in 10 days of DAQ at FRS
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Step-by-step approach

Facility Measurement Objectives
GSI (p,d) extremely good statistics for cor
step | inclusive overall structure + BK study P
GSI (p,dp) b tagging for extended sensitivity 00d
step 2.0 exclusive™ with WASA at FRS 8
FAIR (p,dp) b tagging with good statistics ood
step 2.5 exclusive™® for excited + ground states 8
FAIR (TT,pp) .
step 3.0 excclusive’ p tagging with pion beam for better FoM good
(P,dx), (Tr’izkx) Exclusive + neutral decay mode studies good
exclusive
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Super-FRS

(Super-)WASA @ MF2
proton, pion... beam
with dispersion matching

T — T

CR, NESR
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Summary

+ FRS+WASA is a unique and powerful combination for
spectroscopy of mesic nuclei

» Study of n’-mesic nuclei by (p,d) reaction is in progress

» First inclusive run gave high quality spectral data, which sets

constraints on N’-nucleus interaction
» Semi-exclusive run is in preparation based on WASA at FRS

» WASA will be used for tagging protons emitted in n’-nuclei
decay, which enhances S/BG ratio drastically

*  We are applying to |P budget for PSB trigger counter
refurbishment to enhance PID capability

* In future at Super-FRS, we may have a chance of using pion
beam for the spectroscopy of mesic nuclei and extends our
field toward systematic studies of various mesons X nuclei



Power of semi-exclusive measurement
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Expected Spectra at First Step (GS))
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WASA at FRS

from viewpoint of spectroscopy
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