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n’ and other PS mesons
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[MeV/c?]
n’ and other PS mesons

@ M=958 MeV/c2
n problem

Peculiarly large mass
My >> /3my
(Weinberg, 1975)

T

1000

750

500

v3mn L s

@ M=140 MeV/c2



Masses of Pseudo-Scalar Mesons
with various symmetry breaking patterns
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Masses of Pseudo-Scalar Mesons
with various symmetry breaking patterns

Source energy levels  Absorber isomer shifts Magnetic Zeeman splitting 1 OOO
relative to source (not to scale) m]
32
'.'_"'-..’ _______ A A _1/ 2
- e R [ e _
] .,.,-' \_‘\. . y y ’ Y +1/2 750
."‘.’ \.N. +~",/ 2
3/2 'y g T
~ 14.4 keV 3 | | i
Xxsymm -, L A B C '
manife ,, —— "7 Tl »

. 500
Ko

— HEOBNE “’“\ﬂﬂ"rﬂ*

D —_— \}
70-7%% | || -
Mossbauer effect Doppler velocity (um/s)

L + explicit xs

Nagahiro et al., PRC 87 (2013) 045201 b ki
Jido et al, NPA 914 (2013) 354 reaking

SIM1SS101n

o
(=

% Tran
o0

@
<

0



Large n’ mass = Ua(1) x chiral condensate

Ua(1) symmetry breaking term of

effective Lagrangian

6-point vertex _

q q
] q
q B,y
(79)
time
Kobayashi-Maskawa-t Hooft
Interaction

Kobayashi, Maskawa, PTP44(70) 1422

‘t Hooft, PRD 14(76)3432.

T. Kunihiro, Phys. Lett. B219(89)363.
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Klimt, Lutz, Vogl, Weise, NPA516(90)429.



Large n’ mass = Ua(1) x chiral condensate

Ua(1) symmetry breaking term of
effective Lagrangian (29) (dq) 0

6-point vertex  _ NG
Bosons

q q
(qq)
\/ (qq)

The question is “What happens if <qq> is smaller?”

—-p_"_’ Q(If]) AW > 22
(qq) S
tim)e
Kobayashi-Maskawa-"t Hooft ¢ o
interaction @b o (da) Hirenzaki

Kobayashi, Maskawa, PTP44(70) 1422
‘t Hooft, PRD 14(76)3432.
T. Kunihiro, Phys. Lett. B219(89)363.
Klimt, Lutz, Vogl, Weise, NPA516(90)429.



Chiral condensate decreases in nuclear matter
~pionic atom spectroscopy~
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Chiral condensate decreases in nuclear matter

Y

We expect considerably large
mass reduction of n’ in nuclei
— Attractive potential

— Existence of bound states

~pionic atom spectroscopy~
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n’ Mesic Nuclei in (p,d) Reaction

N’ transfer reaction + missing mass measurement

n’ x 1C
mesic nuclei

T, = 2.50 GeV — q ~ 400 MeV/c

Kl, Fujioka et al., PTP 128 (12) 601.
13




S437-n’
Theoretical Prediction

N’-nucleus potential:

Signal o(r)
Viy(r) = (Vo + W)
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P: nucleon density
Vo: Real potential depth
Wo: Imaginary potential depth
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S437-n’
Missing-mass of 12C(p,d) inclusive measurement

Signal
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S437-n’
Missing-mass of 12C(p,d) inclusive measurement

Signal
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S437-n’
Missing-mass of 12C(p,d) inclusive measurement

Signal 5437 12C(p,d) in 201 4 at FRS/GSI
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We achieved extremely high statistical sensitivity
demonstrating very good performance of FRS.
\ But, no peak was observed. Major BG=muilti .

'KIA S/BG cross sections must be < 1/100 .




3 major decay modes

How to select Signals of n’-mesic nuclei

‘Do
Signal np—Np

i
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Y.K. Tanaka and Y. Higashi



How to select signals

Detect p (800-1200 MeV/c) emitted

in the decay of n’-nuclei for
semi-exclusive measurement.
f ~ 100 improvement in S/BG

10032

Y.K. Tanaka and Y. Higashi

3 major decay modes
of n’-mesic nuclei




5490-n’

Expected spectrum in 4 days of DAQ at FRS

Tp =2.5 GeV, 2C(pd) | 2.5 GeV, 2.5x108/s,
<102 N’-threshold 8 g 12C target
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5490-n

Expected spectrum in 4 days of DAQ at FRS

Tp = 2.5 GeV, 2C(p,dp) |p 2.5 GeV, 2.5x108/s,
n’ threshold 8 g 12C target
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Experimental setup : 12C(p,dp) in Feb. 2022
together with HypHI

~ TP 0 10 20 m
SlS 35:/\\ |IIII|IIII|

p 2.5 GeV, ~2x108/s

MWDC
\/@@63@% ' S4

\
.
iin\:'_.-‘—

| oA S J . . e v ! Nl 5 [ -
. ! i g ! b — NG N T N . b
5 —.J J -~ ‘ Ly _’J X ‘.)"-, A.t " f) g
- ; | 4 ) | \ ) “
N e A - ; SRR DS T . Al : |
. . s B \ \ e
' s h 5 : P - '\"", N SR TR { ot o 0
\\\\\ i | %G Fiby v ety P (B =
u ‘ p AR BTV / / 4 O ¥ )] P : !
- S o T <
e { A0 B . |4 i 4
B \ ¥ R o
1 v/ "‘1 ‘ il 3 3 \
W D

m analysis of (p,d)
j Mass Spectroscopy

Ry
r
‘, -

‘q A P
T~ ‘L‘ }
LY
3 ‘
] . *
. ' ‘
o
3 s. 1 \
s A
B oS

)?‘R:'; i‘}
o)y
W= ¥ hation of forward

= 7 2% spectrometer and
_ |Bid angle detector




Experimental setup : 12C(p,dp) in Feb. 2022
together with HypHI o oo

p 2.5 GeV, ~2x108/s

Momentum analysis of (p,d)
for Missing Mass Spectroscopy

Combination of forward
high-res. spectrometer and
large solid angle detector

WASA for decay

| p measurement |




Counts [/MeV]

Inclusive Spectrum at S4

comparable to 5437
Acceptance uncorrected

Preliminary ~1.1x107 d events

Resolution ~ 2.5 MeV o

mex-to [MeV] Y.K. Tanaka



Counts [/MeV]

Inclusive Spectrum at S4

comparable to 5437
Acceptance uncorrected

Preliminary ~1.1x107 d events

Healthy measurement
Analysis is almost ready

R—

Resolution ~ 2.5 MeV o

mexto [MeV] Y.K. Tanaka
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2 % |deuteron

High energy proton tagging
in coincidence with forward d

20

Cooperation with COSY-WASA collaboration



Detectors in WASA

- MDC (Mini Drift Chamber)
Charged particle tracking

- PSB (Plastic Scintillator Barrel)
AE + Timing measurement

- GCsl
vy detection for calibration

MDC SC Solenoid

Csl

1

™ se Magnet, Return Yoke - -*

Cooperation with COSY-WASA collaboration

27



Plastic Scintillator Barell

PSB2
PSB1 %PSB3
Particle
TOF btw. overlap PSBs
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O e L ]
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R.Sekiya



Mini Drift Chamber MDC

17 layers ~2K straw tube detectors

Tracking resolution 250-500 um
— Ap/p ~ 40-45% at 1 GeV/c

GENFIT Event Display| 3.
SC-Solenoid 1T

\
B i vires

Tracking with Kalman filter



WASA Combined PID with AE and g/p

PID by WASA (S4 d tagged)
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WASA Combined PID with AE and g/p

PID by WASA (S4 d tagged)
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WASA Combined PID with AE and g/p

PID by WASA (S4 d tagged)
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Summary

n’-mesic nuclei hold a key to understand origin of matter mass and non-trivial
structure of QCD vacuum

We have conducted S437 and S490 experiment to search for eta-prime mesic
nuclei and conducted missing-mass spectroscopy of 12C(p,d) reaction

We combine forward spectrometer FRS and large solid angle detector WASA. By
tagging ~1 GeV/c proton, we improve S/BG ratio by ~100

WASA PID works fine with TOF, tracking, and AE information. Cut conditions are
to be finalized. Semi-exclusive spectra will be ready soon

We start considerations of next experiments using pion/pbar beams

For ~1/4 century, | enjoyed working with lwasaki-san. | truly appreciate the
precious days.



WASA-FRS combined PID

PID by WASA (S4 d tagged)

— 50000 -
: 45000~ e
(’75\ S 'S 40000 I
S 4 1 < 35000 |
o L -
= < 30000
o 3 _"fz 050005 i i fa
-— R 20000 ety mma i aen] ~ EE -
214 % 15000 5 o e pe o SN 10
0 B T
’ 10000 J _______________
E:,:,;; : o .I '::: . 1 5000 EtiaEni N\
% 15 —10 -5 5 10 15 % 45 10 5 0 5 10 15 20 |
MDCIc &% q/P [(GeV/c) 1] MDCIC &% g/P [(GeV/c)]
WASA at S2 S4
. MwWDC ERWEE D p DA
(Tracklng P/q (MDC)
()g I I 0, g AE (PSB)
- SC41 B (S41& g8, PSB, MDC)
B ; == (Timing)
s 4;% ‘T‘@H%%J;E%Hj .......................... @ll‘ﬁ%&j&%@{% LJ—CPID

— Bc = TOF(TA-PSB) / L(TA-PSB)



