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n’ Meson

Pseudo scalar meson (J™=07)
M=958 MeV/c?

[=0.199 MeV
Decay: TT"1T7 N (43%),
PY(29%), TT°1T9N(22%)
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n’ and other PS mesons

\ n” M=958 MeV/c2

N problem

mn’ < +/3mm
Weinberg, 1975
( g ) S

T M=140 MeV/c?
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Large n’ mass can be explained

Ua(l) quantum anomaly X X-symmetry breaking

q q

6-point vertex

time
Kobayashi-Maskawa-'t Hooft-type interaction

Kobayashi, Maskawa, PTP44(70) | 422
‘t Hooft, PRD 14(76)3432.
T. Kunihiro, Phys. Lett. B219(89)363.
Klimt, Lutz, Vogl, Weise, NPA5 | 6(90)429.
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NUSTAR 2015

[MeV/c?] In-medium PS mesons

Partial restoration of dynamical breaking of X symmetry
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NUSTAR 2015

[MeV/c?] In-medium PS mesons

Partial restoration of dynamical breaking of X symmetry
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NUSTAR 2015

n’ Mesic Nuclei in (p,d) Reaction

N’ transfer reaction + missing mass measurement

r]’ X ||C
mesic nuclei
T, = 2.50 GeV — g ~ 400 MeV/c
—d® KI, Fujioka et al., PTP 128 (12) 60
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1:heoretical Prediction

. y—  N’-nucleus potential:

| R ' 3
Viplr) = (Vo + iWp) 22

P0

p: nucleon density
Vo: Real potential depth
Wo: Imaginary potential depth

2C(p,d) at T, = 2.50 GeV
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Spectrum in Inclusive
Measurement at GSI
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_ ) NUSTAR 2015
Spectrum in Inclusive
Measurement at GSI

Signal |2C(p,d)| cC®n’
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NUSTAR 2015

Step-by-step approach

Measurement Objectives

GSI (p,d) extremely good statistics for cor
step | inclusive overall structure + BK study P
GSI/FAIR (p,dp) extended sensitivity -
step 2 exclusive™ for excited + ground states
FAIR (P dx)
- > exclusive + decay mode studies ood
S exclusive® 4 5
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NUSTAR 2015

Principles of Exclusive \ on’—=pn

Measurement at GSI/FAIR
Signals ‘ H

Background
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Principles of Exclusive on’—=pn

Measurement at GSI/FAIR

Signals

Tagging high-momentum protons
(300-600 MeV)

Y.K. Tanaka and Y. Higashi
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Principles of Exclusive on’—=pn

Measurement at GSI/FAIR

Signals

Tagging high-momentum protons
(300-600 MeV)

intra-nuclear cascade code —

S/N improves by f ~100

Y.K. Tanaka and Y. Higashi
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Step-by-step approach

Measurement Objectives

GSI (p,d) extremely good statistics for cor
step | inclusive overall structure + BK study P
GSI/FAIR (p,dp) extended sensitivity -
step 2 exclusive™ for excited + ground states
FAIR (P dx)
- > exclusive + decay mode studies ood
S exclusive® 4 5
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NUSTAR 2015

First step
Inclusive measurement GSI SIS-S437 in 2014/Aug




Production setup at FRS

b beam (T, =2.5 GeV, [,=4 x 10'%spill)
/IZC target (4 g/cm’) d ~ 4k/spill at S4 (signal)
el (¢ p’~ 800 k/spill at S4 (background)

( MWDCx2

- \
/%

Aerogel
Cherenkov (AC)

Fragment Separator (FRS)



Production setup at FRS

b beam (T, =2.5 GeV, [,=4 x 10'%spill)
*‘ZZC target (4 g/cm’) d ~ 4kspill ac 54 (signal)
perfect PID

\ [

”%

Scintillatoréyﬂ
(SC)

Aerogel
Cherenkov (AC)

Fragment Separator (FRS)
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Particle Identification

52-54 TOF (unbiased)

p/d ratio ~ 200/ |
| Ons/grid
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Particle Identification

52-S4 TOF (unbiased)

p/d ratio ~ 200/ |
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Particle Identification

Further rejection of the accidental multi-proton in offline analysis

- Single pulse selection by waveform analysis
- Cut condition for corrected TOF (52-54)

— proton contamination is sufficiently small = PID perfect

Examples of waveform of SC at S2
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Evaluated drift length [mm]

MWDC Analysis

- MWD C(XX'XX'UU'VV’)x2 were used.

- Tracking :

drift time (measured) — drift length — X? fitting for 2 MWDCs

- Iterative analysis for calibration :

temporary drift length = tracking — evaluate and update drift length

- Time dependence of relation between drift time and drift length

Drift length calibration

o
Irl.l11lrl ITTITI l11l[l ITTIf.l‘l.l

Measured drift time [TDC channel]

74001420 1440 1460 1480 1500 15201540 1560 1580 1600
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Drift length [mm]

Time dependence of drift time to

drift Iength relation

0.8 .
. for drlft tlme— 1555 (TDC channel)
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Spectrometer settings for wide mass region

Region in excitation energy

FRS scaling
20—
0% 0 e ———
+2% e —m——,———
| | | |
100 -50 0 50
Eex - Eo [MeV]

- 7 settings of FRS Bp from -2% to 2%
— -90 MeV < Eex-Eo < +40 MeV covered

25



Calibration Run

~ D(p,d)p elastic scattering
. for ~mono-energeticd |

ro

b (Tpr=1.6GeV)
CD, target(l g/cm®)

\,\/

~a d (P4=2.82GeV/c)

~mono-energetic at 0 degree

S2
&P [
- L ERE
dispers,-v Y % y

Fragment Separator (FRS)
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Calibration Run

Focal plane position (online, ion-optics roughly corrected)

S T ox prellmlnary

% |
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Count
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X at Focal Plane [mm]

Ox = 2.7 mm (CD calibration run)

- energy loss and straggling calculation
- spectrometer momentum resolution
- beam momentum spread

Expected mass resolution : G ~ 2 MeV/c? (production run)
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Sample spectrum of a very small part of accumulated data

2C(p,d) Tq= 2.5 GeV
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Step-by-step approach

Measurement Objectives

GSI (p,d) extremely good statistics for cor
step | inclusive overall structure + BK study P
GSI/FAIR (p,dp) extended sensitivity -
step 2 exclusive™ for excited + ground states
FAIR (P dx)
- > exclusive + decay mode studies ood
S exclusive® 4 5
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NUSTAR 2015
Second step

Pilot run for exclusive measurement at GSI

Scintillators
Target
. 2C20¢g
D4 MWDC
s trigger~400/spil
D2 D3 bk 80Kk/spill
Beam T, = 2.5 GeV \
high—refractiv'e—index Tn~1.2) aerogel| IP > |08 /Spi” ‘ L
1cm-thick PS ' R .\11
b< > 10em Background suppression \ s
Sem-thick PS ,, by signal tagging ; . o @ ¢ .
\
p " d \
| o— . . \‘—» p d
B¢ S
X W
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Roadmap for n’ FAIR ===
Construction Production exclusive Systematic study
of proton detector measurement Decay mode study
. Pilot exclusive 4pi installation
S437 analysis Measurement
Detector test 4pi detector development
2015 2020 2025 2030

high-refractive-index (n~1.2) aerogel ra w |
. D S S T S T N e o S e TR TSSO ) {
lem-thick PS | | Cylindrical Detector System (CDS) — . II
brass L0cm Tl.,,,_. S:em : —y i
arget . agnet | A —
T ‘
Scm-thick PS Z-Vertex Ch:'r::er PN YOME '
Charge Veto fE"| o 2 [ )

Chamber

Kaon Decay
Veto Counte

Cyftindrical
Drift Chamber

Hodoscope
Counter

unofficial roadmap (or wishes)
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Summary

» Search for " meson bound states in ''C by missing mass

spectroscopy at GSI/FAIR in framework of SuperFRS

N’ is interesting in relation to Ua(l) anomaly X X-symmetry
» Just finished first physics run for inclusive (p,d)
PID perfect
» Successfully accumulated targeted statistics with good
resolution ~ 2 MeV/c?
*  We will soon start writing the first paper

Preparation for semi-exclusive measurement

«
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