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pseudoscalar mesons in broken chiral symmetry

Ui
958 MeV
7o
Ua(l) anomal
' L 548 MeV
T, K, 18, 1o = 497 MeV
C
T, K, s — 135 MeV
" massless
mg = mg = 0 mg = mg = 0 mq # ms # 0
(qq) =0 (qq) # 0 (qq) # 0
ChS manifest ChS broken dynamically ChS b;::eeq(gl)ilgi::;‘ically

Nagahiro et al., PRC 87,045201 (2013)
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pseudoscalar mesons in broken chiral symmetry

different “origin of mass”

958 MeV

= o

Ua(l) anomaly el o

SO Sk | 548 MeV

T, K y 118

1 massless
mg =mg =0

(qq) =0

ChS manifest

ChS broken dynamically
and explicitly

Nagahiro et al., PRC 87,045201 (2013)
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n’ meson in medium

< At finite density/temperature,
chiral symmetry will be partially restored

» cf. deeply-bound pionic atom (talk by Ikeno-san)

« large mass reduction, as a consequence of
suppression of the anomaly effect?

< optical potential: V(r)=(Vo+iWo)p(r)/po

»  |Vo|= (mass reduction), 2|Wy|= (absorption width)
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N’ meson in medium

in vacuum in medium (nucleus)

mass = 958 MeV/c? <958 MeV/c2?
O(10) MeV or even larger

mass reduction?

decay width = 0.2 MeV absorption width =

(free decay

O(10) MeV ?

pressed)
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n’ optical potential: state of the art
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Nambu-Jona-Lasinio model

Nagahiro, presentation at “Hadron in Nucleus”

' ¢f) NIL model with KMT <

QD{X

/
_ U, (1) breaking
g (KMT term 192])
£ _ (qq) > 0
% [1] Kobayashi-Maskawa
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transparency ratio measurement
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excitation function and momentum distribution
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o [nb]

elementary process : pp—ppn’

:

Czerwinski et al., PRL 113, 062004 (2014)

— Jost [18]
— Jost: full Q range (18]
- N-G-W [19]

== on-shell [15-17]
10 * This work
0 COSY-11 [20]
. O SPESII [23]

- A DISTO [24]

Re an'n=0£0.43 fm

IN = +0.40
Im ap'n = 0.37+312 fm

COSY-11
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spectroscopy of n” mesic nuclei at GSI
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12C(p,d) reaction
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incident proton kinetic energy Tp [GeV]

< intense proton beam available

+ relatively large momentum transfer

» population of large £, states near threshold

» different rigidities between protons and deuterons
(from an experimental point of view)
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theoretical calculation

+ elementary cross section : do/dQ(pn—dn’)=30ub/sr

< relatively large momentum transfer

> populatlon of large P,n states near threshold
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GSl accelerator facility

B Ring accelerator
— / SIS18
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GSI S437 experiment (¥*)

LETTER OF INTENT FOR GSI-SIS

SPECTROSCOPY OF 7/ MESIC NUCLEI (2011)
WITH (p, d) REACTION

— Interplay of Ux(1) anomaly and chiral restoration in 1’ mass —

K. Itahashi, HF et al., PTP 128, 601 (2012)

< intense proton beam from SIS-18 (~1019/spill)
<+ 4g/cm2-thick 12C target
< high resolution measurement of deuteron by FRS

< overall missing-mass resolution : 0 < 2MeV/c?

(*) under the framework of the Super-FRS collaboration
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experimental setup

25 G S0-S2: achromatic
~° '/PfotOn 50-54: dispersive (~38mm/%)

S1
12C térgﬁ“’iﬁ aerogel Cerer}kov counter .

2

aerogel Cerenkov counter
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experimental setup

25 G S0-S2: achromatic
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aerogel Cerenkov counter
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experimental setup

25 G S0-S2: achromatic
~° '/PfotOn 50-54: dispersive (~38mm/%)

S1
12C térgﬁ“’iﬁ aerogel Cerer}kov counter .

p/d separation (planned)

on-line: aerogel Cerenkov counter
off-line: TOF between S2 and S4 aerogel Cerenkov counter

(diff. by ~20ns)
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integrity test @ COSY-JESSICA, Jiilich

1.5, 2.7GeV/c proton

27th Jan - 10th Feb 2014
B A | M H ,ﬁ

IH

special thanks to: F. Goldenbaum, O. Felden, R. Maier, D. Prasuhn
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S437 Exp.: 1st-8th August 2014

n’ bound unbound

< Production Run (~5 days) : C(p,d) @ Tx=2.5 GeV

FRS scaling

» intensity (3—4)x100 /spill -2% NEZESS
» target thickness 4g/cm? T .

+2% e — .
» FRS scaling from -2% to 2% 45—y

Eex - Eo [MeV]

» (5—10)x106deuterons in each scaling mode
+ Calibration Run : D(p,d)p @ Tp=1.6GeV

« Reference Run:D(p,d) @ Tp=2.5 GeV

» background measurement (p+(p/n)—d + multi 11's)
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Calibration Run: D(p,d)p
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information on optics
missing-mass resolution
stability of the system
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unbiased

p/d ratio ~ 200

proton: 99.5% rejection

TOF trigger

p/d ratio ~ 1

note: Cerenkov counters
were not used
for triggering purpose.

Cau nts

Counts
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FAIR under construction
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http://www.fair-center.eu

FAIR under construction

SIS100/300

>
_— Rare Isotope
Production Target

/ Super-FRS

~ Antiproton
Production Target

Plasma Physics
Atomic Physics

FLAIR
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http://www.fair-center.eu

inclusive measurement at FAIR
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target 30° dlpole

proton / 52
F RS beam : \Dl v

D2

A
. quadrupole

from FRS to Super-FRS .

\ D;‘/IWD/C/SC2>C Energy Buncher

SC1
Spectrometer

50m

ta rget§

Beam
Dumps
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Production Pre-Sepa rator

Target — —

0'/ Focusing System

/

Driver
Accelerator

__Main-Separator

Low-Energy &
Branch &

High-Energy Branch

Degrader 2 ;
Ring Branch

more intense beam (1011-13/spill?)
and larger aperture of Super-FRS

— rejection of BG from beam dump

— rate capability of detectors
— faster DAQ
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all-in-one readout board
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semi-exclusive measurement at FAIR
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Why semi-exclusive measurement?
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shallow potential
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coincidence of decay particles

% one-nucleon absorption: n'N—=nN, (11N)

% two-nucleon absorption: n’'NN—NN

» higher energy than in any mesonic processes
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Nagahiro et al., PRC 87, 045201 (2013)
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high-energy protons from n’ mesic nuclei

\.P Detection of high energy protons
® - (To= 300-600 MeV)
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high-energy protons from BG (multi m)

i n"pN—pN

g simulation by a
% U L microscopic
O Ao TS & o W Ea e 1w
02 | , , .| transport model (JAM)
R | . Y R
-0.6_.. l. :.:l: ll: :lil"_ I:;l-.: e, llIl.l .l..ll """ l """"""""""" ------- . .
te SRR Y. Higashi
0.8 L

| (Nara Women's Univ)
04 06 08 1 12 1.4 work in progress

proton momentum [GeV/c]

i
b

Hiroyuki Fujioka (Kyoto Univ.), “Il Symposium on applied nuclear physics and innovative technologies” at Krakéw



from FRS to Super-FRS
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from FRS to Super-FRS
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from FRS to Super-FRS
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< just conceptual...

» 10 layers of Sci/Brass
sampling calorimeter

» p/m* separation by use
of neural network?

» work in progress

scintillator brass
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________concusion 6

% possible existence of n'-nucleus bound state, due to
partial restoration of chiral symmetry in medium

< inclusive measurement of (p,d) reaction at GSI/FAIR
» high statistics and high resolution
» near-threshold structure = signature of attractive int.
» First experiment S437 carried out in August 2014
» verified experimental feasibility
» DAQ upgrade in progress for higher statistics at FAIR

< semi-exclusive measurement planned at FAIR

» high-energy proton from n’pN—pN in coincidence
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