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FRS@GS| meson-nucleus interactions;
BigRIPS@RIKEN mesic states
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deeply bound pionic states:
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FRS@GS| meson-nucleus interactions;
BigRIPS@RIKEN mesic states

deeply bound pionic states:

Electromagnetic (+Strong) w, N, N < nucleus
interaction
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symmetry breaking in the hadronic sector

nonet of pseudoscalar mesons
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symmetry breaking in the hadronic sector

mass as a result of
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symmetry breaking in the hadronic sector

nonet of pseudoscalar mesons
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mass as a result of
symmetry breaking

partial restoration of
chiral symmetry
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model predictions for the in-medium mass of the N’ meson
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model predictions for in-medium mass/width of the W meson
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meson-nucleus optical potential

U(r) = V(r) +iW(r)



meson-nucleus optical potential
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experimental approaches to determine

the meson-nucleus optical potential

U(r)=V(r)+iW(r)
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* line shape analysis
e excitation function
e momentum distribution
* meson-nucleus bound states



experimental approaches to determine

the meson-nucleus optical potential

U(r)=V(r)+iW(r)

N

real part imaginary part

V(r) = Am(po) - 272 Wi(r) = —To/2- 53
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* line shape analysis ,
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The imaginary part WV of the

meson-nucleus optical potential



Photoproduction of W and N’ mesons on nuclei
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imaginary part of the W- and Nn’-nucleus optical potential
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what have we learned from transparency ratio measurements ?

e transparency ratio measurements provide information on absorption
of mesons in nuclei = imaginary part W(p=po) of meson-nucleus potential;

applicable for any meson lifetime

e W, N’,® mesons show broadening in nuclei;
lifetime shortened (width increased) by inelastic processes
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momentum dependence of Ta%, [ and Oinel for W mesons
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momentum dependence of Ta%, [ and Oinel for W mesons
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momentum dependence of Ta%, [ and Oinel for W mesons
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real part of the optical potential from

excitation functions and momentum distributions
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The real part of the W-nucleus potential

J-Weil, U. Mosel and V. Metag, PLB 723 (2013 ) 120
sensitive to nuclear density at production point

® measurement of the excitation function
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higher meson yield for given /s
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= cross section enhancement
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The real part of the W-nucleus potential

J-Weil, U. Mosel and V. Metag, PLB 723 (2013 ) 120
sensitive to nuclear density at production point
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® measurement of the excitation function
of the meson

in case of dropping mass -

higher meson yield for given /s

because of increased phase space

due to lowering of the production threshold

® momentum distribution of the meson:

in case of dropping mass - when leaving the
nucleus hadron has to become on-shell;
mass generated at the expense of kinetic
energy

. = downward shift of momentum distribution
= cross section enhancement
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The real part of the W-nucleus potential
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The real part of the n’-nucleus potential
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The real part of the n’-nucleus potential N
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real part of W-nucleus potential from W kinetic energy

CBELSA/TAPS @ ELSA W
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real part of W-nucleus potential from W kinetic energy

CBELSA/TAPS @ ELSA W
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real part of W-nucleus potential from W kinetic energy
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real part of W-nucleus potential from W kinetic energy
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real part of nN’-nucleus potential from N’ kinetic energy N
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real part of nN’-nucleus potential from N’ kinetic energy N
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the higher the attraction the lower the kinetic energy of the 0’ meson

E,=1.3-2.6 GeV

P jo<p <110

E. Paryev, arXiv:1503.09007
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compilation of results for real and imaginary part

W

of the W, N’ -nucleus optical potential ,

N

Imaginary part:

Wona(p=po)= -T0/2 = - (65-75) MeV

Vwa(p=po) =
-(29£19(stat)x20(syst))MeV

Wra(p=po) = -T0/2 = - (7.5-12.5) MeV

real part: syst
| 4 »
syst [T T T
< y > : C
""""""""""" E""I""I""I""I"' i Nb
excitation function —— ! —@—
excitation function o o
mom. distribution o
peak E ° peak E, . o—
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII cross section fit —e
-60 -50 4030 20 -10 0 10 :
V.. [MeV]

-60 -50 -40 30 20 -10 O
[MeV]

Vira(P=po) =
-(30+3(stat)x15(syst))MeV
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compilation of results for real and imaginary part

of the W, N’ -nucleus optical potential

Uwa(p=po)= Una(p=po)=
-((29£19(stat)£20(syst) + i(70+£10)) MeV -((30+3(stat)x15(syst) + i(10+£3)) MeV
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- | : V. Metag
60 -
S : Hyp.Int. 234 (2015) 25
(4] 50— ]
=
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30 =
- | Re U | >> | Im U | .
201 : -
- .
10 i E
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20 40 60 80 100
potential depth [MeV]
lmu I >1Reu ;= w not a good candidate | Reu | >> |l mul .= N’ promising
to search for meson-nucleus bound states! candidate to search for mesic states

first (indirect) observation of in-medium mass shift of N’ at p=poand T=0
in good agreement with QMC model predictions (S.Bass et al., PLB 634 (2006) 368) 5,



summary of theoretical predictions and experimental results on

Un'(P0)=Vreal(Po)*i Wimag(Po0)

Veea[MeV]= mp(po)-mpy
150 100 50 CBELSA/TAPS

| | —1 Pn ~ | GeV/c

<

M. Nanova et al.,
— | PLB 727 (2013)417

— -20

chiral
unitary

COSY I |
— -40 at threshold

E. Czerwinksi et al.,
T PRL 113 (2014) 062004

NJL linear O QMC ¥ Wimag[MeV]

Satoru Hirnezaki Steven Bass
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search for N’-mesic states in hadronic reactions

FRS@GSI: PR'ME
|2C(p,d)r]’§8§| IC

K. Itahashi et al., PETP 128 (2012) 601
H. Nagahiro et al,, PRC 87 (2013) 045201

n’ x ""C mesic nuclei

. . _ 2
: missing mass spectrometry: Amm =1.6 MeV/c
Kenta Itahashi \szevp
. . . . ro
particle identification| - ons 25
by time-of-flight N\ 96,
Y 8 2C target aerogel o e ey
~ S2 Cerenkov Otons) €rons
analysis ongoin ~ ”%
7o PRETS .y
(] S4
MWDC — v .
p/d separation by ” plastic
aerogel Cerenkov scintillators aerogel
TOF §2-54 (diff.=20 ns) Cerenkov
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outlook: search for N’-mesic states in photo-nuclear reactions

BGO-OD@ELSA
2C(y,p) N X @ 1.5-2.8 GeV

formation and decay of n’-mesic state

Drift Open Dipole
ToF chambers forward spectrometer
Dipole magnet ~ o
Y 259X 18 m AP/P =~ -2 %

o o 94t, Bmax~0.5T

bremsstrahl
radiator

2l

Target Mgller
system  getector

Si strips  BGOcalorimeter \wpc

BGO-OD ideally suited for exclusive measurement

approved proposal: ELSA/3-2012-BGO
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outlook: search for N’-mesic states in photo-nuclear reactions

BGO-OD@ELSA
2C(y,p) N X @ 1.5-2.8 GeV

P n" N Y
o P

formation and decay of n’-mesic state
Open Dipole

Drift
ToF chambers forward spectrometer
Dipole magnet ~ o
+ 2% 50% 12 m: AP/PN -2 %

S 94t Bmax~0.5T

bremsstrahl
radiator

L—

MRPC

Target

Mgller
system

Si strips
detector

BGOcalorimeter MWPC

BGO-OD ideally suited for exclusive measurement

approved proposal: ELSA/3-2012-BGO

LEPS2@SPring-8
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summary

e real and imaginary part of the W and N’-nucleus potential have been determined

first (indirect) observation of an in-medium mass shift of the pseudo-scalar
N’ meson by Am(p=po) = -30 MeV

only weak attraction between W, N’ mesons and nuclei

w: | mu | > rReu| = not a good candidate for the search for mesic states

N:lreul >> I mul — good candidate for the search for mesic states

first results on momentum dependence of the w- and N’-nucleus optical potential
® The run for N’ mesic states has started:

photo-nuclear experiments: LEPS2, BGO-OD: ?C(y,p) n'=''B

N. Muaramtsu, I. Nakano

hadronic pick-up reaction: FRS@GSI: '2C(p,d) n’!''C
K.ltahashi, H. Fujioka,Y. Tanaka
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The real part of the n’-nucleus potential N

Mariana Nanova YA r|’ X
data compared to calculations by E. Paryev (priv. com.)
excitation function N’ momentum distribution
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