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meson-nucleon/nucleus interaction

|. meson-nucleon interaction:

meson <:> : nucleon

for short-lived mesons (N, W, n’, ) no beams available;
study of meson-nucleon interaction by final state interactions
in elementary reactions,eg.pt+p =p+tp+n

= scattering length (talk by Pawel Moskal)

- interaction attractive or repulsive ?
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|. meson-nucleon interaction:

meson <:> : nucleon

for short-lived mesons (N, W, n’, ) no beams available;
study of meson-nucleon interaction by final state interactions
in elementary reactions,eg.pt+p =p+tp+n

= scattering length (talk by Pawel Moskal)

- interaction attractive or repulsive ?

ll. meson-nucleus interaction:

meson <:> (E K' nucleus

- if attractive, interaction strong enough to form meson-nucleus bound states ?
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symmetry breaking in the hadronic sector
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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
predicted in a nucleus
— impact on in-medium
meson masses ??
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meson-nucleus optical potential

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



meson-nucleus optical potential
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in-medium mass modification



meson-nucleus optical potential
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model predictions for the in-medium mass of the N’ meson

V. Bernard und U.-G. MeiBner,
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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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experimental approaches to determine

the meson-nucleus optical potential

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

/

real part

_ p(r)
V(r) = Am(po) - =
* 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
= —5 -he-p(r) - Oiner -

* line shape analysis ,
o , e transparency ratio measurement
e excitation function

U*yA—)n’X

¢ momentum distribution Ty = Y
e meson-nucleus bound states "OyN—=n'X



The imaginary part WV of the

meson-nucleus optical potential
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Photoproduction of W and N’ mesons on nuclei
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transparency ratio for W and N’ mesons for different nuclei
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comparison of transparency ratios for W0 and N’ mesons
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inelastic interactions with nuclear medium much weaker for N’ meson

W: one-body absorption (e.g., WN—TTN) dominant (A. Ramos, EPJA 49 (2013) 148 )

N’: additional absorption mechanism not present in D; 2-body absorption ??
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momentum dependence of transparency ratios for w and N’
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momentum dependence of Oinel and [ for W and N’ mesons
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The real part V of the

meson-nucleus optical potential
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e line shape analysis: m(p, ) = v/(p1 + p2)?

The real part of the W-nucleus optical potential
M.Thiel et al., EPJA 49 (2013) 132

comparison with GiBUU calculations

for different in-medium scenarios
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The real part of the W-nucleus optical potential
M.Thiel et al., EPJA 49 (2013) 132

e line shape analysis: m(p, ) = v/(p1 + p2)?

comparison with GiBUU calculations

for different in-medium scenarios
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sensitivity limited by 4 effects:

|) mass resolution 0 = 3%;

only mass shifts > 3% observable

2) only 30% of all w—TT% decays occur
within the Nb nucleus

3) W decays occur over a wide range

of densities, thereby smearing out
any density-dependent signal

4) wW—T1T% signal smeared out and reduced
due to large in-medium width (I'med =16 Tvac);
W mesons removed in nuclear medium
via inelastic channels (like WN—TTN)
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The real part of the W-nucleus optical potential
M.Thiel et al., EPJA 49 (2013) 132

e line shape analysis: m(p, ) = v/(p1 + p2)?

comparison with GiBUU calculations sensitivity limited by 4 effects:
for different in-medium scenarios
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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

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

= 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

W — Ty

® 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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excitation function for W and N’ photoproduction off C
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momentum distribution for W and N’ photoproduction

) CB/TAPS @ MAMI
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real part of W-nucleus potential from W kinetic energy

CBELSA/TAPS @ ELSA W

Y (& C (& E,=1.25-3.1 GeV
o o

the higher the attraction the lower the kinetic energy of the W meson

P o< <0
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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
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real part of W-nucleus potential from W kinetic energy

CBELSA/TAPS @ ELSA
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compilation of results for real and imaginary part

0w of the W, N’ -nucleus optical potential

N

Imaginary part:

Woua(p=po)= -I0/2 = - (65-75) MeV Wra(p=po) = -[0/2 = - (7.5-12.5) MeV

real part:

S— N cC
: Nb
excitation function __'.__L
excitation function | . o
mom. distribution ° *
peak E . - o peak E,. '
”éb"'éb"'zlld":'ib'"2'(')"'1'6"'6”"1'6" cross section fit o
V. [MeV] =
60 50 .40 .30 20 10 0
V., [MeV]
Vwa(p=po) = Via(p=po) =
-(29+19(stat)x20(syst)) MeV -(37t5(stat)+10(syst))MeV
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compilation of results for real and imaginary part

of the W, N’ -nucleus optical potential

Uuwa(p=po)= Una(p=po)=

-(29+£19(stat)£20(syst) + |(70+10) MeV  -(37x5(stat)£10(syst) + i(10+£3) MeV

100 T T T ] T T T A

%: |ImU|>|ReU| ]

E - _|

+ 80— —

8 | +(D |

E | ]

40— , |

i '|Reu|>>||mu|i

20— : —

L 1”' |

y —+- ]

O 2 eo 80 100

potential depth [MeV]
limu | > Reu | ;= W not a good candidate | Reu | >> | mu | ;= 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) .



search for n’-mesic states

BGO-OD@ELSA

2C(y,p) N X @ 2.8 GeV

formation and decay of n’-mesic state
Open Dipole

Drift
ToF chambers forward spectrometer
' Dipole magnet ~ o
| 2359 15 M’ AP/P =~ -2 %

94t, Bmax~0.5T

e SciFi2 .
o Tagging
system

MOMO bremsstrahl

~ radiator

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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search for n’-mesic states

BGO-OD@ELSA

2C(y,p) N X @ 2.8 GeV

P n’ N Y
o o

formation and decay of n’-mesic state

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

94t, Bmax~0.5T

e SciFi2 .
o Tagging
system

MOMO bremsstrahl

~ radiator

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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search for n’-mesic states

BGO-OD@ELSA FRS@GSI

12C(p,d) X @ 2.5 GeV

12 X @ 2. V
C(V’p) N @ 8 Ge K. ltahashi et al., Prog. Theo. Phys. 128(2012) 601

’ p
n' N Y ——

formation and decay of n’-mesic state PR ME
Drift Open Dipole
char:\Ibers forward spectrometer|| 2 ¢ G
ToF - V
N Y SRS Aplp~ 1-2% - LProg, 27,
L e 94t, Bmax~0.5T \) 9 Ge
| SciFi2 Tagging o aerogel (o7 V/e dey,
system ‘ %Cerenkov Otoy) ) terons
bremsstrahl ~
P radiator - -. S4
. MwDC P
MAPE p/d separation by plastic /
‘ e beam|| aerogel Cerenkov scintillators aerogel
Si strips  BGOcalorimeter \ywpc Target Mgller TOF S2-S4 (diff.ZZO ns) Cerenkov
system  detector

BGO-OD ideally suited for exclusive measurement  missing mass spectrometry: Am=1.6 MeV/c?

approved proposal: ELSA/3-2012-BGO status report by K. Itahashi and Y.Tanaka 24



The BGO-OD experiment

fibers magnet
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run for N’- mesic states has started !!!

separation and identification
of charged particles in open dipole
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om0 e 0

2500 3000
momentum [MeV/c]

momentum resolution: Ap/p = 1%

BGO: 110 n—2y

Counts/1MeV

Counts/5MeV

10*

BGO-OD: results of test experiment

_lllll[llll

cloneirb
Entries 1.381445¢408
LI L L B N L I B Mean 1358
~ RMS 34.71
12862890 21 8392/ 147
po 5.133+05 + 2.678e+02
p1 138.3 = 0.0
p2 9.998 = 0.008
i .n,o 2 p3 -0.002518 + 0.000780
— Y pd 11.69 + 0.01
p5 0.02328 + 0.00015
pé -0.0001503 + 0.0000011
p7 2.4880-07 + 2.5586-09

b b b b

80 100 120 140 160 180 200
Invariant mass [MeV/c?]

cloneirb

Entries 1.991986e+07

T T T T T T T T T T | Mean 569.1
RMS 72.93

43 232 22/ ndf 58.94/49
p0 3064 = 69.0

pi 581.9 + 0.5

p2 28.14 + 0.77

p3 -3.877e-09 = 4.177e-03

p4 13.42 + 0.14

p5 -0.006899 + 0.000499

p6 -3.675e-08 + 4.258e-07

500 550 600 650 700 750
Invariant mass [MeV/cz]
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summary

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

w: I mu | >l Rreu| = nota 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: 2C(y, p) n’'=''B
T. Nakano

hadronic pick-up reaction: FRS@GSI: 2C(p,d) n’'w!'C
K.ltahashi, Y. Tanaka
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