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Predictions for in-medium mass changes

n,n K+, K- p,W,P
NJL-model RMF-approach QCD sum rules
H. Nagahiro et al., J.Schaffner-Bielich et al., T. Hatsuda, S. Lee
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Predictions for in-medium broadening

W O
unitary coupled channel chiral-SU(3)
effective Lagrangian model effective field theory
P. Muhlich et al., P. Gubler, W.Weise
0. | NIPA 1780'(20106) ,|87. ey | PL.B 751 .(ZOIS). 396 |
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in the nuclear medium: mesons removed by inelastic reactions
—shorter lifetime —larger in-medium width 6



meson-nucleus potential

H. Nagahiro, S. Hirenzaki, PRL 94 (2005) 232503
U(r) =V(r) +iW(r)

/

attractive !
repulsive ?

\
/ .

V(r) = Am(po) - p(r)/po = -l'o/2-p(r)/po
=-1/2hc-p(r) - Cinel- B

absorption




meson-nucleus potential

H. Nagahiro, S. Hirenzaki, PRL 94 (2005) 232503
U(r);V(r) + i W(r)

attractive !
repulsive ?

V(r) = Am(po)- p(r)/po W(r) = -T'o/2- p(r)/po
= -1/2-hc- p(r)'O-inel’B

e transparency ratio measurement
® excitation function OyA—n'X

absorption

* line shape analysis

e momentum distribution AT A Gyn-rx

) -
meson-nucleus bound states D. Cabrera et al., NPA733 (2004) 130



Determining the real part of the meson-nucleus potential

from excitation functions and momentum distributions

sensitive to nuclear density at the production point
excitation function
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Determining the real part of the meson-nucleus potential

from excitation functions and momentum distributions

sensitive to nuclear density at the production point
excitation function momentum distribution
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Determining the real part of the meson-nucleus potential

from excitation functions and momentum distributions

sensitive to nuclear density at the production point
excitation function

attractive

repulsive

attractive interaction — mass drop —
lower threshold — larger phase space—
larger cross section

Ey

momentum distribution

dOn | attractive
dpm V=0
ANY

repulsive

Pm
repulsive interaction — extra kick —

shift to higher momenta

repulsive interaction = mass increase — attractive interaction —
higher threshold — smaller phase space— meson slowed down —

smaller cross section

shift to lower momenta



Determining the real part of the meson-nucleus potential

from excitation functions and momentum distributions

sensitive to nuclear density at the production point
excitation function momentum distribution

Om .
attractive %ﬁ attractive
Pm V=0

N

repulsive

repulsive
YN
l Ethr
Ey D
attractive interaction — mass drop =  repulsive interaction — extra kick —
lower threshold — larger phase space— shift to higher momenta
larger cross section
repulsive interaction — mass increase — attractive interaction —
higher threshold — smaller phase space— meson slowed down —
smaller cross section shift to lower momenta

quantitative analysis requires transport model or collision model calculations



Determining the imaginary part of the meson-nucleus

potential from transparency ratio measurements
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transport model calculation: GiBUU
P. Muhlich and U. Mosel, NPA 773 (2006) 156
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collision model calculation
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strategy for determining potential parameters

real part of meson-nucleus potential

measure meson excitation functions and/or momentum distributions

compare with transport and or collision model calculations
for different sets of Vo

— Vo =V(p=po)

imaginary part of meson-nucleus potential
measure transparency ratio Ta(A,p)

compare with transport and or collision model calculations
for different sets of 'med, Cinel

— rmed s Oinel WO - W(P=p0; P=O)

U(Pp=po) =Vo +iWo

Review:
V. Metag, M. Nanova and E.Ya. Paryey, Prog. Part. Nucl. Phys.97 (2017) 199

|0



excitation function and momentum distribution for

N' photoproduction off C

r]’
CBELSA/TAPS @ ELSA data: M. Nanova et al., PLB 727 (2013) 417
y C-n’X calc.: E. Paryeyv, J. Phys. G 40 (2013) 025201
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determining the real part of the n’-nucleus potential

M. Nanova et al., PRC 94 (2016) 025205 n
e a : | | l o C
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observed mass shift in agreement with QMC model predictions
S.Bass and T. Thomas, PLB 634 (2006) 368
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determining the imaginary part of the n’-nucleus potential

OyA-n'X ,
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dM/(dydp,) [(MeV/c)]

determining the real part of the K°-nucleus potential
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determining the real part of the K- -nucleus potential

p+C, Cu Ag, Au = K* K- +X K-
K* K- - pairs not from ® decay

ANKE: Yu.T. Kiselev et al.,, PRC92 (2015) 065201
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K--momentum spectra in coincidence with K* (200 < px+ <600 MeV/c) compared
to collision model calculations: E. Paryev et al., . Phys. G 42 (2015) 075107

+50

Vi (P=po) = -63 35 MeV accounting for systematic uncertainties <
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Determining the imaginary part of the ®-nucleus potential

M. Hartmann et al., PRC85 (2012)035206
ANKE: p + C,Cu, Ag, Au = @ + X at 2.83 GeV
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V. Metag, M. Nanova and E.Ya. Paryey, Prog. Part. Nucl. Phys.97 (2017) 199

Real part of the meson-nucleus potential
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meson-hucleus real potential:

K*, KO repulsive: 20-40 MeV Mi+Ko /"

K- strongest attraction: - (30 - 100) MeV MK\

n, N’, w, ® weakly attractive: - (20 - 50) MeV

mn’\
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Imaginary part of the meson-nucleus potential
V. Metag, M. Nanova and E.Ya. Paryey, Prog. Part. Nucl. Phys.97 (2017) 199
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meson-nucleus imaginary potential:

nN:= -10 MeV
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: = - 40 MeV quite broad
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Search for N’ nucleus bound states in 12C(p,d)n’X

p | recoilless production in 2C(p,d) reaction

PR ME collaboration (2012)

K. Itahashi et al., Exp. S 437

n’ x ""C mesic nuclei

theoretical expectation

H. Nagahiro et al.,, PRC 87(2013) 045201
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Search for N’ nucleus bound states in 12C(p,d)n’X

p recoilless production in 2C(p,d) reaction

PR ME collaboration (2012)

K. Itahashi et al., Exp. S 437
Y.K.Tanaka et al., PRL 117 (2016) 202501

" x 11C mesic nuclei Y.K.Tanka et al., arXiv:1705.10543 (2017)
theoretical expectation '2C(p,d) near n - threshold
H. Nagahiro et al,, PRC 87(2013) 04520 6.2 _ L
s (2013) _°2/2014at FRS/GS| p’hreshold |
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high statistical sensitivity sets constraints on n’-!C interaction: | Vo | < 100 MeV

improved experiment detecting formation and decay of mesic state in preparation
19



Search for K-pp clusters

J-PARC EI5 experiment
M. Iwasaki et al. o P

strategy:
K, ‘e detect Ap pairs from K-pp
O —> + decay in coincidence with
pk- = 1.0 GeV/c forward-going neutron

o )

2 reaction mechanisms:

K-pp bound state formed

decaying into Ap
(BE= 15 MeV)

_aspETTTTTTT

quasi-free A(1405) production
without forming bound state

'Y'YYYYIYYY'["Y'

E : e

ZA00E- M. Iwasaki etal. = . « struct
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Summary and conclusions

® mesons do change their properties in the nuclear medium as predicted by
chiral model calculations: mgs+ ko /; mic-\, ; Mo\,

’

® meson-nucleus interaction described by complex potential
U(r) =V(r) +iW(r)

® real part of meson-nucleus potential deduced from comparison
of measured meson excitation functions or momentum distributions

with transport and/or collision model calculations

® imaginary part of meson-nucleus potential deduced from comparison of
measured transparency ratios with transport and/or collision model calculations

® measured potential parameters indicate favourable conditions (| Vo | >> | Wo |)
for observing meson-nucleus quasi-bound states: promising candidate: n,n’

® pilot experiment searching for N’ mesic states provides only upper
limits; more sensitive semi-exclusive experiment in preparation

® evidence for existence of K-pp cluster
2|
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line shape analysis??
Y  determine mass from in-medium decay: /\
e.g, N YY )

: -

B, m = +/(pi+p2)> _am |
probability for decay: j \

deecay _mncC | . _ 5 : :

di — D Hc rdecay =22-10>/fm med MM

(for MC =~ |.0)

Moy = 4.3+ 103 MeV p

P €ca
probability for absorption: de L = |04
dPabs _ B _ >
g Oas P(r)=022/fm at p=po 10 000 times more likely

Oaps = 13 mb to get absorbed than to decay

more favourable decay/absorption ratio only at lower densities near the
surface where in-medium modifications are reduced

sensitive to nuclear density at decay point 23



real and imaginary part of the N-nucleus potential

P+d — n+3He Y+3He — n+3He
ANKE: T. Mersmann et al., PRL 98 (2007) 242301 M. Pfeiffer et al., PRL 92 (2004) 25200
COSY-11: ). Smirski et al., PLB 649 (2007) 258 F. Pheron et al., PLB 709 (2012) 21
500 —
' : ER | | : ]
400 | % N Pl gl |
oo 1Lyt R
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: This fit |
100 [ E
1 §§E§ A
O_;, i1 TR U T N SR S SR T N SRR S S R S S S O"‘ 2
-0.5 0.0 0.5 1.0 1.5 2.0
Q (MeV)

very steep rise of cross section near threshold !!
indication for a quasi-bound state near threshold ??

C.Wilkin et al. PLB 654 (2007) 92: pole at Q=-0.3 MeV;[ = 0.3 MeV
J.]J. Xie et al. PRC 95 (2017) 015202: BWV structure at mass = -0.3 MeV; [ = 3 MeV
Vo = -(5416) MeV; Wy = -(2012) MeV
= talks by A. Gal, E. Oset and S. Hirenzaki, M. Skurzok (VWASA) 24



determining the real part of the K- -nucleus potential

K+ and K- kinetic energy spectra from Al + Al at 1.94 AGeV
FOPI: P. Gasik et al., EPJA 52 (2016) 177

| b) Al+Al |

9 ~ +40 MeV
1% ~ -50 MeV 2?
%
11 Uepg=doMev = S
U (pg,p=0)=-50 MeV 1 ] |
........... NO Pot. = Upt(pg)=40 MeV, no K Pot.
O 1 | 1 |

0.1 0.15 0.2 0.1 0.15 0.2

Kin
ECM (GeV)

b.) corrected for feeding of K- spectrum from decay ®—K*K- decays
®/K--ratio = 0.360.05 Ni+Ni at 1.9 AGeV (FOPI)

not reproduced in
®/K--ratio = 0.52+0.16 Au+Au at 1.23 AGeV (HADES)

transport calculations

make sure other observables are reproduced before deducing potential

parameters !! 25



line shape Analysis: ® meson

p+C,Cu— O®+Xat |2 GeV
KEK E325: R.Muto et al,, PRL 98 (2007) 042501
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deviation from expected lines shape for slow (By < 1.25) ® mesons

Vo= Am(p=po) = -35+7 MeV; W(p=po) = -7 5 MeV
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B+T1/2 [MeV]

search for meson-nucleus bound states

with ® and heavier mesons (charm sector)

general experimental problem:

heavy meson production associated with high momentum transfer
probability for nucleus to stay intact ~ Fa2(q2)

minimising momentum transfer: M. Faessler, NPA 692 (2001) 104c
favourable reaction p p = XY withY forward and X backward in cm

Pmin(X) =
2 MmN
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Do-nucleus bound states

(still 1.4 GeV/c for DD pairs !!)

more favourable:
two step production

pp— D*D*
D* +(Z,A) = T10 +D-®(Z,A)

J.Yamagata-Sekihara et al.,

PLB 754 (1016) 26 .



real vs. imaginary part of the meson-nucleus potential
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mesons with | Vo | > | Wo | suitable for search for
meson-nucleus quasi-bound states

most favourable candidates: n, n’ -8



