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In-medium behavior of K mesons attracts considerable attention.
Related topical questions include:

o free-space and in-medium K N interaction, chiral model tests, nature
of A(1405)

@ possible existence of (deeply bound, narrow) K~ nuclear clusters
e HI collisions (in-medium modifications, strangeness production)

@ structure of compact stars



Chiral SU(3) dynamics

e KN interaction:
o A(1405) — dynamically generated 2body resonance
coupled channel chiral approach — strongly correlated KN — 7% dynamics provides
2 resonance poles — A(1405) is NOT a simple bound state but emerges from the

complex interplay of the strongly coupled KN and ¥ channels

@ K nucleus interaction:

o leading-order Tomozawa-Weinberg term of the chiral effective
Lagrangian: Vg = —g%p = Vi(po) ~ —55 MeV

e solving t = v + VE+Hot
for coupled channels (K= p, K%n, n®A, 7t £, 7950 7= +)
—  Vi(po) ~ —(100 £ 20) MeV

o selfconsistent treatment of kaon propagation in the nuclear medium
(M. Lutz, PLB 426 (1998) 12)
med __
=1 = v_—i— VE—HO—I'I,-t
Mg = 2mi Ve ~ t(p)p, My = 2my Vi ~ Vop/po

LS equation —  tgxy — Vo'ét ~ Mg — LS equation
—  Vi(po) ~ —(40 — 60) MeV



K~ atoms

@ Phenomenology (e.g., DD, RMF):
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Kaonic nuclei

RMF vs. Chiral Approach
(-V?2—E2_ +mi +TNk )K" =0

o Rellyx- from RMF — energy independent
o ImMy- ~ fWy pn(r) — fis energy dependent

Wo constrained by kaonic atom data, constant!
Absorption through:
e pionic conversion modes: KN — 7%, mA

o nonmesonic modes: KNN — YN

o Mg- ~tpn(r)
t from CHIRAL MODEL = t(E, p)!
— energy and density dependent
Absorption through:
o KN — X, A
o KNN — YN NOT INCLUDED



Chiral model

S =
|:V2 +w%( - m%( + 47Tm£NFK_N(p7 \/g; p)p ¢K =0 )
wk = mg — Bk — V. and Bx = Bk + iFK/2
@ two-body arguments of the in-medium scattering amplitude
5 (relative K~ N momentum) and \/E (s = (Ex + En)? — (Bx + Bn)?):
2
Vs~ Eth—BN—BK—§N7—§ 2 )
mg

2 2
P P
p? = EnEx (2mg =D 4+ 2my—K-) | where Enk) = Mn(ky/ (mn + mi)
2mpy 2mg

=

V5 ~ Eon— By — EnBk — 15.1(£)2/3 +€xReVi—(p) ,

p? ~ Enék[2mi TN( )2/3 —2mp(Bk + ReVi—(p))]

o Vk,Bk = selfconsistent solutlon
@ Weise, Hartle (NPA 804 (2008) 173) [WH]: /s = Ey, — Bk — Ve



Chiral model

@ chirally motivated coupled channel separable potential model
(A. Cieply, J. Smejkal, Eur. Phys. J A 43, 191 (2010))

o coupled channels: 7A, 7¥, KN, nA, n¥, K=
G M; :
o Vii(p,p'iV3) = \/2 g,(p)J—(‘[)g}(p) zijgfa gj(p)=—’—p§a}

o Fi(p,p',v/s) = g(p)fi(v/5)g(p')

where
fi(V5) = Wﬂ/ Yo - cwmava el

d*p g’ (p)
Gi(Vsip) = f \/‘ ) 2n)3 PE—p2 —T; £ 10

o selfenergies IN; = selfconsistent solution

S
Mk (wk, p) = 2wk V- ~ —47rm£NFK7NP, M; = Vop/po



Chiral model

o free parameters of the model fitted to the experimental data:

o K~ p low energy Xsections for elastic scattering and reactions to
KON, 7+, 7= X+, 7OA, and 790

E. Fricdman. A. Gal/ Pisics Reports 452 (2007) 89~ 155
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Chiral model

@ K~ p threshold branching ratios v, R, R

(K p—7tE")

= ) e U
_ MESpesmtE Rty
RC a F(K_p — all inelastic ChB.IlIle]S) = 0.664 + 0.011
'K~ 0N

F(K_P — neutral States)



Chiral model

@ kaonic hydrogen strong interaction shift AE;s and its decay width 15
(KEK, DEAR, SIDDHARTA)

1) CS30: .Z(2) + selfenergies (SE)
(A. Cieply, J. Smejkal, Eur. Phys. J A 43 (2010) 191,

A. Cieply, E. Friedman, A. Gal, D. Gazda, J. Mares, PLB 702 (2011) 402)

2) SIDDHARTA — TW1
(A. Cieply, E. Friedman, A. Gal, D. Gazda, J. Mares, arXiv:1108.1745[nucl-th])



Scattering Amplitudes

16F - - c 1
' 5 RN 1" L
E 0.8 \ N E
=} 1 = 1+
¥ 04f o
Q r e £ B
T o 1 ~ osk
04 L ]
C | t \ ] e \ |
Y S I S B
200 -50 0 50 100 100 50 0 50
E-E,, (MeV) E-E,, (MeV)
2 2 e
16F - i i
o~ 12 7 N 1-6j g‘fg 7]
£ or 1 E 10 -= PR, ]
< osf ) 1 £ — p=py WthSE|
¥ 04 e e d <08l _
e = 08
24 o — = o 1
oal E 04
_0.87\\\‘\\\\‘\\\\‘\\\\7 O '-\\\\‘\\\\‘\\\\
00 50 0 50 100 2100 50 0 50
EE,, (MeV) E-E,, (MeV)

O fy—, = 1/2(fix° + fiy") affected by the / = 0 A(1405)

@ fy—,= f,ﬁ,l not affected



Scattering Amplitudes
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@ Energy dependence of the amplitude fi,— y = 1/2(fx—, + fx—,) in TW1 model

@ at threshold the real part of the "with SE” amplitude is ~ 1/2 of that "without SE” —
corresponds to ReVyk ~ 40 MeV



K~ potentials
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K~ potentials

ReVoIDt (MeV)
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K~ potentials
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K~ potentials
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Kaonic nuclei

Table: TW1 model, the effect of the energy dependence

C O Ca Zr Pb

E:n, NOSE Bk 61.1 575 834 96.0 104.8
Nk | 149.1 1359 150.7 151.2 143.9

Vs, NOSE Bk | 44.6 453 63.0 729 79.0
Mk 59.3 549 431 340 264

Eum +SE Bk | (09) 64 250 390 534
Mk | (137.6) 1202 1418 141.0 129.1

Vs, +SE Bk | 424 449 588 689 763
Mk 16.5 162 120 115 113

VME Bk | 491 477 605 696 76.8




onic nucles
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Fig. BK, and I'K, of 1s K™ nuclear states, calculated by applying selfconsistently

several prescriptions of subthreshold /s extrapolation to in-medium TW1 amplitudes.



P-wave interactions

@ P- wave interactions - might be important in tightly bound K~
nuclei, when K~ can have large momentum
(S. Wycech, A.M. Green, [nucl-th/0501019] )

@ parametrization of Weise+Hartle (NPA 804 (2008), 173)
dominated by / =1 ¥(1385) + small background term d:

wave wave MN -7
FRoe =1/2F5° = ﬁC(s)qq’ :
Vsy
M2 — s — /sl (s)

where v = 0.42/m?, d = 0.06 fm3, M = 1385 MeV, I'(s) = 40 MeV at resonance

C(s) = +d,



P-wave interactions

Table: TW1 model, the effect of p wave

C

O

Ca

Zr

Pb

[WH]

[WH], p wave

NG

\/s, p wave

44.8
63.4

39.7
85.6
40.9
29.4

46.0
27.5

45.5
59.4

43.7
73.6
42.4
30.8

46.0
29.6

64.1
51.7

69.1
55.5
58.5
23.6

60.8
22.4

75.3
46.6

79.9
46.7
69.5
22.4

71.5
21.3

82.8
43.8

87.2
44.3
77.6
22.0

79.4
21.0




TW1 vs. CS30 model
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Fig. Energy dependence of in-medium K~ p amplitudes at pg in models TW1 (solid lines) and CS30 (dashed lines)



J/' vs. CS830 model
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Fig. BK, and FK, of 1s K™ nuclear states, calculated by applying selfconsistently the subthreshold [WH]

(/s = Egp — By — V) extrapolation to the TW1 and CS30 in-medium amplitudes.



2N absorption in kaonic nuc

@ 2N absorption — from phenomenology:

+Im My- = 0.2 Wo piy(r)/fo
fiy kinematical suppression factors
( reduced phase space)

Wp constrained by kaonic atom data
Absorption through:

@ nonmesonic modes o< p%,(r)
KNN — YN~+240 MeV (20%)



CS30 model + 2N abso

Table: Bk and Ik in selected nuclei, CS30 model and various options

C O Ca 1Zr Pb

[WH] By | 584 582 77.0 86.7 958
Mk | 526 49.8 33.8 338 328

NG Bk | 52.0 53.0 69.7 815 89.6
M | 196 216 144 136 14.0

+SE Bk | 50.7 525 682 793 86.6
Mk | 13.0 12.8 109 11.0 10.9

+dyn. Bk | 55.7 56.0 702 80.5 87.0
M | 123 121 108 109 10.8

+ 2N abs. By | 540 551 67.6 79.6 86.3
Mk | 449 533 653 48.7 473




o We have shown within in-medium chirally motivated coupled channel
CS30 and TW1 models how to incorporate strong E and p
dependence of the K~ N scattering amplitude Fx-n(+/s,p) into a
selfconsistent evaluation of the My (Vk).

@ Chiral models give relatively deeply bound K~ nuclear states with
By~ ~ 50 — 100 MeV in heavier nuclei (A + model dependence).
The KNN — YN channel contributes significantly to the widths
(= k- > 40 MeV)

o The effects of p-wave interactions are found to be secondary to those
of s waves.
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