Tojile 1k

FURRF SRRV~ A it FE P

2015. Nov. 24th




=P

¢ fyhOyIvaY

-I\NROVOBEEIFRY F vV 7IREE

-I\NFAVYPBEICH TS 2L

EIRIRRE

¢ BEEEED/\ROYRIEREDESY

T. Hyodo, Int. J. Mod. Phys. A 28, 1330045 (2013)

T. Hyodo, Phys. Rev. Lett. 111, 132002 (2013)

- B DIERIC & 5 5RBERI

o Z:iillklug/\@"

IR

-I\ROVYEBADG

Y. Kamiva. T. Hvodo, arXiv:1509.00146 [hep-ph

] : A(1405)

-

N~

@05




12
kO
5
>
27
.l\l\
DEE

&L
==
JF
\ya:lk
HE

N
SHI
nt
VWS
JI\R
=
4
PDG2015 - h
it
D://
pd
g.lb
s
gov/

p
n
1
el /2t
44 1 *kk
N 0) J2t *
52 1 ok A
(L 0) /2t * (123
53 3/9— ook A 2)
N(L 5) /2 * (160 3
65 1/0— *k A 0 /2+
T s i o
168! 5/~ *k A 00 /2~ *k +
x(lesgg 5§§+ oo AEESO; 372 s = 12+
(170 *k A 00 172+ *okk P
N 0) - (19 ) N 1o+ Frk
1 0 1o by -
NE 710) 3/~ * A(1915) 5/2 . X(1385) ot Frk =0
Né720) 12+ o A(1922) 1;;1 e 251430) 32+ . = y
86 3 *k A * 1 * - o+
xglséi sfii s Aﬁz%i 2t o §<1§§8§ O o) ot v
i B N 40) /2- O i (1620 3/2+ |
xEIS%; 1§§+ *xk Agggo) 3;2* i:* i(leig; 1;57 * ;8690; Fhak AZ(259 12+
190 1/9— % A 0) 2t (16 1 - % - 820 * A 5)*+ 2
xEI‘JQS; 3Z+ ok Ag;%) ?/2+ :*** ?(1638 3Z+ ek _:8950; 32— h AEE§3§5)+ 327 ::**
200 7 N 00) /2~ * ¢ - =(2030 e | 5)* 2~ *
N 0) /2t * (23 * 730 ok = ) (28 ok
2 (] 7/2— by (2 * 30 *
o i e e oo e
N(2 ) 2t 239 5 *ok Ix 70) /2~ =2 (245 *okk ot I3 (5= FLAV!
10 5/9— * A 0) /2~ ar ok - 370 * z, 5) o0 (FC INFLAVORE
rssees /2 oa0) Doz 75) 1/2% . 7@ ) . ey 3 - nL s b
12 1 L |4 0) 2+ (18 5 * 500 * by 0) ot o o~ )
N(2 0) /2+ (242 9 * s 40) /2~ ) N _6(280 3/ KKk o - )
19 32~ I 0) /2~ (18 e Lol 0) ot * 650 (o "
N 0) /2 (275 1 ok 5 30 3/2+ Kk N =c . ool 0) - ) .J(l(’S S0P
N(2220) 7/2” I 0 12t (1900) 1/2+ Lee = 1 - ik HEY .”3(163) = o | ¢ STRA
(2 * 50 13/2~ * z ) 2 3 = /2t culre 1+ o 0) e STRANG
N(2250) 9/2+ . ) 15;2 *** ZE1915) 1o~ *x 9(2320)7 Jot = ot - rf/(gsgj 07%1:} aiggo) 1+(3:) ANGE
300 9/2~ okkk o+ 1941 5 * 0 0)- Hok =0 « :0(980 0+177 ot 700) 0 - o K* y 0 o
N(2570) 1)+ ok Al ok z(1940) 3/2+ . (2470)~ ok _:c 12+ ok .a(,(gSO) 0+(07+) '7((11710) 1 (2»5-,_) :KD () ARVIED,
N(2600) 5§2 > /‘(1405) 2t (20 Y yar ’ o =¢(2645) 12+ . -;’(1020)) 1*?”*; « o0 o) K 1720) e ST
N(2 ) 2= 520 12~ k% bx 00) /2~ * Z(27 3 ok . 1 (117 0,0++ f 00) ot(0 +) oK /20~ o = =1 GE
700) 11/ ** AL ) 2 * (20 1 & . | 90) 2t * b1 0) 7(1:) (1810 1 RIS 12 ) E \
2~ 60 3/~ *k Ix 30 /2~ * _c(2 * . 235 0 X1 ) © e (80 (© oDt (P)
wﬁﬂﬁléﬁﬁﬁwﬁ fﬁﬁﬁﬁ -wwﬁyﬁWQmﬁmym wwuﬁ
169 1 % 5 080) 5/2+ Rk = (2 — x o fi(12 ) Jr(1+4r $3(1850 ??(;7;+) oK, 270) 12 ) Dy (2 17)* &) o) S) ()
Al 0) /2~ * (21 3 * = 980) ok ot a5) oot ) (18 ) 07.-.) - 14 1720 oD 160" oot 1005 o
710 3/0— ok I 00) Jot (30 * o 295) ot +) om 70) 3 - K* (1 ) ot .[;1(253 0 ) xm(l) 07(07+
Al ) /2 | E@ 7 - = 55 7(130 oary (1880 ot N o 1 o B o) 0 e 7 o)
800 1 i by 50) /2~ (30 ) - oz 0) (07) ”(190) 17(2*+ . 5(143 (ar o D; 573) o1t . a(lP o+ -
Al ) Jot * (24 " = 80) * .2(1320 - + B 0) (27) Ki( 0) 1/2(1) - (270 0 ) hc(lp) +(0++)
810 1/27 * px 55) (31 *x ’B(137) 1—(07+) of 1910) 1+ ,+) K2 1430) 1/2 ) D;,(2 0)* &) ° e ) ot )
28820; 1§2+ k% 28320) :** Qg 23) **: .£1E138(2) 0+81+; /}23((1199590) ging;) é(ll“::g 1/281; D\;(3§jg))j gg;) :175(22(;:) ;1((1+j))
830 5 ok by 00) * (2 1 * ol 1400) ? (1—.+) o h(2 0) (2++) (153) /2(0 0';) .‘”(25) 0+2++
A ) /2t @ - 770)° Jo+ o o LD 010) o) p o) 50 &) e 7(07)
890 /o - 70) ) * o fi( ) ( R (202 RS b 2 TTO Lo 0 -
A ) /2 *x * = 3/2F S s ot Al 0) (H) P 12 |8 ooy s -
zo0) 2 : i g%&kﬁ i Stgwi; L ) T cxtar i)
20 * R )| el i 21~ . TR 390 e
Q@Mﬁ* i * -ﬂmﬂﬁﬂﬁﬁ22wwﬂﬁﬁ+
210 3 * 5(59 1 .I’(ld) 7(°++) 2(2150 ot -t 1830 1 37) VDM|XBO/1} TURE ’xco 3915 !
A2 0) /2~ A 12)° /2t g - ) ”(215) 0+(°++) K6(19) /2(2” o an e f?(zp) A
110 7/2— * (59 1 *xk (1500 ot L 0) (2+) K3 50) 1/2 7 ,tandv yon X(39) +(o++
A2 ) /2 5 20)° /2= f1(15) +(07+) 2170 1+ e 5(1980 1 (0-) B ‘eme”“CKM X 10) 0 (2+)
325 5 ok b 3 x of] 10) 0 (o+) @(22) 7(177) K;(2 ) 2(0+ oB nts v | ® (4020 07 +
A2 ) /2t * > /2~ * " (152 o Ol 20) 0(17) P 045) 12 ) (57 o ) feid )
35 3/2— ** * f 5) (1+) )(222 ot - 022 @+ B, 21)* / 040 7(?7)
MJ’JQ** e ot o ﬂgwwmpﬂﬁ’ﬁﬂiwﬁ stﬁmn$)w¢o;
5) ot e _:,Z’(S:; i/2+ *** "1(122; ‘1’1(2++) ,23((22250) 0+Eé++04f<§(2380)) 1?2(2’) -35(5332) i/z(H; '“((:1120) ;(+7 )
- I\ ﬂﬁﬂéiwi £&°&3¢£3$*3mm %ﬁiy$1%+ﬁ&ofﬂ
== 2 o - 2 BIE 9 4 ~(1 -
, awﬁwﬁw ﬁﬁlaﬁﬁygér = ﬁpm% w%y%%m>
= B )~ 3 . .w?(lms) 0+(2++) »5(230) 0+(0++) " (E:RMED y | BoT ?5;) . (4250)% 27 -
Yeas (16 + 50 Dt T (2 X ) (© )
v L * o 50) ot~ ) a(2 ) (?++) 1) o ) (4260 777)
/2t ** 2(16 "o DL 450 Ol 1 . oM STR X(4 ) )
2 o 70) (1—) "’(25) 1—5 e BY LS AN . 350 a
~ " WwW>omwrﬁ$my#w-; fEﬁMO%g
1~ - 6+ * 200~ . s 0 (44 27
(27+) A THER + 'D«(ZOIO\ 1 (07) Bur(5 (0 oX 15) --(1,3
150 ”meﬂ~4ﬁ:£xx+“ﬂ*%
. li] 1 N :
b 28423)); 1;;525 B(;T'(SSSO) EEH; e
01(2420)t 1/2( D TOM, () _’/b(ls bb
:03(2:360)u 1/2(;?)) B o CHARMED .1(15)) e
R et T T H
\
S o 120 N s ne)
el 1a(?) s AN,
50) 1/2(;7) . (25) 0+2++)
~ vt e ey
' " e i)
sy o*o+ )
s ’x,,z(g’; 37*(1++)
:7(35)) 6'+(H*))
.'YTDIBP) 0—8++)
X(AS) 0+(1;7)
X(10610 . (1 7+)
x(mﬁlo)o Tty
'7(10650)t 1+ 0
'Tﬁ"sﬁo)) )
1020 g:u),
(177;

slee] o
qqCE Th
=0k E
§§IQDJQ zlé/_/
\\‘17& b -IT
Ly | 3
) 3




A4>o8O573y : \NROVYBICE T B EBIREE

QQa/qqCECI TE /R L VIARE

7 k59 A — 7 1%##E(Belle) !

: Zn(10610), Zp(10650)

Y(5S) —> 1t + Zp
L Y(nS)(bb) + nx(ud/da)

(Events/5 MeV/c?)

A. Bondar, et al., Phys. Rev. Lett. 108, 122001 (2012)
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» by [ — Um diese Schwierigkeit zu iiberwinden, miissen wir annehmen, daf
o I*) b # R E@%?& ‘(— die Schwingungen geddampft sind, und ¥ komplex setzen:

G. Gamow, Z. Phys. 51,204 (1928) E = E,+ige,
47’
Zur Quantentheorie des Atomkernes. wo K, die gewohnliche Energie ist und A4 das Dumpfungsdekrement
Von 6. Gamow, z. Zt. in Gottingen. (Zerfallskonstante). Dann sehen wir aber aus den Relationen (2a) und (2b),

Mit 5 Abbildungen. (Eingegangen am 2. August 1928.)

- JRENBAEIHVES THEL - BEDHRBIEHTEEL
(RIR) = [ drlga(r)? oo

bi-orthogonal basis (Gamow vector) THR1ZILRIEE

N. Hokkyo, Prog. Theor. Phys. 33, 1116 (1965)
T. Berggren, Nucl. Phys. A 109, 265 (1968)
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S. Weinberg, Phys. Rev. 137, B672 (1965);
T. Hvodo, Int. J. Mod. Phys. A 28, 1330045 (2013)
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D.B. Kaplan, Nucl. Phys. B494, 471 (1997)
E. Braaten, M. Kusunoki, D. Zhang, Annals Phys. 323, 1770 (2008)

1 1 1
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R NILXAY >3l

Ref. Egp (MeV) ap (fm) XignN (X;—{N\ U |re/ao

[43] —10—426 1.39—40.85 1.2+i0.1| 1.0 |05 0.2 T

[44] — 4—i 8 1.81—1i0.92 0.6+140.1] 0.6 [0.0 0.7

[45] —13—420 1.30—i0.85 0.9 —40.2| 0.9 |0.1 0.2 ﬁ*ﬁ‘:;%l‘%\,\
[46] 2—i10 1.21 —i1.47 0.6 +10.0| 0.6 [0.0 0.7

[46] — 3—412  1.52—i1.85 1.0+i0.5| 0.8 J0.6 0.4 l
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