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Current situation of Y*(= A*, 2*) spectroscopy
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Dynamical Coupled-Channels (DCC) approach
to A* & Z* productions

Dynamical Coupled-Channels (DCC) model.:

[Matsuyama, Sato, Lee, PR439(2007)193; HK, Nakamura, Lee, Sato, PRC88(2013)035209;90(2014)065204]

(LSJ)(pa Pb EHZf q>dqV, (SJ)(pa,q;E)Gc(q;E)Tf.fgfj)(q,p )

TS (pa, pyi E) =
CcC off-shell
effect effect
Cl,b,C . (KN, 7[2, 7TA, nA, K Ij}';____K__]Y_I... )
quasi two-body channels of

three-body /A & TTKN

v Summing up all possible transitions between reaction channels !!
(=» satisfies multichannel two- and three-body unitarity)

e.g.) KN scattering
K K K ™
K\ lK \ U4 \ "_ 4 \ o - - — ¢
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v' Momentum integral takes into account off-shell rescattering effects

In the intermediate processes.



What we have done so far

With the DCC approach developed for the S= -1 sector,
we made:

Supercomputers are necessary
for the analysis !!

v' Comprehensive analysis of ALL available ‘NERSC)
data (more than 17,000 data points) of
K-p = KN, rZ, A, nA, K= up to W = 2.1 GeV.
[HK, Nakamura, Lee, Sato, PRC90(2014)065204]

v" Determination of threshold parameters (scattering lengths,
effective ranges,...); the partial-wave amplitudes of

KN = KN, mrZ, A, nA, K= for S, P, D, and F waves.
[HK, Nakamura, Lee, Sato, PRC90(2014)065204]

v Extraction of Y* resonance parameters (mass, width, couplings,

...) defined by poles of scattering amplitudes.
[HK, Nakamura, Lee, Sato, PRC92(2015)025205]



Results of the fits

K-p = MB total cross sections
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Results of the fits

K-p 2 K- p scattering HK, Nakamura, Lee, Sato, PRC90(2014)065204
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Extracted A* and Z* mass spectrum

HK, Nakamura, Lee, Sato, PRC92(2015)025205

Spectrum for Y* resonances found above the KN threshold (+ updates)
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Extracted A* and Z* mass spectrum

HK, Nakamura, Lee, Sato, PRC92(2015)025205

Spectrum for Y* resonances found above the KN threshold

(+ updates)
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Extracted A* and Z* mass spectrum

HK, Nakamura, Lee, Sato, PRC92(2015)025205

Spectrum for Y* resonances found above the KN threshold

Red: Model A
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Strategy for establishing Y* resonances
using antikaon-induced reactions

I I
| |
l l A(1405)
| |
I I

(e.g, J-PARC E31)

Application of our DCC

pproach to Kd reactions

is underway,

iming at COMBINED
nalysis of KN and Kd

\ reactions !l /

KN

\ nA

| New spin partner |
 of A(1520) ?? |

I poorlygestablished
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New measurements at J-PARC ??
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Model for deuteron-target reactions

v" Multistep processes are treated in a sequential manner.

v’ Off-shell amplitudes for meson-baryon sub-processes ( ] ) are
taken from our djngmic.al goupled-channels model. HK, Nakamura, Lee, Sato, PRC90(2014)065203
—y

- - -
* ~
# “Impulse” term “K-exchange” term ~ “YN rescattering” term
A _ K
/ S » “ >
‘ v Y 7/ N
N V2 v
Use e.g., /
deuter%v.f. from )
vty | U - Completely dominates the
| ~ — - reaction processes at the
v Unique feature oo work™ kinematics with 8, ~ 0.
For elementary meson-baryon subprocesses| (=& J-PARC E31) y

we employ amplitudes that are
> well-tested by K-p = KN, TZ, A, nA, K= up to W = 2.1 GeV.

» not only for S wave, but also P, D, F waves.




Results for K°'d > (m2)yn

HK, Lee, arXiv:1608.03470
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Results for K°'d > (m2)yn

P =1GeV, 6,=0deg.

HK, Lee, arXiv:1608.03470

dQ_ [ub/(MeV sr)]
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n
— — — Model B (Full) N y
_ _ / N
""""" Model A (only S-wave for KN - K& N)

" Model B (only S-wave for KN = K& N)

Dominated by S wave !!




Results for K°'d > (m2)yn

HK, Lee, arXiv:1608.03470

P =1GeV, 6,=0deg.

- - ot - + - 00
Kd—-nXn Kd—-nXn Kd—-n2Xn
E\ | ' | ' | ' | ' | ' | ' | ' | | ' | ' | ' |
> 30 / T - .
[ J/
a Ny
< 27 3
= 20 ¢ A \ + - -
. //, / I m—— ,z’—;\\(\
GQ I V4 / J ’/’ /‘ \\ PA / ‘/ \
Pl‘_‘.] 10,'_ ,, T P4 / ‘\_, — ,/ —
= /0 /4 A ¢
< R 10 N T4
B k _l—// /|/ ] ] [ ’// J‘/, | X L /// J,/ ] ]
o o : : : — : — :
~1356-7 1400 1450 1500 “1350--1400 1450 1500 \.1?;5_()¢’T400 1450 1500
M_, (MeV) M, (MeV) M . MeV)
- %
/Pole positions of :
Model A (FU”) S-wave (JP=1/2") B1’§ s
A resonances S -40- i 1428 -i31 Corresponds
= = = Model B (Full) below KN threshold |2 : .| to A(1405)
[HK et al, = 1372 - i56 IND 3
PRC92(2015)025205] E g0 L A |
By 1432-075
: 1397 -i98
123850 1340 1360 1380 1400 1420 1440
Re W

MeV)




Summary

v Accomplished comprehensive analysis of K- p = KN, rZ, A, nA, K=
up to W=2.1 GeV for the first time within a DCC approach.

v" Successfully extracted partial-wave amplitudes (up to F wave) and
Y* resonance parameters defined by poles of amplitudes.
» New narrow J” = 3/2* A* resonance (M = 1672-i5 MeV) located near the nA threshold
» New JP =1/2- N* resonance (Re My ~ 1520 MeV) with mass close to A(1520)3/2

> Unestablished low-lying Z* resonances just above KN threshold

v' Application to K- d reactions
» Use of appropriate meson-baryon amplitudes is crucial for computing cross sections.

» N(1405) is found to be sensitive to DCS (=» what about other low-lying resonances ??)

“K-exchange” term

Need S, P, D, F,... waves !l

d Kex\ 1L
2 ____‘—J Completely dominated by S-wave !!

2




Summary

v Accomplished comprehensive analysis of K- p = KN, rZ, A, nA, K=
up to W=2.1 GeV for the first time within a DCC approach.

v" Successfully extracted partial-wave amplitudes (up to F wave) and
Y* resonance parameters defined by poles of amplitudes.
» New narrow J” = 3/2* A* resonance (M = 1672-i5 MeV) located near the nA threshold
» New JP =1/2- N* resonance (Re My ~ 1520 MeV) with mass close to A(1520)3/2

> Unestablished low-lying Z* resonances just above KN threshold

v' Application to K- d reactions
» Use of appropriate meson-baryon amplitudes is crucial for computing cross sections.

» N(1405) is found to be sensitive to DCS (=» what about other low-lying resonances ??)

Next work: We have amplitudes ]
0 for KN > K= !
v Study of YY interaction K™s «
(including H dibaryon) - A=
via K- d - KOAA, K°=N d = + ...
AN




Back up




How we study the region below the KN threshold ?

Other possible reactions that can access the region below KN threshold

Forward p(y, K)X reactions (= L. Guo, CLAS12)
Forward p(mr, K*)X reactions with high-momentum pion beam
(= J-PARC)

high-mom. forward K* , K
S fast
I virtual
1 K K*

Y* (slow)
In theoretical analysis point of view,

these reactions may be more “economical” than K- d reactions.



Importance of 2 - 3 reactions:
Branching ratios of high-mass Y* resonances

v High-mass Y* have large branching ratio to Z* (trA) & K*N (TrKN)

> K-p = A, wKN,... data would play a crucial role for establishing high-mass Y*.
=» Similar to high-mass N* and A* case, where 1IN channel plays a crucial role.
(e.g., measurement of TN = 11N reactions at J-PARC E45)

Model A Model B

B B KN [ InAorzA BN 75° (xA) _| B B KN [ nAor A B 75° (xA) _|
O r B KE [ K'N (7KN) o rr B KE [ K'N (7KN)

_ |
BILITITT Tl:

Branching ratio (%)

Branching ratio (%)

T T\ e e

HK, Nakamura, Lee, Sato, PRC92(2015)025205



Extracted scattering lengths and effective
ranges

HK, Nakamura, Lee, Sato, PRC90(2014)065204 |

Scattering_ length and effective range

Model A Model B
I=0 I=1 I =0 =1
agen (fm) —1.37 +10.67 0.07 + 70.81 —1.62 +¢1.02 0.33 +:0.49
apa (fm) 1.35 +10.36 - 0.97 4+ :0.51 -
AK= (fm) —0.81 +1:0.14 —0.68 4+ :0.09 —0.89 +:0.13 —0.83 +:0.03
rien (fm) 0.67 —10.25 1.01 — 0.20 0.74 —i0.25 —1.03 +:0.19
rpa (fm) —5.67 —12.24 - —5.82 —13.32 -
K= (fm} —0.01 —20.33 —0.42 —:0.49 0.13 — 70.20 —0.22 —:0.11

ay, =-0.65 +10.74 fm (Model A)
., =-0.65+10.76 fm (Model B)



S-wave dominance ??

K-p = MB total cross sections near threshold

Model B

Kp— K'n
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/ For K- p 2 1A, nA, K=,
higher partial waves
visibly contribute

to the cross sections
even in the threshold
region.

- consistent with the observation in
Jackson et al., PRC91(2015)065208

. ¥

N,ﬂve expectation for
}—wave dominance
near the threshold
sometimes does not hold !!



Kinematical (W, cos@) coverage of
available K'p 2> KN, 2, A, nA, K= data

Kp—K'n

Kp—Kp
do/dn P P do/dQ ]
2200 [+ Tefeda T T T T T T
2000 = - -
ey
B
: 3 - NODATA —| [ NODATA
HiHE
L
N [ 11
05 0 05 1 -1 05 0 05 1 -1 05 0 05
cost cosB cosf
- <t
Kp—nZXx
do/dQ P P do/d2 B
2200 T T
2000 L
— NODATA

1600

400 Lz
MO0 05 0 05 1 T 05 0 05 1 L 05 0 05 1
cosd cosh cosB
- 00
Kp—>KZ:=
do/d2 P P do/dg B
2200 —_— —_— _—
00~ T TE - Nopata | - < | ~Nopara |

z
= 1500~ = F = F = F =
=
“"do/dQ [ P 7 PdodQ| | B
lu‘mj—l ‘-Ul.i‘ ID loli‘ Lol I-U‘.\" 0 ‘U‘:‘\ -l I-U‘."I l‘J ‘0!:'\‘ I -UI.S‘ 0‘ 0‘5
cosh cosf cosf cosh

W (MeV)

W (MeV)

W (MeV)

da/dQ P

P da/dQ B

2200 R

2000

1800 [~ NODATA — NODATA — [~ NODATA —
ErEssiEes
1600 RS - . 4+ =
QUG
1 1 l l | | | l l | |
Rl
100-1 05 0 05 1 -1 05 0 05 1 05 0 05 1L -1 05 0 05 1
cosB cos cosf cosB
- 0.0
Kp—>nZ
da/de2 P P do/dQ2 p
2200 T T e e B
2000
1800 — — - = = — NODATA —
1600 - —
1400 P
- D05 0 05 1
cost
- 4o
Kp—>K?:=
doidf) P P do/d2 p
200 T T T T
— NODATA — - NODATA —

1800 = = =
@® dataavailable
1600 4L low statistics data
[ conflicting data
14004‘—|—‘—‘—‘—|—, - \ -
-1 05 0 05 1 -1 05 0 O

cosB cosfl

cosf cosf

W (MeV)

W (MeV)y

- 0
Kp—>1A
P do/dQ B
T T
- - [ NODATA —
Y [ P T .1
-1 05 0 05 1 -1 05 0 05 | -1 -05 0 05 1 -1 05 0 05 1
L) cosh cosh cosf
+ -
Kp—>nZ
P P do/dQ ]
T T T T T T T
~ NODATA —{ — NODATA - ~ NODATA —
1400 Lo L1 1 ! [ 11
105 0 05 1 -1 05 0 05 1 -1 05 0 05 1 -1 05 0 05 |
cosh cosh cosé cosh
Kp=—nA
do/dQ P P do/dQ B
2200~ B e o B T
2000 |- -4 -+ ~ — NODATA —
1800 |- 4 - 4 4 4
T - 4 b 4k 4
1600 -4 = 4 = - -
100 L1 P Ll
-1 05 0 05 1 -1 I -1 05 0 05 1 -1 05 0 05
cosf cos cosB




Kinematical (W, cos@) coverage of
available K'p 2> KN, 2, A, nA, K= data

- - - 70 - 0

Kp—Kp Kp—Kn Kp—nA
o0 P P do/d B do/dQ p P do/dn B do/dQ P P do/dQ B
TTTTT] [T ] EEUUJ\‘.W,\ [T T 71| R Y L L O 3200\'|I‘\‘||‘I‘\'\‘\J"\' LI B e

Predicted spin-rotation angle 8

W = 1500 MeV W = 1700 MeV W = 1900 MeV W = 2100 MeV/ 1L |
— — — —
5 m2F 4 m2r +4 w2 - [ NODATa -
Kp E o0 0 =F 0 L ]
= —n/2
Red: Model A B 7
_ T2 1L 1
E 0 Blue: Model B
Kn = T PR
[-=R - - -
/2 . 0 05 1 -1 05 0 05 1
K Black: KSU oo cosd
— /2 M
B .3 The KSU results are - 5
da/de rf Kp—>rmil = 0 computed by us using [ —
b -2 their amplitudes in
PRC88(2013)035204. 10 1
. /2 4 L 4
— =
Kp — nx §. 0
2 ## NOTE:
B is modulo 21T DATA — — NODATA —
- /2
? 4 L 4
Kp = nZ E“: 0
- —T/2 -4 = -
| ~ w2
=
ool Lo L1 T Kip%IOA £ 0 A\U\{.l -LI-O‘;[IJ‘U!‘L
-l 05 0 05 1 -1 05 0 - - -
cosH ! cosH] = —2 56 cosh
dorde) P lo/dQ B
2200 ———7 T — T T
: ! ! e i ! !
— NODATA | — — — NODATA — 2000 — — — NODATA — — [~ NODATA — 2000 — -1 —| — NODATA — I~ NODATA —
z z Z
2 1500 = F = F = F = 2 150 = = F - 2 1800 - 4 b 4 L 4k -
= z ® dataavailable =
Liva i ¢vin b JoL 1L i
o0 4tk - 4t - 1600 - 4k low statistics data 500 |- 4k 4L 4k .
" do/dQ P Pdo/dQ B 1600
| | L L L l | | 1 | - conflICtIng data | | | | | | | |
IM‘OD—I ‘-U.i‘ o 075‘ L o-1 I-US‘ 0 ‘U:‘\I 1 -l I-U."I 0 ‘0.5‘ 1 -1 ‘-U.S‘ 0 05‘ 1 HOOJ 05 0 05 1 -1 05 0 0= = = - “OOAI ‘4)5' 0 0.5‘ 1 -l I-(J."'I 0 IUS 1 -1 ‘-l).F‘ 0 IOS 1 -1 -0.5‘ 0 ‘!JF‘ 1

cosh cos cosf cosh cosB cosfl cosf cosf cosf cosf cosB cost




o (mb)

Importance of 2 - 3 reactions:
Dominance of cross sections at high W

TCSforK-p=2> X

Sum of K-p © KN, TZ, A, nA, K=
(Computed with Model A)

100
3 Almost come from
2 = 3reactions !!

50 ":f.’_‘., _ TCS for 2 > 3 reactions
v 3 (K' p 9 1T1TA, 1TKN,...)Z
: C > significant above W ~ 1.7 GeV.

> even larger than the 2 > 2 TCS

0 I 1 I 1 I I I 1 I

15 16 17 18 19 2 21 above W~ 1.9 GeV !!
W (GeV)
{Effects of 3-body channels on Y* resonance \

parameters are expected to be sizable.

N

However, at present essentially no differential
Ccross section data are available for 2 = 3 reactions

Kthat can be used for detailed partial wave analyses !!}




