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Introduction vp — KTA*(1405)

‘ A(1405) 1/2~ 1(JF) = 0(37)

Mass m = 1405.111:3 MeV
Full width I = 50.5 + 2.0 MeV
Below K N threshold

A(1405) DECAY MODES Fraction (I';/T) p (MeVc)

2T 100 % 155
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‘ A(1405) 1/2~ 1(JF) = 0(37)

Mass m = 1405.11?:3 MeV
Full width I = 50.5 + 2.0 MeV
Below K N threshold

A(1405) DECAY MODES Fraction (I';/T)

p (MeV/c)

2T 100 %

155

Two poles for A*(1405) are predicted
from a chiral unitary model.

A(1405)
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Jido et al, Nucl Phys A725, 181 (2003)
Hyodo et al, Prog Part Nucl Phys. 67, 55 (2012)
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‘ A(1405) 1/2~ 1(JF) = 0(37)

Mass m = 1405.1f%:3 MeV
Full width I = 50.5 + 2.0 MeV
Below K N threshold

A(1405) DECAY MODES Fraction (I';/T) p (MeVc)

2T 100 % 155

Two poles for A*(1405) are predicted

from a chiral unitary model. 1. two body process

vp — K1A*(1405)

A(1405)

ITH[1/MeWV]
0.8

0.6

2. three body process

04+

0.2+

yp — Ktn¥

14
Re[z] [MeV] 1400

Jido et al, Nucl Phys A725, 181 (2003)
Hyodo et al, Prog Part Nucl Phys. 67, 55 (2012)
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Measurement of the £ photoproduction line shapes near the A(1405)

B K Moriya,” R. A. Schumacher,”t (CLAS Collaboration)



Introduction vp — KTA*(1405)

PHYSICAL REVIEW C 88, 045201 (2013)

5’4
Differential photoproduction cross sections of the X°(1385), A(1405), and A (1520)

PHYSICAL REVIEW C 87, 035206 (2013)

Measurement of the £ photoproduction line shapes near the A(1405)

‘ K. Moriya,"" R. A. Schumacher,"' (CLAS Collaboration)

A(1405) photoproduction i1s less investigated
theoretically than other reaction processes.

We analyze this process employing an effective
Lagrangian approach combining with a Regge model.




Born term vp — KTA*(1405)
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Born term vp — KTA*(1405)

Coupling Constants
gKN A+ YK*NA* | YK NA(1670) HAr—A Fn A (1670) A+ |
Ref. [2]|1.8(E),L.9(R)| -L1.3 _0.61
Ref. [3] 0.2 — 0.5 0.023 £+ 0.009
Ref. [4]] 1.5 — 3.0 -0.112 — -0.224(-0.224)[ 0.44

2] K. P. Khemchandani, A. Martinez Torres, H. Kaneko, H. Nagahiro, and A. Hosaka, Phys.

Rev. D 84, 094018 (2011).

3] D. Jido, A. Hosaka, J. C. Nacher, E. Oset, and A. Ramos, Phys. Rev. C 66, 025203 (2002).
4] R. A. Williams, C. R. Ji, and S. R. Cotanch, Phys. Rev. C 43, 452 (1991).

2] Chiral & Hidden local symmetries
(3] Unitarized Chiral Perturbation model
4] Incorporating Crossing and Duality, Use old exp. data



Born term vp — KTA*(1405)

Invariant Amplitudes & Form Factors
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+ M- (= Mg.) - PRod(s,t) - Fee(t) + Ma - F(u)
+ M- (1405) * F« (1405 (1) + Ma-@er0) - Feqg70) (1),

Gauge invariance prescription



Born term vp — KTA*(1405)

Invariant Amplitudes & Form Factors
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Gauge 1nvariance prescription
8 P P w red box: Regge model



Born term vp — KTA*(1405)

A well-known nonperturbative approach to hadron reactions

1. Most reactions have a tendency to produce a forward peak.
2. At high energies, t-channel exchange 1s crucial.

=> A Regge method works.
A single particle exchange in the t-channel of spin J behaves as K
' r .
g ~ SJ —1 :.L\‘L’L\/ - :
which violates unitarity for large J. PR SR
1 ) j"L*:
Froissart bound :  51°%(s) < constant x log*(s/sg) . tchannel
We need to sum up all meson exchanges of various J. ‘L\"L-qu f'i :
| P |
~ <(0)—1 : -7 :
4 d . P K K}, K :
. : _ , o A
a(t) 1s called a Regge trajectory. a(t) = a(0) + a't o hannel '



Resonant term vp — KTA*(1405)

8 KT
!
4
!
e A

Nucleon Resonances in PDG
3 N*

Missing Resonances

3 N*, predicted from

constituent quark model
Capstick et al, PRD 58, 074011 (1998)



Resonant term vp — KTA*(1405)

Y KT,
/
f
/
LASES TR

Nucleon Resonances in PDG

3 N* -

Missing Resonances

3 N*, predicted from

constituent quark model
Capstick et al, PRD 58, 074011 (1998)
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A7 12 /9T




Resonant term

vp — KTA*(1405)
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Resonant term vp — KTA*(1405)

Invariant Amplitudes
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Resonant term

vp — K+ A*(1405)

Y K, Transition magnetic moment hi, h2
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Resonant term vp — KTA*(1405)

Y K, Strong coupling constants g
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Resonant term

vp — KTA*(1405)
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Resonant term vp — KTA*(1405)

Y K, Transition magnetic moment hi, h2
! .
y Strong coupling constants g
/
PN UR

s channel

PDG N* A A3 h R G(0)  [gran]
N37(2000)| 31+£10 —43+8 0.024 1.62 —0.679¢  —0.912
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N 27 (2095) —2 —6 0.138 0.0072  |4+0.7707 —0.228
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Resonant term

vp — KTA*(1405)

Y K™, Transition magnetic moment hi, h2
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Resonant term

vp — KTA*(1405)

Y K™, Transition magnetic moment hi, h2
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Results vp — KTA*(1405)

total cross section

Background contribution

L L AL DAL B ik
A — K*A(1405) 1
0.6¢ * P 71
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0.5F o . Bom ol
20-42_ AT T~ * _;
o 03t /| e
N - --i:-ﬁ-t_hl__::_

0'=| | L. . L |
1.5 2 2.5 3 3.5 4
Elab
. \2 — M2 . Al
Fu(r) = 4 — Fo(n®) = = TEESTEE NGLK* = 2, NAA* = 2,0 N+ = 2
F. = Ft,f{ +F.~;,_ﬁ.-* — Ft,ﬁ’ : -F.-s,_-""." ABDI‘H = 1.1 GCV, AN* = 1.0 GCV
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Results vp — KTA*(1405)

total cross section

Total contribution Resonant contribution
_ JL B B WAL = 0.06 T _
i Yp — KTA(1405) : Yp — K¥A(1405) ]
0.6f 10.05} ]
§+N 1 S L et N(2000)
f— suﬁnﬂfN* 00‘4 L ﬁg}% i
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1 0.03 - N(2055) A
i N(2075) ]
_002 sum of N i
—= 0.01} :
. 3 0 35 4
Elab |
y N — M A
Fu(p?) = Fg(p®) = . = . = . =
M(p ) \2 _pg B(p ) A+ (pg B sz)z nGI,K 2:‘”1"1,1"& Q‘HN 2
Fﬂ. — Ftﬁ 4+ Fs,ﬁ.-' _ Ft,ﬁ' . Fs,_ﬁ.-' ABDI‘H = 1.1 GCV, AN* = 10 GCV
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Results vp — KTA*(1405)

differential cross section

Effective Lagrangian

--- Born
—-= sum of N*
— total

16
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Results vp — KTA*(1405)
invariant mass distribution
Effective Lagrangian
8 ] I L] I ] i I I I I I 18
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> 4 14 -— - sum of N*
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Results vp — KTA*(1405)

invariant mass distribution

Effective Lagrangian

3 I L) I ] 1 3
W =2.2GeV

— 2 ---- Born
> —-= sum of N*
O 1 — total
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.j'? bt s e e ' ) ‘ r -------- A T 0
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§ 2F ' _' 8 2
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136 1.38 14 142 144 136 138 14 142 144 1.36 1.38 14 142 144

M(1°20) [GeV] 18



Results

vp — KTA*(1405)

0
— 10—
Born F
L 4 U
Qi .9
g | Rk
4 4
T 10 — W=20GeV N 1 B 107%F — W=20GeV
6 [ - 22GeV T4 BT 226GeV
S | -- 24GeV S [ -- 24GeV
F—- 2.6 GeV ] F—- 2.6GeV
- - 2.8GeV -~ 2.8GeV
o | -3 T
107 i 3 107 i
-1 [GeV?]

differential cross section

Effective Lagrangian

[ —
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Results vp — KTA*(1405)

beam asymmetry

Effective Lagrangian

0_6_ T T T T I T T T T T T T T I T T T T ] 06_ T T T T
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04f 226V A
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Results vp — KTA*(1405)

The role of a triangle singularity in the yp — K*A(1405) reaction

ArXiv:1610.07117

K- K+
P A(1405) p A(1405)

21



Results

vp — KTA*(1405)

0.8

0.6 |

04 |

0.2 r

The role of a triangle singularity in the yp — K*A(1405) reaction

Tntai

== TS

~--- NoTS

do/dcos6 (ub)

0.6

W=2.1




Summary vp — KTA*(1405)

<& A*(1405) photoproduction, yp — KA*(1405), is reanalyzed
using an effective Lagrangian model.

<> A bump structure is observed at CLAS (2013) Collaboration
near the threshold region.

< N* contribution should be considered for this description.
PDG N* resonances, i.e., N(2000), N(2100), N(2120), may give

the dominant contribution.

Future work:
<> Check other scenarios such as

rescattering process, initial and final state interactions.

22



Summary vp — KTA*(1405)

Future work:
< Study three-body process vp — KT,

considering the two-pole structure.

K n L'—IILL' £ on —LH_L’j K on V &
_ 5 ) . s ) , , . ) .
R2, R*3, BG2 R3, R*4, BG3 R4, R°S5, BG4

L ;:_.,{.}
¥ P— % J2 —

P b

R5,R*7,BGS5 R6, R™8, BG6 R7,R*9, BG7

=z
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Summary vp — KTA*(1405)

Future work:
< Study three-body process vp — KT,

considering the two-pole structure.

‘f Ko Ko IHE K j‘LLL5 £oa K
P — T p T P — ¥ P — 5 p : .
R1,R"1,BGlI R™2, R2, R*3, BG2 R3, R*4, BG3 R4, R°S5, BG4

. - P b P —
R°6 R5, R™7, BG5S R6, R*8, BG6 R7, R*9, BG7

Thank you very much 23
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Born term

vp — KTA*(1405)

Miotat(7p = KTA") = (Mg + My) - (t = ME) - PYY(s,t) - F
+ Mg - (E = M) - PRot(s,t) - Fea(t) + Ma - Fi (u)
+ M- (1405) - F R+ (1405 (0) + Ma-@670) - Fy-1670) (1),

Regge Propagators

sRegpe 1 § crelt) !
I K (Sv t) = e—tmag (t) S F[_ ﬂfﬁ'(t )]'-TK

Regse 1 g \ et (t)-1 ;
P (s,t) = e—imar-(t) | \ 5rn [ — ag-(t)]ay

P (t) =1/(t — M x-)

» The bybrid Reggeized treatment should
interpolate smoothly to low energy region.




Born term vp — KTA*(1405)
Regge model
™ V= (¢, J/Y)
-~ - . . " r}; Kj—/
T ‘\'\0\'\'\’ "
Y a
Kot A K
o L o » >
D n 1 P A* l
6 I N B T ]
5' ° T SF .
4P 3 4_— m
41 ®4(1670) _ I T Ky(2500),
= | P3(1690) ] =3 < m ]
\-8-"3_- . \8” i K5(2320) ]
ok s 1 2 ]
n3(1670) i _
2% [ K'(892) .
r 1 I . }
0'..?E(lls'.g].ﬂfl...|...|...|...: 0: -'.'..“liq‘.l"q‘.ﬂ...|...|...|...|...|."
1 2 3 4 5 6 o 1 2 3 4 5 6 1
t =M? [GeV?] t = M? [GeV?]
a(M?)=J :
an(t) = 0.7(t— M2) (M) Chew-Frautschi plots
a,(t) = 0.55+0.8t, ak(t) = 0.7(t — Mg)
au(t) = 0.44 4 0.9¢. ag-(t) = 0.2540.83t.



Born term

vp — KTA*(1405)

Regge model

a(t) categorizes hadrons with the same internal quantum numbers,
M and J are the mass and the spin of related hadrons.
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an(t) = 0.7(t— M2), Chew-Frautschi plots

ay(t) =
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0.55 + 0.8¢,
0.44 + 0.9¢.

0.7(t — M%)
0.25 + 0.83t.

ﬂcﬁ{f) =
Q'K*(t) —




Born term vp — KTA*(1405)

The three-body phase space for the decay ab — 123 can be decomposed into the two-body one ab — 1.X — 23 as

follows:

MZ

Tab—123 = fﬂg,/ddig[ah—} 123)|Mﬂ5_,123|2 = /dfbg{mﬁ—‘r lX)

|Ma,b—>1XMX—>23|2
O, )7 MG

spin

1012
‘ 522y (X - 22)2

= F. /dfbg(ah — 1X)

j_‘ﬂ spin
ﬁ/dcpz(mﬁ — 1X)d®, (X — 23) g | Map—1x M x 232

spin

U

I : r
= = Fu | d®s(ab - 1X) Z Maps1x[? = =2 0abo1x,
'y I'x

Ly (X - 23)| M ap_s 123

where Fgup stands for the flux factor for the initial state with a and b. In deriving Eq. , we have used the
narrow-width approximation for the intermediate particle X: I'xy /My < 1, and taken into account that the invariant
amplitudes M are insensitive to Msz. Considering the above decomposition, the invariant-mass distribution can be

written by

Ao ap—123 i”z; B |Ma,b—>1XMX—>23|2
— = = Abs(ab — 1X b, (X — 23 §
d_ﬂ,:fza F /!’ 2{!’13 ) f 2( ) ~ I[i"vfé"d _ JFI»'.{)Z{)E + ﬂ_{il-‘%{
2M x Mg R [Map1x Mx 23]
= Abs(ab — 1X —MJ X — 23 E

a

2M x Mg o | Mab1x|°T x—s23
o APy (ab — 1) —————
2M x Moy Tab—1x 1 x 5023
T (1’»1’223 — M}CF -+ M’ff l‘i ]

(16)

Although there can be complicated interference effects due to other processes via a different intermediate particle X',

i.e. ab — 2X’ — 13 for instance, for brevity, we ignored them here.
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