UNITARIZED CHIRAL
DYNAMICS IN
FEW-BODY SYSTEMS

ALBERTO MARTINEZ TORRES
IFIC-INSTITUTO DE FisicA CORPUSCULAR
CENTRO MIXTO CSIC-UNIVERSIDAD DE VALENCIA
CHIRAL DYNAMICS 2009, BERN, 6-10 JUuLY 2009



INTRODUCTION

@ UNTIL RECENTLY, MESON-MESON AND MESON-BARYON STRUCTURE OF
MESON AND BARYON RESONANCES HAS BEEN EXPLORED EXTENSIVELY
USING CHIRAL DYNAMICS, E.G. :

1, 2, 3, 4,5

a(600), fol 980 ), ap(980), A 1405) A 1520 , etc.

@ SOME STATES IN THE MESON & BARYON SPECTRUM, HOWEVER, COULD
VERY WELL POSSESS A MORE COMPLICATED MOLECULAR STRUCTURE

@ @

1J. A. OLLER, E. OSET, NUCL. PHYS. A 620 (1997) 438. 4D. JiDO, J. A. OLLER, E. OSET, A. RAMOS, U. G. MEISSNER, NUCL. PHYS. A 725 (2003) 181-200.
2 J. A. OLLER, ULF-G. MEISSNER, PHYS. LETT. B 500 (2001) 263-272. 5 L. ROCA, SOURAV SARKAR, V.K. MAGAS, E. OSET PHYS. REV. C73, 045208 (2006).
3J. A. OLLER, E. OSET, J. R. PELAEZ, PHYS. REV. D 59 074001 (199).




THE MODEL

@ WE SOLVE THE FADDEEV EQUATIONS
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@ THE T}{ MATRICES CONTAIN ALL THE POSSIBLE DIAGRAMS WHERE
THE LAST TWO SUCCESSIVE INTERACTIONS ARE T! AND T’

: @
A=)

Ky
ks

K3

@ AND THEY SATISFY THE EQUATIONS:
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t' IS THE TWO BODY [-MATRIX |::> t=V 4+ Vgt

i g” IS THE THREE-BODY GREEN FUNCTION.
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3 bt 1 meson-meson interaction
2 2M, meson-baryon interaction
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14 F J. LLANES-ESTRADA, E. OSET AND V. MATEU, PHYS. REV. C 69, 055203 (2004).
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t' IS THE TWO BODY [-MATRIX |::> t=V 4+ Vgt

i g” IS THE THREE-BODY GREEN

D
o N,
U <H2Er

RE=il.

1 meson-meson interaction
N = . ]
2M, meson-baryon interaction

B (K IS THE LOOP FUNCTION FOR DIAGRAMS INVOLVING
THREE { MATRICES.
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TWO MESON-ONE BARYON SYSTEMS

B KN, w2, nwA, 3, mnA, 7 K=
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TWO MESON-ONE BARYON SYSTEMS

FOUR ), AND TWO

i3 W[_(N, 7T7TZ,7T7TA,7T772,7T77A,7TK:. ,—:> A sTaTES WiTH JP=1/2¢

IN THE ENERGY REGION
1500-1800 MEV.
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TWO MESON-ONE BARYON SYSTEMS

FOUR ), AND TWO

KN, mr3, mrA, 72, mnA, T KE el A sTATES WiTH J7=1/21

IN THE ENERGY REGION
1500-1800 MEV.

' (PDG) PEAK POSITION T
Mev) e ey
ISOSPIN = 1
2.(1560) 10-100 1590 70
2.(1620) 10-100 1630 39
2.(1660) 40-200 1656 30
D17 70) 60-100 1790 24
ISOSPIN = O
A (1600) 50-250 1568,1700 60, 136
A(1810) 50-250 1740 2l6)




TWO MESON-ONE BARYON SYSTEMS

FOUR ), AND TWO

B TKN, 73, 7, mn3, mnA, T K2 el /A sTATES with JP=1/20

IN THE ENERGY REGION
1500-1800 MEV.

1656 — i30/2 MeV

T 1630 439/2 B4A

|T|2 (10'9MeV_6) /
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R. ARMENTEROS ET AL. NucL. PHYs. B 8, 183 (1968).
B. R. MARTIN ET AL, NucL. PHYs. B 127, 349 (1977).
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TWO MESON-ONE BARYON SYSTEMS

FOUR ), AND TWO

i3 W[_(N, 7T7TZ,7T7TA,7T77277T77A,7TK.:. ,—:> A sTaTES WiTH JP=1/2¢

IN THE ENERGY REGION
1500-1800 MEV.

8 7N, 7K, KA, 7N, KKN mulgy N*(1710) WITH 40-90%
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TWO MESON-ONE BARYON SYSTEMS

FOUR ), AND TWO

i3 W[_(N, 7T7TZ,7T7TA,7T77277T77A,7TK:. ,—:> A sTaTES WiTH JP=1/2¢

W?TN,?TKZ,T(’KA,?TUN,KKNI:{>

IN THE ENERGY REGION
1500-1800 MEV.

N*(1710) WITH 40-90%
BRANCHING RATIO TO 7T 7T N

I

F(PDG) PEAK POSITION
(RENSEVV.ORIRS) (THIS WORK)
(MeV) (MEV) (MEV)
N*(1710) 50-250 @A 375
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TWO MESON-ONE BARYON SYSTEMS

FOUR ), AND TWO

i3 W[_(N, 7T7TZ,7T7TA,7T772,7T77A,7TK:. ,—:> A sTaTES WiTH JP=1/2¢

IN THE ENERGY REGION
1500-1800 MEV.

>, mKN, TN, KKN ::> N*(1710) WITH 40-90%

I (PDG)

(MeV)
N*(1710) 50-250
N*(2100) 50-360
76 50-300
A(1910) 190-270

BRANCHING RATIO TO 7T T N

EXPERIMENTAL
AMPLITUDES



TWO MESON-ONE BARYON SYSTEMS

KN, 73, 7, 7n3, 7y, 1K= el

7T7TN,7TKZ,7TKA,7T77N,KKN:{>

FOUR ), AND TWO

STATES WITH JP=1/2%

IN THE ENERGY REGION
1500-1800 MEV.

N*(1710) WITH 40-90%
BRANCHING RATIO TO 7T 7T N

T (PDG) PEAK POSITION r
(TH]S WORK) (THIS WORK)
(MeV) (MEV) (MEV)
N*(1710) 50-250 1704 eH7/4e
N*(2100) 50-360 2080 54
N*(1920) ? 1924 20
A(1910) 190-270 2126 42

PREDICTED IN
PHYS.REV.C78,035203
(2008)



TWO MESON-ONE BARYON SYSTEMS

FOUR ), AND TWO

i3 W[_(N, 7T7TZ,7T7TA,7T77277T77A,7TK.:. ,—:> A sTaTES WiTH JP=1/2¢

IN THE ENERGY REGION
1500-1800 MEV.

N*(1710), N*(2100),

@ "N, 7K, mKA, N, KKN::> N*(1920), A(1910).

NO SIGNAL FOR ROPER
AND A(1750).

: s
7-‘-[(]\[ :: STUDY OF THE POSSIBILITY THAT THE @

couLD BE A TK /N BOUND STATE.



TWO MESON-ONE BARYON SYSTEMS

FOUR ), AND TWO

i3 W[_(N, 7T7TZ,7T7TA,7T77277T77A,7TK.:. ,—:> A sTaTES WiTH JP=1/2¢

IN THE ENERGY REGION
1500-1800 MEV.

i N*(1710), N*(2100),
@ 7N, 7TKYX, 7TKA, N, KKN el :Z(;?Gzl\?;ﬁg:;g;m
AND A(1750).

: s
7-‘-[(]\[ :: STUDY OF THE POSSIBILITY THAT THE @

couLD BE A TK /N BOUND STATE.

WE DO NOT FIND ANY SIGNAL AROUND 1520
MEV BUT WE OBTAIN A PEAK AROUND 1700 MEV
WITH 200 MEV OF WIDTH.



THREE-MESON SYSTEMS

B 0KK, ¢onm



THREE-MESON SYSTEMS

B 0KK, ¢onm
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THREE-MESON SYSTEMS

B 0KK, ¢onm

>ksee a review on different studies (for example) : “New hadron states”, Shi-Lin Zhu , Int.J.Mod.Phys.E17:283-322,2008; e-Print: hep-ph/0703225



THREE-MESON SYSTEMS

B 0KK, ¢onm
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THREE-MESON SYSTEMS

B oKK, orm
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SUMMARY AND FUTURE PLANS

& WE HAVE OBTAINED FOUR X’S AND TWO A’S RESONANCES IN THE WKN, WHICH CORRESPOND
TO ALL THE 1/2+*X AND A STATES IN THE ENERGY REGION 1500-1870.

L WE OBSERVED THE N*(1710), N*(2100), A(1910) IN THE TTN SYSTEM AND COUPLED
CHANNELS AND A POSSIBLE N*(1910) wiTH JP=1/2* IN THE K KK N SYSTEM .

® WE HAVE STUDIED THE THREE-MESON SYSTEMS, ¢KK, ¢7T7T , WHERE WE GOT THE RESONANCE
X(2175) .

@ A BROAD BUMP IS OBTAINED IN THE STUDY OF THE WKN SYSTEM AROUND 1700 MEV.
e IN THE J/@DKK, J/@DTMT SYSTEMS WE OBTAIN THE Y(4260).

@ STUDY OF THE SYSTEMS WTT, PTTTT, K*Tl’K, etc. , TO GET THE LOW-LYING VECTOR
RESONANCES AS wW(1420), w(1650),ETC.

AND MANY MORE!!



