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/\ /V SCATTERING, TEN TWO BODY COUPLED CHANNELS:

A 2950 75T 7t Kp K% pA 2950 KO0 k=T

8x8=1+85s+8,+ 10+ 10 + 27

The representations 1, 85, 8¢ and 27 (exotic)
give rise to resonances.

 Potential Models, Quark Models, (Chiral) Bag Models, etc

« CHPT+Unitarization (UCHPT)

Kaiser,Siegel, Weise NPA594,325(°95)

Oset, Ramos NPA635,99(°98)

Meissner,JAO PLB500,263(°01)

Lutz,Kolomeitsev NPA700,193(°02) ;

Garcia-Recio, Lutz, Nieves, PLB582,49 (°04);

Borasoy, Nissler, Weise PRL94,213401 (05), EPJA25,79(°05)

Borasoy, Meissner, Nissler, PRC74,055201(°06), etc

Pu



Renewed interest with the precise measurement by DEAR Coll. of
strong shift and width of kaonic hydrogen 1s energy level

2p G. Beer et al., PRL94,212302(°05)
K, Line Upwards shift
" QED + OCD Repulsive K p — K™ p
QED

(

7ON | #F T [strong]
BRX ¥ Srmete ™, Xv,...< 1%

Unstable Meissner,Raha,Rusetsky EPJ C35,349(°04);
DEAR: Borasoy,Nissler,Weise PR1L.94,213401(05),

EPJA25,79(05) pointed out a possible

K p—«

AE = 103+ 37(stat.) £6(syst.) &V jnconsistency between DEAR and
= 249+ 111(stat.) £39(syst.) €V previous scattering data. SU(3)
KEK: chiral dynamics results agree with
AE = 3234+63+11eV KEK but disagrees with the factor 2

[ = 407 +2084 100 eV. more precise DEAR measurement
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Deser Formula e, = —2a°u

Precise knowledge Precise determination

€1s <<

~ Ty-, at threshola

Meissner,Raha,Rusetsky EPJ C35,349(°04) include 1sospin breaking correction
on the Deser formula up to an including O(a*,a’*(m,-m,)) ~ 9%

Cusp Effect: ~ 50% O(d'?) j 0531“3
Coulomb Effects: ~ 10— 15 % AElS — —|_18 = - C

Vacuum Polarization: ~ 1% T K-|—

d~a~m, -m,

(

),

\

by £ |

DEAR/SIDDHARTA Coll. Aims to finally measure it up to eV level,

a few percent (nowadays the precission is 20%).

http://www.Inf.infn.it/esperimenti/dear/DEAR RPR.pdf

—




1. A systematic scheme able to be applied when the interactions between the hadrons
are not perturbative (even at low energies) but still using Chiral Lagrangians and
Chiral Perturbation Theory (though to be valid only for low energies).

«  Meson-meson processes, both scattering, production and decays, involving
[=0,1,1/2 S-waves, JP¢=0"* (vaccum quantum numbers)

[=0 5(500) - really low energies

Not low energies. More resonances come up: [=0 (980) f0(1370) f,(1500),
f,(1710), £,(1790); I=1 a,(980), a,(1450); 1=1/2 K(700) K*,(1430)

Related by SU(3) symmetry.

* Processes involving S=1 (strangeness) S-waves meson-baryon interactions
JP=1/2-. 1=0 A(1405)‘s , A(1670), A(1800); I=1 possible 2(1430), Z(1620),
2(1750)

One also finds other resonances in S=2, 0, +1, and even with 1=2...

* Processes involving scattering or production of, particularly, the lowest
Nucleon-Nucleon partial waves like the 'S, 3S, or P-waves. Deuteron, Nuclear
matter, Nuclei.

2. Then one can handle with:

— Strongly interacting coupled channels.

— Large unitarity loops.

— Resonances.



In all these examples the unitarity cut (sum over the unitarity
bubbles) 1s enhanced.

PP e

UCHPT makes an expansion of an " Interacting Kernel ’ X
from the appropriate EFT and then the unitarity cut is fulfilled

to all orders (non-perturbatively)



General Expression for a Partial Wave
Amplitude

Above threshold and on the real axis (physical region), a partial wave
amplitude must fulfill because of unitarity:

— * -1 __ o
Im T?;j p— Z Tikkakzj —Im Tij = —p; 523 Unitarity Cut
k
W — \/g W-plane s-plane
T2 (e m:ll\ll Tz (m+1‘\/1j2 N 2

We perform a dispersion relation for the inverse of the partial wave (the

discontinuity when crossing the unitarity cut is known) l
_ _ §—8g (X S );
Tijl — Rz'jl + 52] g(SO)i - ’ / ] p< _|_)Z ] ds'
T Jsy (8 —s=10T)(s'—s0)

The rest I
g(s).: Single unitarity bubble




1.

————

’ N 1/ ~(a) 1
8(s)= ‘ P ogls) = — ag + o(s)log >
. -7 A2 \\ O(S) +1

_ ~1 _ o(s) = 22

= [R 1 + g(s)] =[I+ R-g] 1R Vs

T obeys a CHPT/alike expansion
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_ ) - 1/ o(s) -1
g(s)= & ® s = | ao; +o(s)log ——— |
N - AN/ Am 2 \ asp T O\8)1 U(S) 1/}

A

r = R —I—g(s)]_ =[I+R-g]1- R W7
1. T obeys a CHPT/alike expansion T = Tl -|- TQ -|- T4 -|- L
2. R s fixed by matching algebraically with the CHPT/alike
expressions of T, R= R,+R, R;+...

In doing that, one makes use of the CHPT/alike counting for g(s)

The countingof R(s) 1s consequence of the known ones of g(s) and T(s)
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T = [R149()] =U+R-g 1R "

1. T obeys a CHPT/alike expansion T = Tl -|- TQ -|- T4 -|- .

2. R s fixed by matching algebraically with the CHPT/alike
CHPT/alike+Resonances
expressions of T, R= R,+R, R;+...

In doing that, one makes use of the CHPT/alike counting for g(s)

The countingof R(s) 1s consequence of the known ones of g(s) and T(s)

3. The CHPT/alike expansion 1s done to R(s). Crossed channel
dynamics 1s included perturbatively.



J.Prades, M. Verbeni, JAO PRL95,172502(05), PRL96,199202(06)(Reply)
J.A. Oller, EPJA 28,63(2006)

T = [R_l + g(s)]_l =[I+R- g(s)]_1 - R(s)

g(s) is O(p)

R=R1+Ry=T1+ 1>, NLO, O(p?)
Ry = T», for O(p3) and higher R, # T,

. % 2 , g .
\__ Seagull Direct Crosscd/ O ( p2 )
O(p)




O(p) and O(p?) Chiral Lagrangians

L1 = (iny“[Du,BD — mg(BB)
+ 2@7”’75{%,3}) +§(B’V”’V5[UM»B]> »

D = 0.8,F = 0.46,mo =proton mass in SU(3) chiral limit
Lo = bo(BB){x4) +bp(B{x+,B}) + br(Blxs, Bl)

B bl <B[u,ua [u'ua B]]> + b2<B{ulL7 {u'ua B}}>

+ b3(B{uy, [v¥, B]}) + ba(BB)(uput) +--- .

U= p=y? u=d® oy =nlount (i 4 g DA ye
¢ U em2 Ouu zuo(u Ju \/§+\/6 Oﬂ' K \/§+\@ ZOZ A P
m o= - 1% gV | B= - 4 A
X+:ujfqu-|—uXTu,X: 0 m: 0 ' ﬁ_+\/6 . \/§+\/5 !
0 0 2 -md L = 0 2
K=" V6 /6




From these Lagrangians one calculates the O(p),
Ry, and O(p?), Ry, CHPT meson-baryon scat-
tering amplitudes. R = Ry + R».

EXPERIMENTAL DATA

S= — 1 meson-baryon sector 1s plenty of data

Good ground test for SU(3) chiral dynamics, where very strong
SU(3) breaking effects due to the explicit presence of
mesons/baryons with strangeness— Explicit breaking of chiral

symmetry

Important 1sospin breaking effects due to cusps at thresholds, we
work with the physical basis.



I) DATA INCLUDED IN THE ANALYSIS
Prades,Verbeni, JAO PRL95,172502(05)

1) CROSS SECTIONS:
K p—Kp ,Igon ,7T+Z_ ,7r_2+ ,WOZO ,7r0/\
In the fit we include data from threshold up to pj.,, = 0.2 GeV.

2) Precisely Measured Ratios

K~ Ty
L o= TP = TET) S 364004,
o(K—p—n—X71)

K~ charged particles
B, = Z\8 p—+Changed p ) — 0.664+0.011 .
oc(K—p— all)

K~ OA
R, = oK —p = TN — 0.189 + 0.015,
o(K~p — all neutral states)




3) 72 EVENT DISTRIBUTION AROUND THE A(1405) RESO-
NANCE

4) DEAR and KEK STRONG SHIFT AND WIDTH OF KAONIC HYDROGEN

5) WE ALSO CONSTRAINT OUR FITS CALCULATING AT O(p?) IN PURE
BARYON CHPT SEVERAL PION-NUCLEON OBSERVABLES, WHERE
CHPT EXPANSION IS RELIABEE:

oxn = —2m3(2bg +bp +bp) , bi from the ﬁt,s
. m2 b b b _ﬁ bp, by and b3 in terms of
O+ 27”(-2 1 2 3 3m bg, b1 and bo.

mo = myp+ 4mi(bo + bp — bp) + 2mz(bo + 2bp) -

o, n=20, 30, 40 MeV (45+8 from Gasser,Leutwyler,Sainio PLB253,252 (*91),
higher order corrections =10 MeV Gasser, AP254,192(°97))

m,=0.7 or 0.8 GeV
a,, =(—1£1) m_102 Exp.—0.25+0.49 Schroder et al.,PLB469,25(°99) and

expected higher order corrections +m_ 102 from unitarity Bernard et al.
PLB309,421(°93). 100 points



I) RECENT FURTHER DATA INCLUDED IN THE EXTENDED
ANALYSIS JAO EPJA28,63(2006)

6) o(K p — n/\) cross-section
On top of the A(1670) resonance.

7) o(K p— ZO’]TO’?TO)

total cross-section and event distribution.

6) and 7) measured by the Crystall-Barrell Collaboration , 2001
and 2004, respectively. Precise experimental data.

8) Am P- and S-wave phase shift difference at
the == mass 6p — 6g = (4.6 = 1.4)°.
HyperCP Collaboration (2004)

155 points



For the production of the process K~ p — wO0x030
we take as the production vertex the mecha-
nismM:

\\ !/ O
p p 2
> > ® - Magas, Oset, Ramos

) PRL95,052301(°05).

..

It is largely enhanced due to the almost on-
shell character of the intermediate proton

Two classes of fits A,B with 1s kaonic hydrogen AFE and I :
A: Around DEAR (The fits are numerically more stable)
B: Away from DEAR.



Reproduction of the data by the new A-type fits (agree with DEAR) of
JAO, EPJA28,63(°06)

390 = T | T | T = 50 - [ T I T ]
250 E- = 40 il ) —
200 ag(K ~p — K p) = 30 — oI ~p — K"%n) 1
= 150 &~ — = -
= — = £ 20 — —
30 5"----—.—.--"/ - - = =11 “—; IO - —
nE | | 1 = 0 [
) 100 pri(MeV) 200 300 100 pic (MeV) 200 300
150 B — 80 [— 5 g
100 ‘E%L o (F—p — w5 q _—} L F oH I =
E — - - E 40 — —
50 — %‘% — 20 d’g' % i
0 | |%9'¢“"€-1frr—te-t o C | i v g
100 pr(MeV) 200 300 100 I’Kl]\IE‘\ ) 200 300
80 |— —] 80 ~ ’ —
- il (K p— 70X . . 60 [ Ve = (K p — w"A) =
= 40 ) -] =40 — N~ -]
20 — 20 — S —
0 | .. o C 1 | L ——
200 100 pr (MeV) 200 300 5 U 100 px (MeV) 200 300
< T | | T -~ | T T
s0 [r —l S (1660)w | ~ | ] s L | | ]
150 £ = Lol — 1.5 p— [ 1 —
é - __ _— - 1 —_ o(K ~p — nA) __
Lﬁ B - — = _ - —
= 50 — — 0.5 — —
) 0 0 B [ ~h | 1 - I 1 -
1.35 w2 (GeV) 14 1.45 750 pr (MeV) 300 8350
2000 — | ! | ' | —] |
£1500 - K= p— a%7%3° -1 e
1000 [— . —
2, . F -
= 500 ;I-d=] —]
o L I 1  Sm—
1.8 =X(Gev2) 2 2.2 0.5 0.6 pr(aev) 07 0.8
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R. 0.66440.011
R, 0.189+0.015
Ap 193438

r 2494118
S A 4.6+ 2

TxN 20° 30° 107

*~.- 2.36 2.36 2.37

R. 0.629 (0.628 (0.628

R, ().168 0.171 0.173

AFE (e‘v’] 194 192 192

I (eV) 324 302 270

AEp (e‘v"’] 204 204 207

I'p (eV) 361 338 305

AR -p (fmj —0494+4044 | =049 4+:0.41 | =0.504:0.37

ap (fm) —1.074+7053 | —1.044+47050 | —1.024+70.45

ai (fm) 044 +40.15 0.404+:0.15 0.33 +:0.14

O A (=) ("j 3.4 4.5 5.7

mo (GeV) 1.2 1.1 1.0

af, (1072 M) ~2.0 ~2.2 ~2.2
TTnits F o N 20T 20~ 07

Mle™NT

Nie N F TH .2 TL.S GT.5
ey — 1 Bo 0615 — 0. 7THED —0D.884
Clen —1 b +0.815 +0. 845 +0.8573
Crens 1 B —D.114 — 0. 130 — 0138
Cre™s 1 b1 0. GG + 0. G T0 + 0676
Cleny 1 B +1.144 +1.169 +1.189
CGre™. 1 b —0.297 —0.315 —0.315
e — 1 Ba —1.045 —1.151 —1.307
1 —1.7T86 —1.591 —1.413
ro —0.519 — .45 —0.3586
s —1.185 —1.170 —1.156
e —5.251 — 5.200 —5.123
s —1.316 —1.210 — 1.308
o —1.1586 —1.132 —1.050

Three b’s are fixed in terms of the others from the O(p?) constraints




Reproduction of the data by the new B-type fits (do not agree with
DEAR) of JAO, EPJA28,63(°06)
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ToN 20° 30° 40" Op) o
y 9.34 2.35 2.34 2.32 £2.50 - u.U4
R. 0.643 0.643 0.644 0.637 R. O. 664 + 0. 011
R, 0.160 0.163 0.176 0.193
AE (e ) 436 409 450 348 fp  0.189+0.015
I (eV) 614 631 51 611 AFg 193 + 38
AEp (eV) 418 385 136 325 r 2494+ 118
I (eV) 348 880 844 775
ag—p (fm) [ —LOI4i 103 | ~0.93+1.07 | —1.06+i1.02 | ~0.79+i0.94 O\ 4.6 £2
ao (fm) 17540105 | —1.65+41.30 | 17944110 | —1.50 +1.00
a1 (fm) 01343039 | ~0.14 44036 | —0.12+i046 | 0324046
52a(3) () ~14 1.7 ~1.2 ~14
mo ((Q}e\") 1 0.8 0.6 0.7
d107% M ~0.5 ~14 03 : :
o (107 My ) ’ i These fits disagree with DEAR
but agree with KEK
Units o 20" 30° ETi O p)
MeV . .
—— = - s T =5 The scattering lquth A 18
GeV™" | bo —0.201 [ —0.159 | —0.487 0~ much larger than in the A-type
GeWV b — 0,005 —0.297 0.127 i
eVt | bg —0.133 | —0.157 | —0.188 0- fits.
CeWV 1 b —+0.122 —+0.016 —+0.135 o~
GeV 1! bo — 0,050 —0.151 — 0037 o~
GeV 1! ba —0.533 —0.251 —10.494 o~
GeV 1 b —+0.025 —0.291 — 0. 173 o~
e —+4.037 —+4.15858 —+2.930 —2.9558 . 1 >
m | Tooes | Taass | 2S00 | Tase | Numerically 1t 1s simpler to
—1.131 —1.214 —1.225 —1.330 -
ji —3.455 —3.000 —2.795 —1.805 Obtaln A type ﬁts
s — 0,347 —+0.642 —+2.906 —0.655
o —1.767 —2.109 —1.913 —1.9158
b

Three b’s are fixed in terms of the others from the O(p?) constraints



K- p Scattering Length:

*Martin, NPB179,33(’81): ag-,= —0.67+10.64 fm
*Kaiser,Siegel, Weise, NPA594,325(°95): ag-,= —0.97+11.1 fm

*Oset,Ramos, NPA635,99(°98): ag-,= —0.99+10.97 tm

*Meissner,JAO PLB500,263(°01): ay-= —0.75+11.2 fm

*Borasoy,Nissler,Weise,PR1.94,213401(°05), EPJA25,79(°05):
ag-p = —0.51 +170.82 fm. They cannot reproduce the elastic
K~p — K~ p cross section together with the DEAR measuremen (compromise).

e Previous work, J. Prades, M. Verbeni and JAO, Phys. Rev. Lett. 95,172502(2005)
Bf: ag-,=-1.014140.80 fm

Fit: A: ag-, = —0.50 +70.42 fm.

New A-type:

New B-type:

OrN

207

307

407

ag—, (fm)
ag (fm)
ay (fm)

—0.49 +120.44
—1.074170.53
0.44 4120.15

—0.49 +:0.41
—1.04 440.50
0.40 4 20.15

—0.50 +20.37
—1.024i0.45
0.33 +70.14

ap—, (fm)
ag (fm)
ay (fm)

—1.01 +:1.03
—1.754+:1.15
—0.13 4+ 20.39

—0.93 +¢1.07
—1.65 4+i1.30
—0.14 44 0.36

—1.06 +41.02
—1.79441.10
—0.12 44 0.46




ViV e Residues
i /]

Tij — Em _ . :
S—SR S SR |“ Pole Position ' (Mg-il3/2)?

Physical Riemann Shet

1.25 1|.33 1.43 1.661.74 1.81 GeV
|4 s | 4 1 4 A

A

1 | ] |
nA| T2 | KN nA nZ | K=

Different Riemann| Sheets:

IRS 2RS 3RS 4RS 5RS  6RS




Fit I: New A-type fit with c_\=40 MeV

I=0 Poles (MeV)

Re(Pole) [ ~Im(Pole) | Sheet
\".-'m-n\ \"mg 0 \".-'nz\l \TE\O \".-';{;ﬂu \".-';{'N\l ‘"‘:’nzl‘ \.-'ng\ \".-'Kz\u \"."1{5\1
Ql:&(ll 131 1RS
A(1310) < 0.03 L12] 002 001 58 005] 041] 004 2111 003
1300 31 2RS
0.02 366 1 002 002 446 004 020 004 305 003
A(1405) 1414 23| 2RS
PDG M:14065 i 4‘0 < 1“3\1:% -li-l [;I{lé 0.01 487 039 1 0851 0.20 0.35 0.11
[=50x2 :>n,nz 38U L 0021 002 133 004 042 004 955 0.04
A(1670) 1676 0] 3RS
0.01 128|003 000 167 001] 2191 007] 5200 007
PDG:M=1660-1680 [ T ST
['=25-50 0.01 1261 0021 000] 12| o00r] 213 0061 3320 0.06
A(1800) 5T 0 o9
0.02 2200 0021 000 210 002 08 003 743 0.00

PDG:M=1720-1850
['=65 - 400
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0.03 LI2L 0020 0001 583 005( 0411 0041 21
1309 131 2RS
0.02 3660 0021 0021 4460 0041 0207 004 3.0
,:utlj I ; g-,u
1.35 TFE(CI;FJ\"} 1.4 | 1.45 I
i __A\I_> I I{—;_;Truﬁulr-o __
0 [ | ]
1.8 =X(Gev?) 2 2.2
| bl | bl | I | e | Do | Dl | Pl | sl | el
1414 23 2RS
0.14 4.24 0.13 0.01 4.87 039 0.85 1 0.20 9.35
1388 17 JRS
DDQ 381 [_]'._[}_Q (.02 1.33 004 1 042 0.04 9,55




h'm\ W0 | | e ‘TK:‘JD h'f{_m'l ‘W‘ Wl K20 ) Assymetry in the
1676 0] RS width, before the
A(167O) 0,01 L8 003 000 167 001 2197 007( 520 M A threshold I'=20
1673 18] 4RS MeV and above
0,01 L6 002 000 182 000 23| 006] 52| '=36 MeV
[yral [yazlo |‘.~'w£|_1 lyaxlz | vawxlo | lvewli | lwmal | ezl I‘r'Kslol
1825 491 SRS
0.02 200 0021 000 2100 0021 089 003{ 743

6R

i +*.? A I L
g




I=1 Poles (MeV)

>(1750)

PDG:M=1730-180
[:50-160

Re(Pole) | —Im(Pole) | Sheet
[yzal eslo | bslt | el | vewlo | vewl | lmal | el | ezl | ks
1425 6.5 2RS
q 1.35 024 | 166 000| 035 3920 005 425 049 298
1468 131 2RS
{] 2.80 016 | 596 | 002 02| 874 0041066 019] 248
S\ 1433 371 3RS
j> .65 0081 080 000 012( 158 002 5821 0201 214
1720 18| 4RS
1.82 002 120 000| 002] 095] 002 678 005] 531
1769 06 | 6RS
2.65 0001 061 000 000] 248 000 3321 001 422
N 1340 143 | 3-4RS
1.33 014 | 5501 002 002 L158] 000 328 003] 1.2
1395 311 | 3-4RS
2,08 000 | 149 001 | 000 124] 000 765 001] 397




200000

1:2232 h'vr.fl‘ h'rrZ‘D h'rrZ‘l h'rrl"f! hf_{N‘D h'f_m"l h'?;.fl‘ |‘.Y?II‘ h'KE‘D ‘TKE‘l
4000 f 1425 65| Z2RS

EEEEE [ 1.35 024 166 001 035 392 005 422 049{ 298
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80000 1 Al 016 | 596 002 02| 874 0041066 [ 019{ 248
o | 143 SANBZEE 37 IS

0.0 T ‘ﬁ ‘ j> 0.65 008 | 080 000 012 158 002 582 [ 020 214
NG == N — —t—

On the physical axis between 1.4 and 1.5 GeV

4e+06

T T
"ets.out" using 1:2 ——

Tt = nX)

N

] 8000 ——
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/o | 2
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I=1 is much smaller than I=0. This is why
these narrow peaks in I=1 are not seen in w2
event distributions (up to now).

One needs and I=1 ‘filter.

250 T | ' ' 5 ‘olout! using 14 —— {2000 . | . | . p—
_ /~, "Plout*using 1:
t(KN — 7X)|* H(KN = 7X)>
200} I: 1 | | 1 10000 =0 [
|
ol . Thispeak iabove
“the physicall threshold
': 6000
100 f
ant ,'
0r 2000 F
0 | ! ! _ | I ! 0 ' : ' l

U —— | : : i
13 132 1,34 1.36 138 1.4 142 1.44 1.46 13 1.2 134 1.36 1.38 14 142 144
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>(1620)

The amplitudes show a broad bumpt after the KN threshold and
before that of the nX

Physical Axis
Multipole interference effect T T T e
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I=2 Pole (MeV) at 1722-i 181 MeV  Exotic state

1= }{(r - 1T)]

The only resonance in [=2

28000
20000

15000

Non uniform shape.
[=2 is of a size not negligibly small
compared with other spin channels.
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e it I: New A-type with o,.n = 40 MeV

I—0: A(1305), A(1405), A(1670), A(1800)

I—1: 3(1430), 3(1620), >(1750)

e F'it II: New B-type with o, = 40 MeV
I=0: A(1305), A(1405), A(1670), A(1800)

I—1: 3(1430), =(1670), 2(1750)

Only iL KN

8®8=1PH8; P8, ®10®d 10 & 27

Fit I: Has attractive SU(3) kernels for 1, 85, 8,, 27
It can accomadate 4 I—0 and 3 I=1 resonances.

Fit II: Has attractive SU(3) kernels for 1, 8., 8, and 10
It can accomodate 3 I—=0 and 3 I—=1 resonances.



UCHPT study of meson-barvon dynamics

with strangeness —1 in S-wave up to NNNL O
or O(p=2)

Simultaneous reproduction of scattering and

kaonic hydrogen data. Including the recent
and precise data.

T he A-type Tits also generate thhe resonances:
N(1L305), N(L4A405), N(1607), N(1800) for

I—O0 and >=(1430), >=(1620), >=(1750) for
I—1.

All the ones qquoted In the PDG up to 1.8
Ge\Vv for 1 /27 and strangeness — 1.

T he B-type fits do not reproduce DEAR
but agree with KEK and scattering data.

T he B-type fits are not able to generate a

comparable set of resonances. The AN(1800)
and > (1750) are missing.



e [ he fits A are then preferred over the B
ones, based on the present experimental
iINformation from scattering, spectroscopy
and kaonic hydrogen data.

® ar—, —0.50+4+70.40 fm (A) preferred over
ap—, = —1.04+41.0 fm (B)
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50 F
Derivative (fm)

A0 F

KN Threshold

The only place where Wigner
bound 1s somewaht violated but
there cannot be applied because
the phase 1s not differetiable —
inelastic cusp

-100

hase of scattering
amplitude (°)

-130

R%Ji)ly to ﬁﬁorasoytﬁissler,Weise
Comment PR1.96,199201(°06)
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> I=0 Mass Distribution Hemingway, NPB253,742(°85)

K~ p — YtgxFx—xt from them ZTxF event distributions are

obtained. The I=0 corresponds to the average of both.
dN — As if the process
e — C |Tlfgﬂz|2pﬂz were elastic

T

Typically one takes:

E.g: Dalitz, Deloff, JPG 17,289 ("91); Miiller,Holinde,Speth NPA513,557(790), Kaiser,
Siegel, Weise NPB594,325 (795); Oset, Ramos NPA635, 99 ("89)

But the KX IV threshold is only 100 MeV above the nX one, comparable with the
widths of the present resonances in this region and with the width of the shown
invariant mass distribution. This prescription 1s ambiguous, why not?

dN 5
dFE

We follow the Production Process scheme previously shown: already
employed for this case in Meissner, JAO PLB500,263(°01)

F = (I_I_Rg)_l &, gT — (O,T‘]_,T‘]_,?"]_,’I“Q,TQ,0,0,0,0)
ro __ —0.28 [=0 Source

r
1 1,=0 (previous approach)

— I=0 2



§p — 8¢ Ar PHASE SHIFTS DIFFERENCE

AT THE =~ MASS, RECENT MEASUREMENTS

FROM THE DECAY PARAMETERS =~ = A1~

(4.6 +1.4+1.2)° Huang et al. (HyperCP Coll.) PRL93,011802 ('04)
(3.24£5.340.7)° Chakravorty et al. (E756 Coll.) PRL91,031601 ('03)
Fit A} PREDICTS: 2.5° COMPATIBLE WITH DATA

For Fit B, 0.2°




Our calculation at NLO supports a pronounced two pole

structure 1n the L(1405) region as obtained in the LO studies of
Meissner,JAO PLB500,263(°01) (other later works)

Jido,Oset,Ramos,Meissner,JAO, NPA725,181(°03)
at odds with the claims of Borasoy,Nissler, Weise,PRL94,213401(°05)

THERE ARE MORE RESONANCES...

We also confirm the scheme Jido,Oset,Ramos,Meissner,JAO, NPA725,181(°03)
S+162

—— 1520
=50 — O) (I=L>
= 20—
- S 1400)
[k
= 150- ~— NEW STATE os
T oo - L+ 167
o — —“=— 1820
i (1=0)
0 le
300 700

Singlet o tet Re =




Poles from the SU(3) representations: 1, 8s, 8a (similar pattern
as shown before):

=0 I=1

(1321-1 43.5) Mev} a0 (1487-i46) MeV S(1480)
(1402-i39.6) MeV 5) (1694-i 149) MeV S(1620)
(1756-1150) MeV L(1670) 2?2

(position very sensitive to
particular values of a’s, TO THE INPUT)

EXOTIC 27 REPRESENTATION:
=0 (1773-i219) MeV L(1800)
=1 (1822-i217) MeV  S(1750)

[=2 (1862-i238) MeV This is the pT ST channel and it can be
observed since there are no additional resonances !!
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Narrow resonance just on top the /< NV threshold:
1=1 (1431-i1.3) MeV
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Narrow resonance just on top the :_f:" threshold:
=1 (1431-11.3) MeV

ISOSPIN K~N SCATTERING LENGTHS, fm:
AT BT
4 4
1 =-123+i045 ay=-163+i08!
11 = 0.98 4 i0.355>a1 = ~0.01 +10.54

IN THE ISOSPIN LIMIT




INFLUENCE OF THE I=1 RESONANCES IN pS EVENT DISTRIBUTION

gp % K* L(1405) # K" p™S", p S K p —» S t+ F 1t

J.K. Ahn, NP A721 (°03) 715¢ Hemingway,NPB253,742(’85)

180

aQ

160 -
50

140

120 -

Counts/0.01 Gev/c’

100

;

el
1.5

1.6
2 v e
M(EZm) (GeV/c?) oL | | | |
1.34 1.36 1.3 14 1.42 1.4 1.46

LINE: Magas,Ramos,Oset PRL.95,052301("05)
Nacher,Oset, Toki,Ramos PL B455 (°99)55 | k-, #0000 0 & O p #K°0 ¢




MORE WORK IS NEEDED:

1. MATCH THEORETICAL PRECISION WITH
DEAR/SIDDHARTA measurement of width
and shift of kaonic hydrogen at the eV level

a) Going to order d*? (or better d?) in the
correction of the Deser formula.

b) Order p? (one loop) in the calculation of
strong amplitude.

2. CLARIFY ISSUES ON SPECTROSCOPY:

a) I=1 Narrow Resonance (1430-1 1.3)MeV,
Disentangle experimentally the I=1 broad
one (1487-146) MeV.

b) Exotic Resonances (I=2)



Table 3: Pole positions and couplings to 1 = 0 physical states from the model of Ref. [3

a) is more than twice wider than b)

ip 1379+ 27 1434 +11 1692 + 141 (Quite Different Shape)
=0 & Bl s Bl s

?_rE ~1.76-062 187 |-0.56-102 116 |-0.08-032 033 b) Couples stronger to KN than to >

KN | OS5+0700 111\ -L744083 185| 0324041 052 contrarily to 2)

oA | 01940335 038 -120+0.2% 123 -083-019% 085 d d hich h

= 05010 05| -020-03 03| 387+00i 3g7|  Ltdepends to which resonance the
production mechanism couples
2) b L+—1670) stronger that the shape will move
i from one to the other resonance
L+1405
5;162 =10 —g— 1580
250 0) =1
200
- S+-1400)
[k
S —-?I_NEW STATE o
T oo L~167
50 —
0
1300

Singlet




Simple parametrization of our own results with BW like

CXPIressions

1 1

Fisy Fiq Fin Fix
TENIY — My, +r 8 T IRNIY _ M, TR a°=s

1 1 1 1
L3210 L 3a0 (T T=] (TS L4130 (TS [T %]
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Isoslém violating corrections
. Meiliner,Raha,Rusetsky

DEAR X =0 — T = (—0.33 +0.10) + i(0.28 & 0.10) fm

M.Iwasaki et al. PRL78(1997)3067 f- z (323163&11) (200i100150) o\
X =0— T;_?p = (—0.78 + 0 15) + #(0.50 = 0.30) fm

Scattering experiment B.R. Martin NP B94 (1975)413
T}?p = (—0.67 £ 0.10) 4+ 4(0.64 = 0.10) fm

Oset,Ramos: -0.85+1 1.24 // Kaiser et al.:-0.97+11.1 //
Meilner, J.A.O.: -0.51+10.9 LO (relativistic) UCHPT

Rather controversial (not very precise) situation:

Experimentally: more precision is needed in kaonic atoms experiments (hopefully
DEAR)

Theoretically: 1) Higher orders are necessary to be consi %ked and one must check
the convergence of the UCHPT expansion to calculate T

Kp
2) To compute X
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3 Phyvsical picture of Kaonic Hydrogen:

A lraonic hydrogen atom is a guasistalble bound state of a ltaon
(A7) and a proton(z), in which the interaction is predominantly
=electrormagrieizic with strong interactions that can lbe treated as
Perturbations giving rise to small corrections.

o IFT

& Mass( K %2) > Mass(&K —p) — [Cusp Effect |

The observable charecteristics of hadronic atoms obtainhed from the
study of the spectrum and decays of ltaonic hydrogen:

e (Small) shifts of energy levels A E,,; from purely Coulomlb val-
Liles ahd total decax width 17,

RAHA’S TALKS IN EFT BADHONNEF'04
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& The st of Fevhnman diagrams contributing to the energsy- shift
of the lkaonic hndrogen up-to-and-including 2 (C‘E_'l', a>(rrzg — 7?‘1”)) :
Solid, dashed, double, dotted, wigegly and spring lines corre-
spond to the proton, K —, neutron, K2 Coulomb and trans-
verse photons, respectively. The electrons run in the closed
loops shown in diagrams (d) and (1). The diagrams (f) and (i)
contain Coulomb ladders — the contributions with 0, 1,2, - - -
Cloulomb photons exchanged.



MNiodilied 1 Veser Porrmayula :

mar modified formula, upto-and-including Ola?, a3 (g — 772.)),

here large nonanalytic corrections due to cusp effect are explicitely

wcluded,

12 best suited for the analysis of experimental data:

o e
A A L ({j)
2 U R, s < "_2 —+ &7
A oy TR QTTMK"—F?ZB ( V)

......

lorrections to the IDeser Formula (Rough estirmate):
e Cusp Effect ~~ 509 at O~ IdN1T)
o Coulomb Effects ~ (10 to 15)%%

e Vacuum PFPolarization ~—— 19%

e CHPT ~ (—0.5 & 0.4)% at O{(2){or <O{(SNA1))



Production Processes

The re-scattering 1s due to the strong ,,final* state
interactions from some ,,weak* production mechanism.

=
B o

A+B+C... STRONG RESCATTERING

/ PRODUCTION VERTEX /
A = Isz:Zkakaz
k

We first consider the case with only the right hand cut for the
strong interacting amplitude, R7'is then a sum of poles (CDD)
and a constant. It can be easily shown then:

F=[I+R-g]" 1 ¢



Finally, ¢ is also expanded pertubatively (in the same way
as R) by the matching process with CHPT/alike expressions
for F, order by order, &= &+ &,+ &;...

The crossed dynamics, as well for the

production mechanism, are then included pertubatively.



E.Oset, J.A.O. NP A620(1997)438 (E NPA652(°99)407) applied it to meson-
meson interactions in S-wave s, £,(980), a,(980) resonances

4+ However the approach was fully ON-SHELL, and algebraic since
it was demonstrated that the off-shell part of the potential (LO
CHPT) when iterated in the LS equation only renormalizes the
potential itself.

m_‘—'.ﬁJ—L::ﬂII:l!‘FI — T T [ T T 1T T .mil""l""l""|"' |_—
- - %\%TF_F% LD Sl ¢
= 1 b amaf E
- 4 =
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10 [ L 118k 110 [ =00
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T 1 [l ST eV}

= a,(980)

H—tl, 4
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R \ T
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* There are good and well established reasons why the
unitarity corrections are so enhanced in the previous
examples giving rise to non-perturbative physics

* New scales or numerical enhancements can appear that makes

definitively smaller the overall scale A ypr, €.2:

— Scalar Sector (S-waves) of meson-meson interactions with 1=0,1,1/2 the
unitarity loops are enhanced by numerical factors.

P-WAVE S-WAVE
2 2
s —4m s —m
n > T Enhancement by a factor 6"

6f2 f?

— Presence of large masses compared with the typical momenta, e.g: Kaon
masses in driving the appearance of the A(1405) close to tresholed in K/V.

This also occurs similarly in Nucleon-Nucleon scattering with the nucleon
mass.



J.Prades, M. Verbeni, JAO PRLXXX, PRL (2006)(Reply)
J.A. Oller, EPJA (2006)

HBCHPT calculation at one loop level fails miserably for the

K IN scattering lengths (opposite signs) N. Kaiser, EPJ64,045204(°01)

T=[R 1 +9(s)] =[+R-g()] " R(s)

R=Ri+ Ry, =T, +T>, NLO, O(p?)
for O(p3) and higher R, # Ty,




= Comparison of IT'NMew and Old IDat=a:

Predictions of the ground-state strong shift AFE] and width I,
Filled circles correspond to using the original Deser formula, empsty
circles to using: ?}E&r instead of % (ap +ai) in this formula and filled
boxes to our final formula with 8T - = &35 = 0.

J. A Cller arnd U.-G. Meiffner, Phys Lett. B B00 ((20071) 265,

[2ar>iv hep-1ph /0011146].

g — —1l.31 4+ 1.243 A ay = 0.26 + 0.66=2
g = — 1.7 4+ 0O.65% : iy == 0. 37 4+ O. 60D
T ¢e=V)
e 1 Medimsner & Cbl.il_Er
[ 2 MAartin
A = = Doerbinag, C)BE'I: & YVicente Vaceams 3
: d BPoramoy & Mimhkle=r
1000 :
— l=ycki ot al 18990 jA
0 5 - _
soo | 4\ e =2
. ! DDEA R
e Bavleséei =l 18978
L Bird &t al 18983 I
= It &1 &l 189898
o L ] ] ] ] ] ]

—a 00 4] OO

A E (eV)

DEAR X =0 — T = (—0.33 & 0.10) + 4(0.28 & 0.10) fm

M.Iwasaki et al. PRL78(1997)3067 X =0 — T;—(hp = (—0.78 £ 0.15) +4(0.50 £+ 0.



This allows as well to use the Chiral Lagrangians for higher energies.
(BONUS)

Since one can also use the chiral Lagrangians for higher energies it is
possible to establish a connection with perturbative QCD,

0g (4 GeV?)/n=0.1. (OPE). E.g. providing phenomenological spectral
functions for QCD Sum Rules (going definitively beyond the sometimes

insufficient hadronic scheme of narrow resonance+resonance

dominance). Jamin,Pich, JAO
V.5 JHEP 0402,047(°04)

m, 4 : EIIS X24, 237 (1102); hep-ph/0605095

The same scheme can be applied to productions mechanisms. Some
examples: —

*  Photoproduction: yy — n'n%, n*r-, K'K-, KK?, t'n ; D — 3%, K 27, ...
vp — K" A(1405) ; (y, mm) ;yd —d ;yNN —-NN;yd —vyd; ..

* Decays: ¢ — v n'n?, w0n, KK ; J/¥ — ¢ (0) nr, KK ;
f,(980) — vy ; branching ratios ...

JAO PRD 71,054030 (°05) on D ! 3p, K 2p

and D! 3p, and references therein



Let us keep track of the kaon mass, M , = 500 MeV
We follow similar arguments to those of S. Weinberg in NPB363,3 ('91)
respect to NN scattering (nucleon mass).

K__h\ k q K K Unitarity Diagram
., ___',__1_‘ S
. ™
p TR L 1 1 M 1
o - S ~
p prk—q P K ~E(q) 2E@@) ~ k* —q* 2My
K™ 5 G q oy K Let us take now the crossed diagram
'-\.-\-._\h ____.,__hﬂ f,’! _
Uy " # k— —k
- St h]-'{ ‘I,.-"'F !h'_ 1 1 ~ 1
P ptk—q P k° +E(@)2E@) ~ 4My
- | M
Unitarity&Crossed loop diagram: E >
— 9

2M,
q

Unitarity enhancement for low three-momenta:




Chiral Perturbation Theory

Weinberg, Physica A96,32 (79); Gasser, Leutwyler, Ann.Phys. (NY) 158,142 (84)

QCD Lagrangian Hilbert Space
Physical States

u, d, s massless quarks Spontaneous Chiral Symmetry Breaking
SUQ), ®SUQB)g SU3)y

Goldstone Theorem
Octet of massles pseudoscalars

TC, K’ n A

Energy gap K", 9, K,*(1450)
m,, #0. Explicit breaking Non-zero masses
of Chiral Symmetry m2oc m, Acnpr
Perturbative expansion in powers of 7, K,
the external four-momenta ofthe, | 77777 |

v

pseudo-Goldstone bosons over ACHPT

L =L.tL.*+-. Li_ O( e ACHPTzl GeV~= M,
L2 ACHPT =47 ﬁ ~1 GeV




 Enhancement of the unitarity cut that makes

definitively simaller the overall scale A, in meson-
baryon scattering with strangeness:

D b

Arbitrary Meson-Baryon
Vertex

—Presence of large masses compared with the typical low
three-momenta (Baryon+Kaon masses) drive the

appearance of the A(1405) close to threshold in KN
scattering.

This also occurs similarly in Nucleon-Nucleon
scattering with the nucleon mass



Reproduction of the data by the fits of Prades,Verbeni, JAO

PRL95(°05), plus an O(p) fit.
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Solid: Fit A.

Dashed:

Fit B. Dash-Dotted: O(p) Fit.
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2.36 4= 0.04

0.664 +- 0.011
0.189 4= 0.015

193 £+ 38
249 =118

4.6 =2

Af Bf Olp)
1 2.36 2.36 2.35
R, 0.628 0,653 0.667
R, 0.172 0.195 0.205
AE (eV) 201 403 390
I (eV) 338 477 R25
AEp (V) 200 416 304
I'p (eV) 346 662 16
ag-p (fm) —05141042 | —1.01 +40.80 [ —0.96+40.87
ag (fm) —1.2341045 | —1.63 44081 [ —1.55+4+40.87
a; (fm) 098 +1035 | —0.014+:0.54 | —0.03 4+ ¢0.65
dra(E) (7) 2.5 0.2 ~1.9
mo (GeV) 0.8* 0.8
af, (1072 M7 ~1.2 ~1.7
Tan (MeV) 40 40
Units AT BT O(p)
MeV i T0.8 50.2 S8.0
GeV™t | by —0.855 | —0.318 0*
GeV™' | bp | +0.715 | —0.101 0*
GeV™" | bp | —0.036 | —0.314 0*
GeV™' | v +0.605 | —0.193 0
GeV™' | ba | +1.075 | —0.275 0*
GeV™t | b —0.1589 | —0.153 0*
GeV™t | by —1.249 | —0.277 0
iy —1.155 | —1.570 | —0.472
ag | —0.383 | —2.062 | —1.572
ag | —1.304 | —2.605 | —1.266
ar | —1.519 | —1.568 | —1.853
iig —1.212 —2.064 | —1.210
ag | —0.145 | —0.886 | 4-3.337

Three b’s are fixed in terms of
the others from the O(p?)
constraints

OCxrN — 40 MeV

mg = 0.8 GeV

af, = (-1+1)m 11072

ax =a3z =a4 , a5 = ag , A9 = a1Q



0.664 +- 0.011
0.189 == 0.015
193 £+ 38

249 4118

4.6 =2

Af Bf Olp)
ﬁ,: 2.36 2.36 2.35
R 0.628 0.653 0.667
R, 0.172 0.195 0.205
AE (eV) 201 403 300
I (eV) 338 477 525
AEp (eV) 200 416 304
I'p (V) 346 662 716
ag-, (fm) —0.5147042 | —1.014i0.80 | —0.96+ i0.87
ao (fm) ~1.234i045 | —1.63+i0.81 | —1.35+ 10,87
ay (fm) 0.08410.35 | —0.01440.54 | —0.0340.65
daa(2) (%) 2.5 0.2 ~1.9
mg (GeV) 0.8 0.8*
af, (1072 MY ~1.2 ~1.7
Trn (MeV) 40* 40
Units AT By Q(p)
MeV f 70.8 80.2 88.0
GeV~=! | by | —0.855 | —0.318 0
GeV™! | bp | +0.715 | —0.101 0*
GeV™' | bp | —0.036 | —0.314 0*
GeV™! | by | +0.605 | —0.193 0*
GeV™! | b2 | +1.075 | —0.275 0*
GeV~=! | by | —0.180 | —0.153 0
GeV—! | by | —1.249 | —0.277 0
a; | —1.155 | —1.570 | —0.472
az | —0.383 | —2.062 | —1.572
as | —1.304 | —2.605 | —1.266
ar | —1.519 | —1.5688 | —1.853
as | —1.212 | —2.064 | —1.210
as | —0.145 | —0.886 | +3.337

Fit A reproduces simultaneously
scattering data plus DEAR
measurement

It was the first chiral fit to
accomplish this

However, it fails to reproduce the
Crystall Ball data.



Reproduction of the data by the fits of Prades,Verbeni, JAO

PRL95(°05), plus an O(p) fit.
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Solid: Fit A.

Dashed:

Fit B. Dash-Dotted: O(p) Fit.



Other results for which a precise knowledge of KN
scattering 1S important:

"Nature of A(1405), problems 1n lattice QCD and quarks models.
Dynamically generated resonance.

=*Two poles making up the A(1405)
Meissner, JAO PLB500,263(°01) ; Jido, Oset, Ramos, Meissner, J.A.O, NPA725(03)181

Magas, Oset, Ramos PR1.95,052301(°05); S. Prakhov et al. (Crystall Ball Coll.),
PRC70.034605(°04) ):

=Descover of tri-baryons S9(3115), S1(3140). IF SO, it is established

that -nucleus potential 1s definitely strong. Suzuki et al.,
PLB597,263(°04) CONTROVERSY ON THE CORRECT INTERPRETATION
OF EXPERIMENT: Oset, Toki, PRC74,015207(06). The situation is still
contentious.

»Strangeness content of the proton and large pion-nucleon sigma
terms, (p|ss|p) strange proton-scalar form factor
related by unitarity with KN amplitiudes.



Historically, the first approach to apply a Chiral expansion to an interacting
KERNEL was:

S. Weinberg, PL B251(1990)288, NP B363(1991)3, PL B295 (1992)114 FOR THE
NUCLEON-NUCLEON INTERACTIONS.

The Chiral expansion was applied to the set of two nucleon irreducible diagrams, THE
POTENCIAL, which was then iterated through a Lippmann-Schwinger equation.

P & b C. . ub ab EF
\% \Y \% \% \% \%

The solution to the LS equation 1s NUMERICAL

Further regularization is needed when solving the LS equation (cut-off
dependence) so that the new divergences are not reabsorbed by the
counterterms introduced in V. These drawbacks are solved when using
UCHPT. The solution is algebraic and there is no cut-off dependence.

N. Kaiser, P.B. Siegel and W.Weise NP A594(1995)325 proceeded
similarly as the Weinberg’s scheme in the S-wave strangeness=—1 meson-
baryon sector



Unitarity Enhancement. Large Kaon Masses.

Let us keep track of the kaon mass, M . = 500 MeV
We follow similar arguments to those of S. Weinberg in NPB363,3 ('91)
respect to NN scattering (nucleon mass).

K " 5 " e Unitarity Diagram

S xﬁxlx A v« J dg"
— e K ~g"+ie)g’ +Elq) ~ie)lg" ~E(g) +ie)
P ptk—q P

q°)

~E(q+ie e : 1 1 . 22M K2 1
e k' —E(q)2E(@) ~ k* —q* 2My
E(q)—ie
2M,

Unitarity enhancement for low three-momenta:

Around one order of magnitude in the region of the A(1405) region,
Iq| ' 100 MeV




