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Almost all hadrons are hadronic resonances (decay strongly)

w

@ U stable on
K* _ strong decay:
K° n! ab-initio OK
BT ST S was 1,(600) KgP D'(2007)° M(1440) 1/2*
N p(m) K.° D'(2010)* M1520) 3/2°
a7l === Kp (800)or x === D,(2400)° === M(1535)1/2° QO others decay
n(958) P Dy’ (2400)* == M1650) 1/2°  strongly;
fo(980) K (892) M1675) 5/2° _hadronic
ap(980) 1(1270) Dy(2420)° M1680) 5/2* resonances
i S Dy(2420)* N1685) 2°
— 28 ;;2; K'(1410) e D;(2430)° M1700) 3/2° ==
— 1 . up tp now ab intio
mm=) 24(1260) K(i( =0 D» (2460)0 M1710) 1/2* (fip:'sfsimulation:
£,(1270) K2 (1430) D' (2460)* M1720) 3/2*  cp-paCs 2007)
f1(1285) K(1460) D(2550)° M1860) 5/2*
n(1295) K>(1580) M1875) 3/2 —
r(1300) K(1630) D(2600) M1880) 1/2*  our coll.
a(1320) K1(1650) D (2640)* 1895) 1/2= (Lang et al)
f5(1370 A1865)
o(1370) K (1680) D(2750) A1900) 3/2¢  (2011,2012)
= hy(1380) K(1770) A(1990) 7/2*
4 (1400) K —
n(1405) 3 (1780) M2000) 5/2* _
f1(1420) K>(1820) M2040) 3/2* Verduci, Lang
w(1420) K(1830) M2060) 5/2 (2012)
» £(1430) M2100) 1/2*
ap(1450)
p(1450)
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Hadronic resonances

Decay quickly through strong int.

decay time: T
uncertainty in E: I'=hl/t
I'=10-300 MeV

Example: p
(p) \ / n
/ \7:

R(-p) (I’IB):(I’I)

P
t

appear in scattering

Breit Wigner

¢|z

T T

experiment measures

| 1

gx 2 2 .
|Ecms —-my +impI’

"o

.\.\
L]

Breit Wigner

Our goal: determine m and I' from lattice QCD !
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Resonances in scattering on the lattice

/ - - 2
o [EE Pp=mT
n(p) \ / - J'L'(pz) iy i 75(]_51)
( / o : i
n(-p (LI)=(1,1) T
C.(1) =(0ja(r) &7 (0)|0) O = Z(pl)n(pz) - [:;5;1] [dysd]

* numerically demanding to evaluate such C(t)

« therefore mostly unexplored ab-initio till now

* our advantage: so-called "distillation method" (Peardon et al. 2009)

- E(L)=\/m2+132+\/m2+f92+AE
_ ij E,t 1 1 2 2
Cij(t) B EA" ¢ ™ due to

strong int.
L

p =

—

— _ﬂ—»
n. p,=7n
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Examples of energy spectra

Cau
D(p) \

/’

S-

D, (2400)

e

val

/D
T~

(-p) L1)=(1/2,1/2) T n"(-p)
,_____resonantchannel non-resonant channel
181 y
% T T T
16} : - _
;_D_(_l):r_r(;_lzi“g—m—@—& ____________________________ -
W14l ) . . .. T
' Fsese———s=3 D, (2400) I e+ 5 SN
L2 DO gy ’ s o
_ & P _
1 d 08
0% 3 6 5 t I TR TR 08 .. -
3 @ O ¢ s o
04 N
E(L) = '\/m12 + ﬁlz + \/m§ + ﬁzz + AE \ 0J g , 110 115
due to |
a=0.124 fm = P =T P,="TH, strong int.

1.59 GeV

o

K*(p) \ S-Val/v

/(1,13;=<3/2,3%‘
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FTTTITTIIIS

Energy shift AE renders O(E) ] )

Srrrsl

E(L)=\/m12+1312 +\/m§+1322 +AE :

E(L) & O (E) [Luscher 1986] , for p1+p2=0

E(L) = & (E) [Leskovec, S.P.,, PRD 2012] , for p1+p2#0, m1#m2

What is B(E) 7 u(r)-,rw(r) i?:f:J(jgk)=0

/\ : sm(kr)

Pr) « ——

n(p)\ \.

(- p) LL)=(1,1)

\ 1.‘,(r)‘,tsin(krf_ﬂs) >R
r<R

. 2
sin” o neznan

2
p cms

O
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Lattice simulation

e 280 gauge config with dynamical u,d quarks (generated by A. Hasenfratz)

1 thanks !!
Nf =2 a=0.1239+00013 fm a =1.58+0.02 GeV

N, xN,=16"x32 L=2fm T=4fm m, ~266MeV

e dynamical u,d, valence u,d,s : Improved Wilson Clover

valence c: Fermilab method [El-Khadra et al. 1997]

a setusing r0
m, set using ¢

M SELUSING  typr, )+ 30,0 ), -

M) +3MU ).,

e heavy quark treatment tested on

charmonium with satisfactory results

Resonances on the Lattice, Sasa Prelovsek 8



TT T scattering

- LL)=(1,1) T
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p resonNnadancCe @m.~266 Mev

Vidmar, PRD 201 |

TT T scattering with L=1 (p-wave) and isospin |=1

180

160}
140}
120}
£ 100

«©w 80

our final result

a = =
s—m® +i/sT(s) 2i
equivalent to real equation

\/EF(S) cotd(s) = mf) -s

7

I(s) =

s T(s) 1 (e 2i _1)

P’ 8pur
s 6m

The final relation has two parameters:
m(p) and g(prm)

[Lang, Mohler, S. P,

lat (mn =266MeV)

m, = 792 =12 MeV
=5.13+0.20

8 07T

exp (my, =140MeV
m, =775 MeV

8 OTTTT

=5.97




0 /°

180

S

o s ﬂ§__. HH
O R
-]
e
[Eaal -
P =0.0,0]
aLja,=24| .
,_;_4"& ljf]|).<|.1\
o Lia, =20 F=10.1,1]
Fe P=]l
o+ ° Lja, =16
Py
0.15 0.16 0.17 0.8 a; Eem
1801
160}
140}

— 120
& 100

180

d1/°
g

[HSC: Dudek, Edwards, Thomas, 201 3]

P resonanceé @ m,~400 Mev

s Ljag=24

} } o Lfay =20

o Lja, =16

Breit-Wigner

b o sac,
—5 no H.Q.  Gaussian
barriers  barriers  barriers

e Peldcz

L Yudurdin

Breit — Wigner
mp = 863.5(19)(6) MeV
g = 4.83(13)(2)

2 3
— 2 B _ 101061 Mev
T = G = 10:16)(1) MoV

a L =29fm

o[ =24fm

L =19fm

950

1000 1050  F, / MeV
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[thanks to D. Mohler for the plot]

Compilation of rho simulations

24 - L R T T E! L ] 7.5 L A B
22 B % N e - 5 7 -_ __
2r @ ¢ ] 6.5- :
1 .8 __ —_ o i
1.6 . 6 5 Y A ]
EQIAZ exp: rym,=19 : 55‘5__ % |
Ho ]..2 i ] (1)) 5 | % % |
1 — ]

0.8 | o Langetal. 7] 450 o Langetal. eXP: &y =597
0.6 | Ef{:ﬁsc-cs 5 4 | o PACS-CS .
0.4 |2 Pelissier & Alexandru 7] 350 Z %rerlli\gs(i:er & Alexandru i
02 v HSC . ~ | v HSC ]

PR SR SRR AN SRR TS0 [N S ST SN AN SN SN T ST ST SN NN ST ST S (N S S PR SR SR AN TN SRS T ST SN SN (N S T TN N Y ST SN AN T T S N S

% 02 04 06 08 1 12 % 02 04 06 08 1 12
(rom,) (r,m, )
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previous result : O(s) at relatively many s
T — 0 —> AT

s=E’ =E>-P° several P=p, + p, simulated

the following results: O(s) at few s

Kn —-K* —=Kun

Dr —D* =Dun

s=E. =E’ only P =0 simulated

m=m,&P=0 : evenandoddL mix [Leskovec, S.P., PRD 2012]



D and D*m scattering
&
charm-light resonances

7(-p) (LL)=(1/2,1/2) T
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D-meson resonances: brief introduction

e only ISand IP CU states well established in exp
for m_ = [Isgur & Wise, 1991] :
- two |P states decay only in S-wave = broad
we treat those two as resonances
- two |P states decay only in D-wave = narrow in exp

=» "stable" on our lat

i L=0 L=1
g 1212 below D-wave th. D(1)11(-1)
2630 1 o 1" 1t 2

- we treat those as stable: M=E(L)

24
22}
; taken from
27 Belle PRD(2004)
18 LS

e radial and orbital excitations [Babar 2010]:

poorly known in exp (need confirmation), O=quark-antiquark
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D*,(2400)
(LL)=(1/2,1/2) T
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Dt scattering : I=1/2, s-wave, JP=0*

D*,(2400) €XP: M =2318 MeV T'=267 MeV cu

cssuxcddu

D.,(2317) exp: M =2318 MeV T'=0 MeV Ccs

cuus * cdds

degeneracy between non-strange and strange partners
not naively expected for conventional quark-antiquark

interesting to see if lattice QCD reproduces correct masses and
widths of these two states
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[Mohler, S.P, Woloshyn, arXiv:1208.4059]

exp:
D1t scattering: I=1/2, s-wave, JP=0* D,*(2400)

interpolators : 4 quark-antiquark, 2 meson-meson

@ S e JAD- 07+ (0) +/3D°0)7°(0)
<> @ @ quv_‘r;;q ZﬁD‘(e;)w*(—e,-) +/1D°(e)m(~e))

qq: 01,3; Dr: 05’6 justqq: O, , just Dz Oy ¢ D(p)
l-s'l'l'l'l'l'l'““I’l'l'l'l'l"I'l'l'|'<l'l'l-8 P @
1.7+ + & . 1.7
1 6—— :_!Z §%l— __ _ 1.6 \
B e | - e *

L% i 11T 1% ]

15 %m% 1 ¥ + %ﬁ% 15 n(-p) MLL)=(1/2,1/2)

- e % A - 4

M4t + ﬂ + S Y

= 1 19y 1 |
13 “Cooieedy + T -+ 13

! 1 e ]

1.2 Te T e 12

& ConraE %% Q

s - m -+ (<) .
L1k eee®®@®®cmmﬁ_ @615% iR ®eesecsed L1

1- PR R PR NI ST BT T SR N | ." P P TR R T Y 1
4 6 8 101214

| 1 | 1 |
8t10 1214 4 6 8t10 1214 4 6
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o

D1 scattering: resulting levels and phase shifts

(P=pD+pr=0)

2 T T T T T T
1.8+ -
1.6+ o 1 0
o 0~173+12
o) 2eepoetl
4k . C e
i "facsraoeeg 5~1030° —> ndication for reson.
M2 pmwe o ’
L | ~ 0j
1 o O~ 410 —_ a{)jr”2=limp_,0tan6(p)=0.81¢0.14ﬁn
B . p
085 3 3 5 t112 5 18 2
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[Mohler, S. P,Woloshyn, arXiv:1208.4059]
D1 scattering:

extracting resonance parameters for D,(2400)

2
s=F
02 ~J_ r - T T T 1 T T

of e - | L ~sT) 1( )

Cs—mP+isT(s)  2i

Vs T(s) cotd(s) = m* —s, I(s) _£ 2

(p*/sllz) cot

%coté = é(m2 —5)

<

oo
T T
|

HH

Y IS S N N
1 12 14 16 18 2 22 24 26

S
For comparison, our result for rho: _
there one can check linear behavior. - b ”4(mD 2 Gl )
T T T T lat 351 £ 21 MeV 2.55 + 0.21 GeV
exp 347 + 29 MeV 1.92 £ 0.14 GeV

(p*3/s1/2) cotd

it would be great to have & at more values of s, but | will speak
® % es ez o o3 o» o4 about challenges concerning this at the end of my talk
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[Mohler, S. P, Woloshyn, arXiv:1208.4059]
Dt scattering : I=1/2, s-wave, JP=0*

D*,(2400) €XP: M =2318 MeV T'=267 MeV cu

N )

cssuxcddu

D.,(2317) exp: M =2318 MeV T'=0 MeV Ccs ?

cuus =cdds 9

Our resulting D0*(2400) mass is in favorable agreement with
exp without valence Ss pair.
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D*m scattering

D(P) N b
(-p) (L1)=(1/2,12) T
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[Mohler, S. P,Woloshyn, arXiv:1208.4059]

exp:

D*mT scattering: 1=1/2, s-wave, JP=1""  D;(2430) broad
D,(2420) narrow

interpolators : 8 quark-antiquark, 2 meson-meson

. 0y = /3D (O~ (0) + /1D°(0=°0),
ijkYi Vi
GepnnVig  Ow=Y\/ED(e)n(—e) + /1D (e)n(e)

— ey 4 i

qVivivsVig

— —

qAvyivsAq

— —

GA€ kY Vig
L —
GA €y Vig
_ —_
gleijk|v5vi Drgq

(=]

1 1 1 1 1 1
s 1
18orciml) T 2 =zt
ST P 23 :
RN =
D) & ~ I T | % tand(p)
----------------------------------------------------- =1/2 .
- A
oﬂ_ A A 1 1 A A 1 " 1 " " L A 1
0 3 " 9 12 15 it 21
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analysis/approximation inspired by m_ =< |imit

qq: 01’4,7’8; D 09’10 just qq: 01’4’7’8 just D 09’10 [ISgur & Wlse’ 1991]
1_.8 T T T T T T T T T T T T T T T T T T T T T 1.8
R R L * Blue expected to decay only in S-wave since present only
1.7+ 4% Y -+ 17 when D(0)pi(0) in the basis.
L A& 1 ¥ + A g
16f © + % + @ 16
- %@% 1 ¥ T ﬁ%%% 1 1 * Then red expected to decay only in D-wave: stable on our
15+ a4 % -+ 15 lattice (in HQ limit) as below D-wave threshold
I + L e
- Egg%%% - 8@% % - e 1 We assume that narrow red state does not affect phase shift of
1.3 i <s o3 - e 113 other three levels: BW fit through those three:
- ®og I “eeaail %& Yo 1
121 Ceeseogy @ ®eececndl2
Hr T T 1 blue level: broad D,(2430)
S Tss101z14 Itll‘élél;ll()'1|2'1|4‘ 6 ét'1|0'1'2'1|4' ! red level: "stable" D,(2420)
02 P 2 p 1 2
s I(s)=—g —=cotd =—(m" -s)
0. & | s 1/; gz
© ool @ 1 results for D,(2430)
3
W [0y s
5-06— -
|l lat 381 £ 20 MeV 2.01 £0.15 GeV
08 i -
- exp 456 + 40 MeV 2.50 £ 0.40 GeV
l 1 1 1 1 1 1 1 1

12 14 16 1.8s 2 22 24 26
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[Mohler, S. P,Woloshyn, arXiv:1208.4059, PRD 201 3]

resulting D-meson spectrum

energy difference =
m - [m(D)+3m(D¥)] =

exp : $[m(D) + 3m(D*)] =1.97 GeV

Energy difference [MeV]

1000

800:
700}

500}
400
300

200

100}

-100}

X
= [ ]
= ¢
= PDG values

m new BaBar states

< reésonances

x naive energy levels|

D D, D, Df D
2

0" 1" 1

2
2

+ +

red diamonds: our lat results for resonance masses from scattering study
blue crosses: our lattice results for other resonances: m=E(L), O= gbar q
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[Mohler, S. P,Woloshyn, arXiv:1208.4059, PRD 201 3]

For those interested in charmonium
(widths not determined in this case)

1100 ]
1000 ¥ ﬁ % ¥ E -

X
900 |-
800 L 7o

700 - ool "
600 - = -
500 = .
400 B -
300 -
200 -

1 +3m,,,] -

Energy difference [MeV]

100~ m—ylm,

-100F =~ -

M ¥ h %o Xy X2 Mo ¥, ¥, h, X3
JPC:0-+ 1 1+- 0-4-+ 1++ 2++ 2-+ P 3+- 3++
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\ |
\.
N
NG
———

K*(p) \ /
" (-p) (LLy)= (3/2?%‘

K scattering & strange resonances

K(p) \ / K
(-p) (LL)=(1/2,1/2) T
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1.2

0.6

04

[Lang, Leskovec, Mohler, S. P, arXiv:1207.3204, PRD 2012]

K 11 : energy levels below inelastic threshold

p-wave, [=1/2

p-wave, [=3/2

s-wave, I=1/2

s-wave, [=3/2

no level near K: discussed later on

1/a ~ 1.6 GeV

S B e I
SERCIE - P T °°o.,ﬂﬂiiﬂ e ERTT
- T Ros- *zzzl
L K et e EEEE ¥ T T 0.6
K*(1680) K,*(1430)
K*(1410)
K*(892)
2 Pi/L (-1,-1,0) 2 Pi/L (1,1,0)
-~ 90
2 Pi/L (0,0,-1 2 Pi/L (0,0,1
( ). ° (0,0,1)
(0,0,0) (0,0,0)
o0

t K
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K T Phase Sh|fts m, ~266 MeV m, ~552 MeV

s-wave, 1=1/2

[Lang, Leskovec, Mohler, S. P, arXiv:1207.3204, PRD 2012]

I

180

—

W

(=)
T

e e
[ | » lat: Lang et al.

- | + exp: Estabrooks (elastic)
| | » exp: Aston (elastic)
« exp: Aston (almost elastic)

O [degrees]
I

(8]
(o]
T

d [degrees]

1 12 14
sqrt(s) [GeV]

s-wave, 1=3/2

1.6

1.8

-10

O [degrees]

-30

T

IIIII

0.8

1 12 14
sqrt(s) [GeV]

1.8

Vs =VE*+P* = M,,

p-wave, 1=1/2

180:— !QEEEI 5 |
[ i
s
I ¥
120 = [ﬂ[ {ﬁ _
B =
o F i
or * % |
30 : -
i F
r—y: I 12 14 16 18
sqrt(s) [GeV]
p-wave, 1=3/2
30 T T T T T T T J T ]
2L E
7 100 —
8 "
2 o R
St ]
w -10[ .
-f
30 08 12 14 16 T8

1 1.2 14
sqrt(s) [GeV]
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cautionary remarks on K,(800) or K

1

1

1

& [degrees]

s-wave, I=1/2

80 U T T T PR T T T
i E>1Gev - ]
: = ]
201 . -
s . . ]
ool ....5... = |
i N * d=atan[qx 1Zy ()] |]
S A% + exp: Estabrooks (el.) | -
30+ It 3 + exp: Aston (el.) -
1 k3 = exp: Aston (almost el.)]| 7
0 T N T T N T P T TN
0 02 04 06 08 1 12 14 16 18 2
2
q
s-wave, [=1/2
I | N I M 1 N T 1
180 e lat: present work .
|| + exp: Estabrooks (elastic)
150 * exp: Aston (elastic) i
- | « exp: Aston (almost elastic) =
120 - =
i x
i =
% —
- E 3
60 i ,!‘I:i _
30 i - k3 i ES 7
i 1 " 1 1 1 M 1 l-
?). 0.8 16 18

12 14
sqri(s) [GeV]

s-wave, I=1/2

L N O L B
12 T
1+ E} T+ =
S [ = N _; 21 -1 1
Rogl *=zzl 4
2expfit— L1 L
1GeV —> T

06 -+
i _.;;;_._._.__: _____ ;;;:

. | cle el
0'40 5 10 15 0

we do not see any other level below | GeV
except for K(0)pi(0)

so we do not see additional level related to
kappa

this is expected for our lattice L~2 fm assuming

experimental O, since experimental d does not
reach 90° below | GeV

conclusion: we qualitatively agree with
experimental phase shift but we can not
conclude whether kappa pole exists or not
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s-wave scattering lengths a, for

Krr, D, D*m

[Lang, Leskovec, Mohler, S. P, arXiv:1207.3204, PRD 86]
[Mohler, S.P, Woloshyn, arXiv:1208.4059]
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Conclusions

O We simulated QCD based on fundamental theory (Locp ) :
lattice QCD

Q stable hadrons:
well explored, good agreement with exp.

O hadronic resonances (most of hadrons)
almost unexplored

we presented pioneering, exploratory results

(1) 11 17 scattering and p resonance (only one simulated up to now)

160; —
140/ :
120/
o:wo:
o %
Py
)
20

i "ous 02 03Ty on o4
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N

Conclusions (continued)

(1) Dt and D*m scattering and

D-meson resonances

D(p) \ or x naive energy levels|
-100F == < resonances -1
\ D D D D, D, D* D,

E.(,_Q) (LL)=(1/2,1/2)

D, (2400) resonance
JP=0*

D,(2430) resonance
JP=1+

:
3

500 X N

[ = [ ]

= ¢ -
= PDG values

am new BaBar states

Energy difference [MeV]
]

o0 1 ot 1t 1t 2t 2
ns) = £ ¢
s

o Doy g

lat 351 + 21 MeV 255+ 021 GeV

exp 347 £ 29 MeV .92 £ 0.14 GeV
I T P

lat 381 + 20 MeV 201 £0.15 GeV

exp 456 + 40 MeV 2.50 = 0.40 GeV
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Conclusions (continued)

~N
\ s-wave, I=1/2 =3
S K1 and strange resonances w2 e
. ok (clastsc) + eapr Extabrooks (elatic)
: /; B § : Z;‘;.::::::::cilch:n .4— ] o = . -

T 1of _'. 1= I i

E - Lot iir . ]

E. w0 '%P R f x ‘lx! : I

K(g) \ / K o ‘...‘ 1 b o f
@ .!) . , I . q
\ LT3 5% 0 '.: i 73 (T3 oF 1 12 0 T3 14
wqrils) ‘1‘“‘ - septls) 10V
peve. = -wave, 1=32
n(-p) (L1;)=(1/2,1/2) I ' M . _pvave '

b § 7 - B
1 . .’:"!I!I ' W |- :;-m(e'lﬂ('-
150 .I ! -

E’m a :. b g wr

i wr ! * 7 i v TrEsTEETET T e =

-K:—(Q) \ - T o i ® i peoent work B Q,w- i
/ - o oap: Estsheocks fclntic) +

. g ® op: Ason (elstc)
or ! « cxp: Asin (skrand clawic) 1 %F

/ \ L) 03 ' I‘Z 1.4 1.6 I‘l 06 ols g Ill ™ T 14
" synis) {GeV] sanis) [GeV)
(-p) LL)=(3/2,3/2)

a lots of resonances remain to be studied
looking forward to simulate exotic resonances that have been observed
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Comparison with other lattice studies

Previous simulations: - Michael & McNeil [PLB 2003]:p=»ztr amp; not Luscher m.
- CP-PACS [PRD 2007]: first study with Luscher method

- QCDSEF [Latt proc 2008]

: . - BMW [Latt proc 2010]
Recent simulations:

N N A A T T Ty

[IT ETMC (Fengetal) PRD Nov 10 2 290 - 480 1.9, 25  Twisted m.
[2] Lang, Mohler, SP. 11035506 May I 2 266 2 Clover 16
[3] PACS-CS 1106.5356 June Il 2+1 300, 410 2.9 Wilson 2
comparison taken from PACS-CS paper [3] Possible suspects for m(p):
90 1 1200 . ~ flavor breakin [1]
: * ETMC ] L [m (MeV) 1 g
80 [ o Lang et.al. — 1100 [ - \ 1 - small L [2]
: DESE oo 1 - large systematic errors
7.0 | X exp 4 1000 | ]
; \ Co ‘ | for m(1)=300 MeV [3]
60 | x + + 1 owf R ] -usingjust 2 interp. [1,3]
; + ] ; + ] - missing dyn. strange [1,2]
50 | ? 1 soof A : . D
: ] X ] - discretisation errors
40 Lot 2 """" 2' """"" : 7000.-00' T005 010 015 020 025 'o-.so - left for future simulations
m: (GeV*?) m2 (GeV?)

Resonances on the Lattice, Sasa Prelovsek 36



Extracting 6(p) from En at P|+P2=O [Luscher ]

- extract E (L)

e

* E, renders p in "outside" region via

E=\E=\/mf+p2+\/m§+p2

* p contains info on &(p)

Jt3/2q

tano(s) =

1
Zoo(l;qz)E E )

2
sen3t —4

L
ZOO(LQ ) 1= 275p
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effective range for K-pi 1=3/2 s-wave

PO 4 4rlp™ + Op)
ay

from ground state

ag ?=-113+015a=—0.140+0.018 fm  (18)
1=3/2

%0 — _304+052GeV2 at m, ~ 266 MeV .
KK

from two states

ay? = ~1.12+0.15a = —0.139 + 0.018 fm
rg? =15+2.0a=0.19+0.25 fm
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[Lang, Leskovec, Mohler, S. P, arXiv:1207.3204, PRD 86]

, tan 0(p)

: a,=lm,_ , ———
s-wave scattering lengths p
at our mpi=266 MeV, mK, mD T

ourlat.sim. ___la,[fm] |,/ 4 [GeV?]

K, 1=3/2 -0.140 £ 0.018 -3.94 £ 0.52 —> 1~ 0
Km, I=1/2 0.636 + 0.090 7.9 £ 2.5
Dm, I=1/2 081 £0.14 7.7 + 3.1
D*m, 1=1/2 081 £0.17 7.6 + 3.6

[Weinberg's current algebra 19606]
scattering of pion on any particle

I1=1/2 1
L — =——=10GeV™
u 2nk;
a(l)=3/2 _ _lx a(l)=l/2
u 2 u

Resonances on the Lattice, Sasa Prelovsek

39



tan o
o =lim,_, O

a, : comparison with others P

ay/u compared as not dependent of mpi in LOChPT

1=1/2
a 1 .
0 _ =10 Gev> [Weinberg's current algebra 1966]
u 7F; . i i
s scattering of pion on any particle
a,” 1
w o AaF;
s-wave, I=1/2 s-wave [=3/2
25 M T N 1 N 1 ’ T v I N 1 N T N 1 I N 0_ N 1 N I N I 1 N ] N I T N 1 N I N
o 205— { 1o af |
> 1> | ]
® L ] L ]
K S g 184 g b t $ ]
o r 1 [ [ . :
" [ ] ® lat: k
Sob . Ty (RS Lo 7 ReEss
S0 D> lat: Fu =~ ? T at: NPLQCD
d [ % Roy-Steiner g L P lat: Fu
& SF * LochPT 172 f x ROy Ssiner
i 4 CeroR) ] f A chpT O(p")
051 02 03 04 05 06 07 08 09 1 S0 01 02 03 04 05 06 07 08 09 1
m_ [GeV] m_ [GeV]

only indirect lattice

 DIT  determination from D>x Nieves
semileptonic form factors  ay/ u 17.7 £ 3.1 15.9+2.2
[Flynn, Nieves 2007] [GeV-]
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TT 1T scattering : energies for three different P

Effective masses of eigenvalues

s=E=-P?

6 different values of s
from one L!

il : P=(00,0) |
[ =]
1_ 8 T d \
g L= e e e ~__ E, above 4
= ‘ (dismissed)
Q
%06_ os w,,guww;gTTTTl |
o4l THiTTs |
021 0 lstexcned state 0 0 ]
L ,4} 6
0 \
0 3 5 9 3 5 8
v’ : : ! E(1T 'IT)
12 P=00.1) noninter. .
1_ ] »
g 160-
a »
208} 8 ;4; | .
E . 8 g o _ I é % l()'
-50-6‘_ """"" S T e e o --;.--i}--@_— ----- = 120}
o] =~ 100"
Boal | o
r O ground state |
02 0 0 ] w.
I 1234° 6 @+
% 3 6 % 215 18 “
T T T T - r m-
il P=(1,1,0) o
1+ ] A
éos; & —== e s : % b
""""""" B T
o6 ¢ ]
3
O 1st excited state
0.2-— 01)23, 06 i
0, - L P B | .
0 3 6 . 9 12 15
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