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Outline
a Motivation

A Lattice simulation:
e Dt and D*m scattering & corresponding resonances

e KIT scattering & corresponding resonances

e the above simulations: m #m, , P=pl+p2=0

Q Analitic study:
e scattering of M|M, with m;#m, P=pl+p2#0
generalization of Luscher's formula

challenges to extract s-wave phase shift in this case

e presented s-wave Drt, KiT at P=0 are more reliable
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Motivation

e Most of mesons are hadronic resonances

e Only p meson has been treated as resonance on lattice !

mand [ from BW-fit of the elastic phase shift d

(resonable agreement with exp) Lang, Mohler, S. P., Vidmar (2011)
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Aoki et al. (2007), Gockeler et al (2008), Feng et al, Frison et al. (2010), Feng et al (2011),
Aoki et al (201 1), Lang et al (201 I), Pelissier et al (201 1)

« |IDEA:follow analogous approach for other meson resonances
- none Yet treated as resonance

- m=E_(L) assumed up to now
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D scattering: 1=1/2, s-wave : D,(2400) [J' =0"]
D mscattering: 1=1/2, s-wave : D, (2420), D, (2430) [J' =1"]

—> Ko scattering 1=1/2, s-wave: K, KZ(1430) [J' =0"]
K scattering 1=1/2, p-wave: K (892), K (1410), K (1680) [J® =1"]
—> Ko scattering: 1=3/2, s-wave (no resonances ?)

K scattering : 1 =3/2, p-wave (no resonances ?)

Very few lattice studies up to now:
O directly: —>»

* only a, (& for small p) for two channels indicated by arrow studied
* other channels not studied

« O away from threshold not studied in any of these channels

O indirectly:
* from semi-leptonic D=»m and K=>»x form factors f, [Flynn & Nieves 2007]



Extracting O(p) from E, at p,+p,=0 [Luscher]

- extract E (L)

<

* E, renders p in "outside" region via P -p

E=\/§=\/m12+p2+\/m§+p2

* p contains info on d(p)

Jt3/2q

L

ZOO(Lq ) 1= 231;p
1

Zyw(;q") = E ~2 2

qendt —4

tano(s) =
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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+0.0013 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]

[Mohler, S. P,Woloshyn, to be published]

e heavy quark treatment tested on

a set using r0 1100[- .
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Distillation method for contractions
EEACASD

Small N, , Nt and only one ensemble allow us:

to use the very powerful distillation method [Peardon et al. (2009)]

separable quark smearing, makes backtracking contractions less costly

»—
| %o
*0 -

Nv 08- o o Nv=32 s=w (wide) |

k k)t * g s N,=64 s=m (middle)
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Variational method to extract spectrum

C,(1 =(0,(n0,(0))
C(t) ™ (1) = X" (1) C1,) 9™ (1)

AM(£) o g Enlt=10)
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D and D*m scattering

&
charm-light resonances

D(p\
@ \

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

e only ISand IP CU states well established in exp
for m_= [lsgur & 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

below D-wave th. D(1)mi(-1)
we treat those as stable: M=E(L)

taken from
Belle PRD(2004)

e radial and orbital excitations [Babar 2010]:

poorly known in exp (need confirmation), O=quark-antiquark
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D n scattering
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[Mohler, S. P, Woloshyn, to be published]

D scattering : I=1/2, s-wave, JP=0*
D*,(2400) exp: M =2318 MeV T'=267 MeV cu
D(2317)  exp:M=2318 MeV T'=0 MeV CS

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

D-pi and K-pi scattering, Sasa Prelovsek



[Mohler, S.P, Woloshyn, to be published]

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

interpolators : 4 quark-antiquark, 2 meson-meson

& €9 e V2D~ (O)*(0) + /1D°(0)°(0),
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D1t scattering: resulting levels and phase shifts

~N
7
2 I | ! I I I I
1.8 _
1.6 - 0
I | 0~173%12
0~1030°
t
S~ 410] = ap  =lim,_, anf)(p)=0.81¢0.14ﬁn
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[Mohler, S. P,Woloshyn, to be published]
D1 scattering:

extracting resonance parameters for D,(2400)

R | _JsT(s) 1( )
- o )

Cs—mP+insT(s) 2

\sT(s) cotd(s) =m> —s, T(s)= E 2

(p*/sl/z) cot O

%coté = é(m2 —5)

o

)
—
!

HH

I Y Y U NP B AR R
1 12 14 16 18 2 22 24 26

S
For comparison, our result for rho: _
there one can check linear behavior. - b |I4(mD o e )
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 d at more values of s, but | will speak
® % e 0z op o3 0% o4 about challenges concerning this at the end of my talk
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[Mohler, S. P, Woloshyn, to be published]
Dt scattering : I=1/2, s-wave, JP=0*

)

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

cssu+cddu ?

D.,(2317) exp:M=2318 MeV T~0MeV  &s ?

cuus xcdds 9

Our resulting D0*(2400) mass is in favorable agreement with exp
without valence SS pair.
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D* n scattering
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[Mohler, S. P,Woloshyn, to be published]

exp:

D*mT scattering: [=1/2, s-wave, J’=17"  D;(2430) broad
D,(2420) narrow

interpolators : 8 quark-antiquark, 2 meson-meson
ey 0s = /3D (0)7(0) + /3D ©)x"(0),
ijkYi Vk
GesevnVeg  On=3\/1D " (e)n (~e) + /1D (e)n"(~e))
WVarisVig '
(Brendy
qAe€ijr;Vig
q'AEijk%’Yj_V_fq
qleijk|vsvi Dkg
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RIS & :

o A P NP S S S _ . tano
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analysis/approximation inspired by m_= limit

[Isgur & Wise, 1991]

qq: 01,4,7,8; D Og19 just qq: 01,4’7,8 just D x: 09,10
LR L S L L By B B e e B . .
: + 4 T : * Blue expected to decay only in S-wave since present only
1.7+ = Y -+ 17 when D(0)pi(0) in the basis.
L & 4 ¥ 4 A i
16 * + %5 + 16
- %@%% T ¥ + A%%% T 1 » Then red expected to decay only in D-wave: stable on our
1.5 e % -+ 15 lattice (in HQ limit) as below D-wave threshold
H14rg, o1 -+ L s
- E%g%% 1 ®=ey % - e 1 We assume that narrow red state does not affect phase shift of
1-3‘9 czE!‘%@ ogd - ee 13 other three levels: BW fit through those three:
T e Taggd T
12+ e@@e®®®mw§:‘ % % ®esse00d12
L T T 1" bluelevel: broad D,(2430)
L " L ! ! P T T S L P i - ! P L ! L
1% étllo 1214 46 §t1'012 446 8t1|0 1214 ! red level: "stable" D,(2420)
0.2 \I@ T T T T
I RS P 2 p 1 2
) I'(s) =— —=cotd=—(m" -s
ol | (=78 peotd=—(m’-s)
© @
802 1 results for D,(2430)
04t .
~~
*Q_‘-0.6— .
~ lat 381 + 20 MeV 201 £0.15 GeV
08 e =
| exp 456 + 40 MeV 2.50 + 0.40 GeV

L L s s L L | L | s | L
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[Mohler, S. P,Woloshyn, to be published]

resulting D-meson spectrum

1000_
900
— I X
energy difference = > 800 i 3 =
! Y 700
m - L[m(D)+ 3m(D¥)] = = X
g 60 L
£ X
exp: L[m(D) + 3m(D*)] =1.97 GeV 5 00 = []
g 4 3 ¢
i) 3001
& 200
Q 100- = PDG values
m i — m new BaBar states
O x naive energy levels| |
-100 = © resonances
D D* D D, D, D* D,
J 1 o 1t 1t 27 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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IS,
' (-p) /(113;(3/23/2)\*

K scattering & strange resonances

K(p) \ / K
(-p) (L1)=(1/2,1/2) e
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[Lang, Leskovec, Mohler, S. P, arXiv:1207.3204]

P=0, p=Te

K 11 :interpolators O
|I=1/2 s-wave |=1/2, p-wave
O1 =) 5(@)u(x), (A6) O1,; = Z 5(x) yiu(x) , (.
Oy = s5(x 1?1u ), -
; ) ) Oy, = Z 5(x) yeviu(zx)
O3 = Z 5(x) v ’ylezu(x) , X
X1 03,1 = Z §(£C) %j Yi ?j U(J?) ,
0i =" 5(@) ¥, Viu) x.J
05 = VIKH(0)°(0) + TK (0} 0) Oui =3 5§ [V = Vi ula),
06 =Y [V3E* (pi)m(=pi) + /2K (pi)7t (—pi)] *
; 0577; = Z ﬁijkz 5(1})"}/]")/5 % [?k — %k} u(x) N
+ (pi Ane _pi) ) o
Or =3 VKT (0)p](0) + V3K (0)p] (0)] Osi = /EK T (pi)7°(=pi) + /2K (pi)7" (—pi)
0y = 3" [VIKiF (0)a},(0) + v/AK,{(0) o (0)] —(Pio Py
|=3/2 s-wave |=3/2 p-wave

Os5 = K1T(0)71(0)

Os,i = KT (pi)7 ™ (—pi) — K*(—pi)7" (pi)
O¢ = ZK+(Pi)7T+(—Pi) + Kt (—pi)7" (ps)

07 = ZK:—'_(O),O?_(O) )

Os = > Ky (0)af,(0).
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[Lang, Leskovec, Mohler, S. P, arXiv:1207.3204]

K 11 : energy levels below inelastic threshold

p-wave,1=1/2 p-wave, [=3/2 s-wave, [=1/2 s-wave, [=3/2
R rererr e rrer T LI BRI LA L B B L B
b T 2l it Y SN e KQ)m(-2)
* 12F 4+ -
xX:_ _—r- < }%
1= oesy --,;' T eeee 1 E} 1T Qesmn 2 =
« [ s S @Qi 2 R — R I B e A K(Dm(-1)
3 * =TT T i
LQOS— - Lﬂog_ ¥¥£:|F—I f% £ —
2 pf‘t"'J-______
] U U— 06l . i
e © %2 2o eseseees/KO)(0)
111 I 1111 I 111 I 11 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 = e
" > s 0 > R S T R T S T S RN
t t
K*(1680) K,*(1430)
K*(1410) no level near K: discussed later on
K*(892)

2 Pi/L (-1,-1,0) 2 Pi/L (1,1,0)
@ @—

2PIL @01 o 2PIL (0.0.1)
1/a~ 1.6 GeV
(0,0,0) (0,0,0)

o0
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s-wave, 1=1/2

! | ! | ! | | |
180l © lat: Langetal. ]
- | + exp: Estabrooks (elastic)
15s01-| * exp: Aston (elastic) % ]
— [ |~ exp: Aston (almost elastic)| =
8 120F . §
5 x
Q =
90 i
= e
-3
© 60 x*’!"& 1
30_— - E3 E = ]
I | | L | L | |
96 0.8 1 12 1.4 16 18
sqrt(s) [GeV]
s-wave, 1=3/2
0 [ T — ' T T
-10 -_ I —
—
Q i
)
— I E3 I Iz
OD _20 - —
Q TE
=, fr1g .
© 7 2
30+ -
Vs 03 i ' l 11.6 1.8

I 12 14
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[Lang, Leskovec, Mohler, S. P, arXiv:1207.3204]

K T Phase Sh|fts m, =266 MeV  m, =552 MeV

p-wave, I=1/2

Vs =VE*+P* =M,

[ |
180 -
- = XFE = I
I o TR EI
150 - ¥
L ¥*
8 120} =
gb - =
3 oof E b
© ol 4 % ]
= ]
L * ]
30 *
[ r
- ™ *
| L | L | L | L | |
06 0.8 1 12 14 16 18
sqrt(s) [GeV]
p-wave, [=3/2
30 T T T T T T T T T ]
20 —:
@ 10f .
8 X
50
O 0 *Izxs=E=E=T = F . = - ]
o, ]
w -10[ ]
20k _:
Y3 08 1 L 4 16 18

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

s-wave, I=1/2

BT T % T T T T s-wave, [=1/2
|-, 5, - s 1=
0F % E>1GeV P | ] S S |
. E
_120f . -
g s ., 3;_[! 1 1+ E}o T -3 T
&0 %_ ...". -,_'.. 4 __ = 15 I I S A |
% : '.'.'...'. ; ...-_". : N} - * - “; ~_g- |l
= > ’ g Rogk * |
6of o d=atan[q " 1Zy(q)] || 08 , I;:{E
. { ", + exp: Estabrooks (el.) | A | feel =Lk
301 it 3 + exp: Aston (el.) B N -
- k3 « exp: Aston (almost el.)| 1 1 GeV 0.6+ .
0 I T S R H S R RN I |
0 02 04 06 08 1 12 14 16 18 2 F Teescccseeeeecsss|
2
q PRI S S (N TN SN ST SN N ST ST T S N S ST S
045 5 10 15 0
t - - -
s-wave, I=1/2 e we do not see any other level below | GeV
[ L L R B except for K(0)pi(0)
180 | e lat: present work ]
[ |+ exp: Estabrooks (elastic) ] ¢ so we do not see additional level related to
150} | * exp: Aston (elastic) ]
- | « exp: Aston (almost elastic) = : kappa
7 120k - i . . .
gm = o this is expected for our lattice L~2 fm assuming
3 o0} ;;I 1 experimental O, since experimental O does not
© L ,i?f 1 reach 90° below | GeV
60 &“ -
30} ?fg { ¢ conclusion: we qualitatively agree with
B X 7 . .
o E B : experimental phase shift but we can not
Y T B Y R v — conclude whether kappa pole exists or not
sqri(s) [GeV]
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s-wave scattering lengths a, for

Kmr, Dmr, D*n

not the main objective of our simulation (since only one mpi used)
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[Lang, Leskovec, Mohler, S. P, arXiv:1207.3204]

, tan o(p)
: a, =lim,_,

s-wave scattering lengths p

at our mpi=266 MeV, mK, mD “=%
ourlat.sim.___ag[fm] ______la/ & [GeV?]

K, 1=3/2 -0.140 £ 0.018 -3.94 + 0.52 —> 1~ 0
KT, 1=1/2 0.636 + 0.090 179 £2.5

D, I=1/2 0.81 £ 0.14 17.7 £ 3.1

D*m, I1=1/2 0.81 £ 0.17 17.6 £ 3.6

[Weinberg's current algebra 1966]

scattering of pion on any particle
1=1/2

1
D 110GeV™
u 27k,
aé=3/2 _ _lx a(l)=1/2
u 2 u
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a, = lim

a, : comparison with others P

ay/u compared as not dependent of mpi in LOChPT

1=1/2

1 .
. 7 =10 Gev> [Weinberg's current algebra 1966]
u nF; . . .
o | scattering of pion on any particle
a,
u 4}
s-wave, [=1/2 s-wave [=3/2
25. N 1 v 1 N ] N | N I N 1 N ] N 1 1 N i 0_ N I N 1 1 1 N 1 ' I I N I N I N
" 23 1 — |
“‘: 20¢ % . “-’> 1f ]
cKmog. ] {184 &Mt 3 :
4 - - ¥ [ |
v | @ lat: present work ] B [ @ @ lat: present work
= 10 * % O lat: PACS-CS |1 =30 [ < lat: PACS-CS
o BE BRECS S Fle | ENS
- o 50 ; Lg)gh;sll‘ner 1a S4f »  Roy-Steiner
[ . | . % LOChPT
i A COPTOR) | i A chpT O(pY)
0y~ 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
m_[GeV] m_ [GeV]

only indirect lattice

e DIT  determination from D= Nieves
semileptonic form factors  ay/ u 177 £3.1  159+22
[Flynn, Nieves 2007] [GeV-]
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 P#£0
s=E2-P?

b |deproes|

e 3 8 5 2 E

-um;l‘j&V)

b [degroes|

- & B 8 B & B
B R A R

if m1#m2: this is good idea for p-wave

brings difficulties for s-wave

D-pi and K-pi scattering, Sasa Prelovsek
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Relations between E and O: .

e P=0: [Luscher 1986]

e P20 ,: miI=m2
[Rummukainen, Gottlieb 1995]
[Kim, Sharpe, Sachrajda 2005]

[Feng, Jansen, Renner 201 1]

o P20, mIzm2
[Davoudi & Savage, PRD84, (201 1) 114502]
[Fu, PRD85 (2011) 014506]:

— [Leskovec & S.P., PRD85 (2012) 114507]
[Doring et al, arXiv: 1205.4838]
[Gockeler et al, arXiv 1206.4141]

[Hansen & Sharpe, arXiv: 1204.0826]:

e P

o

L>>few fm

L=few fm

P=pl+p2 (total mom.)

two mesons

: generalized Z, . written

: Al irrep

: P=(0,0,1), (1,1,0) all irreps
: P=(1,1,1) and coupled channel

: also meson baryon

D-pi and K-pi scatterig, Sasa Prelovsek
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symmetries of allowed p in CMF for m|#m?2

mesh indicates allowed p in CMF, following from periodic BC

a) ¥
L
P=(0,0,0) Oh
* ’ assuming d-wave
e o o and higher waves
negligible:
c) z
* — 0 _ 4
P=(0,0,1) . C,, =4
e o o I = AT FE

inversion not symmetry
=  of the mesh:

s and p wave can mix
L ]
€x + €y

® — P(l) =A1®B3®Bz
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[Leskovec & S.P., PRD85 (2012) |14507]

Recipes for p-wave (P#0, m #m,):
Luscher formulae and meson-meson interpolators

3/2 © _
tan &+(p*) = ™ v q F1 =A
P=(0,0,1) ) = Za e - 7 972 Z5(1;¢%) rh=4oE
_ (OF")k = Pi(e. + ex) Po(—ex) — Pile. — ex)Pa(er) , k=z,y
E irrep (OPle) = Pi(e. + ux) Po(—ur) — Pi(e; — ug) Po(ux) , Ur =€z + ey, ez —ey
o — A,
1 —
P=(1,11O) tan(sl(p*)= / Y q r A1®B3®B2
Z86(1;¢%) — J5 472 Z$h(1;¢) — Y2 ¢7% Im|Z5,(1;¢%)]
B2 irre
g (057) = Py(e:) Pa(e,) — Pi(e,) Pale:)
(Opl,p")” = Pi(e: + e.)Ps(ey — e:) — Pi(ey +e:)Pae: — e:) + {e: & —e.}
w2 v q
tan d;(p*) =
P=(1.1,0) ) = Za ) + 2 a2 Zs(1;¢)
B3 irrep (05,)' = Pi(e; + e, +e.)Po(—e.) — Pie: + ¢, —e. )Pz(e )

(Op’p")" = P(e. +e.)Py(e, —e.) + Pi(e, + e.)Py(e. —e.) — {e. > —e.}
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Generalized Z,_for P#0 , m|#m2

Zd (S; qz) — Z ylm(r) [Davoudi & Savage,

im 2 2\s PRD84
r2 — ,(2011) 114502]
rEPd( q )
a1 1 m$ — mj3
Pd={l‘ I r=r- (n—§Ad)} AEI+T

[Leskovec & S.P., PRDS85 (2012) 114507]

Tyn, T —(mAn):
Zp(1;¢°) = /dt e Y (~1)*md (=i y,m(_%)(z)we (wim)2/t
neZ3 n#0

3/2
1
dt (e —1 E) e 5106m0 — YTO106m
+7/ (e )(t \/4—7rzo 0 — YT0106m0
—(r—q)
+Zylm(r

rePy

D-pi and K-pi scattering, Sasa Prelovsek
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[Leskovec & S.P., PRD85 (2012) |14507]

Difficulty for s-wave (P#0, m #m,):
Luscher formulae and meson-meson interpolators

P=(1,1,0) [e2*5°@‘>(M0% — 1) — (MEB +4)][e¥ ") (ME —i) — (ME +1i)] =

A1 irrep | Myo|?(e500P7) — 1) (25 (P7) — 1),
=4, \ proportional to Z,, # 0
' =A, @ B; ® B, (since inversion is not sym.)

one Luscher's equation, two unknowns: d,(p) , 9,(p)

some suggestions provided in Leskovec & S.P;;
still remains a serious challenge

(Oille '=p (ez + €,) P»(0)

(0L P = Py(e,) Py(e,) + Pi(e,) Pa(es)
(0L = Pi(e, + e.)Py(ey — €.) + Pi(e, + €.) Pa(ex — €.) + {e. ¢ —e.}
(OR™)Y = Pi(es + ¢y + €:)Po(—e:) + Pi(ex + e, — €:) Pa(e:)

P=(0,0,1 ) , similar prOblem D-pi and K-pi scattering, Sasa Prelovsek 33
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Conclusions

(I) D and D*m scattering at P=0

D-meson resonances

D) N, @/

\

EL:Q) (LI;)=(1/2,1/2)

D, (2400) resonance
JP=0*

D,(2430) resonance
JP=1+

1000_
900- .
> 800 L.
S 700p i ]
g op & ]
g 3000 = [0 & :
ga:’. 400_— > }
? 2001 D PDG values )
§ 100p — m new BaBar states i
D or x naive energy levels| |
100 - © resonances R
D D* D D, D, D* D,
I 1 of 1t 1t 2t 2
Y1
ns) =L
A
| m-l4mDs3mDY) |g
lat 351 £ 21 MeV 2.55 +0.21 GeV
exp 347 £ 29 MeV 1.92 £ 0.14 GeV
T ooy g
lat 381 £ 20 MeV 2.0l £0.15 GeV
exp 456 = 40 MeV 2.50 £ 0.40 GeV
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Conclusions (continued)

(2) KT scattering at P=0

K(p) \
/’
II(:D.)

(50

K*(p) \ /'
/(1,13;=(3/2,3/2)\-

n(-p)

/
T~

(I’IS)=(1/2,1/2)

s-wave, [=172

swave, =32

]
130 | @ lar peesent work ® b presen work
s cap: Exabeocks (clawsc) + eapr Extabeooks (elatic)
190F | * o9 Asoo (elastic) B I
= cap: Ason (almost claix) x
T of ,} 17 I Is
3 - Lot 53} ;
2 w} 43 ax
b B - REES i
Wi “-.‘ E LR f
e It
£ o z I =
0s o8 1 12 14 73 (LT3 oF 1 12 i T3 13
wris) (GeV) saptls) [GeV)
prwave, 1=12 powave, [=32
T T T T X T Y T T
xml— ] @ Lt peoicnt woek
o "J "II!I P | = exp Eswbwocks (elastc)
190K f I
-
— * wk
gm e g
=
i wk ! + - :!. R Ty S Y R R Yy CI— -
-~ -
ak i ® i pecent wosk N i
] + oap: Extsheocks felntic) +
. - * o Ason (elstc) wk
£l o , « cap: Asumn (slraod claic) 7
- i 1 I L A A
L) 03 12 14 16 15 0 0 1 12 1 6 (.}
sqnis) (e sqnis) [GeV]
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Conclusions (continued)

(3) meson-meson scattering when ml-#m2 and P#0

difficulties for s-wave:

there is no irrep where s-wave would not be accompanied by p-wave

good idea for p=wave:

p-wave enters alone (if d-wave and higher partial waves negligible)
| have shown generalized Luscher formula and interpolators

for irreps E, B2, B3 that are useful for P=(0,0,1) and P=(1,1,0)

D-pi and K-pi scattering, Sasa Prelovsek 36



Backup slides
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[Lang, Mohler, S. P,

Vidmar, PRD 201 |
TT 1T scattering with L=1 (p-wave) and isospin I=1

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

’\/EF(S) cotO(s) = mf) —s

7

I(s) =

s I(s) 1 (e 2i6 _1)

P’ 8o
s 6m

I 015 02 025 03 035 04 - -
0 ous 0 035 03 030 The final relation has two parameters:

m(p) and g(prm)
Let = Gpmr Z €ave(k1 — k2), PZ(P)Wb(kOWC(kz)

abe
02

our final result

o
—

-

lat (mn =266 MeV) exp (m, =140MeV

m,~792+12MeV  m, =775 MeV
=5.13x0.20 =5.97

(p*3/sl/2) cotd

8 pITTT 8 o

| L | N 1 . 1 N | .
B 031 015 02 o§5 03 035



Dispersion relation for D and D*

—
135}
13}
125}
12}
115
L1}
105 o D*
1k
095!

89

O

[—
(3%

3]

W

N

2 3 2\2
P aW4Z 4_(P)
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K-pi energy levels: dependence on interpolator basis

s-wave, [=1/2

01,5.6,7.8 01.5,7,8 01.5.6,8 01.5,6,7 01,2,3,4

noK(1)n(-1) noK*©0)p(0) no K, (0)a,(0) just gq

I [ I I I I 1 I I I
fE} _EI} 1 I
,,,,,,,,, ] ___‘ T+ k@me2)
=ryrfer 4Tt -2 HK*(0)p(0)
,,,,,,,,, ;}%4 +Hracn
fII} !x;gg]‘]?’ H

0.....-’....‘,—90.,:.-1!I:IIK(O)M(O)
| . 1 | . 1 | I N N |
6 4 8 4 6 8
t t t t o
s-wave, I=3/2 p-wave, [=1/2
O (0]
Os675 Os8 Os65 Os64 12356 12345
noK(l)x(-1) no K*(0)p(0) noK,(0)a(0) just qq
T T T T T T T[T~ T T [T T T LD | L
161 B = - - 161 B 7
= = = i .
14 EI{ - II{ L II{ - - 141 = B
N — o5 Looooee }ooooeee- ko oo B S K@n(-2)
- * - ~ - =X Ii » I
T Pt * R L « SRS oo T = =2 K*0)p(0) L: :’xi 3 fii
al CTte=a T o= T = ) e eozadl SR
08~ -+ -+ -+ - 08— T B
" 1 4 £ . 06 S .
0.6_."Ooo_.°°ooo__°’°ooo_."oo0_ K(0)(0) .1‘*"...1‘*....
| I I S N L o1l | T | I | PR PR N I I I
4% 6 8 4 6 8 4 6 8 4 6 8 0456 8 4 6 8
t t t t t t
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effective range for K-pi 1=3/2 s-wave

p cot(d)= lI + %rgp*z + O(p*4)
G

from ground state

ag *=-113+015a= —0.140+0.018 fm  (18)
aI=3/2
Z = —3.94+0.52 GeV % at m, ~ 266 MeV .
K=

from two states

ay? = ~1.12+0.15a = —0.139 £ 0.018 fm

ro~* =1.5+2.0a=0.19+0.25 fm

D-pi and K-pi scattering, Sasa Prelovsek
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respresent. dim | Id Cai(e. +e,) o(ez—e,) o(e.) | polynom. | vector u
irred. A, 1 1 1 1 1 l,z4+y 0,e,+e,
irred. A, 1 |1 1 -1 -1 i>1) @>1)
irred. By 1 1 -1 1 -1 z e,
irred. B, 1 1 -1 -1 1 z—y €z — €y

[=0 11 1 1 1 Yoo
Fl:l 3 3 -1 1 1 l/107},111Y'1—1

Table 1:  Characters x(R) = %7 D(R);; of representations D for transformations R € Cy,
(with principal axis e, + e,), that leave the mesh P; in Fig. [2|for d = e, + e, invariant.
Representations A;, and B, s are irreducible while the representation I'=! is reducible.
Example of polynomials and vectors u that transform according to these representations are

given on the right.

respresent. dim | Id Ci(e.) Ca(e.) ole:) olex +ey) polynom. vector u
Ci'(e.) oley) ofe.—ey)
irred. A, 1 1 1 1 1 1 1,z 0,¢e,
irred. E 2 2 0 -2 0 0 zyorYi,Yii | e e
=0 1|1 1 1 1 1 Yoo
ri=1 3|3 1 -1 1 1 Yi0, Va1, Yis

Table 2: Characters for transformations R € C,, (with principal axis e,), that leave the
mesh P, for d = e, in Fig. [3]invariant. In addition to irreps A; and E, Cy, has also A, and
B, 5 but they do not appear for I = 0,1 so we omit them. Example of simple objects that
transform according to these representations are given on the right.

F(O) = A]

'Y= A, © B;® B,
' =24, A, ® B;® B,

r©

r
@

= A,
=A1@E

=A1®BI@B2®E-
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