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Overview
b-baryon light-cone distribution amplitudésCDAS)

= Definition via non-local currents
= Calculation in QCD sum rules (QCDSR)
= Constrain model by QCDSR

m Conclusion & outlook




Introduction

®m Heavy baryons copiously produced at LHC

® Weak decays through FCNC
= BSM limits

m Calculating decays in Light-Cone Sum Rules (LCSRS)
= Non-perturbative input (parton distributions)
= Light-cone distribution amplitudes (LCDAS)

m First step;/\b | CDAS by [Braun, Ball and Gardi (2008)]

m New [A Al C.H., A Parkhomenko] .

= All ground state)-baryons
® Inclusion ofs-quark
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Framework of b-baryon LCDAS

HSK

3

N

II II1

final state

- H, >

Energy scales:
® | bound initial state\ocp ~ 300MeV

m || Hard Scattering Kernel (HSK) witlm, ~ 4 — 5 GeV
® ||l bound final state\gcp ~ 300MeV

Very complicated= 3 Simplifications
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Simplification I: Valence quarks

= +++...

m Fock basis

(fIHSK|Hy) = > _(f[HSK|Pr) (Pr| Hy)
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Simplification I: Valence quarks

m Fock basis

(fIHSK|Hy) = > _(f[HSK|Pr) (Pr| Hy)

1
m Valencequark approximation wit{¥s| = (0| ¢149250-

(Fl|HSK|Hy,) ~ (f| HSK|Fy) (Fo| Hy)
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Simplification I: Valence quarks

m Fock basis

(fIHSK|Hy) = > _(f[HSK|Pr) (Pr| Hy)

1
m Valencequark approximation witfFy| = (0| ¢10.923b-

(FIHSK|Hy) ~ (f{HSK| ) (Fo| Hp)
m LCDAs defined througl3-quark operators

(Po| Hp) = (0] q10q28b~ | Hp)
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Simplification Il: Light-cone

® Dominant contributionsfrom fast moving light quarks
= quarks move near light-cone

= light-coneapproximation £ LCDA)
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Simplification Il: Light-cone

® Dominant contributionsfrom fast moving light quarks
= quarks move near light-cone
= light-coneapproximation £ LCDA)

= reduced to Z one-dimensional problem
= (Do| Hy) = (0] q1a(t1)g25(t2)by () | He)
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Simplification lll: HQ limit

= LO expansion m%—b ~ 5= My — oo (heavy-quark-limit)
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Simplification Ill: HQ limit

®m LO expansion i jf% ~ 5= My — oo (heavy-quark-limit)

b —1gt*ot

® h-quark— onshell=- moving withv,

® No spin interactions with light quarks

= (Po| Hy) = (0] qua(t1)qep(t2) O(t - v) [Hy) X €,
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Multiplets in HQ limit

HQ-limit

= Heavy quarkspin decoupling

= b-baryons classified by’ of light quarks

-1/2 0 +1/2

-1 -1/2 0 +1/2 +1

Baryon J¥ Exp. mass [MeV] HQET mass [MeV]
Ay 1/2t 5620.2 + 1.6 56371 S8
sF 1/27F 5807.8 & 2.7 58097152
oy 1/2F 5815.2 + 2.0 5809132
st /et 5829.0 & 3.4 5835152
spT 0 s/2t 5836.4 + 2.8 58351 52

_ 5792.4 + 3.0 173

= 1/27F 5780

b / { 5790.9 4 2.7 —68
=) 1/27F 5903150
— /% + +81
=) 3/2 59031 3¢
_ 6165 + 16
Q 1/2tF 6036 + 81
b / { 6054.4 £+ 6.9
* + +83
Qf 3/2 60631755
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Multiplets in HQ limit

HQ-limit
= Heavy quarkspin decoupling

= b-baryons classified by? of light quarks
HQ spin effectse 15 MeV

Baryon J¥ Exp. mass [MeV] HQET mass [MeV]

Ay 1/2t 5620.2 + 1.6 56371 S8
sF 1/27F 58097152
A2 0412 112 0 #12+1 1 ’ N 82
=, 1/2 5815.2 + 2.0 58097 02
st /et 5829.0 & 3.4 5835152
- + +82
=7 3/2 58357 o2
_ 5792.4 + 3.0 +73

= 1/27F 5780

b / { 5790.9 4 2.7 —68
=/ + +81
= 1/2 59037 oo

. + +81

= 3/2 59037 oo
_ 6165 + 16

Q 1/27F 6036 + 81
b / { 6054.4 + 6.9 +
« + +83

Q3 3/2 60637 35
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Restoring Lorentz invariance

m Currents contain spih/2 and3/2:

ele, = ¢R3/2“7 4+ ¢R1/2“7
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Restoring Lorentz invariance

m Currents contain spiih/2 and3/2:

ele, = 1@}133/21{y 4+ ¢R1/2“7

= Defineglobal projectors:

/ I 1
(PR = (8= g o
, 1 i
(P, = e,
- Y

P2:P andP3/2—|—P1/2:]l

= RIn_ = (P, 7eve,

/

gl

'
\LL

~

e=—> <o
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Non-local currents

(Pr| Hy)

Y valence quark

(0] q10G2pb~ | Hp)

Y light cone

(01 q10(t1)g2p(t2)by (z) [ Hp)

HQ limit oo F
|Hb> X €y X

Y
(O] qra(t1)gop(t2) b(t - v)
U expand iCos = Y50, Yhg - t — 0
(0 g1a(t1)q25(t2) b(0) [Hp) X €5 = Y ¢hr(t1,t2)Tap X €
I
Y projectl’,s in current
(0] [q1 (t1)Tqa(t2)] b(0) [Hp) X € = ¢p(ty, ta) X € j¥ =07
(O] g1 (41) T4 (12)] B(0) [Hy) X € = (b1, 2) x he, 7 =1+
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LCDAs 57 =07

m 4 linear independent operatgpg'etal 2008)] .

<
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<
<

C

o O O

-

q
q
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q

— charge conjugation
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(
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(
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0
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= EEF

n*, n* —light-like vectors n? = n? =0

)
)
)
)

f[({2) W (t1,t2)
2f1 WS (th, o)
Fil st 1)
f[({2)\114(t17t2)

€6

I
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LCDAs 57 =07

m 4 linear independent operatopa' etal (2008)] .

Olp(th) L Cypt @)bO)H) = fif Talty, ta)
Ol (t) 1 Cosion, a(t2)]b(0)|Hy) = 2fi W3ty to)
Ollg(t) 1 Cr qalt)p(O)|Hy) = f1 Ws(t, 1)
Ol (t) ve Cysfi @(B)bO)Hy) = fif Wity t)

C'  —charge conjugation
n*, n* —light-like vectors n? = n? =0

mFramev || e, v, <1
1/ 1

U = (51 + veny,) = “twist”

(analogue to heavy mesorfgyzn. Neubert (1997)]

jP:O
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LCDAs ;7 =17 parallel

m Split e =g+ infl andl toe,
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LCDAs ;7 =17 parallel

m Split e =g+ infl andl toe,
m 4 linear independent operators (longitudinal polarizatio
[A. Ali, C.H., A. Parkhomenko] (compare vector mesoﬁ%a” et al. (1998)] ) .

Ollga(t) = w'Ch )b Hy) = fi Vpa(ts,t2)e]
<0 :611(751) 1 w*Cios, q2(t2):b(()) Hb> _ 2f1({1) \Ijﬂg(th@)&“ﬁ
Oln(t) 1 w'C @@INO)H) = [ Uy(h, t)e]
~Olln(h) v WO @@INO)H) = £t

wh = (nH — nt) /2
C — charge conjugation
n*, n* — light-like vectors n? =n? =0

= Frame: v, = (

1 — 7 R |
SN+ vgny,) = “wist
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LCDAs j” = 17 transverse

m Split e =g+ infl andl toe,
m 4 linear independent operators (transverse polarization)
[A. Ali, C.H., A. Parkhomenko] (compare vector mesoﬁ%a” et al. (1998)] ):

ot = = (i + i) /2

C — charge conjugation

Ollg:(t1) o Cio, " ga(t2)]b(0)
Ofla(t) 1T Oy ga(t2)]b(0)
Ollg(t) 1 Clioany q2(t2)]6(0)
Ollgu(tr) vy Cioy ™ qa(t2)]6(0)

Hy)
Hy)
Hy)
Hy)

n*. n* —light-like vectors n? =n? =0

1

Uuzi(l

®m Frame: oo T Uy,

) = “twist”

= fi7 Wio(ty, ta)e!t
= 2fy) W (t o)l
= fi Uyt ta)e!]
= fi Wity ta)elf
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Correlation function

= Nonlocal vertices of different twist defined by

Yr(trs t2) = (0] [q1 (1) ga(t2)] 0(0) [Hy) = | (0] Or(t1, t2) | Hy)

m Local approximationfor baryon

Hy) ~ @ ()1 g()] b(2) [0) = | Jro(2) 0)

® Quark propagators in QCD backgrou‘ < | (OPE)

= QCD-sum-rule calculation (first: 2 remarks)

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.15



Remark |: Local currents

mi{, —0 = 2operators survive

m '(0,0) = 1= def. of decay constants:

(0] [q1(0)CT g2 (0)] (0) | H(v)) = fY
(0] [q1(0)CT $qo(0)] B(O)|H (v)) = [

]'p:()—l—: F/:’V5
=17 "=,
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Remark |: Local currents

mi{, —0 = 2operators survive

m '(0,0) = 1= def. of decay constants:

(0] [q1(0)CT g2 (0)] (0) | H(v)) = fY
(0] [q1(0)CT $qo(0)] B(O)|H (v)) = [

]'p — O+ . F/ — 75
=17 "=,
® Linear combination of local currents:
Jo(@) = [@@)[A+(1- A)fTC g ()] bx)
= Variation inA € [0, 1] = Errors, ResultforA =1/2
(supported by constituent quark model pictiff&' et 2 (2008))

Problem: Errors large!

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.16



Remark |l: Propagators

Non-local condensatesdescribe propagation in QCD background:

S’q(x) Sq(x) Cq(x)
—— - P 5 e
1
Sia)= s - T () = o {a()a(0)
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Remark |l: Propagators

Non-local condensatesdescribe propagation in QCD background:

S’q(x) Sq(x) Cq(x)
—— - P 5 e
' 1
Sia)= s - T () = o {a()a(0)

Shape functions (OPE}aun etal. (1994, 2003)]

Cu) = (aa) [ dver I f

0

AG_Q - By
F0) = gt
a = 3+4\/mg

(qq) —local condensate) — correlation length,
mg — ratio quark-gluon and quark condensates

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.17



QCD sum rule calculation

m Correlation function (by double Fourier transform):

dt1 dto
(2m)2

ppr (w1, we; B) =i / et(wit1fwats) / dtz e E@) 0|0 (11, t2) J& (2)]0)

also used: wy + we = w: light quarktotal momentum
uw = wr, (1 —u)w =ws wu: light quarkmomentum fraction

m Diagramatically:

M(w, u; B) = >+>+>+3}
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QCD sum rule calculation

m Correlation function (by double Fourier transform):

dt1 dto
(2m)2

ppr (w1, we; B) =i / et(wit1fwats) / dtz e E@) 0|0 (11, t2) J& (2)]0)

also used: wy + we = w: light quarktotal momentum
uw = wr, (1 —u)w =ws wu: light quarkmomentum fraction

m Diagramatically:

M(w, u; B) = >+>+>+3}

m Borel-TransformB = sum rule:
a2y (w,u) e /™ = BII](w, u; 7, 50)

so — momentum cutoff from quark-hadron duality
Ay =mpy —m, — effective mass

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.18



QCDSR — Model

® Wrong asymptotic behavior of QCDSR

A |

I
il

C i
ara
i

i

Model fits
u=0.5

[
1
1
L1
,= .
2k p
r 1
A
,| 1
l— \‘
g \
L \
i o
.

I .F-—_w__. . i s ) i e e o e e
0.0 0.5

1.0 1.5 2.0

= Model leading twist:
2

wz(w, U) = w2u(1 — u) Z & 03/2(2’& o 1) e—w/en

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.19



QCDSR — Model

® Wrong asymptotic behavior of QCDSR

Model fits

t T L B e = 3

0.0 0.5 1.0 1.5 2.0

= Model leading twist:
2

light-light: Gegenbauer heavy-light: Exponential

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.19



Model functions

m Model functions of all twists

Vo(w,u) = w?u(l —u) Z

2
77533 (wv u) — - i
2
n=0 En
3 7(3)
~ W b
¢30 (wa U) — 5 Z 3

7724(6‘)7“) — ZCLZ

light-light: Gegenbauer

= a(z) (2)
- 1 02/2(2u 1)e w/en
n=0 651 )

heavy-light: Exponential

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.20



Numerical analysis

Estimates of the parameters entering

heavy baryon LCDAs

the theoretical mokdel the

Ho | 1 5ét) 5@ €g) agt) agt)
2 | 0.20119-123 0 0.55117%% 0 0.39110-279
Ay | 3] 023270017 0 0.055179-030 0 —0.16179398
4 | 0.35275-997 0 0.26219-116 0 —0.54170:173
2 | 020770073 0.46175520  0.46975%,,  0.058T055%  0.3807 0359
=, | 3] 02187008 08TTIOTE 00407095 00371008 002779080
4 | 0.378T50%%  2.29115° ., 0.286T0 720  0.039T00%%  —0.09070 057
Ho " ng” ng" b by
Ay | 3| 0.3247 505 0 0.63370 05 0 —0.24010-249
=, | 3] 02187501 08771052 0.049700%  0.037T053  —0.02770 538
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Renormalization

m LO evolution equation for LCDAS

= |dentify UV singularities of one-gluon-exchange diagrams
a )

) b) c) d) e

HEE I SN

B SN U N W~

® Transform to momentum spaee uselight-cone Feynman rules
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Renormalization

m LO evolution equation for LCDAS

= |dentify UV singularities of one-gluon-exchange diagrams
a) b) c) d) e)

I P N

L — — &

® Transform to momentum spaee uselight-cone Feynman rules

m At LO one quarkalways on-shell
= Calculation adopted from:

® B meson eVO|UtiOI"[Lange’ Neubert (2003)]
m Light pseudoscalar meson evolutigfiPage: Brodsky (1980)]

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.22



Renormalization

® Renormalization of decay constants:

(0] [q1(0)CT g2 (0)] (0) | H(v)) = fY
(0] [q1(0)CT $ga (0)] b(0)|H (v)) = [P

m Scale dependence of the couplings (NLO order):

(%) (i) /(1)
()¢, — (0 as (1) )”1 ol as(po) —as(w) n” (1w A
(1) = [y (ko) (as (o) 1 - 5\ 5

= NLO QCD sum rules atiy = 1 GeV [Grooteetall. (1997)] -

F 1P ~0.030 GeV, f ~ 12 ~0.038 GeV?

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.23



Evolution equation

Evolution equation at O :

S

d g >
p—— Yo (w1, wo; ) = — ) 2 / dw) "N (Wi, wis i) PYa(wh, wa; 1)
d,LL 27 3 0

oo

/ dwy Y (wg, was 1) Pa(wi, was 1)

0
! 3

— / de(u,v)wg(vw,@w;u)—F§¢2(w1,w2;,u)
0

m 315 /2 from fl(f) renormalization .

—_—

m Kernely™N(w', w; 1) B-meson kernel ER

b)
m V(u,v) pseudoscalar mesons kernel I
|

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.24



Distributions

2
SN
LT ¢
LT
~7/
7

0.15 - 0.15
0.10

0.10

0.05 0.05

0.0

W Twist-2 LCDAs ofX (udb), = (usb)and() (ssb)baryons
W Energy scaleg, = 1 GeV (solid line) andu = 2.5 GeV (dashed line)
M Error bandsA € [0, 1]
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Conclusion & outlook LCDASs

m LCDAs available for full ground state multiplet

® Inclusion ofs-quark
= orderl0%SU(3) breaking effects

® Ambiguous local current- Errors large

= Improved calculation & evolution beyond leading twist:
Work in progress[A- Ali, A. Bharucha, C.H., W. Wang, Y. Wang]

= Improved calculations of form factors

BSM constraints

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.26



bql[bg|-tetraquarks
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Overview [bq|[bg|-tetraquarks

m Based orfTetraquark interpretation ofte~ — bb data from the
B-factory experiments Belle and BaBarAhmed Ali Tuesday,
01.02.2011

® Model foro(ete™ — Y, — YT(1S)PFP’),
PP =t~ KK~ nn°

m FittoT(19)n"7n~ Belle spectra
= Testablepredictions forY' (15) (KK, nx°)

m Consequence of model for tetraguark substructure

®m Suggestion for wave function model




Exotic states: Motivation

Belle observationg" 2upancetal. (2009)] -

State M (MeV) I (MeV) JgPc Decay Modes Production Modes Also observed by
eT e~ (ISR)
Y (2175) 2175 + 8 58 + 26 1~ ¢ fo (980) J/9 — nYs(2175) BaBar, BESII
atn— J/, BaBar
X (3872) 3871.4+ 0.6 < 2.3 1++ ~J /4, DD* B — KX (3872),pp CDF, DO,
X (3915) 3914 + 4 28112 o/2T+ Wi/ vy — X (3915)
Z(3930) 3929 + 5 29 + 10 2+ DD vy — Z(3940)
DD* (notD D
X (3940) 3942 + 9 37 + 17 o’ +t orwJ /) ete™ — J/X(3940)
Y (3940) 3943 + 17 87 + 34 27+ wJ /4 (not D D*) B — KY(3940) BaBar
Y (4008) 40087152 226137 1—— rtx—J/9 et e~ (ISR)
X (4160) 4156 + 29 1397013 o7t D* D* (not D D) ete™ — J/¢X(4160)
Y (4260) 4264 + 12 83 + 22 1=~ atx—J/y eT e (ISR) BaBar, CLEO
Y (4350) 4361 + 13 74 + 18 1~ at ! eT e (ISR) BaBar
X (4630) 4634717 0212} 1=~ AFAZ e e~ (ISR)
Y (4660) 4664 + 12 48 + 15 1~ ata— vy’ eT e (ISR)
Z(4050) 40511722 82150 2 xe1 B — KZ¥(4050)
Z(4250) 424871 )80 1771320 9 Fxe1 B — Kz (4250)
Z(4430) 4433 + 5 45135 2 x ! B — Kz (4430)
Y3, (10890) 10,890 + 3 55 + 9 1~ — ~tx—Y(@,2,39) ete™ = vy

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.29



Exotic states: Motivation

Belle observationg" 2upancetal. (2009)] -

State M (MeV) " (MeV) JgPc Decay Modes Production Modes Also observed by
eT e~ (ISR)
Y (2175) 2175 + 8 58 + 26 1~ ¢ fo (980) J/p — nYs(2175) BaBar, BESII
toa— J/, BaBar
X (3872) 3871.44+ 0.6 < 2.3 1+t ~J /4, DD* B — KX (3872),pp CDF, DO,
X (3915) 3914 + 4 28112 o/2T+ Wi/ vy — X (3915)
Z(3930) 3929 + 5 29 4+ 10 2+ DD vy — Z(3940)
DD* (notDD
X (3940) 3942 + 9 37 + 17 o’ +t orwdJ /) ete™ — J/v9X(3940)
Y (3940) 3943 + 17 87 + 34 27+ wJ /4 (not D D*) B — KY(3940) BaBar
Y (4008) 40087152 226137 1=~ rtx—J/9 et e (ISR)
X (4160) 4156 + 29 1397013 o7 D* D* (not D D) ete™ — J/¢X(4160)
Y (4260) 4264 + 12 83 + 22 1~ tr—J/y et e (ISR) BaBar, CLEO
Y (4350) 4361 + 13 74 + 18 1~ at ! eT e (ISR) BaBar
X (4630) 463419 0212} 1=~ AFAZ et e (ISR)
Y (4660) 4664 + 12 48 + 15 1~ ata— vy’ eT e (ISR)
Z(4050) 4051722 82150 2 xe1 B — KZ¥(4050)
Z(4250) 42481185 1771320 5 E x 01 B — KZ¥(4250)

[A. Ali, C. H. and J. Aslam, PRL 104]
[A AII’ C H and S MiShima1 tOda'y Online in PFQII_'ﬁ])As&Tetraquarks,Christian Hambrock, Mar 2011 — p.29




Enigmatic Belle data
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Enigmatic Belle data

80 E (@ Y (BS)’ - Y@s)r'r

—

30F _1_ ._E_. 171 - kl
20fF T, - . /

o, [ i
0.4 0.6 0.8 1 1.2 1.4

M) (GeV/c?) Yb o - Y (nS)

Entries / 0.1 GeV/c?
(o))
(@)
|
p=|

Entries /0.2
N
o
L
|
I
|

-1 -0.5 (0] 0.5 1
coso,,

[K. F. Chenet al. [Belle Collaboration], Phys. Rev. Lett00, 112001 (2008)]
['(Y(2S) — Y(1S)nm) ~ 0.0060 MeV
['(Y(35) — Y(15)rm) ~ 0.0009 MeV
['(Y(4S) — YT(1S)7r7m) ~ 0.0019 MeV
L(“Y(55)” — Y(18)nT7n~) ~ 0.59 MeV
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Enigmatic Belle data

S 38 : (@) Y (5S)’ - Y@S)rt't

‘_!60? 1 T

—~
(72} = - -—

2 30F _1_ ._}_. I k1
= 20 Y[, —i- - /
Ll 1 1

10 | =i
002 06 08 1 12 14

M) (GeV/c?) Yb o - Y (nS)

Entries /0.2
N
o
L
|
I
|
=<

§ N
L
i
+
=

01 05 0 0.5 1
coseHel

[K. F. Chenet al. [Belle Collaboration], Phys. Rev. Lett00, 112001 (2008)]
T'(Y(25) — Y(18)7m) ~ 0.0060 MeV
T'(Y(3S) — T(18)7n) ~ 0.0009 MeV

[(Y(4S5) — Y(15)77m) ~ Q0019 MeV
L(“Y(55)" — T(1S)7r+7r
Differs by two orders of magnitude!!

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.30



Y, production

= Van Royen-Weisskopf formula
=T (17— efe)
Assumption: Point-like diquarks

[A. Ali, C. H. and S. Mishima, today online in
PRL]
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Y, production

= Van Royen-Weisskopf formula
=T (17— efe)
Assumption: Point-like diquarks
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Y, production

= Van Royen-Weisskopf formula| et
=T(1"7"—ete)
Assumption: Point-like diguarks

[A. Ali, C. H. and S. Mishima, today online in
PRL]

radial tetraquark wave fur
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Y, production

= Van Royen-Weisskopf formula
=T (1" "> ete)
Assumption: Point-like diquarks

[A. Ali, C. H. and S. Mishima, today online in
PRL]

hadronic size parameter

240426226\ . 2

Cee(Ving) = 7 5 R (0)
Y q]

m x measure for deviation frob-onia

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.31



Y, production

= Van Royen-Weisskopf formula
=T (1" "> ete)
Assumption: Point-like diquarks

[A. Ali, C. H. and S. Mishima, today online in
PRL]

Bl o) o
Cee(Ving) = —rr 2 k2| R (0

m ~ measure for deviation fromb-onia
= Productionratior’y, /Ty, =1/4

b,d)

LCDAs & Tetraquarks , Christian Hambrock, Mar 2011 — p.31



Types of contributions

Continuum Resonance
et et }/}) T(TLE’Y)
q
e~ e~ R\ P
Pl

= Breit-Wigner shape for resonance:

1
(¢> — M?)+iMT

¢* = M3, = Resonances show iWpp spectrum
(0(600), f0(980), ag(980) and f5(1270))
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Couplings: Overview

K K

® known : Experimental input
® known : Our Van Royen-Weisskopf formula

® unknown : Fit parameters

Il L /
A, B, gybOT(15>g(_ ngOT(ls)fo)’ ngOT(lS)fg’ Pos Pfos Pfa
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Couplings: Overview

7-‘- 7-‘- )hll }/b() YE)U
/,. (74 /j -
(5 //0/ I 9(90/ //s)/\///
K K :
b
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"
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(/(//‘90’/// -/3(/?@

777TOI v , v o

: i Isospin limit

® known : Experimental input

® known : Our Van Royen-Weisskopf formula

® unknown : Fit parameters= ® known

VA _ /
A, B, ngOT(ls)J(_ ngOT(lS)f())’ ngOT(IS)fz’ Pay Pfor Pfa
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Couplings: Overview

® known : Experimental input
® known : Our Van Royen-Weisskopf formula

® unknown : Fit parameters= ® known
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Fitto o(ete™ = Y, = T(15)n"7™)

___2.5¢ 1.0 ‘ ‘
= i ] i mmm BES, CB
5 20" pmmm BES, CB + ] —. 08¢ o KLOE
— [ ] o t
S 1) O KLOE : S o6 | 1
— F — [

| [ |

*:': 1.0f
8 o5/

0.0
0.4 0.6 0.8 1.0 1.2 1.4 . . ;
M+~ [GeV] cos @

® Fit results:

/ / / /
A B Ivorasyfr, Ivoras)r, 77 Yo £E

BES, CB | 0.000079 —0.00020 0.318 0.439 036 —2.76 —0.46
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= 2.5, 1.0 ‘ ‘
S 20 mmmm BES, CB + __os — Rom
S 15 PN KLOE : S ool | e
E 1.o§— 7
2%? 0.5]
00 0.4 0.6 0.8 1.0 1.2 1.4 . . )
Mﬂ-+71-— [GeV] CcOS 6
m Fit results:
/ / / /
A B Ivorasyfr, Ivoras)r, 77 Yo £E
BES, CB | 0.000079 —0.00020 0.318 0.439 0.36 —2.76 —0.46

m y*/d.o.f.=215/15= Good agreement with data
m Stable forBES, CB andKLOE input
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Fitto o(ete™ = Y, = T(15)n"7™)

20, mmmm BES, CB + 0.8f BEam KLOE
. mar KLOE ] i

0.5
0.0 ] )
0.4 0.8 1.0 1.2 1.4 ~1.0 -0.5 0.0 0.5 1.C
Mt~ [GeV] cos @

resonance contribution
m Fit results:

/ / / /
A B Ivorasyfr, Ivoras)r, 77 Yo £E

BES, CB | 0.000079 —0.00020 0.318 0.439 036 —2.76 —0.46

m y*/d.o.f.=215/15= Good agreement with data
m Stable forBES, CB andKLOE input

m Clearresonance dominance!
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Predictions for Y(1S8)(K*K—, n")

Fit determines couplings=- predictions for spectra:

Lol 30, | o APt
+1'5f b
| o 25F ] i
= S = BES, CB 10!
i 20t , CB | i
171'05 §15— |
N i % S &
i 05] e 10 | / ]
w L ST i
= i
0.0t 0 i

0 L L L L L L L
00 01 02 03 04 05 O€
OK+K~-
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Predictions for Y(1S8)(K*K—, n")

Fit determines couplings=- predictions for spectra:

N BES, CB o 25 7
= 20 = BES, CB | 10¢
13 === KLOE [

~ 15}
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] Lg:lof
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e
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1.0 1.1 1.2 1.3 1.4 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 0.0 0.1 0.2 0.3 0.4 0.5 0.€
MK+K* [GGV] Mmro [GGV] 8’K+K7

m Agreement with o5+ - = 0.11%50; (BELLE)
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Predictions for Y(1S8)(K*K—, n")

Fit determines couplings=- predictions for spectra:

T - |
mBES, OB - 25 :
=20 == BES, CB | 10} {
] === KLOE < |
=3 &
<15 1 e | o
S10f 5¢ 1
110 [
= 5t i
O 0 7\ L L L L L L
1.0 11 12 13 14 07 08 09 10 11 12 13 14 00 01 02 03 04 05 O0€

MK+K* [GGV] Mmro [GGV] OK+K—

m Agreement with o+ = 0.117)0; (BELLE)
= 1.0 So,0 S 2.0 predicted
B Resonance dominance

= Characteristic shape

= Excellent tests
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Further predictions
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Further predictions

® Production of K K o Q7

2

Oy(1S)K+tK— bu 1
— (15) = [2 | :
9v(18)KV KO [bd]

flavor eigenstate diguark charge:

Qg = —2/3  Qpuy = +1/3
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flavor eigenstate diguark charge:

Qg = —2/3  Qpuy = +1/3

= BB produced byl (55) + v;\"

OB+ B— ~o L 0.2
= 05050 ~ 1 k24+0.27
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Further predictions

® Production of K K o Q7

2

Oy(1S)K+tK— bu 1
— (15) = [2 | :
9v(18)KV KO [bd]

flavor eigenstate diguark charge:

Qg = —2/3  Qpuy = +1/3

= BB produced byl (55) + v;\"

OB+ B— ~o L 0.2
= 05050 ~ 1 k24+0.27

— B°BY 10% enhanced v8+t B~

Distinct for
tetraquarks with
pointlike diquarks
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Models for tetraguark wave functions
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lqal is 3¢

m 1. Diquarks comparably smals )., = Model frombb-onia
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laq] =
B-meson

lqal is 3¢

m 1. Diquarks comparably smals )., = Model frombb-onia

m 2. Diquark heavy-light== Model from B-mesons
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lattice QCD

Alexandrou
et al. (2006) validity of
¢ / VRW formula
[qq] - f K from
- . hadronic
B-meson [(]_(1] is 3c <« decays

bb-onia

m 1. Diquarks comparably smals )., = Model frombb-onia

m 2. Diquark heavy-light== Model from B-mesons
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lattice QCD Fumre ]_nput

Alexandrou
et al. (2006) validity of
¢ / VRW formula masses in
lqq] = f K from potential model
= . hadronic '
BIIEson [qq] Is 3c <7 decays

ob-ona production &

decays in
potential model

lattice QCD |

m 1. Diquarks comparably smals )., = Model frombb-onia

m 2. Diquark heavy-light== Model from B-mesons

® How much can theimple modeltell about tetraquarks?
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Conclusion [bq|[bg|-tetraquarks

m Yb(l) — T (nS)rtn~ decays ar&weig allowed
= EXxplanation of large observed decay widths

m Coupling to light quark resonances((00), f,(980), f2(1270))
= Explanation of shape of invariant mass spectrum

m Crucial tests
= Tetraquarks confirmed?
= If so: Information about parton distributions
= Can the distributions be modeled?

m Tetraquarks: Growing interest from lattice QCD!
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Outlook [bq][bg]-tetraquarks

® Future projects underway in combination with lattice QCD

Theory

~ Lattice QCD

: Effective theories

© Mass spectrum
© Electromagnetic
~ transitions
irDynamlcs of
tetraquark formation
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Lattice QCD

- © Distribution
~ amplitudes

o \Wave functions |

Effective theories

© Mass spectrum
© Electromagnetic
~ transitions

© Dynamics of
tetraquark formation

©QCD sum rules
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Outlook [bq][bg]-tetraquarks

® Future projects underway in combination with lattice QCD

Theory Phenomenology

o \Wave functions
~ © Distribution
amplitudes

Lattice QCD

¢ Effective theories

©Models of prompt
production
& strong decays

© Mass spectrum
© Electromagnetic
~ transitions

Ca Dynam|cs of
tetraquark formation

cEffective Lagrangians
©QCD sum rules
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Theory

¢ Lattice QCD

¢ Mass spectrum
© Electromagnetic
transitions
 Dynamics of

v Effective theories

tetraquark formation

Phenomenology

©Wave functions
© Distribution
~ amplitudes

©Models of prompt
production
& strong decays

CD sum rules

Outlook [bq][bg]-tetraquarks

® Future projects underway in combination with lattice QCD

Experimental search
strategies

Production and decays
tetraquarks in

“Hadronic processes

Data analysis &
inferences
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thank you!
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