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1. Might be able to be treated perturbatively
2. Can form non-trivial structures



Heavy quark binding

* Effective Coulomb potential

o I i

as ~ 0.3 ~ 0.5

For b quark: q ~ asmp > Aqep
For ¢ quark: q ~ asm: 2, Aqcp

* |tis consistent to treat the strong interaction
perturbatively.
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QQq and QQgbargbar

* Diquark picture
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Why Tetra-quark is long lived?
+ (QQqq) # (QQq) + (7q7)

It cannot happen since it cost about 600 MeV
to get an additional quark pair.

+ (QQqq) # (Qq) + (Qq)

It cannot happen since no potential in the final
state.



Di-quark effective theory

* Diquark field
— Scalar
-3

* Non-relativistic
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No dependence on m,, heavy diquark symmetry.



Diquark light quark interactions

. Leaqlsing order

S
~ ~
Independence on mq
q . . q
* Corrections breaks heavy diquark symmetry
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Similar to heavy quark effective theory.



Diquark light quark interactions

* For diquark there is another subtlety

PP Sy The light quark moves inside the chromo-
/ o electric field emitted by the diquark.
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QQq e Calculate the motion of the light particles
S S k ~ AQCD L agmg

We can do a multi-pole expansion just
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Q1 and Q2 are heavy quarks within the bound state.
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Heavy quark wave function inside diquark in Fourier space




Matching
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Zeroth order: Effective Coulomb interaction
First order: vanishes since the ground state is S-wave
Second order: contact interaction qTAyquTTAS



Matching
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Matching
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Parametrically larger than from
heavy quark expansion



Running

e Two independent operators
O1 = (S1,50) > (@57"vuq8), O2 = (S1aSus) D (Za¥"vuas)
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Running

e Two independent operators
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Applications to spectrum calculation

* Effective Lagrangian
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Applications to spectrum calculation

e Strong interaction is hard, let’s use a model
— Assuming factorization
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Applications to spectrum calculation

e Strong interaction is hard, let’s use a model
— Assuming factorization

< / dsxo<x>>sq _ 3 / s (x)ng(x) = —8]¢,(0)]

Using the same model: Can be got from
¢q(0) = fBy/mB [ozs(mB)] =g heavy meson decay
! 2v/3 | as(p)

y
Amg,, =~ ~ 30 MeV
T 2as(mpv) mp




Applications to spectrum calculation

* A cruder estimation for Sqq
— We assume the diquark and light quark factorize

— We neglect the interaction between the light
qguarks

Amr,, — ~ 30 MeV



Excited states

* If Q, #Q,, there is a 3-bar vector diquark.

* Transition EDM from scalar diquark to vector
diquark
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Excited states
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Summary

* Intheregion mg > mouw > movi, > Agep  we
calculated the leading direct interaction between heavy
diquarks and light quarks.

 To get a better and realistic understanding we need to
consider the excited states of 3-bar bound states.

 We may also need to include the contribution from the 6
scattering states (repulsive).



