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So we have a spectrum, and wave functions. Are we done? Can we do anything else (do
we declare victory and go work on tans?)?
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So we have a spectrum, and wave functions. Are we done? Can we do anything else (do
we declare victory and go work on tans?)?

Plethora of data that can be treated in such a model, once we have wave functions:

Magnetic moments; meson radiative transitions; meson decay constants; meson
semileptonic decays; meson rare decays; meson strong decays; baryon radiative
decays; baryon semileptonic decays; baryon rare decays; baryon strong decays...

Each of these represents a wealth of data. For instance, in the case of baryon
semileptonic decays: form factors, total and differential decay rates, polarization
asymmetries, decays to excited states, etc.

Sketch of treatment of semileptonic decays (mesons), strong decays (baryons)
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Semileptonic decay: decay of a hadron to a nal state contain ing a hadron and a pair of
leptons. Mediated by weak interaction: understanding these requires understanding the
interplay between the dynamics of the weak interaction leading to the decay, and the
strong interaction that provides the binding in the parent and daughter hadron

Hadrons in the Quark Model% -D.



Semileptonic decay: decay of a hadron to a nal state contain ing a hadron and a pair of
leptons. Mediated by weak interaction: understanding these requires understanding the
interplay between the dynamics of the weak interaction leading to the decay, and the
strong interaction that provides the binding in the parent and daughter hadron

Contrasted with leptonic decays (meson decay to a pair of leptons), or weak non-leptonic
decay (weak hadron decay to a nal state that has no leptons:eg ! p )

Hadrons in the Quark Model% -D.



Semileptonic decay: decay of a hadron to a nal state contain ing a hadron and a pair of
leptons. Mediated by weak interaction: understanding these requires understanding the
interplay between the dynamics of the weak interaction leading to the decay, and the
strong interaction that provides the binding in the parent and daughter hadron

Contrasted with leptonic decays (meson decay to a pair of leptons), or weak non-leptonic
decay (weak hadron decay to a nal state that has no leptons:eg ! p )

ConsiderthedecaysB ! D% . andB ! D 9 .. Decay mediated by the weak
left-handed currentc (1 5) b.

However, we do not have free quarks, so must evaluate the hadronic matrix elements of
this current, D°(p%jc (1  s)bB (p)i andhD °(p%")jc (1  s5)bB (p)i
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For the vector current, the matrix element between the B vand D states must be a
vector:

DO%(pYjc bB (p)i = f1(a?)p + fa(a®)p® f+(@)(p+pP%) +f (P)p pY
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For the vector current, the matrix element between the B vand D states must be a
vector:

DO%(pYjc bB (p)i = f1(a?)p + fa(a®)p® f+(@)(p+pP%) +f (P)p pY

Similarly
DO%(pYjc  sbHB (p)i =0
hD °(p%™)jc hB (p)i = ig(g?) "(p+pY (p P9

D %(p%™)jc  sbB (p)i=f(g?)" +" p a+(P)(p+p) +a (@®)(p pY

All our ignorance hides in the form factors (f+ ; f , etc.). Use quark model wave
functions that we have obtained to estimate these form factors, and hence decay rate.
Calculations of this kind are very useful for aiding in the extraction of CKM matrix
elements, for instance.
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I: Construct a representation of the meson states. In the non-relativistic limit,

z
| P X o
iX(px;Ji= 2my dp Homy;SimsikMi Mt(p) SMs
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I: Construct a representation of the meson states. In the non-relativistic limit,

p £ X
iX(px;Ji= 2my dp Homy;SimsikMi Mt(p) SMs

q ﬂ13x + PSS ( ﬂ13x B,
m x ’ m x ’

lI: reduce the Dirac current to two-component (Pauli) form, as wave functions use Pauli

spinors: ¢ b! structurein ;.

p__ 2 P
++ p 2k
Eg, Vo = 4 - 6mpm ¢ Yoo 12mpm ¢
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I: Construct a representation of the meson states. In the non-relativistic limit,

p z X
iX(px:Jdi= 2myx d°p h;m_;S;msjIM i >L<ML(13) or'

q m13x + PSS ( ﬂ13x B,
m x ’ m x ’

lI: reduce the Dirac current to two-component (Pauli) form, as wave functions use Pauli

spinors: ¢ b! structurein ;.

p__ 2 P
++ p 2k
Eg, Vo = 4 - 6mpm ¢ Yoo 12mpm ¢

Y10

lll: Choose components of currents, evaluate matrix elements of corresponding Pauli
operators using the wave functions obtained from spectrum. Eg. ForB ! D, rst
choose =0 (since both B and D are pseudoscalars, there's no choice of
spin-projection to be made).
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IV: Evaluate integrals, solve for f. and f
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IV: Evaluate integrals, solve for f. and f

1] #
2
m mpyMm m
f = F 1+ 2l Sl - ZB
2 4 . Mp BD
( 1] 1 1 2 #)
m
f =F 1 (mg+ mp) -~ B
2M¢ 4 + mp BD
r 1 !#
F = Mp B p °° m?2 p%
= exp > 5
MB BD 4mD BD
11 1, _ g+
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How do we treat strong (hadronic) decays (like ! N ; L I DD)?

Unlike the electroweak decays, there is no obvious way to construct a Hamiltonian that
leads to strong decays. If we knew how to do this, we'd know how to solve QCD.
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How do we treat strong (hadronic) decays (like ! N ; L I DD)?

Unlike the electroweak decays, there is no obvious way to construct a Hamiltonian that
leads to strong decays. If we knew how to do this, we'd know how to solve QCD.

There are a couple of prescriptions that are commonly used. One involves treating light
mesons like , as point-like, elementary particles, and considering a model of
elementary meson emission: okay for pseudoscalars, not so good for vector mesons (or
mesons with other quantum numbers), or heavy mesons (like D).

Second prescription: try to construct a Hamiltonian that is consistent with what we know
about the strong interaction:

conserves parity, charge conjugation, angular momentum;

this must be re ected in anything we build.

Simplest decays correspond to a single quark-antiquark pair in the nal state, so our
operator must have some part that creates such pairs.

We want a pair creation operator that creates pairs out of the QCD vacuum =) vacuum
guantum numbers.
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Vacuum has quantum numbers JP¢ =0** (scalar). We can get this by having the pair
created with spin triplet, P-wave, J =0 =) 3Pg; model is often called the 3Py model.
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Vacuum has quantum numbers JP¢ =0** (scalar). We can get this by having the pair
created with spin triplet, P-wave, J =0 =) 3Pg; model is often called the 3Py model.

Created pair must also be avor neutral =) avor singlet, pl—g(uu + dd+ ss) Fj
(creation of heavier avors is suppressed by the energy requ ired).

Created pair must also be color neutral =) color singlet, pl—g(RR + BB+ GG) Cj.

We make an ansatz for the operator:

z
X
T= 3Cap, d*pid®p; °(pi + §) Cy Fy
j
h;m; 1, mjo;oi 'Y, ™ (s /)b (m)d ()
m

We'll need to think about 4 matrix elements: color, avor, sp in, space.
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