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ABSTRACT

DD potential is studied within the framework of heavy mesen
chiral .perrurﬁaﬁoh ﬁ\eorg , at one Yﬂoop level |

‘T}\e contact, or\e-—pioh and ’rw0~pior\ eX‘C"“a“Se are studied in
detail.

* With the -poter\ﬁa] in eoordinate Space, we solve the
schrodinger , we find there exists 2 bound state in isospin-0

channel with a reasonable -cufo‘H:,
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BACKGROUND

* As we know, the nucleon-nucleon interaction with ChPT

is 2 remarkable success, the research is still active in
recent. See E. Epelbaum, et al, Rev. Mod. Phys. 81, | 773
(2009); R. Machleidet, et al, Phys. Rept. 503, | (2011) , and
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* However the appliacation in the heavy hadron system is

not fairly developed, many discovered XYZ and other
exotics demands a systematic description in terms of heavy

hadrons interaction.




* XYZ.: many exotic states were discovered in recen ten years
especially XYZ. Molecule, tetraquarks, non-resonant effect, etc.. The
common feature: near threshold. Therefore, is is nature to study the

related two- heavy hadron interaction to disentangle them.

* two-plon exchange: Although there already exists many works
about heavy meson system (X(3872, Zb, etc) discussing contact and
one-pion exchange contribution, the higher order estimation

(especially two-pion exchange) is still lacking.

* molecular model: one-boson exchanges and many other effects was
developed to derive potential of heavy hadron system, the potential

derived in ChPT would be a interesting topic, and can be used to

solve Schrodinger equation.




* the doubly charmed DD™ potential with VWeinberg’s

formalism,

* discuss one-pion, contact and complete two pion

exchange contributions in detail,

* use it to solve the schrodinger equation to find

bound state solutions.
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* We follow previous work : Z.VV. Liu, N. Li and S. L.
Zhu, Chiral perturbation theory and the B B strong
interaction, Phys. Rev. D 89,074015 (2014), further

develop the loop integral calculation method, and

investigate the DD" potential in coordinate space.




DD* POTENTIAL

lagrangian

* First, we show the lagrangian

L = —(Gv- dH)H) + (Hv - TH) + g(HirysH)
—%6([10‘“"’[?0'“,,).
LY = D,Ti[Hy,HITt[Hy"H]
+Dy Tr[Hy,ys HITr[Hy"ys H]
+E,Tr[Hy, v H|Te[Hy"1,H]
+EyTr[Hy, st H Tr[Hy yst . H],
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LYY = DITr[Hy,H)Tr[Hy* H]Tr(x)
+D,Tr[Hy, ysHITt[Hy"ys H| Tr(x )
+E"Tr[Hy, v H]Te[Hy*t,H]Tr(y+)
+E Tr[Hy, yst HITr[Hy"yst, H Tr(x +), (6)

- L2 = (DY Tr[(v- DH)y,(v - DH)]Tr[Hy"H] —
+D",Tr[(v - DH)y, H]Tr[(v - DH)y"H]
+D", Tr[(v - DH)y, HTr[Hy"(v - DH)] +
D!, Tr[((v- D)*H)y, H|Tr[Hy"H]
+D,, Tr[(v - DH)y,ys(v - DH)]Tr[Hy"ysH] + ...
+E" Tr[(v - DH)y, (v - DE)Tt[Hy"7,H] + ...
+E), Tr[(v- DH)y,yst“(v - DH)|Tr[Hy"ys1,H]
+..}+ H.c., (7)

Ly? = (DITr[(D*Hyy,ys(D"H)ITt{Hy,ysH]
+DITr[(D* H)y,ysHITr[(D"H)y,ysH]
+D Tr[(D*H)y,ysHITt[Hy,ys(D"H)]
+D,Tr[(D" D"H)y,ysH|Tr[Hy,ysH]

+E{Tt[(D"H)y,yst(D"H)]Tt[Hy,ysT,H]
+...}+Hc.,---, (8)




Feynmann diagram
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Complete 2 exchange diagram
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Power counting breaking problem
* We can not calculate the scattering matrix element

directly, since two heavy hadron box digram violates the

power cunting.
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| atl X
lf O+ PO +ie—-0+PY+ic
] l
=i | al 431 -
lf ZO+P0+is—ZO+P0+i8f

= Oﬂ_ fd3z...
P’ +ie

= — 7 fd3l---.
P2/2My) + is

* The true order is enhanced comparing to naive estimate




* Therefore we calculate the two-particle-

irreducible(2Pl) part of the all diagram, i.e.,

the potential first. Then use the potential

to obtain the physical observable.

1 1
fd4l , _x...
vel+a+ie—v-l—a+ie

Substituted by

| |
v-l+a+ics—v-l—a+ie

1 1
— — +2n0(v- 1+ a)
v-l+a+ie

v-l+a+ie




Sowe Loop tntegral caleulation

e Z-W Liu, Phys. Rev. D 89,074015 (2014),

I, f dPlu*P {1, 1o, B, [*Pr, [*PI )
Qr)P [(+/=- 1+ w+iel(P —m? +ie)[(q + ) — m3 + ig]

= {J({ g v g g BT gt P v BT (g vn I, (v @l + " g T + (gF v vl

+(g V v)J;{S +(qV VZ)J;FS/S - v“VBv”Jgﬁ, (gV g)JﬂS +(gV qz)JIZ/S + q“qﬂqu‘ngS +(gV vz)JﬂS — v"vﬁvyv‘sjfs/s

HP VOLE + (@ VLY + (@ VLS gV gV iy mum, v, ). (C4)
; f dPl* " (1, I, IF, I'Pr, PP}
QrP (v-l+w +ie(+/-)v- 1+ ws +igl(P — mi +i)[(q + ) — m3 + ig]

= {Jg/B, q” fl/B + v JR/B g“ﬁJ;/B + q“qBJgB + v“VBJ;/B +(qV v)J;/B, (gV q)J;/B + q“quJ’J,fz/B + (q2 % v)JfS/B

+(g Vv v)JﬂB +(qV vz)J3RS/B + v“’vgv”fgeﬁ/B, (gV g)JfI/B +(gV qZ)JfZ/B + qaqﬁq”q‘ngB +(gV vz)JﬂB + v“vﬁvyv‘stS/B

Hg VLT + (@ VTR gV )TRT + (g V g VT mmy, wy, w2, ), (C5)
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* {540

Jis
1 5 1 1 3 1 ld
=8L | dxbQ2b*-c)+— | dx b+ —
TR (w1, ws) = — [J7 (@) = I (w2)]. fo S e fo N e, 4
1 1 !
JB(wy, wo) = — [JT(wl) + JS (cuz)] . xb(2b* — ¢) [— logﬂ2 + log(—,b2 + c)] + EJ; dx
s 3 (! L1 !
x(—b* +¢)2 — —f dx b*(=b* + )T + —f dx
87'[ 0 167T 0
1 1
xb*(-b* +¢) T + — | dvE, (C14)

871'2 0
b = -x)v q-w,
¢ = (1-x1)°q" = (1 = x))q" + x1(m] — m3) + m5 — i,
2

D = { Ve - b2 [(4[:2 - ¢) log(l - b?) + 5b2] + (8b° - 6bc)

X tan_1 (

e

E = {b Ve - b2l6(2b2 — c)(log(c) — log [c - bz] ) — 16b*

+3c] — 3(8b* — 8b%c + ¢?) tan™! ( b )}

x(3Ve—1?)




Potential results
Because we just consider S-wave interaction, we have

to replace the polarization vector as in OBE model
— &(p2) - € (pa) » 1,

> = % - 1—}
Ep2)-PE(ps)- P> gpz,

The results of contact contributions
VP = —2D, + 2Dy, — 2E, + 2E),

V2 = —(0.237 + 0.032/)D;, + 0.056E,,
—(0.124 + 0.032)E,,

And for the channel of 1sospin 0, we obtain

VO = -2D, - 2Dy + 6E, + 6Ey,

V2 = —(1.122 + 0.196)E,, + (0.118 + 0.048/) D,
+(0.027 — 0.148))E),
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POTENTIALS IN COORDINATE SPACE AND
POSSIBLE MOLECULAR STATE

* The only unknown parameter now is the LECs in
the contact terms, we determine them by

resonance saturation method.

We assume contact contribution is saturated by heavy vector

mesons. [Lhypy = iﬁ<HVu(VM —P’M)FD + i/1<HO_vaﬂv(p)H>-

- pB’ss _ _Pg

D, =

[
Q
|

Dy, =0, E,=0




* We use the Fourier Transformation

dq iqr
) V(r) = f )3 V(q)e'T".

* since our perturbative series is series of

momentum, the FT.is divergent, therefore we
adopt a cutoff exp(—p>"/A?") ,whichis
similar to the nuclear study.
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FIG. 8: (color online). §-wave potentials of the DD* systerm withFIG. 9: (color online). §-wave potentials of the DD* systerm with
I = 0 1n units of GeV. The green dashed, red dotted, and blue dot-1 = 1 in units of GeV. The line types and color schemes match those
of Fig. 8.




* dependence on the cutoff
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we find a bound state in I=0 channel with ~20MeV.

And no bound state in I=1. We also discuss the

Lambda dependence in cutoff

exp(—p>'/A*") ,ranging from 0.6GeV, 0.7GeV
and m,,, we obtain binding energy 2.5,21.5,59 MeV.

Our results is consistent with OPE model
(PhysRevD.88.114008).




SUMMARY

* We investigate the D D™ potnential with ChPT, including

contact, one-pion, and complete two-pion exchange.

* The |=0 and I=1 channel has quite different behavior. With
the help of resonance saturation in contact term, we find |=0

exist a bound state with binding energy 21.5MeV
(cutoff=1GeV).

* The effect of cut off is investigated, and the binding energy
of I=1 ranges from 2.5~59.

* Our results agrees molecular model qualitatively.
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