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+Review XEFT
+ XEFT Power Counting
+NLO Calculations of X decay rate and Numerical Results

+Some other things we want to add
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Belle Collaboration,
Phys.Rev.Lett. 91, 262001 (2003)

Bx = Mpo + Mpxo — Mx = (OOO T 018)MeV

4+ Assume X(3872) a DD* bound state in our analysis
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XEFT

#+XEFT Lagrangian can be obtained from HHyPT:

2 f2BO

Lo =3 Tr 0"%0,3" - Tr (mgX + myXt) — Tr Hyiv - Dypo Hy

+ g1t ﬁaHb7u75Aga

1
+Heavy Mesons: H, = %@b Py, — Pays)
1
Vi =
4+ Chiral Dynamics: Dy, = 0a0" — V3, { T2

Mmoo
Aab_

gT(fyug + ggﬂgT)

(fT(‘)ug _ f@“fT)

/N

DO | =

+HQS, Chiral Sym.

M. B. Wise, Phys. Rev. D 45, R2188(R) |. W. Stewart, Nuclear Physics B 529 (1998) 62-80



XEFT

"+ XEFT Lagrangian can be obtained from HHyPT:

2 f2BO

Lo =3 Tr 0"%0,3" - Tr (mgX + myXt) — Tr Hyiv - Dypo Hy

+ g1t ﬁaHb7u75Aga

1+ )
+Heavy Mesons: H, = Tw [PrFy, — Pyys)

4+ Chiral Dynamics: D., = da0" =V, {

Vi = 5 (€10"¢ + gorel)

(fT(‘)ug _ f@“fT)

/N

1
2

Mmoo
Aab_

DO | =

+HQS, Chiral Sym.

+D, D* mass difference:

A _
L, = 2 Ty H,o"" Hu0,,
4mQ

M. B. Wise, Phys. Rev. D 45, R2188(R) |. W. Stewart, Nuclear Physics B 529 (1998) 62-80
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+Match HHyPT to XEFT:

LXEFT = Z ¢T 10y + Vv’ ¢ + Z D' 100 + v* D+l 10y + v +0 |
4=D.D 2 M py+0 ary, 2M o 2M o

g 1 ( t N R v ]
- [F,r CITA DD'"-V7+D'D -V ) + H.c.
- (bp+ DD)' - (DD + DD)
4+ % (I—DD-I—DD)T- (D(?)QD—FD(?)QD) +H.c.]
+ Bl (DD+DD)*-DDV7r+Hc]

/2 \/2M o -

O L L

m t, 1 tt t At
+2M,ro (D 7' Dm+ D'w D7r) + CopD 'D'DD

S. Fleming, M. Kusunoki . .
’ ’ | | T Meh Xiv:19xx.
T. Mehen, Phys. Rev. D 76, 034006 (2007) L. Dai, FK. Guo, T. Mehen, arXiv:19xx.xxxxx 6
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LXEFT : Z ¢ (Za() + 2o ) ¢ + Z— (Zao + QMD0> + 7 (Z 0+ 2M o + )
:¢ D,D $6=D,D \‘

[F ﬁ (DDJf Vr+D'D -Vnr ) + H.c.]

“% bp+DD) - (BD+DD) |

2
4+ % (I—DD + DD)T . (D(?)QD 4 D(?)QD) +H.c.]

:Bl 1 — =\ T =

DD+ DD)'-DDV H.c.

+ | Vava, (PP +DD) m C]
L G (D‘f D + Din TDW) +CopDDIDD |

2M o

S. Fleming, M. Kusunoki, L. Dai, FK. Guo, T. Mehen, arXiv: 19xx.xxxxx 6

T. Mehen, Phys. Rev. D 76, 034006 (2007)
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+Match HHyPT to XEFT:

LXEFT = Z ¢T 10y + Vv’ ¢ + Z D' 100 + v* D+l 10y + v +0 |
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- XEFT Power Countlng

+P.C. parameter Q (dynamlcal mom of X(3872)):
{PD,PD*, Py 70} = O(Q)

p= /A2 — M2, ~ 44MeV with A= Mp. — Mp

= \/2p10Bx
1

LOOP: /d4p ~Q° Propagator: 2 ~ 9

S. Fleming, M. Kusunoki,
T. Mehen, Phys. Rev. D 76, 034006 (2007) 7



- XEFT Power Countlng

+P.C. parameter Q (dynamlcal mom of X(3872)):
{PD,PD*; Prs 11,70} = O(Q)

p= /A2 — M2, ~ 44MeV with A= Mp. — Mp

= \/2p10Bx
1

LOOP: /d4p ~ Q° Propagator: -2~ 9

+Dynamic pion: NR & Perturbative
D* - D+ 7w with Mp, — Mp — M, ~ TMeV

S. Fleming, M. Kusunoki,
T. Mehen, Phys. Rev. D 76, 034006 (2007) 7



~ XEFT Power cOuntmg

+P.C. parameter Q (dynamlcal mom of X(3872)):
{pDapD*apﬂnu?/yO} O(Q)

= \/A? — M2, ~ 44MeV with A= Mp. — Mp

= \/2p10Bx
1

LOOP: /d4p ~Q° Propagator: 2 ~ 9

+Dynamic pion: NR & Perturbative
D* - D+ 7w with Mp, — Mp — M, ~ TMeV

gpop L1

— S. Fleming, M. Kusunoki,
8mF 7% 20 10 T. Mehen, Phys. Rev. D 76, 034006 (2007) 7




XEFT Power Counting

+ Co treated non-perterbatively, generate X(3872) bound state

—@(DD + DD)'"- (DD + DD)

—ZC() —ZC()
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§Co treated non- perterbatlvely, generate X(3872) bound state

—— (DD +DD)"- (DD + DD)
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- XEFT Power Countlng

§Co treated non- perterbatlvely, generate X(3872) bound state

—— (DD +DD)"- (DD + DD)

D>l<
OO
D —ZC() —ZCO —ZC()

4+ Pole at By

1+ CoXo (—Bx)=0— Co~ Q!




XEFT Power Counting

DD'.-Vnr

< 0(Q/@) = 0@

<, (b): O(Q*Q5Q%) = 0(Q")
(b) (c)
@< Similar for others

C Bl_ u

S. Fleming, M. Kusunoki, T. Mehen, Phys. Rev. D 76, 034006 (2007)



XEFT Power Counting

The diagram: 0(QQ~°Q°) = 0(Q")

2 M?
Num. HHyPT: idpn, = i3 (6ho + h1) 5 ~ 0.65

Match to foo

FK. Guo, C. Hanhart, S. Kreward, Phys. Lett. B666, 251-255 (2008)
FK. Guo, C. Hanhart, Ulf-G. Meissner Eur. Phys. J. A40, 171-179 (2009)

(DTT('TDTF + ETWTETF) — Cr = 0(Q")

The diagram: 0(QQR°Q") = O(Q")

C,, To estimate Cop, assume there is a

() bound state near DD threshold: | oo
Cop ~11im

1+ Co%o (-Bx)=0—Co~ Q"

L. Dai, FK. Guo, T. Mehen, arXiv: 19xx.xxxxx 10

FK. Guo, C.Hidalgo-Duque, J. Nieves, A. Ozpineci, Manuel Pavon
Valderrama, Eur. Phys. J. C (2014) 74:2885



Decay Rate of X = DDx

dr dl G 4y2 — 42 — Appg)?
2NL(; - < Lo2 1+ g Mo’zY 72 “2 + Co (Apps) Hoy (y PDS)
dppdpy  dppdph ITF2 \ 47+ p s

97 59H0 W 49 1 1
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+ 1 — 21 + 1
P2 4 2 ( (rp) (rp) 0 (PD)))]

CrG*y 1 1 ( (
7r 5 - € 5 ee (1) 7 ) —_ (1(1) T _))
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Copd*y .. . .2 1 1
+ Pr - €X I Pr + .

S. Fleming, M. Kusunoki, T. Mehen, Phys. Rev. D 76, 034006 (2007) L. Dai, F-K. Guo, T. Mehen, arXiv:19xx.Xxxxx



dl’ dl’ G> 4v% — 12 — Apps)?
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S. Fleming, M. Kusunoki, T. Mehen, Phys. Rev. D 76, 034006 (2007) L. Dai, F-K. Guo, T. Mehen, arXiv:19xx.Xxxxx



Decay Rate of X = DDx
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S. Fleming, M. Kusunoki, T. Mehen, Phys. Rev. D 76, 034006 (2007) L. Dai, F-K. Guo, T. Mehen, arXiv:19xx.Xxxxx



Decay Rate of X = DDx
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S. Fleming, M. Kusunoki, T. Mehen, Phys. Rev. D 76, 034006 (2007) L. Dai, F-K. Guo, T. Mehen, arXiv:19xx.Xxxxx



Decay Rate of X -~ DDn

< PRELIMINARY

T'[KeV]

02 . . | 0.4 . . . 0.6 . l I 0.8 I | ‘ 1.0 . . ' 12
Ex [MeV]

1
Parameters: o<y < ﬁMev—l, Cr=(414+0.7) x 10°MeV ™!, Cyp = £1fm

NLO Correction: C, =< 1%, Cop — 20%

S. Fleming, M. Kusunoki, T. Mehen, Phys. Rev. D 76, 034006 (2007) L. Dai, F-K. Guo, T. Mehen, arXiv:19xx.xxXxxXx



Work in Progress

4+ Add Charged channel X —>D*D™n

B 27T7n 9 B 27TVC Ny T. Mehen,
go = 5 COSU, g+ — 5 S1I) Phys. Rev. D 92, 034019
MDD+ H'D D+

+Final State Rescattering
Cop Cobp  Cop

L. Dai. F-K. Guo, T. Mehen, arXiv: 19000 19



Summary

4+ Added D and DD scattering terms, which are needed by
symmetry and power counting

4+ Did NLO calculations, C, correction is small, Cop can be
very large
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