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Isospin violation in the X (3872) [JF¢ = 17+ (LHCb)] decays into
J/Wwand J/Wp
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(X (3872) = J/Wrnn 7))
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Belle Collab. [PRD84 (2011) 052004]

e X(3872) is not a purely I = 0 state or

e Transition operator violates isospin

or both...
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Isospin violation in the X (3872) [JF¢ = 1+ (LHCb)] into J/¥ w
and J/W p
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(X (3872) = J/¥ n7n™)
I'(X(3872) = J/U ntn— )

w

Belle Collab. [PRD84 (2011) 052004]

By = —1.3+05

e X(3872) is not a purely I =0 state or

e Transition operator violates isospin

or both...
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The X (3872), with a mass of mx = 3871.69+0.17 MeV, is extremely
close to the D" D' threshold (mpo +mp-o = 3871.8040.12 MeV)

= molecule?

X (3872) ~ DYD*? & DT D*~ bound state (DD*—hc with C-parity=-+)

For such a small binding energy, the mass difference (8 MeV') between
neutral and charged channels plays a role (mp+ + mp«— = 3879.87 +

0.12MeV) and the mass term breaks isospin invariance!
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Isospin violations in X(3872) decays...

Because of the mass differences DO«— D™ and D°«~— D™ the kinetic energy

(including the mass terms) does not conmute with isospin, the X(3872) is an
admixture of isospin I=0 and I=1 (ris the DD’ relative distance in the molecule X)

r)— r
" { +_¢neu( )=, (1)
X(3872) NG NG
DO DO+ cc andch: DYD* +cc (neutral and charged thrésholds differ in 8 MeV)
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Assuming a contact interaction in the

I=0 channel.... 2 D. Gammermann, E. Oset Phys. Rev. D80

0)— 0 ; ammermann, J.
B Jlyp) o, nen 0O s oy
BX—=>Jlyw) ¢, 0)+p (0) '
ch

Rev. D81 (2010) 014029

this ratio can be
qualitatively understood !

X (3872) ~ D°D*® & DT D*~ bound state (DD*—hc with C-parity=-+)
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HQSS is an appropriate tool to study cc XYZ res-

onances. Though approximate, its predictions arise

from QCD in the heavy quark limit and they are
more robust than those deduced in other schemes,
which starting point is SU(4) flavour symmetry and

some arbitrary pattern of its breaking.

HQSS predicts that all types of spin interactions vanish for infinitely
massive quarks: the dynamics is unchanged under arbitrary
transformations in the spin of the heavy quark (Q). The
spin-dependent interactions are proportional to the chromomagnetic

moment of the heavy quark, hence are of the order of 1/mg.

J. Nieves, IFIC, CSIC & University of Valencia 6
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To describe the molecular states of heavy mesons we need an
effective Lagrangian that describes the strong interactions
of the heavy mesons and antimesons. We use matrix field H(@)

[H()] to describe the combined isospin doublet of pseudoscalar heavy-
meson [antimeson] P{?) = (P9, P+) [P(Q) (PY, P7)] fields and their
vector HQSS partners P, +(@) [P;(Q)]

1
7O — # (p;/&@),yu N pcg@%) | v PH@ — g
B0 = (i@ p@ey,) 1 . P, pr@a g

H¢ [H®] annihilates D [D] and D* [D*] mesons with definite

velocity wv.
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The field H? [H(@4%] transforms as a (2,2) [(2,2)] under the heavy
spin ® SU(2)y isospin symmetry

HC(LQ) 5 S (H(Q)UT) , Hg@a _ (UH(Q)>a gt

a

The hermitian conjugate fields are defined by,
HQa _ WOHC(,,QH 0 ﬁC(LQ) _ VOF[(Q)GJTVO
and transform as
FQa _, (Ug@))“ st H@a g (g(Q)UT>a
Moreover, CP{?' ¢! = P(@a and CP;,SQ)C_l = —P;(Q)a =
CHC(LQ)C_1 — ¢ H(@aT ¢t CH@ec—1 = ¢ _C(LQ)T ¢t

1

with ¢ the Dirac space charge conjugation matrix cy,c™ " = —75.
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At LO in the EFT expansion, the four meson local interaction
Lagrangian consistent with HQSS (T. Alfiky et al., PLB640 238)

Lig =
+
+

_|_

C,1Ir
C.Tr
Cb Tr

Cy Tr

'g(Q)in'(Q)’Yu} Tr [H(Q)ilf[i((?),y,u]
(@) Hi(@%] Tr [ HQnF (@) n } 7z
(@i (@ %%} Tr [ H@ig@, }

F@ifg@n }TI. [H@)n (@ n 7}

For each isospin channel (1 or 7-7), we have only two inde-

pendent constants, which are associated to the two possible

spins (0 or 1) of the light quarks in a HH system!

Trivial extension to SU(3) light flavor symmetry (still four

LEC’s) !

J. Nieves, IFIC, CSIC & University of Valencia
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_ 3 1
]DD;J:O,T>:§|1C(;, 135 = 0,7) + 5 0ce, 05 J = 0,7)
_ 1 3
’D* D*,J: O,T>:§|1cé, 1l_l7J: O,T> — g’océ,on;J: O,T>
_ 1 1
DD J = 1L,T)=5lee, 05s ] = 1,T) = 5[0ce, 13 T = 1,T)
1
T = 10571_;J:17T
\/§| Il >
_ 1 1
D" D;J = 1,T) =5 |Le, 0 J = L.T) = 5[0ce, 15 J = 1,T)
1
t[lan 1y J = 1,T
\/§| Il >

. 1 1
D*D*;J=1,T)=——|0c 1j;;J =1,T) — —=|1¢5,05;J = 1,T
’ > \/§| [l > \/§| Il >

ID*D*; J=2T)=—|1ce, 15 =2,T)

T and L = 0, 1j; isospin and total spin of the light dof!
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HQSS = (S/., L'; J,T|Hqcp|See, £ J,T) = g1 _s,.00c x OF

B(JP¢ =0tt) = {|DD),|D*D*)}, B(JFC =2")=|D*D*)
BJFC —177) — {%(|DD*>+]D*D>),|D*D*>}

(50001 - 070

For each isospin channel T [OEZO = Cra —3CTy, Ozzl = Crg + C’Tb} ,
with Cp(,p = Cap + (272 — 3)CT , from Lyp

a _ a = 2
VC(O++)=( Cr V3Cry )’ V(1) = (CT Crb Crp )

B(JPC — 1-|“|‘)

V3Cry, Crq—2Crp 2CTy Crq — Cro

Ve(1tT) = Crq + Cry, Ve(271) = Crq + Crp

J. Nieves, IFIC, CSIC & University of Valencia 11
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HQSS = (Sl;, L' J,T|Hqcp|See, L5 J,T) = 6g_s,.0r2 x OF
B(J" =0t = {|DD),|D*D*)}, B(J'Y =2"")=|D*D*)
1 ~ ~ ~
B(JFC =1T7) = {— DD*) + |D*D)),|D*D* }
( ) NG { )+ | )) | )
1 _ _
B(JFPY =1T1) = {— DD*) — |D*D }
( ) NG ( ) — | )

For each isospin channel T [ngo = Cra — 3CTy, ngl = Cpg + C’Tb} :
with Cp(ap) = Cap + (272 = 3)CT , from Lap

Crq V3 Cry ) Ve(1t) = (CTa — Crp 2Cry )

Ve (0FT) = (
c(07) V3COry, Crgq—2Cry 2CTy Cra — Crp

Vc(1™) = Cra + Cop, Vc(27") = Cra + Crp

J. Nieves, IFIC, CSIC & University of Valencia 12
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. existence of a heavy quark spin symmetry partner of the
X (3872), with JF¢ = 2%+, X (4012) around the D*D* threshold!

X (3872) mass and the branching fraction

+p
I'(X (3872 J/v -
By= L XBR) DIV TH) 5.5
(X (3872) — J/WrnTn 7))
N—_——

w

fix (Coq + Cop) and (C14 + C1p), JFC = 11+ counter-terms in the
I =0 and I =1 sectors (solve a regularized LSE & poles in the FRS).

J. Nieves, IFIC, CSIC & University of Valencia 13
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Solve the LSE in 2°*!L; partial waves (momentum space),

e dqq247T ngLﬁL”” (plv Q)T.?,I:”L(E q, p)

T / :E)7 /, V ’
oL (Eip,p) = Vi, p +L§;”/ (2m)3 B —q*/2u12 — My — M3 + ie

e UV behavior: a cut-off is needed to regularize the EFT potential

/ / p’ p . — 2 :
— V(,p) > V,p)f(x) f(x) fi f(z) =e (Gaussian)
e Bound/resonant states: poles in the FRS or SRS of the T'—matrix

e Contact interaction L4 = 61,007,709 9756 75/ (no mixing of different partial waves).

S —wave

! H 2 A \/ —2uE

LO: L4, counter—terms C’s ~ O(Q~!) in the EFT expansion (Q is

a soft scale) since for shallow bound states

e RGE:

1 d3q
OV)=0VGV), G:—N/ — ~ QO
V) ( ) FE — Hy E — My — My —q2/2p12 (@)

J. Nieves, IFIC, CSIC & University of Valencia 14
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Isospin violations in X(3872) decays...

Because of the mass differences DO«— D™ and D°«~— D™ the kinetic energy

(including the mass terms) does not conmute with isospin, the X(3872) is an
admixture of isospin I=0 and I=1 (ris the DD’ relative distance in the molecule X)

r)— r
" { +_¢neu( )=, (1)
X(3872) NG NG
DO DO+ cc andch: DYD* +cc (neutral and charged thrésholds differ in 8 MeV)

5 Thy
JE— !
\ o /

* w, p

D

[1=1)

Assuming a contact interaction in the

I=0 channel.... 2 D. Gammermann, E. Oset Phys. Rev. D80

0)— 0 ; ammermann, J.
B Jlyp) o, nen 0O s oy
BX—=>Jlyw) ¢, 0)+p (0) '
ch

Rev. D81 (2010) 014029

this ratio can be
qualitatively understood !

X (3872) ~ D°D*® & DT D*~ bound state (DD*—hc with C-parity=-+)

J. Nieves, IFIC, CSIC & University of Valencia 15
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. existence of a heavy quark spin symmetry partner of the
X (3872), with JF¢ = 2%+, X (4012) around the D*D* threshold!

X (3872) mass and the branching fraction

p
—~

(X (3872) = J/¥ ™)
['(X(3872) — J/¥rta—nY)

w

By — —1.3+0.5

fix (Coq + Cop) and (Ciq + C1p), JFC = 17T counter-terms in
the I = 0 and I =1 sectors (solve a regularized LSE & poles
in the FRS).

Heavy Flavor symmetry: Z,(10610) & Z,(10650) (I =1, J'¢ =
177) have been already discussed by Voloshin (PRD84 031502) and
Mehen and Powell (PRD84 114013) in the case of B*) B*) molecules.

J. Nieves, IFIC, CSIC & University of Valencia 16
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HQSS = (S/.,L'; J, T|Hqcp|See, £ J,T) = 0s1_s,.002 X OF
B(J" =0t = {|DD),|D*D*)}, B(J'Y =2"")=|D*D*)
1 ~ ~ ~
B(JFC =1T7) = {— DD*) + |D*D)),|D*D* }
( ) NG { )+ | )) | )
1 _ _
B(JFPY =1T1) = {— DD*) — |D*D }
( ) NG ( ) — | )

For each isospin channel T [0;?:0 = Cra — 3CTy, O£:1 = Cpg + C’Tb} :
with Cp(ap) = Cap + (272 = 3)CT , from Lap

Cra V3 Cry N Cra — C1o 2CTy
Ve (0FH) = Ve(1t7) =
c(077) (\/§ch CTa,—QCTb) Vel ) ( 2CTy CTa_CTb>

Ve(1tt) = Cra + Crs, Ve(271) = Crq + Crp

J. Nieves, IFIC, CSIC & University of Valencia 17
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. existence of a heavy quark spin symmetry partner of the
X (3872), with JF¢ = 2%+, X (4012) around the D*D* threshold!

X (3872) mass and the branching fraction

+p
['(X 2 v B
By= L EBR) DIV TH ) 5,05
['(X(3872) = J/UnTn 7))
N——

w

fix (Coq + Cop) and (Ciq + C1p), JF¢ = 171 counter-terms in
the I =0 and I = 1 sectors (solve a regularized LSE & poles
in the FRS).

Heavy Flavor symmetry: Z,(10610) & Z,(10650) (I =1, JF'¢ =
17=) BB* and B*B* molecules — Cj;.

We predict

J. Nieves, IFIC, CSIC & University of Valencia 18
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Q") O(1/mq)

Vo I(JPC) States Thresholds Masses (A = 0.5 GeV) Measurements

Cx o1t %(DD* D* D) 3875.87 3871.68 (input) 3871.68 + 0.17 PDG [X (3872)]
o(2+t) D*D* 4017.3 40127F7 ?
o(1t*) %(BB* — B*B) 10604.4 1058073 ?
o(2tt) B*B* 10650.2 1062615 ?

o(2t) D*B* 7333.7 732210 ?

Cy 1(177) % (BB* + B*B) 10604.4 10602.4 £+ 2.0 (input) 10607.2 & 2.0 Belle [Z;,(10610)]
1(177) B*B* 10650.2 10648.1 + 2.1 10652.2 + 1.5 Belle [Z,(10650)]
1(177) %(DD* + D* D) 3875.87 387177, (V) 3899.0 + 3.6 + 4.9 BESIII [Z.(3900)]

3894.5 4+ 6.6 + 4.5 Belle
3886 + 4 + 2 CLEO-c
1(1F7) D*D* 4017.3 401373 (V) 4026.3 4+ 2.6 + 3.7 BESIII [Z.(4020)]
1(171) D*B* 7333.7 7333.67 , , (V) ?

J. Nieves, IFIC, CSIC & University of Valencia
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and using also the heavy antiquark-diquark symmetry = triply heavy pentaquarks
(QRNQI ~ (“Q7NQI  (QRQW')  O(1/mg - v)
State I(JF)  LO Thresholds Mass (A = 0.5 GeV) Mass (A =1 GeV)
EceD* 0(37)  Coa+ Cob 5715 (M, — 10)F10 (Men — 19)7
E5.B*  0(37)  Coa+Cop 9031 (Myy, — 21)T10 (Mqp, — 53)+43
5D 0(37)  Coa + Cop 12160 (Mep —15)19, (Myp, — 85) 20
=5, B* 0(37)  Coa + Cop 15476 (Myp, —29)T12 (My, — 83)*38
E,.D* 0(37)  Coa+ Cop 8967 (Mg — 14)T11 (My, — 30)+27
E,.B*  0(37)  Coa+ Cop 12283 (Mg, — 27)T12 (M, — 74)+4
E;.D* 0(37)  Coa+Cop 9005 (M, — 14)T11 (Myp, — 30)*27
=r B* 0(37) Coa + Cop 12321 (Myy, — 27) 713 (Myp, — 74) 40
Epp B 1(57) Cia 15406 (Mg, —0.3)7 (M, — 12) 711
ZppB* W(37)  Ciat+3Cn 15452 (My, —0.9)VIN/A (M, —16)T 11
EwB*  137) Cia—3Cu 15452 (Mg —1.2)7 (M, — 10)19
=B 1(37) Cla 15430 (Mg —0.3)7 (Mg, — 12)T11
Ep,B* 1(57) Cia— 35Cu 15476 (M, —8)8 (M —5)T
=5, B* 1(37)  Cia— 3O 15476 (Mo —2.5)1 (M, — 9)°,
B U53T) Cia+Cnp 15476 (M, — 4.3)[VIT44 (Mg, — 18)T17
J. Nieves, IFIC, CSIC & University of Valencia 20
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‘J/LIJ sensitive only to DD* short distances!

/dgp\lf(ﬁ) ~ W(0)

W, P

X (3872) — D°Dx"

’\g g ’\g g ~ \I’(ﬁDO)
D*0 DO o D*% + po sensitive also to DD*
X (3872) X (3872)
long-distance dynamics!
— 0 — 0 9o (X (3872) DY D*9]
(b) () Jc [X(3872)D_ D*+]

T[DYD® — D°DY]
T[DTD~ — DYDY]

J. Nieves, IFIC, CSIC & University of Valencia 21
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X (3872) — DD«

’@j g @ g ~ ‘I’(ﬁDO)
D*0 D% po D*% + po sensitive also to DD*
X (3872) X (3872)
long-distance dynamics!
o Do — > 9o (X (3872) D° D*9]
(b) () Jc [X(3872)D_ D*+]

T[D°D® — DY DY]
T[DTD~ — DYDY]

residue
X
Ttr = —2’[, \/ MXMD*OMDOGX'pﬂ' ( + ) ,
o I Ply — M12)*0 Pis — M12)*0
1 1 —2

(2m)3 32M%.

I'(X(3872) - D°D%7°)trec = 44.0125 (42.0727%) keV
N— N —
A=0.5 GeV A=1 GeV

J. Nieves, IFIC, CSIC & University of Valencia 22
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X
70 = _16i250
loop f%

where Tyo_00 is the T-matrix element for the DD — DODY
process, and the three-point loop function is defined as
, [ d%q 1 1 1
I(]\[LQ,?MP?T)::ZU/a 4 9 D) . D) 5 ] D 5 R
(2m)" ¢* — My +ie (P —q)" — M3 +ie (¢ — pr)” — M2 + ic
with P* = (Mx,0) in the rest frame of the X (3872). This loop
integral is convergent !

VvV Mx MpeoM3o €xpr Too00(maz) [(Mp-o, Mpo, Mpo, pr),

ggX

Tlgp = 162 ¥ VMXMD*OMDoMl%i €x * Pr T+——>00(m23)

X I(MD*i,MDigMDiaﬁﬂ')a

where T __,9 is the T-matrix element for the D™D~ — D°DY

process.

J. Nieves, IFIC, CSIC & University of Valencia 23
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70 70 e :
> 60F > 60F A=1GeV
1] 3 [0} L I\
4 X ~ i \
& i’ G SO0F
B 40 R 4
7 50l : 2
Q 30p ] ~ 30F |
o~ [ ] o~ r |
o0 I | ] P9 : \
o 20F ] < 20f
= | I} ] < | \\
- 10f \ | : = 1o |

O ||||||||||| A T : O- ||||||||||||||||||||||||

~4 -3 -2 -1 0 1 —4 -3 -2 -1 0
Coa [fm7] Co a [fm’]

These contributions depend on the four |Cy,|, Co,, C1, and

C1p counter-terms! Cy,, (1, and (7, counter-terms are deter-
mined by the X (3872), Z;,(10610) and Z;,(10650) resonances.
For some values of Cy, appears a DD bound state close to

threshold....

J. Nieves, IFIC, CSIC & University of Valencia
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10635

10640

10645

10650

HQSS predicts that the s-wave D*D* interaction in
the 2771 sector is, up to corrections suppressed by the
charm quark mass, identical to that in the X (3872)
sector (171) and given by (Cox = Coq + Cop, C1x =
Cia +C1p )

1 Cox +Cix Cox —Cix
Vot = 3 + O(q/mc)
Cox —Ci1x Cox +Ci1x

\V]

MXbQ—MXb ~ MB*—MBZZLGMGV

. states with 21T+ quantum numbers exist as well as
spin partners of the 17T states in the spectra of the
conventional heavy quarkonia and tetraquarks. How-
ever, the mass splittings would only be accidentally
the same as the fine splitting between the vector and

pseudoscalar heavy-light mesons.

JLAB LQCD group found a 271 state M = 4025 + 12
MeV, with m, ~ 400 (JHEP 1207 (2012) 126).

HHIQCD 2015
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X5 hadronic decays (D—wave decays)

without pion FF with pion FF
A =0.5 GeV A =1 GeV A = 0.5 GeV A =1 GeV
I'(Xy — DT D) [MeV] 3.375% 7.3779 0.5702 0.8707
(X5 — DODO) [MeV] 2.7730 5.717% 0.479:2 0.6707
'Xo — D+D*—) [MeV] 24t?(1) 441—?; 0 7t8:6)) 1 Otgg
I'(Xs — DYD*0) [MeV] 2.072 ¢ 3.577°2 0.570°9 0.770:2

X (4013) X (4013)
I= ¢ I= ¢

X (4013) X (4013)
= L S

J. Nieves, IFIC, CSIC & University of Valencia 26
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(X, - DD) = 12+ 0.3 50 MeV
SyS(A)

I['(Xy - DD*)+I'(Xy - D*D) = 29+ 05, 25 MeV.
sys(A)

Xp2 hadronic decays (D—wave decays)

without pion FF with pion FF
A = 0.5 GeV A =1 GeV A = 0.5 GeV A =1 GeV
B +1.0 +15 +0.1 +1.4
I'(Xps — BB) [MeV] 26.0710 st! 4.47907 0.71%
I'(Xpo — BB*) [MeV] 71132 — 2.0792 —

J. Nieves, IFIC, CSIC & University of Valencia 27
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X5 & Xy radiative decays (S—wave decays)

The coupling of the photon to the s-wave
heavy mesons contains two contributions:
magnetic couplings to the light and heavy
quarks (Amundson et al., PLB 296 (1992)
415). Both terms are needed to understand

—=*0

Do the observed electromagnetic small width of
(@) D X the D*1 relative to the D*?
a ™M ~0 2 2
rp*® 5 pY%) = P [+ B3,
3 mD*O gmc
o Mo 2 2
rp*t - bty = —_PT (5,4 E,3y
3 mD*_|_ 3mc
b= 2p- LMK _gimp g 1g gimp
= , =
3 87Tf?< 871'f3r 3 871']"72r
r(p*% = p%) = 227+26keVv
r(p*t - bty) = 1.3340.33 keV

J. Nieves, IFIC, CSIC & University of Valencia 28
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. FSI (b X ] i
—T (O A, A TG PED = g2 VamaN, ( B + cigme’ " (Ve ™ (A)el (Al
DVYD v me
X {4mDmD*T00—>oo(m23)} J(M %0, M %05 M [0, Py )
. FSI (d X ] i
—IT (N A A Do U0 = —gl 2 VamaN, (62 + ) cijme (N (M) er (APl
Y mec
X {4mDmD*T—|———>OO(m23)} J(M put s M st , M54, Pry)
—ifr(,\,A>.<,,\A,)FDSJ§]_D*_7 =  —VAmaNyeijme’ (N () el (Ay)plrdmpm ps

X 2 A~ B
X {gc 2 <52 + - ) [T+__>+_(m23)J(mD*+,mD*+,mD+,p7)]
C

2
+ 9, (Bl—f-g

me

) |:T00—>—|—— (m23)J(mD*O » M %0 mDO’ﬁW)} }

AN AN

To0—00 = TH0 p*0 _, p0 p*x0 T Hx0 p0 _, p0 p*0s T4+ ——00 = T+ px— _, po x0T x4+ p— _, H0 /50>
AN AN

Ty——+- = Tp+px— sp+p*— T ITpx+p— p+p*—> To0—-+- = Tpop«0 ,p+p*— T

AN

THx0po_,p+px— = IT4+——00-

J. Nieves, IFIC, CSIC & University of Valencia 29
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Thanks to the conservation of C'—parity, the FSI corrections

will depend only on the C = —1 terms, Cyz and (C;z, of the

interaction,
- 5 —1 Coz+C Coz—C -1

( Too—00 T_|___>00 ) B ( 022 1Z 022 1Z ) (GDOD*O 0 )
- - —\ Coz—C Coz+C - _
TOO—>—|—— T—|———>-|—— 0Z > 12 0Z ! 12 0 GD+D*—

with CIZ — C[A — C[B.

Heavy Flavor symmetry: Z;(10610) & Z,(10650) (I =1, JF¢ =
17~) BB* and B*B* molecules — (|,

ClZ = ClA — ClB = —0751_8%(7) (—0301_88121) fm2

J. Nieves, IFIC, CSIC & University of Valencia 30
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[\

FSI effects turn out to be important, and
for some values of Cz, they dominate
the decay width. The maximum effects
of the FSI mechanisms approximately oc-
cur for values of (57 which give rise to an
isoscalar 1T~ DD* bound or virtual state
close to threshold.

F'SI corrections are always important in
the DT D*~~ channel. This is because
the tree level amplitude involves only the
D*iDi’y magnetic coupling, while FSI
brings in the neutral magnetic coupling,

which is much larger than the former one.
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F'SI corrections are quite important and larger than the tree

level estimates because of the the le1_1 bound state (Z,(10610)),

placed almost at threshold that greatly enhances the loop

mechanisms

J. Nieves, IFIC, CSIC & University of Valencia 33
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CONCLUSIONS

e Heavy quark symmetries for heavy light meson-antimeson systems
in a contact-range EFT have been investigated. In addition to

HQSS, HF'S and HADS can be used to predict new heavy meson
molecules and triply heavy pentaquarks.

e In the SU(3) light flavor limit, the leading order Lagrangian re-
specting heavy quark spin symmetry contains four independent
counter-terms. Neglecting 1/m¢g corrections, three of these low
energy constants can be determined by theorizing a molecular de-
scription of the X (3872) and Z;(10610) states. Thus, we can pre-
dict new hadronic molecules, in particular the isovector
charmonium partners of the 7,(10610) and the Z,(10650)
states.

e We studied the X (3872) — DD 7" decay using an EFT based
on the hadronic molecule assumption for the X (3872).

J. Nieves, IFIC, CSIC & University of Valencia 34
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e This decay is unique in the sense that it is sensitive to the long-
distance structure of the X (3872) as well as the strength of the
S-wave interaction between the D and D.

o If there was a near threshold pole in the DD system, the par-
tial decay width can be very different from the result neglecting
the F'SI effects. This decay may be used to measure the so far

unknown counter-term Cjy,,.

e A future measurement of the dI'/d|ppo| distribution might provide
valuable information on the X (3872) wave function at the fixed

momentum V(ppo)

e We have also studied the hadronic and radiative decays
of a molecular P*P* JPY = 27+ state in the charm (X)

and bottom sectors using an EFT approach.

J. Nieves, IFIC, CSIC & University of Valencia 35
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¢ The hadron d-wave Xy — DD and X5 — DD* decays are
driven via OPE and we find widths of the order of few

MeV. The analysis runs in parallel in the bottom sector,
where we also find widths of the order of the MeV.

e The radiative Xy — DD*y and X9 — BB*vy decay widths are
small of the order of keV’s (eV’s) in the charm (bottom) sectors.
They are affected by large DD* or BB* FSI mechanisms
because they are enhanced by the presence of the isovec-
tor Z.(3900) and Z;(10610) resonances located near the
D°D*0 and BB* thresholds, respectively. In the charm
sector, FSI corrections turn out to be also sensitive to

the negative C—parity isoscalar DD* interaction (Cyz).

J. Nieves, IFIC, CSIC & University of Valencia 36
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BACK UP MATERIAL

J. Nieves, IFIC, CSIC & University of Valencia
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What can radiative decays of the X (3872) teach us about its
nature? by Feng-Kun Guo, C. Hanhart, Yu.S. Kalashnikova, Ulf-G.
Meifiner, A.V. Nefediev (PLB742 (2015) 394)

“... We show that radiative decays of the X(3872) into vJ/¥ and
vW’ are not sensitive to the long-range structure of the X (3872). In
particular, contrary to earlier claims, we argue that the experimentally
determined ratio is not in conflict with a wave function of the X (3872)

that is dominated by the DD* hadronic molecular component.”

J. Nieves, IFIC, CSIC & University of Valencia 38
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EFT framework for the description of heavy meson-antimeson

molecules (T = 0):

e LO: L4y (contact range interaction)

Coa V3 Cop B Coa — Cop 2 Cop )
Vo (0T = Ve(1T7) =
c(07) (\/§COb Coa — QCOb)  Ve(l™™) < 2 Cop Coa — Cop

Ve(1TT) = Coq + Cop, Ve (2TT) = Co, + Cop

J. Nieves, IFIC, CSIC & University of Valencia 39
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EFT framework for the description of heavy meson-antimeson
molecules (7' = 0):

e LO: L4y (contact range interaction)

Oa 0 _ Ca_COb 0
VC(O++):< (()) C() —QCOb),VC(l_‘_ ):< O 0 Co —C()b)

Ve(1TT) = Coq + Cop, Ve(2TT) = Co, + Cop

e pion exchanges and particle coupled channel effects to be sub-

leading corrections.

J. Nieves, IFIC, CSIC & University of Valencia 40
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EFT framework for the description of heavy meson-antimeson

molecules (T = 0):

e 1LO: L,y (contact range interaction)

Coa 0 - Coa — Cop 0
VC(O++):< 0 —2005>’VC(1+ ):( 0 C, —00b>

Ve(1tT) = Coq + Cop, Vo(211) = Coq + Cop

e pion exchanges and particle coupled channel effects to be sub-

leading corrections.

e Counter—terms ?

J. Nieves, IFIC, CSIC & University of Valencia 41
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NLQO: One Pion Exchange

HE?Y [H(@a] transforms as a (2, 2) [(2, 2)] under the heavy spin @SU(2)v
isospin symmetry

H®@ 5 ( H(Q)UT) . H@a (U H@)a gt

a

Lo = \ff (Tr [H(Q)JH(Q)7M7 } + Ir [H(Q)JH(Q)7 75]) (7-_6#(;);; n

2 — — _ —
OPE [~ g” (@-q)(b-q) 0
g ~ 0.6 is the axial coupling between the heavy meson and the pion ,

fr >~ 132MeV, and ¢ the momentum exchanged by the heavy meson

and antimeson. Besides, a and b are the polarization operators.

J. Nieves, IFIC, CSIC & University of Valencia 42
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NLO: One Pion Exchange ~ O(Q") = distinctive feature of the

OPE potential can mix different 2°+!'L; partial waves.

JFPc HH 25+1p E(A=05GeV) | E(A=1GeV) | Exp
ot+ DD 150 3708 (3706 £ 10) | 3720 (37127 —
1+ D*D 35,-3D4 Input Input 3872
1+ - D*D 35,-3D; 3816 (3814 + 17) | 3823 (3819+27) —
ot D*D* 1SO—5D2 Input Input 3917
1t— | D*D* 35:-3D; 3954 (3953 = 17) | 3958 (39561 7) | 3942
2t+ | D*D* | 1Dy-555-°D5-2G5 4015 (4012 + 3) 4014 (40127 ) —

Predicted masses (in MeV) of the X (3872) HQSS partners when the OPE potential is

included. We display results for two different values of the Gaussian cutoff. Now, we find

Coq = —3.46 fm? and Cpp = 1.98 fm?, and Cp, = —0.98 fm? and Cyp = 0.69 fm?, for A = 0.5

and 1 GeV, respectively. OPE §(r) contribution can be absorbed within the contact
2

range piece Cg, — Cyp — 29?.
Binding energies of the states are stable with respect to the

iteration of the OPE potential: agreement with the a prior:

EFT expectations! [PRD 86, 056004 (2012)]

2015
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NINLO: Particle Coupled Channels Momentum scale (hard) associ-
ated with the coupled channels is

Ac(0FF) = \/zu (2A0) ~ 750 MeV, Ac(177) = +1/2uAg ~ 520 MeV

with Ag ~ (Mp« — Mp) = G ~ O(Q?) = VGV ~ O(Q").

e In contrast to the OPE corrections, the LO counter-term structure stemming from
HQSS is not expected to be able to absorb the kind of divergences associated
with the coupled channel calculations.

e One should add new counter-terms at O(Q) to soften the regularization scheme
dependence and make the EFT renormalizable again. Higher orders will introduce new
unknown constants that cannot be fixed at the moment owing to the scarce experimental
data available.

J. Nieves, IFIC, CSIC & University of Valencia 44
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JPe HH E—il'/2 (A=0.5 GeV) | E—il'/2 (A =1 GeV) Exp
ot+ DD, D*D* 3690 (3706 + 10) 3694 (37127 7) —
1++ D*D Input Input 3872
1t— | D*D, D*D* 3782 (3814 + 17) 3782 (3819771 —
ot+ DD, D*D* 3939 — & 12 (3917) 3937 — £ 31(3917) 3917 £ 3 — £ 28119
1= | D*D,D*D* | 3984 — 117 (3953 £ 17) | 3982 — £29 (3956 7)) | 39424+9 — §371%7
o++ D*D* 4012 (4012 + 3) 4012 (40127 ) —
Masses and widths (in MeV) of the X (3872) HQSS partners when coupled channels effects
are included. The contact terms are adjusted to reproduce the X (3872) and X (3915)
masses neglecting coupled channel effects. OPE interactions are not included.
~ 2
B
Ac
[PRD 86, 056004 (2012)]
J. Nieves, IFIC, CSIC & University of Valencia 45
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NNLO: Particle Coupled Channels|PRD 86, 056004 (2012)]

E —il'/2 (A = 0.5 GeV)

E —il'/2 (A =1 GeV)

Exp

3658 (3706 + 10)

13
3669 (37127 17)

Input

Input

3872

D*D, D* D* 3730 (3814 + 17 3739 (3819122 —
—27

1T
ot++

2
: . : =
3917 — L 23 (3917) 3917 — 1 50 (3917) 3917 £ 3 — £ 28T
; ; +25 P o 27
3979 — £ 24 (3953 £ 17) | 3979 — £ 39 (395677 3942 +9 — 37777
4012 (4012 + 3) 4012(40127" ) —

Masses and widths (in MeV) of the X (3872) HQSS partners when coupled channels effects
are included. The contact terms are adjusted to reproduce the X (3872) and X (3915)
masses, while OPE effects are neglected. We find Cg, = —4.16 fm? and Cop = 2.21 fm?,
and Cp, = —1.14 fm? and Cop = 0.35 fm2, for A = 0.5 and 1 GeV, respectively.

J. Nieves, IFIC, CSIC & University of Valencia

In contrast to the OPE corrections, the LO counter-term structure stemming from
HQSS is not expected to be able to absorb the kind of divergences associated
with the coupled channel calculations.

One should add new counter-terms at O(Q) to soften the regularization scheme
dependence and make the EFT renormalizable again (problem: it might occur a transi-
tion from a power counting in which Ao is a hard scale to a different one in which it is
a soft scale). Higher orders will introduce new unknown constants that cannot be fixed
at the moment owing to the scarce experimental data available.
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Withouth pion form-factor With pion form-factor (A, ~ 1 GeV)

0.008 0.008
0.007 ¢ IO(mD*OvmWO;Mquu[mFl =mr, =mpo]) | 0.007 } [O(mD*()?mﬁO;Mquu[mFl =mp, =mpo]) |
= 0.006 ] == 0.006
2 0005 A=05GeV — | 50.005 A=0.5GeV —
2 0.004) 2 0.004|
s 0.003 &0 0.003
= 0.002 E 0.002
0.001 0.001
0 0
0 2 0 2
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