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@ Symmetry breaking effects

® Isospin breaking
@ Isospin breaking for the X(3872)
@ Isospin breaking for pentaquark
© HQSS and HFS breaking
@ Threshold cusps

@ Triangle singularities
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The X(3872) now

X.,(3872)

Mass very close to the D*0 D°

_ _ _ +0.6+0.1
B = Mx(3872) — Mpxo0 —Mpo = 11554203 MeV

—  (0.00 £ 0.18) MeV
From a w Belle arXiv: hep-ex/0505037

Isospin violating/decay

B(X(3872) — nta—70J/v)

B(X(3872) = 7 n—J/0) = 1.0 + 0.4(stat) + 0.3(syst)

From a p°"CDF Phys. Rev. Lett. 96, 102002

Isospin breaking scale

mpx+ —I—mD— — Mp*0 —Mpo = 82 :|:O]. MeV > B

HADRON 2019

& 2

&3 B

v TS
‘j RS
B

VNiVERSiDAD
P SALAMANCA

CAMPUS DE EXCELENCIA INTERNACIONAL

Belle 2003

w
(3)]

- = NN W
o O o O O

Events / ( 0.005 GeV )

82 3.8¢III3.86 3.88 3.9 (I3.92
M(J/y n) (GeV)




VNiVERSiDAD

Isospin violation poutty
E.S. Swanson / Physics Letters B 588 (2004) 189-195 Big isospin violation on the

P(eg) (%)

Wave function for the long range

100 -
80
W(r) "7 e
60 Yoipw = 3.4—58fm
Yot = 14-15fm
® Yoopeo = 10.6 —ocofm
—1
20 Yoip— = L35 —1.57im
0
25
B =mx3s72) —Mp+0 —Mpo = 1.1f8:2i8:§ MeV

= (0.00 +0.18) MeV
mD*+ —|_ mD— - mD*O - mDO — 8.2 :l: 01 MeV >> B
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Isospin violation

Short range is different e confusion about isospin violation
D. Gamermann and E. Oset, Phys. Rev. D 80, 014003 (2009). QFT treatment

Less than 1% isospin

o violation
Interpreted as probabilities
gprp— = 2982 > T 00
_ . 3005 %’: 0.012 -.
dpop=o = = '
E;“ oo0s ¥ .
= S,
fg 0.006 | Rl RPN
Small isospin breaking effect R, /0 ~ 3.2% g sl

Eg [MeV]

B(X(3872) — wmJ /) » Io" aS(s,m,, Tp)0(mx —myy — /5)ds
B(X(3872) — mrmd /i) — P 157 aS(s,me, Tw)0(mx —my, —+/s)ds B

+ \

Final result compatible with Phase space effect due to large
experimental data differences on the widths
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This was clarified in D. Gamermann et al., Phys. Rev. D 81, 014029 (2010).

The coupling is

2__ @ —1
B dE ) p_p

Which can be related with the wave function at the origin

2 __ 7 _ _
= iy (B~ Bo)T

v / (k|

9G(E,) = (2m)%/?4(0)

A short range amplitude will be given by Isospin factors

R

M = g1G11(Bo)Fi + g2Gaa(Eo) Fao = (2m)%2 (11 (0)Fy + 12(0) )

Short range observables will show small isospin violation
Long range observables will show large isospin violation
Isospin conserving interactions
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Wave functions in the CQM

0.14 —— 0.14 ———

0.12 IK_RH'RE%-. - 0.12 l,"r - /

0.1 I," H“‘“---..‘_ﬁ 01 IlI

| | . . .

T oo | ool | For an isospin conserving decay
5 o006 |'I = o006 III HHH

oot f | oot | | — _

02| | /\\ 0.02 I.'ll Fy =~

) O~
0 — 0
D05 1 15 2 25 3 35 4 45 § 0051152 253 35 4 45 § and
r{fim) ri{fim)

. o — o a ] M o= 2n) P (@i(0)Fi + ¢2(0)F)

o1 II n 042 f| I l|I 2 2

aifl [ il [ ~  r=0(0) = [M]” ~ |1h1=0(0)]
r D.DB I| |II IIII ~ o 0.DB | |I II|
= |/ | E L '
2 ol ¥ Y E gosf|f ‘l"

\ Vo
0.04 \ 0.04
.02 ‘I.IIU I/\H_ k“uh________ .02 ____‘R&__:::__

] — ]
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Short range observables will show small isospin violation
Long range observables will show large isospin violation
Isospin conserving interactions
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Measured by LHCb in 2015 PRL 115, 072001 (2015)

P.(4380)F P.(4450)*
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Pentaquark states

New pentaquarks, LHCb PRI 122, 222001 (2019)
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Isospin violation on 5
Pc(4457) decays B

F.-K. Guo et al., Phys. Rev. D 99, 091501 (2019).

Mp, (457« = 4457.3+£0.677%
U'p (aas7y+ = 6.4+ Q-OJ—F?ZS
Mg+ + Mp.o = 4459.8+0.4MeV = By =257, 5 MeV
Mg+ + Mp— = 4464.234+0.15MeV = By = 6.9, ] MeV

In analogy to the X(3872)

_ 2 1 _
¥, D* 1 =1/2,13=1/2) = \/;|Z;“+D*_> — \/;|EjD*O>

% 1 +4+ yx— 2 + nx0
¥, D* I =3/2,13=1/2) = §|zc D*7) + §|ECD )
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Isospin violation on e
Pc(4457) decays B

Vi = (5D |VIS D) — 2 Vi + 1 Vi Isospin conserving interactions
c c 3 3
. oo 1 2
Voo = (SFD*|V|SFD*0) = §V1/2 + §V3/2 -1 — y-l_Gg=o0
_ 2Vi/2 + Vo — 3Vi 2 Vs0Go

— *— y*0 \/§ g++, = 1/2 3/2 1/273/2 ~ —V2
Vie = (SITD*|V|SID*) = ?(‘/23/2 —Vise) g+.0 —V2(Vija — Va2) V2
G]_ = ng--i-D*_

1 F.(4457)"
V3
1 R \F P.(4457)"
— ﬁ + §

J/
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Again

gt~ —V2g40

and /
V3o (r = 0) G
0

P.(4457)F At r= A, -G
|A(P:(4457) +—> J/PAT)| — V10 i/2 _9/5 J;\+’ JXO
|A(P.(4457)t — J/vp)| 1o(r=0) 2G4, _ +GY
odr—————v———
|B(P.(4457)" — J /Y AT™)|
Ra+/p =

0.3 |[B(FP(4457)* — J/¢p)|
S
5 02
A

01l Uncertainties coming from

— - pentaquark mass
00 ........................
0.5 0.6 0.7 0.8 0.9 1.0
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HQSS and HFS breaking

Heavy Quarks Spin Symmetry (HQQS) and Heavy Flavor Symmetry (HFS)
are good approximate symmetries of QCD.

Slightly broken in the heavy-light

MD* —MD

~ 3.6
Mp+ + Mp &

And heavy-heavy sectors
MJ/¢ _ MT/C
My + My,

My ,ip) = My ,(1p)
My ,ap) + My ,ap)

~ 1.8%

~ 2.0%

@ HQSS The interaction does not depend on the heavy quark spin
@ HFS The interaction of charm and bottom is the same

HADRON 2019 13




HOSS and HFS
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@ HQSS implies the DD*(1"") interaction the same as D*D*(2"")

V(DD* 17 = v(D*D*2+t) I X (3872)(1FF) = X (4012)(2+F) Not found

J. Nieves and M. Pavon Valderrama, Phys. Rev. D 86, 056004 (2012).
Baru, V. et al., A.V., EPJ Web Conf. 137, 06002 (2017).

@ HFS implies interaction between D*D™ the same as BB

V(BYB®) = v(DWDO) | X (3872)(11F) = X,(17F), X, (2+)

C. Hidalgo-Duque et al., Phys. Rev. D 87, 076006 (2013). \

Not found by

@ CMS S. Chatrchyan et al., Physics Letters B 727, 57 (2013).
® ATLAS G. Aad et al., Physics Letters B 740, 199 (2015).

® Belle X. H. He et al., Phys. Rev. Lett. 113, 142001 (2014).
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HQSS and HFS breaking

OZI allowed decays couples one meson and two meson states strongly

cc — (cn)(nc) IAB >,

The quark model is appropriate for studying these effects: M

@ The 3P0 model gives a microscopic model for these
couplings. Fitted to strong decays

@ The quark-quark interaction gives the wave functions
of the mesons. Gives the form factors.

@ The Resonanting group method gives the interaction between
mesons using the quark-quark interaction and meson wave functions.

@ The Chiral quark model introduces pion-exchange interactions.

@ Rearrangement process produces OZI suppressed decays

Interaction Rearrangement processes

HADRON 2019
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The X(3872)

M 35S, and ®* D, DD* partial waves included.

[l Coupling to 17 ground and first excited cc states with bare masses within the model:
ce(13Py) — M = 3503,9 MeV ¢&(22P;) — M = 3947,4 MeV and

[ Isospin breaking M+ + M.+ # M0 + M .0

Parameter free calculation.

M (MeV) ce(1®Py) ce(2°P,) D°D*® D*D*F  Assignment

3937 0% 79 % 7% 14 %
3863 1% 30% 46 % 23 % — X (3872)
3467 95 % 0% 2,5 % 2,5 %

B Isospin probabilities: P;—q = 66 %, Pr=1 = 3%, P.z = 30 %.

I Fine tune ® P, ~ strength parameter to Ep;,q. Pr—o ~ 70 %, Pi—1 ~ 23 %, Pez ~ 7%
B P.G. Ortega, J. Segovia, DRE, F. Fernandez, Phys. Rev. D 81 (2010)

B P.G. Ortega, DRE, F. Fernandez, J. Phys. G 40 (2013)

B M. Takizawa, S. Takeuchi, PTEP 9 (2013) at hadron level

HADRON 2019 16
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The X(3872) analogs

Including only open-charm and open-bottom channels
@ No X(4012) is found

@ X,(1"") is close to bind and X, (2"") is bounded
DRE et al., AIP Conf. Proc. 1735, 060006 (2016);

More refined calculation including other channels gives the same conclusion
for the charmonium sector

P.G. Ortega et al., Phys.Lett. B778 (2018) 1

Why this discrepancies with HQSS and HF S?

HADRON 2019 17
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Heavy Quark Spin Symmetry and Heavy Flavor Symmetry is fulfilled by the model

(D*D*(0"")|H;|DD(0TF)) = (DD(0"")|H;|DD(0TT)) — (D*D*(0"")|H;|D*D*(07T))

S

Charmed mesons Bottom mesons

b b
[ F] [ F]
=) =)
s -
E B
> >
o 500 1000 1500 2000 o 500 1000 1500 2000

p (MeV'})

- == (DD(0")|H|DD(0"F))

p (MeV}

- == (D*D*(0")|H|D*D* (0" 1))
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Heavy Quark Spin Symmetry and Heavy Flavor Symmetry is fulfilled by the model

(DD*(177)[H;[DD*(177)) = (D*D*(277)|H;|D*D*(277))

3

Charmed mesons

Bottom mesons

1.0
08t
06 f
L, [
T =
=4 =
= =
08 b
1.0 : : 1.0 .
o 500 1000 1500 2000 o 500
piMeV)

- == (DD(0")|H|DD(0"))

- = {D*D*(0+*)|H|D* D*(0++))
HADRON 2019

1000 1500 2000
piMeV)

= 2 <DD(0++)\HI|DD(O++)>—%<D*D*(0++)\HI\D*D*(O++)>
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HQSS and HFS breaking

Mp+ — Mp ~ 3.6% but Mp« — Mp ~ 141MeV = Mp«p~ — Mpp ~ 282MeV
Mp«+ Mp
M

— M
Xe2(1P) xotP) 9 0% My 2(p) = Myop) ~ 141MeV = My, 2p) — My
My.,qap) + My 1Py

D. Ebert et al., The Eur. Phys. J. C 71, 1825 (2011) M, 2Py — My 2p) ~ 80 MeV
c2 c0

«0(2P) < 141MeV

1BPy 07" 3413 x(1P) 3414.75(31)
1P 17t 3511 x4 (1P)  3510.66(7)
1*pr, 277 3555 xe(1P)  3556.20(9)
1'Pp 1t 3525 h(1P) 3525.41(16)

S wave states:

® ot+ = DD, D*D*

~ 3 ++
@ 1++ = DD 2R 0 3870
- 2P 1T 3906
@ ot+ = D*D* 2P, 2t 3049 x(2P)  3927.2(2.6)

2tp 17~ 3926

~ GO =

ccC

1 { <0 the>F Attraction

E——ﬁzc(—; >0 the < E Repulsion

HADRON 2019 20
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HQSS and HFS breaking

Charmonium Bottomonium
4.3 T . - I 10.8 T T T T
4z | - —
107 F
M B'E”
4 F {0 10.6 BB
= 39t — . = [ 1
& & o5t E—
= 38| =
oo
arr . 0.4 |
a6 F |
— 103 F —
REN T

DD* D*D* BB* B*B*
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HQSS and HFS breaking

E. Cincioglu et al., Eur. Phys. J. C 76, 576 (2016)

A systematic study of this effect has been performed at hadron level

HQSS Hamiltonian for mesons

Coupling with cc mesons > < >_/\_<
—P + +
is included N

HADRON 2019 22




HQSS breaking

Mass of the X(3872) is fixed varying d and C , at the same time

X(3872)

Al

d Cox ph* Xx@s7) (M1 Do) 8ppe X5 | Ly

[fm'/2] [fm?] [GeV— /2] [MeV] [GeV~1/2]

0. —0.789 0.90 1 (3906.0,0) 0. 0. 1.

0.05 —0.774 0.89 0.98 (3906.6, 1.9) 0.0l +0.16i 002 0.99 +0.01i

0.1 —0.731 0.87 0.92 (3908.2,7.9) 0.03+031i 006 0.96 + 0.05 i

0.15 —0.659 0.83 0.84 (3910.5, 19.2) 0.07+044i  0.14 0.92+0.117

0.20 —0.559 0.78 0.75 (3912.4, 37.8) 0.14 +0.56i 023 0.87 +0.19i

0.25 —0.429 0.73 0.66 (3912.0, 67.0) 024 +0.65i 036 0.82 +0.31i

0.30 —0.271 0.68 0.57 (3903.9, 112.8) 038 +0.73i 055 0.77 +0.50i

0.35 —0.084 0.63 0.49 (3864.5, 185.2) 0.63+085i =1 0.70 + 1.01i

d et 0.000 0.61 0.47 (3798.3, 209.4) 0.93+1.09i =1 0.53 +2.12i

0.375 0.020 0.61 0.46 (3754.4, 186.4) 121 +137i =1 0.29 + 3.66

0.3775 0.031 0.61 0.46 (3701.6, 93.5) 21942390 =1 —0.44 4+ 12.27i

0.40 0.132 0.59 043 (3827.1, 0) at SRS 0.96 X, <0 2.07

0.45 0.376 0.55 0.37 (3850.9,0) at SRS 0.63 X, <0 1.52

0.5 0.649 0.51 0.32 (3858.4,0) at SRS 0.51 X,, <0 1.36

1.0 4.963 0.29 0.11 (3869.7. 0) at SRS 0.21 X <0 1.08

2.0 22.217 0.15 0.03 (3871.3, 0) at SRS 0.10 Xy, <0 1.02

d>dst o~ ‘FM O(1/d) O(1/dh| | (Mx —O(5),0)at SRS | O(1/d) Xy =—0(3 1+ 0(5)
iy, — M

The molecular comp

v
o‘mf the

X(3872) decreases
HADRON 2019
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Mass of the X(3872) is fixed varying d and C , at the same time
= . = Q N 2 =

d Xx3872) gﬁff)* X2 My My, —2Mp~ — f_’:fi 33;5* Xx;

[fm!/2] [GeV—1/2) [MeV] [MeV] [GeV~1/2]

0. 1 0.0 0.0 3927.2 5.6 0.97 1.

0.05 0.98 0.27 0.01 3927.8 45 0.90 0.996

0.10 0.92 0.51 0.02 3929.6 —1.8 0.67 0.991

0.15 0.84 0.69 0.04 3932.2 —0.0 at SRS —0.12i =1

0.20 0.75 0.82 0.05 3935.2 —6.4 at SRS —0.76i =1

0.22 0.71 0.86 0.06 3936.4 —21.2 at SRS —1.24i =1

0.25 0.66 0.90 0.06 3938.3 —28.3 - 129 0.23 — 0.65i 0.47 +0.32i

0.30 0.57 0.95 0.07 3941.2 —31.2 — 1028 0.03 + 0.67i 0.48 — 0.04

0.35 0.49 0.96 0.07 3943.8 —59.5 — A28 0.30 +0.71i 0.52 — 0.39i

The X(4012) disappears

2++ 1++

Vg (B =2Mp-) ="V (E:MX)+d2X<

(QMD* B MX) B (mXCQ B mXcl )
<2MD* o mXCQ)(mXC]. o MX)

Repulsion

HADRON 2019 24
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X;,_

d Xx(872) 8hpe Xitn My Ex, —Mp — Mp- 8phe X%
[fm!/2] [GeV—112] [MeV] [MeV] [GeV—1/2]
0. 1 0.0 0.0 10512.1 —65.9 2.30 1.
0.05 0.98 0.98 0.09 10515.0 —60.7 2.04 091
0.10 0.92 1.46 0.20 10521.4 —47.6 1.55 0.80
1 ++ 0.15 0.84 1.59 0.24 10527.8 -30.8 111 0.77
0.20 0.75 1.57 0.23 10532.6 —13.1 0.69 0.80
0.25 0.66 1.49 0.21 10536.1 —0.1 0.16 0.96
0.30 0.57 1.40 0.18 10538.5 49— %82 0.05 — 0.26i 043 +0.16i
0.35 0.49 1.29 0.16 10540.2 448 — BBL4; 0.12+0.28i 0.55—0.21i
d Xx(3872) s X2 My Ex; —2Mp e XX
[fm!/2] [GeV—1/2] [MeV] [MeV] [GeV—1/2]
0. 1 0.0 0.0 10522.1 —66.2 231 1.
0.05 0.98 0.69 0.02 10523.4 —62.5 2.17 0.98
0.10 0.92 1.20 0.06 10526.9 —52.3 1.82 0.94
9 +— 0.15 0.84 1.50 0.10 10531.3 -372 137 091
0.20 0.75 1.64 0.11 10535.7 —19.4 0.90 0.90
0.25 0.66 1.67 0.12 10539.5 —3.1 0.41 0.93
0.30 0.57 1.64 0.11 10542.5 —18.0 — % i 0.16 —0.28i 0464+ 075
0.35 0.49 1.59 0.11 10545.0 27.1— 1931 0.09 +0.28 0.57 —0.15i

Conclusion: the repulsion from the yx, (3P) states is not so important and the

two states could be found

HADRON 2019 25
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Threshold cusp

Discontinuity of the amplitude due to the opening of a threshold
N. Cabibbo, Phys. Rev. Lett. 93, 121801 (2004)

Proposal to extract (a,-a,) s scattering lengths due to the threshold cusp produce

by the charge exchage reaction.

30 | T ]

(a{) — ag)mﬂ.+ = 0.2656 ——
agy — a’2)mﬂ_+ — 0 ......

Kt — ntg070 25

q3

20
dl’
dMﬂ"n’ ]_5 I

.59 10

0 | 1 1 |
270 275 280 285 290

M’Fi."?f
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Threshold cusp In n

J. Batley et al., Physics Letters B 633, 173 (2006)

x 102
. 1600 |- ool ]
1400 | -
> R .
@) i as000 |- -
2 1200 |-
w i d000 _;’ |
8 1000 — f-w-m [T T Y R T
CD- N z"—f \‘.."\
© 800 g
~ N '_.Jf \’\
n o ‘_,«'" ~
< 600 [
QO |
> B
“ o400

200 |

o :I'.:-I |¢| L1l ] ] ] L I.:.‘.‘\l Lo

008 0.09 01 011 0.12 0.13
Moo (GeV /c*)?

(ag — az)m + = 0.268 £ 0.010(stat) £ 0.004(syst)
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The Zc and Zb as

threshold cusps

E. Swanson, Phys. Rev. D 91, 034009 (2015)

146,
Imll,(s) = > k; "Foi(s)Fpi(s)
;'

a B b
; / M 2 L2
L’ﬁ ]' ©a IIml_.[aﬂ(S!) |Mﬂfj| & |Haj|f_;|‘(:l)| .
Ry 1, ayls) = / ay Ts),
H B* v S i h

ete™ = and /Y T(5S5) = Y(19)rw
f ol Hlﬂﬁlﬂlﬂﬂ{ l | Lt
20 | 1[1 : Hﬂl H . ol
12 _ sl . . ‘ ﬂi{ _ o L1 : . .

M) gy (GEV) MY(15)m)may (GeV)

F.-K. Guo et al., Phys. Rev. D 91, 051504R (2015) One-loop approximation is not justified and nearby poles
appear
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P.G. Ortega et al, Eur.Phys.J. C79 (2019) no.1, 78

ete” >t J/y

Vs = 4.26 GeV

73000 3950 4000 4050 4100
et (MeV/c?)
Data from BESIII Phys. Rev. Lett. 119, 072001 (2017)
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Zc states in the COM A
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P.G. Ortega et al, Eur.Phys.J. C79 (2019) no.1, 78

ete™ — ¥ (DD*)T

swf | - o
= | |
= %% "

/5 = 4.26 GeV % 20/ ﬂl}t | :
fug L
2 10} T :
Omh}_lxi jHﬂ
3900 3950 4000 4050 4100
mpp-(MeV/c?)

Data from BESIII Phys. Rev. D 92, 092006 (2015)
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/Zc states In the CQM

P.G. Ortega et al, Eur.Phys.J. C79 (2019) no.1, 78

Calculation Z.(3900) pole RS Z.(4020) pole RS
DD* 3871.37 — 2.171 (S) - -
DD* + D*D* 3872.27 - 1.85¢  (S,F)  4014.16 — 0.10i  (S,S)
pne + DD* 3871.32 — 0.007 (S,S) - -
pne + DD* + D*D* 3872.07 —0.000  (S,S,F)  4013.10 —0.00¢  (S,S,9)
/i + pn. + DD* 4+ D*D*  3871.74 — 0.005  (S,S,S,F) 4013.21 —0.007 (S,S,S,9)

Calculation Z.(3900) type
This work | 3871.74 virtual |
F. Aceti et al. 3878 — 231 resonance

M. Albaladejo et al. 3894 +6+1—-30+12+614 resonance
3886 +4+1—-22+£6+41 resonance

3831 + 26717, virtual
3844 + 19112 virtual
Y. Ikeda et al. 3709 + 94 — 183(46) ¢ virtual
3748 £ 76 — 157(32) 4 virtual
3686 + 56 — 44(27) 1 virtual
J. He et al. 3876 — 51 resonance
Calculation _Z.(4020) type
This work [ 4013.21 virtual |
F. Aceti et al. (3990 — 4000) — 504 bound /virtual
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Triangle singularities

Singularities of a triangle diagram that can be not poles, but kinematical effects

/ d*k B
(2m)* (¢f — m3)(¢53 — m3)(q5 — m3)

L+ 2 pops = pf+ ps+ 43

Singularities are given by the Landau equations m? +ml — p?

Hi =

2m;my,

)

@ Normal threshold singularities

Y, S @ Anomalous threshold singularities
re > < @ The width of the states makes the singularity
@ move from the physical region
o SN “ @ Since they are kinematical effects they don'’t
}<;>T )p’<q:><? 7—<@:>;< need to be present in all channels as in

the case of poles
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F-K. Guo, Phys. Rev. Lett. 122, 202002 (2019)

Proposal to measured the X(3872) binding energy with the triangle singularity
Prove the long range properties of the X(3872)

1 Co —(Cq 61—62+252
I(E = —

Invariant mass of the X and y b = mp-E,/(mpo+mpwo)
C1 = Mp=o (QmD*o — EX,), - ’iFD*o)
Co = Up*xopo [Z(mD*o + mpo +Efy —EXW)-I—Ei/mDo —iFD*o]

The triangle singularity is close to threshold

T .TQ O £U3
E — 2 *
X mp~o + 21 o + (m%())

r = Mp=+=0 — 1M po — 2\/ —mD05—|—5

Binding energy of the X(3872)
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The X(3872) binding

energy

The line shape

 H(Ex)P B3
FE) = 1m0 = m2) (@m0 )P

Strongly depends on the binding energy

Cusp fixed f e 5=180 keV ]
B \ -
201 R 5=50 keV |
S —— 6=0keV ]
o o .
Peak fixed at pTs R
X~y o [
2 10f
— [
TS
§(keV) | EF (MeV) 05
—180 | 4015.2—i0.1
—50 | 4015.7 — 0.2 .
4010 4012 4014 4016 4018 4020 4022 4024
0 | 4016.0 —i0.4

Ex, [MeV]
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200 200
> 150 > 150 > . l o
z z z Montecarlo simulation to extract
é 100 é 100 ‘é . .
The binding energy of the X(3872)
50 50
I
4(})10 4012 4014 4016 4018 4020 4(})10 4012 4014 4016 4018 4020 4(?)10 4012 4014 4016 4018 4020
Ex, [MeV] Ex, [MeV] Ex, [MeV]
400 I I ‘ I 400
% 300 % 300 %
Z 200 Z 200 E
g g i g
m m 53]
100 100
0 0 (1]
4010 4012 4014 4016 4018 4020 4010 4012 4014 4016 4018 4020 4010 4012 4014 4016 4018 4020
Exy [MeV] Exy [MeV] Exy [MeV]

TABLEIL Results on & (in units of keV) from fitting to the synthetic data sets generated using three different input
values of §,,: =50 keV, 0 keV, and 50 keV.

Data set A 8in = —50 keV (127 events) 8in = 0 keV (164 events) i = 50 keV (192 events)
10 bins -2473 1155 22755
S bins —17:2 3015 4075/
Data set B 8in = —50 keV (626 events) 8in = 0 keV (831 events) 8in = 50 keV (1006 events)
10 bins -47+13 -1 63554
5 bins —48415 T 53558

Data set C 8in = =50 keV (3133 events) 8in = 0 keV (4027 events) 8in = 50 keV (5015 events)

10 bins 53] -2+5 55217
5 bins —527] 27 61717
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Summary

Symmetry breaking effects
@ Small symmetry breaking effects in thresholds can induce interesting breaking
effects
@ Isospin violating decays: X(3872) and Pc(4457)
@ Deviations from HQSS and HFS

Threhold cusps
@ Threshold openings induce enhancements in cross sections
@ Big effects without nearby poles are debatable

Triangle singularities

@ Not present in all channels
@ Can be used to measured the X(3872) binding energy

Thank you for your attention
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