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Experimental Efforts on Charmonium-like Exotics

BABAR DETECTOR FORTHE PEP-II B FACTORY

CALORIMETRY
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Production Processes
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The X (3872)
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The X (3872)
See talks by V. Baru and

Status of the X(3872) D. R. Entem

in Sec. C, Thur. afternoon

m JP¢ = 177 established
LHCb [PRL110(2013)222001][PRD92(2015)011102]

Mass m = 3871.69 £ 0.17 MeV  (in X(3872) —J/¢y X decays)
DD* threshold: 3871.81 & 0.09 MeV

Mass difference my — my,, = 775 + 4 MeV

Width I' < 1.2 MeV Belle [PRD84(2011)052004]

Mass and decay mode disfavor cc state.
JP€ =17, D'D* molecule, Tetra-quark

m No charged partner, no C = —1 partner found

X - J/z,bn+n° Belle[PRL111(2013)032001],BaBar[PRD71(2005)031501]
B X > Jiyn Belle[PTEP(2014)043CO01],Belle[PRL111(2013)032001]
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The X (3872)

X (3872) decays

Approx. product branching fractions

B(B — KX) x B(X - D*D") ~1x107"
BB — KX) x B(X — J/y 7o) ~1x107°
~—
p Isospin violation
BB — KX) x B(X - J/jw) 0.6 x 107°
~ —6 Allowed in
B(B QBK)?() X B(Q)é - J/l’bY) 2x10 molecule picture
(X = (25)y) ~9_3 [PLB742(2015)394]
B(X = Jjdy) [EPJ C75(2015)26]
¥ T =
B(]f - XK+) XBX 2 PP) 95 % 1072 @95%C.L. NEW
B(B™ — J/WK ") x B(J/ — pp) . 1607.06446
BB - XK*') x B(X — pp) <6x107

for a more details and precise values see the review arXiv:1601.02092
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http://arxiv.org/abs/1601.02092

X(3872) production

The X (3872)

See talks by F. Navarra,

F. Carvalho and L. Cristello
in Sec. C, Thur. afternoon

m Expectation: Production of loosely
bound hadronic molecules in high
energy hadronic collisions
suppressed [PRL103(2009)162001]

m COMPASS showed preliminary
results for virtual photo production
J. Bernhard, @ Baryon2016
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X(3872) production

The X (3872)

See talks by F. Navarra,

F. Carvalho and L. Cristello
in Sec. C, Thur. afternoon

m Expectation: Production of loosely

bound hadronic molecules in high
energy hadronic collisions
suppressed [PRL103(2009)162001]

m COMPASS showed preliminary

results for virtual photo production
J. Bernhard, @ Baryon2016

COMPASS ongoing analysis
1 X (3872)?

counts/(0.02 GeV/c?)
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Resonances from ISR

Exotic vector mesons

Belle, BaBar BESIII
(running on T resonance) (/s scan)
e Y c e c
* *
14 14
e+ Cc e+ ¢
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Resonances from ISR
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Resonances from ISR

An OVGI’pOpUlatlon of J7- =1 iz |i=) | inSec.C, Fri.17:30

m 7-9 vector states above DD

Mass / GeV

threshold! QU
= Y(4008) only seen by Belle Y/(4660)
m All other states well N imOTe Stabes! |G

established Y(5350) 4(4400)

Y(1260)
. , Y(4008) LR i <5 (41 40)

® Y(4260): no decay via ¢y 40 [T (564040}
m Y(4260) a source of exotic Jyrin- -yt cc

mesons (see later) T/

3.0 i

m Models: Tetraquark,

Hadrocharmonium, Molecule, . _

Hybrid Y(4630) in A A,
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Charged exotic mesons

Charged exotic mesons - the Z states
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Charged exotic mesons
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Charged exotic mesons

The Z(4430)"

m Z(4430)" has first been claimed by Belle in B — K(n™ ¢/(29))

m Minimal quark content: ccdu

m BaBar could explain this through reflections of the K system (K*)

= Amplitude analysis by Belle confirms new state (assuming a resonant shape)

Belle data

60
50 J

30

M(x'y), GeVrc*
Events / 0.18 GeV?/c*

20

L I 0
0 0.5 1 15 2 25 14

MA(K"), GeV/c* M¥a*y), GeV/c*

PRL 100(2008)142001
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Charged exotic mesons

B — Kx ¢(2S) at LHCb

7)

Data sample:

m ~ 25000 B - Kx ¢(2S) candidates
in3fb " at LHCb

Candidates/ (0.2 GeV

2 Analysis methods:

m 4D amplitude analysis a’la Belle ‘gmooz_ ' ' ' ' E

extract resonant phase - 8 1

. vy 12000 — —

establish J© = 1" S ;

= 10000 — .

[PRL112(2014)222002] 5 O F ]

> 8000 3

®m Moments analysis a’'la BaBar 6000 [ E

model independent 4000 £ i

confirms existence of Z(4430) 2000 f/ -
[PRD92(2015)112009] ol . ! . .

3800 4000 4200 4400 4600 4800
2
My o5 [MeV/c7]
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Charged exotic mesons

B — K™ n"J/y at Belle [PRD90(2014)112009]

m 30000 B —» K n"J/y decays (711fb”)  m 4D amplitude analysis

12 GeV2ic* < M2(K) < 2.05 GeV2/c* 1.2 GeV%/c* < M(Km) < 2.05 GeV¥/c*
< 200 <, 200r
< 180- f = 180~ I
G 160 (3 160¢
< L L =l
G 140- & 140;
2 1200 2120t
£ 100~ £ 1007
7 0 : 80
L L 11} F

60[ . 60F .

401 adding Z(4430) F adding Z(4200)

H improves fit 403 further improvement
20 significance: 4.0 significance: 6.2
0

) 22 | 12 14 16 18 20 22
M?(Jly,m), GeV?/c M3(Jhy ), GeV3/ic*

. P i+ .
m Z(4430) with J~ =17 confirmed m Z(4200) with JP — 1" observed
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Charged exotic mesons

Status of 7(4430) and Z(4200)

m Resonant nature established

M [MeV] I' [MeV]
LHCb 4475 +77); 17241373
Belle 4485 +2272%  200™{; f???
Belle 419675,y 37071 75
m Both have J©
m positive parity rules out

S-wave molecules
D*(2007) Dy (2420) and

m Candidate for a tetraquark
D*(2007) Dy (2460) m Rescattering effect?

D K D;- K

The Z(4240) at LHCb 1‘3%( b° _m 1‘;-%:: D
A o D é\u D 4\;{

LHCb data can be fit including a second
state with J° =0~ and M = 4239 + 185, MeV [PLB748(2015)183]

But in this fit I'(Z(4430)) = 660 + 150 MeV but: wrong sense of phasemotion

Sebastian Neubert (Uni Heidelberg) Spectroscopy of Exotic Hadrons Confinement 2016 17 / 43 VRED



Charged exotic mesons

Charged exotics in B — K 7"y, (1P)?

Belle [PRD78(2008)072004] BaBar [PRD85(2012)052003]
40 Fwith Z(4051) and Z(4248) No exotics needed

35
| :

30
25
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10

events /20 MeV/c?
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WS o
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Charged exotic mesons

Charged exotics in B — K 7"y, (1P)?

Belle [PRD78(2008)072004] BaBar [PRD85(2012)052003]
40 Fwith Z(4051) and Z(4248) No exotics needed
35 l
S 30 l
o C
O 5F ‘ "
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2 45t S H . @ 200
g = gt th | S c
w 10 — L g
g + + )
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ok ; o el 0
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The Y(4260) as a source of exotic mesons at BESIII

MARK I, 1977
ete - y'

- Jyntn
Vs=3868 MeV

BESIII, 2013
ete~ - Y(4260)
- Jhy ntm-
Vs=4260 MeV
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Charged exotic mesons

Z statesine’e” — Y(4260) — Zx decays at BES Il

% 120
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Charged exotic mesons

Z statesine’e” — Y(4260) — Zx decays at BES Il

100 ;_ ZC(39_90) i:::w fit
g wp I S
8 F ideban
= B Are these one state?
S
z 40 .
I m Masses / widths match
M 20

m Right above DD" threshold

o e vy = Decay into D’D*” favoured
R — R=62+11%27
§ gg 3 Z.(3885) similar to X(3872)

0 *—

§ (758 - D"D m Kinematic cusp effect?
< 50F excluded due to signal in elastic
> 40F channel [PRD91(2015)051504]
+ 30F
S 20EF
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Charged exotic mesons

Z statesine’e” — Y(4260) — Zx decays at BES Il

—
&
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S
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5
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[53)

Are these one state?

m Masses / widths match

0 STy
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. o o L M ws
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Charged exotic mesons

There are neutral partners to the 2!
Z.(3900)° J/g°

L 0 4230 GeV, 10917 pb! 45

T
wwav.sos See talks in Sec. C.

* by " 3,99 M
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1.05 4.1 L 1E . 1. 25

(Gevic’)

.
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Resonances in J/y/¢

Resonances decaying to J/y ¢
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Resonances in J/y/¢
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Resonances in J/y/¢

Narrow resonances in J/i¢ (from B-decays)

LHCDb pross(2012)00m03]

[PRI102(2009)242002] £l %037/ 1 m Narrow structures in J/i¢
CDF b g 2 @ ] discovered by CDF in 2008
34 L h ﬂﬂm m Subsequent observations by
T | DO and CMS
2 —
L, 1 = BaBar, Belle and LHCb (0.37 b ")
g }H,L k ] no significant signal
11 12 13 14 1.‘52 %4_ in L gl J]"lml!ll_ " [PRL104(2010)112004][PRD91(2015)012003][PRD85(2012)091103]
AM (GeV/c?) oL
(PRDB9(1)(2014)012004] e 1312(37%) i) e Averages M [MeV] ' [MeV]
(FDPRIII0a®T +oma @] 5 ASASNASAGRRGsaPeanansssoaee: X (4140) 41434+19 157+6.3
3 DO _;TJ;IS:)) ;zm— CMS Iﬁ.‘?ﬁi‘gémsrg;gamd E X (4274) 4293 + 20 35+ 16
S —X(4330) P AR
2 r f + P . .
B WIS Jr 2 = No amplitude analysis so far
e e . = CDF/CMS X(4274) mass
(PLB734OWN2EY ™ measurements disagree at 3.160
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Resonances in J/y/¢

A J/y¢ resonance in yy fusion [PRL104(2010)112004]

m Belle searched for the X(4140) in
yy = J/yo

m No events were found close to
threshold

m Instead a peak with 3.2¢0
significance at

n m—4350 6759 £ 0.7MeV and

— 13T 14 MeV

Entries/25 MeV/c?

4.2 4.4 4.6 4.8 5
M(oJAy) (GeV/c?)

J7 T, (X) x BX = I/ ¢)[eV]
0" 6757 +1.1
ot 15708 £0.3
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Resonances in J/y/¢

[arXiv:1606.07895]

LHCb: B* — J/¢¢K+ amplitude analysis [arXiv:1606.07898]

Xip/ndof = 37.9/22 xip/ndof = 71.5/67

—a— data
++ —o— total fit
—_— bfckground
— 1 NR@K
—— K(l‘)
o K (1)
—=— K(2)+K'(2) 80|
—— K'(1)
— K@) 60|
40]

¢ K I

Candidates/(30 MeV)
Candidates/(10 MeV)
o
8

g 8 & 8

KO

g

== 1" X (4140)
ol == 1" X (4274)

e

= = o e
1600 1800 2000 2200 2400 4100 4200 4300 4400 4500 4600 4700

m 3fb™ yield 4289 + 151 -
BY - J/y¢K" candidates

m 7 K* resonances
+ non-resonant ¢ K amplitude

B 4 exotic resonances in J/{y ¢
m Fit quality on Dalitz-Plot: p,p = 17%

4300
m No J/y K resonances needed My,  [MeV]
¥ip/ndof = 21.1/23

[MeV]

I/ K
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Resonances in J/y/¢

Results for X(4140), X(4274), X(4500) & X(4700)

[arXiv:1606.07898][arXiv:1606.07895]

State M [MeV] I [MeV] signi  J7¢  J7C signi
X(4140) 4146.5 £ 45758 83 + 2177, 840 17T 5.70
X(4274) 42733 +8373%% 562+1097%4 600 177 580
X(4500) 4506 &= 11717 9242175 610 07T 400
X(4700) 4704 +1075; 120431732 560 077 450

m X(4140) & X(4274) confirmed but with larger width than previous analyses
m First evidence of two new states X(4500) and X(4700)

m Large contribution from K* resonances,
including first observation of K*(1680) — K" ¢

® non-resonant contribution in 07" amplitude.
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Candidates/(10 MeV)
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D.D.* cusp amplitudes
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Resonances in J/y/¢

[arXiv:1606.07895]

[arXiv:1606.07898]

m D."D,* cusp-amplitudes
included in fit

m X(4140) favours D.D.* cusp by
A(=2InL) = 3.0%

m X(4274) resonance
fav. over J© =0~ cusp

® Many cusps at higher masses,
needs future investigation

[PRD91(2015)034009]
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http://arxiv.org/abs/1606.07895

Resonances in J/y/¢
Status of J/y¢ resonances

State M [MeV] r'[Mev] M7PMev] 1M Mev Jre
X(4140)  41434+£19  155+6.3 4146.5+45 55 83 +2177, 1+
X(4274) 4293 + 20 35+16 4273.3+8.373%% 56.2 + 10. 9+11 S R
X(4350) 4350.6130 £0.7 13%5° +4 0t or2*
X (4500) 4506 + 11712 92 +£ 2173, ott
X(4700) 4704 + 10+14 120 &+ 31732 ott

m JPCc =171 assignment of X(4140) and X(4274) consistent with
non-observation in yy fusion

m Are X(4350) and X(4500) the same state? I

masses and widths don’t match well X(4140) at CMS
see L. Cristella,
m X(4140) consistent with D,D," cusp Sec. C, Thu. 17:40
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The Bz System
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A resonance in B’z at D@

Peaking structure found by Dy

3 pT > 10?eM

N events/ 8 MeV/c?

+

[PRL117(2016)022003]

Applying a cut AR = \/An2 +A¢* <03

D
——— Fitwith background shape fixed

N events / 8 MeV

esiduals (Data-Fit)

R
o h
&

Sebastian Neubert (Uni Heidelberg)

m 5582 + 100 B — J/y¢ candidates
m significance: 3.9¢ (incl. LEE)

simulation

Background model w/o cone cut
[} Background model with cone cut
Fits to background function

Spectroscopy of Exotic Hadrons

I 56 5.65 5.7 5.75 5.8 5.85‘;‘ I I5.9
m (B mt) [GeV/c?]
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Peaking

N events/ 8 MeV/c?

uals (Data-Fit)

m 5582 + 100 B — J/y¢ candidates

structure found by Df

120
: DORun I, 10.4 f6'

mo: pT > 10 ?GM

60

S N=106 —w s
TN ;e

‘g 4. \‘\|+”.I‘ * \“&‘I l

- Sl |+

55 555 56 565 57 575 58 585 59
m(Bert) [GeV/c?]

m significance: 3.9¢ (incl. LEE)

Sebastian Neubert (Uni Heidelberg)

Residuals (Data-Fit)

@ S a°

[PRL117(2016)022003]
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m (Bsm*) [GeV/c?]

m 5.10 significance after "cone”-cut
B (8.6+1.9=+1.4)% of B! from X(5568)
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A resonance in BSn* at D¢ [PRL117(2016)022003]

Peaking structure found by Dy . 5 5
Applyingacut AR =1/An"+ A¢” < 0.3
N§mo; PT > 10 ?GM N§ é . D::Aunll,w.uﬁ‘

Residuals (Data-Fit)

m( 8 585 59

awaiting publlcatlon T e

m 5582 + 100 BY — J/y¢ candidates m 5.10 significance after "cone”-cut
- S

o, 0
® significance: 3.9¢ (incl. LEE) W (8.6 +1.9+1.4)% of By from X(5568)
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A four-flavour Tetraquark?

m Valence quark content bsud

m How would such a state be generated/composed?

m Tetraquark @%

® B, BK molecule © @
® Blr cusp,

m Nearest 2-body threshold: B;7x @ 5555 MeV

m All models have troubles explaining the X(5568)
[CTP65(2016)593][PLB760(2016)627]

m Can it be confirmed by other experiments?
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Search for X(5568) at the LHC [arXiv:1608.00435]

LHCb: 50k B{ —J/y ¢ combined with o o _
70k B® —D. 7 candidates Limit on cross-section times branching

fraction ratio at 90(95)% C.L.

[ ceimed x(s568) stare E

[ combinatra
aoof foos

500~ 2 uid = pX —

900)
snof- LHCb pT(Bg) > 5GeV

o(pp — X + anything) x B(X — Bgﬂi)

o(pp — BY + anything)

Pull Candidates / (5 MeV)
g

| e — px P (pr > 10GeV) < 0.021(0.024)

Try oy #
5550 Sa00 85505700 57505800 5a50 590055000
m(B%x+) (MeV)

[l e e e

E LHCb p (B9 > 10 GeV
20 P [ combinatorit

Pull Candidates / (5 MeV)

3 e b sk a1 g
e e U P R o el

SEs0 a0 B0 5750™Sa0™ 5590050600
00
m(B2x:) (MeV)
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By

Search for X(5568) at the LHC [arXiv:1608.00435]

LHCb: 50k B? -J/y ¢ combined with o o _
70k B® —D. 7 candidates Limit on cross-section times branching

fraction ratio at 90(95)% C.L.

%\ ;}“Z -~ LHCb Pr(Bg) S 5GeV ] camea s s 0 4

| B o(pp — X + anything) x B(X — Blr*)
E o0p e : s pX = 0 -

5w : o(pp — Bg + anything)

= LHCb

2 e P (pr > 10 GeV) < 0.021(0.024)

550 5600 650 5700 5750 5800 5850 5900 5950 6000

m(B%x+) (MeV)

Eu-mwmé News from CMS at ICHEP

pMS < 0.039 @95%C.L.

F 0
s, LHOD P (B8) > 10 GeV

Pull Candidates / (5 MeV)

i - see L. Cristella, Sec. C, Thu. 17:40
[{ialees T iy ™

n Lt
‘vcuvx«n foasusl

SEs0 a0 B0 5750™Sa0™ 5590050600
00
m(B2x:) (MeV)
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B rn

X(5568) Experimental Status

m Seen by DO in pp — (BYn) + anything
= with B! - J/y¢ [PRL 117(2016)022003]

= with B! - D v (presented at ICHEP)
B =86+£1.9+14)%

= Not seen at the LHC pp — (BY7) + anything

® LHCb in B! - J/y/¢ and B! — Dyx arXiv:1608.00435
®m CMSinB! - J/yé (see L. Christella, Section C, Thu. 17:40)
B P <24% @95%C.L. (LHCb)

m A word from CDF?
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Exotic Baryon Resonances

Baryon Resonances with Hidden Charm

20
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6
mz, [GeV?]

M_
of
N
;]
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Exotic Baryon Resonances

Discovery of J/Jp baryon resonances at LHCb
Three analyses performed:

[PRL115(2015)072001]

S 2200F
%2000— :
[} Ab — J/L/]pK 31500— : @
® 26000 A, candidates Euof |,
m 6D amplitude analysis e

E moments analysis

[PRL117(2016)082002]

m Ay, - JYpr

® 1900 A, candidates
m 6D amplitude analysis

[PRL117(2016)082003]

Sebastian Neubert (Uni Heidelberg)

JJWK

—=— data
—e— total fit
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Exotic Baryon Resonances

Discovery of J/Jp baryon resonances at LHCb

Three analyses performed:

i} JYK
S 2200F —=— data
= 2000F : LHCb - an[swmuna
m Ay, — J/YypK Guot § @ =
m 26000 A, candidates &b o e
m 6D amplitude analysis 3 iz
[PRLI15(2015)072001] - e

E moments analysis

[PRL117(2016)082002]

m Ay, - JYpr

® 1900 A, candidates
m 6D amplitude analysis

[PRL117(2016)082003]
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Exotic Baryon Resonances

Amplitude Analysis of Ay —»J/p 1~

Challenges: —_———— IR ,
] ol @ LHCb ] 180 (a) LHCb
m Cabibbo suppr. E ] 160
B(Ay, — J/ypr) ~ 8% = %140;
B(Ay, — J/YpK) 2 = 120¢
[JHEP 07(2014)103] 3 £ 100F
) 3 gk
® Need to deal with s I:
n = > 60
N” resonances a0
m 6 N* states needed 20} -
R I E—
m Up to 14 used for m,, [GoV) 17 [GEV]

systematic studies

m Bonn-Gatchina model
for systematics
[EPJ A48(2012)15]

m Possibility in J/yx:
Z(4200)
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Amplitude Analysis of Ay —»J/p 1~
plot f|t results for m(pJT > 1 SGeV

o (b) LHCb | + '

30F
25F
20F
15F
10F

Challenges:

m Cabibbo suppr.
B(Ay, = J/ppr)
B(A, — J/ypK)
[IHEP 07(2014)103]

~ 8%

® Need to deal with
N* resonances

m 6 N states needed

m Up to 14 used for
systematic studies

E Bonn-Gatchina model
for systematics
[EPJ A48(2012)15]

m Possibility in J/y:
Z(4200)

Sebastian Neubert (Uni Heidelberg)

Exotic Baryon Resonances

4 LHCb
3 E
3o —N* + 2P, + Z
3 N*only 7

Yields/ (50 MeV)
n
o
T
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Amplitude Analysis of Ay —»J/p 1~

plot f|t results for m(p7) > 1 SGeV
Challenges: E

m Cabibbo suppr.
B(Ay, = J/ppr)
B(A, — J/ypK)
[IHEP 07(2014)103]

~ 8%

® Need to deal with
N* resonances

m 6 N states needed

m Up to 14 used for
systematic studies

E Bonn-Gatchina model
for systematics
[EPJ A48(2012)15]

m Possibility in J/y:
Z(4200)

Sebastian Neubert (Uni Heidelberg)

Exotic Baryon Resonances

4 LHCb
3 E
3o —N* + 2P, + Z
3 N*only 7

Yields/ (50 MeV)
n
o
T

4.5

mMyyp [GeV]

Yields/ (75 MeV)

40,(b) LHCb ' E
asE
3o

251

20F

151

10F

5F

O— 4 Ei

M yyn [GeV]

m Both types of exotics: significance 3.1¢
m Two P, have a significance of 3.3¢
Assuming Z(4200) negligible

m Exotic contributions needed,
can’t distinguish scenarios
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Exotic Baryon Resonances

Parameters from A, — J/ypK amplitude analysis

State Mass [MeV]  Width [MeV] fav.J"” Fit fraction  Signi.
P.(4380)"7  4380+84+29 205+ 18+86 3/2° (84+07+42)% 90
P.(4450)" 44498 +1.7+25 39+5+19  5/27 (41+£05+1.1)% 120

m Interference of two states of opposite
parity required by forward-backward
asymmetry in P_ helicity angle

ImA®

LHCb ¥

m Spin-parity assignment not conclusive: ' SR
Fit A(—=2InL) P, (Low) Mass P.(Low) T P, (High) Mass P. (High) T
3/27,5/27 0 4.3799+0.0064 0.205+0.011 4.4498 +0.0017  0.0387 + 0.0037
3/2%,5/2” 0.9°  4.3696+0.0063 0.211+0.012  4.4504 +0.0017  0.0492 + 0.0040
5/2%,3/2” 23> 4.3770+0.0098 0.239+£0.024  4.4486 +0.0018  0.0444 + 0.0053
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Exotic Baryon Resonances

Nature of P_(4380) and P_(4450)

m Valence quark content: uudcc
m What are the relevant degrees of freedom?
m Are there more of their kind?

Challenges to theory:
m Why two states with opposite parity?
® Small mass gap ~ 100 MeV
m Narrow width of P (4450)

Sebastian Neubert (Uni Heidelberg) Spectroscopy of Exotic Hadrons

|
See talks by
V. Magas
in Sec. C, Thu. afternoon
F. Guo
T. Burns
in Sec. C, Fri. afternoon
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Exotic Baryon Resonances

Meson-Baryon degrees of freedom following [ErP3 As120151,152]

m Proximity of 2-body thresholds

— need to be taken into account Closeby thresholds
[MeV] P.(4380)" P.(4450) "
Mass 4380 £ 8 +29 44498 +£1.7+2.5
BN 4382.3 +2.4
X1 (1P)p 4448.93 +0.07
At D0 4457.09 £ 0.35
£.D” 4459.9 £ 0.5
%.D%n° 4452.7 £ 0.5
K‘/, —’12:
A) P 2 A 2N )
S \J\/Ié“ TXat T ’ N
®m Guo et al [PRD92(2015)071502] X " ‘~ i
m can explain P.(4450) phase motion R
But P.(4380)? 1
m Rescattering would not explain a narrow enhancement
in x.1(1P)p < can be checked at LHCb e
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Exotic Baryon Resonances

:—»—; §:A/\< >V\<< ' :\\:3: i ¥(4260) ——<
. . . " B o e v c z pp incl. pp incl.
X(3872)
prt Y(4260) X(3872) | X(3872)
Y(4008)
- Y(4360)
y(28)n T n Y(4660)
AN, Y(4630)
gy X(3872)
X1 (1P)y X(3832)
X1 (IP)w Y(4220)
X(3872)
o Y(3940) X(3915)
X(&140)
X(4274)
I X(4500) X(4350)
X(4700)
Z(4430) Z(3900)
I Z(4200)
Z(4240)
U (2S) 7 Z(4430)
Z(%057)
Xe1 (1P)7 2(4248)
h (1) 7 Z(5020)
DD Z(3930)
DD X(3872) X(3940) Z(3885)
DD’ X(4160) Z(4025)
P_(4380)
EC | | | | | |
| Bi | | | | | | xcse8) | - |
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Exotic Baryon Resonances

Conclusion
|
More Section C talks:
A. Pilloni
A. Nefediev
m Patterns among the XYZ are getting clearer 3 L costella
m Unified description of phenomena lacking

m Case-to-case treatment of kinematic and coupled-channel effects

More data in the analysis pipelines
Exotics with hidden charm in the baryon sector!

m There is more! Sorry if | left out your favourite topic.

Very useful review article: arXiv:1601.02092
Many thanks to Soeren Lange for inspiration!
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Exotic Baryon Reso

Backup

Sebastian Neubert (Uni Heidelberg) Spectroscopy of Exotic Hadrons Confinement 2016 45 /43 '




Exotic Baryon Resonances

Model-independent analysis of A, — J/YpK

Legendre-moments of pK decay angle
From moments construct toy MC:

distribution
Reflections of pK-system into J/i p
I 1=1 1=2 1=3 S
Z 1000|—
. 2 A
N . v 5 800~ s § LHCb
.y 1=4 I=5 I=6 > ool ‘*N. bt
. C
= - * #
N A m‘\f‘“"’ 400~ h
Eo] . , E i
\ 200
! =7 =8 =9 F
\ c; ) g 76 3 3
TN o . yy,, [GeV]
N ¥ s
1=10 h{ 1=12] m Hypo "only A™" rejected with > 9¢
P - Q,A_,,, [ Confirms findings of amplitude
§ U ; ; T analysis

‘ mg, [G;:V] 7 \

assume: at low mass only low-spin A*
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Exotic Baryon Resonances

Model-independent analysis of A, — J/YpK

In bins of m(pK): decompose decay-angle

m Observation of the P_(4380) and distribution into Legendre-moments
P.(4450) used a model for the

decay matrix element | =1 =2 o3
m A" spectrum biggest uncertalnty T N |
— Y
E 2600 — — B } } f f+ }
T%mof-he yp_redlciaons— = - 1=4 I=5 I=6
£ E - _ = _ — :§ HA
200RwEll establis d_sta N — “‘-‘“‘*“V —
F=g0=" el : : :
or E[ - Y 1=7 =8 =9
1800 _ E[ H wf 1 1
1600]- - nly low-spin states s o H i posnne
Fll= = at low masses =« L : a : T ; ]
1400F H] o =10} 1=11 =12
Pl o33 s s e T oo 9
12200 2 2 2 2 2 2 2 2 2 2 2 r
i -I | | 1 | | a S i
) P B B B B I J 1 1
2%]-P - 3/2 or L. m ) my, [GeV]
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Exotic Baryon Resonances

Model-independent analysis of A, — J/YpK

Testing sensitivity on MC for various models:

Construct ¢, -filtered toy MC:

@
i - i = £ == 00f <
Reflections of P K system into J/lﬂ p COf S Foacamn) ) kS oo
£ 300 M so0k S y
P g F i A* — Bif. Gaussian fit
S ol
= 1000F & P H A%P,(4380) [=205 McV data
> 1000/~ M R
= [ i 5  H
S I $ a 200 i —®— A*P (4380) [=102 MeV 20°F
= L o~ B r H
= 800 4§ LHCb 2 E E y 100)
2 r g 2 F P(4450) [=39 MeV,
=t t ) < 150 . obbaannESSSH
600[- 4,’* ot g E |i +A*P (4380) [=205MeV "0 0 50 100 150
L - Z F E
- ¢ 100 |
400~ ’ E E =57 A%P (4380) [=25 MeV
r F
i of (4 LHCb
200 n E'il ’
[ FJd
L C -.H /
- ) ) ) ) ) ok N 1 ] I
obhe A " = - - =0
myyy, [GeV] A(-2InL)

m p K-reflections cannot explain o
the narrow structure in J/y p = Hypothesis "only A

m Confirms findings of amplitude analysis
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Exotic Baryon Resonances

Why a second state with opposing parity?

mi, < 1.55GeV 155 < my,, < 1.70GeV

IS
o
o

@ g }b')"*""'

Events/(20 MeV)

n

o

o
T

Events/(20 MeV)

X 5
My, [Gev] my,, [GeV]

1.70 < mg, < 2.00GeV 2.00GeV < my,,

u The peaking structure in my,, is
asymmetric as a function of my,, (or cos 6p_)

m This can be explained by interference of
two states with opposing parity

gs""; —— Combined P,
2 [ LHob  — P,(4450)

& 400l . P,(4380)

5 [

(0] L

‘g 300~

s

S

LA i iz
08 06 -04 -02 0 02 04 06 08 1
cos(epc)

-1
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