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QCD spectroscopy

Amplitude analysis

GOAL:

QCD

Get insights to the governing patterns and rules of
QCD from emergent phenomena

Observables to test our understanding:
*‘Purely hadronic scattering,
‘Production and decay,

*‘Exotic states,

Possible outcomes:
*‘Source of masses,
‘Role of glue,
*|Structure of excited states,
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perhaps there is a hierarchy [.e.g. co>c1>cr>c3>c4]
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QCD spectroscopy

QCD

lattice QCD

Amplitude analysis
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2+ 71 minimum requirements

Two “musts” for few-body systems:
M Generalized eigenvalue problem (GEVP),
M large basis of ops,
Op,~qlyqnmr, KK,..., 3m,...
M diagonalization,
C2Ph(t,P) = (0|Oy(t, P)O} (0, P)[0) = Zan

A Finite-volume formalisms.

One powertul tool to make GEVP practical:

™ Distillation [Peardon, et al. (HadSpec, 2009)].

[ GEVP with large basic is necessary ]

but not sufficient to trust spectrum!
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Two-hadron systems

finite-volume infinite-volume bound state and
spectroscopy scattering amplitudes resonance poles



180

150 |

0 I I = - I I 1

400 500 900 1000 F, / MeV

0.22

020F \ =\

0.18
0.16}
0.14
0.12

0.10

0.08 |

0.22

020F \ 3-_»

0.18

0.16

0.14

0.12

0.10

0.08

mdl
[
[
[
[
[
[

-
[
[
[
[
[
[

o

0.22

020

0.18

0.16

0.14

0.12

0.10

0.08

0.22

0200

0.18

0.16

0.14

0.12

0.10

0.08

'l
1
1
'
'
'
'

-
'
'
'
'
'
'
Y

0.22

020F

0.18

0.16

0.14

0.12

0.10

0.08

022}

0.20

0.18

0.16

0.14

0.12

0.10

0.08

mdl
[
[
[
[
[
[

-
[
[
[
[
[
[

o

0.22

0.20

0.18

0.16

0.14

0.12

0.10

0.22

0.20

0.18

0.16

0.14

0.12

0.10

0.08

24 32

022F NN
0205\
0.18F N
oa6l TN
0.14| .

o1 \

0.10

008k...... ... ,.

0.22
020\ Yoo n
0.18
0.16}

0.14

0.12

0.10

0.08

—— KK
— T

atEcm

Jas

—KK
— T

atEcm

fas



rIrT scattering

(I=1 channel)
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riK scattering «

(I=1/2 channel)
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riK scattering

(I=1/2 channel)
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rirt-KK

(

=( channel)
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Three-hadron systems

finite-volume infinite-volume bound state and
spectroscopy scattering amplitudes resonance poles
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(I=3 channel, first three-body scattering amplitude)
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Transition amplitudes
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finite-volume infinite-volume bound state and
spectroscopy scattering amplitudes resonance poles
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Light mesons
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Light mesons
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Charmonium
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Bottomonium

m — my, a;m

MeV

1500 1

1000

5001

1.95

1.90

1.85

1.80

1.75

1.70

1.65

@QD
M) @DQ
N )

0-t1 -2t 2 "3 T4t 4

my = 391 MeV

)

= @

@@
)

QmB

My, + 2My

My, + My

dominant Z
() ~aq
() ~aag

O—I—-I— 1-|—— 1-|-—|— 2—|--|— 3+_ 3—|-—|- 4-|--|— 1—-|— O—I—— 2-|——




Bottomonium
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Pheno Tl

experimental situation

a recent JPAC analysis of COMPASS data on np—nn p, np—nn’p

Determination of the Pole Position of the Lightest Hybrid Meson Candidate

A. Rodas,l’* A. Pilloni,2’3’T M. Albaladejo,z’4 C. Feme’mdez—R::um’rez,5 A. Jacku1ra,6’7 V. Mathieu,2

(Joint Physics Analysis Center)

pole singularity of a s resonance
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a rather broad resonance

WILLIAM & MARY decays of an exotic 1y hybrid | 13 Apr 2021 | APS GHP 2021 .Jo%f.ge;ﬁesrs?nmaﬁ&g}?cmWFacimy
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Pheno Il

crude extrapolation to physical point 17

core assumption: couplings scale only with the relevant barrier factor k¢
use PDG masses & COMPASS/JPAC 1 mass

generates for a 1 at 1564 MeV: JPAC/COMPASS candidate:

o ~ 140-600 MeV ror ~ 492(115) MeV

r(rn) = 1 MeV

r(rtn’) = 20 MeV
r(np) s 12 MeV
I(tb1) ~ 140-530 MeV [(mny) / I'(mn) ~ 6.5(1)

Kopf et al analysis:

'ror ~ 388(10) MeV

if correct, suggests prior observations in mntn, nn’, np
are in heavily suppressed decay channels
b1 — MW — M

=

WILLIAM & MARY decays of an exotic my hybrid | 13 Apr 2021 | APS GHP 2021 J'%f’,nf.ge;ﬁgs?nr)aﬁ!;%lg;elemtorFacm_ty
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