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3-BODY DYNAMICS AND QCD PUZZLES

® Roper-puzzle

- reversed mass pattern cf. constituent Quark Model
- large coupling to ritN channels
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® a1(1260) spin-exotics (GlueX, COMPASS, BESIII)
- indicator for the importance of gluonic dof
- cannot decay into it but only rtrtrr channel
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3-BODY DYNAMICS AND QCD PUZZLES
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® a1(1260) spin-exotics (GlueX, COMPASS, BESIII)
- indicator for the importance of gluonic dof GLU 2
- cannot decay into it but only rtrtrr channel x:”"’ nt

® X(3872)
- decays dominantly into DDt
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AB-INITIO APPROACH TO QCD: LATTICE QCD

- first Lattice results are available
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LQCD calculations are performed on
Euclidean Space-time and in finite volume:

— results are real and discrete!
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L QCD calculations are performed on LSZ formalism relates those to
Euclidean Space-time and in finite volume: S-matrix in infinite volume
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L QCD calculations are performed on LSZ formalism relates those to
Euclidean Space-time and in finite volume: S-matrix in infinite volume

— results are real and discrete! — complex and continuous
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STATE OF THE ART

@ 2-body case — Luscher’s method

- one-to-one mapping
- Various extensions: multi-channels, spin, ...

Gottlieb, Rummukainen, Feng, MeiB3ner, Li, Liu, Doring, Briceno, Rusetsky, Bernard...
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(" First data driven study of the finfte volume spectram
| (m+rr+) and () systems

compatr ison with Lattice QCD results MM, Doering (2018) — Phys.Rev.Lett. 122 (2019)-

2 WSS

— Maxim Mai (GWU) — 3 body quantization condition from unitarity — 17



UNITARY ISOBAR INFINITE VOLUME AMPLITUDE

MM, Hu, Doring, Pilloni, Szczepaniak Eur.Phys.J. A53 (2017)
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UNITARY ISOBAR INFINITE VOLUME AMPLITUDE

MM, Hu, Doring, Pilloni, Szczepaniak Eur.Phys.J. A53 (2017)

1) T is a sum of a connected and disconnected parts

~ L~ ~ T
A N 2
= connected +

/ \
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UNITARY ISOBAR INFINITE VOLUME AMPLITUDE

MM, Hu, Doring, Pilloni, Szczepaniak Eur.Phys.J. A53 (2017)

1) T is a sum of a connected and disconnected parts

~ > U Kl'\ [
@= d connected - +> ~ <

2) Disconnected part

- Spectator + tower of functions t(Minv) with correct right-hand-singularities
- coupling to asymptotic states: cut-free-function v(q,p)
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1) T is a sum of a connected and disconnected parts

@ = O T 0 + —0—=

2) Disconnected part

- Spectator + tower of functions t(Minv) with correct right-hand-singularities
- coupling to asymptotic states: cut-free-function v(q,p)

3) Connected part —
- general 4d BSE-like equation w.r.t kernel B T N ‘ "

4) 3-body unitarity v

( :> Mo
. B= v + C =
- constrains B,T I ;-4
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UNITARY ISOBAR INFINITE VOLUME AMPLITUDE

MM, Hu, Doring, Pilloni, Szczepaniak Eur.Phys.J. A53 (2017)

1) T is a sum of a connected and disconnected parts

@ e I mCa G

2) Disconnected part

- Spectator + tower of functions t(Minv) with correct right-hand-singularities
- coupling to asymptotic states: cut-free-function v(q,p)

3) Connected part

- general 4d BSE-like equation w.r.t kernel B T - ‘ ’
4) 3-body unitarity \
- constrains B,T

— v,CMoto be fixed from data

 useful for phenomenological applications

» relativistic 3d ihtgra/-eQUétin.

Sadasivan, MM, Doering... in progress p’

N S - = _

Jackura et al. [JPAC] Eur.Phys.J. C79 (2019)

~ -

. recént study Aof'analytic properties |
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3-BODY QUANTIZATION CONDITION

T e
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3-BODY QUANTIZATION CONDITION

® Replace integrals by sums

- Energy eigenvalues in a box: { E* [ T(E*) = oo } 1 >”=@=.=@=”< Se—D—=
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3-BODY QUANTIZATION CONDITION

® Replace integrals by sums

- Energy eigenvalues in a box: { E* [ T(E*) = oo } 1 >”=@=.=@=”< Se—D—=

@® B is NOT regular

=

- projection to irreps is required
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3-BODY QUANTIZATION CONDITION

® Replace integrals by sums

- Energy eigenvalues in a box: { E* [ T(E*) = oo } 1 >”=@=.=@=”< Se—D—=

@® B is NOT regular

- projection to irreps is required

- Similar to partial wave projection:introduce shells
Doring, Hammer, MM, PRD97(2018)
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3-BODY QUANTIZATION CONDITION

@ Final result on shells, projected to irreps

0 |

W - total energy s(’) - shell index u’) - basis index 8 — multiplicity

L - lattice volume Es — 1p. energy
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3-BODY QUANTIZATION CONDITION

@ Final result on shells, projected to irreps

0 |

W - total energy s(’) - shell index u’) - basis index 8 — multiplicity

L - lattice volume Es — 1p. energy
@® Possible work-flow:

Infinite volume Finite volume
3-body

(Infinite volume J t Finite volume l

2-body
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PHYSICAL APPLICATION

MM, Doring PRL 122 (2019)

@ Interesting system to study: rr+rr+mir+
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PHYSICAL APPLICATION

@ Interesting system to study: rr+rr+mir+

- Results availability
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@ Interesting system to study: rr+rr+mir+

- Results availability
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¥ Does the “isobar” picture hold?

4% Chiral extrapolation in 3body system?

38



PHYSICAL APPLICATION

MM, Doring PRL 122 (2019)

® 2-body sub-channel:

- One-channel problem — m+m+ system in S-wave >:f7.\
./
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PHYSICAL APPLICATION

® 2-body sub-channel:
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- One-channel problem — m+rt+ system in S-wave
- How to parametrize the scattering amplitude?
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PHYSICAL APPLICATION

® 2-body sub-channel:

- One-channel problem — m+mr+ system in S-wave >:6.>:<

- How to parametrize the scattering amplitude?
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® 2-body sub-channel:

PHYSICAL APPLICATION

- One-channel problem — m+rt+ system in S-wave
- How to parametrize the scattering amplitude?

MM, Doring PRL 122 (2019)
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® 2-body sub-channel:

-100F

- One-channel problem — m+rt+ system in S-wave
- How to parametrize the scattering amplitude?

PHYSICAL APPLICATION

MM, Doring PRL 122 (2019)
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® 2-body sub-channel:

-100F

PHYSICAL APPLICATION

- One-channel problem — m+rt+ system in S-wave
- How to parametrize the scattering amplitude?
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MM, Doring PRL 122 (2019)
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PHYSICAL APPLICATION

® 2-body sub-channel:

-100F

- One-channel problem — m+rt+ system in S-wave
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PHYSICAL APPLICATION

® 2-body sub-channel:

-100F

- One-channel problem — m+rt+ system in S-wave

- How to parametrize the scattering amplitude?
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PHYSICAL APPLICATION

MM, Doring PRL 122 (2019)

® 2-body sub-channel:

- One-channel problem — m+mt+ system in S-wave >:/7-\:.<
- IAM parametr/zed scatter/ng amplltude —/
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PHYSICAL APPLICATION

MM, Doring PRL 122 (2019)

® 2-body sub-channel:

-100+

- One-channel problem — m+rt+ system in S-wave
- IAM parametrized scattering amplitude
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PHYSICAL APPLICATION

MM, Doring PRL 122 (2019)

@ 3-body spectrum

- genuine 3-body force unknown
- momenta dependent function

— Maxim Mai (GWU) — 3 body quantization condition from unitarity — 49



PHYSICAL APPLICATION

MM, Doring PRL 122 (2019)

@ 3-body spectrum

- genuine 3-body force unknown
- momenta dependent function
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PHYSICAL APPLICATION

MM, Doring PRL 122 (2019)

@® 3-body spectrum — predictions — excited level spectrum

1. Novel pattern: 1-to-1 correspondence of interacting and non-interacting levels
2. Energy levels are shifted block-wise
3. Corresponding poles are simple

50F U
-
45! |:
NS
- 13.15 Q
£ 40 L
W 13.10 am
ol
' 13.05
350 Lo
20 25 3.0 35 40 -
_ LL
3'0_ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
1.5 2.0 25 3.0 3.5 4.0

My [MPYS]

51




SUMMARY

® Parametrization via 2-b. sub-channel amplitudes Discretization & Projection to irreps of On ®

® Relativistic integral equation EPJA53 (2017) leads to a relativistic 3body QC
EPJAS53 (2017) PRD97 (2018)

excited spectrum of mn* & mnm*n* @
ground level compared with NPLQCD results ®

predictions at physical pion mass®
PRL 122 (2019)
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IN PROGRESS

Extension to multi-channels — applications — a1(1260), N*(1440), ...
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SPARES

— Maxim Mai (GWU) — 3 body quantization condition from unitarity —
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E3 [mrr]

L-DEPENDENCE (M=291 MEV)
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— Maxim Mai (GWU) — 3 body quantization condition from unitarity —
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LHS of Eq. (1) [arbitrary units]

“SHELL-CUTOFF” DEPENDENCE
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— Maxim Mai (GWU) — 3 body quantization condition from unitarity —
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Matching in the unphysical region
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