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Tr-scattering
- Importance of study
¢ In nature, p decays through the P-wave resonance with

Iysrtr—/T g ~ 1 = lots of experimental data!
[STAR collab.(2017)]
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T-scattering

- Importance of study

® |n nature, p decays through the P-wave resonance with
Lyrir— /T g ~ 1 = lots of experimental data!
[STAR collab.(2017)]

¢ Required to study mm — 7y, wait till Friday at 18:30 by Dr.
Luka Leskovec

The two most important parameters of p resonance are m, and
9p—nn-(BENCHMARK)

We use the Liischer formalism for scattering of two particles with
equal masses.
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Calculation Setup

Gauge Ensemble

e Ny =241 Clover fermions. e m, L = 5.865(32)

e isotropic lattice.(323 x 96) ® m, is low enough: p is
unstable.
a(fm) L(fm) m-(MeV) mg(MeV) Neontig
0.11403(77) 3.649(25) 317 530 1041
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Lattice setup for scattering

P[%7] Litdle Group lrrep A J

0,0,0) On T, 1.3, .
(0,0,1) Day (Dics) Ay (A) 17,37,...
(0,0,1) Du (Dics) E-(E) 17,37,...
(0,1,1) Dy (Dic) By (A1) 17,37,...
(0,1,1) Da, (Dics) By (B1) 17.37,...
(0, 1, 1) Dy, (DICQ) Bg_ (BQ) 1-,37,...
(1,1,1)  Dsg (Dics) Ay (A) 17,37,...
(1,1,1) Dsy (Dics) E-(E) 17,3,...

4 /
17
Srijit Paul  s.paul@hpc-leap.eu 4



Lattice setup for scattering

sl
e
3

Little Group  Irrep A J

On T 17,37, ...
Dy, (D1C4) A; (Al) 1-,37,...
Dy, (Dicy) E-(E) 17,37,...
Dgh (DICQ) Bl_ (Al) 1_, 3_, ce
Dy, (Dicy) By (By)) 17,37,...
Dy, (Dicy)  Bi (Bz) 17,37,...
D34 (Dics) Ay (A) 17,37,...
D3y (Dics) E-(E) 17,37,...
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Interpolating operators for scattering

Projection method

e Single hadron operators
[Feng, Jansen, Renner(2011)]
5 dim(A A -,
oy Py = A s (Rt B,
LG(P) ReLG(P)
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Interpolating operators for scattering

Projection method

e Single hadron operators
[Feng, Jansen, Renner(2011)]
5 dim(A A -,
oy Py = A s (Rt B,
LG(P) ReLG(P)

e Meson-Meson operators

o7 = Il 5

LG(P) ReLa(P)

w(R) (ﬂ(t, Bj2+ R)x'(t, B2~ )

— 7, P/2 + Rp) 7t (t, P/2 — Rﬁ)), (1)
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Construction of Correlation functions

Source smearing method

e enhance the overlap of pion W{UAPE} D7t VV[UAPE}T
half-width full-maximum of the overlap profile 0.34 fm.

o (N, aupr) = (25,2.5)
(N, OéWUp) = (20, 30)
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Construction of Correlation functions

Source smearing method

e enhance the overlap of pion W{UAPE} D! W[UAPEP
half-width full-maximum of the overlap profile 0.34 fm.

o (N, aupr) = (25,2.5)
(N, OéWUp) = (20, 30)

e 8 measurements per config.
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Construction of Correlation functions

Source smearing method

enhance the overlap of pion W{UAPE} D! W[UAPEP
half-width full-maximum of the overlap profile 0.34 fm.
(N, aape) = (25,2.5)

(N, OéWUp) = (20, 30)

8 measurements per config.

Combination of forward, sequential and stochastic
propagators.
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Construction of Correlation functions

Source smearing method

e enhance the overlap of pion W{UAPE} D! W[UAPEP
half-width full-maximum of the overlap profile 0.34 fm.

* (N,aspr) = (25,2.5)
(N, awyp) = (20,3.0)

e 8 measurements per config.

e Combination of forward, sequential and stochastic
propagators.

e Multigrid inverter for CPUs in QLUA(QOPQDP) has been
used.

[USQCD software Qlua package]
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Wick contractions

qq s

qq
v
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Wick contractions

qq
qq
CZ’Y{,U\
Tryg,u./‘/
T
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Wick contractions

aq s
tdysu;
WD @
- UY5U
qq
< N
Q) dysu—=<=dysu

) JFiu

T
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GEVP Analysis
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GEVP Analysis

|d] = /2, A = B2, basis: 1234
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GEVP Analysis

|d] = 22/2, A = B2, basis: 1234
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Lischer Analysis

Quantization condition

det(]l +i{8) + i)) =0,
1

where t(s) = ——mme—
O

[Lischer(1991)]
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Lischer Analysis

Quantization condition

det(]l +i{8) + i)) =0,

where t,(s) = ——2 .
O

[Lischer(1991)]
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Phase Shift Parametrization

e BWI:

2 3
Gprr G
Lrle) = T6n s
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Phase Shift Parametrization

e BWI:

2 ]13
Ti(s) = gf’ﬂ!

6m s

)

Unphysical at higher energies.
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Phase Shift Parametrization

e BWI:

2 ]13
Ti(s) = gf’ﬂ!

6m s

)

Unphysical at higher energies.(s T = & T,
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Phase Shift Parametrization

e BWI:

2 ]13
Ti(s) = gﬂﬂ!

or s

)

Unphysical at higher energies.(s T = k 1,but k% grows faster)
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Phase Shift Parametrization

e BWI:

2 ]\3
Ti(s) = gﬂﬂ!

6m s’
Unphysical at higher energies.(s T = k 1,but k% grows faster)
e BW lI: Damping factor introduced.(Blatt-Weisskopf)
[Hippel, Quigg(1972)]
G K2 1+ (kgro)?

67T S 1+(k‘7"0)2

F[[(S)
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Phase shift results

BW II

180

135 4
90+
S}

45 1
0 —T T T T - T T T T
0.42 0.48 0.54 0.60 0.42 0.48 0.54 0.60
BW ¢-matrix fit a\/g

av/s BW fit to §
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Results

Fit type X am, Yo (aro)?

BWI Fittod; 0571 0.4599(19)(13) 5.76(16)(12)

BW | t-matrix fit 0.374 0.4609(16)(14) 5.69(13)(16)

BWII Fittod, 0457 0.4600(18)(13) 5.79(16)(12) 8.6(8.0)(1.2)
BW Il t-matrix fit 0.318 0.4603(16)(14) 5.77(13)(13) 9.6(5.9)(3.7)
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Our results in modern context

L meson mass comparison

§ Bl N=2
B N=2+1

% ¢ 9 Guo_et al
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14 /
17
Srijit Paul  s.paul@hpc-leap.eu 4

1100 A

my(MeV)




Our results in modern context

L meson mass comparison
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Our results in modern context

Jp—nrn coupling comparison
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Our results in modern context

Jp—nrn coupling comparison
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Conclusion

* We have achieved high statistical precision (0.35% for am, and

2.3% for g,_~) by using source smearing method in the p
resonance calculation.

e GEVP and MFA results are consistent.

e BW fit models with and without barriers, gave similar results,
rendering BW;; redundant.

¢ Explicit phase shift calculation is equivalent to direct t—matrix
fits.
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Future work

e Higher volume(L T = p']) in the elastic region of 77
scattering, gives higher density of scattering states, implying
more points for the phase shift plot.

® To do a similar calculation at a ’close-to” physical mass
ensemble.[Dé6 and D7 ensemble, ongoing]

e To investigate the chiral extrapolation limit.

® To do a continuum limit extrapolation of our results, for
comparison with nature.
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