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Goal of our work

Our aim is to

describe the three-flavor octet baryons

B

masses and interactions / decay widths.

NArss)

Ne) W

Determined by the strong interaction.

Three-Flavor Chiral Effective Model with Four Baryonic Multiplets within the Mirror Assignment Lisa Olbrich






Introduction The Model and Its Implications Fit and Results Conclusions and Outlook
000000800000 00000000 00000 [e]e]e]e}

Glass of wine




Introduction \ and lIts Implications

[e]e]e] le]elele)

Glass of wine

Can we enjoy the wine also here?
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Glass of wine

Will the wine be frozen?

Exact description using Classical Mechanics:
L(r(t), 72(t), - .., pa(t), pa(t), - . .)

Effective description using Thermodynamics:

(T,...)
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What have we learned?

Effective Models can simplify our everyday lives.
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Description of hadrons

Quantum Chromodynamics

Laco = 4(z) (1" D — m)a(z) — 5 Tr(GuG™)
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Description of hadrons

Quantum Chromodynamics

Lqacp = q(z) (iv" Dy — m)q(z) — % Tr(Guw G*)

e Only a few parameters,
e but not analytically solvable.

Coupling ‘constant’ of strong interaction gets arbitrary
large at low energies. l.e., at small energies, perturbative
expansion of interaction terms in powers of the coupling
constant not possible.
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Description of hadrons

Extended Linear Sigma Model (meson part)
Lomeson = Tr [(DWI))TDH@)] — m2Tr (cpT@) — M\ [Tr (@Té)] S T {(qﬂ@) 2]
- % Tr (Lyy LMY + Ry RMY) + Tr Km; + A) (L LM + RHR“)]
+Tr [H (0 +®1)] +ex (det @ — det <1>T)2
+ i%? [Tr (Lpw [L*, L¥]) + Tr (Rpw [R*, RV])]
+ % Tr (@Tcp) Tr (LuL* + RyRM) + hy Tr [(LMCD)T(L“CD) + (@R”)T@R“)]
+2hs Tr (chﬂchL#) + 93 [Tr (LuLyLPL"} + Tr {R, R, R*R")]

+ g4 [Tr (L L* L, L") + Tr (RyR* Ry, RY)] + g5 Tr (L L*) Tr (RyRY)
+ g6 [Tr (L L") Tr (Ly L”) + Tr (R R*) Tr (Ry RY)]

D. Parganlija, P. Kovacs, G. Wolf, F. Giacosa and D. H. Rischke, Phys. Rev. D 87 (2013) 014011
S. Janowski, F. Giacosa and D. H. Rischke, Phys. Rev. D 90 (2014) 11, 114005
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Description of hadrons

Extended Linear Sigma Model (meson part)
Lomeson = Tr [(D”@)TDHd))] — m2Tr (<I>T<I>> — M\ [Tr (qﬁ@)] S T {(@T(I)) 2]
- i Tr (Luw L + Ryuw R™) + Tr Km?% + A) (LuL" + RHR“)]

T [H (q> + @T)] ta (detq> — det <1>T)2
i [T (Lpw (¥, L)) + Tr (R [R*, R))]
+ % Tr (@Tcp) Tr (LuL* + RyRM) + hy Tr [(LMCD)T(L“CD) + (@R”)T(QR“)]
4 2hs Tr (an#qﬁL#) + 93 [Tr (LuLyLPL"} + Tr {R, R, R*R")]
+ g4 [Tr (L L* L, L") + Tr (RyR* Ry, RY)] + g5 Tr (L L*) Tr (RyRY)
+ 96 [Tr (L, L") Tr (L, LY) + Tr (R R*) Tr (R, RY))]
e A lot more parameters,
e but solvable using perturbation theory.

e Good results already at tree level.

D. Parganlija, P. Kovacs, G. Wolf, F. Giacosa and D. H. Rischke, Phys. Rev. D 87 (2013) 014011
S. Janowski, F. Giacosa and D. H. Rischke, Phys. Rev. D 90 (2014) 11, 114005
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Baryon Fields for Ny = 3

Baryonic fields as quark-diquark states
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Baryon Fields for Ny = 3

JP = %Jr baryon octet in the Ny = 3 case:

d, s] uds wuus wuud
—[u,s] | (u,d,s)=| dds wuds wudd
[u, d] v dss uss wuds

quark
diquark
A 4 X +
"t Y ) P
— A Y
~ by NG s N
= =0 _2A
= =) 76
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Baryon Fields for Ny = 3

Chiral Transformation — Mirror Assignment

e Two matrices Ny and Ns, which behave under chiral
transformations as

Nigp — UgNipUL | Ny, — UpN, UL,

N2R — URNQRU}; , NQL — ULNQLU_Z/ .
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Baryon Fields for Ny = 3

Chiral Transformation — Mirror Assignment

e Two matrices Ny and Ns, which behave under chiral
transformations as

Nig — UprNgU} | Ny, — UpN, UL,
N2R — URNZRU}; , NQL — ULNQLU_Z/ .

e And two matrices M; and M, whose chiral
transformation from the left is ‘mirror-like’:

Mr — ULMlRUJT{ ) M, — URMlLUJTg

Myp — UpMypUT | My, — UrMy UL .
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Baryon Fields for Ny = 3

) Nucleon
N(939)
N(1440)
N(1535)
N(1650)

UL IR A(1L16) S =(1338)
G e ) A(1600) ¢! =(1690)
a( A(1670) =(?7)

A(1800) =(7)

Experimentally known correspondence?!

pta Olemch
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Baryon Fields for Ny = 3

Baryon Fields for Ny = 3 - Parity Eigenstates

Baryonic fields with definite parity are given by

Nl—N2 N1+N2
By="—"" By, =—2"2
N \/5 N \/i
gy Mi—My o My,

V2 V2 o
where now By and Bj; have positive parity and By, and
By, have negative parity.
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Baryon Fields for Ny = 3

Assignment to physical particles/resonances

In the limit of zero mixing the fields can be assigned to
particles as follows

By to {N(939), A(1116), $(1193), (1338)},
By to {N(1440), A(1600), $(1660), =(1690)},
By to {N(1535), A(1670), £(1620),Z(?)}
Bar. to {N(1650), A(1800), £(1750),Z(?)}.

The detailed study of the mixing is performed for the
two-flavor case.
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The Lagrangian for Ny = 3

The Lagrangian (N = 3)

Lny=3=Tr {N1riv.D5; N1 4+ Nirivu DY Nir + Napiv, DY Nap + Nagiv, DYr Nag }
+ Tr {M; iy, D M1 + Migiv, Dy, Mig + Mapiv, Dy Mar + Magiy, DY, Mar}
—gnTr {NlL@NlR + N1r®'Nip + Nap ®Nog + N2R¢TN2L}
—gmTr {MILCI)TMIR + Myp®Mip + Mar ® Mg + MZRCI’MZL}
—mo1 Tr{N1L M1r + MirN1L + NarMay, + M2, Nag}
—mo,2 Tr{N1rM1L + M1 N1g + Nap Mag + M2rNap }
— k1 Tr {N1R<1>*N2Lq> + N2L<1>N1R<I>T} — K, Tr {N1L<I>N2Rq> + N2R<1>TN1L<1>T}
— k2 Tr {M1R<I>M2Lq> + M2L<1>TM1R<I>T} — kL Tr {MquﬂMZch + 1\712R<1>M1Lq>*}
— e (T {ML @} Tr (Nar®) + Tr {Noro! } e { V1,01 })
& (Tr {¥12®} Tr (Mo, @} + Tr { W2 @' } T { D150 })
— €3 TT{"I"]L‘I)} Tr{N1pMir + MigN1L + NapMar + Mo, Nag }

— € ’I‘r{qﬁcp} Tr{N1gMiL + M1LN1r + Nop Mag + MapNar }

L. Olbrich, M. Zétényi, F. Giacosa, and D. H. Rischke Phys. Rev. D 93, 034021 (2016)
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L. Olbrich, M. Zétényi, F. Giacosa, and D. H. Rischke Phys. Rev. D 93, 034021 (2016)
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The Lagrangian for IV 2 - Simplifying the Problem

The Lagrangian (/N = 2)

L= VYUNRiVuDNRYNR +YNLIVuDRN L YNL + YN«RIVUDN gYN«R + Y N«Livu DN Y N«L

+¥ M RIVu DY LY MR + Y MLtV Dy YL + Y MmaRiVu DY LY s + VMLV D p Y MwL
+ean (PNRVURYUNuR + I N« RIVURYUNR — UNLV L* Y Nup — UNwLivu L¥ N L)
+ean (UMmrIVu LY Ynrur + U na RV LY YR = YLty R* Uasur, — U nrar v R Y1)

— N (INLPUNR + INRE U N, + TN BT ng + TN @ U nR)

—9mMm (‘i’MLCI)f‘I’MR + U0 r®Varr + Uarar® Wasp + UrrsrL @Y ar«R)

mo,1 +mo,2 - . _ N
5 (UNLYMR+INRYML + YN« Y MR + YN«RY ML
+ ‘T’ML:I’NR + ‘i’MR‘IiNL + \T’M*L‘IiN*R + ¥« RYNL)

mo,1 —mo,2 -
—————= (YNLYM«R — YNRYM+L — VML YN«R + PRI N=L

2 - _ _ _
—UN«LVYMR+YN«rRYML + VML YNR — YM«RYNL)
’

K] + K1 @5 - - - -
T (-UNLPYNR — IR N + IN L ®TNar + TN r® TNar)
W= s
2 V2

s
V2

- (INL®¥N.r — INR® UN.L — UN. PUnR + TN r®TTNL)
’
Koy + K2 ¢ = = = =
A (=T R — U r®Uarr + Uarn® Warr + Tar R ®Yasar)
K2 — K2 ¥s

2 V2

(‘T’ML‘PT\I’M*R — UM R®Uprar — Uarr® Uarp + Urrer®Yasr)
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The Lagrangian for IV 2 - Simplifying the Problem

The Lagrangian (/N = 2)

L= UNRiVuDYRYNR +YNLiVuDR L YNL + YN«RIVUDR g Y N«R + Y N«Livu DN N«

+Y 0 RiVE DY LY MR + YLy DY p Y s + YRV DY L Y R + Y araLivu DY g Y MwL
+ean (PNRVURYUNYR + INw RV RYUNR — UNLiV LH* Y Nup — UNweLivu L¥ N L)
+ean, (UMmrVe LY Unrar + U nariVu LY YR = MLty R* Uasur, — U npar v R Y1)
—gn (INLPUNR + OINRE UNL + TN BT Ng + TN @ U nR)

—9m (‘i’MLCI)f‘I’MR + U0 r®Varr + Uarar® Wasp + UrrsrL @Y ar«R)
mo,1 +mo,2 - . . N
5 (UNLYMR+INRYML + YN« Y MR + YN«RY ML
Mo —mo s - T IMLYNR+YMRYNL + UM YNR + P MR NAL)
—# (UNLYM«R — YNRY ML — YMLYN+«R + YMRYNAL
— YN LYMR + IN«RYML + YL YNR — YMrYNL)
K1+ r1pg = - _ _
-4 SV (-¥NL®UNR — INR®TUNL + INu BN R + INar® TN, L)
F1 = es
2 V2
s
V2

(INL®¥N.r — INR® UN.L — UN. PUnR + TN r®TTNL)

!
Ko + K2 @ - _ — -
*ZT* (=T R — U r®Uarr + Uarn® Warr + Tar R ®Yasar)
Fa K2 $s

2 V2

(‘T’ML‘PT\I’M*R — UM R®Uprar — Uarr® Uarp + Urrer®Yasr)
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Fit and Results
[ ]

Parameters

Fit Result of the Free Parameters

Using a standard x? procedure we find that three acceptable and almost equally deep
minima exist.

minimum 1 minimum 2 minimum 3
mo,1 [GeV] 0.1393 + 0.0026 0.14 4+ 0.11 | —1.078 + 0.017
mo,2 [GeV] —0.2069 4+ 0.0027 | —0.18 +£ 0.12 0.894 + 0.019
CN —2.071 +£0.023 —2.83 +0.39 —33.6 +22
CM 124 +13 11.7 +1.8 —-19.1 +£3.1
CAn —1.00 +0.23 0.03 4+ 0.40 —2.68 4+ 0.80
CA —51.0 +2.8 80 441 —71.7 +£6.5
gN 15.485 £ 0.012 15.24 4+ 0.36 10.58 +0.24
am 17.96 + 0.17 18.26 + 0.52 13.07 =+ 0.33
K1 [GeVil} 37.80 +0.26 599 +8.5 324 +£42
K} [GeV~1] 57.12 £+ 0.29 298 £ 6.6 55.2 £ 4.0
K2 [GeVil} —20.7 +25 32 +13 —-20 +13
n’2 [GeV_l} 415 £+ 3.2 -8 +13 489 +45
x2 10.3 10.7 10.3

L. Olbrich, M. Zétényi, F. Giacosa, and D. H. Rischke Phys. Rev. D 93, 034021 (2016)
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Fit and Results
L ]

Masses

Comparison of predictions of the model to

experimental and lattice results — masses

minimum 1 minimum 2 ‘ minimum 3
mpy [GeV] 0.9389 4+ 0.0010 | 0.9389 £ 0.0010 | 0.9389 + 0.0010
N (1440) [GeV] 1.430 + 0.071 1.432 4+ 0.073 1.429 4+ 0.074
MN(1535) [GeV] 1.561 + 0.065 1.585 4 0.069 1.559 4 0.069

MmN (1650) [GeV] 1658 +£0.076 | 1.619 =+ 0.071 1.663 -+ 0.081

experiment [PDG]

my [GeV] 0.9389 =+ 0.001
M (1440) [GeV] 143 +0.07
My (1535) [GeV] 1.53 =+ 0.08
mN(1650) [GeV] 1.65 + 0.08

L. Olbrich, M. Zétényi, F. Giacosa, and D. H. Rischke Phys. Rev. D 93, 034021 (2016)
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Decay Widths

Comparison of predictions of the model to

experimental and lattice results — decay widths

minimum 1 \ minimum 2 \ minimum 3
' n(1440)> N7 [GeV] 0.195 4+ 0.087 0.195 + 0.088 0.196 + 0.087
T'n(1535)> N [GeV] 0.072 4+ 0.019 0.073 + 0.019 0.072 + 0.019
I'n(1535)— N7 [GeV] 0.0055 £ 0.0025 | 0.0062 + 0.0024 | 0.0055 + 0.0027
I'n(1650)=N= [GeV] 0.112 +0.033 0.114 +0.033 0.112 +0.033

Tn(1650)> Ny [GEV] 00117 =+ 0.0038 | 0.0109 =+ 0.0038 | 0.0119 = 0.0038

| experiment [PDG]

FN(1440)—>N7r [GeV] 0.195 + 0.087
I'n(1535) N7 [GeV] 0.068 =+ 0.019
I'n(1535)— Ny [GeV] 0.063 + 0.018
I'n(1650)— N [GeV] 0.105 =+ 0.037
I'n(1650)— Ny [GeV] 0.015 = 0.008

L. Olbrich, M. Zétényi, F. Giacosa, and D. H. Rischke Phys. Rev. D 93, 034021 (2016)
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Decay Widths

Comparison of predictions of the model to

experimental and lattice results — decay widths

minimum 1 \ minimum 2 \ minimum 3
' n(1440)> N7 [GeV] 0.195 4+ 0.087 0.195 + 0.088 0.196 + 0.087
T'n(1535)— N7 [GeV] 0.072 4+ 0.019 0.073 + 0.019 0.072 + 0.019
T'n(1535)— Ny [GeV] 0.0055 £ 0.0025 | 0.0062 + 0.0024 | 0.0055 + 0.0027
I'n(1650)=N= [GeV] 0.112 +0.033 0.114 +0.033 0.112 +0.033

Tn(1650)> Ny [GEV] 00117 =+ 0.0038 | 0.0109 =+ 0.0038 | 0.0119 = 0.0038

| experiment [PDG]

FN(1440)—>N7r [GeV] 0.195 + 0.087
I'n(1535) N7 [GeV] 0.068 =+ 0.019
I'n(1535)— Ny [GeV] 0.063 + 0.018
I'n(1650)— N [GeV] 0.105 =+ 0.037
I'n(1650)— Ny [GeV] 0.015 = 0.008

compare S. Gallas, F. Giacosa and D. H. Rischke, Phys. Rev. D 82 (2010) 014004 [arXiv:0907.5084 [hep-ph]].
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Axial coupling constants

Comparison of predictions of the model to

experimental and lattice results — axial coupling

constants
minimum 1 | minimum 2 | minimum 3
g 1.2670 £+ 0.0025 | 1.2670 =+ 0.0025 | 1.2670 = 0.0025
§(1440) 120 4+0.20 119 +0.20 121 4021
N(1535) 0.20 =+ 0.30 0.21 +0.30 020 +031
gl (1650 055 4020 055 4 0.20 055 4 0.20

| experiment/lattice

gy 1.267 =+ 0.003
N (1440)
4 12 +0.2
gl (195%) 02 403
gy (1650 055 +0.2

L. Olbrich, M. Zétényi, F. Giacosa, and D. H. Rischke Phys. Rev. D 93, 034021 (2016)
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Chiral partner

Chiral Partner of the Nucleon
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Chiral partner

Chiral Partner of the Nucleon

Chiral partners are (for all three minima)

N(939) and N(1535),

and

N (1440) and N(1650).

L. Olbrich, M. Zétényi, F. Giacosa, and D. H. Rischke Phys. Rev. D 93, 034021 (2016)
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Conclusions

e Generalization of eLSM to the three-flavor case, thus
including baryons with strangeness.
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e Using a quark-diquark model and requiring chirally
invariant mass terms naturally leads to the consideration
of four baryonic multiplets.

e Reduction to Ny = 2 and fit.

e Three existing minima yield good results except for the
N(1535) — N7 decay width.
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Conclusions

Conclusions

e Generalization of eLSM to the three-flavor case, thus
including baryons with strangeness.

e Using a quark-diquark model and requiring chirally
invariant mass terms naturally leads to the consideration
of four baryonic multiplets.

e Reduction to Ny = 2 and fit.

e Three existing minima yield good results except for the
N(1535) — N7 decay width.

e The pairs N(939), N(1535) and N(1440), N(1650) form
chiral partners.
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The decay width of N(1535) — Nn

e Our theoretical values are too small compared to the
experimental value.
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The issue with the N(1535) — N7 decay width

The decay width of N(1535) — Nn

e Our theoretical values are too small compared to the
experimental value.

e This result is stable under parameter variations.

e Further studies are needed to understand the resonance
N(1535).

e Some authors say that N(1535) may contain a sizable

amount of ss.

C.S. Anand B. S. Zou, Sci. Sin. G 52 (2009) 1452 [arXiv:0910.4452 [nucl-th]].

B. C. Liu and B. S. Zou, Phys. Rev. Lett. 96, 042002 (2006) [nucl-th/0503069].

X. Cao, J. J. Xie, B. S. Zou and H. S. Xu, Phys. Rev. C 80 (2009) 025203 [arXiv:0905.0260 [nucl-th]].
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The issue with the N(1535) — N7 decay width

The decay width of N(1535) — Nn

e Our theoretical values are too small compared to the
experimental value.

e This result is stable under parameter variations.

e Further studies are needed to understand the resonance
N(1535).

e Some authors say that N(1535) may contain a sizable

amount of ss.

C.S. Anand B. S. Zou, Sci. Sin. G 52 (2009) 1452 [arXiv:0910.4452 [nucl-th]].

B. C. Liu and B. S. Zou, Phys. Rev. Lett. 96, 042002 (2006) [nucl-th/0503069].

X. Cao, J. J. Xie, B. S. Zou and H. S. Xu, Phys. Rev. C 80 (2009) 025203 [arXiv:0905.0260 [nucl-th]].

e Another possibility is the investigation of the role of chiral

anomaly in the baryonic sector.

W. I. Eshraim, S. Janowski, A. Peters, K. Neuschwander and F. Giacosa, Acta Phys. Polon. Supp. 5
(2012) 1101 [arXiv:1209.3976 [hep-ph]];

W. I. Eshraim, S. Janowski, F. Giacosa and D. H. Rischke, Phys. Rev. D 87 (2013) 5, 054036
[arXiv:1208.6474 [hep-ph]].
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e Decide which minimum is preferable.
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Conclusions and Outlook
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Outlook

Outlook

e Decide which minimum is preferable.

e Investigate the complete three-flavor case.
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