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Conformal symumetry: Template for QCD

* Take conformal symmetry as initial approximation;

then correct for non-zero beta function and quark
masses Frishman, Lepage, Mackenzie, Sachrajda, sjb, Gardi, Braun

* Eigensolutions of ERBL evolution equation for
distribution amplitudes

e Commensurate scale relations: relate observables at

corresponding scales: Generalized Crewther Relation
Gardi, Grunberg, Rathsman,Gabadadze, Kataev, Lepage, Lu, Mackenzie, sjb

* Fix Renormalization Scale (BLM, Effective Charges)
* IR Fixed Point -- A Conformal Domain

e Use AdS/CFT
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IR Fixed Point for QCD?

o Effective Gluon Mass Covrwall

¢ Dyson-Schwinger Analysis: QCD coupling (mow scheme)
has IR Fixed point!  Alkofer, Fischer, vonw Smekal et al.

o Lattice Gauge Theory

* Define coupling from observable, indications of IR fixed point

for QCD eftective charges

* Confined gluons and quarks: Decoupling of QCD vacuum
polarization at small Q2

* Justifies application of AdS/CFT in strong-coupling conformal
window
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PHYSICAL REVIEW D VOLUME 26, NUMBER 6 15 SEPTEMBER 1982

Dynamical mass generation in continuum quantum chromodynamics

John M. Cornwall
Department of Physics, University of California, Los Angeles, California 90024
(Received 30 April 1982)

We study the formation of a mass gap, or effective gluon mass (and consequent dimen-
sionful parameters such as the string tension, glueball mass, (TrG,,*), correlation
lengths) in continuum QCD, using a special set of Schwinger-Dyson equations. These
equations are derived from a resummation of the Feynman graphs which represent cer-
tain gauge-invariant color-singlet Green’s functions, and are themselves essentially gauge
invariant. This resummation is essential to the multiplicative renormalizability of QCD
in the light-cone gauge, which we adopt for technical reasons. We close the dynamical
equations by “‘solving” a Ward identity, a procedure which, while exact in the infrared re-
gime, is subject to ambiguities and corrections in the ultraviolet regime which are beyond
the scope of the present work. (These ambiguities are less prominent for QCD in three
dimensions, which we discuss also.) As discussed in an earlier work, quark confinement
arises from a vortex condensate supported by the mass gap. Numerical calculations of
the mass gap are presented, suggesting an effective gluon mass of 500+200 MeV and a
0* glueball mass of about twice this value.
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e IR Fixed Point

e Does s develop an IR fixed point? Dyson—Schwinger Equation Alkofer, Fischer, LLanes-Estrada,

Deur ...

e Recent lattice simulations: evidence that g becomes constant and is not small in the infrared
Furui and Nakajima, hep-lat/0612009 (Green dashed curve: DSE).
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Deur, Korsch, et al: Effective Charge from Bjorken Sum Rule
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Maximal Wawvelengtiv of Confined Fields

Colored fields confined to finite domain

All perturbative calculations regulated in IR (x - y) "< AC_? 2C'D
High momentum calculations unaffected

Bound-state Dyson-Schwinger Equation

Analogous to Bethe’s Lamb Shift Calculation

Similar in spirit to Cornwall’s Effective Gluon mass

Quark and Glwonw vacuwm polarigationw insertions decouple: IR

fixed Point Shrock, sjb

A strictly-perturbative space-time region can be defined as one which
has the property that any straight-line segment lying entirely within the region has an
invariant length small compared to the confinement scale

J. D. Bjorken, (whether or not the segment is spacelike or timelike).
SLAC-PUB 1053
Cargese Lectures 1989
Conformal Template Stan Brodsky
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IR Conformal Window for QCD

* Dyson-Schwinger Analysis: QCD gluon coupling has IR Fixed
Point

* Evidence from Lattice Gauge Theory
o Stability of T — gqqg Shrock, sjb

* Define coupling from observable: indications of IR fixed
point for QCD effective charges Deur, Chen, Burkert, Korsch,

* Confined gluons and quarks have maximum wavelength:

Decoupling of QCD vacuum polarization at small Q>
Serber-Uehling

N(Q?) — 1%‘7TSL Q2 << 4m2 ceereeerne. O .............

* Justifies application of AdS/CFT in strong-coupfi_ng
conformal window
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Conformal Theories are irnwawriant under the
Poincowe and conformal tronusformations withv

M~ PE D, KH,
the generators of SO (4,2)

S$O(4,2) has a mathematical representation on AdS;

Conformal Template Stan Brodsky
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Applications of AdS/CFT to-QCD

5-Dimensional Confinement
Anti-de Sitter Radius
Spacetime

AdS
Boundary
Changes in
physical
length scale
mapped to

evolution in the
5th dimension z
4-Dimensional

Flat Spacetime
(hologram)

in collaboration with Guy de Teramond

Conformal Template Stan Brodsky
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AdS/CFT: Anti-de Sitter Space / Conformal Field Theory

Maldacena:
Map AdSs X Ss to-conformal N=4 SUSY

* QCD is not conformal; however, it has
manifestations of a scale-invariant theory: Bjorken
scaling, dimensional counting for hard exclusive
processes

e Conformal window: aS(QQ) ~ const at small Q2

¢ Use mathematical mapping of the conformal group
S$O(4,2) to AdS; space

Conformal Template Stan Brodsky
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Scale Transformations

e Isomorphism of SO(4,2) of conformal QCD with the group of isometries of AdS space

R2 wwaw o measire
ds* = — (Mudz"dx” — dz?), —--——
2

xt — Axt, z — Az, maps scale transformations into the holographic coordinate z.

e AdS mode in z is the extension of the hadron wf into the fifth dimension.
e Different values of z correspond to different scales at which the hadron is examined.
2 — N2 2 — Az
2

xr° = a;'M:C“: invariant separation between quarks

e The AdS boundary at z — 0 correspond to the () — 00, UV zero separation limit.

Conformal Template Stan Brodsky
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Applications of AdS/CFT to-QCD

5-Dimensional Confinement
Anti-de Sitter Radius
Spacetime
- —— s Changgs in
W (x, 2) L Boundary phySIcal
| length scale
mapped to

evolution in the
5th dimension z

\\\wnewa™
\ .

\\\
NNLTT

4-Dimensional
Flat Spacetime
(hologram)

String Theory

Bottom-Up Top-Down
14



5-Dimensional Confinement
Anti-de Sitter
Spacetime

AdS
Boundary

4-Dimensional
Flat Spacetime
(hologram)

e Truncated AdS/CFT (Hard-Wall) model: cut-off at zg = 1/AQCD breaks conformal invariance and
allows the introduction of the QCD scale (Hard-Wall Model) Polchinski and Strassler (2001).

e Smooth cutoff: introduction of a background dilaton field gp(z) — usual linear Regge dependence can
be obtained (Soft-Wall Model) Karch, Katz, Son and Stephanov (2006).

Conformal Template Stan Brodsky
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Gool;

* Use AdS/CFT to provide an approximate, covariant,
and analytic model of hadron structure with
confinement at large distances, conformal behavior
at short distances

* Analogous to the Schrodinger Theory for Atomic
Physics

o AdS/QCD Light-Front Holography

o Hadronic Spectrav and Light-Front
Wowvefunctions

Conformal Template Stan Brodsky
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* Polchinski & Strassler: AAS/CFT builds in conformal symmetry at short
distances; counting rules for form factors and hard exclusive processes;
non-perturbative derivation

* (Goal: Use AdS/CFT to provide an approximate model of hadron structure
with confinement at large distances, conformal behavior at short distances

* de Teramond, sjb: AdS/QCD Holographic Model: Initial “semi-classical”
approximation to QCD. Predict light-quark hadron spectroscopy, form
factors.

* Karch, Katz, Son, Stephanov: Soft-Wall Model --Linear Confinement
* Mapping of AdS amplitudes to 3+ 1 Light-Front equations, wavefunctions!

* Use AdS/CFT wavefunctions as expansion basis for diagonalizing H¥qcp ;
variational methods

Conformal Template Stan Brodsky
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AdS/CFT

e Use mapping of conformal group SO(4,2) to AdSs

® Scale Transformations represented by wavefunction in s5th

dimension 22 — A2z? 5 — A2

e Match solutions at small z to conformal twist dimension of
hadron wavefunction at short distances B(z) ~ 28 at 2z — 0

* Hard wall model: Confinement at large distances and
conformal symmetry in interior

* 'Iruncated space simulates “bag” boundary conditions

— 1
0<z<2 ¥(20) =0 “0 = Agep
Conformal Template Stan Brodsky

UCLA: Corrwall Symposiwm 18 o1 aAn

o e AN



Bosonic Solutions: Hovrd Wall Model

Conformal metric: ds? = ggndatdz™. b = (2, 2), gom — (R2/z2) Nem, -

Action for massive scalar modes on AdS; 4 1:

1
S|P] = 5 /ddﬂaz g5 [gemﬁgq)@mq) — ,uzcbﬂ , g — (R/2)*.

Equation of motion

1 0
f@xe

Factor out dependence along x#-coordinates , ®p(z, 2) = e ™% ®(2), P,P* = M?:

(2202 — (d — 1)20, + 2°M* — (uR)?] ®(2) = 0.

(9

Solution: ®(2) — 2z~ as z — 0,
q)(Z):CZd/ZJA_d/Q(ZM) A:%<d+\/d2_|_4u2R2>.
A=2+1L d=4 (WR)* = L* — 4

Conformal Template Stan Brodsky

UCLA: Cornwall Symposivumn 19 Y

& e AN



Soft-Wall Model

e Soft-wall model [Karch, Katz, Son and Stephanov (2006)] retain conformal AdS metrics but introduce

smooth cutoff - depends on the profile of a dilaton background field ¢ (z) = + K222
S = /ddx dz \/§e¢(z)£,

e Equation of motion for scalar field £ = %(gem(ﬂg@@mcb — ,uQCIDQ)
2202 — (d — 1 F2K%2%) 20, + 2°M? — (uR)?] ®(2) = 0
with (uR)? > —4. See also [Metsaev (2002), Andreev (2006)]
e LH holography requires ‘plus dilaton’ ¢ = k222, Lowest possible state () = —4
M? =4k’n, D,(2) ~ 226_“222Ln(m2z2)
<I>0(z) a chiral symmetric bound state of two massless quarks with scaling dimension 2: the pion

Massless piown !

20



* Erlich, Karch, Katz, Son, Stephanov * deTeramond,sjb

AdS Soft-Wall Schwodinger Equation for
bound state of two-scalow constituents:

A G )et) = M)

dz? 42

U(z) = k*2° +25*(L+ S — 1)

Derived fromv vawiationw of Actiow
Dilaton-Modified AdS

2 _2
6(13(2:) — o TH2

Conformal Template Stan Brodsky
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22007 O 4 8 2-2007
8721A20 Z 8721A21 4

Soft Wall
Model

Fig: Orbital and radial AdS modes in the soft wall model for x = 0.6 GeV .

[ ' [ ' [ ' [ '
@ S =0 e S =0 1
L ) Pion mass
Y ., (1670) automatically zero
B b, (1235)
S oL 1 —
Pion has (G O
zero-mass! 1 mq T
0 |
0 2 4
8-2007
8694A19 L
Light meson orbital (a) and radial (b) spectrum for kK = 0.6 GeV.
| ’ Conformal Template Stan Brodsky
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Quawk sepavatiovn increases withv L

f, (2050)
(a) a, (2040) (b)

O | ] | ] |
0 2 4 0 2 4
. n
Conformal Template Stan Brodsky
UCLA: Cornwall Symposivumn 23 SLAC



Higher Spin Bosonic Modes SW Soﬂ'.wall/ WLOOL@I/

e Effective LF Schrodinger wave equation

d? 1 —4L2
Cdz2 422 + K422 + 2% (L+ S—1)| ¢5(2) = M*ps(2)

with eigenvalues M? = 2k%(2n 4 2L + S). Same é’lOP?/ invnwoand L
e Compare with Nambu string result (rotating flux tube): M?2(L) = 270 (n+ L +1/2).

| ' | '
f, (2050)

@ § = a, (2040)

I
D S =1

R egge Trajectori

o
N
N
O_

5-2006
8694A20 L

Vector mesons orbital (a) and radial (b) spectrum for & = 0.54 GeV.

| !
2 4
n

e Glueballs in the bottom-up approach: (HW) Boschi-Filho, Braga and Carrion (2005); (SW) Colangelo,

De Facio, Jugeau and Nicotri( 2007). To do: compare with Ebert, Faustov, & Galkin,
Plessas, et al
Conformal Template Stan Brodsky
UCLA: Corrwall Symposiwm 24 SLAS



N W O~ Ol O
|
Q ¢
1
=
|

t (GeV?)
AdS/QCD Soft Wall Model -- Reproduces Linear Regge Trajectories
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a4(2040)

| £:(2050)
3 L
I 0)(1650) p3(1690)
1l w3 (1670)
[ p(1350)
[ w(1420) a;(1320)
Ir £(1270)
p(770)
0F w(782)
o i 2 3 4

L

Parent and daughter Regge trajectories for the I = 1 p-meson family (red)

and the I = 0 w-meson family (black) for x = 0.54 GeV

Conformal Template Stan Brodsky
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Hadron Form Factors from AdS/CFT
Propagation of external perturbation suppressed inside AdS.

F(Q) = [ 50p(2)T(Q,2)®1(2)

| IR Y
High Q? o8 7 (I)(Z) Polchinski, Strassler
from o de Teramond, sjb
smallz ~1/Q \
.2

Consider a specific AdS mode ®(™ dual to an n partonic Fock state |n). At small z, ®

scales as ®(™ ~ 227 Thus:

T7—1

1 Dimensional Quark Counting Rules:
@ , General result from

n

AdS/CFT and Conformal Invariance
where v = A,, — 0, 0, = Zi:l o;. The twist is equal to the number of partons, 7 = n.

FQY) ~ |

Conformal Template Stan Brodsky
UCLA: Cornwall Symposivumn 27 SLAE



Current Matrix Elements in AdS Space (SW) sjb and GAT
Grigoryan and Radyushkin

e Propagation of external current inside AdS space described by the AdS wave equation
2202 — 2 (1 +2K%2%) 0, — Q°2°%] J4(Q, 2) = 0.

e Solution bulk-to-boundary propagator

p 9
J(Q, 2) = F(l + %) U(f?,(), /<;2z2) :

Soft Wall

where U (a, b, ¢) is the confluent hypergeometric function MOOL@Z/

['(a)U(a,b,z) = / e *te (1 4 )b 1g,
0

e Form factor in presence of the dilaton background ¢ = K22
dz
F(Q*) = R® g e_"””QZZ(I)(z)J,ﬁ(Q,z)CI)(z).

e For large Q° > 4k?
Ju(Q, 2) — 2QK1(2Q) = J(Q, 2),

the external current decouples from the dilaton field.

Conformal Template Stan Brodsky
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Spacelike piow form factor from AdS/CFT

Data Compilation
Baldini, Kloe and Volmer

_6 _4
q°(GeV?)

Soft Wall: Harmonic Oscillator Confinement

Hard Wall: Truncated Space Confinement

One parameter - set by pion decay constant. de Teramond, sjb
See also: Radyushkin

Conformal Template Stan Brodsky
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Light-Front Holography and Now-Perturbative QCD

Goal:
Use AdS/QCD duality to construct
a first approximation to QCD

Hadrow Spectrum

Light-Front Wawvefunctions;
Formv Factors, DVCS, etc

in collaboration with

wn(xi, kJ.’L? )\Z) Guy de Teramond

Conformal Template Stan Brodsky
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Light-Front Wavefunctions: rigorous representation of composite systems
in quantum field theory

Fixed =t 4 z/c

5 KO + k3

:E_PO—I—PS

o PT,z,P| + k|

Pt P,

Process Independent
Direct Link to-QCD Lagrangian/!

W (i, k| i Ai)

Irwowiont under boosty! Imde/pemdwntofPu

€ - =——-
(]
N.:
8
|
[

Conformal Template Stan Brodsky
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LF(3+1) AdSs

(b)) — O(2)

C:\/x(l—af;)gi ey ~

|5
(1-=2)

(2, ¢) = Va(l —z)("?(C)

Holography: Unique mapping derived from equality of LF and AdS
formuda for cuwrent matrix elementy

Conformal Template Stan Brodsky
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Consider the Ad.Ss metric:

ds® = Ij—j(nﬂydx“dafy — dz?).

ds? invariant if t# — A\xt, 2 — Az,

Maps scale transformations to scale changes of the the holographic coordinate z.
We define light-front coordinates r* =29 + 23,

Then n*"dx,dx, = dro? — das? —dx 2 = detde— — dx | ?

and

052 — (40 2 1 4% forat =0, Light-Front/AdSs Duality

2

o ds?isinvariantif dx |2 — M\2dz 2, and z — Az, at equal LF time.
e Maps scale transformations in transverse LF space to scale changes of the holographic coordinate z.

e Holographic connection of AdSj to the light-front.

e The effective wave equation in the two-dim transverse LF plane has the Casimir representation L?
corresponding to the SO(2) rotation group [The Casimir for SO(N) ~ SV~ 1is L(L + N — 2)1.

Conformal Template Stan Brodsky
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Light-Front Holography:
Map AdS/CFT to- 3+1 LF Theory

Relativistic LF radial equation Frame Independent
> 1-4L° s
et Tam s TUQIe0) = M)

(2 =z(1— az)bi
B

U(C) = k*C*+2r*(L+ 5 —1)
G. de Teramond, sjb é’o'ﬁ_ WO(J/I/
confuining potential

T

(1—x)

Conformal Template Stan Brodsky
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Prediction from AdS/CFT: Meson LFWF

2R3>
NS
22>
NSRS,
IR
L2
O O O
2>
RIS
SRR

Note coupling
2
k‘ IE X
wM (337 kJ-) —
Covwnectionw of Confinement to- TMDy
Conformal Template
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“Soft Wall”

model

k = 0.375 GeV

massless quarks
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Hadron Distribution Amplitudes

! Lepage, sjb

k< Q?

Fixed T=t+4 z/c

* Fundamental gauge invariant non-perturbative input to hard
exclusive processes, heavy hadron decays. Defined for
Mesons, Baryons
Lepage, sjb
* Evolution Equations from PQCD, OPE, Conformal = Efremou Radyushkin.
Invariance Sachrajda, Frishman Lepage, sjb

Braun, Gard:

* Compute from valence light-front wavefunction in light-
cone gauge

@ .
o (2, Q) = / PR g, Fy)

Conformal Template Stan Brodsky
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Second Moment of Piow DistributionAmplitude

1
<& >= /_1d§ 2o (&)

E=1-—-2x

<& >.=1/5=0.20 Pasympt X (1 — )

<& >,=1/4=025  ¢aa5/0cp x Vr(l — 1)
Lattice (I) < &2 >,=0.28 +0.03 Donnellan et al.

Lattice (IT) < &2 >,= 0.269 £ 0.039 Braun et al.

Conformal Template Stan Brodsky
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H Q ED QED atoms: pWronaM

l S

(Ho + Hipg) |V >= F |¥ > Coupled Fock states
A? - l
[—5—— + Ver (S, 1] ¥ (F) = E $(7) Effective two-pauticle equation
Hired l Includes Lamb Shift, quantum corrections

1 d2+ 1 0(l+1)

2Myed A2 2Mypeq T2

| + Ve (r, 8, 0)] 9(r) = E (r) Spherical Basis T, 0, ¢

V. 'V (7,) _ _g Coulomb- potential
sy ¢ (A Bohr Spectrum

Semiclassicol furst approximation to- QED 38



HXE OCD QCD Mesow Spectrum

l

(Hip + Hpp)|V >= M?|U > S e

E2L+m2 l

rpn Vil vor(z, kL) = M? ¢pp(z, kL) Effective two-pawticle equation

(1—x)
l ¢? =z(1—x)b]

d> —14+4L? U(c. S I e ’ 7
[_dC2+ © +U((, S, L) vrr(¢) = YLr(C) Azimuthal Basis <7¢

U(C,S,L) =r*CC+r*(L+S—1/2) Confining AdS/QCD
potential
Semiclassical first approximationto-QCD 39



Hadronigatiow at the Amplitude Level

PH

at
generer (kL)

Construct helicity amplitude using Light-Front
Perturbation theory; coalesce quarks via LFWF's

Conformal Template Stan Brodsky
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e Baryons Spectrum in "bottom-up” holographic QCD
GdTand Sjb  hep-th/0409074, hep-th/0501022.

Bawyons inv
Ads/CFT

e Action for massive fermionic modes on AdS;1:

SV, U] = /dngy VI (z,2) (iFEDg — ,u) U(x,z).
e Equation of motion: (iI‘ng — ,u) U(x,z) =0

[z’ (znﬁmFgﬁm = gFZ) + ,LLR] W(zt) = 0.

Conformal Template Stan Brodsky
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Bowyons

Holographic Light-Front Integrable Form and Spectrum

e In the conformal limit fermionic spin-3 modes ¢/(¢) and spin-2 modes ¢/, (¢)

are two-component spinor solutions of the Dirac light-front equation

all(C)1h(C) = My (C),

where H; r = all and the operator

I+ 1
I (¢) = —t (ddg_ ;L275>,

and its adjoint HTL(C) satisfy the commutation relations

2L +1
T2(O, (0] = =5~
Conformal Template Stan Brodsky
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Note: in the Weyl representation (iac = v53)

, 0 I 0 I I 0
= ) 5 — ) Y5
—I 0 I 0 0 -1

Baryon: twist-dimension 3 + L (v = L + 1)
Osir =Dy, ... DypDy, .. Dy yth, L= 4.

Solution to Dirac eigenvalue equation with UV matching boundary conditions

¥(¢) = CVC [Tr41(CM)ug + Jrpa(CM)u_].

Baryonic modes propagating in AdS space have two components: orbital L and L + 1.

Hadronic mass spectrum determined from IR boundary conditions

Y+ (¢ =1/Aqcp) =0,

given by
Mjk = By rfqcp; vk = Bu+1,kAQeD;
with a scale independent mass ratio.

Conformal Template Stan Brodsky
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T T T T T T
N (2600),°
8 @ -1p e i
/7
/7
e
. N (2250)
L 6 N@190) 7 =
Ve
[ N (1700) y
S N (1675) 4/
N N (1650) P
§ 4 - N (1535) N (2220) B
N (1520)
.~
pd
[ ]
2 - N (1720)
N (1680) ¢ A(700) —— 70
A (1620)
N (939)
0 | | | | | | | | | |
0 2 4 6 0 4 6
L

Fig: Light baryon orbital spectrum for Agcp = 0.25 GeV in the HW model. The 56 trajectory corresponds to L

even P = + states, and the 70 to L odd P = — states.
Conformal Template
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Non-Conformal Extension of Algebraic Structure (Soft Wall Model)

e We write the Dirac equation
(alL(¢) — M) 4(¢) = 0,

in terms of the matrix-valued operator 11

o+ L
I1,(¢) = —1 ( d il 25 — %2@5) :

dg G
and its adjoint [T, with commutation relations

@] = (5 -2 ) s

e Solutions to the Dirac equation
Yr(Q) ~ 22T CRLE (),
Yo(Q) ~ 22TMeTNCLI(2C?),

e Eigenvalues
M? =4k*(n+v +1).

Conformal Template Stan Brodsky
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4r2 for An = 1

o~

N(1710) N(1680)
l N(1720)
N(1440)
1F
n
N(940)
O L 1 1
0 1 2 3 4

4k? for AL = 1
22 for AS = 1
n=3 n=2 n=1 n=0

A(2420) ]

A(1950)
A(1905)

[ A(1920)
- A(1600) A(1910)
[ A(1232)
0 I 2 3 4

Parent and daughter 56 Regge trajectories for the /N and A baryon families for k = 0.5 GeV
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A oo’
11/2+
% (GeV?) 13/2950
8 5/2 9/2_ 15/2 ( )
7/2 +(2390)
Ag,,+(2300)
N=0 Ay412+(2420) . .
6k A,,,*(1910) 5,2 ~(2223) 52" o
—> A,,*(1920) A,,,~(2200) e 1727
Ag,,*(1905) o A,5,"(2750)
A,,,*(1950) . 112
4k A,(1620) ”2+ -(2350)
A,,,~(1700) 32" Bsre T N=1
A, (1900) A2"(B200) 5, -(2400)
Ay*(1232) g (1940) ¢— e
2T A, ,+(1750) Ag;,(1930)
A4,,+(1600)
L+N
O 1 1 1 1 1 1 1 >
0 1 2 3 4 5 6

E. Klempt et al.: A" resonances, quark models, chiral symmetry and AdS/QCD

H. Forkel, M. Beyer and T. Frederico, JHEP 0707 (2007)
077.

H. Forkel, M. Beyer and T. Frederico, Int. J. Mod. Phys.
E 16 (2007) 2794.

Conformal Template
UCLA: Corrwall Symposiwm 47

Stan Brodsky

=l A
& e AN



SU(6)

s
c~

Baryon State

56 L 0 N17(939)
3 9 A2 (1232)
70 1 1 N1 (1535) N2 (1520)
> 1 N3 (1650) N5 (1700) N3 (1675)
1 Az (1620) Az (1700)
56 1 2 N37(1720) N37(1680)
32 ALT(1910) A27T(1920) AZT(1905) ATT(1950)
70 1 3 N3~ NI~
3 3 N3~ N2™ NI7(2190) N2 (2250)
s 3 A2 (1930) AT
56 1 4 NIT N9+(2220)
3y AST AT AT ALTT(2420)
70 L s N; N3 (2600)
: 5 NI~ N N3Y NZT
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