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Example: The masses for L=1

| & . ). power counting
Mass operator : Hmass z c' 0' natural size

Building blocks for the mass operator:

SU(4) generators acting on fhe core

N.—1 | N.—1 |
Se = Z Say Te = Z tay Ge = Zl S(a)t(a)

and on the excited quark

s', %, g spin-tlavor I orbital degrees of freedom
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Including 1/Ne and SU(?)
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Including 1/Ne and SU(3)
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C.S., J.L.Goity and N.N.Scoccola, PRL8S, 102002 (2002).

0(1)

0(1/Ne)

V(%) <
breaking

Operator Fitted coef. [MeV]
O1=N.1 cyi=+ 1449+ -+ 2
Oz = I s G T2 D
k=t S o (ohs cs= 116+ 44

Os = 55 In ta G5, ed— TG

5=t 1555 est=1+--H7dt=E 30
D= 55 15; Cal=T1 14301t ib
O7 = 7 sh Sy, cr= -159 £ 50
OSZN%Z,%)S;L S Gl—= 6 £ 110

Ori= N%z b 9ka{ S5, G5}
O10 = wzta{Sh, G0}
O11 = % U GrhalSkr Gial

Got—+-+2131==1158
C10 — -168 &= 56
Ci11 = -133 £+ 130

By =tg — 57O di = '8l £ 36
By = Tg QNlecol do-=--194-4+—17
By = = dab Gho Ot + om0t

mOG + 5507 dal == Ib0== 300

B4:lhgh8_2\/—02 d4= ~82+ =457

flavor
interactions
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The Isqur-Karl model revisited

L.Galeta, DPirjol, C.S., Phys.Rev. 080, 116004 (2009)

confining potential + hyperfine interaction:
Hrx = Ho + Huyp

1 — A = A — —
— (38 - Fiy & - i — 5 - 5y)]

ST 5
Higp = A {?3‘ - 5,8 () o+ r3.

1<J tj

Matching: find c;and 0;

(B Hys1B)-= ZCZ (JST)|O;|®(JST))
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IK model matching

(B|Hpyp|B) = Zcz (JST)|O;|P(JST))

The result of the ma’rchmg is
M = cy+ aS? + bL®{S% 5%} + cL®{s%, S}

Sagk %< o for a contact interaction:
(Rus) = —(Rs)

Il 1
b = E<QS> T 6<QMS>7

c = é<QS> 4 é<QMS> :
The operators that appear are 01, 06, 03, 017

spatial integrals
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IK mass matrix
Mia = ( bi cﬁibj (b+ >) |

A CO—I—CL Lb__lo

89—+ )
*/_b AU +2a—2(b+¢)

M5/2 — Co+2a+3(b‘|— )

Al/g — Ag/g :CO—I—QG,.

The spatial integrals can be computed explicitly in the
original IK model with harmonic confinement:

azlé, b:ié, c:—lé.
2 20 5

6 = M — My ~ 300 MeV ground states
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One gluon exchange model

The QCD Breit-Wigner interaction

HZZV@' V =Veo + Vi +Veo
1<J
Vs = 167;&8 m@-lmj Si » 80(T%5) Spin-spin
Vao = 555 [ ot X B8~ 25 (3 % Bi) 5 spin-orbit
b iy X By = Py X ) - 5
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One gluon exchange

more general

N
A — ()5 S

i<j=1

V= falris) |3(7s; - 5:)(Fij - 5;) — (5 - 5))]

Vie = 3 fulry) |(Fiy X Bi) - 5 — (7 x 7)) - 5]
i<j=1

— — — — —

+2(755 X Bi) - 85 — 2(55 X Fy) - 8]
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One pion exchange
Z go(7i5)8; - jt?t?

1<g=1

" galrig) 3y - 5y - ) — G- )] et
==l

N

Z gi\Tij |:T’L] sz) (T’LJ ij) Sj
e
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Consider all possible 2-body
Interactions




The most general 2-body
quark interaction

Complete list of 2-body spin-flavor quark operators, and their
projection onto irreps of Sgp—ﬂ

Operator Oyt Og Ons
Scalar Ik 1 &
tetd T? — 3Cy(F) Te=34.T — 3C,(F)
5 -3, B CAR T
5i - ;L0 G? — 2Cy(F) 3g1Ge — G? + 205(F)
Vector (symm) S Aoy LS SIS
(5 + 5)tete | LLHG, T} — Co(F)L'S' | —LLiSE + LigieTe + Lit3Gin
Vector (anti) L — 3L-§—L-S
(5: — §5)tit 5 B91"1¢ LG
Tensor (symm) {s¢, st Ly{S*, S} 3By sh ST B850 57 }
{sf, s}t5t5 Ly{G", G} L7 g\*Gl® — L5 {S;, S}
Tensor (anti) [s¢, s°] - 0
[s¢, sB]estS - 0
F?2 -1 i ;
Co(F) = [Contribute on S, MS states] [Contribute on MS states]
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Complete basis of 1/Nc operators induced by 2-body quark
operators

spin-spin spin-orbit tensor

Oy — i Qf e @s— L5 50
Oy = 52 021 -5 Og = LY s 57
03 = 51 - gc Og = LitcllGia 010 — 2 gl Gja

(&

07 g LigijaTa

Hadronic mass matrix (L=l states) ~ N; = M

Ni* == <N1/27N{/27N1/2—N{/2,N3/2,Né/2,NS/Q_Né/27N5/27 A1/27A3/27A1/27A3/2)

Valid for any model with only 2-body quark interactions.
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Two new mass relations

#] requires only isospin symwmetry

1 1
5 (V(1535) + N(1650)) + 5 (N (1535) — N(1650))(3 cos 201 + sin 20x1)

7 3 g 9
—=(IV(1520) + N(1700)) + (N (1520) ~ N(1700)) [ — 7 cos 203 + \/;Sln 29N3] = —201/+ 2852 — =Nsj3

#2 includes SU(?) breaking

A = %(N(1535) + N(1650)) + %(N(1520) + N(1700)) — §N5/2(1675) — Ay 5(1620)

1 1 1
_E(N(1535) — N(1650))(cos 201 + sin 20x1) + (N (1520) — N(17OO))(1_§ cos 203 — §\/§Sin 20N73)

Tuesday, June 1, 2010



First universal relation

Correlation between mixing angles in the J=1/2 and 3/2 sectors
Requires only isospin symwmetry

N* — N data

® hep-ph /9812440
L O hep-ph/0411092

. BT | . R *’ e
0 30 60 690 120 150 180

N1
* Compare with direct determinations of the wmixing angles -> test for the
presence of 3-body quark interactions

" Tests for specific models of Z-hody quark interactions, e.g. 0GE wmodel
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Second universal relation

Expres.ses the spin-weighted SU(3) singlet mass  j _ % TEpar: % Aiia
Takes into account SU(3) symmetry breaking

1800 (A)SP = 1481 + 3.1 MeV

1700 ® (A)— (AP =100 + 30 MeV

1600

[MeV]

| 1500

A

1400

130003060 90 120 150 180

Combining the two universal relations gives a determination of the
mixing angles from hadron masses alone
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Pynawmics

P.Pirjol, C.S. 5, -5, 0GE
all scalar interactions Vo= _folriy)3 &i-8iti ¢t  opE
i<j
match on
M:CO—I_Csz—FCQSC?—I—ngl SC‘|_
AZCl—%Cg B = cy + c3
50 - | - | - | - | - | - 200 - | - | - | - | - | -
101 | 150 , ;
100"
50F
/M v
o
-50
-100
-150
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Pynawmical suppression

A/B = 0(1)

1 1 1 1 1 I 1 1 1 1 1+

S
n
T T T T T I T T T T R

. |r | . | . | R 5
30 60 90 120 150 180

A=0 for a ALL contact interactions: fo(r;;) = d(r;;)
A=0 for OPE, evenif spread out:  fo(r z’j) # 0 (”“ij)

In particular, OPE and massless 0GE cannot be
distinguished here.
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Conclusions

* The coefficients of the 1/Nc expansion
can be matched to overlap integrals in
quark wmodels

* Flavor dependent interactions are
important

* Two new mass relations for N*'s that
constrain the mixing angles and test for
3-body forces
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