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Null-plane Poincare” generators

kinematical:
P+7 P’m KS) E?“a and JS

Pynawical:
P~ and F,




Reduced Hamiltonians

V' Using Wigner’s method one can find dynamical
generators valid in any frame. Useful to express as
products of generators which satisty U(2) algebra.

Energy: /2 Spin: M 7.
[j37M\.7’r] — ierijs ; [jg,M2] = ()
[Mjfrans] — i€r3M2j3 ; [M27Mu7fr] =0

j3 ‘p+7pJ_;)‘7n> — A‘p+7pJ_;)‘7n>

\

helicity  inner variables

v/ Clean separation of kinematical and dynamical effects.



The standard picture: Nambu-Goldstone

Qa| ) # 0

Nambu-Goldstone realization of G
ground state is asymmetric
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(Q OG 1 2) # 0 “order parameter” {d 4 4
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spectrum contains Goldstone bosons
and multiplets of SU(N)r

charges are conserved

v/ But this picture is a matter of convention in relativistic theories
of quantum mechanics.

There is an implicit assumption.




Chiral symmetry charges

v Generally, symmetry charges are constructed from:
Qn-a) = [ d'yén- (@~ y))n- I

n chooses the quantization surface

n-xr = NogXog — N;T; 1 =1,2,3

v Choose: n* = (1,0,0,0)

Qo = / d>xJ(x)

v/ Dynamics: evolution of parallel spaces at instants of time t




There is an alternate, physically-equivalent viewpoint

v Choose: n*=-1(1,0,0,-1)

v/ Dynamics: evolution of parallel spaces tangent to light cone

Q.|0) =0
Nambu-Goldstone realization of G
ground state is symmetric

(0 OG 0) = 0 no “order parameter”
<O D4 ()> + vacuum is non-trivial!

spectrum contains Goldstone bosons
and multiplets of SU(N)r

charges are NOT conserved




Chiral Symmetry

v Theory with a chiral symmetry:
G=SU(N)L @ SU(N)gr

v Null-plane currents from Noether procedure:
Jio (@)
F(5)oz(x) — F(5)oz(x+amJ_) — /dx— J(_g)oz(x)

v/ Current algebra:

[Fa(aj) ; Fﬁ(y)]|x+:y+ — ifozﬁv Fv(aj)52(wJ_ — yJ_)

~ ~

[F5a(£E), Fﬁ(y)]‘x+:y+ — Z.fozﬁv F57(£U)52(CUJ_ — yJ_)

~ ~

[ﬁ5a($) 3 F5B(y) Haff:gﬁ — Z.fozﬁv FW($)52(:BL — yJ_)




V' Symmetry generators:

O — / Pz, FH(z) Oso(1h) = / P, B (2)

\

« Not conserved!

QV[0) = Q50) =

|

+No symmetry breaking condensate!

V' Current moments:

r 2
d(5)a /d mJ_CU (5)a

oae* / P atat £, (0




Chiral symmetry breaking on a null-plane

Poincare Symmetry Internal Symmetry

~

(T3, MTJ,| = iesMJs , [J3, M?] =0 [Q*, Q] = if*Q" , [Q3(xT), Q7] = i f* Q3 (™)

(MJ,, MJ,] = iesM?J5 , [M?, MJ,] =0 [Q(z™), QE(zT)] = i foP7 Q7

[Q5 (), M2] = —2 P+/ de~ d’x | (%jg‘a(x_,fbﬁ)
[, =FE, — Pz,
105 (ah), MJ,] = ien P+ / do~ d®m ) Ts 8T8 (2, 71, a)

V' Immediately implies Goldstone’s theorem.



Current algebra sum rules /0. <

- - , . 2F2 [ dp  __
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§<r2>1 - <2mN) i 27‘(‘204/,/ ?(20}//2@) B 05‘5//2@))
@), dah)] = o ) T Cabhbo RadoatT
a abbibo-Radicatti
=
RV 2 1 > dv Vo Vo
) = 3ta ), 5 (F®) ~ ok)
Gerasimov-DPrell-Hearn
) T : r Ry 4F; > dv 3
[Qsa(z™), dj(z™)] = ieapyds,(z7) i 9A2mN = . 7Im AT (7,0)
Fubini-Furlan-Rossetti |
~ —rs ) ~rs gA V A 4F7T > dv _
[Qsa(a®), 75 (@H)] = i eapy 75 (") el o (o =) = TSm0

Fubini-Furlan-Rossetti ll

< Five sum rules for cross-sections!



wN — 1mN

YN — ~vN

YN — vN

YN — N

YN — 1IN

Regge limit amplitudes
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Gell-Mann-Oakes-Renner relation: instant form

v/ Match vacuum energy to chiral perturbation theory:

xPT
M % — M 880

oM oM

y

[—mewm = NM*F? + J

(N,N)®(N,N) breaking

How can this relation arise in the front
form where there are no symwetry
breaking condensates?



Chiral symmetry in null-plane QCD

v Chiral symmetry acts on dynamical quark field only:

—i0., T, _
Yy ey, Py —e

10T a5 w_"_

v/ Axial current and its divergence and chiral charge:

Mmoo
J5a_

a.u jga —

7
J5a

- 1
— gy Ty Ty M PR

N 1 r a AT
iy s Ta M - (v g 12 AL) 9y

o+

Symmetry-breaking Hamiltonians:

Q510) =0
A

counts quarks and
antiquarks separately.

M) =

. . - 1
—iPt / do~ d°x mw+a—+
M

(Y gt AL)

. — n 1 r a r
(Mj’r)(N,N) — Z%Ers P+/d33 d*x, T, iy ﬁ (Y gt Aa)/¢+

J

\_

(N,N)®(N,N) breaking



Gell-Mann-Oakes-Renner relation: front form

v/ Match vacuum energy to chiral perturbation theory:

S 8 0E aEX""
i 10 =Mayg = Moy = M=y

-
= 1
M

G J

M (0

X/

+  Chiral singlet: (1,1)

v' General prescription:

(QF, W] = =T — iy T =

wRawL S (17N)@(N71) 9 @D}L:gawz S (laN)@(Nv]-)

Yy € (IN,N)@ (N,N) @



Chiral symmetry breaking in null-plane QCD

Poincare Symmetry Internal Symmetry

(T3, MT,] = ieesMTs , [J5, M?] =0 (Q~, Q] =i P QY , [QGY), QP =ifH"Q

(M, M) = ieu®Fs  [M*, MJ,] =0 (Q5h), Q)] = if* @

s (QU[QY, M2 = P [Q4 [QF, MT:]] = 0

e’ 2 o
[Q57M ] 7é y [QS)MJ:I:] 7é 0
pedme = govgn L geope - N gemger @ projects onto exotic channel.




The nucleon light-cone wave function

V' The chiral basis:

ViR = wT = (172)

virn = ¥ € (2,1) (RL,Rr) € SU(2)L®@SU((2)R

v/ Baryon product states of definite quark helicity:

[ Yy C (2,1) @ (2,3)
A=+ 4
Ui € (1,2) @ (3,2)
[ b € (1,2) @ (1,2) @ (1,4)
A=+ <

v General basis:
|(R17R2)R>®’)‘>®‘€> = ‘(R17R2)R7)‘7€>

¢ is non valence quark helicity



V' Three-quark Fock space expansion: Ji,Ma,Yuan, ‘03

P1)=|PT)=s2+|P )12+ |P T2+ |P 1)3

* E.g.
P = [ daldi2dls) (6 + DGO 2.3) + (0 + k5D (1,2.3))

abe

< (ehy (), (20l (3) — dly (U (20, (3)) 0)

v Fock space expansion in chiral basis:

Relative weight of these components is not
constrained by any QCD symwmetry.

However, weights are constrained by the sum rules.



The Large Nc limit

v General solution to operator algebra is unknown

V' Assume: [Q%, M] = €* ((B'|*|B) x Mp —Mp ~ 1/N,)

Poincare Symmetry Internal Symmetry

Kais =0

non-trivial spin

PO IQE, [QF, Jxl] = 0 | < , ,
Hamiltonians




+ Contracted spin-tflavor ... ..

V' With g3 = Q2 one rewrites operator algebra as:
. < 2 .
|Gai, Ggj| = 1045 fapy Qy + NZ(SQB €ijk T + 1€k dapy Gok
(Qa» Gpil = ifapy Gri s [Ji Gaj] = i€ijn Gax

[Qavéﬂ] :ifaﬁfyév ) [%7\73] :ZGijjk
Algebra of SU(2N)

v Example: baryonic operators in (2,3) @ (1, 4)
- )

SU2), @ SU(2)r
 0) 4 p
o |_ > sv@

A=3/2 Y |(1,4),
—_

N[—  NJW

A=1/2 Yy 1(2,3),

2
g
A=-3/2 Yy (41), =5, 0) /

N y + helicities are related by
helicities are unrelated by chiral symmetry broken chiral symmetry!




Away from the Large N limit

vV oo(1,2)e(2,3) @ (1,4):

v/ Axial matrix and helicity matrix:

Oy — % (42+ cos 21)) % sin 2 A — | .COS 29 sin 29p
3 sin 29 (4 — cos 29)) sin 21  cos 2

W

Nucleon spin decomposition

2= sAY + L, + J,

ALY = 2(N|S8|N) = cos2¢ = 3(ga — 3)

Lév T Jév = (N|L3|N) = Sin2¢ — %(é — ga)



v/ Hamiltonians:
112) 123) @) (62)

A2 — (2] My mas M7+ (2] Mizza O
(23)|| m3y miy, (@3)1| 0 mjygp

M]2V1 cos® 1) + MJZVQ sin1) = Mx
(JNl 4 %) (_1)JN1—1/277N1MN1 _ (JN2 + %) (_1)JN2—1/277N2MN2

implies unwanted degeneracy!

Model is too simple. Minimal model is of the form:
|N§ %> — |(271)7 %7 O> + |(273)27 %7 O> + |(172)7 _%7 1> T

Main problem with this method is limitations of excited baryon data.



Conclusions

+ On a null-plane all chiral symmetry breaking is contained in
the three reduced Hamiltonians, M? and M J,.

+ This property leads to a proof of Goldstone’s theorem that does
not rely on the presence of symmetry-breaking condensates.
However, there must be symmetry-preserving condensates.

+ There are five current algebra sum rules that constrain hadronic
cross-sections (and many that constrain its derivatives).

+ Chiral constraints on the QCD Hamiltonians place severe
constraints on the nucleon light-cone wavefunction.



