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Charmed baryon strong coupling constants in a light-front quark model
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Light-front quark model spin-wave functions are employed to calculate the three independent couplings
Os A7 fAclgc,.,., andezlzc,, of Swave toSwave andP wave toSwave one-pion transitions. It is found that
U5 A,~=6.81 GeV!, fy s ,=1.16, andf x5 _=0.96X 104 MeV~2. We also predict decay rates for
specific strong transitions of charmed barydi&0556-282(98)02917-§

PACS numbegps): 12.39.Ki, 13.30--a, 14.20.Lq

In the heavy quark limit, the spin and parity of the heavyThe light degrees of freedom spin-wave functions
guark and light degrees of freedom are separately conserve(dsﬂl_,,ﬂj)aﬁ(u) are in general written in terms of the
in the hadron. In addition, strong and electromagnetic tranyyg  pispinors [x°]as and [X}L]aﬁ' The matrix [x°],s
sitions among heavy baryon states are transitions solely OL[(w+1)75C]aB projects out a spin-0 object and is symme-

the light quark system. Therefore, heavy quark symmetryi. \when interchanain and However 1
when supplemented by light flavor symmetries, such as ginga B  [Xulap

. =[(¥+1)y,,.Clag, Which projects out a spin-1 object is

S.U(Z) or SU3) symmgtry, relate these Qecays. Explicit reIa'antisymmetric. HereC is the charge conjugation operator
tions between the various decay couplings of heavy baryongnd Y'=v. —4v,. On the other hand, the “superfield”
were derived in the constituent quark mofleR2]. Swave to P ,ij" we . ’ . P
Swave heavy baryon strong decays, for instance, are detett, (v) stands for the two spin-wave functions corre-
mined by a single coupling constant and two independengPonding to the two heavy quark symmetry degenerate states
couplings are required to describe single-pion transitiondVith spin j—1/2 andj+1/2. They are generally written in
from P-wave toSwave states. terms of the Dirac spinon and the Rarita-Schwinger spinor

The Coup”nggchcﬂ_ determines strong decays among U-M. The Swave heaVy'baryon Spin-Wave functions are

charmed baryon ground states. Furthermore, single-piofiVen by
transitions from the first excited states into the ground state
are described in terms of two couplinfig s - ande*lﬁcw.

C

The A, andAf; represent the two excited states discovered
recently[3] with masses 2593 and 2625 MeV, respectively. and
In a heavy baryon, a light diquark system with quantum
numbersj” couples with a heavy quark Witlﬂugzllz+ to 1

(#")0p=(x"ap, (¥"9),=u, 3

form a doublet withJ®=(j=1/2). Heavy quark symmetry s 1 Sov —mesu

allows us to write down a general form for the heavy baryon (¢ ap= (X" (%Q)y_ V3 - (4

spin-wave functiongSWF) [1,4]: uul
xwﬁ((ﬁﬂl...ﬂj)aﬁz/f’;l """ Hi(v). (1)  For P-wave heavy baryon states, we shall use the relative

momentuszll\/E(ler p>—2p3), symmetric under the
Here, v,=P,/M is the baryon four velocity, the spinor interchange of the constituent light quark momepiaand
indices « and B refer to the light quark system, and the P2, to represent the orbital excitation. The,, degenerate
index y refers to the heavy quark. The number of the Lorentzstate spin-wave functions can be written as
indices u; is determined by the light diquark system quan-

tum numberj and is equal to 0, 1, and 2 f@&wave and 1 2
P-wave baryon states. In the heavy quark limit, thes, (¢p#hat) = (}OKH) (por) = ﬁ pys4
satisfy the Bargmann-Wigner equation on the heavy quark “p ok wo
index: Uul
®
()] Xapy =Xapy- e

A more detailed analysis with all heavy baryBrvave spin
wave functions was presented in RefE,4].
In the heavy quark limit, we can write down the general
we have ignored the isospin indices which will be included inform for single-pion transition amplitudes between heavy
the transition amplitudes later on. baryons
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M, =(Bq/(P")]j.(a)|Bg(P)) The single-pion decay rates are calculated using the gen-
eral formula

= Tagaet 2 HPAT(@)Y T g,

2 1 |q]
r= M 7|2, 11
(6) 2J.+1 SWMEQS%;‘J | (D

with j . being the strong currenf,BQBéw is the appropriate

Strong_coup"ng constant and the pion momentqmp with |(.:i| being the plon momentum in the rest frame of the
—P’. The light degrees of freedom transition tensorsdecaying baryon. Using Eqé7)—(10) and(11), we get

(t"(Q))’:llv'_'_'_"'fj“ of rank (j,+],), built from g, ,,=g,.,

ddl® Ma,

~v,v, and the pion momentum, should have the correct F(ECHACTF):F(E:—>ACW)=9§(*>AW|1G ,
parity and project out the appropriate partial wave amplitude. ¢ ME(C*)
The S - A, Ag—3cm, andA¥,—3 7 covariant (12)
tensors(t™(q))*' " "Ir areq, ,, 9. ,,, @Ndd, 4, ,, With s M
Vi oo ij 2 2|q| 2C
9,,=d,—v-qu,, corresponding tP-wave, Swave, and PAa—=2cm)=f} sal5g M, (13
D-wave transitions, respectively. Making use of the heavy cl
baryon spin-wave functions given in E48)—(5) the strong .
transition amplitudes, therefore, can be written as . 2 2|q|5 Mzc
I‘(Acl_’zcw): 1EA* Ev'rl 3? ' (14)
(AP )i (@) Z(PN)) W My
_ — ., Assuming that the width oE., A, andA}; are saturated
- ﬁgﬁc/‘c’fl 1U(P" A )4, ysu(P.A), @) by strong decay channels one can estimate the values of the
three couplings using the experimental decay rates.
(AP' A)jm(@)[E*(P,V)) Taking  Dyse+ p+,+=17.9733 MeV,  Tyxo .-
— =13.0'3! MeV reported by CLEQ[3], Eq. (12) can be
— % ! ! y73 —3.0 ) ] ’
gchcwllu(P ADGLUH(P), ® used to determirfethe couplmggECAcw. One, therefore, re-
(S A @] Aca(PA)) spectively. gets
— _ 1.97 1
:fAC]_ECﬂ-IgU(P’,)\’)U(P,)\), (9) gECACW_8.og_F1'92 GeV: (15)
and and
P M)A DIAE(PN)) s A,-=6.97 79 Gev ™. (16)
1 Y, These values, in return, give the analogous HHCPT couplin
— —faxs Alau(P N UH(P. N, ., 10 ’ 9 inalog pling
J3 tetem3 ( 758U (P.A)GL (10 9,=0.617015 andg,=0.53"313 defined in[2,5].

To estimatef, s, we use the Particle Data Group]

12 - .. - g - . -'l
whereX (\') is the helicity of the initial(final) spin5 or average value forAcl(2593) width which isT (50
G

spin< heavy baryon. Thé,;=1(6—3*+ ) andl;=1(3*
— 6+ 1) are the appropriate group-theoretical flavor factors.=3.6°33 MeV and Eq.(13) to obtain

In fact, these are the only amplitudes allowed by Lorentz 0.31

invariance and parity conservation. As was discussddJin fagse=1.115%. 17
the Swave coupling of Eq.(9) is different from the one

introduced in the heavy hadron chiral perturbation theoryThe corresponding HHCPT coupling constdmt is calcu-
(HHCPT) which is related to the scalar component of thelated to beh,=0.73"33.

axial vector current. The matrix elements, EG8—(10), can Finally, taking the upper bound on thb§1(2625) width
be transformed into thellr equwalgnt effective chiral ampli- 5p5i3ined by CLEO[3] (I's+(2625<1.9 MeV), Eq. (14
tudes [2,5-7] by replacing the pion momenturg, by c

—d,m with the spinorsu(p), u,(p), andu(p) being re-
plgced by the co.rres'pondmg heavy bgryon fields. The cou- fox s =1.66x1074 MeV 2. (18)
plingsgs 4 _». which is equal @y p 7 N the heavy quark c1

limit, fAclch“ ande&EcW are related, respectively, 1wy,
h,, andhg defined in the HHCPT2,5,8 such thatgs 4 -

gives

2Numerical values for the masses will be taken from Table | of
= ‘/§92/‘/§f”’ fAclch: (‘/Ehzlf”)EW’ and f/\’;lzcﬂ [8]. In this analysis, which is similar to those dond 5,8], we use

= 6h8/\/§fﬂ with f _=0.093 GeV. the updated data reported by the Particle Data G{&lip

054010-2



CHARMED BARYON STRONG COUPLING CONSTANTS IN ... PHYSICAL REVIEW B8 054010

The value of the HHCPD-wave couplinghg is determined  resolved into constituent quark transitions and its appropriate

to behg=5.75<10"% MeV~'. The uncertainty in the val- operator] _(q) can be written as

ues of the couplings is dominated by the experimental errors

in the decay rates and in the baryons masses.
Theoretically, to calculate the three couplings one needs

to evaluate the matrix elements jof(q) in Egs.(7), (9), and

(10) atE12=O in an appropriate frame of reference. The light- The most difficult part in calculating these form factors,

front (LF) formalism [10] provides a consistent relativistic however, is related to the choice of the form of initial and

theory for composite systems with a fixed number of confinal baryon wave functions. One of the advantages of light-

stituent. The other essential fact is that the Melosh rotatiofiront (LF) formalism[10] is that all Fock-state wave func-

- 1
(o) g =50r9)5 0+ 80 (ve)pl. (23

[11] is already included in the LF spinors which is importantions W (x;,p.i ;A ;A), with helicity A and constituent trans-
when calculating form factors. Therefore, we shall employverse moment®, ;, tend to vanish when the LF energy
(LF) wave functions to describe the initial and final heavybecomes infinitely large. This feature, is very much similar

baryons.

Without loss of generality, we choose to work in a Drell-

Yan frame where the initial baryon momentum
P“=(P*,M?/P*,0,) and the pion momentumag*
=(0M2=M'%qg?/P*,q,). With the aid of the light-front
spinors and matrix elements of the approprigtenatrices

defined in the Appendix, which become even simpler since

to the so-called “valence” constituent quark model where
the dynamics are dominated by the valence quark structure.

In the LF formalism the total baryon spin-momentum dis-
tribution function can be written in the following general
form:

WX ,PLi AN =X (X PLi NN (X, pLi) . (29)

more elements will vanish in this frame, the three indepenyere y(x.,p,:,\;;\) and ¥(x; ,p,;) represent the spin and

dent couplings are given by

2\3M, My

=——————(AP' DI A0]Z(P,1)),
95 Acm (Méc—'\/'ic)< (P, DI (0)[Z(P,1))
(19
fagsmr=(Z(P DI (0)|Acr(P, 1)), (20)
and
2
‘ _ 3\/5 MA*c*l
W (W M)
. 1

The LF matrix elements of the strong transition current

i.(q) between heavy baryon states are given by

(B"(P" \")|i (@)|B(P,N))
=j [dx1[d%p, i1 > Wi (X PLi A N)
Ni oA

X

s

Zﬂ(pj’,xj’>i,,<q>u<pj,x,-> Ye(Xi L AN,

(22

whereyg(X;,p.i\i;\) andwg,(xi’ ,PLi A ;\") are the ini-
tial and final heavy baryon wave functions explicitly given in

Eq. (24) below. In the constituent quark model the pion is
assumed to be emitted by each of the light quarks and the
heavy quark is not affected. Therefore, the strong current is

momentum distribution functions, respectively, and the
longitudinal-momentum fraction

+ 3

=27 with i; xi=1. (25)

These functions are normalized such that

f [dxi][dzpn]; U O DL N WA LN = By s
| (26)
with

[dxi]=1_i[ dxia(l—Z xi>,

[dzpﬂ]=li1 dzplilewsaz(Z pu). 27

Assuming factorization of the longitudina(x;) and trans-

verse momentum distribution functiongy(x;,p,;) can be
written as

e 2 RZ

P(Xi,pri)= ¢(Xi)eXF{ - F— —.

2
a, 203

(28)

The transverse component of the momentum distribution are
assumed to be harmonic-oscillator eigenfunctions with
and «, controlling the confinement of quarks in the heavy
baryon. The momentla andK, corresponding to the nonrel-
ativistic three-body momente, andk, , are the transverse
component of the covariant vectors

1 1
k= ﬁ(pl— p2), K= %(pﬁ P2—2p3). (29
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These harmonic-oscillator functions were used successfull ) —T1r(
in [12] to predict masses and decay rates of ground-state ariy(d\QKl(X' PN =UPLADPHM ) 75]v(P2.No)
excited charmed baryons. They were also employed to cal-
culate baryon magnetic momer{ts3] and to calculate the
Isgur-Wise function forAo semileptonic decay14] in a
relativistic quark model. The choice of the relative momenta
k and K are also convenient for keeping track of the ex- —
change symmetry for the light degrees of freedom spin-waveé(a,, (i PLi - Aii M) =u(P1, A )[(P+Myx ) v5]v(P2,\2)
functions. They will be used later on to write down an ex- _
plicit form for heavy baryorP-wave spin functions. Xu(ps,A3) K, u“(P,\). (35

In the heavy quark limit, the heavy baryon longitudinal
momentum distribution functioné(x;) are expected to have One can obtain the spin-wave functions for the correspond-
most of their strength in the neighborhood of the mean valing antisymmetric excited states by replacigwith k. Ex-
uesxo=mg/M. In the weak binding15] or valence ap- Plicit forms for the spinorsi(p,\) andu”(p,A) and anti-
proximation[16] the longitudinal velocity of the constituent SPinors»(p,A) in the LF formalism are given in the Appen-
quarks are the same. One therefore expects that also for tiX: .
light quarks the distribution is peaked fairly sharply around ~Since there are two free parameters in our model, namely,

e s oty pok = i =1 a2 e 12 S0 couplogn, s, v, reors, et
fore, we can assume P p y

parameters. The numerical values for the constituent quark
3 masses are taken to ben,=my=0.33 GeV, m
¢(Xi):H (X —X;). (30) =1.51 GeV and those far, and «) are a,=0.40 Ge\_/b
i=1 and «,=0.52 GeVE. The same values for the oscillator
] ] couplings were chosen to fit the baryon massdd4]. How-
In the equal velocity assgmptld[riS,llG one may use the eyer, one would expect that these values might slightly
two projection operatorgx -],z and[x*].z, defined ear-  change for th&Z baryons since the constituent quarks are not
lier, to write down the spin-dependent functions. Theihe same as those in teands, baryons. We shall postpone
Aq-like baryons spin-wave functiony, (Xi,PLi,Ai;N)  the study of the effect of these parameters for a future work
must be antisymmetric when interchanging the light quarksince the sensitivity of the decay rates to thealues is such

Xu(p3,N3)Kysu(P,\), (34)

indices and is given by that a 10% increase results in abd@gt8 % change in the
calculated decay rates.
XAQ(Xi WPLi A GN) To evaluate the integrals in Eq&l9),(20) we introduce

_ _ _ 0 the relative momentum variables
:ual(pl!}\l)uaz(pZ!)\2)ua3(p3!)\3)[x ]alazua?,(Pl)\)!

XoP, 1— X
3D Q:%' 7= (Xt X2)Pra—Xa(Praitpra).
1T X2

here, the LF spinorau®i(p;,\;) describe the constituent (36)
quarks with momentunp; and helicity\; andu“(P,\) re-
fers to theA o-like baryon with momentun® and helicityx. ~ These variables have the crucial property of being spacelike
XA (Xi,pLi Ni:\) can be rewritten in a more convenient four vectors because of the vanishing of the invariant
for?n component {*=»"=0). The momentum conservation re-

lations are

Xi Pri NN

XAQ( iPLi N N) XiM=Xi’|V|', (37

=u(p1, A)L(P+M ) ¥5]19(P2, A2)U(ps, Aa)u(P,\).

(32) and if the pion is emitted by quark number 1, we also have

For theX ,-like baryon, the spin-wave functions are symmet-

X1
=l - and 7 =m —X3q,. (38
ric in the light quark indices and have the form L=h Xyt e R (38

X2

Xz (X, PLi N M) =UPLADL(P+M ) v“T(Ppa, ) Using Egs(28), (30), and(32)—(35) the three charmed bary-
Q ons strong couplinggEcAcﬁ, fAclgcﬂ, andezlECﬂ are cal-

XU(ps,\3) Y1 uYsU(P,N), (33  culated to be

The two relative momentaandK can be used to specify the Os A ,=6.81 GeV'!l f, s =116,
spin-wave functions for heavy baryon resonances. The ex- e cle
cited statesAg;, with JP=%1" and A§,, with JP=2"

Q1: 2 Q1 2 N _ 4 _2
have spin functions of the following forms: fAclicW 0.96<10°" MeV"=. (39)
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TABLE I. Decay rates for charmed baryon states. The A.1(2593) decay width receives contributions from
both its single-pion decay . and from decaying ta . via

Bo—Bom I' (Mev) Lot (MeV) a two-pion transition. The two-pion contribution was com-
P-wave transitions puted in[6,7] with the resultT,_ (25034 n=2.5 MeV.
SroA® 1.70 Hence, the total decay rateli§ (»s03=6.49 MeV which is
30— Aem 157 stil consistent with the CLEO resultT,_ (oses)
2o Aem? 1.64 =3.6"79 MeV. Actually, there is also a negligibld-wave
S¥OL A m 12.40 13.0°37 single-pion contribution to the ;1(2593) width.
SET LA Tt 12.84 17.9°38 We also predict the Swave branching ratios of

Z.1(2815) - E*%7" to E.1(2815)—E* " #° to be 67 and

=%x0_.=0_0 . — H
Sc =T 0.72 <55 33 %, respectively. Th&wave = .,(2815) decay width re-
—%0 — C
Se TR 1.16 ceives an extra 2% contribution froBrwave modes giving
EXt B0 1.12 <31 a total width I'z_ (2815=7.67 MeV. This value is about
BB 0.69 three times higher than the upper bound obtained by CLEO
N FECI(2815)<2'4 MeV
Swave transitions Finally, the strong decay width of¥,(2625), the spirg
Aer(2593) 307+ 261 partner ofAcl(2593), is saturated bprwave transit?ons- to
Agy(2593) 31 70 1.73 3.6"29 2. and by two-pion decay td\.. Adding the contribution
Aer(2593) -3 215 from two-pion deca)[A:l(2625HACﬁw=0.035 MeV, calcu-
=¥ (2815) 21 0n 484 v <24 lated in[7], one getsl“Azl(2625)= 2.19 MeV which is close to
E*,(2815) - E* " 70 2.38 o the upper limit obtained by CLE®A31(2625)< 1.9 MeV.
To summarize, we constructed light-froftF) quark
D-wave transitions model functions with a factorized harmonic-oscillator trans-
N o+ verse momentum component and a longitudinal component
§§1(2625)_’20f o 8;; r 19 given by Diracé functions. The spin-wave functions are the
51(2625)*237: - ' A st LF generalization of the conventional constituent quark
A& (2628) -2 " 0.73 model spin-isospin functions. These bound-state distribution
E*(2815)- 207+ 0.30 functions were used to caISuIate the strong coupIings for
=% (2815)-E, O 0.15 Sc—Aem, Ag— 32 .m, andAg;— 3 .7 decay modes which

correspond tdP-wave, Swave, andD-wave transitions, re-
spectively. The LF quark model predictions for the numeri-
These are in nice agreement with our earlier fit to the up€@l values of these couplings E@9) are in good agreement
graded CLEO measurements g+, , [y (25035 , and with estimates optalned using the available exper!mental data
c ¢ €1 e Egs. (15—(18). Like other models, our results will mainly
FA§1(2593P2C strong decay rates. The corresponding HHCPTgenend on the choice of the free parameters which are the

couplings are determined using the values in B§); harmonic-oscillator constants, and a) . The decay rates
are also sensitive to the numerical values of the masses of the
9,=0.52, h,=0.54, hg=3.33x10"% MeV L. heavy baryon states and some of these masses have not been

(40) measured with high accuracy. We hope in the near future our
results will be confirmed by the new experimental data.

Having the three independent couplings in hand, we are now S. T. would like to thank Patrick J. O’Donnell and the
in a position to predict charmed baryons strong decay ratePepartment of Physics, University of Toronto for hospitality.
Ground-state transitions are saturatedMswave transitions This research was supported in part by the National Sciences
which can be calculated using the valuegsf , , and Eq.  and Engineering Research Council of Canada.

(12). On the other hand, transitions from the first excited

states aré&-wave orD-wave transitions and their decay rates

are predicted using Eg$13) and (14), respectively. These APPENDIX

decay rates are summarized in Table | as well as the experi-

mental values presented in the updated version of the Particle |n this appendix explicit forms for Dirac spinotgp,\)

Data Group(9]. and Rarita-Schwinger spinog'(p,\) in the light-front(LF)
From Table I, one notes that the strong widthXf is  formalism are presented. Previously, the spinave func-

about seven to eight times larger than the width of its Spin- tions have only been given in the canonical fofty]. We

partner .. These values are within the range of the CLEOshall, also, give matrix elements of some usefuinatrices

measurements. ThE*® and E* © strong decay width are between LF spinors. The standard representatiop wiatri-
within the current upper bound obtained by CLEO. ces is used:
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TABLE II. Spin-% helicity eigenstates in the light-front formalism witd(p,\)=u*(p,\)—iu?(p,\)
andu'(p,A)=ul(p,\) +iu?(p,\).

u(p,\) u*(p,\) u=(p,\) u'(p.\) u'(p,\)
A
: 0 0 0 u(p.1)
1 1 ) i ) 0 1
5 e e U
- ~ 22 e ~ 2 i) ~up) 0

2 \/§ m p! \/§ m pl \/§ px
,g 0 0 —u(p, 1) 0

TABLE IIl. The u(p’,\")Tu(p,\), with T=1, y*, ys, andy* ys, matrix elements. They are in units

of Vp™p /mm.

r u(p’,Hru(p,)  u(p’,1)Tu(p,1) u(p’, NTu(p,1) u(p’,NTu(p, 1)
1mpt+m Y+ ;4 4+ , , 1pt IS |
| 5 p p }mp —Hij _1p+p Cptpr Epp pp
pp’* 2 pp’ 2 g prp
vl 1 1 0 0
1mpt—mp*’ FaF A A+ E e |
e é# _Llm'p*—mp lp'p'—pp _1ptpl-pp
p'p 2 pp N A
vty 1 -1 0 0

TABLE IV. The u(p’,\")T'u#(p,\) matrix elements. The lower sign is fbr=y* and the upper sign is

for I'=y"ys. They are in units of\ p*p /mm’.

u(p’ . DTu™(pA)  u(P’ . NDCu~(pA)  u(P’ DDLU (pA)  u(p’.1)TU'(p,\)

u(p’, DTu™(pA)  u(p’.DFu~(pA)  u(p’,DLu'(pA)  u(p’,[)Tu'(p,\)
0 +\2

0 0

>
Il
Nl -
|
o(ﬁ o o
-
3|,
+
om%l o o
-
3|7
o
o

2
: N
)\:_1 0 0 + E 0
2 . - 3
_\/gp_ +\/gp_ 0 0
3m 3m
N 0 0 0 0
2
0 0 +\2 0
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TABLE V. Same as Table IV but foa(p’,)\’)u"(p,)\) matrix elements.

u(p’ Ut (p.A) u(p'. U (pA) u(p . HU"(p.A) u(p', 1u'(p.\)
u(p’,)u”(p.A) u(p’,)u=(p.A) u(p’, L)u’(p,\) u(p’, u'(p.A)
3 0 0 0 1 mp +mp*
A=3 N
prp
0 0 0 1 pp=pp*
2 p+p’+
= 1 mptimpt 1 p mptimp” 0 1pppp
? B mp (CLENNS W pep
1 p+pr p+pr 1 p— p+pr_p+pr O 1 mrp++mp+
J6 mp’+ 6p* mp* V6 p+p’+
= 1 p'p=pp’ 1p plp—pp" 1 m'pt+mp” 0
=—3 ; L ’ _ = ,
\/6 mp+ \/6 [Z)+ mp+ \/6 p+p +
_imrp++mp’+ ip_mrp++mp’+ 1 p+p’r_p’+pr 0
B g LS V6 prp
1 N R S
3 0 0 ﬁp pP-p'p 0
2 pp'*
1 mpr+mp*
0 0 *ﬁ P P 0
prp
Il 0 0o o 0 1 T —p
Yo=|0 —I|» %T|—¢ 0| Ys=[1 of 1 pr—m
v(p,1)= ! :
(Al) 2 /mp+ p
: —(p"+m)
whered' being the usual Pauli matrices. -
The spins LF spinors u,(p) with four momentum
p=(p*,p~,p,) and helicity A\=(Tor]) are given by
(16,18 rpt—m
r
- 1 p
prm v(p)=—— p* (A3)
’ + .
1 pr 2 mp+ i rm
_ p
u 1 - +_ 1
(p T) 2\/m—p+ p m L
pl’
L They are normalized such that
- _p|
. _ _
o) 1 P Jlfm 2 u(p,MUu(pA)==v(p,N) (PN )= . (Ad)
u y = 1
p 2 /mp+ p
—(p"—-m) The spins projection operator is given by
here, we haye (_jeflnegi—px—lpy andp'=py+ipy. Simi- 2 u(p,\)u(p,\) = (P )_ (A5)
larly, the antispinors, (p) have the form ) 2m
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TABLE VI. Same as Table IV but foa(p’,)\’)ysu"(p,)\) matrix elements.

u(p' . Dysut(PA)  u(p D ysuT(PA)  u(p ) ysu (PA) (P’ ) ysU'(PA)
U(p,,l)')/5u+(p,)\) u(p’,i)ysuf(p,)\) u(p/ll)YSUr(pi)\) u(p’,i)ysu'(p,)\)

1 ml +_m !+
)\=§ 0 0 0 E P P
2 prp’”
1 p' "+ At
0 0 0 ﬁ|0|o ph
pp
1 - 1 mrp+_mp’+ 1p mrp+_mp+ 0 1 p+p’|_p’+pl
A=5 B . oot . B ..
2 \/6 mp * 6p* mp'* \/g ptp'*
+n'T—n T’ tar—_ntp'r ,
1 pp—pp 1p pp-p'p 0 1 mpt—mp*
’ + ’ - Y-
V6 mp~* V6 p mp " NG o p'*
1 _iplp’+_p’lp+ _iEp’ler_plp’Jr _im/p+_mp’+ 0
A=73 NG mp V6 p* mp * V6 ptpt
imlp+_mp,+ _i£m1p+_mp’+ i p’+pr 0
’ + ’ ’ ’
AT p' g V6 e prp'
N 0 0 1 pp-ptp” 0
2 2 e
1 mp'—m !+
0 0 ﬁ P P 0
pp
These LF spinors are related to the canonical spinors by a (p+m)

_ 2 1
Melosh transformations. The spin-helicity eigenstates ; u“(p,Mu”(p,A) = (_gu vttt gty

2m
u#(p,\) are given in Table Il which are normalized such
that 1
+z(v7- y”v”)}- (A7)
Uﬂ(p,)\)uu(p,)\'):_gw, (AB) Table Il contains matrix elements(p’,\')"u(p,\) with
(I'={l,y",y® andy"9®). In Tables IV, V, and VI matrix
elementsu(p’, N )Tu#(p,\) with (I'={l,y"andy®), re-
The spin3 projection operator has the form spectively, are presented.
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