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In the Standard Model (SM)

Unsolved problems: Dark matter, Neutrino oscillation, Matter antimatter asymmetry, - - -

But, at the LHC : No new particles and phenomena...

In this situation with no decisive evidence for new physics beyond the SM

!

One powerful strategy : Studying all the allowed effective interactions

of particles including high-spins in a model-independent way

High-spin massless particles

v With conventional v" Soft photon theorem
high-spin massless fields v LY theorem

Realizations Restrictions

v' With light-cone coordinates

No-go theorems V' WW theorem
v’ In SUSY

M. Fierz and W. Pauli, Proc. Roy. Soc. Lond. A (1939) i \Dﬂfeiﬁj{ber‘ig, P]}il)ysi;l Rj‘;‘ (191\?4) .
P. A. Zyla et al., PTEP (2020)  B. de Wit and D. Z. Freedman, Phys. Rev. D (1980) - D. Landau, Dokl. Akad. Nauk SSSR. (1948)

T. Curtright, Phys. Lett. B (1979) C. N. Yang, Phys. Rev. (1950)
S. Weinberg and E. Witten, Phys. Lett. B. (1980)
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No-go theorems — Complete absence of high-spin massless particles in nature? w

LY theorem X0
v Spin 1 — vy X /
v Spinl —gg o e = <
v Spin J =0,2,--- — vy or gg o \

. X(s,0)
WW theorem

X(s,0) X(s,0)

v" All theories allowing a covariant conserved current .J, ~_ 7
Forbid — spin-s > 1/2 massless particles with Q = [ d3Z Jy T~ 7

v" All theories allowing an energy-momentum tensor 7,

Forbid — spin-s > 1 massless particles with P, = [ d*Z Ty,

Exceptions

Sl?in‘l masslgzss particles, v and g and Discovery of gravitational waves
with 0 = [ d°Z Jo — a spin-2 massless particle called graviton
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All the covariant tensor currents

of massless particles @/[ujl ;'?'1512]
wn the covariant formulation

The first extention of [S. Y. Choi and J. H. Jeong, Phys. Rev. D (2022)]

Xi(s1,m1) X1(s1,0)
7 Onshell - Offshell
W (J, m) ! ( i — ) (T, m) — 10 @ i
XQ(SQ’mg) X—Q(SQ,G)

General assumption : Symmetric tensor current

coupled to T[#1HIV1" Vi () = / d'a &P (O|T{EM 1 (2) 171 (0)}]0)

with the symmetric free field WwH1#J
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Outline

1. Algorithm

X1(s1,0)

/ Decay matrix elements
) (J,m) [ (
—_—»

N

(X1X2]0;5510)

XZ (52: 0)

2. Crossing symmetry and identical-momentum limits

X2(s2,0) X1(s1,0)
~_ 7 Scattering matrix elements
\ /

(X1|0575552) X,)

Only integer s; 2 and off-shell ¥*
3. Summary
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<Matrix elements>

G[J;Sl,SQ] (kl;kQ) — E*al-..a31 (kl,)\l)g*ﬁl."ﬁw (kQ,)\Q)F[J;SI’Sﬂ (kljkg)

(A, A2)prpg al---asl,61---652;;;,1---;;,J

= " (kp, A)e™ (o, Ao) DL 0%2) (e iy

o, B
Integer s1 2

SHOL oy (kl, :|:81) — c*a (klg :|:1) .. g*0sy (kl’ :|:1)

X1 (81,0)
E*ﬁlmﬁsg (kz, :|:SQ) = €*ﬂ1 (kg, :|:1) cee €*ﬁ32 (kg, :I:l) kl/"
Repeated structures o) (T, m) |
[ ] [ ] [ ] —>
for the spin-1 polarization vector p

\l, Xa(s2,0)
Key guideline
in constructing the Form-factor and basic operators

R. E. Behrends and C. Fronsdal, Phys. Rev. (1957)
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X1 (Sl, 0)

<Form-factor and basic operators>

[J — 0+ 0] (81:2 = 0)
+1 +1

@[i 81)\;)2] (k1, ko) = " Uy, )\1)5*ﬁ 5, A2) FLJE’LSQ](kl, k2)

Symmetric covariant tensor currents
= Qu, Pu, and gy,

Compact square bracket operator form
Puy* Pun = [P]"

Quy G, = [q]”

Gurpz " Guan-1uen — [9]"

Form-factor operators
Off-shell ¥* v '
[/30,0] d [;0,0] n [F()\S11:F)1\82) (kl’ k‘z)]
[9(0 0) (k1 ka)| = Z [F(o 0) (k1=k2)]
~ Z Al La]"p)™ 9] with T =n+m+ 2

n,m,l



Algorithm 8/29

X1 (Sl, 0)

<Form-factor and basic operators>

[J — 51+ s2] (s1 #0 or s #0)

\D(*)(J, m)

O (k) = e™ (hy, A )e™ (o, M| T 50" (e, o)

Boosts of spin-1 polarization vectors of massless particles

€a,8(k1,2) = €a 6(’“1 o) +1nkig 28

Polarization-covariant operators

(kipop) + = i(k1pgan — k1a9ou — kF1pgpa)  — lp/-b = 0y X (’LXL)
<k20/8V>+ — Z(kQUgBr/ k2ﬁgou - k2r/ga,6) — Fyyp = 80'X21/ — ayXQJ
(k1pops) - = expay ’fg = —iF) = ey F T2
<I€20',8V> = Esopv kQ — _ZFQO-V = —ispu56F6’8/2

Contraction symbols

1

(kibed) i (ko fgh)j = (kibed)i(kafgh); g*f
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X1 (81, 0)

<Form-factor and basic operators>
[0 —1+1]

@[((;\;11:;]2)(]61, ]CQ) = 5*&(]{1; )\1)6*6(]62, )\2) Iwg{)’;é,l](kl7 k2)

Even-parity scalar operator

OLLI(+1, +1)|= (K - ko)
QLY (£1, F1)|=

%(klm)i = i(kik2aff)y  —

Odd-parity scalar operator

— 00120 = + (k1
(kipap) (koo Br)z = i(kikaaf) - — O (+1,71)[=0

b | —

Basic bosonic scalar operators

.

o
Sag =

[(k1koaB)+ + (kikoaf)_]  —  OULU(E1 £1)|= (K - ko)

b | =



Algorithm 10/29

X1 (Sl, 0)

<Form-factor and basic operators>
1—=140 & [1 =0+1]

6&18] (k1, k) = ™ (k1 M) Ty O (ka, ko)

@E})’s\’glg,u(klﬂ kg) = E*ﬁ(kza )\2) [1 0 1 (kla kZ)

Even-parity vector operator
i(kikoop)  —  OFO(£L,0) = — (k1 -
i(kok1Bv)y = OO0, £1) = —(ky - &

Odd-parity vector operator
ilkikaap) - —  OWNIET 0) = F (k1 - ko
:F

7]

’i(kgklﬁy>_ — @E;O’l (0, :tl) =

Covariant polarization vectors

koq-e(kio,
e1(k12,£3ko1) =¢e(k12, 1) — ( 21 2 ( ;’2 ))kl,z = 1,21 (%)
1 K2
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Xl (Sla 0)

<Form-factor and basic operators>
1—=140 & [1 =0+1]
@El;\;il:g;#(kh k2) — S*a(kh )\1) Fg;ﬁ’o](kl, kg)

OO (k. k) = = (o, Ao) T (hy )

Even-parity vector operator
i(klkgap>+ — 95;1’0 (:tl, 0) = —(kl . k:g) Sj_#(kl, :t; kg)
i(kak1Bv)y = OO0, £1) = — (k1 - ko) e¥,, (ko, £ k1)

Odd-parity vector operator

ilkiksapy- = OFM(EL0)=F (k1 - ko) et (K, £: ko)
ilkok1Bvy—  —  OON0, £1)|= F (k1 - ko) €7, (ka, £ k1)

Basic bosonic vector operators

.

Vfg:;p = [(klkga/i>+ + (k‘lkga}_L>_] — @Ll;l’o](:le, 0) = —(kl . k‘g) €jp(k1,ﬂ:; kg)

[(koky V) 1+ (kokyfv) ] — OO0, +1)|= — (k1 - ko) % (Ko, +: k1)

B =. D] =

+
VQ;S’;V _
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. X1 (Sl, 0)
<Form-factor and basic operators>

2 = 14 1]
@[2;1’1] (kl,kg) = E*Q(kl,/\l)é*ﬁ(lﬂg,)\g)

(A1, A2) 1 pe2
2:1,1
X FEx,ﬁ;ﬂ]WQ(kl’ k2)

Even-parity tensor operator

(k1pap) + (koo Br)y — (kipap) - (keoBv)
O (L F 1] = = (k1 ko) [} L (D)oo (F) + 11 o> v |

1 o
FQUO’ — Zg;_wFlTp F2p0'

— gp"FlTpp

_>
Energy-momentum tensor

ol (+1,+1) =0
(1, £1) of a spin-1 particle

Odd-parity tensor operator
N N
(k1pap) (koo fr) - — (kipap) (koo By) 4
O ELF= F (k1 - ko) &1 (E)ern(F) + o v

olZt (11, 41) =0

Basic bosonic tensor operators
1

Ty = 5 O 7| (b1pon) -2 B0) = (ks o) (k2o ) ]
T==%

= OEMEL T = —(kr ko) [ (2)B L, () + a6 v ]
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Compact square bracket operator form

+ - -
Sal /81 San ﬁn — [S }n
=
Vlocl;,ul o Vlan;,un — [Vl ]n
+ + +1n
VQBl,,U,l ’ V2)6n;,u»n — [VQ ]
+ + +1n
TO&lﬂlQ#l#Q T T, Brien—1H2n — [T }
[J;s1,52] [J;s1,82]
al"'aTll:51"'6?12;#’1'"#‘] — [F ] S:I:
a?
+
Vloz;,u
) ) ) . +
< Constructing covariant three-point vertices> VQB;,U,
. . =,
Helicity configurations: (4s1,+s2) and (4s1, Fso2) . Bipv

EX) P Xl(kl, —|—81) -+ Xz(k2,+82)

%Z

Wlth J_=J—

(Integer s12 # 0 and s1 > $2)

[J 81,82]

—I—sl,—i—sQ) [S+]S2[Vl+]81_82

1. (—|—82, —I—Sg)
2. (+(s1 — s2) + s2, +52)

3. Complement u indices

(s1 — 52)

L4

13/29

X1 (Sl, 0)
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X1 (Sl, 0)

<Constructing covariant three-point vertices>

(.82 [l Sep 7 (BF)
T Jis1,89 — (—) ']_ Pt 181,82) 11 S)‘ Smin VA 81— Smin + V)\ 52— Smin ’
[l ;{ (-3 IFRas] " 157 (v [V3))sasmin) VE (40
Ty VE. —  (+,0)
_ [J;81,82] T A Smi A181—8mi —A182—8mij 2Bsm ’
Ye..s . F T min V 1 min V 2 min
+ /s 11111 @( ]+) HZ:O |: l:)t.?j,—}\sg):| [ ] ([ 1 ] + [ 2 ] ) } T(;I:MB;HV _} (:l:’ :F)

(']:F = J - |S]- :F 82|)3 (fysmin =1- 6Smina0 With Smin = min[817 82])

First key result
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X1 (Sl, 0)

<Constructing covariant three-point vertices>

1,52 Sy Sep o (B
Jis1.82]7 Jis1,82) 1N AlSmin A5 —Smin A182 —Smin ’
) =5 Lo S e (19 ome s i) e o o
L VE. —  (+,0)
. [J;Sl,Sg] i A1Smin A181—Smin —A182—5min 2]8"“’ ’
+f:f-5min e(‘]+) ; [FT(ASI,—,\SQ)] [T ] ([I/]. ] + [1/2 ] )} Ta:l:’ﬁ’ﬂy - (:l:, :F)

(J£ =T —=Is1 Fs2|)y (Ve =1 = .0 With s, = min[sy, s2])

First key result

4 . N
Constraints

v @)\1,,\2 =0 for J < |81 — 52|

V O4ig, 55, =0 for J < |s;+ sz
\. J
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Xl(Sl,O)

¥ (J,m)
q
=k —k
p=ky+ ko q_kl—l_kg
qg="Fky — ko X2(s2,0) bp=r 2
Decay matrix elements Scattering matrix elements

(e, Ags g, do|[OF=0=21]10) = [O70 % (hy, ko)) —— (o, Al [OF 20 kg, A = [O7107 (e, o)

In the three-point vertices +koy — —ko

In the X5 wave tensors e*(ke, £) = —c(ke, F)

[OR] > [ep ]
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Xl(Ser)

T (J, m)
q
=k — k
p=Fki+ ko Q’_kl—'_’:
qg=Fky — ko X2(s2,0) P =k 2
Decay matrix elements Scattering matrix elements

(kM ko Aol O] 0) = [O(T5 5 (ha k)] —— (kM| [O155 2 ] ey, Ao = (O35 (ko o)

o] e |

Constraints Constraints

v @)\1,)\2 =0 for J< |81 - 82| v é)\h)\z =0 for J< |81 — 82|

V Oie e =0 for J<|sl+52|] [« s re, =0 for J<|si+ sl
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p=ki+ ko
q=Fk1— ko

Constraints
v C:))\l,/\g =0 for J< |81 — 82|

v (:)isl,iSQ =0 for J < |81 + 82|

+ko — —ko e (ky, +) = —e(ks, F)
KS:,ﬁ = S;E,B = OULU(£1,F1) = +(ky - ky) )
View=Vie = OWELO) =+ (ki - k) e, ()
Vobo = —Vaga, = OO0, F1) = — (k1 - k2) e21(F)
Tai,ﬁ;w = _Tai,ﬁ;w — [2 o ( +1) = — (k1 - k2)[5’ﬁ#(i)5uu(i) + 4> V]
KF(,\l,Az) ~(qu), (Pu)s (Guv) — F()\l,—)\Q) ~ (Pw)s (au); (Guv) )




Crossing symmetry and identical-momentum limits

ki = k°(1,4+sinfy,0,cos ;)
ko = ko(l, — sin fy, 0, cos )
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z A

p=ki+ ko
q=Fk1— ko
Constraints
v C:))\l,/\g =0 for J< |81 — 82|
v (:)isl,i.s'g =0 for J< |81 +82|
+ko — —ko e (ky, +) = —e(ks, F)
(- ™
Sap = —Sxs = OULU(£1,F1) = +(ky - ky)
1;1,0] «
Vi, =-Vi, = OutUE1,0) = 4k ke) e, (£)
. 1;0,1]
VZE;V = V2ﬂ5;u ~ ey ( = —(k1 - k2) 210 (F)
= 2 1,1 .
Tcit,ﬁ,,uu = _T;‘:,,B,,uu — [ ( ) _(kl ’ kg)[gliy(i)‘gQLv(i) U V]
KF()\l,)\z) ~ (Q'u)a (p;u)a (g,tw) — F()\l,—)\a) i (p,u)a (Q,u): (guV)
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x4
91’2%0 I

ki = k°(1,4+sinfy,0,cos ;)
———> k1o =k=£k"(1,0,0,1) Xo

ko = ko(l, — sin fy, 0, cos )

p=ki+ ko
qg=Fki —ko
Constraints

v C:))\l,/\g =0 for J< |81 — 82|

v (:)isl,iSQ =0 for J < |81 + 82|

+ko — —ko e (ky, +) = —e(ks, F)
rsf,ﬁ =-S834 = O], F1) = 4 (k1 - ko) )
View = View = O EL0) = +(ki - ko) e, (2)
Vab = — Vi — 00, F1) = — (k1 k2) 22 (F)
Tai,ﬁgw = _Tai,ﬁ;w — [2 o ( +1) = — (k1 - ko) [E’fiﬂ(i)guy(i) + 4> V]

KF()\l,)\z) ~ (Q'u)a (p;u)a (g,tw) — F()\l,—)\a) i (p,u)a (Q,u): (guV)
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x4
91’2%0 I

ki = k°(1,4+sinfy,0,cos ;)
———> k1o =k=£k"(1,0,0,1) Xo

ko = ko(l, — sin fy, 0, cos )

lim <k1,Aly[@[JShsﬂ]ykz,AZ) (e, [0V 052 [k X)) (—1)7™ ks

91 2—>

Constraints
v C:))\l,/\g =0 for J< |81 — 82|

v (:)isl,iSQ =0 for J < |81 + 82|

+ko — —ko e (ky, +) = —e(ks, F)
KS:,ﬁ = _S;E,B = OULU(£1,F1) = +(ky - ky) )
View = View = OWIEL0) = (ki - ko) et (2)
Vb = ~Vasa = 00, 71) = — (k1 - k) e210 (F)
T = Tip = O ELED) = —(ky k) [e] 1, (£)eg, () + 1 5 v
KF(,\lg\z) ~ (qu), Pp): (Guv) — F()\l,—)\Q) ~ (Pu): (@) (gur)
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x4
91’2%0 I

ki = k°(1,4+sinfy,0,cos ;)
———> k1o =k=£k"(1,0,0,1) Xo

ko = ko(l, — sin fy, 0, cos )

lim <k1,Aly[@[J81=821}yk2,A2> (k, [0k M) (= 1) ) Z g 1k

91 2—>

Constraints
v (:))\1,,\2 =0 for J< |81 — 82|

v (:)isl,iSQ =0 for J < |81 + 82|

+ko — —ko e (ky, +) = —e(ks, F)
e )
Sss=-515 = OULI(H1,F1) = (ki - ko)
+ (1;1,0] . *
Vla;,u - vla;,u - @ (i 0) = +(k1 - k2) Ell#(i) Involve only
1;0,1]
Vit =—Vas, = 00,51 = (k1 k2) e200(F) (k1 - k) and 0"
= 2 1,1 *
T = Tigu — O (ELEL) = —(ki - ka)[e],,(2)ey,, () + 1 v]
KF()\l,)\z) ~ (Q'u)a (p;u)a (g,uu) — F()\l,—)\a) i (p,u): (Q,u): (guV)
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x4
91’2%0

ki = k°(1,4+sinfy,0,cos ;)
———> k1o =k=£k"(1,0,0,1) Xo

ko = ko(l, — sin fy, 0, cos )

______________________ »
<
1 J; ’ — J; ) —A
im (e M [0 =21 ey, Ao = (e, Al [V ][k, Do) (1) 72—k
’ q=Fk1— ko
( A Constraints
lim +/ky-ko el (£) =k _
6, ,—0 1oke 1 () v Oy =0 for J < s — s
lim \/ k‘l . kg E_j_(i) = +k v éisl,is,-g =0 for J< |81 +82|
s 91’2%0 )
+ko — —ko e (ky, +) = —e(ks, F)
4 _ )
Sip=-Sws o OOMIELFY = 1(k k)
Vi, =-Vi, = OutUE1,0) = 4k ke) e, (£)
V;B;V = VQ:E;U — (:)f[/l;oal}(ov $1) = _(kl ’ k2) 52J_V(:F)
= ~[2:1,1 .
Tty =T, —  Onl(EL£1) = — (ki - ko) [, (E)en, () + p ¢ V]
KF()\l,)\z) ~ (Q'u)a (p;u)a (g,uu) — F()\l,—)\a) i (p,u): (Q,u): (guV)
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z 4
91,2%0 |

ki = k°(1,4+sinfy,0,cos ;)
———> k1o =k=£k"(1,0,0,1) Xo

ko = ko(l, — sin fy, 0, cos )

______________________ »
<
i (e, M| [OV1 2] [k, Aa) = (b, Ml [OV 2T e o) (=1) 7 =y 41
q=Fk1— ko
( ) Constraints
lim ky-koel (£) ==k _
6, ,—0 1oke 1 () v Oy =0 for J < s — s
lim \/ kl . kg E_j_(:i:) = +k v éisl,iSQ =0 for J< |81 +82|
L 91’2%0 )
(" _
Sap = —Sxs = OULU(£1,F1) = 4 (ky—hz) A
V]_:(E!;,u, - _Vl:‘lc:z;/_t — @[1 Ho (j: ) ng(i)
Vb = —Vib = O00,71) = (k) E210(¥)
[Tcit,ﬁ Qv = _To:zt,ﬁ Ny — éEVl ( ) (kl kQ)[Ell,u(i)EQLy(i) + V] _> Qk‘u’ky
F v F 1,—Az) ™ b 14
\[ (A1,A2) ™ (QM)a(pH)a(g.M ) — (A1,—A2) pu)M 9u )’ _> Z(k’u,), (gp,l/)




Siﬁ/(kl k2)
la H/V kll k‘z
VYQ}@';V/ v kl ’ k2

Form factors including (k1 - k2) in denominators

~10;1,1
O T (k) =+1

~[1;1,0] o
@(:lzl D)M(k7 k) - j:k'#

O, (k) = +k,

Crossing symmetry and identical-momentum limits — 25/29

z A

p=ki+ ko
q=Fk1— ko

Constraints
v (:))\1,,\2 =0 for J< |81 — 82|

V Ouig 45, =0 for J<|[s1+ s

- O], F1) = +(ky—ha) )
Lo OEIEL0) = k)
R N T
—  OmtEL L) = — (k- ko) (€11, (F)enr, (£) +p v — 2kuky
)~ (@); (D), (gy) = F(Al,—m"’ (1) g2 (90| )= 2(ky), (g0)
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A
Form factors including (k; - k2) in denominators o

Sealllake) = Bligy (kb =+1
la H/V kl k2 — (:)Etl,:lla([))])p(k.’ k’) = :i:k'“

Vis /VEL ke = O% (k) = £k,

p=ki+ ko

— Violate the covariance of tensor currents! -
q=FR1 — R2

Constraints
v (:))\1,,\2 =0 for J< |81 — 82|

V Ouig 45, =0 for J<|[s1+ s

fsgiﬁ:—siﬁ = OOMI(E1, F1) = (k) \

Vit = -V, = 0FE1,0) = ki a)E, ,(2)

U = Vare = ON0.F1) = A a1, (7)

[Tai,ﬁw__Tajfﬁw - O£l £1) = — (k- k)€1 1 (F)eg) , (£) + p > v] — 2kuky
\[F(Al,xz) ~ (qu) (P)s (Gw) — F(Al,—m ~ () 7], ()| — 2(ku), (9,0)
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A
Form factors including (k; - k2) in denominators o

Siﬁ/(lﬁ k) = [OETE (k)= 41

la ,u/\/ kl k2 — (:)Etl,:lla([))])p(k.’ k’) = :i:k'“

Voo Vi ke = Og%) (k) = £k,

. _ P

— Violate the covariance of tensor currents! b kl ;
q=Fr1 — R2

EX) Si 3 /(k1-ke) — A scalar current © Constraints

(k,:l:‘Ri((,O)@Rz((p)“t‘, :F> — <k‘,:|:| ®|ka:F> — 8:|:2it,o<k?:|:|® |k’, :F> —0 v @)\1,,\2 =0 for J< |81 — 52|

— Contradiction! V Oiy 15, =0 for J<|s;+ s

fsgiﬁ:—siﬁ = OOMI(E1, F1) = (k) \

Vit = -V, = 0FE1,0) = ki a)E, ,(2)

U = Vare = ON0.F1) = A a1, (7)

[Tai,ﬁw__Taﬂfﬁw - O£l £1) = — (k- k)€1 1 (F)eg) , (£) + p > v] — 2kuky
\[F(Al,xz) ~ (qu) (P)s (Gw) — F(Al,—m ~ () 7], ()| — 2(ku), (9,0)
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) . A
Covariant vertices o
J_ I

~[J;81,82 J381,82 1 &A1 Smi 7 A1S1 — Smi (7 A152 —Smi X2 : X1
[Lrsl] =5 {@(J)Z[FE,\SI,'ALQJ (82 ([ e 4 (o0 ) .
A=+ n=0 :
gy !

n J;517‘92 n T Smin ¥ $1 —Smin 7 — §2 —Smin
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Second key result



Summoary

v' An efficient algorithm in the covariant formulation.
v' Covariance constraints on form factors.
v' Covariant three-point vertices for all off-shell cases.

v' Covariant four-point vertices.

v' Program for generating covariant vertices and Lagrangian operators.

v' Algorithm < Spinor helicity formalism.
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Thank you



31/29

Back up
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Three-point vertices for identical particles, X; and X5 (X; = X5)
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Identical particle condition

Selction rules
1. (J=1,3,---)>5(0+0)
2. (1) = (0==0), (1/2+1/2) (==1), =



B*(0,5.2)
H(0,125)
H(0,125)
H(0,125)

H(0,125)
t(1/2,173)
7(1/2,1.7)
7(1/2,1.7)

Z(1,91)
V7 (L, vireua)
J/¥(1,3)
J/¥(L,3)
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K*(1,0.9)% +~(1,0)
v(1,0) +~(1,0)

9(1,0) + g(1,0)
Z(1,91) + ~(1,0)

Z* (1, viera) 4+ Z(1,91)
b(1/2,4) + WT(1,80)
m(0,0.15) + v,-(1/2,0)
p(1,0.77) + v,(1/2,0)
7(1/2,1.7) + 7(1/2,1.7)
W~ (1,80) + WT(1,80)
a2(1320)(2,1.3) + p(1,0.77)
f4(2050)(4, 2) + (1, 0)

33/29



Matrix elements in the covariant formulation

<Constructing covariant three-point vertices>
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<How to construct covariant tensor currents>

Wave tensors Momenta Form factors Siﬁ
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The U™ rest frame (VRF)
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