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Introduction:

e Spinor helicity formalism for scattering amplitudes
e Amplitude basis of EFTs

Partial wave amplitude basis
(Non)-renormalization from angular momentum conservation.

Vanishing loops from angular momentum conservation.

Summary and outlook.
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Intro: spinor helicity formalism

Spinor helicity formalism is a natural way in studying on-shell helicity
amplitudes of massless particles.

p? =0 pas = Puhy = Aata = [P)Ip| (1)

Under little group transformation, a massless particle with helicity h
transforms as

|h) — &*"|h) (2)
which is represented through the transformtion of the spinors:
p) = e"Ip), [p| = ”[p] (3)

Scattering amplitudes are then Lorentz-invariant functions of A and A with
the correct little-group helicity weights:

M(wil)\,‘, (,US\,') = I'I,-wzh"M()\i, 5\:) (4)
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Intro: spinor helicity formalism

Three point amplitudes:

12)Ms=m=h2(93ym—h2=hs (31 ) ha=m=hs ™. p. <
M, ho, ha) = g 4 (P27 TREB)RERERELE R, ) kiS00 g
[12]h1+h2 h3[23]h2+h3 h1[31]h1+h3 hszi h; >0

In renormalizable theory with only dimensionless couplings:
[g]=0—> hi=+1 (6)
i
or the non-zero three point amplitudes are

M@E pE, ¢), MYt v, VE), M(o, ¢, VF) (7)
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Intro: Amplitude basis for EFTs

Enumerating high dimensional operators in a massless theory:

field ¢ Yo D Fagt F.
representation (0,0) (%, 0) (0, %) (1,0) (0,1)
helicity 0 z -3 1 -1

Table: Fields in irreducible representations of Lorentz group and the helicity of
outgoing particles they excite.

@ Lorentz invariance;
@ Remove total derivatives and EoM redundancy.
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Fuv0o6055 = FapEsg + Fis€as
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Intro: Amplitude basis for EFTs

The on-shell construction of the EFTs:

@ Using contact on-shell amplitudes as basic “building blocks” instead
of operators.

@ The size of the amplitude basis is exactly the same as that of the
operator basis!

o Full amplitudes are constructed with these basic amplitudes from
unitarity.
o Example:
Ong = H'HB"'B,,,; O, 5 = H'HB" B,,,
Ong — i0y5 <+ M(B*, BT, Hy, HL) = [12]%6,4
Ong +i0Op5 <+ M(B™,B™, Ha, HL) = (12)%504 (8)
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Partial Wave Amplitude Basis

@ Scattering amplitudes are usually expressed with incoming and
outgoing multi-particle states with definite momentum.

@ We can also decompose the momentum eigenstate into angular
momentum eigenstate

S (WnlVN)) = G (Pitbiz, (P = Y pi). (9)

° Ar)d decompose the amplitude into the “partial wave amplitude basis”
B.

Avov = o(VnMVn)s (10)

Z SVMIMWN); Y G (GF) (11)

Jz

ZM* VB2 s (12)
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Partial Wave Amplitude Basis

@ For amplitudes expressed with spinor helicity formalism, we derive
Pauli-Lubanski operator acting on function of spinors:

Mzas =i ez (A 'aa/\ﬁ + Xiggx ) (13)
MIaﬁ_lZIGZ( ic Nﬂ +)\’585\?) (14)
Woa;'v = é (PaﬁMa — Ma Pﬁa) (]_5)

@ Partial wave amplitude basis at some specified channel are
eigenfunctions of the operator W?2;

W2B = —P?j(j +1)B (16)

@ Given some amplitude basis, we can obtain the partial wave amplitude
basis by diagonalizing W?.
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Partial Wave Amplitude Basis

o Examples: consider 2 — 2 scattering, acting W? to the following
amplitudes at (1,2) channel

W2(12) =0 — j =0, (17)
W2(13)(23) = —2s15(13)(23) — j = 1, (18)
W2(513 — 523) = —2512(513 — 523) —)j =1. (19)

@ The point is that amplitudes directly generated by effective operators,
or amplitude basis, can be deposed into superposition of finite
number of “partial wave amplitude basis”.
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Anomalous dimension matrix at one loop

Considering a process that has a direct tree level contribution from an
operator O; and one-loop contribution from another operator O;

1 1
Aj ~ ci(p) — ’70’@9’(#)(2*6 +logp+...), (20)

i + log pt come from the UV divergence of the one loop contribution.
Demanding the amplitude being independent of the scale pu:

dei(p) 1
- ici. 21
dlog 11 ;16#%9 (21)

/ 2\
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Anomalous dimension matrix at one loop

Zeros in d = 6 ;; and non-renormalization theorem:

F3 F2¢)2 szd) w4 o, 2¢$ F'J F2¢2 F&Zw ,J)ll ‘1}2@3 L’r)?wl LEL”/'(?ZD ¢4D2 d)G
_ (w,w)[(0,6) (2,6) (2,6) (2,6) (4,6)](6,0) (6,2) (6,2) (6,2) (6,4)|(4,4) (4,4) (4,4) (6,6)
F? (0,6) x x 2 x x x x x x %
F29?  (2,6) x x x x x x
Fy?6 (2,6) & % | H
Pt (2,6) | x x x x x x x 2 x x
W6 (4,6) | 2 .
P (6,0) x x x x x x x x x x
szp'z (6,2) x x x x x
Fp (6,2) x x x
71114 (6,2) x x x x x x X 72 x x
p2o® (6,4 2 x* %
7!2(/)3
};‘;sz (4,4) % 7 x x v? x x x
YYD (4,4) x
¢'D*  (4,4) x x x x
@8 (6,6) | x* x x x* x x x

Table describing the renormalization of the operators in the column by those in the row.
C. Cheung, C.H. Shen [arxiv:1505.01844]
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(Non)-renormalization

NOt a” ZEeros are eXp|aIneC|| R. Alonso, E. Jenkins, A. Manohar, M. Trott

CeW = —2g2N. Clequ[Y Jip + CeW[YY Jes +
rspt

Cen = 491 Ne(Yu + ) Clon [Yaltp + CepYeY s +
s rspt

Corr = 2(m + 12 + i) [V ]rs + [YIY Y s (Crip — 6Cro) + 20};2 VY = 2V IYeY ] Coe

+8C . [YIV.Y ] — 4C,Equc[Y; YY)l + 40;61;UN Yo YVl + 4CPH[Y Vil

rpts rspt rsip
+5[v} Yol + 3y )QH +94 )CLH + am : (A.18)
Okqu = (le)€jx(qu); O g = (Iowe)ei(Go™ u)
O = (lo"e)r'HW,,; Ocp = (10" €)HB,w; Ocry = HTH(TeH).
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(Non)-renormalization from angular momentum

From the angular momentum consideration, at (/, e) channel:

= 0: Ojgy ~ (12)(3'4'), Ocpy = H'H(IeH) ~ (12);
J = 1:0p, ~ (13)(24), Ocw/Oep ~ (13)(23)

Figure: Contribution from Ojeq, to the running of Oy and Oen
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(Non)-renormalization from angular momentum

The other dim-6 example: H*D? — +>H?D

Oyno = HYHO(HYH), Oup = (H'D,H)*(HID*H);
OL, = (H'i'D,H)(@"q), Onw = (H'I'D H)(@y"u)...(J = 1,1 = 0)
0} = (HTIDMT';H)(/’)/MTE/) Oy = (HT/DMTQH)( gy'rq)...(J=1,1=1)

Hté . (U8

Figure: Contribution from H*D? to the running of ¥?H?D
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(Non)-renormalization from angular momentum

M(H®, HS HE HIB) = 2CHn (51209658 + 53598554
+ Chp(5128°76%% + 53624557

Decompose into s channel angular momentum and isospin eigenfunctions:
s1p for j = 0 and s13 — sp3 for j = 1; T = 524598 T3 = %(Ua)ad(ga)ﬁﬁ"

M(Ha, HTd, Hﬂ, HT’B) = [3CH[| Tl =+ (CHD — CHD)T3]$12
+ [(2CH|:I + 2CHD)T1 + 2CHEI T3](513 — 523).

then make the right prediction!
. 1
Ch) = S - YY)l (Coo + Cup)
pr

, 1
Cliy = =5 YilYu + Y] Yalpr Cuc
pr
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(Non)-renormalization from angular momentum

Channels j=0

j=1/2 j=1
FTFT F24%(2,6)
Fryt F2$(2, 6)
Fro Fy?p(2,6),
F2¢2(2,6)
AT ¥*(2,6), ¥*(2,6),
P22(4, 4), Fyp2 (2, 6)
2 ¢3(4,6)
Yy~ PP D(4,4),
P252(4,4)
vte ¥2p(4,6),
F2¢(2,6),
Y2 D(4, 4)
b ¢*D?(4,4), YPp?D(4,4),
w%j(a, 6), $*D?(4,4)
#°(6,6)

Table: Dimension 6 operators classified by their angular momentum in the
specified channel. Numbers in the bracket are the (anti-)holomorphic weights.
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Vanishing loops from angular momentum

Figure: One-loop diagram for 2 — N scattering in EFT. The solid rectangle on
the right hand side represents a contanct interaction.

We see that the external state connected to the effective operator at RHS
have limited j. If the state at LHS does not satisfy this constraint, this
amplitude vanish.
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Vanishing loops from angular momentum

@ For two particle with opposite helicity: j > |Ah|
(In the CoM j > j, = |Ah))

_|_

@ For two identical particle and same helicity: j =even
(particle of odd spin can't decay into identical particles with same helicity)

— -

wW}(:
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Vanishing loops from angular mom

LHS (Ah) RHS Operators at RHS
FYF™ EY) #7(0), $*D?(0,1), $*D7(0,1,2), ¥ $°D(1),
2 Y2 D3(1,2)
AR Y$* D3 (1), Yp¢?D3(1,2), 47 (1),
P?$2D?(1,2)
FTFT F2¢2(0), F$°D%(0,1), FZ4ppD(1)
Fé}@; v Ype?D(1/2), Yip?D3(1/2,3/2)
FTyT Fp?¢(1/2), F°¢D*(1/2,3/2)
Fro (1) pEgT $242(0),97(0,1), 9%4?D%(0,1),47D?(0,1,2)
P~ FEFE F2$2(0),F2$2D?%(0,1), F2F%(0), F*(0,1,2)
(1)
) F?$°(0), F7¢*D?(0,1)

Table: Vanishing one-loop amplitudes from contribution of specific operators.
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Summary and outlook

Summary:
@ The multi-particle states from an effective operator usually have
limited angular momentum.

@ The amplitude basis with definite angular momentum can be obtained
using W?2.

@ Angular momentum conservation tells us non-trivial information in
EFTs.

Outlook:
@ massive case; higher loops...

@ Calculate anomalous dimension with unitarity method combined with
partlal wave eXpa nSion. P. Baratella, C. Fernandez, B. Harling, A. Pomarol
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