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On-shell methods for SMEFT

- on-shell anomalous dimensions

[Cheung, Shen '15], [Azatov et al. '16], [Bern et al. '19, '20], [Jiang et al. '20], [Elias Miré et al. '20, '21]
[Baratella et al. '20, '20, '21], [Accettulli Huber, De Angelis '21], [Delle Rose et al. '22], [Baratella '22]
[Machado, Renner, Sutherland '22], [Chala '23]

- on-shell operator enumeration

[Shadmi, Weiss '18], [Ma, Shu, Xiao '19], [Falkowski '19], [GD, Machado '19]
[Li, Ren, et al. '20, '20], [Harlander, Kempkens, Schaaf '23]

- on-shell massive amplitudes

[Aoude, Machado '19], [GD, Kitahara, Shadmi, Weiss '19], [GD et al. '20]
[Balkin et al. '21], [Dong, Ma, Shu, Zheng '21, '22], [De Angelis '22]
[Bradshaw, Chang, Chen, Liu, Luty '22, '23], [Liu, Ma, Shadmi, Waterbury '23]

. On-She” matChing [Delle Rose, von Harling, Pomarol '22]
[De Angelis, GD 23]
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https://arxiv.org/abs/1505.01844
https://arxiv.org/abs/1607.05236
https://arxiv.org/abs/1910.05831
https://arxiv.org/abs/2005.12917
https://arxiv.org/abs/2001.04481
https://arxiv.org/abs/2005.06983
https://arxiv.org/abs/2112.12131
https://arxiv.org/abs/2005.07129
https://arxiv.org/abs/2010.13809
https://arxiv.org/abs/2109.06191
https://arxiv.org/abs/2108.03669
https://arxiv.org/abs/2201.10572
https://arxiv.org/abs/2207.08831
https://arxiv.org/abs/2210.09316
https://arxiv.org/abs/2301.09995
https://arxiv.org/abs/1809.09644
https://arxiv.org/abs/1902.06752
https://arxiv.org/abs/1912.07865
https://arxiv.org/abs/1912.08827
https://arxiv.org/abs/2005.00008
https://arxiv.org/abs/2007.07899
https://arxiv.org/abs/2305.06832
https://arxiv.org/abs/1905.11433
https://arxiv.org/abs/1909.10551
https://arxiv.org/abs/2008.09652
https://arxiv.org/abs/2112.09688
https://arxiv.org/abs/2103.15837
https://arxiv.org/abs/2202.08350
https://arxiv.org/abs/2202.02681
https://arxiv.org/abs/2212.06215
https://arxiv.org/abs/2304.06063
https://arxiv.org/abs/2301.11349
https://arxiv.org/abs/2201.10572
https://arxiv.org/abs/2308.00035
https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1321700/timetable/#all.detailed

Recursive on-shell amplitude construction

unitarity
- loops cut into trees k k+1
+ rational terms My ) Mg
P
- trees cut into trees P
+ contact terms 1 n

bypass unphysical fields, operators, Lagrangians

avoid gauge and field redefinition redundancies
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Massless three points

fully determined by little-group covariance

[12]h1+h27h3 [23]h2+h37h1 [31]h3+h17h2 for h> 0

M(1",27,3%) = g
<12>7h17h2+h3 <23)7h27h3+h1 (31>7h37h1+h2 forh< 0

up to a coefficient, encompassing all loop orders

Frits [12]
vivts [12)
FHfovt [13]7/[12] [g] =1—|h|
vivive [12°/[23]31] \s > hi
t+r+r([12]3/[23][31})2

fully characterise massless renormalisable theories (except ¢*)
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https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1321700/timetable/#all.detailed

[Mangano, Parke
Massless helicity spinors [Dreiner, Haber, Martin
[Helvang, Huang
[Dixon
[Schwartz
As brackets [Cheung
/0 () o
Ui+ = (1]) ui- = <0> for particle i
Rewritting momenta
PlLots = Pha = €as Pi)lia 2-by-2 matrix of rank 1
Trivializing p? = det(p.,,) = (ii)[ii]/2=10
(i) = eqp )i} =0, [ii] = €3 i]4i] 5 =0
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'91]
'08]
'13]
'13]
'14]
'17]


https://arxiv.org/abs/hep-th/0509223
https://arxiv.org/abs/0812.1594 
https://arxiv.org/abs/1308.1697
https://arxiv.org/abs/1310.5353
https://www.cambridge.org/us/academic/subjects/physics/theoretical-physics-and-mathematical-physics/quantum-field-theory-and-standard-model
https://arxiv.org/abs/1708.03872
https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1321700/timetable/#all.detailed

Massive little-group-covariant spinors [Arkani-Hamed, Huang, Huang '17]

Two massless for one massive
plohe = @)+ k)K= )i with k2*0*q

Spin s from 2s symmetrized spin 1/2

Bolded spinors with implicit symmetrization
e.g (1/3/)(2K37y 4+ (U J') — (13)(23)

Spin quantisation axis unspecified / little-group covariance
ffs [12], (12)
ws (12)2) (12)[12], [12]?

[

3(1-2)3) = 3(p1 — p2)3)
ffv (13)(23), (13)[23], [13](23), [13][23]
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https://arxiv.org/abs/1709.04891
https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1321700/timetable/#all.detailed

. . . [GD, Kitahara, Machado, Shadmi, Weiss '20]
Massive higher points

eg wrwtw-w—. 13 [24}<13>f:14r>nz—m[31:1}£23]<14><23> (315 — 514 — 525 + 504)

[spinor structures] [ Lorentz invariants ]

removing local
redundancies

) [12][34] = 12 T
removing all S14

redundancies

appending
positive powers

stripped contact terms

1 FT.
spinor structures «— &
local
see also contact terms —— 2P0
[De Angelis '22] operators
[Dong, Ma, Shu, Zheng '22]
and stripped contact term enumeration — 4‘P0int5 & SpinsSl

from Hilbert series numerators
[Bradshaw, Chang, Chen, Liu, Luty '22, '23]
2d° + 6d° + 4d”
(1—d?)?
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https://arxiv.org/abs/2008.09652
https://arxiv.org/abs/2202.02681
https://arxiv.org/abs/2202.08350
https://arxiv.org/abs/2212.06215
https://arxiv.org/abs/2304.06063
https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1321700/timetable/#all.detailed

[GD, Kitahara, Shadmi,

EW symmetry from perturbative unitarity

G Z b~ O

1ye 3z
+
z \
2y 4,

Weiss '19]

3z

Ty
:I\w/v
2y 4,

contact terms

(13][23]
[131(23) xf(s;)
[123)(23)
[12] ( left
high my Cocwz —
o’ | 02
my \Couz ~

as for the SM in the '70

factorisable s, t, u channels

(1P][2P] (P32 (13][P3]
[1P](2P) (P3](P3) [13](P3) _ [P2]
(1P)[2P] (P3)? (13)[P3] ~ (P2)
(1P)(2P) (13)(P3)
rlght )( right —c my, )
,¢, 4 ,¢,c¢h ZZh s 2m
rlght ) (Cleft _c my )
Cypevz )\ Cvcwn — C2zhy -
[Llewellyn-Smith '73
{Jo lekar '73
[Conwall et al. '73, '74

— parameterisation of measurable quantities

— high operator dimensions easily accessible
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https://arxiv.org/abs/1909.10551
https://doi.org/10.1016/0370-2693(73)90692-8
https://doi.org/10.1016/0003-4916(74)90205-X
https://doi.org/10.1103/PhysRevLett.30.1268
https://doi.org/10.1103/PhysRevD.10.1145
https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1321700/timetable/#all.detailed

. . [Caron-Huot, Wilhelm "16]
Anomalous dimensions from cuts

9 Im S|
Relate dilation operator D = }; p,”W
1%

to S-matrix phase: Re s,

e ™PF* = S.F* on form-factor F = oue(p1, - - - Pn|O(9)|0)in

J

since e "DFx = F momentum influx
F—F*=iT -FrorF=S.F*

0
With D ~ —Hoo at one-loop,
1L
1
(”yg—’y,!JR+ﬂg5g)(1)<p1, .. pn]0;]0)© = —;(pl, ...pn]A-(’)j]0>(0)
& two-particle phase-space integral j
absent for ‘minimal’ form factors

absent for off-diagonal elements
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https://arxiv.org/abs/1607.06448
https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1321700/timetable/#all.detailed

Matching from non-analyticities

[De Angelis, GD 23]
equate Agrt and Ayy order by order in p; — 0

(massless EFT assumed)

| o, o A)

- dilate p;-p; — z p;-p; (i.e. act with z”/¢) and get nth order with Res

- use Res AZ) = dzA(z)
z=0 zn+1 i z

z=0 Z'H_:l
e around z = 0 and

Imz
AN

.Auv(z)

Zn+1

L

> Rez
M M
S/ ?
A
e on = {Z residues+/cuts (+ /tree boundary)] ZU:+(1Z)
fewer legs <j &

fewer loops
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https://arxiv.org/abs/2308.00035
https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1321700/timetable/#all.detailed

Matching from non-analyticities: ®¢* example

]

\& Y Re [A(gpd — @) 1
Jj : e < — M2 nH
& ijk <:hanne|sZ M /qu “Sijk z
k _ & sk \"
= 2 (e
channels
i
1 < dz )
P G o Z o [ dLIPS [A(69 — 69)
channels ¥ M?/si
J 1 * dz 1 MY
5 2 / g\ 2y )
channels ¥ M?/sij
2 n
&y Sij ) f
— _ orn>0
1672n(n + 1) <M2 0
channels

- all EFT orders obtained at once

- nothing to compute in the EFT (i-e. hard expansion extracted)

- no Green’s basis, field redef./EOMs, evanescents?, massive vectors?

- fewer legs/loops: new computations and insight? [Delle Rose, von Harling, Pomarol '22]
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https://arxiv.org/abs/2201.10572
https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1321700/timetable/#all.detailed

Matching from non-analyticities: massless cuts

'Y Fe.a.2)
(z + 5)n+1
-0
/;\ Re z
N

P 1 et

Ag2Mmd—6 (s, ) ( 1)"+1n|csc 2d

8(am)s—2 \M? g +n
Ag2 (=1)" (s \" /1 w2
T 16m2M2 n+1 (I\/I2) (E+H"+1+I°gﬁ+o(e)>

- phase-space integral can be complicated and require an IR regulator

- dimreg renders tree-level exact the (scaleless) EFT and UV boundary
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https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1321700/timetable/#all.detailed

Matching from non-analyticities: boundary

- no matching information unless n > min(4 — m — [ceer])/2
- no boundary term unless n < min(4 — m — [cyv])/2
— max|[cger] > 4 — m — 2n > max|[cyv]

- but max[cgrr] < max[cyy] by definition

— boundary needed only for max[cger] = max[cyy] (=4 — m —2n)

renorm. UV

P =1
o
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https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1321700/timetable/#all.detailed

On-shell methods for SMEFT

provide an alternative approach

lead to new insight

facilitate computations
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