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Motivation

» Non-zero mass of neutrinos - 0B = LHATLC

o SM is not complete theory but an effective theory

Tree-level completions for dim-5: type-I seesaw, type-II seesaw, type-III seesaw,...

> New physics (UV) is very likely to couple to L and H doublets

» The seesaws are not distinguishable up to dim-5

Target: A model-independent way to distinguish seesaws at higher dim. space

> Recently developed geometry perspective of positivity
bounds will help in the SMEFT framework



SMEFT, positivity and cone

> SMEFT framework: describe the IR behavior of some “UV completion” , by
integrating out its heavy dofs, with high-dimensional operators
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> Positive structure: axiomatic principles of QFT, including causality, unitarity,
Lorentz symmetry... -> bounds for Wilson coefficients

o 2-to-2 amplitude: M, ,(s,t) = ¢y + 38° + ¢y 187t + -, ST

s C2>0; orin SMEFT: C® 5 0

o More bounds on higher-s dependence.

- Geometry perspective: UVs as tree-completions for high-dim. operators, are
distinguishable in the convex cone.



Master formula

2-to-2 forward scattering(t = 0) for ij — ki :
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Convex cone nature
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M is the positive linear combination of M, My v+ (j < 1)

* 1. M7 is inside the convex cone

Any vector inside cone can always be written as positive
linear combination of F,
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* 2. X belongs to the irreps of symmetry, V/* can be the edge
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UV completions and Cone

of cone UV states in

Tree-level completions for

Cone constructed by Generators i ;
Higher dim. operators
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UV completions and Cone
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o LLHH:
0, = (I,iD,L) (D*HTD*H),
0, = (Ly,0'iD,L) (D*H'e! D H) ;
o LLLL:
O3 =8, (Ly*L) 8" (Ly,L),
Oy =iy (l_}’y“aIL) 0" (l_'/y“aIL) :
e HHHH:
O, =(D,H'D, B {D"H'DVH)

Og = (DH'D, H) (DEHYDY H),
O, = (D, H'DFE eI D H ). .

L,H are assigned as the irrep 2 :
thus X may be assigned as 1 or 3
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Tree Completions for dim-8

UV State Spin SU(2); ® U(1)y Interaction Seesaw Extremal Ray g

E 1/2 1, gE (H'L) v %(—1,—1,0,0,0,0,0)

%1 1/2 3_1 g1 (H'o'L) X 1(-3,1,0,0,0,0,0)
1/2 1o gN (H"eL) Type-I v %(—1, 1,0,0,0,0,0)

b3 1/2 3 g% (H eo'L) Type-II1 X % (-3,-1,0,0,0,0,0)

B, 1 1, gB" [(H’fei‘ﬁjH*) ¥ ;c(IZcEi‘E;L)] X 10,022, —22,16,0,—16)

=, 0 3 g=1 [M(H'eo' H*) + z(Leec’L)]  Type-II X g (0,0, —3z%, —z°,0,16,0)

S 0 1os gMS (H'H) v 2(0,0,0,0,0,0,1)

B 1 1oa gB* [HHﬁH - a:(f/y”L)] X % (0,0, —2*,0,—4,4,0)

= 0 30s gM=!(H'¢'H) X 20000.0.0,2,0,—1)

4% 1 30A gW' [(HTaIiE)H) + ZU(E’}’MO'IL)] X % (0,0,0,—z%,4,4,—8)

The three seesaws show up as a subset of completions



Tree Completions for dim-8

UV State Spin SU(2); ® U(1)y Interaction Seesaw Extremal Ray g
3 I
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E1 0 31 g=1 [M(H'eo' H*) + z(L°ec’L)]  Type-II X g (0,0, —3z*, —z*,0,16,0)
S 0 Los gMS (H'H) 4 2(0,0,0,0,0,0,1)
B 1 Lok gB* {HH‘B,TH i a:(f/y”L)] X é— (0,0, —z2,0,—4,4,0)
= 0 305 gM=!(H'¢'H) X 200, @0 20 —1)
4% 1 30a gWis [(Hfafi‘E,IH) < :v(l_}'y”aIL)] X % (0,0,0,—z*,4,4,—8)
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The Boson and Fermion UVs live in different subspaces of the dim-7 Coeff. space



Cross Section of the Cone

UV states are Fermions UV states are Bosons
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Convex Optimization

UV states are Fermions

Conversely extract the lower bounds on
the scale of UV

CA)=Co— A6 =) w&+ (wi — A)G -
JF#u

Conic optimization:

maximize A
subject to C — A& CC
(O 44(C—C)) <A

measured point Length corresponds to

the M/\/g
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Convex Optimization

UV states are Fermions

Conversely extract the lower bounds on
the scale of UV

CA)=Co— A6 =) w&+ (wi — A)G -
JF#u

Conic optimization:

maximize A
subject to C — A& CC
(O 44(C—C)) <A

3 E b3 N )
. (-1/2,1/2) 00 00 > 1.0 00
| (—3/2,0) T0uN o >09 =107

(—3/2,0) with A=0.1 >0.85 >10 >0.85 > 1.0
(0.0) with A=0f @ 122 >15:>122 >15

Exceed the bound

10



Summary

Positive structures arise at the dim-8 level in EFT coefficient space,
as a consequence of

To give Weinberg operator, the new physics is very likely to couple
to L and H, thus building the cone structure of LLHH dim-8 space is
helpful to probe new physics.

o the irreps of symmetry form the cone, seesaw models can
naturally appear.

Conversely probing the scale of UV states is realized by
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To formulate this approach, symmetries of the system help
(will also discuss cases without symmetries)

> Make use of symmetries of the problem (SM symmetries, helicities)

o) kl
- Dispersion relation:  pijkl _ / deX N
» Becomes: /Dynamlcs i(jlkl): j,l symmetrized
MR = 3 / | < X\M|7‘ 3 I pidilkly
G (eN)? §M2) =~ Symmeftry

- PYKl is the projective operator of an irrep r, obtained by CG coefficients.

5k
1kl T, T,
T ZCZ-,:,- (Ck,l)
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. The generators are simply (subset of) PiUIFI)



Infer UV model from EFT measurements

: Given the measured values of the operator coefficients around the
electroweak scale, o what extend can we possibly determine the nature of the new physics
beyond the SM?

see also

Many BSM models

SM +
particle 2

SM +
particle 1

Less UV DoFs

More UV
Doks

Less UV DoFs

SM +

2
i particle 4

af:i"cl’; ) particles
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Testing and confirming the SM: Null result of measurements at dim-6 does
not exclude all BSM, but does at dim-8 by using positivity bounds

Dim-6: no positivity, different states may
cancel each other’ s effects.

excluded by direct searches

- E.g., scalar and vector generate 4-
fermion operators with opposite signs.

excluded by low energy
precision measurements ,*

o No UV particle can be absolutely
excluded.

Dim-8: with positivity, different states are
not allowed to cancel.

o All states can be exclude to some
absolute scale. (by using posi. bound)

o Unlike dim-6 cannot lift this limit by
adding more and more BSM states.

> A robust confirmation of the SM.




