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Unitarity Bounds

The unitarity of the S-matrix implies an upper bound on the modulus of
scattering amplitudes, which is called (perturbative) unitarity bound
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The unitarity of the S-matrix implies an upper bound on the modulus of
scattering amplitudes, which is called (perturbative) unitarity bound
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In the past they have been used to set an upper bound on the
UV cutoff of a Effective Field Theory (EFT)
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Historical example: no-lose Higgs theorem
| , myg < 1TeV
[Lee, Quigg, Thacker, ‘77] e
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Unitarity Bounds

The unitarity of the S-matrix implies an upper bound on the modulus of
scattering amplitudes, which is called (perturbative) unitarity bound

N =N
m/.\N;/dHX =

I
t
| .
I
I
Standard approach to unitarity bounds: [Jacob, Wick, ‘59]
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The biggest limitation is that it works 1 l
only for 2 — 2 scattering processes Partial-wave Wigner-d
coefficient matrix



https://doi.org/10.1006/aphy.2000.6022

New approach to Unitarity Bounds

Recently [Bresciani et al, ’25] developed a new formalism that allows to compute
unitarity bounds of generic N — M (N, M > 2) scattering processes

We can project a generic amplitude onto a kinematic basis of
a generic process ¢ — f with definite angular momentum .J
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coefficient Kinematic basis elements which are
monomials in spinor-helicity variables
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New approach to Unitarity Bounds

Recently [Bresciani et al, ’25] developed a new formalism that allows to compute
unitarity bounds of generic N — M (N, M > 2) scattering processes

We can project a generic amplitude onto a kinematic basis of
a generic process ¢ — f with definite angular momentum .J

|Az’—>f> — z—>f |Bz—>f>
J

We can derive the unitarity bounds on the partial-wave coefficients

‘Rea,;]_n.‘ <1 0<Imal,, <2 ‘a;f_)f{ <1
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Unitarity Bounds in SMEFT

We computed the unitarity bounds of the dimension-six SMEFT Wilson coefficients

Example:

05 = (Cyuls) @ " ar)
O = @ru0't,) (@1 0" ar)

Multiple DOFs coming from the
guantum numbers of the fields

i, 7, k,€: SU(2)
a,B: SU(3)

p,1,s,t: Flavor indices




Unitarity Bounds in SMEFT

We computed the unitarity bounds of the dimension-six SMEFT Wilson coefficients

Example: 15— \ """""" :
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For practical purposes we limited to single flavor




Unitarity Bounds in SMEFT

We computed the unitarity bounds of the dimension-six SMEFT Wilson coefficients

Example: 15T T i

1 v _ : |
05 = @yl ) (@ ) 10+
5 _ B _
Oéq) — (epr}/ﬂaIgT)(QSfyuaIQt) ™ :
< 5
>
The fully coupled-channel %3 0
analysis allow to constrain as wo
much as possible the bounds ~5F




Unitarity Bounds in SMEFT

We computed the unitarity bounds of the dimension-six SMEFT Wilson coefficients

Example: 15 i """"""""""" E ‘

1 y _ L :

04 = Grule) (@A ar) 10 ! |
(’)(3) (Cpyuo' €,.) (G o' 1) e r---t-

< S50 !

~ :

The fully coupled-channel %3 0 |

analysis allow to constrain as N , :
much as possible the bounds —5;___: _________________ : 1

We marginalize over all the -100 |

other SMEFT coefficients 15: i !

~15 210 -5 0 5 10 15

Slog 1 <2nvs S0 <2 SO /A2




Unitarity Bounds in SMEFT

Unitarity bounds marginalized over all the other Wilson coefficients

X3 @8 and p*D? P23 (LL)(LL) | (LR)(RL) and (LR)(LR)
Co | 47/(9gs) | C, | 3273/3 | Cep | 3202/V3 | Cu | 21 | Creaq 8m/V/3
Cx | 4n/(995) | Con | 87/3 | Cup | 320%/3 | O | 6x/5 | CL) 1 167(1+v2)/9
Cw | 2r/(3¢9) | Cop | 327/3 | Cap | 3202/3 | CF | 473 Czi)q L an2+7v2)/3
Cw | 27/(39) ) | 27v3 | Ch, 87//3
o) | em | O (2+V2)m/3
X2p? P2 X Y>> D (RR)(RR) (LL)(RR)
Coc B Cuc | 20v3 | CY 87 Co | 270 | Cr drr
C.g = Cac | 27v3 | C8) | 87/3 | Cuu | 37/2 | Cua A
Cch Zﬂm CeW 47T\/m Cn,ae 81 Cdd 371'/2 ng 4
Cch 27 \/m Cuw | 4m \/m C'(%) 2716 Clew 47 Cle 47
Cyn 272 Cun 47 C’gé) 87/3 Ced 47 Céi) 27v/2
Co5 | 20v2 | Cep drr Couw | 4nv3 | CV) | ax | CW) 37(1 + 1/v/2)
Cowp | 47 | Caw | 4n\/2/3 | Cpa | 4nv3 | C¥) | 8z | C'Y 2mv/2
C@WB 41 Cun 4 Ccpud 81 qu) 371'(1 + 1/\5)




Unitarity Bounds in SMEFT

Verified

X3 @8 and p*D? P23 (LL)(LL) | (LR)(RL) and (LR)(LR)
Co | 47/(9gs) | C, | 3273/3 | Cep | 3202/V3 | Cu | 21 | Creaq 8m/V/3
Cx | 4n/(9g,) |(Con | 87/3 )| Cup | 327%/3 | O | 6x/5 | CL) L1 167(1+v2)/9
Cw | 27/(39) [CWD 327r/3] Cap | 3202/3 | CD | 4x/3 Czi)q L an2+7v2)/3
[Cﬁ; 27?/(39)] o) | 2nv3 | Cpl), 87/v/3
o) | em | O (2+V2)m/3
X2p? Y2 X Y?@*D (RR)(RR) (LL)(RR)
Coc m Cuc | 20v3 | CY 8 Coe | 21 | Chre A
C - 7 Cac | 27v3 | C8) | 87/3 | Cuu | 37/2 | Cua A
(Cow | 2n/2/N| Cow | 47/2/3 | Cye 8 Caa | 37/2 | Cua Ar
Cch 27 \/m Cuw | 4m \/m C'(%) 2716 Clew 47 Cle 47
Cyn 272 Cun 47 C’EEJ) 87/3 Ced 47 Céi) 27v/2
Co5 | 20v2 || Cep drr Couw | 4nv3 | CV) | ax | CW) 37(1 + 1/v/2)
Cowp | 47 || Caw | 47273 | Cpa | 4nv3 | C%) | 8x | C'Y 2mv/2
&W B 4 J Caip 4 Coud 8m qu) 3m(1+1/v2)




Unitarity Bounds in SMEFT

Verified Improved
X3 @8 and p*D? P23 (LL)(LL) | (LR)(RL) and (LR)(LR)
Co | 47/(9gs) | C, | 3273/3 | Cep | 3202/V3 | Cu | 21 | Creaq 87/V/3
Cx | 4n/(9g,) |(Con | 87/3 )| Cup | 327%/3 | O | 6x/5 | CL) L1 167(1+v2)/9
Cw | 2r/39)) |\ Cop | 327/3)| Cap | 3202/3 | CF | 473 Czi)q L an2+7v2)/3
Cw | 27/(39) ) | 27v3 | Ch, 87//3
o) | em | O (2+V2)m/3
X2p? Y2 X Y2p*D (RR)(RR) (LL)(RR)
Coa T Cue 27m/3 (C’Sg) st ) Clee 27 Che A
C - 7 Cac | 2nv3 |[CE) | 87/3 || Cuu | 37/2 | Cu A
(Cow | 20v2/N|(Cew | 47/2/3\|| Cpe 87 Caq | 37/2 | Cug Amr
Cow | 2nV2/3|||Cuw | 4ny/2/3)|| C5J | 20V6 || Cow | 47 | Cue dr
Cyn 27v/2 Cun 47 C’gé) 87/3 Ced 47 Céi) 27/ 2
Co5 | 20v2 ||| Cen drr Cou | 4nv3 || CW | 4ax | ) 37(1 + 1/v/2)
Cown | 4n  |||Caw | 40/2/3||| Coa | 4nv3 || CE) | 8x | CW) 27v/2
\ 4 )\Cas ir J\Coua 8 o 3m(1+ 1/v/2)




Unitarity Bounds in SMEFT

Verified Improved New
X3 % and p*D? | 28 | (LR R ERLR)
Ce | 4m/9gs)| || C, | 327%/3]| |(C.p | 3272//3 210 | Cledq 87/\/3 \
Cx | an/(99.)) |((Con | 87/3 ) || Cuw | 327%/3 67/5 | C\V) | 167(1++/2)/9
(Cw | 27/B9)) | Con | 327/3) || Cup | 327%/3 A7 /3 Czi)q o Ar(24+7v2)/3
| C 2m/(39), 2mV3 C’éi)u 8T/V3
2 | ChL | 2+ V23
X2p? Y2 X Y292 D (RR)(RR) (LL)(RR)
Coa T Cue 27m/3 (C’Sg) st ) 27 Coe A
C = Coc | 27v3 JI| O | 8r/3 3m/2 | C, A
e TY4 ()
@ch 27T/ 2/%\ 7C’€W 47T\/2/§< Coe 87 3m/2 Cra 47
Cw | 2nV2/3|||Cuw | 4ny/2/3)|| C&J | 276 dr | Cye dr
Cyn 27v/2 Cun 4 C’gé) 87/3 A Céi) 27v/2
Co5 | 20v2 ||| Cen drr Couw | 473 ar | ) 37(1 + 1/v/2)
Cowp | 4 |||Caw | 472/3||| Coa | 47V3 gr | CY 27v/2
\Cows 4 )\Cas ir J\Coua 8 o 3m(1+ 1/v/2)




Sum Rules

Unitarity, locality and analiticity of scattering amplitudes are violated
by some values of the Wilson coefficients in a given EFT

For dimension-eight operators they Im(s)
are called positivity bounds g
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Sum Rules

Unitarity, locality and analiticity of scattering amplitudes are violated
by some values of the Wilson coefficients in a given EFT

For dimension-eight operators they Im(s)
are called positivity bounds '

F' #2 \
(Spinning) Sum Rules are positivity-like \
bounds for dimension-six operators :' p ~ ‘:
[Remmen, Rodd, 22] Jo O

Caveat: the boundary term at infinity
is not guaranteed to vanish!

They provide complementarity constraints with
respect to unitarity bounds (they are not the same!)

______



https://doi.org/10.1103/PhysRevD.105.036006

Sum Rules in SMEFT

Sum Rules are useful in constraining 4-fermion operators in the SMEFT

Example:

05 = Coyuls) @7 ar)
0(3) Covuo €)@ o qr)




Sum Rules in SMEFT

Sum Rules are useful in constraining 4-fermion operators in the SMEFT

Example: 15:‘ """"""""""""""" ‘:

1 - _ : ]
Oéq) — (epfyﬂﬁT)(QS’YMQt) 10*
05 = Gyuo 1)@ o ar) ?
Lq prp, T sfy t C\1< 5f
PR |
[ Unitarity bounds \-ig Of
Vector dominance in the UV =
I  Scalar dominance in the UV _10:_

N 1

For practical purposes we 15 =10 =5 0 S5 10 15

limited to single flavor S C‘é;)/A2




Sum Rules in SMEFT

Sum Rules are useful in constraining 4-fermion operators in the SMEFT

Example: 15:‘ """"""""""""""" ‘:

1 - _ : ]
Oéq) — (epfyﬂﬁT)(QS’YMQt) 10*
0P = Cyu0't,) (@7 o' a) ?
Lq prp, T sfy t C\1< 5f
PR |
[ Unitarity bounds \-ig Of
Vector dominance in the UV =
I  Scalar dominance in the UV _10:_

Y Even if the sum rules are violated, ol 51 A :
we can still infer something about
S (1) /42

the UV (t-channel domination...) sCy, /A




Phenomenology

The theoretical bounds can be used to provide complementary constraints
to the experimental ones on the SMEFT Wilson coefficients

Unitarity Bounds for purely Cep
bosonic operators on the energy
scale at which they are violated Cow

the value of each Wilson coefficient is
assumed to be the current experimental
sensitivity at 95% CL [Celada et al, 24]

mm O(1/A%)
e O(1/A%)

0.0 2.5 5.0 7.5 10.0 125
E. [TeV]



https://doi.org/10.48550/arXiv.2404.12809
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Phenomenology

The theoretical bounds can be used to provide complementary constraints
to the experimental ones on the SMEFT Wilson coefficients

[Brivio et al, “19] [Allwicher et al, 23]
2
4
2 - 2 17
Bg
<
0 - < ____________________________________________ Q 0 - 4
—~— !
=
s
—2- = —11 | \\
Hhoost Unitarity (y/s = 4 TeV) EW Unitarity (/s = 4 TeV) N
tt obs. Sum rule (scalar) Flavor Sum rule (scalar)
—4 - tHw Sum rule (vector) —92 Collider Sum rule (vector)
ttzZ —— Global
T T T | T T T T T T
—4 —2 0 2 4 —2 —1 0 1 2

(1 TeV/A)? Cclg’j (1.5 TeV/A)? [C,g;)]:-::-::-::-:



https://doi.org/10.48550/arXiv.1910.03606
https://doi.org/10.48550/arXiv.2311.00020

Conclusions

In this work we presented for the first time the complete set of
Unitarity Bounds for all the dimension-six SMEFT coefficients

For 4-fermion operators such bounds can be further strengthened
by incorporating additional and complementary Sum Rules

We highlighted the synergy and interplay between theoretical
bounds and experimental limits in the quest for new physics
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