HIGGS AMPLITUDE OBSERVABLES AT
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New Physics via EFT
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Parameter Value

EFTs parametrize new physics, but make assumptions
(e.g. linear vs nonlinear EWSB, power counting) and are nonintuitive
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On-shell amplitudes as intermediary between theory

(

—F T, models) and experiment
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On-shell amplitudes as intermediary between theory
(EFT, models) and experiment

Theory

On-shell local
amplitudes in one to
one correspondence
with independent EFT
operators

(e.9. SMEFT operator
basis from amplitudes
Ma et.al. 1902.06752)
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On-shell amplitudes as intermediary between theory
(EFT, models) and experiment

Theory Experiment

On-shell local Experiments directly
amplitudes in one to search for amplitudes
one correspondence not Wilson coefficients.

with independent EFT Since EFT is indirect.

operators this motivated signal

mapping (e.g. BSM
(6.9. SMEFT operator primaries 1405.0181,
basis from amplitudes pseudo-observables

Ma et.al. 1902.06752) 1412.6038, Higgs basis)
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EFT operator redundancies
and on-shell amplitudes

Redundant Operators

Total Derivatives

0,0" = 0

Equations of Motion

0S . 5 N
Eo_—( ¢+mo+---)0 =0
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EFT operator redundancies

and on-shell amplitudes

On-shell Amplitudes
Redundant Operators

Momentum Conservation

Total Derivatives

0,0" = 0

Equations of Motion

0S . 5 N
Eo_—( ¢+mo+---)0 =0
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INndependent Amplitudes

On-shell amplitudes M; can be related to an operator 0; of
lowest mass dimension, work in increasing dimension
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INndependent Amplitudes

On-shell amplitudes M; can be related to an operator 0; of
lowest mass dimension, work in increasing dimension

Example: hhhh 4-Point Interaction

Dimension \Y

S+t+u=4mp?

241242

stu
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2 10 2 scattering analysis
(w/ Chen, Liu, Luty)

Amplitude redundancies
(M = 0), Taylor expansion
of Min
cos O, Ipinitiall, IPfinall, Ecom
all coefficients must
vanish

Allows numerical
determination of
independent amplitude
terms (which we can
check w/ Hilbert Series)
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2 10 2 scattering analysis
(w/ Chen, Liu, Luty)

M(f1fa = Zzhy) =
* 0 0 p [ 0 [ 0
€3, 02 [C1P] + caply + capiivs + caphys + esvV! + cepi b + crph b

Amplitude redundancies
(M = 0), Taylor expansion
of Min
cos O, Ipinitiall, IPfinail, Ecom
all coefficients must
vanish

Allows numerical
determination of
independent amplitude
terms (which we can
check w/ Hilbert Series)
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2 10 2 scattering analysis
(w/ Chen, Liu, Luty)

M(f1fa = Zzhy) =
* 0 0 p [ 0 [ 0
€3, 02 [C1P] + caply + capiivs + caphys + esvV! + cepi b + crph b

Amplitude redundancies F ey + cop s + e +entps,

+ "7 p1up2 P36 (C12 + C1375 + C1427’3)
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O.I: M in + """ p1up2 pp3 6 (018]73’75)
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Note: need to
include
Mandelstams
of lower dim
operators

hZPU 1y, Uy,
hZM gy, U g
hZW\TILUW‘I/R + h.c.
hZWi\T/La“”\IIR + h.c.
ihZt(0,0,V5) + he.
hZFo (V¥ R) + h.c.
ih249, (V¥ g) + hc.

Allows numerical
determination of
independent amplitude
terms (which we can 12005y e
check w/ Hilbert Series) )
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More detalled case h/ff

2¢° + 6¢° + 4q"

Hy77e = i OhZrf
hfo (1 - QQ)Q 1 hZ“\;f U
We find for primary operators o I
2 at dim 5, 6 at dim 6, 3 | Wz UL + he
4 at dlm 7 4 | hZ,iPLo" Vg + hc.
5 | ihZt(U ;5“\11 r) +h.c.
§ hZ“@u(\TJL\IJR) + h.c.
To get all amplitudes need to T | ih2"0u(ULR) + b
multiply by arbitrary | 12MRL0uT0) * b
- o 9 thW(\I!Lwa”\IJL)
polynomial in s, t 200 (0140
ihZ/JJ/ (\PR’}/“B)V\IJR)
hZMU({?'“(\IfR’YV\I/R)
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e e
nstr. (1 . q2)2
We find for primary operators
2 at dim 5, 6 at dim 6,
4 at dim 7

To get all amplitudes need to
multiply by arbitrary
polynomial in s, t

This has been computed for
3pt: hhh, hff, hVV

4pt: hhhh, hhVV, hhff, hVff, hVVV

whereV=W,Z,v,g

More detalled case h/ff
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Pheno Estimate Example (h—Zee)

1) Given an operator, e.g. at dim 6

C « >
Z—QhZ'uéLé)lueR | h.C.
U
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Pheno Estimate Example (h—Zee)

1) Given an operator, e.g. at dim 6

C « >
Z—QhZ“éLﬁﬂeR | h.C.
U

2) Find SMEFT realization
to give conservative proxy for
unitarity bound

; 12 .
(|H| ——?)(H Dl i Depitl  he
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Pheno Estimate Example (h—Zee)

1) Given an operator, e.g. at dim 6

C « >
Z—QhZ'uéLé)lueR | h.C.
U

2) Find SMEFT realization
to give conservative proxy for
unitarity bound

2

(|H|2 — 3)(HTB“H)(L Dl B

3) Unitarity bounds
(e.g. 2009.11293)
WW—ee: c= 0.1/(TeV/Emax)?

WWW — Wee: c= 4/(TeV/Emax)®
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Pheno Estimate Example (h—Zee)

1) Given an operator,e.g.atdim6  3) Unitarity bounds
(e.g. 2009.11293)

&
i%hZ“éL 0 LeR + h.c. WW-ee: cs0.1/(TeV/Emax)?
U WWW— Wee: c< 4/(TeV/Emax)®
2) Find SMEFT realization This interferes with SM
to give conservative proxy for amplitude, sensitivity
unitarity bound estimate Npew 2\,NSM
(82— Oyt Dy LD
= rDuep)H + hec. At HL-LHC, requires

Emax = 5 TeV, so this should
be studied in detail
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Conclusions




Conclusions

* Fully characterized general on-shell amplitudes for 3 and 4
point for Higgs (agree w/ spinor helicity results, which are up to
dim 8 for SM content)
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Conclusions

* Fully characterized general on-shell amplitudes for 3 and 4
point for Higgs (agree w/ spinor helicity results, which are up to
dim 8 for SM content)

* An intermediary between experiment and theory (EFTs, models)
which allow new physics searches with (fewer) assumptions

* Point to new Higgs decay amplitudes worth exploring at the
HL-LHC, e.g. h—ff(Z,W,y) and Zyy (and potentially production
amplitudes)

* Understanding of primary and descendant amplitudes may
enable approach to higher order uncertainties (work under
discussion w/ Luty, Ma and Wulzer)
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Amplitude redundancies

m

0-BL > €.

=P+ Qs+ Rp; + Sps+Tsp;, + Uspy + Vpips + Wspipy

PQ,R,S, T U VW are finite polynomials in Ecom, Which due to
singularity structures, each polynomial must vanish exactly

Choose random particle masses and

o numerically take singular value
Xi - Y decomposition of this matrix
Cr 867; to find number of independent

amplitudes (da are polynomial coefficients,
ci are operator coefficients)

e




NIt

.

OhZis

SMEFT
Operator
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Hilbert Series Cross Check

A cross check comes from counting independent operators
using the Hilbert series (Lehmann, Martin; Henning, et.al.; ...)
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Hilbert Series Cross Check

A cross check comes from counting independent operators
using the Hilbert series (Lehmann, Martin; Henning, et.al.; ...)

Gives a generating function for number of operators

e.g. hhhh

q4

Hhhhh = (1 gl g

- 0l e

Interpretation: A term c¢ " indicates ¢ operators at dimension n
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Hilbert Series Cross Check

A cross check comes from counting independent operators
using the Hilbert series (Lehmann, Martin; Henning, et.al.; ...)

Gives a generating function for number of operators

e.g. hhhh

q4

Hhhhh = (1 gl g

- 0l e

Interpretation: A term c¢ " indicates ¢ operators at dimension n

Note: Consistent with amplitude analysis, higher dimension
operators are Mandelstam descendants of a single primary

operator h%, where denominator expansion gives factors of
s?+t2+u? and stu
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Hilbert Series (HIggs

Hypp = 24", Hyyz = Hpyy = Hpgg = 2q”,
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Hrp=2¢°, Hypp = Hypp =2¢" +2¢°,
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