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VWhat are the new physics
implications of a Higgs
coupling deviation?
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Any Higgs coupling deviation from SM prediction
leads to unitarity violation at high energies, placing
anh upper bound on new physics. Also, leads to

interesting processes to measure (see Henning
et.al. 1812.09299 & Stolarski, Wu 2006.09374)
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ELASSIC EXANFES

SCAITERING ZL ZL &=

WL W

M = c Energy’ + .. M = -c Energy? + ..
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Higgs exchange cancels high energy growt
are SM-like, matrix element Is un

N 1T Its couplings

itary It

liEE= eV (Lee, Quigg, | hacker), motivating LIHC ‘cesial
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GENERAL HIGGS COUPLINGS
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GENERAL HIGGS COUPLINGS
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GENERAL HIGGS COUPLINGS
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Any nonzero 0 or € coupling is a sign of new physics,
which leads to unitarity violation at high energies, giving
an upper bound on this new physics



EXAMPLE: T RILINEAH
UNITARITY VIOLATION

Modifying trilinear from SM value automatically leads to Unitarity

violation at high energies
Example:

W w VAWAWAR VA 7| /|

Cancellation to get

M ~ |/Energy?
requines I

trilinear valuel




BEST CHANN

WWiW;, = WiW; ¢ Epae =

=S FOR HIGGS e
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(Normalized to largest deviation consistent with ATLAS and CMS
di-Higgs 95%CL constraints)



BEST CHANNELS FOR HIGGS POTENESS

6.4 TeV
B VW B

11

1.3 TeV
W WEWL = WEWEWL : Enee = |5e|

11

(Normalized to largest deviation consistent with ATLAS and CMS
di-Higgs 95%CL constraints)

Takeaway: Current constraints still allow low
unitarity bound w/ nearby new physics, a
measured coupling deviation from SM places an
upper bound on new physics
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HIGGS TRILINEAR COUPLING
DEVIATION
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HIGGS TRILINEAR COUPLING
DEVIATION
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HIGGS TRILINEAR COUPLING
DEVIATION

— _ .
£ W | Estimated
29k 'S ] : :
=20 B ] Theoretical uncertainty of
ORH N | Unitarity violating scale
i 10
5pig | Current bound allows new
Et SMEFT dim 6 ; g
T 5 10 physics below ~ 4 TeV

Unitarity requires higher order
couplings to be correlated

| Quartic deviation must satisfy SMEF I-like
g~ | relation 04=603(| +£&4), to keep new physics
o e above 10 TeV
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VECTOR AND TOP
ECOUPLINGS
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Existing strong bounds on these couplings still allow
future deviations where new physics has to appear below

~ 3-8TeV. In fact, hVV is more powerful than hA!
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PRECISION HIGGS

kappa-0 | HL-LHC|LHeC |HE-LHC ILC CLIC CEPC| FCC-ee |FCC-ee/eh/hh
S2 S2’ |250 500 1000 380 15000 3000 240 365
Kw [%] 1.7 0.75 (1.4 098] 1.8 0.29 024]0.86 0.16 0.11| 1.3 | 1.3 0.43 0.14
Kz [%] 1.5 1.2 |1.3 0.9 (0.29 0.23 0.22| 0.5 0.26 0.23| 0.14 |0.20 0.17 0.12
Kg [%0] 2.3 3.6 |19 12|23 097 06625 13 09| 15 |17 1.0 0.49
Ky [%] 1.9 76 |16 1.2 167 34 19 98x 50 22| 3.7 (47 39 0.29
kzy [%]| 10. — |57 3.8 |99% 86« 85x [120x 15 69 | 8.2 |8lx 75« 0.69
K. [%] — 41 |— — |25 13 09 43 18 14| 22 |18 1.3 0.95
K [%] 3.3 — (28 17| — 69 16 | — - 27| - - = 1.0
Kp [%] 3.6 2.1 |32 23 |18 058 048, 1.9 046 037 1.2 | 1.3 0.67 0.43
Ky [%] 4.6 — |25 17|15 94 6.2 320« 13 58| 89 | 10 89 0.41
Kt [%] 1.9 33 (1.5 1.1 |19 0.70 057 3.0 13 088| 1.3 |14 0.73 0.44

Taken from Higgs@rutureColliders report (1905.03764)
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LHC energies and future sensitivities can still place bounds below
|0 TeV (with different sensitivities)
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CONCLUSIONS

~

Precision Higgs couplings can discover a SM deviation; unitarrty
violation gives quantitative connection btw coupling deviations and
bound on new physics

* Higgs self-couplings, hVV, htt current bounds allow new physics at

LHC energies and future sensitivities can still place bounds below
|0 TeV (with different sensitivities)

 Higher order couplings (e.g. hhhh, hhVV, hhtt) are SMEFT-like It

new physics scale 1s well above eV scale

* Alternatively, It no new physics Is found other than coupling

deviation, indirect evidence for SMEF I-like structure

—
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TRILINEAR
SEARCH
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VWhat do we do It we find a significant
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build and find associated particles/dynamics



VWhat do we do It we find a significant
deviation from the SM prediction?

- New physics Is at accessible energy scales: Model
build and find associated particles/dynamics

» New physics may be at higher scales: Find other

correlated signals iIn SM processes



VWhat do we do It we find a significant
deviation from the SM prediction?
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GENERAL HIGGS COUPLINGS

Higgs Effective Field Theory (HEFT) parameterizes
most general Higgs couplings phenomenologically
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OUR GENERAL UNITARITY
VIOLATION APPROACH
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Define states of total momentum P

les X (e.g. # Higgses)
(27‘(’)45(P — Pl)éaa/

/

L eads to bounds |Taa/‘ <1

(P, /|T|P, o) = (2m)*6(P — P')Tou

Allows us to go beyond 2 to 2 processes and set
betterpounds



BODEL DEPENDENCE G
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COILLIDERTESTS OF Henning et.al. 1812.09299
UNITARITY VIOLATION
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