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UNITARITY VIOLATION (W/ LUTY)

2[~

1.5

YYYYYYYYYYYYYYYY

“
“ 2.5 ATLAS Preliminary
[ 0.81b™

IIIIIIIIIIIIIIIIIIIII

- M, =125.09GeV, |y | <25

- o -"0.
- o A7
1 — s 3
- /% 9'6
- d —H-yy ()

+* Bestft 4
—68% CL
----95% CL
* SM

N mpli

0 5—_—'H—~ZZ He VW

11111111111111111111111111111111111

CO

0 02 04 0608 1 1.2 1.4 16 1.8 2

catl

upll

What are the (new physics)

ons of a Higgs

ng deviation!

Any Higgs coupling deviation from SM prediction
leads to unitarity violation at high energies, placing
an upper bound on new physics. Also, leads to
interesting processes to measure (see Henning 1812.09299)
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GENERAL HIGGS POTENTIAL
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In some frameworks, like dimension 6 SMEFT op. |H|® predicts
correlations of deviations,

29 O4= 603, ¢c5 = 4503, c, = 45053



T RILINEAR UNITARITY
VIOLATION

Modifying trilinear from SM value automatically leads to Unitarity

violation at high energies
Example:
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Cancellation to get

5‘4% M ~ |/Energy?
requires SM

trilinear valuel

Using equivalence theorem, can show at linear order in ¢y,
only Vi and hV* amplitudes depend on just 03



BES T CHANNELS
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(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

5



UNITARITY IMPLICATIONS ON H* H>, H°
COUPLINGS
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h* frac. deviation from
SMEFT dim 6 prediction

Takeaway: If cubic is nonstandard and predicts a unitarity
scale » TeV, higher couplings have to satisfy SMEFT

prediction to keep unitarity scale high




CONCLUSIONS

» Precision Higgs couplings could discover a deviation from SM,
suggesting new physics at some energy scale, unrtarity puts upper
bound on this

* Higgs self-couplings (and also tt,VV) can be analyzed, current
bounds allow new physics at LHC energies (VWe're interested In
working w/ those thinking about coupling projections)

» Possible to predict additional couplings are SMEF I-like It new
physics scale Is kept well above TeV scale

» Alternatively, It no new physics Is found other than coupling
deviation, indirect evidence for SMEFI-like structure
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HIGGS
COUPLINGS
MEASUREMENTS

Bishie

O x Branching Ratios,
for Higgs couplings
have [0-25%
errors and currently
agree with SM value



HIGGS COUPLINGS IN

FOTURE

kappa-0|HL-LHC | LHeC | HE-LHC ILC | CLIC CEPC| FCC-ee |FCC-ec/eh/hh
S2 S2/ [250 500 1000 380 15000 3000 240 365
Kw %] 1.7 0.75 (1.4 098 | 1.8 0.29 0.24 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 ) I [/
Ke %] P 36 (19 12 (23 09706625 13 09| 15 (1.7 1.0 0.49
Ky [%] 1.9 76 (1.6 1.2 (6.7 34 19 98 50 22| 3.7 (47 39 0.29
Kzy [%]) 10. — |5.7 3.8 [99%x 86x 85x% 120x 15 69 | 8.2 |8lx 75« 0.69
Ke (%] — 41 |- — |25 13 09(43 18 14| 2.2 |18 1.3 0.95
K %] 3.3 — 128 1.7 | — 69 16 - — 2. — - - 1.0
Kp %] 3.6 2.1 132 23|18 058 04819 046 037| 1.2 | 1.3 0.67 0.43
Ky [%] 4.6 — (25 1.7 |15 94 6.2 320« 13 58| 89 | 10 8.9 0.41
Kt [%] 1.9 33 (1.5 1.1 | 19 070 05730 1.3 088 1.3 | 1.4 0.73 0.44

Taken from Higgs@rutureColliders report (1905.03764)



TRILINEAR
BEARCH

Trilinear probed by
search for Double Higgs
produc’uon
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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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(P, o' | P, o) =

Define states of total momentum P

les X (e.g. # Higgses)
(27‘(’)45(P — Pl)éaa/
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L eads to bounds |Taa/‘ <Ce]

(P, /|T|P, o) = (2m)*6(P — P')Tou

Allows us to go beyond 2 to 2 processes and set
betterE)ounds
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COILLIDERTESTS OF Henning et.al.1812.09299
UNITARITY VIOLATION
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