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PINNING DOWN HIGGS
COUPLINGS

ATLAS Preliminary
Vs=13TeV, 36.1 - 79.8 fo'
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Fits for

iggs couplings

Standard Model
particles have
20-50% errors

One of the main
motivation of HL-LHC
and future colliders
IS measuring these

better



PINNING DOWN HIGGS
COUPLINGS

H —— current bounds
- HL-LHC S1
1.10— T T - —— HL-LHC S2
— — -~ HE-LHC Base
1.05- B _ I _ —— HE-LHC Opt.
DU N T
o T T [:Eiflt
0.95— — 1 1 -
0.90— 1902.001 34
HL-LHC
. | | | | ! ! | l At
FO|ECLIONS
K, Ky, Ky Kzy Proj

1S IT1&SdasSur | ﬂg LINESE
better




S TANDARD MODEL PROCESSES

Standard Model Total Production Cross Section Measurements status: July 2018
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Standard Model Total Production Cross Section Measurements status: July 2018
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UNITARITY VIOLATION

The Standard Model

s a precise deck of cards,

modifications (due to

hisher dimensional operators)

ead to problems at high
energies, In particular

Unitarity violation
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CLASSIC EXAMPLE
SCATTERING ZL ZL & WL WL

S —————————

M = e

Energy? + .. M = -c Energy? + ..

Higgs exchange cancels high energy srowth |

are S
m

" Its couplings

M-like, matrix element 1s Unita

6

ry T

4 = | TeV (Lee, Quigg, Thacker)
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(SC, LUTY, ALSO FALKOWSKI, RATTAZZI)
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Higgs self-couplings
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HIGGS

Higgs self-couplings
probe 1ts potential
and test mechanism
of electroweak
symmetry breaking
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TRIPLE HIGGS PROCESS

Papaefstathiou and Sakural
See also Chien etal.

approximate ¢, —d, exclusion, hhh —(bb)(bh)(4v), pp@100 TeV
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hh and hhh at one loop
e.g. Bizon, et.al. (also Liu etal.)
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TRIPLE HIGGS PROCESS

Papaefstathiou and Sakural hh and hhh at one loop
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GENERAL HIGGS POTENTIAL

1
V = §mih2 + Mnnh® + Annan bt + Aunhanh® + -

Higgs Effective Field Theory (HEFT) parameterizes
most general Higgs couplings

| Phenomenological and agnostic about origin of Higgs boson
!

- Not SU(2) x U(l) invariant, but can be lifted to EWV gauge |
invariant theory via
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T RILINEAR UNITARITY
VIOLATION

Modifying trilinear from SM value automatically leads to Unitarity
violation at high energies

Example:

w w VAWANWAR - WAWAWA]

Cancellation to get

gMM @‘é §W‘4 M ~ |/Energy?
requires SM

trilinear value!




HIGGS TRILINEAR MODIFICATION

<\/(v+h)2+@2—v>3

[ Goldstone Fquivalence
Theorem says
Goldstone scattering
gives high energy

longitudinal W,Z
scattering
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HIGGS TRILINEAR MODIFICATION
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%53)(3 r %53 \/(v )2+ G2 _ Goldstone Equivalence
Theorem says

Goldstone scattering

IMm2 - sives high energy
D ) Ss(-)" =R Gh ongitudinal \W.Z
e scattering




HIGGS TRILINEAR MODIFICATION

2v 2v
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[ Goldstone Fquivalence
Theorem says
Goldstone scattering
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MODEL DEPENDENCE OF
INTERACTIONS

h3+G2h2 +G4.+h2 @1+h+ )
+G8(1+h+ ) e GO e o
~ Bt 4+ G2(h® + Bt + - - )+G4(h2+h3 )+G6(h+h2+
+§8(1+h+-~)+(?10(1+h+---)+---
~ 0P+ GER AR 4 ) G R ) + G (RE R -
LG R+ h2 - )+ GO+ At )k

(Schematic wrthout coefficients)

— — e —

Terms cwcled can only come from trllmear'

L(_, — == = e —————— ——— e

|4

')



SMEFT
H[°

HIGHER POINT
CANCELLATIONS



HIGHER POINT
CANCELLATIONS

— 3
2|H|? — v? 23__ - h*+G7
sMerr o (2 ) &“”Ql' 2

H|*

1
— 53\ (h3 | S piy S ps | h6+O(G6)>

20 42 Sv?



HIGHER POINT
CANCELLATIONS
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, , Weak Isospin = 0, |, 2 channels :{
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MODEL INDEPENDENT TRILINEAR
UN \TAR\TY \/\QLAT\ON

, , \/\/ea|< Isospm = O, ,2 channels :{
- hG® &~ G singlet channel gives best bound of |
| >5/4 Te\//63 |

Weak Isospin = |, 3 channels |
| G3 VLN G3 triplet channel gives best bound of {}

| 3. 4TeV/63'/2

el —— ———— _— ——— = —— —— — _ _

[dentifies VBF procuctlon of hh, 1\/\/ anc
VVVV as interesting processes and motivates

|00 TeV pp collider can test new physics of trilinear
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COLLIDER PROBES

—

J‘

processes can test
| energy orowth,
| complementary
| sensitivity to
Ings

e = _— = = =
- —_— - =

ouaranteed.
E.g. Higgs not
discovered In

ENERGY

ﬁ“Probing energ‘

—— e, e € ——— = —~ ~——
e —— e —— N

possible, but not |

i VB scattering

4

=



VECTOR BOSON FUSION OF HH

(BISHARA ETAL. 1611.03860)

LHC 14TeV
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i 1L = Background |
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™Mph [TeV]

More promising than vector
boson scattering
(sensitive to hVV, hhVV, hhh

couplings)
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VECTOR BOSON FUSION OF HH

(BISHARA ETAL. 1611.03860)
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Henning et.al.1812.09299
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HIGGS W/O HIGGST

Henning et.al.1812.09299
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CONCLUSIONS

* Higgs coupling measurements and searches for
deviations In SM processes are correlated

rilinear Higgs modifications lead to Unitarity
violation at high energies (~ 5 - 13 TeV for 03 ~ |
depending on assumptions)

* Work In progress systematically investigating
Unrtarity violating channels

20
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Unitarity constraints from this amplitude requires
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ONE PARTICLE EXAMPLE

— " Optimal bound i1s when k = n/2
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Figure 1: Parameter space for the cubic Higgs self-coupling deformation Aj relative to the
SM value. The allowed region depends on the value ¢y = £ag/as, which encodes effects of
dimension-8 SMEFT operators in the Higgs potential. The gray area is excluded by stability
considerations, as the potential contains a deeper minimum that the EW vacuum at (HTH) =
v?/2. Left: the purple areas are excluded for ay = 1 and ay = 0.01 under different hypotheses
about the parameter £ = v?/f%, which characterizes the size of the corrections to the single
Higgs boson couplings to matter. Right: the blue areas are excluded for ay = 1 and ¢ = 0.1
under different hypotheses about the coupling strength g, of the BSM theory underlying the
SM.
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