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In the SM we break the electroweak symmetry with a scalar
doublet — the minimal nontrivial representation of SU(2);..

Fermion weak charges are directly measured — need a doublet to
generate fermion masses. (except maybe neutrinos)

But the multiplet structure of the Higgs sector is not yet deter-
mined.

There could be contributions to the vacuum condensate from
“exotic” scalars = scalars with higher isospin.

Usual approach: models with custodial symmetry (Georgi-Machacek
model) or a built-in cancellation (Scalar Septet Model) to ensure
p =1 at tree level. Experiment: pp = 1.00039 4+ 0.00019 (PDG 2018)

Otherwise, exotic vevs must be very small, or tuned between
exotic mults to cancel contributions to p. [Chiang & Yagyu 1808.10152]
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Georgi-Machacek model Georgi & Machacek 1985; Chanowitz & Golden 1985

SM Higgs (bi-)doublet + triplets (1,0) + (1,1) in a bi-triplet:

$0% ot S S
P gt g0 X=| —x & X7
Xt —et* X0
Global SU(2),xSU(2)r — custodial symmetry (x0) = (£°) = v,
Physical spectrum:
Bi-doublet: 22 —-1¢&3 Bi-triplet: 33 —>185365

- Two custodial singlets mix — h, H m;, mg, angle «
Usually identify h = h(125)

- Two custodial triplets mix — (H;',Hg,Hg) m3 + Goldstones
Phenomenology very similar to H*, A% in 2HDM Type I, tan 8 — cotfy

- Custodial fiveplet (HZ ¥, HS, HQ, Hs , Hg ~) ms
Fermiophobic; HsV'V couplings o< s = \/éUX/USM
2 — ; ; 2 2
sg; = exotic fraction of My, M7
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Most stringent constraint: VBF — H5ii — WEWT cMs, arxiv:1709.05822

j o VBEH® —wWw: 35.9fb' (13 TeV)
T T T 11 T T 11 T 1 11 T 1 1
> loms
B _ Also ATLAS + CMS
08 i ?/Igz(iae:\r/leedxpected Sei‘rCheS for VBF
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] T/ m.>0.1

For mg++ > 1000 GeV,
theory upper bound on
sy from unitarity of
quartic couplings takes
over = sy < 0.5 at
mpyg++ = 1000 GeV.
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Cross section o« s%; = fraction of M2, M2 due to exotic scalars
Probed by direct searches in GM model: ~ 4% — 20%
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Scalar septet model (T,Y) = (3,2)
Hisano & Tsumura, 1301.6455; Kanemura, Kikuchi & Yagyu, 1301.7303
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p =1, yet there is no custodial symmetry in the scalar spectrum

>

+3
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> XX

Detailed pheno study in Alvarado, Lehman & Ostdiek, 1404.3208

- RO couplings — upper bound on septet vev

- LHC SUSY searches (2SSL, 3L) + inclusive septet pair pro-
duction — lower bound on common septet mass

Htt =12 completely analogous to GM model:

apply direct search for VBF HT*T — WEWw=

— constrain s2 = fraction of M2,, Mz from septet vev
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Scalar septet model (T,Y) = (3,2)
CMS VBF — HjE WiWi and VV — VV unltarlty constraint

0.3 — ] Harris & HEL,
. 1 1703.03832
025 F
Ol
| I ]
02 — %) VV - VV
. : ] unitarity
] bound:
& 0.15 \
RN | solid H*™ only;
0.1 -~ dashed
I : allowed 1 assumes
0.05 | ; de+genirate
| | H, Hy , H®
O I . ] . . . . ] . . . . ] . . . . ] .
500 1000 1500 2000
mH‘H' [GGV]

Fraction of M3, and M2 from exotic vev = s2 < 2%!
Dots: LHC SUSY searches, h° couplings Alvarado, Lehman & Ostdiek, 1404.3208

Plot based on LHC Run 1 constraints only — now even stronger.
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Models with potentially large exotic contributions to EWSB are
getting significantly constrained by direct LHC searches and Higgs
signhal strength measurements.

At what point do we decide that these models are no longer
interesting?

Our proposal: when the fraction of M3, and M% allowed in these
models is no larger than can be achieved from any random exotic
scalar multiplet, subject to the p parameter constraint.

J. Goodman & HEL, in progress

- Write down complete list of exotic multiplets with EWSB vevs
- Constrain vev using p parameter
- Compute maximum M3, and Mz contributions

Complication: experimental bound on p is so tight that one-loop
contributions can be as large as the tree-level vev contribution.
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Upper bound on isospin of (perturbative!) exotic multiplets

Higher isospin — higher maximum “weak charge” (¢73, etc.)
Higher isospin — higher multiplicity of scalars

Consider scattering of scalars into transversely polarized Ws &
Zs (the ordinary gauge modes) and require tree-level unitarity:

IReay| < 1/2, M =167 ) (24 1)ayPy(cos0)
14
xx* < WEWZE largest eigenvalue: Hally, HEL, & Pilkington 1202.5073
g° (n? = 1)y

(complex x, n=2T+1)

0T T6r  2v3

Real scalar multiplet: divide by /2 to account for smaller multiplicity
More than one multiplet: add ag's in quadrature

Complex multiplet = T < 7/2 (8-plet)
Real multiplet = T < 4 (9-plet)
Constraints tighter if there is more than one large multiplet
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Tree-level p parameter calculation

Extremely strong constraint on exotic multiplet vevs from preci-
sion electroweak data:

weak neutral current (g2 4 ¢2)/M2  vg + a(X?)?

PO~ Weak charged current g2 /Mg, v3+b(X0)2
a=4[T(T+1)—Y2}c b=8Y?2
Complex mult: ¢=1. Real mult: ¢=1/2. Doublet: Y =1/2

Electroweak fit [PDG June 2018, Erler & Freitas]:

S =0.02+£0.10 T'=0.07r =0.12 U = 0.00=x=0.09

Correlations: S—T: +92%, S-U: —-66%, T-U: —86%
Peskin & Takeuchi, 1990, 1992

p parameter is extracted by setting S = U = 0 and using
. 1
1-— &(MZ)Ttree
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Tree-level p parameter versus S,T,U
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02|
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best fit

Ttree >0

BN RSB UENE
Ay =1,4,9 (PDG 2018)
X ( SM .

Ttree <0

a:4[T(T+1)—Y2}c
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a > b Ttree > O

T=2,Y=1 ‘
Tree-level only
0 0.002 0.004 0.006 0.008 0.01
Vy/Vgm
a<b Tiree <O
T=2,Y=2
Tree-level only |
0 0.002 0.004 0.006 0.008 0.01
VxNgm

Jesi Goodman & HEL, in progress

Exotic EWSB

b=8Y?

HPNP 2019 Osaka
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Tree-level p parameter constraints (S,7,U fit) J. Goodman & HEL

Best fit Allowed range (Ax* < 4)

T Y b6p MG SM?Z S MG, SM?Z

1/2 1/2 O — — — —

1 0O + 0.042% 0.000% [0.005%, 0.078%] [0.000%, 0.000%]
1 1 — 0.000% 0.000% [0.000%, 0.014%] [0.000%, 0.027%]
3/2 1/2 + 0.049% 0.007% [0.006%, 0.091%] [0.001%, 0.013%)]
3/2 3/2 — 0.000% 0.000% [0.000%, 0.007%] [0.000%, 0.021%)]
2 0O + 0.042% 0.000% [0.005%, 0.078%] [0.000%, 0.000%]
2 1 4+ 0.069% 0.028% [0.009%, 0.130%] [0.003%, 0.052%]
2 2 — 0.000% 0.000% [0.000%, 0.005%] [0.000%, 0.018%]
5/2 1/2 + 0.044% 0.003% [0.005%, 0.083%] [0.000%, 0.005%)]
5/2 3/2 + 0.135% 0.093% [0.017%, 0.253%] [0.012%, 0.175%)]
5/2 5/2 — 0.000% 0.000% [0.000%, 0.003%] [0.000%, 0.017%)]
3 0O + 0.042% 0.000% [0.005%, 0.078%] [0.000%, 0.000%]
3 1 4+ 0.051% 0.009% [0.006%, 0.095%] [0.001%, 0.017%]
3 2 0 = — = =

3 3 — 0.000% 0.000% [0.000%, 0.003%] [0.000%, 0.016%]
7/2 1/2 + 0.043% 0.001% [0.005%, 0.080%] [0.000%, 0.003%)]
7/2 3/2 + 0.062% 0.021% [0.008%, 0.117%] [0.003%, 0.039%)]
7/2 5/2 — 0.000% 0.000% [0.000%, 0.043%] [0.000%, 0.057%)]
7/2 7/2 — 0.000% 0.000% [0.000%, 0.002%] [0.000%, 0.016%)]
4 0O + 0.042% 0.000% [0.005%, 0.078%] [0.000%, 0.000%]

= our target M3, fraction sensitivity is ~ 0.25%.

Heather Logan (Carleton U.)
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Beyond tree level

T parameter calculation involving exotic mults is subtle:

have to renormalize Tiree. Chankowski, Pokorski & Wagner, hep-ph/0605302
— Handle this by constraining renormalized vev (choose coun-
terterm to cancel tadpole).

Full calculation of 1-loop S,T, U in these models is quite involved.
— Work in a double expansion:

1st order in exotic vev (Tiree) and 1st order in agp (1-l00p)
Can use existing results for (S,T,U)|o0p from a scalar electroweak
multiplet with zero vev.

Nonzero (S,T,U)|q0p driven by mass splitting in exotic multiplet:

—&dm?2 (6m2)2 sm2\ 2
Uloop ~

Sloop ~ Y X 172 Tioop ~ MQ—Z\@ M2
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Mass splitting in the exotic multiplet

Ignore exotic multiplet’'s vev (consistent with double expansion).
Mass splitting is due to EWSB driven by doublet vev:

V O A (PTr%0) (X TTX) + [/\Q(éTT%)(XTTGX) + h.c.}

®, X = conjugate multiplets

A1 term generates a uniform m? splitting among 73 eigenstates:

1

m%g = M? — ZAlng?’ = M? 4 sm?T3

A1 term is absent for real Y = 0 mults:
Sioop = Tioop = Uloop = 0, constraints same as tree level.
Modulo M.J. Ramsey-Musolf’s talk... have to check this!

Ao term is present only for T'=3/2,5/2,7/2 and Y = 1/2.
Mixes states with different T3 but same electric charge.
Calculation still in progress: set A» = 0 for now.
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Results: complex multiplets with Y = 0 (Ttjee > 0)

Tiree > 0, Tioop = 0, Sjoop x Y = O:
Bound is loosest when dm?2 splitting = O.

10 ‘ :li‘ !
i/T=2, Y =0 (complex)
6| .
(aV]
=
4 B B I I I I T B B T I B B B B T T T =
2t ]
|
N
0 j\F'J__L*’/ ......................... Lot B
0 0.002 0.00 0.006 0.008 0.01
VxVem

J. Goodman & HEL, in progress

Upper bounds unchanged from tree-level: 5M%/ < 0.078%.
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Results: multiplets with Tijee >0 and Y =0

Take advantage of correlation between S and T to try to ease
the constraint.

T=2,Y=1
03 ]
VX/VSM = 0008 VVVVV
o2y N\ ) S 1
= 01 F .
M =500 GeV ——
750 GeV ——
0.1 , 1000 GeV ——
01 Ax®=1,4,9 (PDG 2018) I
1 1 1 1 IX 1 ( 1 ISM I.
-0.25 -0.2 -0.15 -0.1 -0.05 O 005 01 015 0.2 0.25
S
2 232 2\ 2
—om (6m=<) om
Sloop Y x o Tleop ™ oy Hieon {0
A
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Results: multiplets with Tiree >0 and Y =0

Best to take M2 as small as possible and A1 small and positive to
generate positive So0p While minimizing additional positive Ti50p-
(Physically, positive A1 means that the member of the multiplet

with the highest electric charge is lightest.)

T Y dp 5M%/|max 5M§|max
*3/2 1/2 + 0.112% 0.016%
2 1 4+ 0.207% 0.083%
*5/2 1/2 4+ 0.111% 0.007% Compare tree-level
5/2 3/2 —I— 0.442% 0.307% 0_253%, 0.175%
3 1 4+ 0.159% 0.029%
*7/2 1/2 4+ 0.114% 0.004%
7/2 3/2 + 0.208% 0.069%

*To be revisited including Mo effect mixing T3 eigenstates: in progress

J. Goodman & HEL, in progress

Heather Logan (Carleton U.) Exotic EWSB HPNP 2019 Osaka
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Results: multiplets with Tijee < O
Tioop > 0: can cancel negative Tiree!

Ultimately S\oop 9generated at the same time will limit size of
cancellation, along with perturbative unitarity bound on \j.

Best to take M? rather large and |\1| as large as possible to
maximize TIOOp while minimizing Sloop- (Sign of A1 doesn’'t matter much.)

_5m2 5m2)2 Sm2 2
oy M ro o em)e . fom®
loop M2 loop M2M2 loop M2

Z
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Results: multiplets with Tijee < O

10
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T=2,Y=2

0.01

0.015

VyNgm

0.02

0.025

Constraint on
(renormalized) vev
cantly loosened!

the tree-level
is signifi-

Also, can get x2 = 0: models
no longer disfavoured by positive

central value of T.

T Y  S6p SMz|max IMZ|max
1 1 — 3.609% 6.967%
3/2 3/2 — 0.755% 2.232%
2 2 — 0.258% 1.025%
5/2 5/2 — 0.116% 0.578%
3 3 — 0.060% 0.361%
7/2 5/2 — 0.930% 1.221%
7/2 7/2 — 0.033% 0.234%

Heather Logan (Carleton U.)
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Conclusions

Tree-level contribution to the p parameter limits M%V contribution
from a single exotic multiplet to at most 0.25%.

But the p parameter constraint is so tight that one should really
consider 1-loop contributions along with tree-level.

Mass-splitting effects within exotic multiplet can loosen tree-level
bound on vev significantly:

Tree-level contributions to M3, and M2 up to 3.6% and 7.0%
(respectively) are still allowed for Y = 1 triplet.

Compare direct-search and Higgs-coupling constraints that limit
MVQV,Z contribution to ~ 4% — 20% in GM model and to ~ 2%
in septet model.

Still working on the cases with mixing of T3 eigenstates: S,7T,U
interdependence qualitatively different. (Ex: Tioop < O possible.)

Heather Logan (Carleton U.) Exotic EWSB HPNP 2019 Osaka
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BACKUP
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xT+t — WEW= search done for first time in Run 2 (Ws on shell)

.3' 1 20 _| T | T T T T | T T T T T T T T | T T T T | T T T T | T |_
I? B A TLAS —e— observed 95% CL upper limit |
|+§ 100 B s=13TeV 36.11b" - - - - expected 95% CL upper limit _|
+|§ 80: \: expected limit (+20) :
H; - [ ] expected limit (+10) .
; — H** theory (NLO QCD) -
t 60 ]
i B 7]
I — —]
H B 7]
0 - i
o — _
g 200 N0 h
X | ]
X L _
O O | | | | | | | | | | | | | | | | 1 1 | | |

N I
200 300 400 500 600 700

m. .. V
H*’[Ge ] ATLAS, arXiv:1808.01899

T heorist recast of ATLAS Run-1 like-sign dimuon data sets lower
bound M, 4+ 2 84 GeV Kanemura, Kikuchi, Yagyu & Yokoya, 1412.7603

Gap at intermediate masses < 200 GeV: need offshell Wsl
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For Hg—Li, Hi, Hg masses below 200 GeV, constraints are mainly
theory-recast: new “low-ms” benchmark in GM model,
Ben Keeshan, WG3 Extended Scalars meeting, 2018-10-24

Recast ATLAS Runl VBF — W*W+*, 1407.5053

.7 i T i T i T . I i T ! T ' T T T T T 1 1
° [ GMCALC 1.5.0 beta, low-mg benchmark (Prel mi nary)
add

0.6 |
0.5 |

0sl { CMS VBF — H** — W+

H

? 1709.05822

S

0.3 |

0.2 4T RsE
0.1 3
, ® Allowed

60 80 100 120 140 160 180 200 220 240
mg (GeV)

Recast ATLAS Runl dimuons,
1412.7603, 1502.01275

Recast ATLAS Runl ~+ resonance, GMCALC 1.5.0 beta

Extending Drell-Yan HT* — WEW* search to masses below 200
GeV (w/ offshell Ws) could exclude entire low-mg region!
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Vy x}‘// Vs
g (-1
7 160 23

Hally, HEL, & Pilkington 1202.5073

X N Vlﬂ
AN
AN
PN /4
ki Wi
q l'
|
P2 / \f@
7
d W
ped Vs v

complex y, n=2T+1

Real scalar multiplet: divide by /2 to account for smaller multiplicity
More than one multiplet: add agp’'s in quadrature

Complex multiplet = T < 7/2 (8-plet)
Real multiplet = T < 4 (9-plet)

- Constraints tighter if there is more than one large multiplet

Heather Logan (Carleton U.)
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How much can these contribute to EWSB?
2
g _ _ _
L D E{<X>T(T+T + T TT)(X) fWFww

2 12
_I_(g ﬂ;g )

{ONTPT3 +v2) (X)) 2,20 - -

Must have at least one doublet to give masses to SM fermions

92
M2, = <Z> [v5 + a(X°)?]
9° +4”
4

where (Pgp) = (0,v4/v2)1 and

Mz =

) (03 + b(X%)?]

a = 4[T(T—|—1)—Y2]c
b = 8Y?

c =1 for complex and ¢ = 1/2 for real multiplet
SM Higgs doublet: a = b = 2 (cancels (1/v2)2 in ($0)2)
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Complete list of models with sizable exotic sources of EWSB:

1) Doublet + septet (7,Y) = (3,2): Scalar septet model
Hisano & Tsumura, 1301.6455; Kanemura, Kikuchi & Yagyu, 1301.7303

2) Doublet + triplets (1,0) 4+ (1,1): Georgi-Machacek model
(ensure triplet vevs are equal using a global “custodial” symmetry)

Georgi & Machacek 1985; Chanowitz & Golden 1985

3) Doublet + quartets (%,%) + (%,%) Generalized Georgi-
4) Doublet + quintets (2,0) 4+ (2,1) 4+ (2,2): Machacek models
51 53 5 5).
5) Doublet 4+ sextets (2, 2) + <2, 2) + <2, 2).
(ensure exotics' vevs are equal using a global “custodial” symmetry)
Galison 1984; Robinett 1985; HEL 1999; Chang et al 2012; HEL & Rentala 2015

Larger than sextets — too many large multiplets, violates perturbativity!

Can also have duplications, combinations — ignore that here.

Heather Logan (Carleton U.) Exotic EWSB HPNP 2019 Osaka
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Explicit LHC searches up to now:
VBF — Hfjfi S WEWT - CMS  VBF + like-sign dileptons + MET

VBF — HE — W*Z — ATLAS + CMS  VBF qqff; VBF 3(+MET

Cross section o s%, = fraction of M3,, Mz due to exotic scalars

Heather Logan (Carleton U.) Exotic EWSB HPNP 2019 Osaka
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Generalized Georgi-Machacek models
Galison 1984; Robinett 1985; HEL 1999; Chang et al 2012; HEL & Rentala 2015

6
N’
),
O
c
=2
)
(_'.
wn
)
X
(_'.
()
(_|.
wn
VN
N On
N =
N———
VN
N|On
NI
N——

Replace the GM bi-triplet with a bi-n-plet — "GQGMn”

Original GM model (“GM3"): (1,0) 4+ (1,1) in a bi-triplet
WOF et

x T —etx 0
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Generalized Georgi-Machacek models
Galison 1984; Robinett 1985; HEL 1999; Chang et al 2012; HEL & Rentala 2015

6
N’
),
O
c
=2
)
(_'.
wn
)
X
(_'.
()
(_|.
wn
VN
N On
N =
N———
VN
N|On
NI
N——

Replace the GM bi-triplet with a bi-n-plet — "GQGMn”

“GGM4": (3,3) + (3,3) in a bi-quartet

(g
k

xa= | V3 WY Wl v

w3++3* Y R Ve
\ -3 ol e W)
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Generalized Georgi-Machacek models
Galison 1984; Robinett 1985; HEL 1999; Chang et al 2012; HEL & Rentala 2015

6
N’
),
O
c
=2
)
(_'.
wn
)
X
(_'.
()
(_|.
wn
VN
N On
N =
N———
VN
N|On
NI
N——

Replace the GM bi-triplet with a bi-n-plet — “GGMn”

“GGMS5": (2,0) + (2,1) 4+ (2,2) in a bi-quintet

T A S va
R 0% ~t Tt 3
4 2 0 2 4
_ 3% 7T_|_2|_* P o By +t
x T Pt T
—+ 4% * * —
\ T4 —7D e 2 T4 )
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Generalized Georgi-Machacek models
Galison 1984; Robinett 1985; HEL 1999; Chang et al 2012; HEL & Rentala 2015

Replace the GM bi-triplet with a bi-n-plet — “GGMn”

“GGM6": (3,3) + (3,3) +(3,3) in a bi-sextet

[ ¢Q -t ¢t G Tt )
IS L cu U e
xe=| ©0 -G & d Gt @

I e o B L U o S
Fax A3 s o 0+

(s - C34 ¢q , G 3 G5

\ ¢ G -G g g &)
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Generalized Georgi-Machacek models
Galison 1984; Robinett 1985; HEL 1999; Chang et al 2012; HEL & Rentala 2015

Bi-doublet: 22 —-163 Bi-triplet: 33 —>1453H5
Bi-quartet: 44 - 1Pp3P5P7

Bi-pentet: 55 —>1P3P5PH7P9

Bi-sextet: 6 6 - 1P3P5P7TPH9P 11

Larger bi-n-plets forbidden by perturbativity of weak charges!

Two custodial singlets mix — kO, HO

Two custodial triplets mix — (Hé",Hg,Hg) + Goldstones

Custodial fiveplet (Hg +, HY , HO, Hs , Hs 7) — %

Additional states

Compositions & couplings of fiveplet states are determined by
the global symmetry!

Heather Logan (Carleton U.) Exotic EWSB HPNP 2019 Osaka
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Generalized Georgi-Machacek models
Galison 1984; Robinett 1985; HEL 1999; Chang et al 2012; HEL & Rentala 2015

Custodial-fiveplet is fermiophobic; couples to VV:

2Mg, gs
HOW W, W ,
5Wu YV " \/ggw/
9 2M2 (2
HeZ,Zy, . 7 —959uv,
v 3
_ 2My Mz gs
HIW 7, : ) ,
5 jos v v \/ig,LLV
o 2M3
HITwyw, : i W e g,
GM3 gs — \/§SH

GGM4 . g5:\/24/58H

GGMS5 : gs = \/42/5sy
GGMG6 : g5:\/64/58H

s# = fraction of M3, Mz from exotic scalars
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Generalized Georgi-Machacek models
Galison 1984; Robinett 1985; HEL 1999; Chang et al 2012; HEL & Rentala 2015

VBF — HE™ - W*W= and VV — VV unitarity

.. Excluded by
| S W=V

0.8 | : ]

06 | -._‘“ Excluded by WWjj _
T -
D
£
2]

0.4 |

02

O MMM B B P P I PP PP PP B
0O 100 200 300 400 500 600 700 800 900 1000 *|
m5 [GeV] o0 260 460 660 860 1600 1éOO 1400 16;00 1500 2000

ms (GeV)

HEL & Rentala, 1502.01275
(plot needs updating: CMS Run 1 direct search not shown)
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One more constraint from VV — Hg — V'V unitarity!

Wi Wi Wi Wi wi wi
Z,~y
Zy~y
WL WL wg wr W, Wy
() (b) (©
Wi w wi wi
H
H
1147 WL WL WL

(d) (e)

figure: S. Chivukula

SM: m% < 167‘(‘”02/5 ~ (780 GeV)2 Lee, Quigg & Thacker 1977

GM: 812-_1 < 127r’02/5m% ~ (675 GeV/m5)2
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One more constraint from VV — Hg — V'V unitarity!
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Scalar septet model (T,Y) = (3,2)
Hisano & Tsumura, 1301.6455; Kanemura, Kikuchi & Yagyu, 1301.7303

(x1°)

x4

+3

+ X

® = <¢ O) X = |2
¢ Tl

e
\x" 1)

p =1, yet there is no custodial symmetry in the scalar spectrum

- HT*T = yT12: analogue of Hg'""
- gb+, X"‘l, (X_l)* mix: no purely fermiophobic analogue of H;r
- Only 2 CP-even neutral scalars (h®, H?): no analogue of H?

-y - .QMVQV\/l—
H WM W, ) » 5579uv,
s2 = fraction of Mg,, M2 from septet vev
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Results: multiplets with Tijee >0 and Y =0

Take advantage of correlation between S and 1" to try to ease
the constraint.

T=2Y=1
0.3 ]
VX/VSM = 0 VVVVVV
0.2 ]
- 01} -
M =500 GeV ——
750 GeV —
01 , 1000 GeV ———
01F Ax® =1,4,9 (PDG 2018) |
1 1 1 1 IX 1 ( 1 ISI\% I.
-0.25 -0.2 -0.15 -01 -005 O 005 0.1 0415 0.2 0.25
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2 2y2 2\ 2
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loop ™~ T o loop ™~ T oA loop ™~ | 7o
> M2 > M2M? P\ M2
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Results: multiplets with Tijee >0 and Y =0

Take advantage of correlation between S and 71" to try to ease
the constraint.

T=2,Y=1
0.3 | ]
VX/VSM = 0005 AAAAAA
0.2 ]
- 01} -
Or 2<x1 <2 |
M =500 GeV ——
750 GeV ———
01 , 1000 GeV ———
01 Ay®=1,4,9 (PDG 2018) ]
1 1 1 1 IX 1 ( 1 ISM I.
025 -0.2 -0.15 -0.1 -0.05 O 0.05 0.1 0.15 0.2 0.25
S
2 232 2\ 2
g om T (6m=<) [ om
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P T2 P M2 M2 >\ M2
Heather Logan (Carleton U.) Exotic EWSB HPNP 2019 Osaka

38



Results: multiplets with Tijee >0 and Y =0

Take advantage of correlation between S and T to try to ease
the constraint.

T=2,Y=1
03 ]
VX/VSM = 0008 VVVVV
c2+ N\ ) S 1
= 01 F .
M =500 GeV ——
750 GeV ——
0.1 , 1000 GeV ———
01 F Ax? =1,4,9 (PDG 2018) l
1 1 1 1 IX 1 ( 1 ISM I.
-0.25 -0.2 -0.15 -0.1 -0.05 O 005 01 015 0.2 0.25
S
2 2y2 2\ 2
g om T (6m=<) 7 m
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