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Introduction

Motivation

@ No clear discrepancies between LHC data and SM predictions
with my ~ 125 GeV. And BAU and DM imply just “some new
fields”

e If we do not give up with the (Planck - EW) hierarchy
problem, SUSY is (neof) the favourite UV option

@ In the MinimalSSM my, ~ 125 GeV requires “heavy” stop
sector = Little Hierarchy Problem, i.e. some fine-tuning

@ Non-minimalSSM models can alleviate this problem as they
can enhance the tree-level Higgs mass via

D—terms: Extra gauge interactions
F—terms: Extra chiral sector (singlets and/or triplets)

Less free parameters than Y = +£1 extension, and extra charginos
with collider and cosmological effects

(other tripl. extens. in E.J.Chun&al,1209.1303; Z.Kang&a|,1301.220éi M.Gal;cia&al,]éOSAOZé) PR
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Introduction The model

The Y=0 Triplet Extension (Espinosa&Quiros'92,Di Chiara&Hsieh’08)

0 +
Y= (€ 5/_\/5 _5_05/2\/5> , AW = AH1-2H2+%M2757'22+MH1'H2J
1

o T parameter bound requires (¢”) < 4 GeV which imposes
(unless of fine-tuning)

|A)\|’ |,u| ) |ME| 5

mé + N\2v?/2
102 \v

@ This hierarchy implies decoupling between £° and [, H>

Mass boost:  V(Hy, Ha) =~ Vyrssy + N2 HYHY|? J

(for ma — 0o:  mj7 = m3 cos” 23 + Nv?sin® 23/2)

(large A and small tan 3 preferred)
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Introduction The model
The relevant spectrum
@ Heavy scalar triplet [ = 5 TeV |
@ Minimiz. conditions
m%zmisinﬁcosﬂ, m%:%—mi—i—’\;v?
e CP-odd/charged Higgses
mi:m%+m%+2|u|2+’\;v2 , mi. =

2
m? + m%,ﬁ—%vz J
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Introduction The model

The relevant spectrum

e CP-even Higgs masses (basis ha, h1)
, ( m?% cos? B+ m%sin? B (A\2w? —m? — m%)sin23/2
M =
(

M2 —m2 —m%)sin28/2  m?sin® B+ m? cos? B

@ After including radiative corrections AM%(ht) and AMZ(N)
(also in the min.condts) [m;, = 125 GeV]

ha\ ([ cosa sina h
hi /] \ —sina cosa H

Coupling ratios  ryxx = gHXX/gsl)\(/IX (H=nh,H)

0 0 0 0 0 0
Thyvv THVV Thtt THet Thdd THdd
. cosa | sina sina | cos«
sin(B — «) | cos(fB — & - - —
(B ) (B ) sinf | sinf cos B | cosf3

Germano Nardini Triplet extension of the MSSM




Introduction The model

The relevant spectrum

e CP-even Higgs masses (basis ha, h1)
, ( m?% cos? B+ m%sin? B (A\2w? —m? — m%)sin 2ﬂ/2>
M =
(

M2 —m2 —m%)sin28/2  m?sin® B+ m? cos? B

Case I: B~ f.=7/4, A=)\ = ﬂmh/v (relevant but accidental)
Case 2: ma > my, (robust but obvious)

.

Coupling ratios  ryxx = gHXX/gEI)\(/IX (H=nh,H)

0 0 0 0 0 0
Thvv THVV Tht THtt Thdd T"Hdd
. cosa | sino sina | cos«
sin(8 — «) | cos(8 — « ) , —
(B ) (B ) sinf | sinpf cos 3 | cospf
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Phenomenology Features at small m 4

Small my4

Case 1

e Existence of the SM-like point beyond tree-level approx
@ Quantifying the "~"
@ Some phenomenology

Delgado, GN, Quiros, ArXiv:1303.0800

Similar idea in the MSSM for some radiative corrections:
Carena&al. ArXiv:1310.2248

Long ago for 2HDM: Haber and Gunion, hep-ph/0207010
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Small my4

Phenomenology

Features at small m 4

(similar idea in Carena&al 1310:2248 for 2HDM)
@ CP-even Higgs masses (basis ha, h1)

M2 — m? cos? B+mEsin? B (A\2w? — m% — m%)sin26/2
07 \ (\20? —m?% —m%)sin28/2  m?%sin® B+ m? cos? B
ha\ [ cosa sina h
hy /]  \ —sina cosa H

@ Tree-level h couplings are SM-like if & =  — w/2. With ./\/l%:

The lightest eigenvalue is INDEPENDENT of m 4 l

AND BEYOND TREE LEVEL ?
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Small my4

Phenomenology

Features at small m 4

At:

Radiative correction AMZ(h;) and AM3;(X) included (mq = my = 700 GeV,
0, mx = 5TeV).

Curves: ma = o0, 200, 155, 145,140,135,130 GeV

I
0.85

.85 0.‘9;) O.‘95
THE SM-LIKE CONDITION HAS MOVED TO THE
CROSSING POINT
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Phenomenology Features at small m 4

Small ma (similar idea in Carena&al 1310:2248 for 2HDM)

@ Given a spectrum and its dominant stop and triplet corrections . ..

M2 = <m?4 cos? B+miysin? B (—m% —miy) sin26/2> }

L7\ (—m3 —m3y)sin28/2  m? sin? B 4 m3, cos® B

@ ...the lighest eigenvalue my, is equal to 7 when
D-miT +mp =0

I
A(tan 8, \; 72 )m% + B(tan B, \;72) =0 (no m¥!),

@ there exists a solution that is INDEPENDENT of m 4 at
A(tan B, A, m2) = 0
B(tan Be, A\, m3z) =0
@ Moreover (analytically) when the lightest eigenvalue is independent
of my , « is independent as well.

@ Since independent of m 4, the particular case m4 — oo is included,
ie. a=p—7/2
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Phenomenology
Small my4

Features at small m 4

Rotxx = o(pp = H)BR(H — X X)
[o(pp — h)BR(h — X X)]gp,
(99F) (Hit) T’?—ltt T%—LXX
Rixx = Ryxx =

D 9

2 2
RWBE) _ p(VH) _ THww THXX
HXX = Muxx =

D
D = BR(h — bb)sy miy + BR(h — gg,cc)sm mi

+ BR(h — 77)sm T37r + BR(h — WW, ZZ)sm 2ww
@ No extra inv. width, i.e. my, 2 my /2

Germano Nardini

@ sbottom-gluino may correct rpp, (M3 =1TeV,m;=700GeV)
[m] [ = =
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Small my4

Phenomenology

Features at small m 4

ma = 140GeV, p = ps, = 250 GeV, m, + = 104 GeV

Ruxx =

o(pp — H)BR(H — X X)
[o(pp = h)BR(h — X X)|qs

[}
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Phenomenology Features at small m 4

Small m ma = 140 GeV, u = px = 250 GeV, m, + = 104 GeV
A X

o(pp = H)BR(H — X X)

Raxx = [o(pp — h)BR(h — X X)]|g5s

bb, 7T WW ~vy

(VBF)
hXX

R

o (w1 =
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Phenomenology
Small my4

Features at small m 4

ma = 140GeV, p = ps, = 250 GeV, m, + = 104 GeV

» _ o(pp— H)BR(H — XX)
A [o(pp — h)BR(h — X X)]gp,
LOF— 7 — ——
i bb, 77, WW vy,
08/ 7
. 0.6: ,/
04f | ) ]
0.2: g /// ]
00" -— /‘
0.95

100
- . A
e Further reduction if m,, Smpg/2 (mp ~138GeV)
" L
Germano Nardini

Triplet extension of the MSSM



Phenomenology Features at small m 4

Small my4

Exp. results on Higgs decays are hinting to SM-like values. If
confirmed with much better accuracy, they still don't imply
mag > myp,

For instance in the TMSSM there exists a parameter region where

@ we have both my ~ 125 GeV and SM-like h decay independently of
ma;

@ H production is suppressed

To probe the scenario, present LHC studies on A and H* decays need to
be improved (in the TMSSM these limits seem < MSSM or NMSSM ones).

In this direction:
Bandyopadhyay&Huitu&Sabanci'1l3, Bandyopadhyay&Di Chiara&al,'14

o (w1 =

it
B
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Phenomenology Features at large m 4

Large my

Case 2

@ Diphoton enhancement highlighted before
o Correlation with b — Z~
@ Imposing DM

Delgado, GN, Quiros, ArXiv:1207.6596
Arina, GN, Martin-Lozano, ArXiv:1403.6434
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Phenomenology Features at large m 4

Enhancement in h — v

A — (_é) UZ(A2M2 + QZNZ)) sin 23
Xias 3) Mapps — 32202(A\2Ms + g2ps) sin 23

@ Loop-induced process which is sensitive to new charged
particles

@ New triplet charged fermion can enhance R, (< 1.2 via MSSM
charginos; e.g. Casas,Moreno,Rolbiecki,Zaldivar '13)

@ As no (large) modifications in the Higgs production exist for
m4 — 00, the diphoton enhancement is (easily implemented from
the QED eff.pot. Ellis&al,79; Shifman&al,79; Carena&al,12)

AL |2

_ X1,2,3
R’Y’Y =1+ A"Q—i—A?”_

it
S
el
Q

o (w1 =
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Phenomenology
Enhancement in h — v

Features at large m 4

4
Al =(-= log(det Miree
g ( 3) dlogv og(de X+ )
Ms  gusin 0
MU = | gvcosf  p —dusinf |,
0 Avcosf ux

U M= VT = diag

@ As no (large) modifications in the Higgs production exist for

m4 — 00, the diphoton enhancement is (easily implemented from
the QED eff.pot. Ellis&al,79; Shifman&al,79; Carena&al,12)

R

AL
Y —

2
1+

X123
YT AT
Ay +4/
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Phenomenology Features at large m 4
Enhancement in h — v
AT - 4 v2(A\2Ms + g*pys) sin 23
X123 3) Mapps — 32202(A\2Ms + g2ps) sin 23

tang

2
1 L I L
05 X 07 08

X 10 ‘
My = 250 GeV*

1.1

L 1 A
12 05 06

X; =4, 0; mg = 700 GeV
p= s = my 105 GeV
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Phenomenology Features at large m 4

Correlation h — vy vs h — Z~

gzﬂ’bd:
Agl :E —gz f(m~i,m~i,m~i)gh~+~,
gL mz Xj X X Xk X X;

X
1,2,3 R=1

@ Weak bounds by LHC but planned improvements
@ Typically correlated to h — v
@ TMSSM chargino sector should play a role (as for R,,)

@ Less transpartent expression because no applicable low-energy
limit

Zy
A~:|:

X
Ry = |1+ 5125
Yy A‘/V’Y+At’7

o (w1 =
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Phenomenology

Features at large m 4

Correlation h — vy vs h — Z~ (m, = Z 100 GeV)

% Xj
A2 = E — g <m~i M+ m~i) R
5+ 925t %; f s Mk Mgt ) Insfx;

o©
ST

P S N D R PV FTUT P
5 06 065 075 85 09
solid: puyy = p = Mo = 230 GeV
dash: puyy = p =230GeV, My =1TeV
dot-dash: puy; = Mo = 230GeV, p = 400 GeV
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At =0; mg = my adjusted for mj, = 125 GeV

[m] [ = =

it
S
el
Q

Triplet extension of the MSSM



Phenomenology

Features at large m 4

Correlation h — vy vs h — Z~ (m, = Z 100 GeV)

3 gam_+
AZY =E —ng +7f(mimimi)g o
ifu L= gimgz ZX; X; X5 X Xg hXX;
g k=

I T E T T T N N
055 06 065 07 075 08 08 09

o
o©

ST

solid: puy; = p = Mg = 230 GeV
dash: puy; = p = 230GeV, Mo = 1TeV
dot-dash: puy; = Mo = 230GeV, p = 400 GeV
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0.01<BR(h — x§%7) <0.2
0.2 <BR(h — x7%x9) <05
0.5 <BR(h = X9%%) . = _ - =

Triplet extension of the MSSM



Correlation h — vy vs h — Z~

Phenomenology

Features at large m 4

m.+ = 100 GeV
X1~

My

0
M3

—%glvl
392v1
0

%911)2 0
—392v2 0
—u 7%1/2)\
0 —§v1>\
s
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0.01<BR(h — x¥%9) <0.2
0.2 <BR(h — x9%x9) <0.5
0.5 <BR(h — X9%X}) « =5 = =
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Again h — vy

u, [GeV]
g

500

400

300

200

S S T T S Y STEY FVTY P FEURT FUTY P FEURE PP PP O

0.
1 2 3 4 5 6 7 8 9 10 100 200 300 400 500 600 700 800 900 1000

tan B u[GeV]
R,, <11,1.2,1.3,14

This seems to be strictly linked to Dark Matter!!!

o (w1 =

n
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Phenomenology Features at large m 4

I[f DM is the Bino-like neutralino

Framework is like well-tempered neutralino: Qp,; relies on SM + ewkinos
If ma or my, are small, there are potential new channels.

Observable Measured /Limit
T LUX (90% CL)
Qpmh? 0.1186 £ 0.0031 (exp) £20% (theo)
mp 125.85 + 0.4 GeV (exp) £3 GeV (theo)
[ipvisible (166 + 2) MeV
mg, > 650 GeV (LHC 90% CL)
my s > 104 GeV (LEP 95% CL)
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Phenomenology Features at large m 4

If DM is the Bino-like neutralino (LUX bound)

=

WIMP-nuclecn cross section (¢ rn%

3
B

2
LI, (GeVic®)

For a given parameter set, LUX = lower bound on p
= upper bound on R, and Rz,

DA

Germano Nardini Triplet extension of the MSSM



Phenomenology Features at large m 4

If DM is the Bino-like neutralino (well-tempered)

. 1t =300 GeV 1t = 500 GeV
E — 0,7 10° £ =
E — % x 10°pb E — uh
r — m;/100 GeV F — o5, x 10° pb.
L L mi100 GeV r 7mx/|OOGeV
N % 00 Gov =M, /100 GeV.
:;‘ r m;/100 GeV
10 =
1
107 =
qor bl Lo Lo Lo b Lo L qorbn v Lo Lo Lo Lo Lo L
150 200 250 300 350 400 450 500 150 200 250 300 350 400 450 500
u, [GeV] 1, [GeV]

My =1TeV tan g = 2.8 A=0.85

Branch 1: Triplino-Bino coannihilation (driven by gauge interactions)
Branch 2: Higgs/Z resonance
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Phenomenology Features at large m 4

If DM is the Bino-like neutralino (resonance)

o u =300 GeV u =500 GeV
E — o 10° g e
F — o5, x 10°pb. £ —oS‘Mx109pb
F — m/100 GeV F . rr:;./mﬂ GeV
i -+ m,/100 GoV r - .M /100 GeV
oL ml.?iDO GeV m/100 GeV
. — Ryt
1
10"
qor bl e Lo N b Lo L qorb b Lo Lo Lo Lo T L
150 200 250 300 350 400 450 500 150 200 250 300 350 400 450 500
b, [GeV] b, [GeV]

My =1.5TeV tan 5 = 2.8 A=0.85

o (w1 =
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Phenomenology Features at large m 4

If DM is the Bino-like neutralino (resonance)

e u =300 GeV u =500 GeV
E — 05,17 i o
F — 0% x10°pb £ oS x10p
F — m /100 GeV F — m,/100 GeV
[ __.ml::gg zez [ ...m‘/\OO GeV
m e\ N
ol RXV‘ m‘/lﬂﬂGEV
E — Ry 10 — Ryt
e 1
107 10" E
TO?\IIII\I‘I\II‘]II\l\lll\\l\l\\l\l\l\l w,gH\||H\|||x\|x||\u|x|mu| i
150 200 250 300 350 400 450 500 150 200 250 800 350 400 450 500
, [GeV] b, [GeV]

My =1.5TeV tan g = 2.8 A=0.85

Quantitatively, how much R, (and Rz.,) is allowed by LUX? J

o (w1 =
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Phenomenology Features at large m 4

If DM is the Bino-like neutralino

f16

Se [PD]

L B L B

0.8

0.6

0.4

ool v Lo b b b b by

L 0.2 0.4 0.6 08 1 1.2 1.4 16
10°

mi?[GeV] RZY

R, $1.25 Rz, <12 (correlated!)

o (w1 =
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Conclusion

Conclusion

@ Triplet extension alleviates the fine-tuninig with respect to the
MSSM

@ SM-like Higgs signatures do NOT imply large m 4

© If the dominant channels are SM-like, TMSSM chargino sector can
provide R, and Rz, are large as

° 1.6 and 1.4 (no DM)
1.3 and 1.2 (with DM)

@ R,, and Rz, are strongly correlated

© Concerning well tempering, TMSSM DM easier than MSSM DM
from top-down approach

@ Open issues: LHC bounds? EWino composition via ILC?

De Blas,Delgado,Ostdiek,Quiros, 14 Moortgat-Pick,Porto,Rolbiecki, 14
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