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Motivation

M po ~ 125 GeV

&

SUSY



Motivation

M po ~ 125 GeV

In MSSM, this mass 1s weird.
Higgs quartic 1s set by EW D-terms:
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T'his sets a natural range for 7M,0:

mpo < Mzo  (wree level)



Motivation

M po ~ 125 GeV

T'’he Higgs quartic 1s larger than the D-terms told us

(LEP told us that already, but not by how much)
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large loop corrections extra tree-level
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fine-tuning of ~10° SSM has more structure



Motivation

NMSSM 1s a simple way to generate extra quartic

by coupling the higgs sector to a new complete singlet

unartic — (‘Hu‘z — ‘Hd|2)2+)\2‘Hqu‘2

= M3, = Myocos 23 + N2, sin®2f3



Motivation

NMSSM 1s a simple way to generate extra quartic

by coupling the higgs sector to a new complete singlet

W D )\QﬁHqu
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= M3, = Myocos 23 + N2, sin®2f3

Tension:

A runs small at low energies

mMpo ~ 125 GeV pushes A to its perturbativity edge
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Motivation

3
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top yukawa drives A
non-perturbative

tanp=1.5

gauge couplings
counteract top yukawa

: Agashe, Cui, Franceschini
{ arXiv:1209.2115
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Motivation
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By = A (5)\2 + 3y; — 39° — 59/2 #93)

problem suggests its own remedy:

add new gauge interactions to slow running of A



Motivation

3

By = A (5)\2 + 3y; — 39° — 59/2 #93)

problem suggests its own remedy:

add new gauge interactions to slow running of A

W D )\¢Hqu

charge under new NO (top mass) easier to mess
gauge group Gg around with




Motivation

Example Gs = SU(2), 5, = 0 at l-loop:
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Outline

= Concrete example of Sister Higgs

= Simplified low energy limit

- type-I1 2HDM + Inert doublet

- modifications of higgs production and decay

= New RPV operator
= Sister-quarks, modified squark and gluino decays

= /., new dark matter forces



SU(2)s

Sister Higgs
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SU(2)L X U(l)y



Sister Higgs

SU(2), SU2) x U(1)y

N5

=
SU(S)C X U(l)y
complete 2,4 SU(5) multiplet (unification)

Sister-quarks D
B4. = 0 at 1-loop (running of A)



Sister Higgs

SU(2), SU2) x U(1)y

W = ,LL¢(I)(T) + /Lzzuzd + ,UHHqu + ,UDDZ,Dfi U terms



Sister Higgs

SU(2), SU2) x U(1)y

W = ,L%CI)CT) + Mzzuzd + ,UHHqu + ,UDDZ,DE U terms

+APH, X+ A PH X, NMSSM-type terms



Sister Higgs

SU(2), SU2) x U(1)y

W = pug®® + psX,Xq + ppHuHg + pp DDy uterms
+APH, X+ A PH X, NMSSM-type terms

+vy, QH, U +vy,QH;D" + vy, LH;E° yukawas



Sister Higgs

SU(2), SUQ2)L xU(1)y

U(1)s s
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Dg;|—1|global sister charge

W = pug®® + psX,Xq + ppHuHg + pp DDy uterms
+APH, X+ A PH X, NMSSM-type terms

+vy, QH, U +vy,QH;D" + vy, LH;E° yukawas



Outline

= Sister Higgs

- Simplified low energy limit :
| = type-I 2HDM + Inert doublet

- modifications of 1ggprodct10n and decay

= New RPV operators
= Sister-quarks, modified squark and gluino decays

= /., new dark matter forces



Low Energy Higgs Sector

% SU(2)r xlU(l)y

. down-fermion masses
mmtegrate out

W = pg®® + X, Xq + pr HyHy 1 terms
_ small
+ A PH 2 _l_M NMSSM-type terms

+Y QHLUS + ¥, QHaD® +y, LHyE* yukawas



Loow Energy Higgs Sector

% SU(2)r xlU(l)y

. down-fermion masses
mmtegrate out

W = @@ + pus¥, X + prHuHg U terms
_ small
A PH, g + M @HFE, NMSSM-type terms
B B
+yuQHuUC + V4 m2:u QH;DC + Yy Qlu LH:EC



Loow Energy Higgs Sector




Loow Energy Higgs Sector
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Loow Energy Higgs Sector
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2 Higgs Doublet Model
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Inert Doublet



Loow Energy Higgs Sector

2.d
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Type-I 2 Higgs Doublet Model

_I_
Inert Doublet



Outline

= Sister Higgs

= Simplified low energy limit

- type-I1 2HDM + Inert doublet

= New RPV operator

= Sister-quarks, modified squark and gluino decays

= /., new dark matter forces



Higgs production and decays
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Higgs production and decays

_ (Hy) Yo\ HY
tanﬂ — <O-3> ( HO ) — R(CM) < 0_2 >
ROVV : mysin(§ — «) WOFf - m C?Sg
Vew SIN

For simplified limit of Sister Higgs (not generic type-1 feature):

qgg — hY — ff enhanced
W S VY suppressed



Higgs production and decays

h) — ~7y suppression 1s compensated by H—, o7~ loops

for light H~,0; andsmall tang
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Higgs production and decays

H* — Wbb, cs, Tv



Higgs production and decays

H* — Wbb, cs, Tv

Electroweak precision constrains H=, H°, A" splittings

light H= = light H", A"

my SINQ My COSKY

Type-11:

Hbb :
suppressed Vew SINJ Vew COS[3



Higgs production and decays

H* — Wbb, cs, Tv

Electroweak precision constrains H=, H°, A" splittings

light H= = light H", A"

my SINQ My COSKY

1ype-11 :
Vew SING P Vew COS[3

suppressed H°bb :

pp — bH — b(bb)



Higgs production and decays

H* — Wbb, cs, Tv

Electroweak precision constrains H=, H°, A" splittings

light H= = light H", A"

my SINQ My COSKY

1ype-11 :
Vew Sinﬁ P Vew COSﬁ

pp = bH<b(bb)

HY - WW, ZZ

suppressed H°bb :



Outline

= Sister Higgs

= Simplified low energy limit

- type-I1 2HDM + Inert doublet

- modifications of higgs production and decay

= Sister-quarks, modified squark and gluino decays

= /., new dark matter forces



New RPV operator

With 2 down-type higgses, H,; and o4, we can write

(P) c
M55 HdO'dE

(absent in MSSM )
because H;H; =0



New RPV operator

With 2 down-type higgses, H,; and o4, we can write

b
< > HdO'dEC

M 5E (absent in MSSM )
because H;H; =0

e

X<
(H2)
constraints are chiral suppressed

m™m

XE )2
100 GeV

p—ey: |00 <3 x 10—6(



New RPV operator

SUSY signatures are LLSP dependent

q
squark LSNP
decay like leptoquark q
€, T
880 GeV (e™)
leptoquark searches: Mg > 900 GeV (1)
(ISt, Qnd gen) 720 G@V (7_::)

dedicated CMS

search t — 7b:

myi; > 525 GeV



New RPV operator
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Outline

= Sister Higgs

= Simplified low energy limit

- type-I1 2HDM + Inert doublet

- modifications of higgs production and decay

= New RPV operator

= /., new dark matter forces



Sister-quarks

sister-quark quark mixing : ®D? D¢

3-]et resonances
D O
g /4 b with many b-jets




Sister-quarks

sister-quark quark mixing :

Na)!

®D? D"

3-Jet resonances
with many b-jets



Sister-quarks

sister-quark quark mixing : ®D? D¢

3-]et resonances
D Y .
g /4 b with many b-jets

constrained by jets+MET

ATLAS high jet-multiplicity
mg > 7950 GeV




Lightest Sister Particle as [.SP




events

Lightest Sister Particle as [LSP
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events

Lightest Sister Particle as [LSP

200 300 400 500 600

ET(GGV)

0 100

mg ~ 400 GeV
mj, ~ 300 GeV

become marginally
allowed

events

OH
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HT(GGV)
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Outline

= Sister Higgs

= Simplified low energy limit

- type-I1 2HDM + Inert doublet

- modifications of higgs production and decay

= New RPV operator

= Sister-quarks, modified squark and gluino decays

| » /', new dark matter forces |




Light Z’

(X4) mixes Z° with Z? 0 ~ Js T2 052

- tanp = 2
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Sister DM

Sister-charged Dirac neutralinos



Sister DM

Sister-charged Dirac neutralinos

Strongest constraint: direct detection Z° exchange
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Sister DM

Sister-charged Dirac neutralinos

Strongest constraint: direct detection Z° exchange

S
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EW doublet
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Sister DM

Sister-charged Dirac neutralinos

Strongest constraint: direct detection Z° exchange
& Ps

EW doublet

~

W



Sister DM

Sister-charged Dirac neutralinos

Strongest constraint: direct detection Z° exchange

& 2 i

mixes with 22

EW doublet through A, (Hy)Xq®



Sister DM

Sister-charged Dirac neutralinos

Strongest constraint: direct detection Z° exchange

& @) W,

mixes with 22

EW doublet through A, (Hy)Xq®



Sister DM

Sister-charged Dirac neutralinos

Strongest constraint: direct detection Z° exchange

& CA VW,

mixes with 22

EW doublet through Ay (Hy ) Sq® mixes with Qg




Sister DM

~

viability of W, as dark matter:

ig : ¢s need to be at ~ 'leV

. = tuning of EW scale
to suppress mixing



Sister DM

~

viability of W, as dark matter:

ig : ¢s need to be at ~ TeV

. = tuning of EW scale
to suppress mixing

relic abundance set by s-channel Z; annihilation

WS>'\IW\I\WVV\
V~VS ZO ZO 7 W::

needs to be near-resonance:

2 mWS ~ My, T 10 GeV



Sister DM

Alternatively:

‘/ig ‘/%S ‘/ Ws

make 1t light enough to evade DD

add 1elastic sphttings
(breaks U(1)s but preserves Zos symmetry )



Conclusions

= mp~ 125 GeV might be an indication of
an extended Higgs sector

= Sister Higgs provides a natural and perturbative
explanation

- extra contributions to higgs quartic a la NMSSM
- new higgs fields charged under new gauge group

- rich phenomenology



Back up shdes
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Bosonic Spectrum
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Fermionic Spectrum
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