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The recently discovered scalar particle ~ H
and the neutrino v have the
same gauge quantum numbers:

L:(é):(m)m H:(Zﬁ

can they be one the superpartner of the other?



H= Vv : is it possible?

MSSM: we impose an R-parity, mainly to avoid fast p-decay

Standard particles

Higgsino

Quarks ’ Leptons ’ Force particles

drawings by F. Riva



H= Vv : is it possible?

MSSM: we impose an R-parity, mainly to avoid fast p-decay

Standard particles

U C

R=1

Interesting pheno consequences:
stable LSP  ~5 a lot of MET @ LHC
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H= Vv : is it possible?

Higgs as a slepton: R-parity? NO!
Standard particles

U C

( ')r S ['J

Quarks ’ Leptons

R=1

The scalar vev breaks R-parity and L-number
— p-decay
— large neutrino masses
, @ new Kind of R-parity needed




H= Vv : is it possible?
Fayet 76

Gherghetta Pomarol 2003

15 U(I)R symme’rry as Lep’ron symme’rry Frugiuele Gregoire 2011

Standard particles SUSY particles

Example:

R-charge = O

v/ The scalar vev does not break U(1)_
v/ Gauginos must have Dirac masses
v U(1)r will be broken by gravitino mass
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H =V :is it possible?

Grahan G Ross Grand Unified Theories Chapter 9

An obvious
possibility {8 to ({dentify the Higge SU(2) doublet ss &
partner of e lepton doublet. However, this {s not possible,

for such sn sssignment 1in supersymmetry does not give an
acceptabls psttern of fermion masses. The reason is that

Supersymoetry restricts the possible forms of Yukaws couplings
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Grahan G Ross Grand Unified Theories Chapter 9

An obvious
possibility {8 to ({dentify the Higge SU(2) doublet ss &
partner of e lepton doublet. However, this {s not possible,

for such sn sssignment 1in supersymmetry does not give an
acceptabls psttern of fermion masses. The reason is that

Supersymoetry restricts the possible forms of Yukaws couplings

q
Hal { Can be supersymmetrized
d

HU i
B Cannot be supersymmeitrized:

. (superpotential must be analytic)
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H =V :is it possible?

Grahan G Ross Grand Unified Theories Chapter 9

An obvious
possibility {8 to ({dentify the Higge SU(2) doublet ss &
partner of e lepton doublet. However, this {s not possible,

for such sn sssignment 1in supersymmetry does not give an
acceptabls psttern of fermion masses. The reason is that

Supersymoetry restricts the possible forms of Yukaws couplings

q
.18 { Can be supersymmetrized
d

q
Ho ~~< Can be supersymmetrized

U Two scalar doublets: - MSSM
- Hu + L=Hd

Frugiuele Gregoire 2011
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H= Vv : is it possible?

2. top Yukawa coupling: from SUSY sector
> from the Kahler potential

Not a surprise:  mux125GeV requires SYSY :

(125GeV)? = m3, cos® 28 + ém”
SUSY: < (91GeV)2 «——— \ SUSYT > (86GeV)?
(In the MSSM

large A-terms or
heavy stops)
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H = v : advantages & consequences

@ no Higgsinos ~» HiggsinolessMSSM

@ NO p-problem: scalar mass entirely arises from SUSY
terms

@ NO anomalies: the only extra fermions are in the
adjoint (for gaugino masses, see later)
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H = v : advantages & consequences

@ no Higgsinos ~» HiggsinolessMSSM

@ NO p-problem: scalar mass entirely arises from SUSY
terms

@ NO anomalies: the only extra fermions are in the
adjoint (for gaugino masses, see later)

minimal model i "
'natural low energy SUSY spectrum|

Moreover: No R-parity = no large MET in final states at the LHC
new final states at the LHC
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The Higgsinoless MSSM

QIEBYOIE 5.0 q have U(1)r charge
safe from p-decay
(if B#L and B#1/3)

L#0 all v have U(1)z charge
V masses protected

871 0 1': 3 1)1 0 .
((8,1))0:((1,3))00-:((1,1))0 L#1 no LLE and LQD in W:

(1,1)o strongly constrained

U(1) = Dirac gaugino masses

Spurion SWUSY; qr fixed in order not to break U(1)g
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The Higgsinoless MSSM

— m. (not for Ls)

W — YdHQD—F}/ew HLZEJ
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The Higgsinoless MSSM

— m. (not for Ls)

W — YdHQD‘F}/ez] HLZEJ

All the rest comes from SUSY breaking terms:
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The Higgsinoless MSSM

— m. (not for Ls)

W — YdHQD—F}/ezJ HLZEJ

All the rest comes from SUSY breaking terms:

Xt HY
1. Yy 3 / 0 o / 26 Y, HIQU [Ro—-

M A
\

SISY mediation scale § effective op. scale

F

Y, ~1=A~1qy,—
St

Mg~ 3¢ < TeV :>‘A<47TTe
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The Higgsinoless MSSM

— m. (not for Ls)

W — YdHQD+}/ezy HLZEJ

All the rest comes from SUSY breaking terms:

XX HDYHD:FE,
2. ¥ 5 /d49 s —_—— L

M?
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The Higgsinoless MSSM

— m. (not for Ls)

W — YdHQD—F}/ezJ HLZEJ

All the rest comes from SUSY breaking terms:

DX F

3. gaugino masses : /d29 i N o~ —




The Higgsinoless MSSM

— m. (not for Ls)

W — YdHQD—FYem HLZEJ

All the rest comes from SUSY breaking terms:

DeB

3. gaugino masses : /d29
(7)
I ——aan W~ After EWSB winos mix with leptons

25TeV [, =e¢p
gzi modified = RUIPREIPECSNEEITY —

1.8TeV lZ = TL
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The Higgsinoless MSSM

— m. (not for Ls)

W — YdHQD—FYem HLZEJ

All the rest comes from SUSY breaking terms:

DeB

3. gaugino masses : /d29

[——2An W~ After EWSB winos mix with leptons

25TeV [, =e¢p
gzi modified = RUIPREIPECSNEEITY —

1.8TeV lZ =TI

(From universality constraints: IV/FPGBIINERAYA )
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The Higgsinoless MSSM

— m. (not for Ls)

W — YdHQD—F}/ezJ HLZEJ

All the rest comes from SUSY breaking terms:

U(1)r forbids A-terms; low stop masses
= additional quartic required fo get my=125GeV

oAp ~ 0.015
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The Higgsinoless MSSM

U(1)r is broken by gravitino mass:

2
F o VF
a/BC ppec e 2 (ZTeV)

Majorana Vv mass ~ ms/2 can be generated
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The Higgsinoless MSSM

U(1)r is broken by gravitino mass:

ﬁ)Z

I R
m3/2 ~ —— ~ 10 "eV (ZTGV

Mp;

Majorana vV mass ~ ms/; can be generated

— if other SUSY sources are present gravitinos can be
heavy:

= 2 scenarios: - gravitino L(R-charged)P

- neutrino L(R-charged)P
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A natural spectrum

The presence of SUSY operators generates at the loop
level other SUSY terms: - is my OK?
\ - soft masses for scalars
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A natural spectrum

The presence of SUSY operators generates at the loop
level other SUSY terms: - is my OK?
\ - soft masses for scalars

Finite contrib.

Squarks:

(SuperSoft SUSY breaking)
Fox, Nelson, Weiner 02

x /\2
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A natural spectrum

(SuperSoft SUSY breaking)

g : Fox, Nelson, Weiner 02
Finite conftrib.

Higgs

vanishes

negative

«|og/\?
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A natural spectrum

M" 2 M(%- A 2
2~ (4 2 g | g 15.0.
%M Mg ; ~ (400 GeV) (2 TeV) n Mg +(0.15,0.3) (2 TeV)

naturally “light” 3rd gen. squarks
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A natural spectrum

M(%g 0.15,0.3
i+ 015,03 (

A

m% ~ —(100 GeV)? |1.9 (;552+)

EWSB can occur naturally
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A natural spectrum

M(%g 0.15,0.3
i+ 015,03 (

A

my ~ —(100 GeV)? 1.9 (5557 )

EWSB can occur naturally

@ other sparticles: at least as heavier as the above

37



A natural spectrum

- \?. M; A
D5

A
2 In75
me y217g 34

-2 X600 GeV In 5

EWSB can occur naturally

@ other sparticles: at least as heavier as the above
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Phenomenology: the Higgs

Only 1 scalar, tree-level couplings as in the SM.

Possible deviations from:

1. loops mediated by stops
2. higher dimensional operators
3. invisible decays
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Phenomenology: the Higgs

Only 1 scalar, tree-level couplings as in the SM.

Possible deviations from:
1. loops mediated by stops

guyy > [(H—YY) modified — small effect
gHgg > [(H—gg) and Oprod modified « sizable effect

Fit to Higgs data:

heavier stops are favored...
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Phenomenology: the Higgs

Only 1 scalar, tree-level couplings as in the SM.

Possible deviations from:
1. loops mediated by stops

guyy > [(H—YY) modified — small effect
gHgg > [(H—gg) and Oprod modified « sizable effect

Amir<<mi. m>280 GeV

mi<<mir  M>290 GeV
M+ =M+R m>420 GeV

Stops lighter than fops seem
to be excluded in our model
from Higgs data fit

300 350 400 450

Mstop

Courtesy of A. Falkowsky 4



Phenomenology: the Higgs

Only 1 scalar, tree-level couplings as in the SM.

Possible deviations from:
2. higher dimensional operators

from integrating out heavy sparticles
or SYSY physics

EWPT constrain it @ small effect
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Phenomenology: the Higgs

Only 1 scalar, tree-level couplings as in the SM.

Possible deviations from:
3. invisible decays

H and Vv superpartners — inferact with goldstino
@ if the gravitino is light (LSP):
1.0

0.8

- 0.6
=
a2

«/Fz 1 T€V i Brinv = ].OO/O R 04

0.2

Brinv #0 lighter stops still allowed *%00 20\(;\500 400 500

my,
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Pheno: stops and sbottoms

No A-terms = prediction:

Vi HQDy
LG

~ ~ m;—m=> . ~
TooHls

Y, QH Dl
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Pheno: stops and sbottoms

No A-terms = prediction:

from the superpotential: leptoquark decays
(jets + MET)
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Pheno: stops and sbottoms

No A-terms = prediction:

from the goldstino interactions: jets + MET
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Pheno: stops and sbottoms

No A-terms = prediction:

from higher-dim operators: jets + MET
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Pheno: stops and sbottoms

No A-terms = prediction: (T

%t ét-L

Only jets + MET
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Pheno: stops and sbottoms

No A-terms = prediction: m: =mi —m; +m;

by, tr1,

Decay

Only jets + MET .
Both jets + MET

and leptoquark decays

0]



Pheno: stops and sbottoms

tz and by decay only into top/bottom + MET
= MSSM searches can be adapted

from b — by with massless neutralino:

——— —v - °1

i

!
mg, > 670 GeV

from t — X0 with massless neutralino:

stops lighter than tops in principle still allowed (m;, > 150 GeV)
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L Pheno: stops and sbottoms

< light gravitino

or small F
400 500 600 700 800 900 1000 heavy gravitino 400 500 600 700 800 900 1000
mg, (GeV) or [arge = — myg, (GeV)
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L Pheno: stops and sbottoms

< light gravitino
or small F

400 500 600 700 800 900 1000 heavy gravitino 400 500 600 700 800 900 1000
or large F — m;z, (GeV)
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L Pheno: stops and sbottoms

< light gravitino

or small F
400 500 600 700 800 900 1000 heavy gravitino 400 500 600 700 800 900 1000
or large F — m;z, (GeV)
searches jets + MET: searches lep’roquarksz
jet+e th > 660 G e
jet+g m > 10 l V?
jet+T th 34 (
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Ny

b Pheno: stops and sbottoms

Light gravitino: b+MET dominates (factor ~10);
otherwise:

Similar Br, both controlled by Yy,
bounds from b-jets+MET

400 500 600 700 800 900 1000
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LHC search strategy
(an example of how to distinguish from MSSM)

> b-jet + MET observed:

— it's our bg _only if observe also leptoquark decays @ same mass
— it can be by if observe T. @ slightly heavier mass

> t + MET observed:

— it's our fL lF observe also b+| decays
— it can be tg; look at top helicity

56



LHC search strategy
(an example of how to distinguish from MSSM)

> b-jet + MET observed:
> ¥ ' Top helicity: _
— its our br onl tr — trG as MSSM

tR — tLVL

: o mz. = 170GeV
— its our 1 if ¢ '

— it can be fg;

— o ——
—_ -~
-_—
-
-
-
-

80 100 120 140 160 180
me(GeV)







Pheno: 15" and 2" gen. squarks
@ light gravitino (and FxTeV?)
d — qG ~» jets + MET m>830GeV

@ heavy gravitino (or F>>TeV?)

2-body decays suppressed by small Yukawas
= 3-body decays can dominate

jet (no b-jets) + W/Z + MET/lepton  « Look for them!!
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Pheno: sleptons
@ light gravitino (and FxTeV?)

121G ~ leptons + MET m>270GeV
V = VG ~ MET ; monojet, dijet+MET

@ heavy gravitino (or F>>TeV?)

3-body decays can dominate

e vt B AW [ et W [Ty

éR—>C+lZ+W"- ﬂR—)M+VL(5O%) %R—)T+VL(5O%)

| v+ (50%) — vy + 1 (50%) |
e+l +Z | puop+Z+1g by = T+ 1y |
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Conclusions and outlook

@ The recently discovered scalar can be the first
discovered SUSY particle: the sneutrino

@ We have presented a minimal model with no chiral
Higgs superfields
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