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@ Introduction: spontaneous SUSY breaking

@ Goldstino supermultiplet: minimal model

@ Interactions of sgoldstino with SM particles and phenomenology
@ Sgoldstino-Higgs mixing: consequences

@ Implications for phenomenology

@ Conclusions
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SUSY - attractive extension of SM
Higgs-like resonance: my, ~ 125 GeV
The lightest Higgs boson in MSSM
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500 GeV and/or maximal mixing X" = /6m;

Spontaneous SUSY breaking — hidden sector
Goldstino and its superpartners
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(Chiral) Goldstino supermultiplet

0 &=0¢+V20P+F,0% F,—auxilary field

@ SUSY — broken — F = (Fy) #0

@ ¢ — Goldstone fermion,

@ ¢=(S+iP)/2, where S(P) — scalar(pseudoscalar) sgoldstino
@ /F — supersymmetry breaking scale

@ VF > Mgy — goldstino supermultiplet decouples — usual MSSM

@ VF > Mgw — we should include S,P and ¢ in low energy theory
— low scale supersymmetry

@ goldstino — longitudinal gravitino in SUGRA:
M3/2 = /871/3F /Mp

@ sgoldstino mass: mg, mp ~ electroweak scale allowed!!!
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Interactions of goldstino supermultiplet with SM

@ MSSM + sgoldstino couplings ® = @+ +v20y +F,0?, (Fy) =F,

Z = Lyssm +$¢—Kéhler =+ $¢fgauge =+ gcb—superpotential
20 428 &t ME ot g1VitgaVatgsV
$¢—Kéhler = _/d 6d“6 d'd. Z E q)k @91V1+92V2+0gsVs by

1 M
Lo gauge = E/clze G-y L TWOW +he.,

a

B . . ABR . .
gdksuperpotential = /dze O g (—E HBH{J + ?ab QngHb +) +h.c

@ Low energy effective theory E < VF
@ Higher order interactions are suppressed by higher powers of F
@ Weak coupling regime: hierarchy mey; < VF
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Sgoldstino phenomenology without mixing

@ Goldstino ¢y — LSP, mz,, = /87/3F /Mp| — very light
for VF ~ 10 TeV m3/, ~ 10~2eV
interaction lagrangian: £ = JgUSYa 1}
missing energy signature!
R = —1: production in pairs, suppressed by é
@ Sgoldstino X =S,P R =1, suppressed by é
@ Sgoldstino interaction lagrangian with gauge fields and fermions

Ma a V

Lo=—-Y —=—SFI FIH —¢
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Sgoldstino phenomenology (continued)

@ Main decay channels for sgoldstinos X = S,P:

: E mg
o X — Yy F rX —yg)~ =5
o X —I71-,4q: Ay (X — ff) ~ A2m2my
° X = yy.09.ZZ WW,Zy. Mo (X = AA) ~M2md
@ similar to the SM Higgs boson, but different hierarchy!

@ Sgoldstino production in pp collisions

@ strongly dominant channel: pp — gg — X: governed by % i.e.
mass of gluino!

o pp — qoX, pp — XZ, pp — XW*, pp — Xtt, pp — Xy — typically
suppressed by several orders of magnitude
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Sgoldstino decays, no mixing

Branching ratios for sgoldstino S (similar for P):
VF =10 TeV, M; = 400 GeV, M, = 800 GeV, M3 = —1200 GeV,
AP =700 GeV

sin 6 =0

99

0.001+

i
50 100 200 500 1000
mg, GeV

0.0001

Branchings depend on hierarchy of soft parameters, but not on vF
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Interactions with Higgs fields

@ In superfields

gd) Higgs — |:/d26 (—Eq)SUHd HlJJ + z oF CDTrW"W ) +hC:|

2 m2

— my
—/d29d29¢T¢< = uHledaVaH, + FHu nggavaHu>

@ relevant lagrangian up to terms ¢ = %(S +iP)

Bu g?M; +g2M
Lo viggs =~ ( 52 pul? + o) + ST g, 2 22

_u(mﬁu +m3.)

= @' g;hiyhl, +h.c.)
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Sgoldstino-Higgs mixing

@ Assumptions:

o (¢) =0, no v.e.v. for sgoldstino
@ no CP-violation
@ decoupling limit, my, ma > my,

@ Mixing lagrangian: . %mi :lh-SJr%H-SJr%A-P
X =2udvsin2p + v3(g M1 +g5M,)cos? 2

Y = pv(mi —2p%) + 5 (91M1+92M2)sm413 Z = —pv(mj —2p?)

2X

@ Massive states S and h:  tan26 = —=
F(ms—mh)

@ case mg > my (Dudas, Petersson, Tziveloglou, 2013)
m? = mh +0 <F2 2) — suppression in the shift of the mass

@ mg < mjy — possible large positive contribution to the mass m;,
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Modifications of sgoldstino branchings
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Similar to the SM Higgs boson!
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MSSM parameter space 1

Scan over MSSM parameter space
Naturalness-inspired region:

tan3 15-50 @ NMSSMTools in MSSM
M, 200 — 500 GeV
o vVF =10TeV
Ms | 1500 — 2000 GeV v 0Te
M 100 — 1500 GeV @ sgoldstino mass parameter
ma | 1500 — 2500 GeV 80 <ms <120 GeV
|AgéD7E| 0— 1000 GeV @ select phenomenologically
UD.E allowed models with mass of
m;3 700 — 1300 GeV

— , . the Higgs-like resonance
Calculate quantl'fles fE)r final state f: 124 < m; < 128 GeV
o(pp—h)-Br(h—f)

a(pp—h)sw-Br(h—=f)su @ Experimental constraints (LEP,
TeVatron, ...)
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Higgs-like resonance
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Sgoldstino-like resonance
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MSSM parameter space 2

Broad region:

tan 3 1.5-50 °
M; | 100-2000 GeV
M, | 2002000 GeV o
Mz | 1000 — 4000 GeV
| 10 — 2000 GeV °
ma | 1500 — 4000 GeV
IA5%F| | 0—4000 GeV °
m5;>F | 0-5000 GeV

Calculate quantities for final state f:
a(pp >ﬁ)-Br(ﬁ >f)

Ri =5

(pp—h)sm-Br(h—f)sm
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NMSSMTools in MSSM
regime

VF =10 TeV

sgoldstino mass parameter
80 < mg < 120 GeV

select phenomenologically
allowed models with mass of
the Higgs-like resonance
124 <m; <128 GeV

Experimental constraints (LEP,
TeVatron, ...)
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Higgs-like resonance
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Sgoldstino-like resonance
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@ Low scale supersymmetry - sgoldstinos - mixing with the Higgs
bosons

@ Sgoldstino-Higgs mixing can increase mass of the lightest Higgs
boson in the MSSM

@ The scenario can be probed at the LHC
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