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» Introduction: spontaneous SUSY breaking
» Goldstino supermultiplet: minimal model and interactions

» Processes contributing to gravitino pair production and
contribution of sgoldstinos

» Bounds from missing E7 analysis and comparison with di-jet
searches

» Conclusions
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SUSY - attractive extension of SM, extensively studied at the
LHC experiments

SUSY breaking: hidden sector — visible sector
No direct interactions between visible and hidden sectors

Transmission of SUSY breaking at a scale M: messengers
(gravity, gauge interactions, etc.)

Spontaneous SUSY breaking: goldstino and its superpartners



(Chiral) Goldstino supermultiplet
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® = ¢+ V200 + Fy0?,  Fy - auxiliary field
SUSY — broken — F = (Fy4) #0
V/'F — supersymmetry breaking scale

V'F > Mgy — goldstino supermultiplet decouples — usual
MSSM

V'F Z Mgy — we should include S, P and 4 in low energy
theory — low scale supersymmetry breaking

1) — Goldstone fermion,

goldstino — longitudinal gravitino component :

ms3 2 = /87 /3F [ Mp,

for VF =1 TeV, mgp & 2.4 10713 GeV - superlight
gravitino

¢ =(S+iP)/2, where S(P) — scalar(pseudoscalar)
sgoldstino



Spontaneous SUSY breaking

Effective lagrangian ( ® = ¢ + v/20¢ + F462):

Lo= / 20 d*0 (ch(D + (o, q>)) + </ d20Fd + h.c.) :

2 m2

K(o!, ) = "78# (dﬂcb) _ %dﬁd) (92 + (01)?)

Expanding in 1/F:

m2 m2 m2 — m2 —
Lo=——25— PP+ —=_ Sy + i—E—Piyse
* 2 2 202F T o2 TP



Interactions of goldstino supermultiplet with SM

» MSSM + goldstino supermultiplet
® = ¢+ V20 + Fy6?, (Fy) =F,

L = Lyssm + Lo—kshler + Lo—gauge + Lo—superpotential

Lo—Kzhler = — /d29 d’6 o' . Z Fk (1)1L esViteVatesVs ¢
['d)—gauge = 5 /d29 d- Z ?a TIW W + h.c.,

AD
['cb—superpotential = /d20 ¢ - 6U< F HDH{J + ab QJDbHD + . ) -

» Nonrenormalizable, low energy effective theory E < v/F
» Weak coupling regime: hierarchy meon < VF

» Higher order interactions are suppressed by higher powers of F



Goldstino interactions

Single goldstino interactions with strong sector:

Mz o _ y
Loy—vis D wa (Y TN R, — :-R’U (d;,,-iﬁPRdj - O'J‘PL?bdR,i) -
IM?’R’U ~f 7 7 ~ IME27L7U ~t T - ~
—F (uR’iQ/)PRuj - UjPL¢UR,i) " (qLJwPLC/j - QjPR¢QL,i)

for E > m3/», goldstino-gravitino equivalence Ly = %Jgusyaw
Double goldstino interactions with strong sector:

M2 M2
Ly—vis D — R’U (¢ Prd;)(d;Prip) — :-'ZU (¥ Pru;)(T;PLY)

M2
qL’ L(0PL;)(GiPRY)

Gravitino ¥ — LSP, very I|ght
Goldstino production with jet (or v, W, Z) — missing energy
signature R = —1: production in pairs



Goldstino at colliders: jet 4+ missing energy signature

F.Maltoni et al, 1502.01637, ATLAS, 8 TeV, 10.5 fb~1, msp =20 TeV
Associated gravitino production pp — gv, g1 — 1) + jet, o ~
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Goldstino at colliders: jet 4+ missing energy signature

Direct gravitino pair production: pp — ¥ + jet, o ~ %
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What about light sgoldstino contribution???
Sgoldstino interaction lagrangian with gauge fields and fermions

a pv Aan i
Ly=— 24\[F o Fom — --<\quJdb hD5+...>

M., 1N H i
auueﬂ a)\p €ij b D
ZsfF ! (quthP+)

.. and with gravitino
2

2\/F 2fF
 s.Demidov |HNEE

Py



Sgoldstino phenomenology

Main decay channels for sgoldstinos:

X=SorP ;
X — Pp: [~ o
X = 77,88, 22, WW, Zy: T ~ Mimk
X — fspfsm: I~ 7A%n§2mx

X — Higgs bosons, superpartners are
typically suppressed

VF=2TeV, M{ =0.5 TeV, M, =1 TeV,
Mz =1.5 TeV, A= 0.7 TeV
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Sgoldstino production in pp collisions

» strongly dominant channel: pp — gg — X: governed by %

i.e. mass of gluino!
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Apply CMS monojet results, /s = 8 TeV, 19.6 fb~! (Eur.Phys.J. C75
(2015) no.5, 235)
Assumptions and methods:

» mg = mg, 1 —2.5 TeV, no mixing A=0

» §—q+1, & — g+ 1 — dominant decay modes

5
(@(&) > ale) +v) = 12,

> mg=mp, 1—-5TeV
> s.p—ggors,p— Yy
F(s(p) = ) = L T(s(p) = g8) = ot
327 F2 TanF?
» MadGraph, parton level at LO, pr(j1) > 110 GeV, |n(j1)| < 2.4,
pr(2) > 30 GeV, In(j2)| < 4.5, |A¢(j1,/2)| < 2.5

> missing energy ET > 450 GeV, Uc’t\iSE/r'n'Es't <781
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Subprocesses

Cross sections as functions of v/ F
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Subprocesses

Cross sections as functions of mg = mjg

VF =15 TeV VF =20 TeV
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Monojet analysis, 8 TeV
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Light sgoldstinos can change the bounds considerably!
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Monoj lysis, 8 T
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Di-jet resonances

Sgoldstino decays into gg pair — di-jet resonance signature!
Use results by CMS (8 TeV, 19.7 fb~1)

Dijet analysis, 8 TeV
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Di-jet resonances and missing energy comparison

ATLAS (arXiv:1407.1376), CMS (arXiv:1501.04198)

Dijet+Monojet analysis, CMS+ATLAS@ 8 TeV, Mf; =
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Dijet+Monojet analysis, CMS+ATLAS@ 8 TeV, M; = M; =1.7TeV
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Di-jet resonances and missing energy comparison

Dijet+Monojet analysis, CMS+ATLAS@ 8 TeV, m, = m, =12 TeV Dijet+Monojet analysis, CMS+ATLAS@ 8 TeV, 1, = m, =15 TeV
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Conclusions

» Superpartners of goldstino - sgoldstinos - can contribute
considerably to gravitino pair production

» We obtain bounds on parameter space of the model from
monojets

» Bounds from monojets and di-jets are complimentary

» It would be interesting to probe this scenario with new LHC
data at /s = 13 TeV!



