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Supersymmetry

@ What is supersymmetry?

e An extended space-time symmetry
o Relation between Boson and Fermion

@ What can supersymmetry do?

o Higgs hierarchy problem: quantum correction cancel between particle
and sparticle
o Gauge coupling unification at high energy: Strong + EW
o Dark matter: e.g. neutralino
@ predictions from supersymmetry
e partners for every SM particles

The known world of The hypothetical world of
Standard Model particles SUSY particles
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® leptons ® sleptons
@ force carriers @ SUsY force carriers
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-
Supersymmetry at LHC

@ Sparticle hunt at LHC
o typical strategy: Missing energy plus jets, leptons, ...

q
q
T g / T
-
-
o,
q q

from ATLAS 1110.0282

Jia Liu (JGU Mainz) October, 2015 3/14



.
Current status of sparticle hunt

e 7, 8 TeV results
o T mass > 700 GeV

tt production, t— t%/c ?i

 production, - b1 X 1T~ Wb /Tt

—— SUS-14-021 1-lep (4 body detays) 19.7 fb*
—— 5US-14-021 2-lep (4 body decays) 19.7 fb*
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Current status of sparticle hunt

@ 7, 8 TeV results

e Z mass 2 700 GeV

99 production, g—» n(')i?; (i) >> m(g), including up to five-body decays

N T T T T T T T T T T T T
© 1200/  Allimits at 95% CL —
o L ATLAS R
= L 1pected (+10,,.) _ o0t i
& [ S [5=8TeV,L=201 1
1000/ xpected mepmncﬂmeisoE'“‘“ _

[ —oObsened i

[ - Expected SSBL4jets+ EN™ & i

[ —oObsened va\\ﬂ2 S ]

800 B tepton (softshard) + jets +E7 2 _

[ — Observed o i

[ -~ Expected 0/t-lepton + 3biets + ET** i

[ —Obsered i

600— —
400— -
200~ -
FTITOITTTNATI 1 [ L]

500 600 700 800 900 1000

from ATLAS and CMS

Jia Liu

Mainz)

100 1200 1300 1400 1500
my [Gel]

1000

LSP mass [GeV]

g-g production, g- tt 91)

CMS
9005 = g TeV

i T T T T
! —‘ SUS-13-012 Or‘lep (Br+Hy) 19.‘5 fbt

—— SUS-13.007 Lep (n, 26) 10.3 10"

—— SUS-13-013 2-lep (SS+b) 19.5 fb™

= SUS-14-010 3-lep (3+b) 19.5 fb™*

—— SUS-14-010 2-1ep(0S) 19.5 fb™*
SUS-14-010 0+1+2(SS,08)+>2-lep 19.5 fb”

S |
1200 1400
gluino mass [GeV]

1000

October, 2015

1600

5/14



Current status

ATLAS SUSY Searches*

of sparticle hunt

- 95% CL Lower Limits

ATLAS Preliminary

Status: July 2015 Vs=7,8TeV
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-
Sparticle summary

e LHC 7 (8) TeV results

o light flavor squarks: § mass 2 800 GeV

o gluino: & mass 2 1300 GeV

o 3rd generation: £, b mass 2> 700, (600) GeV
@ Can sparticle be lighter than constraints?

o Yes, they could be hide in missing energy
e ‘“double invisible" in the decay
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Hiding missing energy in missing energy

dN/N/dH+ (Gev™?)

o the impact of “double invisible” in the decay

o larger > |ET’ but smaller ET

o reduced missing energy > E+ by ;anceling
e reduced visible energy Hr = ZJ- Py

8TeV squark Hy distribution

8TeV squark ET'* distribution
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@ “double invisible" significantly reduces the experiment sensitivity
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Hiding missing energy in missing energy

o light flavor squark g in “double invisible” scenario
e constraint ~ 500 GeV

8TeV CMSG-q X X (m_sp = 100GeV) 8 TeV CMS (7 - qX%)
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-
Hiding missing energy in missing energy

@ 3rd generation squark f, b in “double invisible” scenario
e constraints significantly weakened

8 TeV CMS 1/+jet+MET (71 >tXX 8 TeV ATLAS (b; - bXX)
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@ recast ATLAS 1308:2631, CMS 1308:1586
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Hiding missing energy in missing energy

o (pb)

@ gluino g in “double invisible" scenario
e constraints significantly weakened

8TeV ATLAS§-q T X X (m_s=100GeV)
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-
Hiding missing energy in missing energy

@ novel kinetic variable e.g. My, 7
e sensitivity is still weakened
o less energy in visible

My; distribution (m; =300 GeV)
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N —
“double invisible” model realization

e g—qgX* — qoo
e LSP G carries some additional charge or parity, that appear in pair.
e.g. sneutrino ¥
e myz < myg through Dirac gauginos setup (P.J.Fox, A.E.Nelson,
N.Weiner)
o but slepton mass can be lower than squark.
ra_mgg Sl IPE
@ Superpotential
o W= =Wy W)S +yS05 + mas
Wo(y,0,07) = Ao + 0aD + i/2(0"570) o Fpu + i00(# 0, A1)
(W.) = 0D an effective D-term spurion, could from hidden U(1)’
S mixed with bino, mediating coupling to 5o
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Summary

SES
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@ “double invisible" reduces LHC sensitivity

e q,z, INJ,Z' constraints are weakened
o sleptons are similar
o smaller cut threshold on £+, pr and Hr are helpful

Thanks for your timel!
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