
Seaching for sgluons in the same-sign leptons final state
at the LHC

Wojciech Kotlarski2

Faculty of Physics, University of Warsaw
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Motivation

LHC has performed marvellously

A Higgs-like particle of a mass around 125 GeV has been found
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Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC 

LHC Delivered: 23.30 fb¡1

CMS Recorded: 21.79 fb¡1
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CMS Integrated Luminosity, pp, 2012, ps = 8 TeV

≈ 20/fb of integrated luminosity has been gathered per experiment

Long shut down in progress - time to analyse gathered data in the context of
your favourite model
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SUSY searches

Model e, µ, τ, γ Jets Emiss
T

∫
L dt[fb−1] Mass limit Reference
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MSUGRA/CMSSM 1 e,µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0541.1 TeVg̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-047740 GeVq̃

g̃ g̃ , g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-0471.3 TeVg̃

g̃ g̃ , g̃→qqχ̃
±
1→qqW ±χ̃01 1 e,µ 3-6 jets Yes 20.3 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1 )+m(g̃ )) ATLAS-CONF-2013-0621.18 TeVg̃

g̃ g̃→qqqqℓℓ(ℓℓ)χ̃
0
1χ̃

0
1 2 e,µ (SS) 3 jets Yes 20.7 m(χ̃

0
1)<650 GeV ATLAS-CONF-2013-0071.1 TeVg̃

GMSB (ℓ̃ NLSP) 2 e,µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ 0-2 jets Yes 20.7 tanβ >18 ATLAS-CONF-2013-0261.4 TeVg̃

GGM (bino NLSP) 2 γ 0 Yes 4.8 m(χ̃
0
1)>50 GeV 1209.07531.07 TeVg̃

GGM (wino NLSP) 1 e, µ + γ 0 Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z ) 0-3 jets Yes 5.8 m(H̃)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(g̃ )>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<600 GeV ATLAS-CONF-2013-0611.2 TeVg̃

g̃→tt̄ χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <200 GeV ATLAS-CONF-2013-0541.14 TeVg̃

g̃→tt̄ χ̃
0
1 0-1 e,µ 3 b Yes 20.1 m(χ̃

0
1)<400 GeV ATLAS-CONF-2013-0611.34 TeVg̃

g̃→bt̄ χ̃
+
1

0-1 e,µ 3 b Yes 20.1 m(χ̃
0
1)<300 GeV ATLAS-CONF-2013-0611.3 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)<100 GeV ATLAS-CONF-2013-053100-630 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e,µ (SS) 0-3 b Yes 20.7 m(χ̃

±
1 )=2 m(χ̃

0
1) ATLAS-CONF-2013-007430 GeVb̃1

t̃1 t̃1(light), t̃1→bχ̃
±
1 1-2 e,µ 1-2 b Yes 4.7 m(χ̃

0
1)=55 GeV 1208.4305, 1209.2102167 GeVt̃1

t̃1 t̃1(light), t̃1→Wbχ̃
0
1 2 e,µ 0-2 jets Yes 20.3 m(χ̃

0
1) =m(t̃1)-m(W )-50 GeV, m(t̃1)<<m(χ̃

±
1 ) ATLAS-CONF-2013-048220 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 2 e,µ 0-2 jets Yes 20.3 m(χ̃

0
1)=0 GeV, m(t̃1)-m(χ̃

±
1 )=10 GeV ATLAS-CONF-2013-048150-440 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 0 2 b Yes 20.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )-m(χ̃

0
1 )=5 GeV ATLAS-CONF-2013-053150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 1 e,µ 1 b Yes 20.7 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-037200-610 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 0 2 b Yes 20.5 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-024320-660 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z ) 1 b Yes 20.7 m(χ̃
0
1)>150 GeV ATLAS-CONF-2013-025500 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z ) 1 b Yes 20.7 m(t̃1)=m(χ̃
0
1)+180 GeV ATLAS-CONF-2013-025520 GeVt̃2

ℓ̃L,Rℓ̃L,R, ℓ̃→ℓχ̃01 2 e,µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-04985-315 GeVℓ̃

χ̃+1 χ̃
−
1 , χ̃

+
1→ℓ̃ν(ℓν̃) 2 e,µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-049125-450 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→τ̃ν(τν̃) 2 τ 0 Yes 20.7 m(χ̃

0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2013-028180-330 GeVχ̃±

1

χ̃±1 χ̃
0
2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e,µ 0 Yes 20.7 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-035600 GeVχ̃±

1 , χ̃
0
2

χ̃±1 χ̃
0
2→W ∗χ̃01Z ∗χ̃

0
1 3 e,µ 0 Yes 20.7 m(χ̃

±
1 )=m(χ̃

0
2 ), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-035315 GeVχ̃±

1 ,
χ̃0
2

Direct χ̃
+
1 χ̃
−
1 prod., long-lived χ̃

±
1 0 1 jet Yes 4.7 1<τ(χ̃

±
1 )<10 ns 1210.2852220 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 22.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s ATLAS-CONF-2013-057857 GeVg̃

GMSB, stable τ̃ 1-2 µ 0 - 15.9 5<tanβ<50 ATLAS-CONF-2013-058385 GeVτ̃

Direct τ̃τ̃ prod., stable τ̃ or ℓ̃ 1-2 µ 0 - 15.9 m(τ̃)=m(ℓ̃) ATLAS-CONF-2013-058395 GeVτ̃

GMSB, χ̃
0
1→γg̃ , long-lived χ̃

0
1 2 γ 0 Yes 4.7 0.4<τ(χ̃

0
1)<2 ns 1304.6310230 GeVχ̃0

1

χ̃01→qqµ (RPV) 1 µ 0 Yes 4.4 1 mm<cτ<1 m, g̃ decoupled 1210.7451700 GeVq̃

LFV pp→ν̃τ + X , ν̃τ→e + µ 2 e,µ 0 - 4.6 λ′311=0.10, λ132=0.05 1212.12721.61 TeVν̃τ
LFV pp→ν̃τ + X , ν̃τ→e(µ) + τ 1 e,µ + τ 0 - 4.6 λ′311=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 1 e,µ 7 jets Yes 4.7 m(q̃)=m(g̃ ), cτLSP<1 mm ATLAS-CONF-2012-1401.2 TeVq̃, g̃

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ee ν̃µ, eµν̃e 4 e,µ 0 Yes 20.7 m(χ̃

0
1)>300 GeV, λ121>0 ATLAS-CONF-2013-036760 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ττν̃e , eτν̃τ 3 e,µ + τ 0 Yes 20.7 m(χ̃

0
1)>80 GeV, λ133>0 ATLAS-CONF-2013-036350 GeVχ̃±

1

g̃→qqq 0 6 jets - 4.6 1210.4813666 GeVg̃

g̃→t̃1t, t̃1→bs 2 e,µ (SS) 0-3 b Yes 20.7 ATLAS-CONF-2013-007880 GeVg̃

Scalar gluon 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]
10−1 1√

s = 7 TeV

full data

√
s = 8 TeV

partial data

√
s = 8 TeV

full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: LP 2013

ATLAS Preliminary∫
L dt = (4.4 - 22.9) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.
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New limits on ”new physics” but SUSY is still alive
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Color octet scalars

Lorentz-scalars in the adjoint representation of SU(3)C appear in many
different models

R-symmetric and N = 1/N = 2 hybrid SUSY models
technicolor
. . .

Can have distinct experimental signature
Pair production is model independent [Phys. Rev. D 85.114024]
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Minimal R-symmetric Supersymmetry

Symmetry of the every SUSY algebra, discussed already by Fayet in ’75

Global continuous U(1) symmetry under which θ → eıαθ. Convention
R(θ) = 1 implies that R(dθ) = −1, R(θ̄) = −1, R(d θ̄) = 1

Gauge invariance requires that gauge fields have R(Ĝ ) = 0

Kähler potential invariant by default

V =
∫
d2θW ({Φi})⇒ superpotential have R-charge 2.

Transformation of superfield with charge ξi

Φ̂i (x
µ, θ, θ̄) = eıξiαΦ̂i (x

µ, eıαθ, e−ıαθ̄)

For chiral supermultiplet different spin component must have different
R-charges. One of possible choices

chiral (matter) q̂: R(q̂) = 1 ⇒ R(q̃) = +1,R(q) = 0
chiral (Higgs) Ĥ: R(Ĥ) = 0 ⇒ R(H) = 0,R(H̃) = 1

Allowed terms: Yukawa, soft-scalar masses

Forbidden terms: µ-term, L- and B- violating terms, trilinear scalar couplings,
Majorana gaugino masses

No trilinear couplings minimizes flavour violation
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MRSSM field content

chiral superfield in the adjoint of SU(3)C : Σ̂ = {σa, G̃
′a} to build a Dirac

gluino
R(Σ̂) = 0⇒ R(σ) = 0,R(G̃ ′) = −1

and the same for other gauginos

two chiral iso-dublets with R-charge +2 to build a µ-term:

W 3 µDĤD R̂D + µUĤU R̂U
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Sgluons in MRSSM

Lagrangian for the sgluon sector

L = −
√

2ıgs f
abc g̃ a

D,Lg̃
b
D,Rσ

c − gsM
D
G σ

a
λaij√

2

∑
q

(
q̃∗i,Lq̃j,L − q̃∗i,R q̃j,R

)
+

−
√

2gs

(
qL
λa

2
g̃ a
R q̃L − qR

λa

2
g̃ a
L q̃R

)
+ h.c.

R-charge of sgluon is the same as that of SM particles

Loop induced couplings to gluons and quarks

σqq̄ coupling proportional to mq ⇒ decay channel only relevant for top
quarks

couplings vanish for degenerate squarks
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Sgluon’s branching ratios

Exemplary MRSSM parameter point10:

Easy to arrange a scenario in which bellow 1 TeV sgluons decay mainly to tt̄
pairs

10mg̃ = 1 TeV, mq̃L = 4 TeV, mq̃R = 0.95mq̃L , mb̃R
= 0.35mq̃L , mb̃L

= 0.4mq̃L ,
mt̃R

= 0.25mq̃L , mt̃R
= 0.25mq̃L
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Possible experimental signatures

di-jet signature for mσ < 2mt : dedicated ATLAS search for colored scalars in
4-jet final states and CMS search for di-jet events [Eur. Phys. J. C (2013) 73:2263, arXiv:1302.4794]

2 tt̄ pairs as a possible signature for mσ > 2mt

SM cross section for tt̄tt̄ production is 0.91 fb [MC@NLO]

observed upper limit on the SM tt̄tt̄ production is 49 fb [CMS PAS SUS-13-013]

sgluons with mass below 0.8 TeV are excluded [ATLAS-CONF-2013-051]

chain decay though SUSY particles for heavy sgluons also possible
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Event preselection

Preselection: 2 same-sign isolated muons with p⊥ > 20 GeV and |ηµ± | < 2.1.
Enough to cut out most of the SM background. All shown plots are done
after the preselection.

Relevant background processes

Rare SM processes with at least two same-sign prompt leptons:
W±Z , ZZ , W±W±jj , tt̄W±, tt̄Z , tt̄tt̄
High cross section processes with 1 prompt lepton:
Z ,W±, di- and semi-leptonic tt̄,

process σ [fb] σ· BR [fb]

W±Z/ZZ - 96.28
W±W±jj - 1.87
tt̄W± 203.1 8.45
tt̄Z 205.7 2.13

W± - 11.2× 106

Z/γ∗ - 1.81× 106

tt̄ 240× 103 50.2× 103

mσ = 750 GeV 65.4 2.73
mσ = 1000 GeV 5.29 0.221
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”fat”-jet analysis

”Fat” jets as an observable [Phys. Rev. D 85, 055029]

b-tagging working point (default Delphes 3.0.10 CMS run card):
maximal b-tagging efficiency 50-40%
maximal c misidentification rate 20-10%
light jet mistag rate 0%

Number of light and b-tagged ”fat”-jets with ∆R = 1.2 clustered with
anti-kt algorithm, pj⊥ > 50 GeV

at least 1 b-tagged jet, at least 3 in total, leading jet p⊥ > 120 GeV
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Comparison of MJ and H⊥ as a discriminating variable

Plots made after previous cuts.
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Selection in MJ vs. /E⊥ for 1 TeV sgluon

Question: ”What is the the value of the S/
√
B + 1 ratio for a given choice of

MJ and /E⊥ cut?”

Selection in MJ vs. /E⊥ plane to maximize S/
√
B + 1

max(S/
√
B + 1) ≈ 3 for the cut {MJ , /E⊥} ≥ {290, 95}
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Conclusions and outlook

Theoretically well motivated R-symmetric model discussed

Analysis (basically) model independent

Sgluons can be relatively light, & 0.8 TeV

Specialised analysis of σ → tt̄ performed at
√
s=8 TeV could be sensitivity

to ∼1 TeV sgluons

Reconstruction of sgluon’s mass in boosted topology?

Large t̃R − c̃R not excluded - can look at the σ → tc̄

Projection study for 14 TeV is ongoing

No pile up included. Importance of pile up for 14 TeV study?
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