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FIG. 1: Natural electroweak symmetry breaking constrains the superpartners on the left to be

light. Meanwhile, the superpartners on the right can be heavy, M � 1 TeV, without spoiling

naturalness. In this paper, we focus on determining how the LHC data constrains the masses of

the superpartners on the left.

the main points, necessary for the discussions of the following sections. In doing so, we will

try to keep the discussion as general as possible, without committing to the specific Higgs

potential of the MSSM. We do specialize the discussion to 4D theories because some aspects

of fine tuning can be modified in higher dimensional setups.

In a natural theory of EWSB the various contributions to the quadratic terms of the Higgs

potential should be comparable in size and of the order of the electroweak scale v ∼ 246GeV.

The relevant terms are actually those determining the curvature of the potential in the

direction of the Higgs vacuum expectation value. Therefore the discussion of naturalness
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Implications of RPV
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Figure 6.4: Some of the supersymmetric (scalar)3 couplings proportional to µ∗yt, µ∗yb, and µ∗yτ . When
H0

u and H0
d get VEVs, these contribute to (a) t̃L, t̃R mixing, (b) b̃L, b̃R mixing, and (c) τ̃L, τ̃R mixing.

namely the supersymmetry-respecting mass µ and the supersymmetry-breaking soft mass terms. Yet
the observed value for the electroweak breaking scale suggests that without miraculous cancellations,
both of these apparently unrelated mass scales should be within an order of magnitude or so of 100
GeV. This puzzle is called “the µ problem”. Several different solutions to the µ problem have been
proposed, involving extensions of the MSSM of varying intricacy. They all work in roughly the same
way; the µ term is required or assumed to be absent at tree-level before symmetry breaking, and then
it arises from the VEV(s) of some new field(s). These VEVs are in turn determined by minimizing a
potential that depends on soft supersymmetry-breaking terms. In this way, the value of the effective
parameter µ is no longer conceptually distinct from the mechanism of supersymmetry breaking; if we
can explain why msoft ! MP, we will also be able to understand why µ is of the same order. In sections
11.2 and 11.3 we will study three such mechanisms: the Next-to-Minimal Supersymmetric Standard
Model, the Kim-Nilles mechanism [64], and the Giudice-Masiero mechanism [65]. Another solution
appropriate for GMSB models and based on loop effects was proposed in ref. [66]. From the point of
view of the MSSM, however, we can just treat µ as an independent parameter, without committing to
a specific mechanism.

The µ-term and the Yukawa couplings in the superpotential eq. (6.1.1) combine to yield (scalar)3

couplings [see the second and third terms on the right-hand side of eq. (3.2.18)] of the form

Lsupersymmetric (scalar)3 = µ∗(ũyuũH
0∗
d + d̃ydd̃H

0∗
u + ẽyeẽH

0∗
u

+ũyud̃H
−∗
d + d̃ydũH

+∗
u + ẽyeν̃H

+∗
u ) + c.c. (6.1.6)

Figure 6.4 shows some of these couplings, proportional to µ∗yt, µ∗yb, and µ∗yτ respectively. These play
an important role in determining the mixing of top squarks, bottom squarks, and tau sleptons, as we
will see in section 8.4.

6.2 R-parity (also known as matter parity) and its consequences

The superpotential eq. (6.1.1) is minimal in the sense that it is sufficient to produce a phenomenolog-
ically viable model. However, there are other terms that one can write that are gauge-invariant and
holomorphic in the chiral superfields, but are not included in the MSSM because they violate either
baryon number (B) or total lepton number (L). The most general gauge-invariant and renormalizable
superpotential would include not only eq. (6.1.1), but also the terms

W∆L=1 =
1

2
λijkLiLjek + λ′ijkLiQjdk + µ′iLiHu (6.2.1)

W∆B=1 =
1

2
λ′′ijkuidjdk (6.2.2)

where family indices i = 1, 2, 3 have been restored. The chiral supermultiplets carry baryon number
assignments B = +1/3 for Qi; B = −1/3 for ui, di; and B = 0 for all others. The total lepton number
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+ soft terms + Kähler terms

• ΔL or ΔB, not both simultaneously
• If active, LSP is unstable

– anybody can be the LSP
– lose dark matter
– gain a “rich” set of new SUSY signals at colliders

• Contingent on limits from direct searches, rare processes
– often depend sensitively on detailed spectrum/mixings
– even tiny couplings can yield prompt decays

All decay chains
end in jets



Stop on the Bottom

LSP stop
m < TeV

other stuff
(heavy stop, EWinos, Higgsinos,
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• 100% decays to 2 down-type quarks
– prompt if λ’’ > 10-7

– non-identical flavors:  ds / db / sb
– if MFV, 96% contain bottom
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jet

jet

b-jet

b-jet

μ

jet
ET

jet

jet

jet

gluino pair to stops 
and tops

jet

jet

b-jet

b-jet

μ

jet

jet

μ

Lisanti, Schuster, Strassler, Toro (1107.5055)
Allanach & Gripaios (1202.6616)
Han, Katz, Son, Tweedie (1211.4025)
Berger, Perelstein, Saelim, Tanedo (1302.2146)
Evans, Kats, Shih, Strassler (1310.5758)
Bhattacherjee, Chakraborty (1311.5785)
ATLAS-CONF-2013-007
ATLAS (1308.1841)

heavy stop pair to 
stop+Higgs & stop+Z

* Not studied in detail

jet

μ

ET

jet
jet

jet

e

sbottom pair to stops 
and leptonic W(*)s

Brust, Katz, Sundrum (1206.2353)



) [GeV]g~m(
500 600 700 800 900 1000 1100 1200

) [
G

eV
]

1t~
m

(
400

500

600

700

800

900

1000
 bs! (RPV)t~, t~ t!g~ production, g~-g~

-1L dt = 20.3 fb"
Multijet Combined

ATLAS

)exp#1 ±Expected limit (

)theory
SUSY#1 ±Observed limit (

ATLAS Exclusion via Gluinos

 [GeV]g~m
600 650 700 750 800 850 900 950 1000

 [G
eV

]
t~m

450

500

550

600

650

700

750

800

850

900

950
 bs! (RPV)t~t, t~ !g~ production, t~-t~ and g~-g~

2 same-charge leptons + jets

=8 TeVs, -1 L dt = 20.7 fb"

65 58 55

41 123 123 381

Nu
m

be
rs

 g
ive

 9
5%

 C
L 

ex
clu

de
d 

m
od

el
 c

ro
ss

 s
ec

tio
ns

 [f
b]

)theory
SUSY#1 ±Observed limit (

)exp#1 ±Expected limit (

ATLAS Preliminary

All limits at 95% CL

* Always decays to sb, λ’’ ~ 1

ATLAS CONF-2013-007
SS dilepton + (b-)jets

ATLAS (1308.1841)
multi-(b-)jets + MET



Predicted / Recast Exclusions
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FIG. 1: Left: Constraints on a Majorana gluino. The blue line is from the ATLAS same-sign

dilepton search (LHC8, 6 fb−1). The purple line is from the ATLAS b′ search (LHC7, 1 fb−1).

The red lines are our estimates for our l+jets (Nj ,HT ) style search (thin: assuming LHC7, 1 fb−1;

thick: assuming LHC8, 5 fb−1), with the boundary defined by S/
√
S +B = 2. Right: Constraints

on a Dirac gluino. The green line is from the CMS opposite-sign dilepton SUSY search (LHC7,

5 fb−1). The black line is from the ATLAS black hole search (LHC7, 1 fb−1). The purple line is

again ATLAS b′, and the red lines are again our (Nj ,HT ) counting estimates. We do not consider

regions with a g̃ LSP, indicated with dark gray. The light gray line indicates mg̃ = mt̃ +mt.

not produce four tops, but can still produce same-sign tops decaying to SS dileptons if the

gluino is Majorana.

Generic SUSY searches have also been conducted using the opposite-sign (OS) dilepton

channel, which is especially relevant for our Dirac gluino case. In addition, both Dirac and

Majorana gluinos might be picked up by the large variety of SUSY l+jets searches. These

are especially important for us to understand since our own proposed search strategy uses

the l+jets channel. Finally, as our signal is high-multiplicity and high-energy, we can also

consider possible limits from searches for TeV-scale black holes and pairs fourth generation

down-type fermions with b′b̄′ → (tW−)(t̄W+) → lνbb̄6j.

Below, we describe some of the details of these searches. We summarize our estimates of

the most relevant limits in the (mg̃, mt̃) plane in Fig. 1, assuming BR(g̃ → tt̃) ≡ 1. These

are supplemented by what could be obtained using our simplest high-multiplicity, high-HT

search strategy described in section III. The conclusion is that Majorana (Dirac) gluinos at

or above 760 GeV (690 GeV) are completely allowed by existing searches. The strongest

constraints occur when the stop is light, since then the top quark can carry more energy,
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Figure 8: As a function of the gluino mass, limits (left) on g̃ → t̃t, t̃ → bH̃, H̃ → jjj, for

mt̃ = 350 GeV, m
H̃

= 200 GeV, and (right) on g̃ → t̃t, t̃ → jj, for mt̃ = 100 GeV (see figure 7)

from the searches [17, 18, 31, 46], and the expected limit from the LSST-proposed lepton + many

jets search. The CMS BH and ATLAS 6-7 jets searches are somewhat less powerful than the

jets+E/T and lepton+jets searches and were left off the graphs for clarity.

the gluino decays to a stop, g̃ → t̃t̄, and the stop decays to a chargino t̃ → bH̃
+
, with the chargino

decaying to unobservable, soft particles (due to a small splitting) and a neutralino LSP H̃
0
. This

in turns decays as H̃
0 → jjj via the RPV coupling λ��

212 (through a diagram involving an off-shell

squark). In this example, we assumed the stop to be at 350 GeV and the higgsinos (chargino and

neutralinos) near 200 GeV, giving 100% branching ratio for g̃ → tbjjj.

Figure 8 (left) presents cross section limits as a function of the gluino mass, for this scenario.

The strongest limits come from the ATLAS [18] and CMS [17] no-lepton high-multiplicity low-E/T

searches, and are comparable to our estimate of the expected limit from a lepton + many jets

(LSST) search. Due to the large number of b-jets (four in each event), the ATLAS t
�
search [31]

(“lepton + 6 jets w/3-4b”) is also relevant. Its limits could likely be improved by requiring larger

jet multiplicities; the single-lepton events in the signal contain 12 colored partons, but the search

demands only ≥ 6 jets. Said another way, one would expect that adding bins with 3 b-tags to the

proposed LSST search (as was suggested in [19]) could make that search quite a bit more powerful,

since background is dominantly tt̄ plus jets. However, it is quite satisfying that simply requiring 1

b tag is enough to put limits well above 1 TeV.

In the second model shown in figure 7, the gluino decays as g̃ → t̃t̄, with the top squark decaying

to a pair of jets t̃ → jj via the RPV coupling λ��
312 (while the higgsinos, assumed to be heavier than

the stop, do not participate in gluino decays). This model was studied in [55], where an LSST-type

24
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Going After the Stop Bump
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FIG. 4: Reconstructed stop mass distributions using jet substructure for 800 GeV Dirac gluinos

with 20 fb−1 at LHC8. Black histograms are signals with 250 GeV (solid) and 140 GeV (dashed)

stops, the red histogram is the tt̄+jets background, and the blue histogram is the W+jets back-

ground. We restrict to events with Nj ≥ 7 and HT > 1200 GeV. (The plot is unstacked.)

of the parent energy).

We run the BDRS procedure in the default setting on the selected stop jet candidate. In

the rare cases where it fails the procedure, the event is discarded. The stop mass is then

defined as the jet mass after filtering, which is plotted in Fig. 4 for some example signals and

the SM backgrounds. While the rate of misreconstruction is not negligible, we nonetheless

obtain very narrow stop peaks on top of fairly featureless backgrounds. As in the traditional

analysis, we define a mass window within ±20% of the nominal stop mass, and run a refined

counting experiment.

D. Comparison of methods and final results

With our methods and cuts now determined, we estimate the performance of the different

analyses. We start with a detailed look at the case of an 800 GeV gluino, which we used above

to compare several kinematic distributions. In Fig. 5, we see the S/
√
B and S/B obtainable

from all three analyses. While the basic (Nj, HT ) analysis tends to give somewhat better

statistical significance, reconstructing the stops and adding in mass window requirements

can improve S/B by as much as a factor of 3.5. We also see how the substructure based

search nicely takes over at low stop masses, where the traditional jet analysis falls off in

effectiveness. The crossover for this gluino mass occurs roughly at mt̃ = 300 GeV. We list a
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FIG. 3: Reconstructed stop mass distributions using our traditional jet analysis for 800 GeV

Dirac gluinos with 20 fb−1 at LHC8. Black histograms are signal, red histograms are tt̄+jets

background, and blue histograms are W+jets background. We consider three different stop masses

and three different choices for the number of jets used in the reconstruction. Rows correspond to

600 GeV stops (top), 400 GeV stops (middle), and 200 GeV stops (bottom). Columns correspond

to reconstructions using the n leading jets with n = 4 (left), 5 (middle), and 6 (right). We restrict

to events with Nj ≥ 7 and HT > 1200 GeV. Vertical dashed lines represent the truth stop masses.

(All plots are unstacked.)

the average pair mass in different ways, the signal peak typically remains distinct in shape.

In the following, to estimate our possible reach, we always pick the n that optimizes our

signal significance. To exploit the peak feature’s ability to improve S/B, we apply a mass

window cut of ±20% around the nominal stop mass.
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FIG. 6: Discovery potential (S/
√
B ≥ 5) for a Majorana (left) and Dirac (right) gluino with 20 fb−1

at LHC8. The red line is our simple (Nj ,HT ) cut-and-count style search. The black line is the

better of our two searches using mass windows around the reconstructed stop peaks (traditional

and substructure), which improve discrimination against backgrounds. The blue line is traditional-

only, without substructure. We do not consider regions with a g̃ LSP, indicated with dark gray.

The light gray line indicates mg̃ = mt̃ +mt.

1.1 TeV for Dirac gluinos. The results are not very sensitive to the stop mass, except as

we approach the line mg̃ = mt̃ +mt. In particular, we can again see the substructure-based

search taking over at lower stop masses. The equivalent exclusion contours (not shown),

would move up to roughly 1.1 TeV and 1.2 TeV, respectively.

In all of our analyses, we have assumed a 100% branching ratio for the gluino decaying to

a top-stop pair. If other decay channels are open, more dedicated reconstruction methods

would help to maximize the discovery potential. Nevertheless, these decay channels can

share similar features with the top-stop channel, and many of the strategies discussed above

still apply with little or no modification. For example, if a sbottom is present below the

gluino mass and above the stop mass, we obtain the same final state particles through the

decay chain g̃ → bb̃ → b(Wt̃). As an example, we have tested the mass point (mg̃, mb̃, mt̃) =

(800, 300, 200) GeV and considered the case g̃g̃ → tt̃bb̃. We let the W from the top decay

hadronically and the one from the sbottom decay leptonically, and apply the same (Nj , HT )

cuts as in Table I. This results in only a slightly different signal efficiency of 31%, from 35%

for the case when both gluinos decay to a top and a stop.
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traditional jet reco:  “best pair-of-pairs” amidst leading n jets (choose n carefully!)

OR jet substructure reco:
highest-pT fat-jet (after top-jet veto)

* Will be even more important at 13+ TeV

leading 4j leading 5j leading 6j

traditional+substructure
bump-hunt
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bump-hunt

7+ jets, high HT
(no systematics)
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Direct Production
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Pursuing Direct Production

• Minimal model-dependence
– rate/kinematics depend only on mass
– inclusive analysis should ignore jet flavor (structure of λ’’)
– but still assuming prompt decays

• Benchmark for QCD pair-produced new physics searches
– minimal color, spin, # decay products, flavor
– not necessarily SUSY (generic triplet diquark)

• Current limits are less than mtop!
– LEP:   90 GeV
– Tevatron:  100 GeV
– LHC:  No limit!
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Trigger Creep at the LHC

4 The ATLAS Collaboration: Search for Massive Colored Scalars in Four-Jet Final States with ATLAS
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Msgluon = 140 GeV, (bottom left) Msgluon = 160 GeV and (bottom right) Msgluon = 190 GeV. The bin size is chosen to follow
the expected signal width.

are also shown. Table 3 shows the number of events in the
signal region, the prediction of the background from the
ABCD prediction, the χ2 per degree of freedom (NDF )
between the shapes of the distributions in region A and
B (χ2/NDF (A,B)), as well as the χ2/NDF (B) in the
background region for the fit of the background function.
No significant deviation is observed between the data-
driven background prediction and the data. Therefore lim-
its are set on the excluded cross section using a profile
likelihood ratio with the CLs approach [29]. The shapes
of signal and background are included in the likelihood.
The signal contamination in the control regions is taken
into account according to the signal cross section. A Gaus-
sian shape is used in region B; whereas, in regions C and D
the shape is background-like.

The different sources of systematic uncertainty and
their effect are summarized in Table 4. The uncertainty
on the integrated luminosity is 3.4% [30]. The trigger ef-
ficiency is estimated in minimum bias data to be 99±1%.
The signal acceptance and contamination are taken from
the full simulation Monte Carlo samples with a statistical
uncertainty of 5% (in region A) by fitting the efficiencies

as a function of the sgluon mass. The jet energy scale
uncertainty is propagated to the signal [28], affecting the
selection efficiency. A second effect of the JES uncertainty
on the signal is a ±2% shift of the signal mass peak posi-
tion. The impact of the jet energy resolution uncertainty
on the signal mass peak width is 10%. The impact of the
choice of the PDF for the signal generation was estimated
to be less than 2%. Finally a systematic error, reflect-
ing the statistics available to check the prediction of the
ABCD method in the absence of new physics, is assigned
to the background prediction. Gaussian nuisance param-
eters are implemented in the likelihood corresponding to
the errors taking into account the correlations, e.g. the
error on the luminosity is common to the ABCD regions.
The contamination of the regions B, C and D by the signal
is also taken into account in the likelihood.

For each tested mass, the observed and expected me-
dian CLs are determined as a function of the signal cross
section. The analysis is performed for masses from 100
to 200 GeV in steps of 10 GeV. The resulting excluded
cross section, shown in Fig. 3, is 1 nb at 100 GeV and
280 pb at 190 GeV. Converting this result into a mass
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Fig. 3. The comparison of the data in the signal region with the background prediction is shown for: (a) msgluon = 150GeV, (b)

msgluon = 250GeV, (c) msgluon = 300GeV and (d) msgluon = 350GeV. The points are the data in the signal region (region A).

The plain histogram (red) is the expected signal in region A normalised to the NLO cross-section. The prediction of background

in region A based upon the data in region B normalised using the ABCD method is shown as the rectangles which include

the statistical uncertainty. The data/background ratio and the statistical significance of its difference from one, in standard

deviations, are also shown in the lower panels.

the leading order cross-section by a factor of about 1.6.

The hatched band indicates the systematic uncertainty

due to the choices of renormalisation and factorisation

scales. Due to this recent NLO calculation, the previously

unexcluded mass region around 140GeV [11] is now ex-

cluded by reinterpreting the limits obtained with the data

recorded in 2010. For the analysis of the data recorded

in 2011, sgluons with a mass from 150GeV to 287GeV

are excluded. The endpoint of the mass limit is defined as

the intersection of the cross-section limit with the NLO

cross-section minus one standard deviation of the theory

uncertainty.

The dashed line is the prediction for the hyperpion

cross-section of a compositeness model, obtained by rescal-

ing the sgluon cross-section according to the ratios from

Ref. [7]. Since the ratios were calculated at leading or-

der, this line should only be considered as an approximate

indication of the excluded mass region.
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Fig. 3. The comparison of the data in the signal region with the background prediction is shown for: (a) msgluon = 150GeV, (b)

msgluon = 250GeV, (c) msgluon = 300GeV and (d) msgluon = 350GeV. The points are the data in the signal region (region A).

The plain histogram (red) is the expected signal in region A normalised to the NLO cross-section. The prediction of background

in region A based upon the data in region B normalised using the ABCD method is shown as the rectangles which include

the statistical uncertainty. The data/background ratio and the statistical significance of its difference from one, in standard

deviations, are also shown in the lower panels.

the leading order cross-section by a factor of about 1.6.

The hatched band indicates the systematic uncertainty

due to the choices of renormalisation and factorisation

scales. Due to this recent NLO calculation, the previously

unexcluded mass region around 140GeV [11] is now ex-

cluded by reinterpreting the limits obtained with the data

recorded in 2010. For the analysis of the data recorded

in 2011, sgluons with a mass from 150GeV to 287GeV

are excluded. The endpoint of the mass limit is defined as

the intersection of the cross-section limit with the NLO

cross-section minus one standard deviation of the theory

uncertainty.

The dashed line is the prediction for the hyperpion

cross-section of a compositeness model, obtained by rescal-

ing the sgluon cross-section according to the ratios from

Ref. [7]. Since the ratios were calculated at leading or-

der, this line should only be considered as an approximate

indication of the excluded mass region.
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FIG. 1: Existing constraints on pp → t̃t̃∗ → 4j from the LHC, reinterpreting the results of [8–11]

to account for stop acceptances relative to coloron or hyperpion acceptances.

to disentangle from the pure QCD backgrounds. Another major complicating aspect at the

LHC is the multijet triggers, which can heavily prescale-away the signatures of stops lighter

than several hundred GeV. Some of the best current direct limits actually come from LEP,

which rules out mt̃ <∼ 90 GeV [30]. A recent search at the Tevatron extends this limit up

to only about 100 GeV [31]. However, so far, direct searches for pair-production of dijet

resonances at the LHC have failed to reach the sensitivity necessary to place constraints for

any stop mass [8–11]. A snapshot of the current situation can be seen in Fig. 1. In fact, the

inevitable rise of trigger thresholds with instantaneous luminosity and beam energy leaves

us to wonder whether the LHC will ever be sensitive to this signal. At the very least, this

trend suggests that masses near the current limit of 100 GeV might be left unexplored.1

One way around these difficulties is to search for the stop as a dijet resonance produced in

the decays of heavier colored superparticles, such as gluinos [33] or sbottoms [6] (or possibly

the heavier stop eigenstate), or to simply set bounds using the associated leptonic activity

and high HT of these decays [34–37]. Naturalness suggests that these colored superparticles

should also not be far above 1 TeV, and might be produced with observable rates. It is also

possible to invoke Minimal Flavor Violation (MFV), which suggests that stops dominantly

decay (with a branching ratio# 95%) into b̄s̄ or b̄d̄ [13]. It was pointed out in [38] that

incorporating b-tagging into the triggering might allow the direct stop pair signal to write

to tape with higher efficiency, and subsequent kinematic analysis can discriminate it from

1 For recent projections for the long-term LHC, which begin to achieve exclusion reach but nonetheless do

not pursue signals below 300 GeV, see the recent Snowmass study [32].
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minimum possible mass ~ pT×R ~ 26 GeV (2010),  40 GeV (2011),  50 GeV? (2012),  ???? (2015)

sgluonsgluon

100 GeV limit (Tevatron)

* All searches to date are untagged
_None use 8 TeV data
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Why Jet Substructure?

• Focus on high-pT “boosted” signal production
– less combinatoric ambiguity
– better S/B

• Flexible partition of decay radiation to individual “quarks”
– better rejection of pileup, etc
– better mass resolution

• Nearly scale-free procedure
– bypass “4-jet” division of phase space, 4j trigger thresholds
– background processed into “featureless” spectrum



Change of Perspective

subjet

R = π/2 fat-jet
(stop #1)

R = π/2 fat-jet
(stop #2)

subjet

subjet subjet

jet
jet

jet
jet

* Inspired by Butterworth, Davison, Rubin, Salam (0802.2470)



Basic Ingredients

• Jet-HT trigger:  offline HT > 900
• Pre-trim event to remove pileup

– Fixed minijet pT threshold, tuned to remove ‹NPV› ~ 20

• Capture stop decays in R ~ π/2 fat-jets
– maximize mass reach, minimize steepness of background

• Decluster into subjets using BDRS-like prescription
– relative-pT measure (as in Hopkins top-tagger)
– extra demand on m/pT of softer cluster

• Impose kinematic cuts, run a bump-hunt over (m1+m2)/2



Jet Clustering History

1

2
3

4 1 2

3

JET

4

5

R



cell

cell

cell

cellcell

cellcell

cell

JET “hard” split

“soft” split

SUBJET #1
SUBJET #2

Jet Substructure via 
Declustering



Monte Carlo Gory Details

• Signal matched up to 1 extra parton
– MadGraph5 + PYTHIA6
– kT-MLM @ 30 GeV
– (beware Pythia8 power shower)

• QCD background matched up to 4 partons
– MadGraph5 + Pythia8
– CKKW-L, Durham-kT @ 50 GeV

• 0.1×0.1 calorimeter grid
• Smear subjet energies

– e.g., pT = 200 GeV smeared by 7%



Example Event, m(stop) = 100
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Example Event, m(stop) = 100

+ pileup
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Example Event, m(stop) = 100

+ trimming
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R(subjets)!
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FIG. 7: The ∆R distributions of subjets within reconstructed fat-jets passing all analysis cuts, for

stops of mass 100 GeV (blue), 200 GeV (purple), 300 GeV (red), and 400 GeV (green). (Small

spikes at ∆R = 0.1 correspond to events where both stop-jets have been declustered down to our

calorimeter model granularity, and would have mavg ∼ 10 GeV.)

vary between 100 GeV and 400 GeV. See, e.g., [77].) To perform flavor tagging, we keep

track of bottom-hadrons and prompt charm-hadrons from the event record, and match them

to the closest subjet within ∆R < 0.2. Each subjet’s “true” flavor is then determined by

the heaviest associated hadron. We apply flat b-tagging efficiencies of 60%, 10%, and 2%

for bottom-flavored, charm-flavored, and unflavored subjets, respectively.

Appendix B: Supplementary Results

This appendix contains three supplementary sets of results: the ∆R distributions of

subjets for signal events, a comparison of our nominal R = 1.5 jet radius to R = 0.8, and

comparisons with the more standard BDRS declustering procedure.

Fig. 7 shows the ∆R distributions of subjets within stop-jets, for events passing our

complete set of analysis cuts. This plot makes it clear that for mt̃ = 100 GeV, a large

fraction of stop decays would comfortably sit inside of a normal-sized LHC jet of R = 0.4

or R = 0.5. It is also notable that, even though we choose a much larger fat-jet radius,

very few stop decays are reconstructed with unphysically-large ∆R. In other words, our

substructure procedures and analysis cuts adaptively find the “correct” ∆R scale for the

signal. For larger stop masses, the separation becomes large enough that an ordinary jet

radius could resolve the decays. But in our treatment this regime is continuously connected

20

ΔR Distributions

100 GeV

200 GeV

300 GeV

*Passing all analysis cuts

400 GeV
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QCD Estimation 4-Ways

• Smooth function fit (CMS style)

• ABCD (ATLAS style)
– control regions defined in asym and CM angle
– signal-region spectrum derived bin-by-bin

• Asymmetry sideband
– primitive 2D fit over mavg and asym (⇔ m1m2-plane)

• Jet-mass template
– derive mavg spectrum from spectra of individual fat-jets
– a control region with ~infinite statistics

2

simulation, test beam, and collision data [19]. Additional corrections accounting for the effect

of multiple pp collisions per bunch crossing are also applied [20, 21].

We require events to have at least one good primary vertex with a z position within 24 cm

of the center of the detector and with a transverse distance from the beam spot of less than

2 cm. A set of jet quality criteria are applied to remove possible instrumental and non-collision

backgrounds [22]. All data as well as all simulated signal events passing these selection criteria

also satisfy standard jet identification requirements [23]. We require that events have at least

four jets, each with pT > 110 GeV and |η| < 2.5. We require the two jets in each possible pair

to have a separation ∆Rjj =
�
(∆η)2 + (∆φ)2 ≥ 0.7. This ensures a negligible overlap between

the jets. We calculate the dijet-mass combinations from the four leading jets and choose the one

with the smallest ∆m/mavg, where ∆m is the mass difference between the two dijets and mavg

is their average mass. We require ∆m < 0.15mavg, which is approximately three times the dijet

mass resolution of 4.5%.

The benchmark signal events are simulated using the MADGRAPH v5 [24] event generator with

the CTEQ6L1 parton distribution functions (PDF) [25], and PYTHIA v6.4.26 [26] parton show-

ering and hadronization. The generated events are further processed through a GEANT4 [27]

simulation of the CMS detector. The assumed width of the simulated coloron resonance is

negligible compared with the experimental resolution. The dominant background arises from

QCD processes resulting in four or more jets. Studies of this background are performed using

a sample of simulated QCD events also generated using MADGRAPH.

For each dijet we define a quantity ∆ as the difference between the scalar sum of the transverse

momenta of the two jets in the dijet and the average pair mass in the event: ∆ = ∑i=1,2(pT)i −
mavg. Figure 1 shows the distribution of ∆ versus mavg for simulated QCD background events

as well as for coloron signal events. Due to the selection requirements, we observe a broad

structure at around mavg = 300 GeV from QCD events [28]. To remove this structure, thus

leaving a smoothly falling dijet mass spectrum, we require ∆ > 25 GeV for each of the two

dijets in the event.

Figure 2 shows the paired dijet mass spectrum in data with all the selection criteria applied.

The observed mass spectrum extends up to 1200 GeV. We obtain a prediction for the QCD

background by fitting the data to a smooth parametrization:

dσ

dmavg

=
P0(1 − mavg/

√
s)P1

(mavg/
√

s)P2+P3 ln(mavg/
√

s)
, (1)

where P0, P1, P2, and P3 are free parameters. This functional form has been used in previous

searches for dijet resonances [4]. The fit to the data and the normalized QCD simulation are

given in Fig. 2 by solid and dashed-dotted curves, respectively. The fit has a χ2
/d.o.f of 0.94

over the full mavg mass range. Although there is an apparent bias toward positive pull values

in the low mass region, such a bias would result in the quoted limits being conservative in this

region.

The signal is modeled by the sum of two separate Gaussian functions: one Gaussian describes

the core and the other the tails, with widths and normalizations determined from a fit to simu-

lated signal events at each assumed mass value. The dijet mass resolution described by the rms

of the core Gaussian is approximately 4.5%, and the fraction of the core Gaussian varies from

85% at 300 GeV to 45% at 1000 GeV. The signal acceptance, listed in Table 1, varies from 0.4%

for a coloron with mass 200 GeV to 12.1% for a coloron with mass 1000 GeV. The acceptance

for the stop signal is larger than that for the coloron signal because the stop production model

includes qq interactions and has a different final state angular distribution.

(+  signal bump)
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FIG. 5: Results of our untagged search estimates for 20 fb−1 at LHC8, displaying median discovery

significance (left) and exclusion significance (right). The four curves correspond to four data-driven

QCD background estimation methods: shape fit (green), ABCD (purple), asymmetry-sideband

(blue), and single-jet template (red). In the exclusion significance plot, we also indicate the ±1σ

variation expected due to background statistical fluctuations.

method tends to edge out the other three, and that the asymmetry-sideband method offers

a small but consistent improvement over the simple shape fit. (In fact, for exclusion sig-

nificance, the single-jet template method gives results very close to what would be inferred

with a naive S/
√
B analysis with optimized mass windows.) The similarity of the results

is encouraging, and suggests that experimentalists will have many alternative choices for

performing cross-checks of a tentative signal, or as fall-back options if any of these data-

driven methods turns out to be unreliable. From Fig. 5, which shows the untagged analysis,

we see that stops less than about 175 GeV could be discovered, and stops less than about

320 GeV could be excluded. For the b-tagged analysis in Fig. 6, masses below 250 GeV are

discoverable, and exclusion sensitivity extends to nearly 400 GeV. We note that this analysis

was run without re-optimization of our cuts, so it might be possible to construct an even

more sensitive search. It may also be possible to make even further gains by considering a

double-b-tagged search.

Looking ahead, we have also run versions of these analyses on 14 TeV simulations, as-

suming 300 fb−1 luminosity, and for simplicity neglecting pileup. Here, we have used a

summed-jet HT cut of 1600 GeV, which keeps the rate approximately the same as the

900 GeV threshold under 2012 conditions (assuming quadrupled instantaneous luminos-

ity at 14 TeV). The 100 GeV untagged signal remains visible, with statistical significance

14

A-sideband
ABCD

1j template

shape

discover ~150 GeV exclude ~300 GeV

*Δχ2 discriminator, Statistical errors ONLY

Discovery Exclusion
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FIG. 6: Results of our b-tagged search estimates for 20 fb−1 at LHC8, displaying median discovery

significance (left) and exclusion significance (right). The four curves correspond to four data-driven

QCD background estimation methods: shape fit (green), ABCD (purple), asymmetry-sideband

(blue), and single-jet template (red). In the exclusion significance plot, we also indicate the ±1σ

variation expected due to background statistical fluctuations.

slightly better than our 2012 estimate, though with approximately 2–3 times smaller S/B.

The discoverable range expands up to about 500 GeV, and masses of 200–300 GeV would

be visible at the 10σ-level. Exclusion should extend up to 650 GeV. This last finding is

comparable to that of the recent Snowmass 2013 report [32], which uses traditional jet re-

construction methods and a highly approximate background estimate. However, that search

assumes 2012-like jet pT cuts, and even then is limited to the mass range above 300 GeV.

By contrast, in our jet substructure version of the search there is practically no low-mass

cutoff on the search range, with masses from 100 GeV to O(TeV) covered by a single analysis

strategy.

IV. CONCLUSIONS

In this paper, we have addressed what has been believed to be one of the most difficult

supersymmetry signatures at hadron colliders, and demonstrated that it may nonetheless be

made highly visible using the tools of jet substructure. Besides serving as a crucial supple-

ment to the LHC’s broad-based program for testing naturalness, this result, if reproducible

in a realistic analysis on actual LHC data, will serve as a benchmark for fully jetty searches.

The implications extend well beyond just RPV supersymmetry. Thus far, multijet searches
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A-sideband
ABCD

1j template

shape

discover ~250 GeV exclude 350~400 GeV

* Δχ2 discriminator, Statistical errors ONLY,  Not re-optimized

Discovery Exclusion



Looking Ahead to Future Runs

• 14 TeV, 300 fb-1

– HT trigger assumed scaled up to 1600 GeV

• Inclusive analysis continues to improve
– 100 GeV still visible with >5σ
– ~10σ for 200-300, discoverable up to 500
– exclusion up to 650

• See also Snowmass projections   Duggan, et al (1308.3903)

– standard 4j style analysis
– similar reach (though nothing below 300 GeV)



Pushing Further in Multijets?

• Direct Higgsino pairs to 6j (or more) via RPV
– cross section ~15x smaller than stops,         

~500x smaller than gluinos
– but more structure & guaranteed flavor biases

• Generic colored X ➞ n jets
– BU axigluon for Tevatron top AFB anomaly
– complex all-hadronic light gluino cascades
– (insert your favorite model here)

• Color-singlet pairs to 4j
– light W’/Z’ or analog...depends on couplings, spin
– may be impossible without b/c flavor tags



Thinking Outside the Beampipe
Displaced Dijets Displaced Dileptons HSCP Stopped Gluinos/Stops

Displaced Dijets

� cds record public plots

� Search for heavy long-lived reasonances

decaying to jet pairs

� use a simple Hidden Valley signature:

H
0 → 2X

0; X
0 → qq̄(udscb)

where X
0

is long-lived, neutral, spin-0 particle

decaying inside the tracker volume.

� no Standard Model background

� looking for pairs of jets with a common displaced

vertex

� background of displaced vertices from:

� nuclear interaction vertices

� randomly crossing tracks from different

proton-proton interactions

� KS and Λ decays

Independently of physical motivation it’s a very
clear signature for new physics!

CMS Long-Lived Exotica Group speaker: Andrzej Żurański

Long-Lived Searches at CMS 4/ 27

b-quark analyzing power is fL − f0 " −0.40. neutrino is some complicated mess (can

I simplify it?). softer jet is also some complicated mess. and we discover here that ideal

analyzing power is roughly βW in top-frame. note that Jezabek lists formulas for all cases.

discussion concentrating on how the phase space factorizes, what constitutes an “ideal”

observable, etc.

comparisons of a few different approaches, including an explanation of N-P ideal discrim-

inators versus our naive analyzing powers (also asymmetries vs full shapes).

mention that we have to assume SM decays, though this is still under investigation with

the huge LHC data sets.

III. REALISTIC EXAMPLES

run a few different models. maybe try out particle-level N-subjettiness without pileup or

UE. though I guess I have to use CMS or Hopkins... anyway, this is just an illustration.

examples: 3 TeV top resonances, pair of 1.0 TeV stops (or maybe some other mass with

sensible production rate).

CP violation? has it been considered before with jets? this could be interesting and

powerful....can scan for CP over exact top production phase space.

IV. CONCLUSIONS

NLO calculation would be nice, as usual.

cτRPV ∼ 0.1mm

(

100 GeV

m̃

)(

10−6

λ

)2

(3)
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where |d0| is the impact parameter of the track with re-
spect to the transverse position of the PV, (xPV, yPV). In
the MC, this requirement rejects 98% of all tracks origi-
nating from the primary pp interaction.

The selected tracks are used to search for displaced
vertices using an algorithm based on the incompatibility-
graph approach, similar to that used in Ref. [16]. The algo-
rithm begins by reconstructing 2-track seed vertices from
all track pairs, and keeping those that have a vertex-fit χ2

less than 5. A seed vertex is rejected if one of its tracks
has hits between the vertex and the PV. Seed vertices are
combined into multi-track vertices in an iterative process,
as follows. If a track is used in two different vertices, the
action taken depends on the distance D between the ver-
tices: if D < 3σD, where σD is the estimated uncertainty
on D, then the tracks of the two vertices are combined
and refitted to a single vertex; otherwise, the track is as-
sociated with only the vertex relative to which it has the
smaller χ2. If the χ2 of a track relative to the resulting
vertex is greater than 6, the track is removed from the ver-
tex, and the vertex is refitted. The process continues until
no tracks are shared among different vertices. Finally, ver-
tices that are separated by less than 1 mm are combined
and refitted. Events containing at least one such displaced
vertex are said to satisfy the event selection criteria.

The typical position resolution of the DV in the sig-
nal MC samples is tens of microns for rDV and about 200
microns for zDV near the interaction point. For vertices
beyond the outermost pixel layer, which is located at a ra-
dius of 122.5 mm, the typical resolution is several hundred
microns for both coordinates.

To ensure the quality of the DV fit, we require the χ2

per degree of freedom (DOF) of the fit to be less than
5. The DV position is required to be within the bar-
rel pixel fiducial region, defined by the longitudinal and
transverse ranges |zDV| < 300 mm, rDV < 180 mm, re-
spectively. To suppress background from tracks that orig-
inate from the PV, we require the transverse distance�

(xDV − xPV)2 + (yDV − yPV)2 between the primary and
the displaced vertices to be at least 4 mm. We require the
number of tracks N trk

DV in the DV to be at least four, to sup-
press background from random combinations of tracks and
from material interactions. Background due to particle in-
teractions with material is further suppressed by requiring
mDV > 10 GeV, where mDV is the invariant mass of the
tracks originating from the DV. We refer to vertex candi-
dates that satisfy (fail) the mDV > 10 GeV requirment as
high-mDV (low-mDV) vertices.
Low-mDV vertices from particle-material interactions

are abundant in regions of high-density detector material.
High-mDV background may arise from random spatial co-
incidence of such a vertex with a high-pT track, especially
when this track and the particle that created the material-
interaction vertex originate from different primary inter-
actions, which may result in a large angle between their
momentum vectors. An example of such a random com-
bination of a material-interaction vertex with a high-pT

track is shown in Fig. 2.

Figure 2: An event from a jet-trigger data sample, where a high-
mass vertex (circled) is the result of an apparently random, large-
angle intersection between a track (labeled as “Large angle track”)
and a low-mDV hadronic-interaction vertex produced in a pixel mod-
ule. Tracks originating from this vertex are shown in blue, those
from the primary vertex are green, and other tracks are orange. The
beampipe and pixel modules with track hits are shown.

To suppress this type of background, we veto vertices
that are reconstructed within regions of high-density ma-
terial, mapped using low-mDV material-interaction candi-
date vertices in data and true material-interaction vertices
in minimum-bias MC events. We use the zDV and rDV po-
sitions of these vertices to form a 2-dimensional material-
density map with a bin size of 4 mm in zDV and 1 mm in
rDV. Studies have shown [16] that the positions of pixel
layers and associated material are well simulated in the
MC detector model, while the simulated beampipe posi-
tion is shifted with respect to the actual position. Thus,
the use of data events to construct the material map en-
sures the correct mapping of the beampipe material, while
MC events make possible the high granularity of the map
at the outer pixel layers, where material-interaction ver-
tices in the data are relatively rare due to the low density
of primary particles. Material-map bins with vertex den-
sity greater than an rDV- and zDV-dependent density crite-
rion are designated as high-density-material regions, which
constitute 34.4% of the fiducial volume |zDV| < 300 mm,
4 < rDV < 180 mm. High-mDV vertices reconstructed
within these bins are rejected. We refer to the combina-
tion of all the requirements above as the vertex-selection
criteria.

In addition to the vertex-selection criteria, events are re-
quired to contain a muon candidate reconstructed in both
the MS and the ID with pT > 45 GeV, which is well into
the efficiency plateau of the 40 GeV level-1 trigger. The
muon candidate must satisfy

�
∆φ2 +∆η2 < 0.1, where

∆φ (∆η) is the difference between the azimuthal angle
(pseudorapidity) of the reconstructed muon candidate and
that of the muon identified by the trigger. The ID track
associated with the muon candidate is required to have at
least six SCT hits, with at most one SCT hit that is ex-
pected but not found, and must satisfy an |η|-dependent
requirement on the number of TRT hits. No pixel-hit re-

3



Displaced RPV Stop
Back-of-the-Envelope

• ~50% chance to get neutral stop-hadron
• ~50% pass basic acceptance,  ~5% reco 

efficiency for cτ ~ 40 cm
• luminosity ~ 20,000 pb-1

• TOTAL:  30 * 0.5 * 0.5 * 0.05 * 20,000 = 
7,500 events

• O(1) background  ⇒  limit is ~4 events

^

Displaced Dijets Displaced Dileptons HSCP Stopped Gluinos/Stops

Displaced Dijets

� cds record public plots

� Search for heavy long-lived reasonances

decaying to jet pairs

� use a simple Hidden Valley signature:

H
0 → 2X

0; X
0 → qq̄(udscb)

where X
0

is long-lived, neutral, spin-0 particle

decaying inside the tracker volume.

� no Standard Model background

� looking for pairs of jets with a common displaced

vertex

� background of displaced vertices from:

� nuclear interaction vertices

� randomly crossing tracks from different

proton-proton interactions

� KS and Λ decays

Independently of physical motivation it’s a very
clear signature for new physics!

CMS Long-Lived Exotica Group speaker: Andrzej Żurański

Long-Lived Searches at CMS 4/ 27

t~

CMS PAS EXO-12-038

~• m( t ) = 150  &  √s > 400   ⇒   σ ~ 30 pb via 
direct QCD pair production



Recast Limits

   Liu & Tweedie (1405.XXXX)

* Decays to light flavors
(b-quarks similar!  Also covers dRPV decay to 2b via Kähler QQD✝)

CMS displaced dijet

CMS heavy long-lived

(if c
alorim

eter m
aterial
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LHC8 projection

ATLAS µ-chamber (LHC7)

efficiency ×2efficiency ×½

prompt
substructure



Summary

Jets

Leptons

Excess MET

Signatures of SUSY

R-Parity Violation



• Stop LSP may be sitting in the data now, hidden in multijets
– mass as low as 100 GeV still allowed
– direct production might be our best shot if m(gluino) > 1 TeV
– but traditional jet analyses throw much of the signal away due to 

triggers, sculpted continuum backgrounds

• Can be dug out using jet substructure approach
– one dimensionful cut (HT), otherwise                                         

scale-invariant
– covers complete mass range
– 2012 data probes up to 300 (400) GeV                               

inclusively (b-tagged MFV)
– 2015+ will uniformly improve by ~2×

Summary



• Sets the stage for other ambitious fully jetty pair 
production searches
– for strongly-produced particles, we can handle minimal      

color/spin/multiplicity/flavor....what else can we do?

• Displaced decays?
– non-dedicated limits are already very strong
– perhaps an observation of prompt RPV stops could have 

interesting implications for cosmology

Summary



Conclusion

• The number of places for SUSY to hide is shrinking, but....
• Exotic creatures may still be hiding in the data!



More...



Smaller Fat-Jets?
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FIG. 8: Spectra in mavg for matched QCD passing all cuts, reconstructed with the nominal R = 1.5

fat-jets (black) or with R = 0.8 (blue).

to the scenarios with ∆R < 0.4, with no artificial threshold. Finally, we can see that with

our absolute and relative energy cuts, mt̃ = 300 GeV is about the largest mass that displays

complete containment within R = 1.5 fat-jets. Still, a large fraction of mt̃ = 400 GeV decays

remain contained, a signal which is important for the b-tagged version of the analysis.

In Fig. 8, we compare the QCD continuum’s mavg spectrum with our nominal R = 1.5 to

an identical analysis with R = 0.8. It can be seen that, in the vicinity of mavg = 100 GeV,

the background increases both in absolute rate and in steepness. Essentially, the entire

spectrum has been “squashed” by a factor of 2, since the overall mass scale is set by R×HT .

Performing the same analysis with the mt̃ = 100 GeV signal, the lineshape is practically

unaltered, but the overall acceptance increases by 30%. This is because, with a narrower

fat-jet, there are fewer cases where the declustering picks up a spurious ISR jet. Still, the

gain in S/
√
B is marginal, and comes at a cost of slightly reduced S/B in addition to a more

difficult background shape. Higher stop masses display significantly reduced efficiencies due

to incomplete containment.

Our nominal declustering procedure judges splittings based on the pT ’s of subjet candi-

dates relative to the original fat-jet, and on their individual m/pT ratios. This procedure

is a direct descendant of the BDRS procedure of [41], which uses a somewhat different

set of declustering criteria, and also applies an additional filtering step by reclustering the

subjet constituents. Within the kinematic regime of our analysis, the declustering stage of

BDRS acts almost identically to our procedure without the m/pT requirement.17 With

17 The BDRS mass-drop criterion is mostly redundant here, and the declustering is driven mainly by the

21

R = 1.5

R = 0.8

– ~2x steeper background
– 100 GeV signal acceptance up 30%, 

with slightly smaller S/B and slightly 
larger S/√B

– Higher-mass stop acceptances 
radically degrade (would need a 
separate “resolved” analysis)



Vs BDRS
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our nominal relative-pT declustering (black), full BDRS with filtering (red), and BDRS without

filtering (blue). (No pileup or trimming have been applied.)
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FIG. 10: Matched QCD reconstructions, using our nominal relative-pT declustering (black), full

BDRS with filtering (red), and BDRS without filtering (blue). (No pileup or trimming have been

applied.)

filtering, the two subjets are further refined into three, using the C/A algorithm with

momentum-asymmetry criterion. See [78] for a detailed related study.
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filtering, the two subjets are further refined into three, using the C/A algorithm with

momentum-asymmetry criterion. See [78] for a detailed related study.
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nominal
BDRS filtered
BDRS unfiltered

• Takeaway points
– Traditional filtering is a bad idea (introduces mass scales via 

maximum R=0.3 for subjets)
– Otherwise, the major difference w.r.t. BDRS is that our subjet m/pT 

criterion gives more consistent slope and suppresses the tail
– Unfiltered BDRS mass-asymmetry control region becomes less 

reliable; ABCD still looks okay; shape is trickier with default 
formula; 1j template, not sure...



Matched Vs Unmatched QCD

matched

unmatched

* Both approaches show good agreement with traditional 4j analysis 
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Lessons on Signal Showering

matched MG5+PY6

damped Py8
default Py8

default Py8damped Py8

pT(stop1+stop2) pT(stop1) + pT(stop2) + ΣpT(j)



b-Triggered 4-Jet Analysis

Franceschini & Torre (1212.3622)
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Figure 1: mbest distribution for the two analyses for mt̃ = 100 GeV (left) and mt̃ = 200 GeV (right). The upper row
corresponds to a loose selection ∆Rbest < 1.5 that can give higher significance at the price of less resolved shapes for the
background and the signal. The lower row corresponds to a tighter selection ∆Rbest < 1 that privileges a sharper separation
of signal and background.

was carried out including the effect of QCD radiation

and detector reconstruction effects on the final state of

the hard collision. We employed the angular method of

Refs. [40, 41] to identify the candidate reconstructed stop

resonances and showed that, with suitable selections, the

production of stops can result in a bump in the distri-

bution of mbest, the mass of the candidate resonances.

We also showed that the shape of the mbest background

distribution can be modified to be more favorable for the

identification of the signal by applying cuts on suitable

angular variables.

In particular we identified the kinematic variable

∆Rbest as the quantity to better control the background

shape and enforce a separation between the signal and

the background peaks sufficient to be resolved with the

experimental resolution on the invariant mass of the sys-

tem of two jets. Figure 1 shows the difference in the result

that can be induced by adjusting the cut on ∆Rbest. The

same Figure also clearly shows that the signal of stop pro-

duction can be observed with a signal over background

ratio of the order of 10% in several bins around the mass

of the resonance.

For the case of a lighter stop, for instance the case

of mt̃ = 100 GeV that we studied explicitly, we high-

lighted the importance of having low thresholds in the

triggers in order to retain most of the signal from light

stop production. In this respect we welcome the advent

of b-jet identification at trigger level in the LHC experi-

ments that allows us to keep low trigger thresholds even

in a high instaneous luminosity environment such as the

2012 run of the LHC. Alternatively, for light stop masses

the events could pass a trigger for multiple jets thanks

to the presence of hard, hence costly in terms of produc-

tion rate, extra QCD radiation. While this is certainly

an interesting way to look for light colored resonances at

the LHC we did not study this possibility which is, how-

ever, an interesting check for observations carried out

with our method. Finally we encourage the experiments

to broaden their program for the search of new physics

connected with the naturalness of the electroweak scale.

In particular we encourage them to carry out heavy fla-

vored multi-jet searches that can probe large parts of the

parameters space of scenarios of natural supersymmetric

theories with R-parity violation.
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