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We explain the recent excess seen by ATLAS and CMS experiments at around 750 GeV in the
di-photon invariant mass as a narrow width sneutrino decaying to di-photons via a stau loop in
R�parity violating Supersymmetry. The stau mass is predicted to be somewhere between half the
resonant sneutrino mass and half the sneutrino mass plus 14 GeV. The scenario also predicts further
signal channels at an invariant mass of 750 GeV, the most promising being into di-jets.

I. INTRODUCTION

The ATLAS and CMS collaborations have recently
presented the results of di-photon resonance searches in
early Run II of

p
s = 13 TeV data [1, 2]. ATLAS ob-

served an excess of 3.9 � local significance (2.3 � global)
at a di-photon invariant mass of around 750 GeV with 3.2
fb�1 integrated luminosity. CMS also observed a 2.6 �

excess locally (< 1.2 � globally) at a similar mass ⇠ 760
GeV in 2.6 fb�1 of data. The ATLAS excess prefers
a large width ⇠ 45 GeV, but only at a very mild level
(the local significance increases by 0.3� above the narrow
width approximation [1]) whereas such a fit has not been
performed on the CMS data. These excesses are consis-
tent with a new narrow-width resonance decaying into
two photons with approximately �(pp ! ��) ⇡ 5.3± 2.4
fb (unfolding e�ciency and acceptance as in Ref. [3]1).
The possibility of a new 750 GeV resonance decaying into
di-photons has stimulated a lot of ideas and speculation
in the theory community recently; for an incomplete list,
see e.g. [3–19, 21–75]. Many of the interpretations rely
on Higgs or other scalar bosons with additional charged
particles that enhance the di-photon branching ratio and
the total width.

In this work we interpret the observed di-photon excess
within the Minimal Supersymmetric Standard Model
(MSSM) framework as a 750 GeV scalar neutrino (sneu-
trino) resonance, dd̄ ! ⌫̃

i

, produced via the R-parity
violating (RPV) interaction

W

LV

= �

0
i11

L

i

Q

1

D̄

1

, (1)

where i is the family index of the sneutrino. The sneu-
trino may decay into two photons through a triangle loop

1 This assumes e�ciency times acceptance of 0.65 for ATLAS and
0.48 for CMS. These numbers were calculated assuming gluon
fusion production, which will not be our case. However, to the
accuracy with which we work, the approximation should be suf-
ficiently good.

FIG. 1. Example Feynman diagram for resonant sneutrino
production via the LiQ1D̄1 operator in Eq. (1) and its decay
to two photons through the triangle stau loop via the soft
term ˜̀

i
˜̀
3⌧̃

+
R in Eq. (2). The cross in the stau propagator

represents the left-right mixing in the stau sector. There are
other diagrams with ⌧̃L⌧̃

⇤
L�� or ⌧̃R⌧̃

⇤
R�� vertices which are not

shown.

diagram of staus with a large left-right mixing via the
RPV soft supersymmetry (SUSY) breaking term

Lsoft

LV

= A

i33

˜̀
i

˜̀
3

⌧̃

+

R

+ (H.c.) , (2)

where the SU(2)
L

indices of ˜̀
i

and ˜̀
3

are anti-
symmetrically contracted implicitly, which forbids i to
be 3, so the 750 GeV sneutrino has to be of electron or
muon type in our scenario. The process shown in Fig. 1
will contribute to the di-photon signal and may explain
the excesses observed in the ATLAS and CMS data, as
shown below.

The rest of the paper is organised as follows. In Sec. II
we consider the decay of the sneutrino and discuss the
constraints on our scenario. In Sec. III we show our re-
sults and discuss the value of the sneutrino width that
one can obtain in our scenario. Sec. IV discusses how one
might tweak the model in order to increase the width of
the sneutrino in the event that it is unambiguously mea-
sured by the experiment to be a wide resonance. Sec. V
is devoted to conclusions.
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FIG. 4. The preferred region for the di-photon excess (green)
and the excluded region from the di-jet resonance search (red),
assuming there is no other decay channel than dd̄, ��, �Z, ZZ
and WW . The dashed contours show the total decay width
of the sneutrino in GeV.

stau mass must be within the narrow window 375GeV 
m

⌧̃1
<⇠ 389GeV, where the lower mass limit is required to

forbid the two-body decay mode, ⌫̃
i

! ⌧̃

+

1

⌧̃

�
1

. Contrary
to the di-photon rate, the di-jet constraint is sensitive to
|�0

i11

| and excludes the region where |�0
i11

| > 0.135.
The dashed contours in Fig. 4 show the total decay

width of the sneutrino in GeV. As we discussed previ-
ously, the total width is dominated by the ⌫̃

i

! dd̄ mode
and depends only on |�0

i11

| unless |�0
i11

| ⌧ 1. As can be
seen, �

tot

> 0.8 GeV is excluded by the di-jet constraint
in the region favoured by the di-photon excess. This is a
prediction of our model: if the signal persists and the res-
onance is better resolved, it should have a narrow width.

IV. MODEL TWEAKS

One way to increase �
tot

would be to allow the sneu-
trino to have other decay modes, X. If �

X

were as large
as or larger than �

d

¯

d

, the cross sections would scale as

�(pp ! ⌫̃

i

! ��) /⇠ |�0
i11

|2
⇣ �

��

c|�0
i11

|2 + �
X

⌘
,

�(pp ! ⌫̃

i

! dd̄) /⇠ |�0
i11

|2
⇣
c|�0

i11

|2 + �

1n

�
X

c|�0
i11

|2 + �
X

⌘
,

�(pp ! ⌫̃

i

! X) /⇠ |�0
i11

|2
⇣ �

X

c|�0
i11

|2 + �
X

⌘
, (19)

where c is some constant. A few remarks can be made.
First of all, all processes depend on �

X

. Second, the
di-photon rate now also depends on �

0
i11

. Therefore, for

�
X

> 0, to compensate for the suppression in the di-
photon rate, a larger value of |�0

i11

| will be preferred. The
su�x n of the Kronecker delta is 0 except for X = d

k

d̄

l

with d

k

being one of d, s, b (and d̄

l

being one one of d̄, s̄, b̄)
excluding X = dd̄. These decay modes can be opened up
by introducing a non-zero �

0
ikl

coupling for the L

i

Q

k

D̄

l

operator in the superpotential in Eq. (1). For n = 1, the
di-jet cross section is independent of �

X

, whereas it is
suppressed with �

X

> 0 for the n = 0 case.
Appropriate constraints on �(pp ! ⌫̃

i

! X) should
be taken into account3. For example, if some of the neu-
tralinos and charginos are lighter than ⌫̃

i

, one can con-
sider ⌫̃

i

! ⌫�̃

0

j

and ⌫̃

i

! `

±
�̃

⌥
j

. In RPV scenarios the

�

0

j

and �

±
j

subsequently decay into jets and leptons via
RPV interactions and these processes may be observed
as multi-jet and/or multi-lepton with or without large
missing transverse momentum final states. Constraints
on these processes depend on the details of the final state
particles and the masses of �0

j

and �

±
j

, but are typically
more stringent than the di-jet constraint. Another pos-
sibility is X = bb̄ or bs̄ (sb̄). The upper bound on the
bb̄ signal cross-section is about 1 pb from the di-bottom
resonance search [85], whilst the latter does not have any
other constraint apart from the di-jet constraint previ-
ously covered.

Finally, one could tweak the model to explain a wider
peak by having multiple sneutrino resonances, e.g. ⌫̃

e

and
⌫̃

µ

, with slightly di↵erent masses, �m ⇠ O(10) GeV: at
present, statistics are such that one cannot resolve these
two di↵erent masses with the ATLAS data presented,
however the tweak predicts that in the future, the double-
peak structure would be resolved (the di-photon invariant
mass resolution is around 1% i.e. ⇠ 7 GeV).

V. CONCLUSION AND DISCUSSION

One can explain the di-photon excess via resonant
sneutrino production whilst remaining on the allowed
side of other collider constraints. The model contains
a stau of mass 375 to 389 GeV and a 750 GeV sneutrino.

It is interesting to note that resonant left-handed slep-
ton production has been used to simultaneously explain
the ATLAS di-boson excess at 2 TeV in LHC Run I and
the anomalous magnetic moment of the muon [78]. It re-
mains to be seen whether the R�parity violating MSSM
has enough freedom to simultaneously fit these measure-
ments (which are also discrepant with SM predictions)
and the di-photon excess addressed here. We leave the
answer to this question to a future paper.

The most pressing concern resulting from this and
other works is: will the 750 GeV �� excess persist in
future Run II data? If the answer is ‘yes’, there are

3 For a comprehensive list of LHC probes on hidden sector, see
e.g. [84].

RPV sneutrino
[Allanach, Bhupal Dev, Renner, Sakurai 1512.07645]

8 TeV tension since 
qq initiated?

2

TABLE I.

Analysis Constraint in units of f/TeV

jj [30] m3 . 0.11

Z� [31] m2�m1 . 3.3⇥ 10�2

ZZ [32] m1s
2
W +m2c

2
W . 3.5⇥ 10�2

WW [33, 34] m2 . 4.5⇥ 10�2

�� [1–3] 1.1⇥ 10�2 . m1c
2
W +m2s

2
W . 1.4⇥ 10�2

�(� ! ��) = (m1c
2
W

+m2s
2
W

)2m3
�

/(32⇡f2), where s
W

and c
W

are the sine and cosine of the weak mixing an-
gle. The partial decay widths of a are obtained by simply
replacing � ! a.
Run-I searches for resonances in the Z� [31], ZZ [32]

and WW [33, 34] final states, place 95% CL upper limits
on the signal rate at around 4 fb, 12 fb and 40 fb, re-
spectively. These constraints translate into the bounds
on the sgoldstino couplings to gauge bosons, which are
given in terms of ratios of di↵erent linear combinations
of gaugino masses over f . In Table I we give the con-
straints in terms of the sgoldstino parameter space. In
the last line of the table we have translated the range
preferred by the di-photon excess, obtained by requiring
6 fb<�⇥BR

��

< 10 fb at 13 TeV [4], into a range of the
relevant combination of bino and wino masses.
The interplay of the di↵erent constraints on m1 and

m2 and the observed excess in di-photons in the plane
(m1/f,m2/f) is shown in Figure 1. From the figure it
is clear that the strongest constraint on the region pre-
ferred by the di-photon excess come from the Run-1 Z�
search. This implies that Run-II Z� searches will have
great sensitivity to the sgoldstino signal hypothesis. Note
also that the constraints from the Run-I searches in the
ZZ and WW final states are not much weaker, which
suggests that, if the di-photon excess can be attributed
to the sgoldstino, all the di-boson final states will show
up at about the same time.
Since the dominant decay mode of the sgoldstino is into

gluons, important limits are placed by resonance searches
in the di-jet final states [30]. The 95% CL upper limit of
2.5 pb on the di-jet signal rate can be translated into the
bound reported in the first line of Table I, which can be
rewritten in the form,

p
f

3.9TeV
&

r

m3

1.7TeV
, (1)

where the constraint has been normalized to the current
lower limit on the gluino mass from Run-II searches at
around 1.7TeV [1]. For this minimum m3 value we ob-
tain an absolute minimum value of

p
f of 3.9TeV. Since

the maximum sgoldstino total decay width is obtained
by saturating the di-jet constraint (1), we conclude that
the total sgoldstino width does not exceed about 0.4GeV.
Therefore, the fact that the largest significance for the di-
photon excess in the current data [1–3] is obtained for a
resonance width of around 45GeV can not be explained
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FIG. 1. The green region is allowed by the Run-I searches
in the Z�, ZZ and WW final states, while the blue region is
preferred by the Run-II di-photon excess. The di↵erent edges
of the allowed region correspond to the exclusion limits from
the Z� and ZZ searches, respectively, while the WW searches
only exclude the parameter space above the dashed line.

by the narrow widths of the sgoldstino scalars, if they
are mass-degenerate at around 750GeV. In the follow-
ing section we will investigate alternative explanations
to account for a broader width.

We will from hereon focus on the case where the SUSY
breaking scale

p
f is as low as possible, i.e. when the di-

jet constraint (1) is saturated. This is motivated by the
fact that, as we will discuss in the Section IV, new F -term
contribution to the tree level Higgs mass are maximized
for low values of

p
f . This also maximizes the mass split-

ting between � and a that we propose in Section III as
an explanation of the broad resonance width preferred
by the data. Moreover, low values of

p
f correspond to

low values of m3, which is the most interesting case from
the point of view of fine-tuning and gluino searches.

In Figure 2 we show, in the (m3,m1) plane, the regions
that are allowed by all Run-I constraints and where the
di-photon excess can be explained by the sgoldstino. The
two blue regions correspond to two representative values
of the wino mass, m2 = 0.7 and m2 = 1.4 TeV. Con-
straints from di-jets are satisfied by construction since
we require the bound in eq. (1) to be saturated through-
out the plane. The left edges of these regions are again
due to the constraint placed by the Run-I Z� search [31],
while the height of the regions are determined by the di-
photon signal rate preferred by the Run-II excess. Of
course, di↵erent values of m2 are possible and would give
rise to regions that are shifted towards the left or right
for smaller or larger values of m2, respectively.

�(� ! ��) =
(m2

1c
2
W +m2

2s
2
W )M3

�

32⇡F 2

�(� ! gg) =
m2

3M
3
�

4⇡F 2

“Sgoldstino”
[Petersson, Torre 1512.05333]

Ruled out by gluino mass 
limits in calculable models

Who ordered that?

W=QLD + LLE A-term (Not sgoldstino of primary 
SUSY breaking)

Not obvious out of the box, but necessity is the mother of invention…

0

@
Aµ

 �
�

1

A

Sbino in supersoft SUSY / dirac gauginos
[Carpenter, Colburn, Goodman 1512.06107]

Scalar adjoint of U(1)Y, couples to sfermions via D-term

Fitting signal requires mD~ 10 TeV, enormous splitting in multiplet

N. Craig

Many thought that when the LHC turned on, NP in some form of SUSY would be waiting just around the corner.  
Could this be it?  If so, not the SUSY most were expecting…
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Does the bump have friends?

• In many discussions about the bump, variations on one scenario that frequently pops up requires some 
new heavy charged/colored particles through running the loops.

3

No evidence for BSM physics.  Extend range of mass probed by ~50-150 GeV.

T mass [GeV]
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)[p
b]
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 (13 TeV)-1CMS Preliminary, 2.3 fb
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3
 (X
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1
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Signal Cross Section
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Volksmodell (the everybody’s model)

g
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g

Extra fermions Q or scalars Q̃ needed

SM loop excluded: the tree level decay would be too large e.g.
�tt̄

���
⇡ 105.

A. Strumia
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It has certainly been a social phenomenon

4

• Much time and creativity devoted to trying to 
explain what this might be.

• So far more than 380 publications related to the 
topic, surpassing the prediction (310) in arXiv:
1603.01204***.  Is this the first victim to fall?  
There will surely be more by summers end…

A. Strumia

26 May >380***
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What I will and won’t cover today

• Guided to target ~30 minutes.  Can’t possibly 
cover everything (even poorly) in that time, so 
instead I’ll try to highlight a few things that 
might be interesting.

• Types of things I won’t talk much about: higgs, 
other light resonances, weak production, etc.

• Types of things I will talk about: heavy, colored 
objects → this will mostly be a talk about SUSY.

5
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SUSY: Caveats and disclaimers

• Disclosure of personal bias: From here on we’re 
going to talk about searches for SUSY.  When I say 
SUSY here, what I mean is new physics searches 
where MET is a primary distinguishing 
characteristic.

• This ignores RPV scenarios, for which lately there 
have been some very interesting results, but tend to 
have more in common with what is often 
traditionally thought of as “exotics”, such as searches 
for hadronic resonances, multi-jet final states without 
significant MET, etc.  Daniel will tell us all about 
searches for resonances in the next talk.

6
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 exp. limitσ2 ±

* cross-sectiont~ t~

ATLAS 
s=8 TeV, 17.4 fb-1

 0≠''   λ 323

CDF
-1=1.96 TeV, 6.6 fbs pp

ATLAS-CONF-2016-022
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SUSY: Caveats and disclaimers

• Before moving on, I should also note that there is a whole class of searches that have MET as the 
defining characteristic that I am ignoring here — i.e. dark matter searches.

• Why?  Because fundamentally they have the same signature as SUSY searches, and thus confront many 
of the same backgrounds and challenges, i.e. at a basic level, searches for SUSY (gluinos, squarks, 
ewkinos) were already searches for dark matter.

• Disclaimer: Most of the results I’ll talk about today are available from both the ATLAS and CMS 
experiments.  I’ll mostly show CMS results, not because they are necessarily any better, but because 
they are the results with which I am most familiar.

7
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV

ICHEP 2014

lspm⋅+(1-x)motherm⋅ = xintermediatem
For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV

ICHEP 2014

lspm⋅+(1-x)motherm⋅ = xintermediatem
For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit

g̃

q̃

b̃, t̃

b̃, t̃

�̃

˜̀

Observed Limits (8 TeV) 
mLSP=0 GeV 
mmother - mLSP = 200 GeV

SUSY searches at the dawn of Run 2

Inclusive searches organized by signature (0L, 1L, SS, ≥3L) probing high mass colored partners.  
Targeted searches for 3rd generation squarks.  

What should we expect from early Run 2 searches?
Where are things going in 2016?
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Anatomy of an inclusive search: jets+MET

9

Selections are chosen to cover a broad range of signatures.
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Unknown mass scale and mass splittings for new physics.
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Selections are chosen to cover a broad range of signatures.
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CMS inclusive analyses 
(MT2,αT) now also 
including monojet regions.
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Anatomy of an inclusive search: jets+MET
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Selections are chosen to cover a broad range of signatures.
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Anatomy of an inclusive search: jets+MET
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Searches, such as MT2, aim to cover the full phase space permitted by the CMS trigger. 

Anatomy of an inclusive search: jets+MET
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MT2 has172 search regions.  Some have more, others fewer.
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All jets+MET searches face similar background processes

13

• Invisible Z (Z→νν)̅ 

• Most signal-like: real MET from neutrinos

• Data-driven estimate using γ+jets (and/or W,Z) control region

• Lost lepton (top, W+jets) 

• Real MET from leptonic W decay

• Data-driven estimate based on 1 lepton control region

• QCD multijet 

• MET from jet mis-measurement

• Data-driven estimate using sideband (e.g. low Δφ, MT2)

lost

MET

Jet 1

Jet 2

ν

ν

jet

jet
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Invisible Z: Basic Idea 

14

• Jets in Z→νν ̅from initial state radiation, would rather not rely entirely 
on MC to model this correctly.

• Production properties of pp→Z+jets and pp→γ+jets are very similar.

• Idea: Use γ+jets events, remove the photon from the event and apply 
some well understood corrections to predict Z(νν)̅+jets.

• Once the momentum becomes sufficiently large, the difference in 
boson mass becomes a small effect and R(Z/γ) becomes relatively flat.
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Useful to look at an example of how a background 
estimate we’re all familiar with is performed.
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Invisible Z background estimate in MT2 search

15

• NγCR: γ+jet yield in control region

• Pγ: purity of photon control region

• ~0.95, measured in data, accounts for π0 and fakes

• R(Z/γ): Z→νν ̅to γ+jets ratio, ~0.4-0.5 from MC

• Validated using Z→ : R(Z /γ)data vs R(Z /γ)MC

Used to obtain estimate of Z→νν ̅in each 
(HT,NJ,NB) region, integrated over MT2.

Extrapolate estimate of  Z→νν ̅in a given 
(HT,NJ,NB) region to a particular bin of MT2.

• In each (HT,NJ,NB) region, use Z MC to get fraction in each 
MT2 bin, kMC

• No MT2 binning for monojet regions, CR binning is same as SR 
(i.e. no MC shape used)

NSR
Z!⌫⌫ = NCR

� ⇥ P� ⇥RZ/�
MC ⇥ kMC

Estimate Z(νν)̅ background in each (HT,NJ,NB) region 
using γ+jets yield in corresponding (HT,NJ,NB) CR:

Q: How sensitive is R(Z/γ) to higher order 
corrections?

Q: How well is MT2 modeled?
Related Q: How well do we know the Z pT?
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Invisible Z: MT2 shape
• Compare MT2 shape in LO Z MC to γ+jets, W→ ν data, uncertainty from theory+reco MC variations.

• Additional cross-check by comparing extrapolation with bin-by-bin estimate.

16
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MT2 results: high HT search regions

17
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Many inclusive searches all tell the same story

• Different approaches perform ~same, probe gluino mass in range ~1.5-1.75 TeV depending on decay.

• For massless LSP, expected xsec reach for T1bbbb is ~2 (3) times smaller than for T1qqqq (T1tttt).

• For large LSP mass, probe much closer to diagonal for T1bbbb than for T1qqqq and T1tttt.
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ATLAS searches tend to employ a different strategy

• In contrast to CMS,  ATLAS typically defines a small number of (potentially overlapping) search regions 
and interprets the results using the region that gives the best expected limit at each point for a SMS.
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Different approaches leading to a similar result

• In contrast to CMS,  ATLAS typically defines a small number of (potentially overlapping) search regions 
and interprets the results using the region that gives the best expected limit at each point for a SMS.

• ATLAS searches probe a similar mass range for large Δm(g,̃LSP), flatten out sooner at high LSP mass.
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How did our sensitivity change from 8 TeV?
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It’s the effective √s ̂that matters
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Post-fit background

Sensitivity from moderate to high HT bins.  The only 
way to get this is if there is significant ISR → higher √s ̂
and thus larger effective cross section enhancement.
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Higher HT isn’t the only thing going on here…
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Post-fit background

It’s interesting to note that some of our sensitivity is 
coming from bins requiring at least 7 jets.  This means 
that, at best, we’re probably requiring at least 3 
additional jets from radiation in these regions.
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No obvious cause for concern, but something to keep in mind
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Post-fit background

Table 4: Ranking of most sensitive topological region to T1bbbb (900, 850): exp. exclusion limit = 0.83, obs. exclusion limit = 0.86.
Region Expected Limit Signal Yield

HT575to1000 j4to6 b2 2.6641 4.038
HT575to1000 j4to6 b1 3.1406 6.598

HT1000to1500 j4to6 b1 3.3906 1.992
HT575to1000 j2to6 b3toInf 4.0156 1.084

HT1000to1500 j4to6 b2 4.7656 1.141
HT575to1000 j2to3 b1 5.3281 3.114
HT575to1000 j2to3 b2 5.3906 1.046

HT575to1000 j7toInf b2 6.7188 0.857
HT200toInf j1 b1toInf 6.8438 4.222
HT450to575 j4to6 b2 7.0938 1.846
HT450to575 j4to6 b1 7.1562 3.012

HT575to1000 j7toInf b3toInf 7.3438 0.504
HT1000to1500 j7toInf b2 7.8438 0.485

HT1000to1500 j2to6 b3toInf 7.9062 0.378
HT450to575 j2to6 b3toInf 8.0312 0.624
HT1000to1500 j7toInf b1 8.7812 0.574
HT575to1000 j7toInf b1 8.9688 0.964

HT450to575 j2to3 b1 9.2188 2.311
HT450to575 j2to3 b2 9.4688 0.825
HT1500toInf j4to6 b1 9.8438 0.353

Table 5: Ranking of most sensitive topological region to T1bbbb (900, 875): exp. exclusion limit = 1.27, obs. exclusion limit = 1.61.
Region Expected Limit Signal Yield

HT1000to1500 j4to6 b1 4.3281 1.529
HT575to1000 j4to6 b0 4.5469 8.287
HT575to1000 j4to6 b1 4.6406 4.052
HT575to1000 j2to3 b1 5.3594 2.902

HT1000to1500 j4to6 b0 5.6094 2.208
HT575to1000 j2to3 b0 6.4062 8.777
HT200toInf j1 b1toInf 6.5312 3.83

HT1000to1500 j2to3 b0 7.4062 1.588
HT200toInf j1 b0 7.5938 18.54

HT575to1000 j4to6 b2 7.8438 1.125
HT1000to1500 j2to3 b1 8.2812 0.679

HT450to575 j2to3 b1 9.2188 2.111

Ranking of SRs by expected UL, T1bbbb(900,850) 

Looking at the most sensitive regions for a 
related point is somewhat reassuring.

Most of our sensitivity comes from 
moderate HT and NJ with a few b-tags.

Only 1 of the 10 most sensitive regions 
requires at least 7 jets.

It’s interesting to note that some of our sensitivity is 
coming from bins requiring at least 7 jets.  This means 
that, at best, we’re probably requiring at least 3 
additional jets from radiation in these regions.
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The picture for squarks is not so different

• Multiple searches perform ~same, better sensitivity when b-quarks are present.

• Interesting to note that targeted searches do only slightly better than generic ones.  Whats going on?
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Inclusive searches aren’t so generic

26

Inclusive searches have become quite 
sophisticated.  The large number of bins 
collects signal over a broad range of 
multiplicities and visible and invisible energies.
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Comparing inclusive and targeted searches

27

Inclusive searches have become quite 
sophisticated.  The large number of bins 
collects signal over a broad range of 
multiplicities and visible and invisible energies.
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Targeted searches not yet so targeted, (in part) because of 
the limited luminosity.  Two lines of thinking here:
1. Targeted searches need to be more aggressive in future 

to significantly improve on the inclusive searches. 

2. It will be difficult to convince people that an excess seen 
in the inclusive searches is real when it’s spread across so 
many regions — simplicity here is a virtue!
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What does the future look like?

• Much of the gain from going to higher beam energy will soon be realized.  As this happens, 
expect that the focus will transition to lower cross sections, less spectacular signatures:

• weak production OR 

• more specific signatures OR 

• compressed spectra

• OR some combination of these.

• Weak production gained less from the increase in beam energy and thus will proceed 
down a well-worn path, extending reach to higher mass, at least for a while.

28
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What if nature is more complicated than a simplified model?

• Sensitivity depends strongly on the mass spectrum.

• The presence of additional resonances in the decay 
chain may increase the multiplicity, but at the expense 
of softer kinematics and less MET.

• One direction searches are already moving in 2016 is 
to try to exploit the presence of these resonances:

• count number of reconstructed H(bb), W(jj)/Z(jj), hadronic top

• These tools have been widely used in “exotics” 
searches, but are relatively new to SUSY.  What do we 
need to be aware of to make use of these tools?

29 42

Constraints up to 1.8 TeV for gluinos, 
1.25 TeV for squarks

Gluinos Summary Squarks Summary

Many more interpretations available than could be shown here
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Compressed spectra: are we ready for the future?

• Scenarios with a compressed mass spectrum are 
already a subject of interest, and are likely to become 
more so in the future.

• For now at least, CMS is “whiting out” at least one 
region with a compressed mass spectrum — the 
Δm(stop,lsp) = m(top) corridor.

• What questions do we need to answer before we are 
prepared to make statements about these regions?
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Compressed spectra questions, a partial list

1. As we try to push what we can say about compressed spectra, we become sensitive to the far tails of distributions, 
often those related to ISR.  What do we need to understand about how well our background MC works to 
reasonably trust it for the determination of transfer factors or the actual background estimate itself?

2. Where does sensitivity to compressed spectra come from?  How much of it derives from the far tails of kinematic 
or multiplicity distributions — e.g. high ISR recoil, high ISR multiplicity, high b-jet multiplicity (how often do regions 
requiring ≥3 b-tagged jets contribute to our sensitivity to signals with 2 or fewer b-quarks in the decay?).  How do 
we convince ourselves that we trust our signal MC in these regimes?

3. Where does the signal yield come from?  For example, in a jets+MET search, what fraction of the yield is from 
genuine all-hadronic events and how much from events with ≥1L?

4. How important is signal contamination and how is it handled?

5. How important are differences in how we generate signal and background samples?  Fullsim vs Fastsim?

6. How can we use other production mechanisms (e.g. VBF) or decays (e.g. soft leptons) to probe these scenarios?
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Exciting times ahead, much work to do to get there

• Run 2 of the LHC has just begun.  This run is about exploration and discovery.

• The increase in beam energy and the promise of large luminosity datasets gives reason to 
hope for an exciting future.  Perhaps we’re already glimpsing the first signs of it?

• As the 2016 run begins, this workshop comes at a perfect time.  There are many questions 
and challenges to address to take full advantage of it, only a small number of them 
mentioned here.
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What should we do if we see an excess?

34
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What should we do if we see an excess?

35

Suppose instead of this…we saw something like this.

The significance of an excess such as this 
would be severely reduced, if not wiped 
out, by LEE effects.

What can we do about this?
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What should we do if we see an excess?

36

Suppose instead of this…we saw something like this.

The significance of an excess such as 
this would be severely reduced, if not 
wiped out, by LEE effects.

What can we do about this?

Proposal: Draw a box around the 
regions characterizing the excess and 
start over. 

Use just this subset of regions to define 
a new search.  The old data can’t be be 
used to quantify the excess, but the next 
N/fb can be used LEE-free.

This works as long as we’re in an era of 
rapidly aggregating luminosity. New search bins: HT > 450, NJ >= 2, NB >=2.


