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SUSY: lessons from Run1* and 
why we could still miss it in Run2

GGI Workshop 2015 – Gearing up for LHC13 (8 Sep 2015)

* See 1404.7191 for a full review

Two Requests from organizers:
1- Talk addressed to BSM theorists to stimulate discussion
! I will ask some questions and hear your opinion !
2- Very informal.
! All inside this talk reflect my own personal opinions (not ATLAS/CMS ones) !



" LHC may be the last set-up to find SUSY  
# At least before 15 years … since no other project approved yet.
# Therefore we need strong conclusions when completed (guide for the future !)

" Q1: Any generic conclusions from Run-1 ?
# As of 1-Sep 2015,  87 ATLAS + 70 CMS SUSY papers.
# Mass limit on SUSY particles ? Exact status of naturalness after Run-1 ?
$Will give you LHC Experimentalist view. Correct ? Strategy for Run-2 OK ?

" Q2: Can we miss SUSY in Run-2  (if around the corner) ? 
# Signal region design. 
# Control Regions, MC, systematics. 
# News ideas, may be you have some more ?
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Layout
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Part 1

Sperimen
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LHC exp.
working 
since 5 
years

Theorist
working 
since 45 

years

150 papers, 
but no SUSY ?

The LHC experimentalist (1/5)
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Will 
never 
start !

Finally!

Nothing around 
the corner

Ah! Look 
for stop MSSM 

dead ?
Nice exp. 
challenge

Well let’s 
recap

Nice 
pheno
tools!

SPS1a, 
Point4, 

...boring
Next (Last?) 

try ?

The LHC experimentalist (2/5)
Fe

el
in

gs



" Part of a group with limited number of people … 
# ~100 active people for the whole ATLAS SUSY and ≥ 50% are students !
# Generally need ≥ 5 active people (inc. ≥ 1 student) per analysis channel.
$ Can do ~ 20 analyses / year !

" … and few experimental constraints on SUSY …
# Proton decay 
# LEP/Tevatron searches (and at a lower level Dark Matter Experiments, …)
# Higgs mass and couplings [update with ATLAS+CMS Run-1 needed]

" … to design signal regions : need to be pragmatic !
# Simplified models (2-3 params) : Excellent but hard for generic conclusions ! 
# mSUGRA (4.5 params): too much theory driven. Abandonned.
# pMSSM (19 params) : could be helpful to point down the holes in searches ? 
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The LHC experimentalist (3/5)



A- Have to believe in MSSM and naturalness at 95% CL ...
# If not he/she has very weak chance to discover SUSY !
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2- MSSM, aka weak scale SUSY for less 
than 10% fine-tuning [∆mh

2<10xmh
2]

The LHC experimentalist (4/5)

L. Hall, BNL SUSY Workshop, Oct 2011
+1110.6926

LEP/Tevatron constraints

1- Minimal Supersymetric Standard Model (MSSM) : 
29 sparticles + 4 Higgs undiscovered [h0=H(125)]

S. Martin, SUSY Primer, hep-ph/9709356

h1
0 h2

0~ ~
h+ h-~ ~

h1
0 h2

0 h1
+ h2

-

The only hypotheses that we can test systematically



B- … and make three more assumptions
1. The nature of R-Parity (RP) :

a. RPC: SUSY particles are pair-produced at LHC and the lightest one is stable
b. RPV, including also long-lived if λ < O(10-5).

2. The nature of the stable Lightest SUSY particle (LSP) :
a. χ1

0 with MLSP > GeV 
b. G with MLSP << GeV

3. The value of ∆M=MSUSY [highest particle produced at LHC] - MLSP
a. Open spectra [∆M > O(100) GeV]: high energetic objects, generic searches
b. Compressed spectra [∆M < O(100) GeV]: dedicated searches (monojet …) + long-lived
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The LHC experimentalist (5/5)

Framework used for systematic searches: A1, A2, B1a, B2a, B3a
Other combinations exist but are not systematically searched for. 

$Theorists should constantly fight the experimental bias !

~
~
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Systematic SUSY searches at LHC (1)

1-10 jets
+ ET

miss

+ 0/1/2 lepton 
+ 0/1/2 photon

Inclusive

mEffCourtesy of Anna Sfryla

<1.8MSUSY

A1: MSSM
A2: Natural >10%
B1: RPC
B2: LSP nature
B3: Spectra opening

1404.7191



mCT,
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Systematic SUSY searches at LHC (2)

Multi b-jets
+ ET

miss

+ 0/1/2 lepton 
+ 0/1/2 photon

0/1/2 jets
+ ET

miss

+ 1/2/3/4 lepton 
+ 0/1/2 photon

<MSUSY

Courtesy of Anna Sfryla

A1: MSSM
A2: Natural >10%
B1: RPC
B2: LSP nature
B3: Spectra opening
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Others SUSY Searches

T. Rizzo (SLAC Summer Institute, 01-Aug-12)

Non Prompt 

Outside MSSM

1404.7191

RPV

- Multilepton (>=4)
- Resonant Multijet (2x2j, 2x3j)
- Resonant Lepton (eµ)
- Long-lived

They clearly do not exhaust all the possibilities even within our 
hypotheses.

Many holes, e.g.  RPV studies generally assume only one λ is not zero, χ1
0 at the 

bottom of SUSY spectrum (never saw Gravitino), …
~



08/09/2015 Pralavorio Pascal     SUSY (GGI 2015) 12

Gluino after run-1 

! Is it true irrespective of the SUSY spectrum in RPC ? 

A1: MSSM
A2: Natural >10%
B1: R-Parity
B2: LSP nature
B3: Spectra opening Gluino mass is excluded below O(1 TeV)

My conclusion if I look at all public results

Extreme-case EWK sector composition 

Usually complicated EWK sector and LSP Gravitino poorly appreciated by 
experimentalists. A problem ? 

Gqq,GqqW Gtt Gtt

Bino Wino Higgsino 1404.7191
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Gluino after run-1

! Is it true irrespective of the SUSY spectrum in RPC ? 

A1: MSSM
A2: Natural >10%
B1: R-Parity
B2: LSP nature
B3: Spectra opening Gluino mass is excluded below O(1 TeV)

My conclusion if I look at all public results

Seems quite insensitive to SUSY spectrum, but was it extensively checked ? 

Changing BR 2 steps (mχ0, mχ+/-)
1 step (mχ0)

1405.7875
CMS-PAS-SUS

1501.03555

1501.03555
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Gluino after run-1

! Is it true irrespective of the SUSY spectrum in RPC ? 

Gluino mass is excluded below O(1 TeV)
My conclusion if I look at all public results

pMSSM results confirms also this but strong hypotheses (e.g. 1rst/2nd generation of squark mass degenerate)?

A1: MSSM
A2: Natural >10%
B1: R-Parity
B2: LSP nature
B3: Spectra opening

1508.06608
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Gluino after run-1

! Is it true irrespective of R-Parity nature ? 

Gluino mass is excluded below O(1 TeV)
My conclusion if I look at all public results

1502.05686

A1: MSSM
A2: Natural >10%
B1: R-Parity
B2: LSP nature
B3: Spectra opening

Pralavorio Pascal     SUSY (GGI 2015)

Quite Extensive test of λ”

Don’t know of any other extensive test for RPV λ and λ’. A problem ?
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Gluino after run-1

! Is it true irrespective of LSP nature ? 

Gluino mass is excluded below O(1 TeV)
My conclusion if I look at all public results

1507.05493

Direct χ
prod.

1405.7875

1407.0600

1507.05493

A1: MSSM
A2: Natural >10%
B1: R-Parity
B2: LSP nature
B3: Spectra opening

Bino-like NLSP

Higgsino-like NLSP

Seems yes …

χ1
0 LSP G LSP
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Gluino after run-1

! Is it true irrespective of spectra opening ? 

Gluino mass is excluded below O(1 TeV)
My conclusion if I look at all public results

Not yet …

1407.0600

Almost with b’s

A1: MSSM
A2: Natural >10%
B1: R-Parity
B2: LSP nature
B3: Spectra opening

1507.05525
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Gluino after run-1

1.2 TeV will be reached at the end of Run-2

ATLAS-PUB-2014-010

A1: MSSM
A2: Natural >10%
B1: R-Parity
B2: LSP nature
B3: Spectra opening

! Is it true irrespective of spectra opening ? 

Gluino mass is excluded below O(1 TeV)
My conclusion if I look at all public results

However if assume mχ1
0 ~O(100 GeV), as 

in natural spectrum m(gluino)>1.5TeV 
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Gluino after run-1

! Is it true irrespective of life-time ? 

Gluino mass is excluded below O(1 TeV)
My conclusion if I look at all public results

Yes ?

A1: MSSM
A2: Natural >10%
B1: R-Parity
B2: LSP nature
B3: Spectra opening

Lumi should 
cover this …
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Gluino in Natural Spectrum ?

When to give up on naturalness in SUSY ? 
0. Already ? ! OK for theorists but not for experimentalists …

1. m(gluino) > 1.5 TeV ? !~LHC Run2

To be improved:
- Long-lived 
- Compressed ?
- RPV ?
- Miss something ?
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3rd generation after Run-1

! When first stop results issued @ ICHEP 2012 , a distinguished italian
theorist said that naturalness is dead if we cover the white space

Natural Stop is already excluded ?
Strong(est) prediction from naturalness

wo χ1
+/-

w χ1
+/-

Only fully testable part 
(2 parameters)

~

~

A1: MSSM
A2: Natural >10%
B1: R-Parity
B2: LSP nature
B3: Spectra opening



08/09/2015 Pralavorio Pascal     SUSY (GGI 2015) 22

3rd generation after Run-1

1506.08616

Natural Stop is already excluded ?
Strong(est) prediction from naturalness

Are we almost there now ?

wo χ1
+/-

Adding the 
offshell decay 

~

A1: MSSM
A2: Natural >10%
B1: R-Parity
B2: LSP nature
B3: Spectra opening
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3rd generation after Run-1

1506.08616

- Yes (apart top funnel and two compressed regions) 
and probably Run-2 will help for these ?

- Do we need also the χ1
+/- part ?

- Gravitino LSP ? RPV ?

1506.00653 
(TBC by expt)

RM=MET/pT(ISR)

Natural Stop is already excluded ?
Strong(est) prediction from naturalness

wo χ1
+/-

Adding the 
offshell decay 

~

A1: MSSM
A2: Natural >10%
B1: R-Parity
B2: LSP nature
B3: Spectra opening
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3rd generation after Run-1
Natural SbottomL is already excluded ?

Strong(est) prediction from naturalness

Should cover 
this with 
monojets

- Weakly sensitive to EWK sector ? 
- Gravitino LSP ? RPV ?

wo χ1
+/-~

w χ1
+/-~

A1: MSSM
A2: Natural >10%
B1: R-Parity
B2: LSP nature
B3: Spectra opening

1506.08616

1506.08616

ATLAS-PUB-2014-010
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Status of Natural Spectrum ?

When to give up on naturalness in SUSY ? 
0. Already ? ! OK for theorists but not for experimentalists …

1. m(gluino) > 1.5 TeV ? !~LHC Run2, enough ? 
2. M(Stop,sbottom) > 600 GeV ? !LHC Run 3? 

3. 1.+2. ?  !LHC Run3 ?

To be improved:
- Compressed
- Long-lived 
- RPV ?
- Miss something ?

To be improved:
- Compressed
- Mt funnel
- Gravitino LSP ? 
- W C1+/- case for stop
- RPV
- Miss something ?
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EWK sector after Run-1

The most complex sector
Not all scenario are testable at LHC

A1: MSSM
A2: Natural >10%
B1: RPC
B2: LSP nature
B3: Spectra opening

Extreme-case EWK sector composition (χ1
0 LSP) 

Bino Wino Higgsino

W(*) Z/h0(*)

Extreme-case EWK sector composition (G LSP) 

γ W γ/Z(*) γ/Z/h0(*)

“Natural” scenario

Long-Livedχ1+/-

Reality is probably a mix of those cases …

~

~

(*) tan β fix BR in γ/Ζ/h0

γ/Z/h0 Not done at Run-1!

Wino-Bino NLSP
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EWK sector after Run-1

EWK sector in the Bino case

! Start to be sensitive with 20 fb-1

A1: MSSM
A2: Natural >10%
B1: RPC
B2: LSP=χ1

0

B3: Spectra opening

1403.5294 1501.07110
1403.5294

Very weak sensitivity …

Bino

W(*) Z/h0(*)

Still lots of progress needed to conclude
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EWK sector after Run-1

EWK sector in the Bino case

! Covered

A1: MSSM
A2: Natural >10%
B1: RPC
B2: LSP=G
B3: Spectra opening

Extremely strong !

Bino

W(*) Z/h0(*)

γ

1507.05493
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EWK sector after Run-1

Sensitive only to long-lived chargino !
Almost no sensitivity to the ~prompt case 

Hard to 
cover this

A1: MSSM
A2: Natural >10%
B1: RPC
B2: LSP nature
B3: Spectra opening

Wino

Long-Livedχ1+/-

re
in

te
rp

re
t?

Encouraging !
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EWK sector after Run-1

Bino-Wino case 

A1: MSSM
A2: Natural >10%
B1: RPC
B2: LSP nature
B3: Spectra opening W γ/Z(*)

Wino-Bino NLSP

Quite strong at high mass but need to think at low mass

1507.05493



08/09/2015 Pralavorio Pascal     SUSY (GGI 2015) 31

EWK sector after Run-1

EWK sector in the Higgsino case

1409.3168

γ/Z/h0

A1: MSSM
A2: Natural >10%
B1: RPC
B2: LSP=G (χ1

0=NLSP)
B3: Spectra opening

A strong constraint for naturalness

Higgsino
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EWK sector after Run-1

No Neutralino mass limit from LHC
! Only indirect limit through the exclusion of 

models with high mass gluinos, stops, …
1508.08608



08/09/2015 Pralavorio Pascal     SUSY (GGI 2015) 33

Other ways

I’m aware of Higgs mass, top spin correlation for stop, WW cross-section for 
charginos, control regions for squark.

! But is there a systematic treatment of all published SM measurements ?

Did we study all possible reinterpretation of SM 
measurements to remove SUSY phase space ?

Generally suffers from being in the HIGGS group and not in 
the SUSY group !

! Can it bring useful constraints on SUSY phase space ?

BSM Higgs Searches
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Status of Natural Spectrum ?

When to give up on naturalness in SUSY ? 
0. Already ? ! OK for theorists but not for experimentalists …

1. m(gluino) > 1.5 TeV ? !~LHC Run2, enough ? 
2. M(Stop,sbottom) > 600 GeV ? !LHC Run 3? 

3. EWK > 500 GeV ? ! Impossible at LHC
4. 1.+2.+3. ? 2.+3. ? 1.+3. ? !Never?

To be improved:
- Compressed
- Long-lived 
- RPV ?
- Miss something ?

To be improved:
- Compressed
- Mt funnel
- Gravitino LSP ? 
- W C1+/- case for stop
- RPV
- Miss something ?

To be improved ?
- Hard to cover χ1

0 case 
for Higgsino ?

- High Lumi needed
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" Q2: Can we miss SUSY in Run-2  (if around the corner) ?
# Signal region design. 
# Control Regions, MC, systematics. 
# New ideas exists, may be you have some more ?

Well understood Monte Carlos3

mEff

<1.8MSUSY

Powerful discriminants1

Courtesy of Anna Sfryla

Background estimation
1- Multijets: jet smearing method
2- W, Z, t, VV : control regions

3- ttV: Monte Carlo

2

Part 2
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Signal region definition
" Overlap between analyses

# Thanks to pMSSM – 22 analyses, 200 signal regions.
# RPC, C10 LSP, , squark from ½ gene mass degenerate.
# Constraint from EW/Flavor, DM abundance, LEP, Tevatron, mH.

Useful to have twenty (partly) overlapping analyses or few refined ones ?
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Control Region and MC
" Take most sensitive analysis in ATLAS : 0Lepton+2-6 jets

1407.0600

Pre-fit not always great. Linked with  σ(Z) 
wrong at high pT ? Adjust carefully the Control Region

Work needed on MC (on going discussions) !

Sherpa (Alpgen)
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Control Region and MC
" Take most sensitive analysis in ATLAS : 0Lepton+2-6 jets

1407.0600

Control Region

Validation Region
Number of σ away from prediction (post fit)

Convincing enough if discovery ? 
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Systematics 1407.0600

Theory dominates 
but dB(tot)<20%

Theory dominates 
but dB(tot)>20%

Exp. dominates but 
dB(tot)<20%

Exp. dominates but 
dB(tot)>20% c

No strong conclusions. But helpful to reduce theory uncert. in many cases 
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New ideas to improve sensitivity
# After pMSSM scan, mainly “conspiracy” models alive

% Generally easily excluded by Run-2.
% In some case can design dedicated analyses

# Rare stop decays: 
% Boosted technics good since O(100 GeV)
% MonoTop for compressed spectra

# Higgsino case:
% Monojet, VBF  

# Improve non-prompt searches:
% E.g. add a displaced vertex trigger

Beyond reach

At the edgeHiggsino. Not sensitive

MET,e,µ,jets trigger

See  S. Sekmen @SUSY2015

Good ideas. Let’s see what they will really add at the end !
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SPARES
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All 8 TeV/20 fb-1 ATLAS/CMS results

11+189+23

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
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Run-1 Excesses

A. Sfyrla (EPS2015)

A. Sfyrla (EPS2015)
A. Sfyrla (EPS2015)

S. P. Liew (SUSY2015) 2.5σ when comb with lvqq,lvll, llqq

Local

JJ
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Stop after Run-1 (C1+/- case)
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SUSY at LHC : ingredients
ET

miss Tail (and shape) under control Jet energy scale under control 

ATLAS-CONF-2013-082
CMS DP -2013/010

CMS DP -2013/011ATLAS-2014-004

B-tagging understood Photon understood 
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SUSY at LHC : keys of the success

mEff

<1.8MSUSY

Powerful discriminants

Background estimation
1- Multijets: jet smearing method
2- W, Z, t, VV : control regions

3- ttV: Monte Carlo

Very low σ~1fb - 1pb Well understood Monte Carlos

Interpretation if no excess
1- Constraint model, e.g. MSUGRA
2- Simplified/topological models

3- Phenomenological models, eg. 
pMSSM

ATLAS-CONF-2013-047

1

2

3

4

Courtesy of Anna Sfryla

σ (pb)

1

1010

105


