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SUSY

The fine tuning price of the early LHC



First LHC data about SUSY

Actually about CMSSM = mSuGra = ...

CMS, j !ET ATLAS, j !ET ATLAS, j! !ET

Philipp Schieferdecker (KIT)

First SUSY Result at the LHC!

20LHC End-Of-Year Jamboree
December 17th 2010

Expanded the excluded range established during the last 20 years (!)
by ~factor of two with only 35 pb-1!

Search for high mass squark & gluino production in events with
large missing transverse energy and two or more jets

mSUGRA Interpretation
• Minimal Supergravity Mediated SUSY breaking

• Considered too constrained to be reality... 

• Long precedence of using mSUGRA 

! so it serves a means to compare to old results

• Run GUT scale model parameters to TeV scale masses: 

• scan m0 and m1/2 with fixed μ>0, tan β=3,  A0=0 (don’t 
strongly influence the exclusions)

RG evolution of unified mSUGRA mass 
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First LHC data

Actually are a bound on mq̃ and M3, up to 800GeV
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Figure 2: 95% C.L. exclusion limits in the (mg̃, mq̃) plane together with exist-
ing limits [4]. Comparison with existing limits is illustrative only as some are
derived in the context of MSUGRA/CMSSM or may not assume m!̃0

1
= 0.

ing the exact LO ME for up to 2 ! 5 partons. The normalisa-
tion of these samples was fixed by a scaling designed to achieve
a match to data in control regions obtained by reversing the !"
requirements. After this scaling, both sets of simulations were
in agreement within the experimental uncertainties, and there-
fore only PYTHIA QCD simulations are used further in this anal-
ysis. The resulting QCD simulation was found to be consistent
with a data-driven QCD estimate in which high Emiss

T events
were generated from data by smearing low Emiss

T events on a
jet-by-jet basis with measured jet energy resolution functions.
This latter technique has no MC dependencies; it provides a
completely independent determination of the QCD background
using only quantities measured from the data. Additional con-
trol regions having reversed Emiss

T /me" requirements were used
as further checks on the normalisation.

Supersymmetric events were generated with HERWIG++ [19]
v2.4.2. These samples were normalised using NLO cross sec-
tions determined by PROSPINO [20] v2.1.

All non-PYTHIA samples used HERWIG++ or HERWIG-6.510
[21] to simulate parton showering and fragmentation, while
JIMMY [22] v4.31 was used to generate the underlying event.
All samples were produced using an ATLAS ‘tune’ [23] and a
full detector simulation [24].

6. Systematic Uncertainties
The primary sources of systematic uncertainties in the back-

ground estimates are: the jet energy scale (JES), the jet energy
resolution (JER), the luminosity determination, the MC mod-
elling, the lepton e#ciencies, the extrapolation from control
regions into signal regions, and the finite statistics of the MC
samples and control regions. The uncertainty on the luminos-
ity determination is estimated to be 11% [25]. The JES un-
certainty has been measured from the complete 2010 data set
using the techniques described in Ref. [7] and, though pT and #
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Figure 3: 95% C.L. exclusion limits in the tan $ = 3, A0 = 0 and µ > 0 slice
of MSUGRA/CMSSM, together with existing limits [3, 4] with the di"erent
model assumptions given in the legend.

dependent, is around 7%. The JER measured in data [26] was
applied to all MC simulated jets and was propagated to %Pmiss

T .
The di"erence between the re-calibrated and nominal MC is
taken as the systematic uncertainty due to this e"ect. The un-
certainty on the estimated top background is dominated by the
JES uncertainty. Systematic uncertainties associated with mis-
identification of leptons, jet energy scale inter-calibration, the
rate of leptonic b-decays and the non-Gaussian tail of the jet re-
sponse function have also been incorporated where appropriate.

Systematic uncertainties on the SUSY signal were estimated
by variation of the factorisation and renormalisation scales in
PROSPINO between half and twice their default values and by
considering the PDF uncertainties provided by CTEQ6. Un-
certainties were calculated for individual production processes
(e.g. q̃q̃, g̃g̃, etc.).

7. Results, Interpretation and Limits
The number of observed data events and the number of SM

events expected to enter each of the signal regions are shown in
Table 2. The background model is found to be in good agree-
ment with the data, and the distributions of me" , mT2 and Emiss

T
are shown in Figure 1.

An interpretation of the results is presented in Figure 2 as a
95% confidence exclusion region in the (mg̃,mq̃)-plane for the
simplified set of models with m!̃0

1
= 0 for which the analysis

was optimised. In these models the gluino mass and the masses
of the squarks of the first two generations are set to the values
shown in the figure. All other supersymmetric particles, includ-
ing the squarks of the third generation, are decoupled by being
given masses of 5 TeV. ISASUSY from ISAJET [27] v7.80 was
used to calculate the decay tables, and to guarantee consistent
electroweak symmetry breaking. The SUSY Les Houches Ac-
cord files for the models used may be found online [28]. The
results are also interpreted in the tan $ = 3, A0 = 0, µ > 0 slice
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1) Implications on global fits? 2) Implications on naturalness?



Early LHC has little impact on global fits

Global fit (gµ " 2, !DM, b # s", Xenon100, ...) favors heavier mSUSY.
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Dissection of the spherical cow: spe-
cial mechanisms needed to get !DM: !̃

co-annihilations, well-tempered, h res-
onance (test now), H,A resonance,
h,H,A at large tan#, t̃ co-annihilations

So far naturalness ignored; in the rest focus on it



The little hierarchy problem

Fix tan# = 3 and A0 = 0; the overall SUSY mass scale is fixed by

M2
Z $ 0.2m2

0 + 0.7M2
3 " 2µ2 = (91GeV)2 % 50(

M3

780GeV
)2 + · · ·

Plot this in the plane of the adimensional free parameters (M1/2,m0)/µ:
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Bayesian MonteCarlo technique

Scan over all adimensional parameters (m0/µ, B0/m0,..., $t) compatible with
measured mt. Compute tan# and mSUSY from VMSSM. Normally mSUSY & MZ;
rare accidents can make it bigger. All possible fine-tunings are included without
using any explicit FT parameter ". E.g. focus point is fine-tuning of $t.
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Fraction of alive CMSSM $ 1/"

any mh

10.! after LEP

2.2! after LHC

mh " 100 GeV

4.! after LEP

1.2! after LHC

mh " 110 GeV

1.! after LEP

0.7! after LHC

Fraction of surviving CMSSM parameter space

(the theoretical uncertainty in mh is about 3 GeV;
the CMSSM prediction for mh can be circumvented

NMSSM, NRO [hep-ph/9906266...], h # light scalars...)



MZ ' mSUSY ( late SU(2) breaking

The scale Q0 at which RGE running makes m2
h(Q) < 0 must be close to mSUSY
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The sliding mSUSY model

Assume that mSUSY is a free parameter determined by minimizing VMSSM (!)

minVMSSM &
!

0 mSUSY > Q0
"m4

SUSY mSUSY < Q0

Prediction [hep-ph/0005203, BS]: mSUSY <&Q0 and a loop factor above MZ:

dµ2u
d lnµ

sin2 # +
dµ2d
d lnµ

cos2 # " 2
dµ2ud
d lnµ

sin# cos# = M2
Z cos2 2#

one loop# m2
h

RGE loop factors are big: roughly this means

mt̃ $ 4%MZ/
)
12 $ 400GeV

Predicted: dashed line in the CMSSM plot.
Allowed: from 50% to 2% with LHC.

PS: BS hypothesis may be BS: V != VMSSM.
Alternative interpretation in terms of anthropic
pressure (Q0 ' mSUSY): more rare than SM?

0 200 400 600 800
0

100

200

300

400

500

m0 in GeV

M
1!2in

G
eV

CMSSM ! dynamical mSUSY



What does it mean?

We have significant hints for SUSY.
We have significant hints against SUSY.

At some point somebody will understand what is the logic.


