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Introduction

¥ Pressure growing on WIMP paradigm !
The relic density cross section is ruled out for many models 

¥ Next steps: 

¥ Continue searches for WIMP alternatives !
Axions, freeze-in, gravitinos, sterile neutrinos, asymmetric DMÉ 

¥ Find viable WIMP candidates !
Models that are either overlooked or not yet ruled out 

¥ Explore new signatures

!3



Thomas Jacques

LLP Workshop | Karri Folan DiPetrillo  | 18.10.2017

What Þnal states can we probe? 21

LLP Workshop | Karri Folan DiPetrillo  | 18.10.2017

What Þnal states can we probe? 22

displaced leptons,
lepton jets,

or lepton pairs

displaced 
multi-track vertices

disappearing 
or kinked tracks

non pointing
 or late photons

emerging jets

(meta-)stable
charged particles

trackless
low EMF-jets

multi-track vertices
in muon spectrometer

Long-lived particles (LLPs) @ LHC

!4Graphics from Heather Russell

¥ LLPs arise naturally !
Many theories naturally predict new 
particles decaying on detector timescale; 
SUSY, Quirks, Hidden Valley, MonopolesÉ !
in general, anything with small couplings, 
heavy scales 

¥ Minimal SM background !
Hardware interactions, merged vertices, 
track crossings 

¥ Wide range of signatures!

See also talks by Heather Russell and Cristiano Alpigiani



Model 1
Pseudo-Dirac Dark Matter
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Model

¥ General Lagrangian with both Dirac & Majorana masses !
!

¥ Couples to Standard Model via ZÕ!

¥ Take Pseudo-Dirac limit   (MD >> mL, mR) 

¥ Get Majorana eigenstates χ1,2 with mass splitting << mass !
at leading order in |mL - mR| / MD!

!

!
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Pure axial-vector !

! 1-! 1, ! 2 -! 2  coupling

Model

¥ Interaction Lagrangian !
Vector " 1" 2 coupling, axial-vector " 1" 1, " 2" 2

!7

Pure vector ! 1-! 2  coupling
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¥ Thermal Relic that evades direct & indirect detection !
For couplings that give correct relic density: direct and indirect detection constraints are weak 

¥ Suppressed  direct & !
indirect detection rate!
from Axial-vector  ! i! iZÕ coupling 

¥ Unsuppressed  ! 1! 2 !
coannihilation rate!
from Vector  ! 1! 2ZÕ coupling 

¥ Displaced Vertices for Thermal Relic DM !
Vector  " 1" 2ZÕ coupling controls both relic density and decay length

Features
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Constraints

¥ Summary of coupling constraints:  

¥ Assume coupling to quarks only !
possible coupling to leptons - future work 

¥ Upper limits on cf from dijet !
choose max allowed value 

¥ Fix cL, cR to give correct relic density !
ratio cL/cR still free; Choose based on phenomenology 

¥ Impose limits on cL, cR  to ensure small mediator width!
limits range of masses that can give correct relic density 

¥ Scan over masses
!9
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Choice of parameters

¥ Free parameter: cL/c R!
Strong effect on phenomenology
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cL/cR = -1:!
Pure axial-vector: No decay

cL/cR = 1:!
Pure vector: No χ2χ2 production
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¥ Best case for displaced vertices: cL/cR close (but not equal!) to -1!
!  Enhances χ2χ2 production rate and extends χ2 decay length  

¥ Choose benchmarks cL/cR = -0.8 and 0!
ÔGoodÕ and ÔmehÕ scenarios for displaced vertices
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¥ For each (m1, !m, M ZÕ): cL, cR 

chosen from intercept of relic 
density and k contours !
cL, cR appear together as |cL-cR|2 or |cL+cR|2, so 
four quadrants are equivalent

!11

m1 = 525 GeV m1 = 610 GeV

m1 = 700 GeV

M Z ! = 1 .5 TeV, �m = 5 GeVM Z ! = 1 .5 TeV, �m = 5 GeV

M Z ! = 1 .5 TeV, �m = 5 GeV

Choice of parameters
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Displaced vertices
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¥ Signal:  

¥ missing energy (MET) !
Provides trigger and reduces background 

¥ hard jet !
Increases MET, provides trigger, reduces background 

¥ 2 displaced vertices !
1 DV already has minimal background; !
with 2 DV, minimal background becomes negligible

j

j
j

j
ZÕ

p

p
!

2

!
2

!
1

!
1j



Thomas Jacques

¥ Follow ATLAS analysis !
arXiv:1504.03634: 

¥ Require 2 DV!
Each in inner detector or muon solenoid 

¥ Background < 10 -3 events !
Expected @ 8TeV, 20.3 fb-1!
with jet pT > 120 GeV, MET > 200 GeV 

¥ Scaling to 13TeV:  

¥ Increase cuts  to pT > 200 GeV, MET > 300 GeV 

¥ Assume zero background up to 1000 fb -1
!13

Displaced vertices

Muon solenoid: 

3.8 to 7.2 m

Inner detector: 

5 to 30 cm
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¥ Equal  vector/axial vector 

¥ Colour contours: expected number of 
events @ 1000 fb-1 

¥ White: potential  95% exclusions  with 
0 observed events 

¥ Black: Statistical limit of monojet
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Displaced vertices: cL/cR = 0
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M Z ! = 1 .5 TeV M Z ! = 2 .5 TeV

MZ0 = 3.5TeV
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M Z ! = 1 .5 TeV M Z ! = 2 .5 TeV

MZ0 = 3.5TeV ¥ Mostly Axial-vector: !
More ! 2! 2  production, longer decay length  

¥ Colour contours: !
expected number of events @ 1000 fb -1 

¥ White: !
potential  95% exclusions  with 0 observed 
events 

¥ Black: Statistical limit of monojet1100 1200 1300 1400 1500 1600
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Model 2
Colour Octet Dark Particle
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Model 2

¥ Neutral DM with heavier !
coloured  partner 

¥ Couples to Standard Model via dipole operator !
!

¥ Relic density  dominated by QCD!
since ! 2 self-interactions governed by QCD!
leaving m2 and dχ as free parameters  

¥ Decay length  controlled by d! :

¥ dχ! 1 for EFT to be valid  
!17

De Simone, Sanz, Sato!
Phys.Rev.Lett. 105 (2010) 121802

De Simone, Sanz, Sato!
Phys.Rev.Lett. 105 (2010) 121802
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R-hadron constraints
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¥ ! 2 is colour octet 

¥ Forms R-hadrons !
Hadronises with SM particles, leaving ionisation track with Velocity !  c if stable on detector timescale 

¥ Apply gluino R-hadron  constraints from ATLAS 1606.05129!
Simulate R-hadrons from ! 2 pair production!
ATLAS constraints gluino production cross-section at 13 TeV with 3.2 fb-1
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Monojet constraints

¥ Apply monojet  constraints from ATLAS 1711.03301!
Applies to ! 2 which decay promptly rather than forming R-hadrons 

¥ Complementarity  between monojet and R-hadron constraints!
Monojet insensitive to d! , R-hadron insensitive to m1

!19
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Conclusion

¥ LLPs and displaced vertices are an LHC signal with 
growing prospects 

¥ Pseudo-Dirac Dark Matter: 

¥ Avoids direct & indirect detection constraints 

¥ Yields correct relic abundance 

¥ Gives displaced vertices at LHC 

¥ Displaced vertex signal complementary to Monojet!
Monojet initially stronger but can be overtaken at large luminosity

!20



Backup
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UV Completion

¥ ZÕ cannot  be U(1) gauge boson !
Explicitly broken by Majorana mass term: 

¥ UV completions do exist !
e.g. pseudo-Dirac Bino in extended SUSY 

¥ Proof-of-principle UV completion: 

¥ ZÕ gauge boson from SU(2)Õ: !
" embedded in spontaneously broken SU(2)Õ doublet # 

¥ Dirac mass via Higgs-like mechanism  from vÕ of new scalar $Õ 

¥ Majorana mass from Weinberg operator : 

¥ Natural mass hierarchy :  MD !  v’  ;  mL,R !  v’2 / Λ ~ MD v’/Λ 

¥ Anomaly free  if ZÕ couples to leptons !
even with vanishingly small couplings

!22
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Decay length

¥ In limit !m, m f << m1, m2 

¥ In lab frame: 

¥ Distribution given by: 

!23

L0 ⇠ 2.937 m
X

f

N (f)
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Decay probability

!24

Inner detector Muon solenoid

¥ Decay probability has exponential distribution !
with mean        ; Decay length                                  after boost to lab frame! c/ ! L lab = ( ! / ! )(p/m )
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Constraints: Dijet

¥ Search for ZÕ decay to quark pairs  !
Strong constraint on quark-mediator coupling 

¥ Gives upper limit on c f !
Use max allowed value !25

Model 95% CL exclusion limit
Observed Expected

Quantum black holes, ADD 8.7 TeV 8.7 TeV(B!"#$ M"%generator)
Excited quark 5.6 TeV 5.5 TeV
W! 2.9 TeV 3.3 TeV
W" 3.3 TeV 3.3 TeV
Contact interactions (⌘LL =+1) 12.6 TeV 13.7 TeV
Contact interactions (⌘LL =-1) 19.9 TeV 23.7 TeV

Table 1: The 95% credibility-level lower limit on the mass of quantum black holes, W! and W" models, and excited
quarks from the resonance selection, and the 95% confidence-level lower limit on the scale of contact interactions
for constructive (⌘LL = #1) and destructive (⌘LL = +1) from the angular selection. Limits on the Z! model are
provided in Fig. 4.
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predictions described in the text, as a function of the coupling to quarks, gq , and the mass, MZ ! , obtained from the
mj j distribution. Mass points were simulated with 0.5 TeV spacing and additionally at 1.7 TeV. For gq > 0.5 the Z!

resonance is no longer narrow (its intrinsic width becomes greater than 15%).
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Figure 1:The reconstructed dijet mass distribution (Þlled points) for events with|y! | < 0.6 andpT > 440(60) GeV
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5 Resonance search

The mj j distribution of events with|y! | < 0.6 is analysed for evidence of contributions from resonant
BSM phenomena, where the requirement on|y! | reduces the background from QCD processes. This
nominal (|y! | < 0.6) selection is used for the model independent search phase, to set limits on generic
signal shapes, and to constrain theq! , QBH,W" andZ" benchmark models, all of whose distributions peak
at y! = 0. A secondary signal region with a wider cut of|y! | < 1.2 is also deÞned, optimised for signals
produced at more forward angles. TheW! benchmark model whose distribution peaks at|y! | > 1.0 is
constrained using this selection. Due to the requirements ony! andpT the selection is fully e�cient only
for mj j > 1.1 TeV (1.7 TeV for the|y! | < 1.2 selection). Therefore the analysis is performed above this
mass threshold.

Figure1 shows the observedmj j distribution for events passing the aforementioned nominal resonance

5
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"
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Choice of parameters
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¥ Lower limit on m 1 from ZÕ width !
Relic density coupling gives very large ZÕ width 

¥ Upper limit from kinematics !
require MZÕ > 2m2

M Z ! = 1 .5TeV, ! m = 5GeV
m1 = 200GeV

MZ ! = 1.5 TeV MZ ! = 2.5 TeV MZ ! = 3.5 TeV

c(f )
L 0.07 0.13 0.25

m1,min (GeV) 525 850 1100
m1,max (GeV) 700 1200 1600

Table 1. Allowed range of m1 and choice for c(f )
L , for di! erent values of MZ ! and k = �0.8

(equivalent to k�1 = �0.8).

MZ ! = 1.5 TeV MZ ! = 2.5 TeV MZ ! = 3.5 TeV

c(f )
L 0.07 0.13 0.25

m1,min (GeV) 375 550 650
m1,max (GeV) 700 1200 1600

Table 2. Allowed range of m1 and choice for c(f )
L , for di! erent values of MZ ! and k = 0

(equivalent to k�1 = 0).

For a given choice ofMZ ! , ! m and c(f )
L , this restricts us to a Þxed range of values

of m1; as can be seen in Fig.1, below a minimum value form1, the intercept between
the relic density contour andk benchmark is outside the green region. The mass
ranges we consider are shown in Tables1 and 2, for di" erent values ofk. We choose
the same range for! m for all values ofMZ ! , i.e. 1.5 GeV  ! m  8.0 GeV.

In this way, we have uniquely determined the values of all the couplings, allowing
us to Þnd a set which is compatible with both theZ 0 width and current cosmological
observations.

4 Analysis and Results

So far we have discussed the region of parameter space to be used for the LHC
analyses, by imposing a series of constraints. In this section we describe the comple-
mentarity between monojet searches and displaced vertex signatures. Searches for
pseudo-Dirac DM can be initiated by triggering on events with a single high-pT jet,
with displaced signatures becoming apparent during the o# ine reconstruction.

We start the section by describing the current 13 TeV monojet analysis, ob-
taining the current exclusions and estimating the future reach, before moving on
to the displaced vertex signatures. These two types of searches are complementary,
sensitive to di" erent SM backgrounds and with potentially di" erent scalings at high-
luminosity. For the pseudo-Dirac DM model, monojet could provide the Þrst hint of
new physics, while the displaced vertex analysis could be used to characterize such
an excess as originating from a DM scenario.
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c(f )
L 0.07 0.13 0.25

m1,min (GeV) 525 850 1100

m1,max (GeV) 700 1200 1600

Table 1 . Allowed range of m1 and choice for c(f )
L , for di! erent values of M Z ! and k = ! 0.8

(equivalent to k�1 = ! 0.8).

MZ ! = 1.5 TeV MZ ! = 2.5 TeV MZ ! = 3.5 TeV

c(f )
L 0.07 0.13 0.25

m1,min (GeV) 375 550 650

m1,max (GeV) 700 1200 1600

Table 2 . Allowed range of m1 and choice for c(f )
L , for di! erent values of M Z ! and k = 0

(equivalent to k�1 = 0).

For a given choice of MZ ! , ! m and c(f )
L , this restricts us to a fixed range of values

of m1; as can be seen in Fig. 1, below a minimum value for m1, the intercept between

the relic density contour and k benchmark is outside the green region. The mass

ranges we consider are shown in Tables 1 and 2, for di" erent values of k. We choose

the same range for ! m for all values of MZ ! , i.e. 1.5 GeV " ! m " 8.0 GeV.

In this way, we have uniquely determined the values of all the couplings, allowing

us to find a set which is compatible with both the Z 0 width and current cosmological

observations.

4 Analysis and Results

So far we have discussed the region of parameter space to be used for the LHC

analyses, by imposing a series of constraints. In this section we describe the comple-

mentarity between monojet searches and displaced vertex signatures. Searches for

pseudo-Dirac DM can be initiated by triggering on events with a single high-pT jet,

with displaced signatures becoming apparent during the o# ine reconstruction.

We start the section by describing the current 13 TeV monojet analysis, ob-

taining the current exclusions and estimating the future reach, before moving on

to the displaced vertex signatures. These two types of searches are complementary,

sensitive to di" erent SM backgrounds and with potentially di" erent scalings at high-

luminosity. For the pseudo-Dirac DM model, monojet could provide the first hint of

new physics, while the displaced vertex analysis could be used to characterize such

an excess as originating from a DM scenario.
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Recasting and EfÞciencies

¥ DifÞcult to recast DV searches: !
Vertex ID e#ciency $ highly model-dependent  !
Impossible to precisely recast without model-independent efÞciencies as function of 
kinematic variables

!27

8

lower track multiplicity than the other benchmark sam-
ples.

Figure 5 shows that a significant fraction of recon-
structed vertices in the signal simulations are followed by
a jet. The jets used in this study are required to satisfy
the ATLAS medium jet criteria [45] and have pT > 20
GeV. The metric S/

!
B is again used to select appropri-

ate requirements, and vertices in the Jet+E miss
T channel

must lie within a ! R = 0.6 cone around a jet axis. For
the Muon Cluster channel, vertices are required to be
within a ! R = 0.4 cone around a jet axis.

Vertex track multiplicity
2 4 6 8 10 12 14 16 18

F
ra

ct
io

n 
of

 v
er

tic
es

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

ATLAS
-1 = 8 TeV, 20.3 fbs =25 GeV

v!
=125 GeV, mHm

=50 GeV
v!

=600 GeV, m"m

=500 GeVg~m
=50 GeV

v!
=2 TeV, mZ'm

Background (data)

FIG. 4. Track multiplicity for vertices obtained from four
signal benchmark samples and background multijet events.
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FIG. 5. ! R between the ID vertex and the central axis of the
nearest jet for vertices from four signal benchmark samples
and background multijet events.

The final selection criteria are given in Table IV. The
e" ect on the e# ciency of applying the criteria to signal
MC events ranges from 15–30%, depending on the bench-
mark model.

Figure 6 shows the ID vertex reconstruction e# ciency
for a selection of benchmark samples. The e# ciency is

defined as the fraction of simulated decays in the ID that
are matched to a reconstructed vertex satisfying the se-
lection criteria. The fluctuations of the e# ciency plot is
caused by the removal of vertices that are near material.

TABLE IV. Good-vertex criteria for vertices reconstructed in
the ID.

Requirement Muon Cluster channel Jet+ Emiss
T channel

d/ ! from material ! 6 ! 6
Vertex " 2 prob. > 0.001 > 0.001
! R(vtx,jet) < 0.4 < 0.6
Number of tracks ! 5 ! 7

r [m]
0 0.05 0.1 0.15 0.2 0.25 0.3

ID
 V

er
te

x 
R

ec
on

st
ru

ct
io

n 
E

ffi
ci

en
cy

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7
ATLAS Simulation

 = 8 TeVs

=25 GeV
V

!=125 GeV, mHm

=50 GeV
V

!=600 GeV, m"m

=500 GeVg~m

=50 GeV
V

!=2 TeV, mZ'm

FIG. 6. ID vertex reconstruction e " ciency as a function of
the radial decay position of the long-lived particle for scalar
boson, Stealth SUSY, and Z !benchmark samples.

B. Vertex reconstruction in the muon spectrometer

Vertices in the MS are reconstructed by forming track
segments from hits in the two multilayers of an MDT
chamber and pairing the segments to form tracklets.
These tracklets are then fit to vertices using the algo-
rithm detailed in Ref. [30].
Detectable decay vertices are located in the region be-

tween the outer edge of the HCal and before the middle
station of the muon chambers. The primary source of
background to long-lived particles decaying to hadronic
jets in the MS is jets that punch through the calorime-
ter. A series of criteria are applied to the reconstructed
vertices in order to reject vertices due to background pro-
cesses. These criteria were determined by comparing sig-
nal MC events to simulated multijet events generated
across a broad range of jet pT values.
The criteria are established by optimizing S/

!
B ,

where S and B are respectively the fraction of signal and
background events that survive after imposing a partic-
ular selection criterion. Multijet events that contain ver-

9

TABLE V. Summary of criteria for good MS vertices in the
barrel and endcap regions.

Requirement Barrel Endcap
MDT hits 300  nMDT < 3000 300 nMDT < 3000
RPC/TGC hits nRPC � 250 nTGC � 250
Track isolation �R < 0.3 �R < 0.6
Track ⌃pT ⌃pT < 10 GeV ⌃pT < 10 GeV
Jet isolation �R < 0.3 �R < 0.6

tices should have ID tracks and jets that both connect
the vertex to the IP. To reduce the acceptance of fake
vertices from multijet events, good vertices are required
to be isolated with respect to ID tracks and calorimeter
jets. The jets considered for isolation must satisfy both
ET > 30 GeV and log10(EHAD /EEM ) < 0.5. The value
log10(EHAD /EEM ) gives a measure of the fraction of en-
ergy in the jet that is deposited in the HCal (EHAD ) and
the fraction deposited in the ECal (EEM ). This require-
ment ensures that vertices origimating from long-lived
particles that decay near the outer edge of the hadronic
calorimeter and also have signiÞcant MS activity are not
rejected.

An MS vertex due to a displaced decay typically has
many more hits than an MS vertex from a jet that
punches through the calorimeter, so a minimum num-
ber of MDT and RPC/TGC hits is required. A max-
imum number of MDT hits is also applied to remove
background events caused by coherent noise bursts in
the MDT chambers. The minimum required number of
RPC/TGC hits also helps to further reject these noisy
events, since a noise burst in the MDT system is not
expected to be coherent with one in the muon trigger
system.

Table V summarizes the optimized criteria for select-
ing good MS vertices. These criteria select about 60Ð70%
(40Ð60%) of MS vertices for the scalar boson and Stealth
SUSY (Z ! ) samples, with a moderate di! erence between
the various samples, while reducing the multijet back-
ground to a negligible value.

The e" ciency for vertex reconstruction is deÞned as
the fraction of simulated long-lived particle decays in the
MS Þducial volume that match a reconstructed vertex
satisfying all of the good-vertex criteria. A vertex is
considered matched to a displaced decay if the vertex
is within # R = 0 .4 of the simulated decay position. Fig-
ure 7 shows the e" ciency for reconstructing a vertex in
the MS barrel for a selection of benchmark samples. Fig-
ure 8 shows the e" ciency for reconstructing a vertex in
the MS endcaps.

The MS barrel vertex reconstruction e" ciency is 30Ð
40% near the outer edge of the hadronic calorimeter
(r ! 4 m) and it substantially decreases as the decay oc-
curs closer to the middle station (r ! 7 m). The decrease
occurs because the charged hadrons and photons are not
spatially separated and overlap when they traverse the
middle station. This results in a reduction of the e" cien-
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FIG. 7. Barrel MS vertex reconstruction e �ciency as a
function of the radial decay position of the long-lived particle
for scalar boson, Stealth SUSY, and Z !benchmark samples.
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FIG. 8. Endcap MS vertex reconstruction e �ciency as a
function of the |z| decay position of the long-lived particle for
scalar boson, Stealth SUSY, andZ !benchmark samples.

cies for track reconstruction and, consequently, vertex
reconstruction. The e" ciency for reconstructing vertices
in the MS endcaps reaches 70% for higher-mass bench-
mark models. Because there is no magnetic Þeld in the
region in which endcap tracklets are reconstructed, the
vertex reconstruction algorithm does not have the same
constraints that are present in the barrel. Consequently,
the vertex reconstruction in the endcaps is more e" cient
for signal, but also less robust in rejecting background
events. Details are provided in Ref. [30].
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Thomas Jacques
Recasting and EfÞciencies

¥ Information from experiments is improving! !
Stated goal is to provide as much info as possible to aid recasting, !
hopefully including LLP reconstruction efÞciency as function of kinematic variables or at least 
efÞciencies for wider range of simpliÞed models and topologies 

¥ A good start !
Selected event and vertex efÞciencies for displaced vertices + MET

!28https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-08/



Thomas Jacques
ATLAS results: DV + MET

!29

In the absence of a statistically signiÞcant excess in the data, exclusion limits are placed onR-hadron
models. These 95% conÞdence-level (CL) upper limits are calculated following the CLs prescription [81]
with the proÞle likelihood used as the test statistic, using the HistFitter [82] framework with pseudo-
experiments. Upper limits on the cross section for gluino pair-production as a function of gluino lifetime
are shown in Figure8 for example values ofm÷g andm÷! 0

1
= 100 GeV. Also shown are the signal production

cross sections for these gluino masses. Reduced signal selection e! ciencies for low-" m samples result
in less stringent cross-section limits. For" m = 100 GeV, the limits are shown in Figure9. Lower limits
on the gluino mass are also shown as a function of gluino lifetime in Figures8 and9. DV-level Þducial
volume and PV-distance requirements reduce the exclusion power in the high and low extremes of gluino
lifetime. Similarly, for a Þxed gluino lifetime of" = 1 ns, 95% CL exclusion curves are shown as a
function ofm÷g andm÷! 0

1
in Figure10. Form÷! 0

1
= 100 GeV, gluino masses are excluded below 2.29 TeV at

" = 1 ns and below 2.37 TeV at around" = 0.17 ns.
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Figure 8: Upper 95% CL limits on the signal cross section are shown in(a) for m÷g = 1400 GeV andm÷g = 2000 GeV
as a function of lifetime" , for Þxedm÷! 0

1
= 100 GeV. Horizontal lines denote the ÷g÷g production cross section for

the same values ofm÷g, shown with uncertainties given by variations of the renormalization and factorization scale
and PDF uncertainties. The lower limit onm÷g for Þxedm÷! 0

1
= 100 GeV as a function of lifetime" is shown in(b).

The nominal expected and observed limit contours coincide due to the signal region yieldÕs high level of agreement
with expectation.
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Thomas Jacques
Monojet

¥ Use ATLAS monojet 
constraints !
3.2 fb-1 of data !
Cuts on MET from 250 to 700 GeV!
Limit on cross-section 553 to 19 fb 

¥ Scale background 
up to 100 fb -1!
Assume same systematics !
& no observed signal;!
Limit scales to 4 fb
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